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ABSTRACT 
 

Dynamic Integrated Learning: Managing Knowledge Development 

in Road Transport  

 
This investigation seeks to understand and elaborate how learners who work in 

circumstances that might be described as being relatively socially isolated come to 

further develop their working knowledge. The focus here is on road transport workers 

(i.e. truck drivers) who often work alone, yet are faced with learning to accommodate 

and respond to new work challenges and ways of working. Increasingly, these workers 

are required to engage with and understand work knowledge that is represented 

symbolically through computerised display systems and that requires capacities distinct 

from those required by earlier generations of road transport workers. In particular, how 

road transport operators learn new types of knowledge, in view of the recent 

introduction to heavy road transport of technologies such as computerised engine 

management systems, automatic gearboxes, and computerised displays (also known 

as Driver Information Systems or DIS), is considered within this study. Moreover, given 

the relative social isolation that comprises their work, it is important to understand how 

the personal and social (i.e. internal and external) contributions to learning 

development interact in this process of learning. 

The road transport sector has been quick to introduce new technology into its 

operations, which is changing the way information and knowledge is presented to 

drivers, from the “old” technology where it was explicit, to the “new” technology where 

the knowledge required for performance is abstract, remote, and “hidden”. 

Subsequently, these drivers' ways of thinking and learning must change to make the 

transition from the old technology to the new. So, while technologies have been 

introduced to manage emissions, reduce maintenance costs, increase safety, and 

make road transport more economically competitive, they sit alongside increased 

demands associated with vehicle utilisation. Also, integrated electronic systems have 

changed how information is presented to the driver through abstract computerised 

symbols. Additionally, these systems have replaced the earlier methods of driving, 

which previously relied on sensory inputs such as vibrations, sound, and even smell, 

and instead require a new set of cognitive skills that are reliant on a higher order of 

conceptual knowledge. The ability to learn these new types of knowledge, therefore, 

has implications for developing and maintaining professional competence in a rapidly 

changing society. 

Whilst recent research has identified interrelations between both personal and 

social contributions to individuals’ learning and knowledge development, and how they 



x 

interact, to varying degrees, there is a need to map a comprehensive account of how 

these learning practices are enacted in situations of relative social isolation where 

many people work and learn. Hence, this dissertation advances an integrated account 

of this learning that combines both individual and social influences to explain the 

underlying processes that affect knowledge construction. Moreover, as much learning 

occurs throughout working life, such as in the case of road freight transport workers 

where it occurs in relative isolation without the benefits of expert guidance, supervision, 

or help, there is a need to account for how individuals’ personal agency and self-

directed learning are exercised in these circumstances, particularly when addressing 

learning that is difficult to access and construct. Hence, a direct contribution provided 

through this dissertation is a model that builds on the knowledge-creation approach to 

learning proposed by Paavola et al. (2004) and Nonaka and Takeuchi’s (1995) model 

of knowledge creation. The Dynamic Integrated Learning Model, proposed here, builds 

upon and assists in explaining the dynamics and interrelatedness of different factors 

that contribute to learning and, therefore, enhance workplace performance. 

The findings both support and further elaborate the concept of a relational 

interdependence between social and personal contributions as an explanatory base to 

understand workers' learning and development. As such, they support Billett's (2006b) 

claim that, "rather than being reciprocal or mutual, these relationships are negotiated 

and differ in intensity: they are relational" (p. 14). Furthermore, the research identified 

that there was interdependence between social and personal factors and these were 

enacted relationally depending upon both situational (i.e. work tasks) and individual 

factors (i.e. personal preferences and knowledge). 
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CHAPTER 1 
 

KNOWLEDGE DEVELOPMENT IN ROAD TRANSPORT 
 

“From a sociocultural perspective, learning and development take place in socially 
and culturally shaped contexts, which are themselves constantly changing; there can 
be no universal scheme that adequately represents the dynamic interaction between 

the external and internal aspects of development.” (Palincsar, 1998, p. 354) 
 

 

1.1 Learning and working in social isolation 

This investigation seeks to understand further how learners, who work in 

circumstances that might be described as being relatively socially isolated, come to 

develop their working knowledge. The investigative focus here is on road transport 

workers (i.e. truck drivers) who often work alone, yet are faced with learning to 

accommodate and respond to new work challenges and ways of working. 

Increasingly, these workers are required to engage with and understand work 

knowledge represented symbolically through computerised display systems and this 

requires capacities that are distinct from earlier generations of road transport 

workers. Moreover, given the relative social isolation that comprises their work, it is 

helpful to understand more about how the personal and social (i.e. internal and 

external) contributions support the development of their learning. 

Palincsar's (1998) observation above is pertinent to this study because it 

motivates attempts to represent conceptually the interactions between external and 

internal aspects of development. However, whilst acknowledging that no universal 

scheme can do this adequately, understanding these interactions is salient to human 

development. Traditional constructivist views of learning have been described as “a 

vast and woolly area in contemporary psychology, epistemology, and education” 

(Von Glaserfeld, 1997, p. 204). Developing an overall unified understanding of 

human knowledge development and learning has, therefore, been seen as a priority, 

in which the complex dimensions of learning and knowledge development may be 

explained. This study seeks to make a small contribution to this priority. 

In recent times, attempts to explain the multidimensional problem of learning 

have resulted in the rise of constructivist theories that have emphasised that 

knowledge is distributed or embedded in activity—not in the mind, but in situational 

understanding and embodied in tools of cultural practice (Bereiter, 2002; Bradbury, 

2010; Engeström, 2010; Field, Gallacher, & Ingram, 2009). Constructivist 

epistemology implies that the development of new knowledge is a human 

construction (Novak, 1990) where individuals' existing knowledge is used to construct 

new knowledge. Grounded in the theorising of Vygotsky, sociocultural constructivist 
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perspectives on learning emphasise the “interdependence of social and individual 

processes in the co-construction of knowledge” (John-Steiner & Mahn, 1996, p. 191), 

the acquisition of intellectual skills through social interaction and social participation 

(Boud, Cressey, & Docherty, 2006; Palincsar, 1998; Wenger, 1998), co-participation 

(Billett, 2006b), and the setting of activity and historical change (Brown, Collins, & 

Duguid, 1989). According to Vygotsky (1978), cognitive growth is socially constructed 

and arises as the product of the cultural history of humankind (Silven, 2002). 

On the other hand, individual psychological constructivism seeks to explain 

how individuals make sense of their world, based on individual knowledge, beliefs, 

self-concept or identity (Woolfolk & Margetts, 2007). In this theory, universal 

development changes “are believed to come about through a general cognitive 

mechanism for processing information” (Silven, 2002, p. 346). Through a sequence 

of  stage-like changes into higher cognitive stages, Silven summarises the 

development of knowledge as being a series of extensive domain-general changes 

which are “regulated by the process of assimilating information from the environment 

to schemas/cognitive structures and accommodating them into external reality” (p. 

346). It is these conceptual concerns that motivate this inquiry. 

It follows that the development of an integrated constructivist approach to 

explain more fully the complexities of the construction of knowledge learning 

processes and outcomes is of considerable interest. This is because it not only offers 

a way of advancing an understanding of learning, but also provides a framework for 

unifying both the individual and social contributions to learning. Indeed, recent 

theorising has focused on the relational interdependence between social and 

individual agency in learning throughout working life (Billett, 2006a; Mallett, Rossi, & 

Tinning, 2008), the impact of ontology on learning (Packer & Goicoechea, 2000), 

appropriation and ontology in identifying compatibility between cognitive and 

sociocultural contributions to adult learning and development (Billett, 1998), and 

bridging sociocultural and cognitive theorising through situated learning (Billett, 

2006a; 2006b ). These aspects of relational interdependence between both social 

and individual agency are pertinent to individual learning, and in particular to those 

individuals unable to access direct social guidance, such as truck drivers. 

Given this recent theorising, the relational interdependence between social 

and individual agency is seen to be a key factor in the knowledge development of 

adult learners (Billett, 2009; Mallett et al., 2008; Palincsar, 1998). One such reason 

for this is the changing nature of work practice arising from what Berryman (1993) 

identifies as intensified international competition, a proliferation of products, 

accelerating production cycles, a faster pace of change in production technologies, 
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and a generally heightened level of uncertainty that contributes to the changing 

nature of work. Moreover, the changing nature of work practice affects the way 

workers engage in everyday activities in: (a) the kinds of work to be undertaken, (b) 

the requirements for work performance, and (c) engagement with the workplace or 

work situation (Tones, 2009). 

More than the changing nature of work per se, affecting workers’ learning, is 

the increasing rate of change of work practices with which they are constantly trying 

to keep apace. These changing concepts and requirements of work have a great 

impact on the participation in work and the requirements of work performance (Billett, 

2006a). The road transport sector is one area in which the changing nature of work 

practice has transformed the industry and placed additional demands on workers to 

“re-skill”. This investigation focuses on some of the learning and knowledge 

development issues confronting workers in the road transport sector, and, in 

particular, the challenges facing truck drivers in view of the rapidly changing social, 

technological and economic conditions confronting society (National Transport 

Commission, 2010). 

In this investigation, the road transport industry is used as a case to illustrate 

some of the changes to the processes and goals of workplace learning as a result of 

technological innovations. Specifically, it focuses on truck drivers who, because of 

the rapid introduction of new digital technologies, require an understanding of 

concepts and procedures that may be vastly different from the earlier skill and 

knowledge bases required for road transport operations of previous generations—up 

until the introduction of this new generation of trucks. These workers, most of whom 

would be classified as “older workers” (i.e. over 45), are now being confronted by the 

introduction of technological innovations, such as computerised engine management 

systems, digital displays, and automated gearboxes, that require different skill bases 

and access to different types of knowledge, much of which is outside their existing 

domains of expertise. Moreover, because this knowledge is embedded in technology, 

it is often hidden or concealed from the learner, thereby making it difficult to learn. 

Compounding this learning problem is the social isolation experienced by the 

workers, who spend most of their working day alone without direct social guidance as 

they learn through practice. Therefore, this investigation provides an opportunity to 

understand the complexities of learning in an environment where the workers are: (a) 

older, (b) exposed to new technologies, and (c) operating mostly in social isolation. 

Additionally, these workers are increasingly required to access and utilise knowledge 

required for workplace performance that is mostly hidden as a result of the points 

mentioned above. This hidden knowledge (Livingstone & Sawchuk, 2005) is often 
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hard to learn as it is presented to the driver in symbolic and abstract computerised 

formats, as well as occurring in situations in which it is difficult to observe, and even 

more difficult to make explicit, and, therefore, learn (Billett, 2003). 

This investigation focuses on the effectiveness of practical learning strategies 

in making hidden knowledge explicit, observable, and accessible to truck drivers who 

are exposed to new technologies in heavy trucks. Specifically, it discusses and 

expands upon the links between the use of different learning strategies such as 

coaching, mentoring, diagrams, analogies, and questioning (Billett & Rose, 1997; 

Choy, 2009,), and the development of understanding hidden knowledge (Lewis, 

2008). Additionally, other learning strategies and preferences are also analysed in 

order to align workplace pedagogies with learners’ requirements (Choy, 2009) such 

as on-the-job training (OJT), trial and error, self taught, social interaction, feedback, 

and everyday work activities. 

 

1.1.1 Emerging workplace learning trends 

Research on learning conceptual knowledge that is hidden or rendered opaque to the 

learner as a result of social changes or technological innovations is an area 

generating much interest from such fields as adult and vocational education (Billett, 

2006a; Kanes, 2003), industrial relations (Livingstone & Sawchuk, 2005; Sawchuk, 

2006), and workplace learning (Berryman, 1993; Billett, 2001, 2006b; Billett & Rose, 

1997; Choy, 2009, April; Martin & Scribner, 1991; Smith, 2003). Workplace 

performance is closely linked to workers’ ability to develop new skills and apply new 

types of knowledge in a constantly changing environment that results from 

technological innovations and social or economic reforms. These new technologies, 

such as those used in modern heavy trucks, have placed an “increasing premium on 

human mediation of expensive machinery” (Livingstone & Sawchuk, 2003, p. 1). A 

key pedagogic goal, therefore, is to find ways of making this knowledge accessible 

and its procedures understandable and practised through the use of different and 

innovative learning strategies (Choy, 2009). Emerging trends indicate that learning 

strategies such as coaching, mentoring, peer-assisted learning, observation, and 

listening, as well as individual learning, are important in the development of 

conceptual knowledge in highly dynamic workplace environments such as road 

transport (Lewis, 2008). 

 

1.2 New knowledge and road transport 

Recent advances in truck technology and, in particular, the introduction of 

computerised systems that digitally display various truck functions to the driver, have 
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made some types of knowledge required for truck driving performance more difficult 

to access and learn. These systems present information about the truck and the 

truck’s performance to the driver in symbolic formats via computerised displays and 

present such a multitude of disembedded information that it may mask the 

knowledge and conceptual understanding required for workplace performance. Much 

of this knowledge is hidden because it is embedded in computer systems, where the 

learner must access, understand, prioritise, and act upon this information in the 

performance of their workplace duties. The ability to access and act upon knowledge 

is particularly important given the dynamic nature of road transport that requires 

drivers to have a high degree of “situational awareness”, that is, the ability to mentally 

access relevant knowledge about the evolving circumstances (Wickens, 1992). 

Therefore, workers in dynamic occupations in fields such as aviation and road 

transport must be able quickly to access, analyse, prioritise, and act upon information 

presented to them. 

 

1.2.1 Technological, social, and economic factors 

Technological, social, and economic demands together have placed a greater 

requirement on drivers to utilise technology in the safe and efficient operation of 

heavy trucks. Safety and efficiency are two of the main priorities of the road transport 

industry today. However, these priorities place more responsibility on the driver to 

access information systems to diagnose problems, pre-empt maintenance 

requirements, and instantaneously monitor various systems such as fuel 

consumption and load sensors, all contributing to the overall immediate and long-

term efficiency of the transport operation. The increasingly cognitive complex task of 

driving trucks is compounded because of the social isolation often experienced by 

drivers that creates barriers to learning conceptual knowledge that is hidden. 

Therefore, developing both cognitive and social systems that enhance learning and 

knowledge that is otherwise hidden is of great importance. Moreover, the application 

of such systems is unlikely to be restricted to the road transport industry, as the 

widespread use of technology makes learning hidden knowledge far more necessary. 

As mentioned, changes in the road transport industry have seen the 

introduction of a technologically advanced new generation of trucks that are lighter, 

more powerful, less polluting, and more efficient. Technology such as computer-

controlled fuel injection for more efficient combustion, computer management 

systems, and a new generation automatic gearbox designed for more efficient 

operation are now a global standard in most newly manufactured trucks. These 

changes have brought about a cognitively more demanding work requirement for 
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drivers who operate trucks that incorporate this technology. Emerging technologies, 

such as the introduction of on-board computerised engine management and 

diagnostic systems, have impacted how the trucks are driven in two main ways: first, 

the way that information is presented to the driver through a computerised driver 

information display, and second, the introduction of computerised automatic 

gearboxes that directly affect how the truck is driven. 

The introduction of the computerised Driver Information System (DIS) allows 

for a multitude of information to be accessed simultaneously through the digital 

display and actioned upon by drivers. Since the invention of mechanised transport, 

the information presented to drivers has been in the form of analogue gauges such 

as the tachograph, speedometer, air pressure gauges, water temperature gauge, oil 

pressure gauge, turbo manifold inlet pressure gauge, and fuel gauge. However, 

differing from the previous analogue gauges, the new computerised DIS displays 

information to the driver that is primarily made up of numbers and symbols and can 

depict hundreds of different types of data (see Figure 2.2, p. 41). These digital 

symbols represent a departure from the traditional types of information presented to 

the driver, who previously had relied on the few analogue instrument gauges and on 

the “feel” of the truck—the sound and tone of the engine, vibrations, and even the 

smoke from the exhaust—to gauge performance. Computerised digital displays 

present this information in a way that requires interpretation and comprehension of a 

different order than what was required of the traditional analogue gauges. 

The development of the computerised automatic gearbox is another 

technological innovation for the heavy transport industry (European Motor News, 

2009). The automatic gearbox was seen as a solution for making trucks physically 

easier to drive, especially in situations requiring constant stopping and starting such 

as city distribution driving, bulk dangerous goods driving, or domestic garbage 

collection trucks. However, these kinds of systems bring their own complications and 

complexities. Both the automatic gearbox and the DIS are linked to the gear 

selected, either automatically or manually, which is now symbolically displayed in the 

DIS (see Figure 2.3, p. 43). So, drivers need understanding that goes beyond simply 

recognising digital representations, to grasping also the relationship between the 

different, yet integrated systems. Therefore, the effective operation of the automatic 

gearbox requires an understanding of the DIS and, conversely, the effective use of 

the DIS relies on understanding the operation of the automatic gearbox. 

Consequently, the demands of this work have become more complex as technology 

raises both the cognitive load and operational complexity (Endsley, Bolte, & Jones, 
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2003), thereby increasing the demands of effectively learning and applying the 

technological innovations associated within the workplace. 

 

1.2.2 Changing technology in road transport 

The modern workplace can be characterised by constant change, especially where 

new technologies change the ways in which individuals participate in work, often 

making the task of learning more difficult (Billett, 2001) because of “work practices 

requiring greater discretion in decision making” (p. 48). However, one of the greatest 

impacts generated by technology in workplaces has been the shift away from 

“manual” systems to highly symbolic analytical activity systems (Berryman, 1993; 

Martin & Scribner, 1991) that have an increasing reliance on workers to access and 

manipulate symbols such as data, plans, audio, and visual representations often 

associated with computerisation (Stevenson, 2003) for workplace performance. 

The shift in learning requirements for workplace performance has been the 

focus of several studies into the impact of technology on learning in the workplace. 

For example, research conducted by Martin and Scribner (1991) of machinists 

operating computer numerically controlled (CNC) lathes, found that workers required 

different understandings and procedures than the ones they used when they were 

working with the older manually controlled lathes. The study examined how new 

technology affects the working procedures and mental activity of industrial machinists 

and how they made the transition from the manual technology to use the new CNC 

technology. Work practices that had for generations always required the traditional 

manual operation methods of machining were now being replaced by electronic 

commands executed through highly abstract and symbolic computer programs. In 

another study, Berryman (1993) analysed the changes in the textile industry as a 

result of a major technological modernisation program. Focusing on technicians 

needed to repair and maintain the new equipment, she found that some of the 

existing technicians, who had been long term employees, could not keep up with the 

training. The new skills required for the maintenance of the computerised looms 

included using calculators and mathematical formulas to calculate pressures, 

voltages, amperage, electrical resistance, and temperatures, as well as reading and 

interpreting machine drawings and electrical schematic diagrams. These new skills 

required a departure from the previous training which had been largely based on 

observation of more experienced workers and observation of the looms themselves. 

In the third study, Zuboff (1988) identified the changing skills required by paper pulp 

mill workers when their factories were computerised. She noted a shift away from the 

physical, concrete, and tangible skills required to operate and maintain the old 
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mechanical paper pulp machines. With the computerisation of the pulp mill, these old 

skills, honed over long years of physical experience, were replaced by the need for 

an understanding of abstract digital symbols. The skills required for workplace 

performance changed from physical actions, to mental processes involving abstract 

symbolism. Moreover, rather than simply de-skilling through automation, Zuboff 

(1988) claims that computerisation and information technology restructures the work 

situation in that it "abstracts thought from action" (p. 75) where the old action-centred 

skills are replaced by more abstract skills. Through a combination of abstraction, 

explicit inference, and procedural reasoning, described as “intellective skills” (Zuboff, 

1988), individuals develop an understanding of conceptual concepts, especially 

where abstract and symbolic information is presented. The development of critical 

skills and judgment at computerised data interfaces would, therefore, require a re-

skilling enacted through the development of these intellective skills (Zuboff, 1988). 

It would seem that the challenges experienced by the CNC lathe operators 

(Martin & Scribner, 1991), computerised loom technicians (Berryman, 1993), and 

paper pulp mill technicians (Zuboff, 1988), are similar to the issues confronting road 

transport operators (truck drivers). As with almost all areas of the workforce, road 

transport has been quick to introduce new technology into its operations, which is 

changing the way information and knowledge is presented to drivers from the “old” 

technology where it was explicit, to the “new” technology where knowledge is 

abstract, remote, and hidden. Subsequently, the means of thinking and learning must 

be modified in order to make the transition from the old technology to the new 

technologies. 

So, while technologies have been introduced to make driving physically 

easier, reduce maintenance costs, increase productivity, and render road transport 

more economically competitive, they sit alongside increased cognitive demands 

associated with vehicle utilisation. Integrated electronic systems have impacted the 

way that information is presented to the driver through abstract computerised 

symbols. Additionally, these systems have replaced the “traditional” methods of 

driving, which previously relied on sensory inputs such as vibrations, sound, and 

even smell, and have required instead a new set of cognitive skills that are reliant on 

understanding developing symbolic and deep conceptual knowledge. However, this 

conceptual knowledge goes beyond understanding mere digital representations: it 

requires an understanding of the interrelationship effects of integrated systems and a 

comprehensive understanding of complete systems (Zuboff, 1988). So it can be seen 

that, in some instances, technology has made work performance more, rather than 

less, complicated because deeper levels of understanding are required both in the 
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abstract and symbolic knowledge needed, and the overall understanding of systems’ 

interrelational dependencies. That is, the ability to learn these new types of tacit and 

conceptual knowledge will have great implications for maintaining and developing 

professional competence in a rapidly changing society. 

 

1.2.3 Significance of driver skill development 

The ongoing development of driver skills in heavy transport operations in response to 

new and changing technologies is essential for two key reasons. Firstly, drivers must 

be able to operate the vehicle safely in a wide variety of changing environmental 

conditions and situations. Increased emphasis on workplace health and safety, duty 

of care, and chain of responsibility has ensured that drivers, and those in charge of 

drivers, are accountable and responsible for their competence in operating heavy 

transport equipment. Importantly, for drivers of high value or dangerous bulk goods, 

learning by trial and error is unacceptable when such errors could cause 

catastrophes. Secondly, drivers must also be efficient in the operation of their 

vehicles. Time schedules must be kept, up-time maximised, fuel efficiency monitored, 

and general wear and tear on the trucks taken into account. 

However, the knowledge required for safe and efficient truck operations is 

often very difficult to learn, potentially requiring years of experience and on-the-job 

learning, yet as is often the case, with very little formal training (Lewis, 2008). This 

learning process is often the result of, and is enhanced by, the type of physical work 

that many drivers may find themselves enacting. Within the confines of the truck cab, 

different situations are difficult for the learner to observe and predict because of the 

physical limitations restricting direct guidance. Most of the learning and activity 

occurs in isolation without the benefits of team, peer, or supervisor inputs. Constantly 

changing variables and consequences often make it difficult for explicit learning and 

development of skills to occur in ways that drivers are able to respond to even in the 

most predictable circumstances, let alone those brought about by new and changing 

circumstances. Additionally, because learners may be confronted by technologies, 

concepts, and procedures outside their existing domains of expertise, much of the 

learning will be new learning. Transporting potentially dangerous goods (e.g., LPG, 

bulk fuel, or chemicals) also requires the driver to have an even greater and more 

comprehensive grasp of driving techniques that will ensure safe operation on the 

roads. Therefore, learning by trial and error is not acceptable in any type of heavy 

road operations, and, particularly, whilst transporting potentially dangerous goods. 

Consequently, developing approaches and strategies that are effective in breaking 
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down the barriers to conceptual knowledge development are essential for safe and 

efficient operation in road transport operations. 

 

1.2.4 Barriers to knowledge development 

Developing workplace learning strategies and aligning workplace pedagogies with 

specific workplace requirements that enhance the truck drivers’ understanding of new 

types of information, much of which is hidden, is the central concern here. However, 

as will be argued in Chapter 2, there are several associated factors that must be 

considered in light of the changing nature of heavy road transport. 

Two of the commonly applied and related gauges of efficiency and 

performance in heavy transport operations are safety outcomes and fuel usage per 

kilometre (i.e. economy). Indeed, a study conducted by the Monash University 

Accident Research Centre (Haworth & Symmons, 2001) has shown a corresponding 

relationship between fuel economy and safety outcomes. It found that the fuel 

consumption rate of crash-involved vehicles was higher than that of vehicles not 

involved in crashes, and concluded that driver behaviour was the main contributing 

factor in fuel consumption in which choice of speed and smoothness of driving (e.g., 

gear selection) were identified as being key factors. 

The impact of the new truck technology on the drivers’ deeper level of 

conceptual knowledge is therefore of interest, as fuel economy is a key indicator of 

safety and efficiency, directly linked to how trucks are driven. In turn, how the trucks 

are driven reflects the understanding of, and attitude toward, the types of 

propositional, procedural, and dispositional knowledge required for the job. Yet, some 

types of knowledge are hidden, not readily accessible through direct observation, 

which can make learning difficult. Additionally, social isolation, lack of expert 

guidance, and limited direct peer contact also contribute to the difficulty of learning 

for workplace performance. However, barriers to learning in the workplace are not 

limited to the individual cognitive aspects of understanding the technology and 

applying it in everyday workplace activities. Most workplaces are contested social 

environments where access to information or knowledge may be restricted or difficult 

to obtain. So, the key to successfully developing workplace knowledge is a balance 

of mastering cognitively demanding tasks and navigating the complex social 

situations and interactions that exist. 

 

1.2.5 Learning and working within the road transport sector 

As will be argued in Chapter 3, the introduction of computerised and automated 

systems in workplaces has increased the emphasis on human cognitive work 
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(Dekker, 2000). Moreover, given the relative social isolation that comprises work for 

truck drivers in the road transport sector, it is important to understand how the 

personal and social (i.e. internal and external) aspects of development interact in 

their learning. Central to this investigation is how socially isolated road transport 

operators learn new types of conceptual knowledge in view of recent technological 

innovations such as computerised DIS. 

In recent times, attempts to explain the multidimensional problem of learning 

have resulted in the rise of constructivist theories which have emphasised that 

knowledge is distributed or embedded in activity, that is, not in the mind, but in 

situational understanding and embodied in tools of cultural practice (Bereiter, 2002). 

On the other hand, constructivist epistemology posits the development of new 

knowledge as a human construction, where existing knowledge is used to construct 

new knowledge through social interaction and social participation. 

Reconciling the epistemological  phylogenetic (Cultural - historical) and the 

ontological (individual developmental) perspectives on learning and development has 

generated much debate with an emerging consensus that both perspectives are 

needed (Barab & Plucker, 2002; Packer & Goicoechea, 2000). However, rather than 

adopting a “consensus” approach to knowledge development, it is proposed in this 

investigation that learning occurs in a dynamic system that may at times overlap 

between the cognitive and sociocultural approaches, and that learning is a result of 

the integration of different approaches through participation in a community and 

through specific social practices that are culturally and historically situated (Packer & 

Goicoechea, 2000). Rather than identifying similarities in the two different 

approaches to learning, it is proposed that learning and knowledge development are 

constantly evolving and are the result of the interaction of the individual, the physical 

environment, and the sociocultural context (Barab & Plucker, 2002). Although 

sociocultural and individual contributions to learning have different premises, they 

may share commonalities that are dynamic in nature and, therefore, constantly 

changing in response to many factors such as individual learning preferences, 

situational circumstances, and social influences. It is proposed that learning may be 

characterised by a dynamic and fluid interaction of the two different approaches (i.e. 

individual and social) in which the commonalities are combined to maximise learning 

and knowledge development. 

It follows, therefore, that developing an explanation that integrates both the 

individual and social contributions to learning is important because it helps to explain 

the multifaceted dimensions that comprise learning. Recent theorising about learning 

has focused on the relational interdependence between social and individual agency 
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in the learning that occurs throughout working life (Billett, 2006a), the impact of 

ontology on learning (Packer & Goicoechea, 2000), appropriation and ontology in 

identifying compatibility between cognitive and sociocultural contributions to adult 

learning and development (Billett, 1998), and bridging sociocultural and cognitive 

theorising through situated learning and cultural-historical activity theory (Sawchuk, 

2006). The contribution of both social agency and individual engagement by truck 

drivers, in the development of learning, is central to understanding and developing 

frameworks for leaning through the integration of the factors described above. 

Given these developments, the relational interdependence between the social 

and physical world (i.e. external) and individual (i.e. internal) agency is seen to be a 

key factor in the development of adult learners. The changing nature of work practice 

arises from such factors as: (a) the introduction of computerised technologies, (b) 

demographic changes (ageing populations), (c) work participation changes (e.g., 

greater number of women filling traditionally male-dominated work roles), (d) work 

performance requirements (workers are expected to be multi-skilled), and (e) working 

environment changes (e.g., working at home or in socially/geographically isolated 

environments). These changing concepts and requirements of work have an  impact, 

not only on the types of work that will be available, but also on the participation in 

work, the composition of the workforce, and the requirements of work performance 

(Billett, 2006b). 

The road transport sector is an example of an area in which the changing 

nature of work practice has transformed the industry and placed additional demands 

on workers to re-skill. This investigation focuses on the particular challenges facing 

the learning requirements and knowledge development of truck drivers in view of the 

rapidly changing social, technological, and economic challenges that drivers have to 

confront. 

 

1.3 Aims of the investigation 

It follows that this investigation aims to understand and elaborate how learners who 

work in circumstances that might be described as being relatively socially isolated, 

come to further develop their working knowledge. There are important conceptual 

and procedural imperatives motivating this aim. Conceptually, much of the research 

into the social contributions to and bases of, learning have focused on learners 

engaged in learning related activities with other more experienced counterparts, in 

settings such as in educational institutions or workplaces where other learners and 

experts are close by. Indeed, much of this research has emphasised the close 

guidance provided by more expert or experienced partners (e.g., teachers, parents, 
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supervisors, more skilled workers). Much less emphasis has been given to learners 

who think, act, and learn in circumstances that do not afford close guidance of such 

experts, or even peers as learners. The lack of emphasis on these areas in previous 

research represents salient conceptual terrain to be traversed as increasingly 

valuable knowledge is held to arise socially and through close or proximal encounters 

with social partners who already have access to that knowledge. In particular, the 

issue of how socially-isolated learners develop understanding of knowledge, and 

specifically deep conceptual knowledge that is hidden, stands as a challenge to 

social learning theorists. 

There are also important procedural concerns here. Many, perhaps most 

workers, work in and learn in these socially isolated kinds of circumstances. So, 

beyond understanding how the social genesis of learning arises through these 

processes, there are also important procedural concerns. These include identifying 

how best the learning of those who are relatively socially isolated might best 

progress, particularly with their constructing knowledge that is hidden by technology 

and, therefore, hard to learn. 

The context for the practical investigations discussed here, is the 

development of road transport workers’ knowledge. Road transport operators often 

work alone yet are faced with learning to accommodate and respond to new work 

challenges and ways of working. Increasingly, these workers are required to engage 

with and understand work knowledge that is represented symbolically through display 

systems and requires capacities that are distinct from an earlier generation of road 

transport workers. 

An associated aim for this investigation is to develop an integrated learning 

approach model that explains the development of knowledge and learning in road 

transport through the interdependence of both social (i.e. sociocultural) and individual 

(i.e. cognitive) processes. The investigation focuses on three main areas in the 

construction of knowledge: 

 hidden or opaque conceptual knowledge, 

 the impact of new and changing technologies in the development of this 

knowledge through the integration of new information into memory and the 

restructuring of existing knowledge representations (i.e. conceptual change) 

(Sinatra, 2005), and  

 the ability of workers to learn and develop this knowledge in view of the fact 

they are often socially isolated, and unable to access expert guidance when 

confronted by new and changing technologies. These three areas of 

investigation reflect the complex interrelations between the psychological, 
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technological, and organisational (i.e. social) factors impacting on the learning 

of workers in road transport. 

 

1.4 Practical significance of the investigation 

Developing effective workplace learning strategies that enhance road transport 

workers’ understanding of new types of information, much of which is hidden 

because of the increasing introduction of new automotive technologies, is the central 

concern here. Additionally, understanding how the integration of individual and social 

learning factors influence knowledge development is also of interest because it may 

identify areas in which different learning may be employed to maximum benefit. 

Moreover, there are several associated factors affecting learning strategies that must 

be considered because of the changing nature of heavy road transport. 

The current, and predicted, need for suitably skilled labour for the Australian 

road freight industry is seen to be one of the major challenges confronting the 

industry. The industry’s growing complexity has resulted in a demand for skilled 

workers, especially as heavy vehicle drivers (Driving Australia’s Future, 2003). 

However, the road freight transport industry is ageing (average age is 49) and the 

evidence indicates that there are serious problems in recruiting and retaining people 

with the right skills (Australian Trucking Association, 2003). A recent industry survey 

that reported on the skills required in the Australian trucking industry (Morris, 

Kazalac, & Ramsay, 2010) found that significant impediments to training existed, 

including the tyranny of distance, isolation, inaccessibility of training, a lack of 

education skills for study, and a lack of motivation and self confidence, some of these 

being age related. Given these challenges, the report stressed the need to develop a 

strong training culture within road freight transport; however, within industry circles it 

is not clear that such a culture exists at levels necessary to promote continued 

efficiency and to meet the projected growth in the coming years (Driving Australia’s 

Future, 2003). Indeed, research has indicated (Driving Australia’s Future, 2003) that 

the transport and storage sector remains a very low user of public Vocational 

Education and Training funding, suggesting that the road freight transport industry 

“generally appears to lack some faith in the government sponsored training 

mechanisms offered to it” (Driving Australia’s Future, 2003, p. 12). This 

dissatisfaction with external training programs stems from barriers such as time, 

money, accessibility, lack of incentives, and relevance. Consequently, the road 

transport industry has levitated toward a “more informal, less structured delivery of 

training with a broad use of in-house expertise to pass on skills and experience” 

(Driving Australia’s Future, 2003, p. 11). 



Dynamic Integrated Learning: Managing knowledge development in road transport 
 
 

- 15 - 

Clearly, the problems associated with effective training and learning within 

road transport are many and complex. However, technological changes, isolation, 

and an aging workforce are three of the major contributing factors in developing an 

effective and productive road transport industry in Australia. The development of 

industry knowledge and skills in response to changing technologies in heavy road 

transport forms only part of the goals for securing and extending industry capabilities. 

Another important factor in the ongoing process of driver education and training is the 

development of values and attitudes that guide workplace performance. Often 

referred to as dispositions (Perkins, Jay, & Tishman, 1993), these are individuals’ 

attitudes that can “influence how the task is conceptualised and how knowledge 

about the task is organised” (Billett, 2001, p. 27) which in turn affects the 

engagement of the individual in goal-directed activity. Tinkler, Lepani, and Mitchell 

(1996) argue that it is the “relationship between their people’s skills, their culture 

(values and norms), and their processes” (p. 349) that are the most valuable asset in 

organisations. However, and in particular, these capacities are accentuated in 

situations where workers, such as truck drivers, deploy their knowledge and practice 

in situations of relative social isolation. It follows, therefore, that developing the 

knowledge strategies and aligning workplace pedagogies to learners in a constantly 

and rapidly technologically changing road transport industry, is central to the problem 

presented here. 

The impact of new truck technology, such as the automatic gearbox and DIS, 

on the drivers' deeper level conceptual knowledge is therefore of interest, as safety 

and efficiency indicators such as fuel consumption are directly linked to the ways 

trucks are driven. Moreover, the abstraction of the information presented to the 

drivers requires an understanding of these conceptual concepts because much of the 

information is presented via highly symbolic mediums. The performance of the truck 

is, therefore, linked to how the driver understands and responds to this abstract and 

symbolic information. 

 

1.5 Research questions 

Following from the above, these questions guide the investigation: 

 

1. Upon which bases do individuals in relatively socially isolated circumstances 

come to learn the conceptual knowledge required for workplace 

performance? 
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2. How do both individual and social contributions integrate with each other to 

support and strengthen this learning and conceptual development in relatively 

socially isolated circumstances? 

 

3. What individual cognitive learning approaches constitute workers preferences 

for effective development of knowledge required for workplace performance, 

including knowledge that may be hidden as a result of technological 

influences? 

 

4. What sociocultural learning approaches constitute workers preferences for 

effective development of knowledge required for workplace performance 

given that many learners, such as road transport workers, operate in 

comparative geographical and social isolation? 

 

1.6 Research method: Procedures 

Chapter 4 justifies the ethnographic qualitative research design chosen for the 

investigation involving a three-phase process: (a) a survey phase with truck drivers 

(n=64), (b) an interview phase (n=16), and (c) observation of drivers (n=16). An 

ethnographic approach has been selected because the focus of the study is to 

determine the contributions to learning for an entire group that shares a common 

culture or practice of community (Gherardi, 2009). Such cultures can exert much 

pressure, especially in road transport, and can therefore have a great impact on the 

learning of both the individuals and groups of drivers. The methodology is selected 

for the gathering of validated data about what learning strategies are currently 

employed by road transport workers, what strategies are working most effectively, 

and what strategies are not being used that could be employed to provide better 

learning opportunities. 

In overview, firstly, an initial survey was developed and trialled with a small 

representative sample of road transport operators (n=10) to identify key learning 

areas from both individual and social contributions, and to identify significant areas of 

interaction between these two main areas. Secondly, from this information a 

comprehensive survey was developed to identify key learning contributions, 

particularly in the areas of learning and working: (a) with technology, (b) in isolation, 

and (c) in critical dynamic environments. The survey consisted of 90 short answer 

and multi-choice questions that were designed to identify how the drivers learn and 

develop knowledge in an increasingly complex work environment. The next stage of 

the data collection was to identify a representative sample of drivers (n=16) for 
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interviews. The final stage was observation of the 16 drivers as they went about their 

daily work. The analysis of the data identifies: (a) links to both social and individual 

contributions to learning, including where there is an overlap between the two, (b) 

learning approaches that are most successful in developing knowledge and skills, 

and (c) learning approaches that do not work or are not as effective. 

 

1.7 Overview of chapters 

As foreshadowed above, Chapter 2, “Conceptions of knowledge: Individual and 

social contributions to workplace learning”, develops the conceptions of knowledge 

and the individual and social contributions to workplace learning. It discusses the 

bridging of sociocultural and cognitive theorising aspects of knowledge development 

and reinforces that the interdependence of social and individual processes are 

intermingled in the construction of knowledge (Palincsar, 1998; Billett, 2006b). It 

presents an argued case in that both individual and sociocultural contributions impact 

on the learning of conceptual knowledge of socially isolated workers. It also argues 

that the context, individual learning style, ontology, and availability of learning 

opportunities determine which method will be most useful. Rather than viewing the 

sociocultural and cognitive theories as being diametrically opposed, in the context of 

this thesis they are viewed as complementary, interdependent, and contextually 

robust as the situation dictates. By drawing on both cognitive psychology and 

sociocultural constructivist perspectives, this chapter develops further theoretical 

understanding of how both social and individual agency shape vocational practice 

and how isolated workers acquire the knowledge required for workplace 

performance. 

A Dynamic Integrated Learning Model (DILM) is proposed to explain the 

interrelatedness of social and individual approaches to learning based on the 

dynamic nature of Nonaka and Takeuchi’s (1995) model of knowledge creation and 

the progressive interrelatedness of social and individual approaches to knowledge 

development found in the knowledge-creation model of learning (Paavola et al., 

2004). 

As also previously observed, Chapter 3, “Integrated learning approaches and 

strategies: Attaining learning goals” focuses on the integrated learning approaches in 

attaining learning goals, both individual and social, and the development of learning 

strategies such as feedback, guided learning, reflection, and trial and error.  Learning 

in socially isolated circumstances is then discussed and findings analysed that 

indicate that in the absence of direct guidance, learners will often develop their own 

learning strategies required for workplace performance, such as self taught, trial and 



Dynamic Integrated Learning: Managing knowledge development in road transport 
 
 

- 18 - 

error, “just doing it”, OJT, observing and listening, and peer assistance. However, 

direct guidance is difficult in situations where the learner is geographically isolated or 

is involved in occupations where they work alone, such as truck drivers, pilots, and 

machinery operators. A framework for the dimensions of interrelatedness between 

learning approaches is proposed that provides methods for knowledge development 

in isolated circumstances. Finally, the DILM is developed further and is expanded 

upon using this framework. 

Chapter 4, “Individual and social contributions to learning: Methods and 

procedures”, outlines the design of the study and the rationale for selecting the 

particular methodological orientation, the empirical procedures, and their alignment 

with the research question. Firstly, a justification of the research design is addressed 

through an analysis of the study orientation and focus for inquiry. Secondly, the 

methodology and design of the study is discussed by outlining the types of 

approaches taken and elaborating the rationale for the selection of the particular 

procedures used to gather and analyse the data. The participants and a 

consideration of their selection procedure are then described. Finally, the detailed 

procedures for data collection and analysis are discussed and the limitations of the 

study are summarised in the conclusion. 

Following these discussions, Chapter 5, “Integrated social aspects of 

technology and learning: Survey findings”, provides the analysis and interpretation of 

the findings presented for the survey phase of the research. Specifically, it discusses 

the findings from the seven survey sections: (a) personal and work details, (b) 

training experience and education, (c) learning methods and preferences, (d) isolated 

learning and technology, (e) feedback, (f) social interaction and contact, and (g) 

development of expertise. The findings from each of these areas are discussed and 

analysed, starting with an overview of the road transport culture followed by a 

description of the participant group descriptions. 

Chapter 6, “Technology and learning in social isolation: Interview findings”, 

reports and discusses the analysis and interpretation of the findings of the interview 

phase of the investigation. Commencing with an overview of how the data are reported, 

analysed, and interpreted, this chapter addresses, in turn, the elements of the seven 

main sections of the interview outline: (a) experience and work details, (b) training 

experience and education, (c) learning methods and preferences, (d) isolated 

learning and technology, (e) feedback, (f) social interaction, and (g) preferred 

learning and teaching methods. In the concluding section, the analysis is examined 

and synthesised to identify potential trends in accounts of how vocational practice was 
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performed in socially isolated circumstances and how it was influenced by different 

social sources, and their likely consequences for the construction of knowledge. 

Chapter 7, “Social and individual workplace engagement: Observation 

findings”, reports on the observation phase of the investigation. This phase involved 

observation of the participants starting with the morning group briefings and then 

proceeding to accompanying the drivers on their daily “runs”. The observations are 

broadly based on the interview questions. However, discussions with the participants 

were much more opportunistic and informal depending on situations that arose 

during the day. Of particular interest were how drivers use the technology available, 

their social contact with others, work task requirements, and methods of driving. The 

observation consisted of general workplace practices, and of both the Waste 

Transfer Group and the Beer Freight Group participants, which comprised the 16 

drivers who participated in the interviews. 

Chapter 8, “The dynamic integration of social and individual contributions to 

learning: Conclusion”, summarises the findings from investigating the bridging of 

sociocultural and cognitive theorising aspects of knowledge development. These 

findings reinforce the interdependence of social and individual processes that are 

intermingled in the construction of knowledge (Palincsar, 1998; Billett, 2006b). Using 

a “multilevel analysis at the intersection of cognitive science, other psychological 

research, and social system analysis” (Martin & Scribner, 1991, p. 42), this 

investigation argues that both individual and sociocultural theories impact on the 

learning of conceptual knowledge of socially isolated workers. It also argues that the 

context, individual learning style, ontology, and availability of learning opportunities 

determine which method is most useful. Integrating aspects of sociocultural and 

cognitive contributions to learning by emphasising the dynamic and fluid nature of 

learning and knowledge development is a key focus of this thesis. By drawing on 

both cognitive psychology and sociocultural constructivist perspectives, this thesis 

develops further theoretical understanding of how both social and individual agency 

shape vocational practice and how isolated workers acquire the knowledge required 

for workplace performance. 

 

1.8 Key deductions from these findings 

Conceptions of knowledge and the individual and social contributions to workplace 

learning have been used to identify the relations between social and personal factors 

shaping learning, thereby reinforcing that the interdependence of social and 

individual processes are intermingled in the construction of knowledge (Palincsar, 

1998; Billett, 2006b). This thesis proposes that both individual and sociocultural 
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theories were found to inform the learning of conceptual knowledge by socially 

isolated workers.  

 

The findings emerging from the study of these drivers indicate that: 

 

 Learners working in socially isolated circumstances actively and selectively 

seek social interaction in ways reflecting the need for close guidance. Yet, the 

complex and dynamic interactions and interdependencies of this learning 

process illuminate the continually changing nature of the requirements for 

learning in the workplace and the need for flexible construction of knowledge 

driven by new technology in a changing work environment. In this way, it 

offers an account of work-based lifelong learning. 

 

 The dynamic nature of the integration of both individual and social contributions 

to learning is complex and multi-faceted. These fluid and dynamic factors, 

combining the individual and social agencies, interact to different degrees 

depending on the individual’s experience, learning preference, individual 

ability, access to guidance and feed back, as well as the type and complexity 

of the learning task to be performed. 

 

 Experienced workers have extensive domain-specific knowledge bases that 

allow a closing of the gap between known, or routine knowledge, and new or 

non-routine situations that require problem solving skills such as the 

systematic and conscious application of previous experience or knowledge to 

new situations (Glaser, 1990). However, such intra-psychological processes 

are seldom performed in isolation; rather, they often rely upon social 

contributions, such as peer-assisted learning, guided learning by experts, trial 

and error, and On-the-Job Training (OJT) (Billett, 2001). 

 

 Social interactions and inter-psychological processes contribute to the 

development of understanding especially where individuals “participate in 

interpersonal networks that generate, retain and transmit crucial work-related 

knowledge” (Darrah, 1997, p. 265). As such, the individual’s engagement in a 

social setting can vary immensely depending on variables, both within the 

individuals' control and outside their control. 
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 Social interaction is a vital part of workplace learning, no less so for those 

working in relative social isolation. The emergence of communications 

technologies allows for access to more experienced workers, experts, or 

supervisors that can advise or problem solve where the non-routine situation 

is beyond the knowledge or skill base of the worker involved when they are 

not physically close by. A key finding, therefore, is the importance and 

reliance on communication technologies, such as mobile phones, in 

maintaining social contact and contributing to workplace learning. 

 

 In the absence of direct guidance, learners will often develop their own 

learning strategies (e.g., self taught, trial and error, just doing it, observing 

and listening, and peer assistance) to secure workplace performance. Hence, 

in the absence of close and available social guidance, workers’ agency acts 

to compensate for this shortfall by seeking alternative social sources. 

 

 Although learners may be working in socially isolated circumstances, there is 

a need for social interaction combined with individual learning 

interdependency. The complex and dynamic interactions and 

interdependencies of this learning process reflect the continually changing 

nature of the requirements for learning in the workplace and the need for 

flexible construction of meaningful knowledge driven by new technology in a 

changing work environment. Developing and maintaining workplace 

knowledge involves multidimensional approaches to learning (i.e. both 

individual and social) using combinations of different types of learning 

contributions. 

 

 Individually premised pedagogic strategies such as observing, listening, 

demonstration, mentoring, coaching, modelling, and workplace activities 

featured prominently throughout the investigation. 

 

 There is a partial mismatch between the sensory inputs available to the truck 

drivers (i.e. the need for feeling engine and wheel vibrations, noises, and 

sounds), and technology that often makes the driver “remote” because the 

physical connection between the driver and the truck has been removed and 

replaced by computers (i.e. computer controlled automatic gearboxes). 
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 The dissertation both supports and further elaborates the concept of a 

relational interdependence between social and personal contributions as an 

explanatory base to understanding workers' learning and development. 

 

Overall, the findings emphasise that integrated personal and social learning 

contributions for these drivers are: (a) person-dependant and situationally specific, 

(b) used as a basis for inter-psychological processes, and (c) used in particular by 

these workers when immediate proximal guidance is lacking. By advancing these 

points and summarising the case, the following section will briefly outline the 

implications and contributions to knowledge. 

 

1.9 Implications for developing professional practice 

The implications for maintaining and developing professional practice reflect a 

fundamental shift in the way knowledge, learning, skills, and work are conceptualised 

in contemporary society (Chappell, 2001). Participation in learning, as argued by 

Field (2001), will become more the responsibility of the individual learner, where they 

will choose and combine learning processes that will suit their specific needs at any 

given specific time. The key considerations in developing further the individuals’ 

capacities and capabilities in the face of changing demands in the workplace will 

become more the responsibility of the individual. The ability to “learn more quickly 

and cope with an increased volume of information and to process this information 

more effectively” (Cornford, 2002, p. 358) is, therefore, vital if the individual is to be 

effective in maintaining and developing professional practice in the workplace. 

These changing trends in the workplace have redefined the concept of 

learning in the workplace from one of formalised learning stages to a more fluid 

evolution of learning through practice (Brown & Duguid, 2000) in which some types of 

knowledge and skills are continually added, updated, modified, integrated, and 

refined whilst others are made redundant and discarded. However, driving large 

trucks is more than the practical application of different types of knowledge. It also 

involves judgement and values, both of which are socially determined. So, although 

knowledge development is of primary concern here, equally as important is the social 

context in which learning occurs and through which the value of knowledge and skills 

is socially shaped. 
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1.10 Contributions to current debates 

The findings and deductions here provide some contributions to the consideration of 

the integration of social and personal factors. These contributions are summarised as 

follows: 

 

1. When working and learning in relative social isolation there is a greater 

emphasis on the individuals’ personal agency and self-directed learning in the 

inter-psychological process that directs and secures that learning. 

 

2. The Dynamic Integrated Learning Model proposed here illustrates the 

dynamics and interrelatedness of different contributions to individuals' 

learning. It differs from previous models in so far as it positions learning and 

knowledge development as not always being linear; nor does it proceed 

through a series of predictable stages. Rather, it is dynamic, situated in 

practice, and is goal directed in personal ways. 

 

3. The complex and dynamic interactions and interdependencies of both 

individual and social learning approaches reflect the continually changing 

nature of learning in the workplace and the need for flexible construction of 

meaningful knowledge driven by new technology in a changing workplace. 

Developing and maintaining workplace knowledge, therefore, involves 

learning contributions that comprise of combinations of different types of 

learning approaches (i.e. both individual and social) that are dynamic and 

interdependent. 

 

4. Access to proximal guidance is initiated, managed, and selectively engaged with 

by learners, not the expert, often using technological means to overcome their 

relative isolation. Hence, a view of inter-psychological processes is identified 

that emphasises the agency of learning in negotiating guidance from a more 

experienced social source. That is, the Zone of Proximal Development 

(Vygotsky, 1978) is shaped by the learner as much as by the expert. 

 

5. There is a partial mismatch between technological design of the workplace 

environment (i.e. the truck), and the ways in which individuals (i.e. drivers) 

interact with this technology. The contribution here is that there needs to be a 

balance between sensory inputs and technology. The balance is needed for 

drivers to change their practices to accommodate these technological 
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advancements, but also for technology to accommodate the ways in which 

people drive, especially through the use of sensory inputs. 

 

In summary, the contributions here indicate the importance of social contact, 

both direct and indirect, for maintaining workplace performance and developing 

learning. This learning occurs in dynamic systems that may, at times, integrate the 

individual and sociocultural contributions, and in which learning arises as a result of 

the integration of different approaches through participation in a community and 

through specific social practices that are culturally and historically situated (Packer & 

Goicoechea, 2000). Moreover, a balance between sensory inputs and technology is 

also essential for effective learning and work performance. 
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CHAPTER 2  
 

CONCEPTIONS OF KNOWLEDGE: INDIVIDUAL AND SOCIAL 

CONTRIBUTIONS TO WORKPLACE LEARNING 

 
“What unifies post-modern constructivist perspectives is rejection of the view that the 
locus of knowledge is in the individual; learning and understanding are regarded as 
inherently social; and cultural activities and tools (ranging from symbol systems to 

artefacts to language) are regarded as integral to conceptual development.” 
(Palincsar, 1998, p. 348) 

 
 

2.1 Individual and social learning approaches 

The above statement by Palincsar (1998) reflects a shift in thinking about human 

learning that rejects the view that the individual is the locus of knowledge. This shift 

includes the importance of social and cultural contributions to learning with its focus 

on the “acquisition of intellectual skills through social interaction” (Palincsar, 1998, 

p.1), and with the emphasis on the “interdependence of social and individual 

processes in the co-construction of knowledge” (John-Steiner & Mahn, 1996, p. 191). 

This shift from the predominant cognitive view of learning toward the sociocultural or 

cultural-historical view of learning has generated much debate on the genesis of 

knowledge and the development of learning. Various studies (Anderson, Greeno, 

Reder, & Simon, 2000; Paavola et al., 2004; Sfard, 1998) indicate that the two 

perspectives should be seen as complementary, rather than diametrically opposed. 

However, rather that simply applying a “consensus” approach as a method of 

“avoiding a drastic conflict between the two approaches”, Paavola et al. (2004, p. 

558) suggest a third approach: the knowledge-creation approach to learning that 

emphasises important commonalities that “contradict the distinctions commonly 

asserted between the two approaches” (p. 558). Both individual and social 

contributions to learning and skill development may play important roles for truck 

drivers because they work and learn in relative social isolation without the benefit of 

direct guidance, guidance that is often seen as central to developing knowledge. 

Therefore, the opportunities for learning that incorporates social engagement are 

valuable as they reinforce individual learning through such processes as peer 

assistance. While foreshadowed here, these social contributions to learning that 

enhance individual learning will be further discussed in Chapter 3. 

 The rapid transition to a knowledge-based society, as described by Gravani, 

Hadjileontiadou, Nikolaidou, and Hadjileontiadis (2007), has “created challenges that 

demand a new approach to education and training” (p. 235). The technological, 

economic, and social revolutions of the past two decades have emphasised the need 
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for lifelong learning approaches to skill and knowledge development (Cornford, 

2002). This emphasis is especially evident in view of the growth in computerisation 

and information technologies that are now incorporated into many facets of modern 

life. In particular, the widespread introduction of technology into workplaces has 

changed work practices and placed new demands on workers and, in some cases, 

made learning more cognitively demanding (Cornford, 2002; Dekker, 2000; Martin & 

Scribner, 1991; Tennant & Morris, 2001; Zuboff, 1988) because it has “increased the 

emphasis on human cognitive work” (Dekker, 2000, p. 49). For example, Dekker 

reports that in transport applications such as ship bridges or aircraft flight decks, 

human operators spend much of their time “integrating data, planning activities, and 

managing a suite of machine resources in the conduct of their tasks” (p. 49). 

Contemporary workers are increasingly required to be “information and data 

managers” where information is selectively filtered from a vast amount of data and 

then selectively applied to the particular workplace situation. This shift towards more 

cognitively demanding work has placed a greater emphasis on workers developing 

situational awareness, which is basically the ability to understand what is happening 

around you and to develop an understanding of what that information means now 

and in the future (Endsley et al., 2003). Therefore, there is a need to consider 

methods and approaches to learning that can keep pace with the constantly 

changing working and learning environment. However, much of the literature 

concerning technology, knowledge, change, and learning focuses primarily on the 

cognitive processes without taking into account the contributions of social influences 

on learning and knowledge development. 

 

2.2 Knowledge creation 

The integration of both individual and social contributions to learning is reflected in 

the work of the Japanese researchers Nonaka and Takeuchi (1995). They argue that 

human knowledge can be divided into broadly two categories: explicit knowledge, 

and tacit knowledge. Explicit knowledge represents the dominant Western mode of 

thinking, where knowledge can easily be articulated and transmitted. Examples of 

such easily transmitted knowledge would include drawings, maps, manuals, 

mathematical expressions, step-by-step instructions, and so on. Thus, this 

knowledge can be easily and formally codified, transmitted, stored, used, and 

processed. This type of knowledge can also be decoded and shared, therefore, 

making learning easier by removing any ambiguity or opaqueness. Tacit knowledge, 

on the other hand, is “personal knowledge embedded in individual experience and 

involves intangible factors such as personal belief, perspective, and the value 
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system” (p. viii). In contrast to explicit knowledge, tacit knowledge is hard to articulate 

with formal language, and therefore difficult to share or communicate with others. It 

consists of “highly subjective insights, intuitions, and hunches” (p. 9). Nonaka and 

Takeuchi expand on this point by using the illustration of the expert craft worker who, 

after many years of experience, has developed a high level of expertise, yet he is 

“often unable to articulate the scientific or technical principles behind what he knows” 

(p. 8). Or there is the example of the champion baseball player, when asked how he 

hit so many game winning home runs; “He used a lot of figurative language and body 

movement, but couldn’t explain exactly what he meant. In the end, (he) simply said, 

‘You have to feel it’“(p. 9). 

 Both of these examples illustrate what Goleman (1995) describes as “flow”, a 

mental and emotional state where people, operating at their peak, are absorbed in 

the task, almost subconsciously. Athletes refer to this state as “the zone”, “where 

excellence becomes effortless, crowd and competitors disappearing into a blissful, 

steady absorption in the moment” (Goleman, 1995, p. 90).  

These examples also illustrate three key points. Firstly, not all knowledge can 

be taught, formularised, and codified through education and training because some 

types of learning occur at an almost subconscious level through the cumulative 

effects of direct experience (i.e. ontogenetic development): that is, it needs to be 

learnt through experience. Secondly, some types of knowledge (namely, tacit 

knowledge) are not easily articulated and are unable to be transferred to others 

without great difficulty. Finally, explicit and tacit knowledge should be seen as being 

in a complementary relationship (Nonaka & Takeuchi, 1995) where there are strong 

interactions and dynamics at play. It is these dynamic interactions that form the basis 

for the Dynamic Integrated Learning Model (DILM) proposed in this investigation and 

developed further in this chapter. 

 

2.3 Approaches to knowledge development 

Sfard (1998) describes individual knowledge development as being acquired through 

either acquisition (i.e. cognitive) or through participation (i.e. situated). The 

acquisition approach to knowledge construction is grounded in the cognitive 

perspective of mind and learning where the learners’ beliefs and desires determine 

behaviour. Referring to the mind as a type of “knowledge container”, Paavola et al. 

(2004) describe the acquisition approach to learning as a “process that fills the 

container, implanting knowledge there” (p. 557). Therefore, knowledge is seen to be 

a component of the mind, where learning is a process of transfer in which knowledge 

is acquired and constructed through using and applying knowledge to new situations 



Dynamic Integrated Learning: Managing knowledge development in road transport 
 
 

- 28 - 

(Paavola et al., 2004). The participation approach, on the other hand, views learning 

as a process of participation in socially determined settings and through shared 

activities and interaction. Grounded in the work of Brown et al. (1989), Lave (1988), 

and Lave and Wenger (1991), cognition and knowing are “situated” in the complex 

networks of individuals and their environments, where learning occurs through 

practices and actions, enculturation, or “legitimate peripheral participation” 

(Anderson, Reder, & Simon, 1997; Brown et al., 1989; Greeno, 1998; Lave & 

Wenger, 1991). Reconciling both of these different perspectives to produce 

complementary theories of learning that highlight similarities rather than differences, 

has become a matter of interest to researchers (Anderson et al., 2000; Cobb & 

Bowers, 1999; Paavola et al, 2004; Sfard, 1998) trying to understand the knowledge-

generation process (i.e. learning). 

Drawing on the commonalities of both the acquisition (i.e. cognitive or 

individual) approach and the participation (i.e. social) approach, Paavola et al. (2004) 

proposed a third approach: the knowledge-creation model of learning which 

conceptualises learning and knowledge advancement as “collaborative processes for 

developing shared objects of activity” (p. 568). In this approach, the focus is on 

“analysing the processes whereby new knowledge and new mediating objects of 

activity are collaboratively created” (p. 573). A key point here is the rejection of the 

dualism between personal agency and disembodied social structures as rival 

conceptions of human learning (Bandura, 2002). Rather, as Bandura’s social 

cognitive theory proposes, the “personal agency and social structures operate 

interdependently rather than as disembodied entities” (p. 278). 

It is advanced in this dissertation that the DILM, based on the conceptual 

framework of the knowledge-creation model of learning (Paavola et al., 2004) and 

Nonaka and Takeuchi’s (1995) model of knowledge creation, offers ways of 

advancing an understanding of learning, given the relational interdependence 

between individual and social contributions to learning. The basic premise of the 

constructivist perspective is that effective learning occurs when individuals construct 

their own understanding, or where learning is the result of “construction and 

qualitative reorganisation of knowledge structures” (Packer & Goicoechea, 2000, p. 

228). However, different polarised perspectives and subtle differences from within 

individual constructivism require accounting for different approaches as to how this is 

achieved. By using the term integrated constructivist approaches, it is implied that the 

four major theoretical constructivist frameworks (i.e. cognitive constructivist, 

information processing, social constructivist, and sociocultural) each contributes 

different perspectives to the construction of knowledge. These four frameworks can 



Dynamic Integrated Learning: Managing knowledge development in road transport 
 
 

- 29 - 

further be divided into two main categories: individual (cognitive and information 

processing) and social (sociocultural and social constructivist) approaches. 

Cognitive (i.e. personal) constructivism emphasises the intrapersonal 

dimensions of learning (Derry, 1996; Driver, Asoko, Leach, Mortimer, & Scott, 1994; 

Hendry, 1996; Mosham, 1982; Salmon & Perkins, 1998; Von Glaserfeld, 1997; 

Windschitl, 2002) in which “knowledge is not transmitted directly from one learner to 

another, but is actively built up by the learner through exploration and discovery 

rather than direct teaching” (McInerney & McInerney, 2006, p. 3). On the other hand, 

social constructivism moves away form the view that learning occurs through self 

discovery to one in which “social interaction, cultural tools and activity shape 

individual development and learning” (Woolfolk & Margetts, 2007, p. 342). The third 

type of constructivism is information processing (Winne, 1995); this focus is on 

mental representations and the interactions between environmental influences and 

deliberate, reflective mental constructions (Derry, 1996; Mayer, 1996). The emphasis 

here is not only informed by the cognitive mechanisms through which information is 

encoded, processed, stored, and retrieved, but by how the learner “selects, 

organises, and integrates incoming experience with existing knowledge, and the 

functioning of meta-mental processes in this” (McInerney & McInerney, 2006, p. 96). 

Finally, the sociocultural perspective centres more on the “cultural and linguistic 

factors as they interact with individuals and groups to support or constrain learning” 

(Marshall, 1996, p. 237). 

The complex and dynamic interactions and interdependencies of these 

approaches reflect the continually changing nature of learning in the workplace and 

the need for flexible construction of meaningful knowledge driven by new technology 

in a changing workplace. How both individual and social approaches to learning 

interact and integrate with each other in the development of hidden knowledge is the 

basis for this investigation. Each of these approaches, starting with individual 

approaches, will be discussed in more detail to establish how they can assist in 

explaining the learning process, especially learning abstract knowledge in socially 

isolated circumstances. All of these emphasise the interrelations between individual 

and social contributions to learning that are negotiated and situationally shaped. 

 

2.4 Individual and social contributions to knowledge development 

In consideration of the technological and social changes impacting on many 

workplaces, and based on the cognitive literature, the issue of how workers develop 

the knowledge and understanding required for workplace performance depends 

largely on the ability to build on existing knowledge (Prawat, 1989), and also on 
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recreating new knowledge through routine and non-routine problem solving 

(Anderson, 1993; Groen & Patel, 1988; Prawat, 1989; Rogoff, 1990; Shuell, 1990). 

On the other hand, the sociological literature emphasises that learning occurs 

through the kinds of activities that learners engage in (Rogoff, 1995), through 

situational factors such as support and direct guidance by more experienced workers 

(For example, Billett, 2001; Eraut, 2010; Lave & Rogoff, 1984), and through indirect 

guidance such as observation of experienced workers and the procedures they 

employ (Billett, 2001). Recent literature has focused on the integration and the 

combined effects of both the individual and social contributions to learning, such as 

the knowledge-creation approach that concentrates on mediated processes of 

knowledge creation (Paavola et al., 2004); the impact of cultural-historical activity 

theory (Engeström, 2010; Engeström & Cole, 1997) which “theorises persons 

continually shaping and being shaped by their social contexts that immediately 

problematise knowledge as something discrete or acquired by individuals” (Roth & 

Lee, 2007, p. 189); and the relational interdependence between social and individual 

agency in work and working life (Billett, 2006a). The socio-genesis of knowledge 

combined with an individual’s ontogeny suggest that both social and individual 

contributions to knowledge development are interdependent, “not one subjugating 

the other” (Billett, 2006b, p. 43). Such interdependence helps to reshape work 

practices, as Billett (2006b) argues: “This interdependence is enacted between levels 

as cultural practices and localised requirements transform, and as individuals engage 

with the practices agentically and purposefully thereby reshaping the practice” (p. 

43). 

The two lines of constructivist thought, the cognitive and the social, each 

bring their own conceptions of knowledge construction to the overall contributions to 

learning, thereby reshaping practice. These perspectives will be discussed next. 

 

2.4.1 Individual conceptions of knowledge 

Theorising on the relationship between learning and performance has focused on the 

acquisition of cognitive skills through problem solving (Anderson, 1982, 1993; Chi, 

Glaser, & Far, 1982; Van Lehn, 1989). Indeed, Anderson (1993) refers to all higher 

cognition as problem solving that “provides a bridge between learning and 

performance” (p. 39) and states that “problem solving methods provide the 

mechanisms for converting knowledge into behaviour, including cognitive behaviour” 

(p. 39). The cognitive approach to knowledge creation, referred to as the “acquisition 

metaphor” by Paavola et al. (2004), emphasises “processes happening in individuals’ 

minds, conceptual knowledge, and clear-cut logical rules” (p. 569). Methods and 
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rules “vary from blind search to executing an algorithm” (Anderson, Bothell, Byrne, 

Douglass, Lebiere, & Qin, 2004, p. 37) with means-ends analysis being “the premier 

human problem solving method” (p. 37). Indeed, the ability to cognitively develop and 

refine methods for problem solving, through engagement in work practices, is seen to 

be the foundation of intra-psychological outcomes (Billett, 2006b; Rogoff, 1990). 

Participation in learning throughout working life, as argued by Field (2001), 

will become more the responsibility of the individual learner, where they will choose 

and combine learning processes that will suit their specific needs at any given time. 

The key consideration in developing further the individuals’ capacities and 

capabilities in the face of changing demands in the workplace is becoming more of 

an individual responsibility. The ability to “learn more quickly and cope with an 

increased volume of information and to process this information more effectively” 

(Cornford, 2002, p. 358) is, therefore, vital if the individual is to be effective in 

maintaining and developing professional practice in the workplace. In particular, in 

circumstances of low or no direct social guidance, technologies provide a multitude of 

information that must be acted upon, such as in the computer displays presented to 

truck drivers. The issue here is, in addition to gaining access to such information, 

what information should be used and acted upon, and what information can be 

ignored or processed with less priority? 

 

2.4.2 Social conceptions of knowledge 

Developing competence and expertise in the workplace involves more than “up 

skilling”, re-skilling, or developing deeper conceptual understanding of abstract 

concepts and technical skills (Berryman, 1993; Billett, 2001). Individual agency (i.e. 

an individual’s directed and intentional thinking and acting) reflects individual skill and 

knowledge development and also overlaps to varying degrees with engagement in 

social practice (Billett, 2006b). It is this interdependency between individual and 

social agencies that is the focus of this research, especially learning to engage with 

changes brought about by social and technological transformations that have 

affected individual workplace participation. Indeed, new electronic technologies are 

fundamentally affecting not only the traditional organisation of work but also the 

individual’s participation in work in which “new social interaction patterns … are 

engendered by new electronic environments” (Martin & Scribner, 1991, p. 586). 

So, whilst technology changes the cognitive requirements in understanding 

and applying new types of knowledge required by workers, it also changes the social 

dynamics within the workplace environment. In the road transport sector this situation 

is particularly evident where most drivers work in isolation most of the time, away 
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from direct expert guidance and social support systems common to most other work 

environments. Therefore, developing learning systems and aligning workplace 

development of heavy transport drivers should be seen as a priority if efficient and 

safe road transport systems are to exist. 

 

2.4.3 Bridging individual and social contributions to learning 

Through the need to understand learning, this investigation draws on both the 

sociocultural constructivist accounts and the cognitive psychology accounts of 

learning in the development and construction of knowledge required for learning in 

the workplace. As previously discussed, sociocultural perspectives emphasise “the 

learner’s contribution to meaning and learning through both individual and social 

activity” (Bruning, Schraw, & Ronning, 1999, p. 215) through which individuals 

construct their own cognitive structures as they interpret their experiences in 

particular situations (Brownlee & Berthelsen, 2008; Palincsar, 1998). The 

sociocultural constructivist perspective focuses more on the external contributions to 

learning and individual knowledge development such as social interaction, cultural 

tools, and activity.Cognitive psychology, on the other hand, primarily focuses on the 

internal mental processes of the mind such as problem solving, decision making, 

routine action, perception, motor behaviour, language, motivation, and emotion 

(Newell, 1990), as well as the mental processes that mediate between stimulus and 

response. Cognitive psychology, therefore, represents the internal attributes of the 

individual on the construction of knowledge and the development of understanding. 

 

Figure 2.1. Interdependencies between the individual and social contributions to 

learning 
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Investigating the bridging of sociocultural and cognitive theorising aspects of 

knowledge development reinforces that “interdependence of social and individual 

processes are intermingled in the construction of knowledge” (Palincsar, 1998, p. 1). 

Figure 2.1 depicts these interdependencies between the individual and social 

contributions to learning, and between the interdependencies and activities. 

In this dissertation, it is proposed that both cognitive psychology and 

sociocultural theories inform the explanation of learning of conceptual knowledge of 

socially isolated workers. It is also held that the context, individual contributions, 

ontology, personal epistemologies, and availability of learning opportunities shape 

which perspective is most useful and for what purpose. As already stated, rather than 

viewing the sociocultural and cognitive theories as being diametrically opposed, in 

the context of this thesis they are viewed as complementary, interdependent, and 

contextually robust as the situation dictates. By drawing on both cognitive psychology 

and sociocultural constructivist perspectives, this thesis aims to develop further 

theoretical understanding of how both social and individual agency shape vocational 

practice and how isolated workers acquire the knowledge required for workplace 

performance. 

A key proposition for this investigation is the view that learning is most 

effective when there is an overlap of contributing factors, both individual and social. 

This overlap is described in the DILM as the “Zone of Integration” and is introduced 

later in this chapter and developed further in Chapter 3. At this point however, what 

constitutes knowledge, and how this knowledge is learnt and applied, especially in 

socially isolated circumstances such as road transport, will be discussed. 

 

2.5 Vocational practice in knowledge development 

Billett (2001) argues that “a rich understanding about the vocational practice is 

central to workplace performance” (p. 149). However, developing rich understanding 

through work is dependent on “having domain-specific knowledge comprising both 

factual and deep conceptual knowledge, specific and higher order procedures 

underpinned by the values and attitudes required for performance at work” (Billett, 

2000, p. 10). It is this deep conceptual knowledge that Martin and Scribner (1991) 

described in their study of Computer Numerically Controlled (CNC) lathes, where 

workers were required to develop high levels of conceptual and symbolic knowledge 

in areas such as interpreting drawings through to digital programming the lathe to 

perform the task. Traditional approaches to learning socially derived knowledge, 

through direct observation, have been replaced or transformed into a symbolic 



Dynamic Integrated Learning: Managing knowledge development in road transport 
 
 

- 34 - 

medium where the opaqueness of knowledge has made it less accessible, difficult to 

communicate with others and, therefore, hidden. 

Billett (2000) argues that in developing conceptual knowledge, 

 

The increased use of technology in work applications renders invisible the 
knowledge required for and to understand its operation. Consequently, this 
knowledge is more difficult to learn and deploy because its accessibility is 
reduced. These procedures are more demanding when workers are required 
to be more broadly skilled, because developing conceptual knowledge takes 
time and effort. (p. 4) 
 

Additionally, developing conceptual knowledge in response to technological changes 

requires different understandings and procedures as well as explicit teaching, 

deliberate practice, and “guided learning through authentic activities in workplace 

settings” (Billett, 1993, p. 5). Indeed, the consequences of a lack of guided learning in 

authentic workplace settings has been noted by Cornford and Beven (1999): “leaving 

learners, particularly novices, to piece together a picture of the complex workplace 

environment without guidance is more likely to result in incorrect and fragmented 

understandings” (p. 28). 

Guided learning, that is, guidance from a more experienced person, may help 

to construct meaning from the abstract through interactions between more 

experienced and less experienced participants. Without guidance, the demands of 

constructing meaning from a symbolic medium “diminish the salience, or even the 

possibility, of a shared action context” (Zuboff, 1988, p. 196). The concern here is 

that without appropriate guided learning strategies, such as modelling, coaching, 

scaffolding, and fading, the development of both symbolic and conceptual knowledge 

in learners would remain hidden because it is less accessible without the guidance 

from more experienced and expert workers or mentors. Additionally, without such 

models to follow, inexperienced workers may develop inappropriate work practices, 

attitudes, and identities associated with work. However, beyond expert support, the 

process of knowledge contributions has been shaped by individuals constructing and 

engaging with everyday work practices that they experience. 

 

2.5.1 Individual-centred knowledge 

The concept of individual-centred knowledge, or personal knowledge, has been 

defined by Eraut (2010) as “what individual persons bring to situations that enables 

them to think, interact and perform” (p. 38). Eraut argues that personal knowledge 

which  is shaped by the context in which it has been used or encountered, is 

acquired through participation in work practices, and is personalised through situated 
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learning. This type of learning extends beyond personal codified knowledge to 

include other ontological and personal contributions, described by Eraut as “know-

how in the form of skills and practices; personal understandings of people and 

situations; accumulated memories of cases and episodic events; self knowledge, 

agency, attitudes, values, emotions, and reflection; and other aspects of personal 

expertise, practical wisdom, and tacit knowledge” (p. 38). This ontogenetic 

development has also been described as the life history of the individual (Scribner, 

1985), or “the change in thinking and behaving arising in the history of individuals” 

(Rogoff, 1990, p. 32). This type of personal knowledge is important because it 

represents the individual’s collective accumulation of knowledge and experience, and 

capabilities and attributes over time (Billett, 2006b). The net result of this individually-

centred knowledge on the requirements for work performance is that it is “not a 

product of just the immediate social circumstances (i.e. the workplace), and cultural 

needs and practices (i.e. the occupation), but a rich interplay between personal 

histories and situational factors” (Billett, 2006b, p. 33). 

The importance of ontogenies and individual-centred knowledge is especially 

relevant within the context of this investigation because whilst Australian road 

transport workers are generally older (with an average age of 49 years), they have a 

large experience base of truck driving (Australian Trucking Association, 2010). The 

advanced ages of the participants is significant because older workers face particular 

challenges, especially where technology may displace existing competencies and 

capabilities, combined with situations where there may be a relative lack of support in 

developing and maintaining competence on new systems (Billett, 2006b). 

Additionally, the physical and mental capacities of older workers, including the 

cognitive and performance-related functions such as memory, reaction times, and 

physical strength, may decrease with age. However these important functions, so 

essential in truck driving, may well be compensated for by using strategies, 

specialised knowledge, and an extensive experience base. Indeed, Sigelman (1999) 

claims that “while older adults may well experience some basic processing shortfall, 

they may well have developed specialised knowledge and strategies that may 

compensate for their losses” (p. 229). So, whilst older workers may be disadvantaged 

by a cognitive “basic processing shortfall”, their vast experience bases may 

compensate for this. Such extensive experience bases, or ontologies, are evident in 

the combined group average of the sample truck drivers of 29 years truck driving 

experience. Drawing on this experience base, the drivers are able to compensate 

adequately for the very low experience (only 2 years average) with the auto box (i.e. 

automatic gear changing trucks). Indeed, the perceived disadvantages of older 
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workers may actually be an advantage in this case, where a slower, more methodical 

approach to driving heavy vehicles may enhance safety and productivity. Yet, it might 

also be the case that these extensive knowledge bases serve to resist engagement 

with, and the learning of, new technology. 

Consequently, this individually-centred knowledge base is especially 

important when these older workers are confronted by recently introduced new 

technologies. It allows the learner’s accumulated knowledge, experience, 

capabilities, and attributes to be engaged in fine tuning (Eraut, 2010) the necessary 

requirements for mastering new knowledge and abilities. Therefore, it is helpful to 

understand the process of knowledge construction through an analysis of three 

different types of knowledge: (a) propositional, (b) procedural, and (c) dispositional. 

Each of these knowledge types will be discussed next, including the relationships 

between them. 

 

2.5.2 Developing propositional and procedural knowledge 

Fitts (1964) describes the process of skill acquisition in three stages: (a) the cognitive 

stage, involving the initial encoding of the skill required to permit the learner a basic 

understanding, (b) the associative stage, involving fine tuning or “smoothing out” of 

the skill performance, and (c) the autonomous stage of continued gradual 

improvement. The first stage, the cognitive stage, corresponds to what Anderson 

(1982) refers to as the declarative stage. It is in this stage that declarative 

knowledge, also known as propositional knowledge or “knowledge that” (Ryle, 1949), 

is compiled. Propositional knowledge forms the basis for further knowledge 

development because it comprises of “facts, information, propositions, assertions, 

and concepts” (Billett, 2001, p. 51). The gradual process by which propositional 

knowledge is converted to procedural knowledge is referred to as knowledge 

compilation (Anderson, 1982), which involves the fine tuning or smoothing out of the 

skill performance in which “errors in the initial understanding of the skill are gradually 

detected and eliminated” (p. 369). The autonomous stage, in Fitts’ theory, involves 

further learning beyond just understanding procedural knowledge. Anderson (1982) 

describes this stage as “further tuning of the knowledge so that it will apply more 

appropriately and there is a gradual process of speedup” (p. 370). In this stage, 

procedural knowledge (Anderson, 1982) or “knowledge how” (Ryle, 1949) evolves. 

Procedural knowledge “comprises techniques, skills, and the ability to secure goals” 

(Billett, 2001, p. 52). However, without guidance, some propositional and procedural 

knowledge is hard to learn because these processes are hidden and difficult to 

access. Such is the case in later model trucks, where most of the information 
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presented to the driver is via computerised displays that require an understanding of 

concepts that are symbolically represented, and procedures with which the driver 

may be unfamiliar, such as scrolling through displays in the computer to locate the 

necessary information. 

 

2.5.3 Dispositional knowledge and engagement in work tasks 

Dispositions have been described as being socially derived and context dependant 

(Stevenson, 2003) and take into account interest, values, attitudes, and identities 

associated with work (Billett, 2001, p. 53). They have also been described simply as 

“people’s tendencies to put their capabilities into action” (Perkins et al., 1993, p. 75) 

and may be personal, cultural, or social in nature. It is these individual tendencies 

that make it possible for “value-laden judgements about what should be done, in that 

setting, at that time, and for what purpose” (Stevenson, 2003, p. 183). This difference 

between individuals’ capability and actual actions is, therefore, dependent on their 

disposition (i.e. values and attitudes) and will influence their approach to effortful 

activity. This tendency is important when new technology is introduced to the 

workplace as there may be reluctance to participate. 

In the process of learning, superficial participation may result in equally 

superficial learning and the failure to implement its desired practices when in 

situations where there is no supervision or surveillance. The difference is what 

Wertsch (1998) refers to as either appropriation or mastery: Individuals, he argues, 

are likely to engage in a rich form of learning when they have values and interests 

consistent with what is learnt. However, individuals might also nearly master, learn 

superficially, and practice public aspects of something which they do not fully or 

ultimately understand. In essence, individuals are “unlikely to engage enthusiastically 

in acquiring knowledge that they do not value” (Billett, 2001, p. 54), hence, the 

importance of dispositions in knowledge development. The reluctance to participate 

fully may reflect values that may be affected by the difficulty of understanding and 

learning the abstract, symbolic, hidden, and non-tangible nature of new technology 

and work practices. Given the identified need for truck drivers to understand and act 

in accordance with the information being displayed, the ability to both value and fully 

engage with this new technology is of importance. This salience is demonstrated 

through the rich interrelationship among the procedural, propositional, and 

dispositional forms of knowledge that will be required to function effectively as an 

autonomous truck driver. Moreover, it is these dispositions—or values, attitudes, 

interests and identities (Prawat, 1989)—that underpin these concepts and 



Dynamic Integrated Learning: Managing knowledge development in road transport 
 
 

- 38 - 

procedures, and are "sourced through individuals' personal histories and other social 

practices such as work" (Billett, 2001, p. xv). 

 

2.5.4 The procedural, propositional, and dispositional relationship 

The interdependence and interrelationship of individual and social forms of 

knowledge forms the basis of the underpinning knowledge required for workplace 

performance. The ability to understand concepts, facts, and propositions (i.e. 

propositional knowledge) and the development of a means of securing goals (i.e. 

procedural knowledge), is dependent on the individuals’ values, attitudes, 

judgements of worth, and preferences (i.e. dispositions) toward attaining such goals 

(Billett, 2001). This interdependence between these different types of knowledge 

ensures that effective workplace performance is conditional, not only on the 

development of all three (i.e. propositional, procedural, and dispositional) 

components of knowledge, but also on other types of knowledge, such as 

dispositional and tacit knowledge, depending on the context or situation, and is 

enhanced by the deployment of personal epistemologies in these situations. 

Therefore, strategies that make accessible the knowledge that is hidden or opaque to 

learners are a key factor in developing conceptual knowledge, and also procedural 

and dispositional knowledge, through their interdependence, that is, being remote 

from the learner (Billett, McCann, & Scott, 1998). It seems that one means of 

providing this accessibility is through the utilisation of guided learning strategies. The 

interrelationship of propositional, procedural, and dispositional knowledge is central 

to how learning is enacted. 

The ability to understand concepts, facts, and propositions (i.e. propositional 

knowledge) and the development of a means of securing goals (i.e. procedural 

knowledge) is dependent on the individual’s values, attitudes, judgements of worth, 

and preferences (i.e. dispositions) toward attaining goals in work settings, such as 

transport driving (Billett, 2001). This is particularly necessary because work practices 

in this sector are constantly changing, especially through the introduction of new 

technologies. 

 

2.6 The changing requirements of road transport 

The changing organisation of work, new technologies, globalisation, an ageing 

workforce, and the shifting world economies  “calls into question the present types 

and methods of training, not only with respect to their redundancy and level of 

competence, but also in relation to increasing occupational mobility” (Belanger, 1999, 

p. 20). Indeed, these changes affect not only what types of work are available, but 
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also the participation in work and the subsequent changing requirements of work 

performance (Billett, 2006b). Indeed, technological advances and the rapidly 

changing nature of work make it unlikely that workers will always be able to claim 

currency over vocational expertise embedded in the new forms of work that are now 

emerging (Chappell, 2001). This lack of currently existing knowledge has implications 

for workers in maintaining and developing the skills needed for workplace 

performance. However, the ageing workforce in road transport requires that these 

types of skills and knowledge be used to re-skill these older workers. Moreover, new 

and younger workers entering the industry will be taught in different ways than has 

previously been the case and this will be discussed next. 

 

2.6.1 Technology and knowledge development 

The modern workplace can be characterised by constant change, especially where 

new technologies change the ways in which individuals participate in work, often 

making the task of learning more difficult (Billett, 2001) because of “work practices 

requiring greater discretion in decision making” (p. 48). However, one significant 

impact generated by technology in the workplace has been the shift away from 

manual systems to highly symbolic analytical activity systems (Berryman, 1993; 

Martin & Scribner, 1991; Reich, 1992), where there will be an increasing reliance on 

workers to access and manipulate symbols such as data, plans, audio, and visual 

representations often associated with computerisation (Stevenson, 2003, p. 207). 

This need is reflected in a study by Martin and Scribner (1991) of machinists 

operating computer numerically controlled (CNC) lathes that require different 

understandings and procedures than working with manually controlled lathes. The 

introduction of CNC technology saw changes in work practices that required the 

“integration of traditional machining knowledge with the symbolic knowledge and 

logical skills involved in the new ‘informatics’” (Martin & Scribner, 1991, p. 583). 

Traditional work practices that required manual operation methods of machining were 

now being replaced by electronic commands executed through highly abstract and 

symbolic computer programs, requiring machinists to learn to set up using symbolic 

commands to program, edit, and monitor the CNC electronic control system. 

Therefore, higher levels of conceptual and symbolic knowledge were required 

because computerisation of the CNC machines reduced accessibility to learn and 

deploy this knowledge, much of which is hidden in the electronic world and not 

directly tangible. 

It would seem that the challenges experienced by the CNC lathe operators 

(Martin & Scribner, 1991) are analogous to those issues confronting road transport 
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operators (i.e. truck drivers). As with almost all areas of the workforce, road transport 

has been quick to introduce new technology into its operations. Over the last 20 

years, logistics management has undergone radical transformations in the way 

goods are transported by road around Australia, driven by a number of factors such 

as increased competition from non-road providers such rail, shipping, and air freight; 

increased competition within road transport; new and better roads; new Government 

legislation increasing the overall length and weight limits on trucks; higher diesel and 

maintenance costs; skilled driver shortages; and strict exhaust emission 

requirements. All of these factors have affected road transport in two major ways. 

Firstly, there has been a requirement for more technologically advanced trucks that 

are less polluting, more powerful, have lighter tare weights for greater load capacity, 

are easier to problem diagnose and maintain, cheaper to run, and easier to drive. 

Secondly, there is increased demand for skilled drivers who are able to safely and 

efficiently utilise this technology. Clearly, these factors impact on the requirements for 

workplace performance and drive change, therefore requiring “new thinking in the 

workforce and where employers look to vocational education and training as one 

source for this change” (Stevenson, 2003, p. 207). 

So, while technologies have been introduced to manage emissions and to 

make road transport more economically efficient, they sit alongside increased 

demands associated with vehicle utilisation. This has brought about a number of 

changes in the work requirements of truck drivers. More efficient and cleaner burning 

diesel engines have been made possible through the emerging technologies of 

computerised engine management and diagnostic systems. Integrated electronic 

systems provide a link between functions relating to engine, gearbox, brakes, and 

suspension, and the driver’s control over them. This technology has impacted on the 

way trucks are driven, in two main ways: firstly, in the way that information is 

presented to the driver through the computerised DIS, and secondly, through the 

introduction of computerised automatic changing gearboxes, which directly affect 

how the truck is driven. Mavin and Murray (2010) note similar influences within the 

aviation industry where increased levels of computer-assisted technologies are 

incorporated into aircraft cockpits. Conventional analogue instruments, such as the 

old round gauges with needles that indicated speed, temperature, pressure and so 

on, have been replaced by computed displays that provided digital numerical 

representations to the pilot. The introduction of this technology has resulted in 

“numerous difficulties relating to the new instruments’ interpretation … and, in some 

cases, led to accidents” (Mavin & Murray, 2010, p. 279). 
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Similarly to aircraft cockpits, modern trucks incorporate DIS in which 

computers electronically integrate information from different truck components (such 

as engine, gearbox, brakes, suspension, air pressure, and drive line) so that it can be 

simultaneously presented via a digital display and, thereby, actioned upon by the 

driver. Additionally, integrated with the original truck systems are other add-on 

systems that monitor and operate machinery attached to the trucks, such as concrete 

pumpers, garbage compactors, refrigerated units, and tankers, just to name a few. 

So, as well as managing the information presented by the truck DIS, the driver also 

has to manage information from various body attachments on the truck. 

Figure 2.2 depicts and compares a traditional driver display with a typical 

example of a modern computerised DIS.  

 

 

 

 

 

 

 

 

 

 

Figure 2.2. The earlier driver information display (top) contrasted with the modern, 

highly symbolic and computerised driver information display (bottom) 

Copyright Volvo Trucks Australia. Reprinted with permission 

 

Traditional analogue instruments such as the tachograph, speedometer, air 

pressure gauges, water temperature gauge, and fuel gauge can be seen surrounding 

the computerised DIS (above). Differing from the surrounding analogue gauges, the 

DIS is completely digital and displays entirely numbers and symbols that depict the 

status of the various truck components. These digital symbols and numbers 

represent a departure from the traditional types of information presented to the driver; 
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moreover, this knowledge is represented in a way that requires interpretation and 

comprehension of a different order than was required of the earlier analogue gauges. 

The integrated DIS receives and displays information from the various 

components of the truck and can display over 100 different functions, which 

previously would have been impossible for the driver to access and know about. 

These functions include precise fault detection and diagnosis, load weight and 

balance, gear selection, GPS information, instantaneous fuel usage calculations, and 

other such information from any of the systems’ sensors located throughout the vital 

components of the truck. As a result, the role of truck drivers has changed from one 

of simply “loading up and driving from A to B”, to one of a systems and logistics 

manager responsible not only for the safe and efficient operation of the vehicle, but 

also for tasks that were traditionally the domain of fleet managers, maintenance 

managers, quality controllers, and diagnostic technicians. 

The types of knowledge needed to manage these transport systems, 

therefore, require the driver not only to access the information available in the DIS, 

but also to analyse, prioritise, and act upon it according to the constantly changing 

and dynamic circumstances that characterise road transport. The computerised DIS 

merely provides a representation of other forms of knowledge, typically in symbolic or 

numerical formats, that may be useful in maximising workplace efficiency. However, 

much of this knowledge is hidden, difficult to access and abstract in nature. Because 

of the multitude of information now available to the driver, the question is not only 

how to access this information, but also what information should be accessed and is 

most useful at that particular time, and how this information should be interpreted and 

applied in action. Compounding this problem is the fact that most drivers work 

unsupervised and in isolation. Therefore, they lack the benefits of guidance from 

other more experienced workers or experts in the field, as to how to access, 

prioritise, interpret and utilise the hidden knowledge associated with the symbolic and 

abstract information presented in the DIS. 

Another automotive technological innovation has been in the development of 

computerised automatic gearboxes for trucks. Whilst automatic transmissions have 

been available in cars since the 1950s, this has not been the case in road transport. 

Poor fuel economy, lack of compatible technology capable of controlling the 

enormous torque forces, and a general reluctance by drivers to embrace change 

have all contributed to the slow introduction and acceptance of automatic 

transmissions. However, this is rapidly changing and in Europe for example, trucks 

with automatic gearboxes account for 60 percent of the trucks on the road (European 

Motor News, 2009), with the rapid introduction and acceptance in Australia following 



Dynamic Integrated Learning: Managing knowledge development in road transport 
 
 

- 43 - 

suit. The technological innovations of these transmissions has been seen to make 

trucks easier to drive, especially in situations requiring constant stopping and 

starting, such as city distribution driving, household garbage collection trucks, and 

hazardous or dangerous goods for example, all of which factor in the interactions 

investigated in this dissertation. Additionally, workforce demographics indicate that 

41 percent of drivers are now aged over 45 years, and the majority of those are male 

(Department of Employment and Workplace Relations, 2006). This ageing Australian 

workforce could lead to a trend toward an increasing number of women entering the 

road transport industry to fill the expected labour shortfall, and automatic 

transmissions would be a major incentive because of the less strenuous effort 

required to change gears. Such workers will undoubtedly bring quite different 

experiences and previous knowledge to engage in and with, learning such 

technologies. 

However, these kinds of automated systems bring their own complications 

and complexities. Both the DIS and the automatic gearbox are integrated into a 

complete truck management system. Gear selections are symbolically displayed in 

the driver information display. When a selection is made by the driver in selecting a 

mode (R, N, A, M, L) by shifting the gear lever, there is a corresponding change in 

the information displayed in the computerised display. 

                  

Figure 2.3. Gear selector and driver information display 

Copyright Volvo Trucks Australia. Reprinted with permission 

 

Figure 2.3 depicts the display indicating the relationship between the gear 

selector (R = reverse, N = neutral, A = automatic, M = manual, L = low gear) which is 

set on A (automatic), and the Driver Information Display indicating that A (4) has 

been selected. Other information displayed includes E for economy mode (1), arrows 

pointing up and down for gears available (3), and the number 12 (2) indicating the 

current gear selected. Figure 2.3 also depicts the relationships between different 
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systems that need to be understood by the driver. Such deep conceptual knowledge 

goes beyond mere digital representations and requires an understanding of the 

interrelationship effects of integrated systems. The earlier manual type of gearstick 

that was directly connected to the gearbox has been replaced here by a type of 

“joystick” that is connected to computers that drivers use to toggle up or down to 

select gears. The gear that has been selected then appears on the display as a 

symbolic or numerical representation. Therefore, the effective overall operation of the 

automatic gearbox requires an understanding of the DIS and, conversely, the 

effective use of the driver information display relies on the operation of the automatic 

gearbox. 

So it can be seen that, in some instances, technology has made work 

performance more, rather than less, complicated because deeper levels of 

understanding are required both in the abstract and symbolic knowledge needed, 

and the overall understanding of systems’ interrelational dependencies. The ability to 

learn these new types of conceptual knowledge, therefore, will have great 

implications for maintaining and developing professional competence in the rapidly 

changing industry sector of road transport. Given the above considerations of 

learning and knowledge required for work, it is necessary to consider how these skills 

can be developed for this industry sector and this will be discussed next. 

 

2.7 Skill development and contemporary truck driving 

Berryman (1993) identifies skill requirements in view of changing work, 

organisational, and economic factors. Quantitative skills, higher order cognitive 

thinking skills, and interpersonal skills were identified as being fundamental in the 

developing workplace. In the road transport industry, the focus is on developing 

drivers with high levels of situational awareness in order to anticipate the dynamic 

and changing road conditions and to manage new and challenging technologies as 

illustrated above. The concept of situational awareness, as described by Uhlarik and 

Comerford (2002), involves the operation and control of a complicated system in a 

dynamic environment where the operator has to integrate various sensory inputs with 

“elaborate cognitive models of the machine and the operating environment to control 

the movement of the vehicle” (p. 1). 

However, the development of skills and the subsequent quality of learning 

within the dynamic workplace is dependant on the continual need for up-skilling and 

more effective problem solving skills (Cornford & Beven, 1999). Additionally, Billett 

(2006b) argues that the changing workplace requirements reflect neither up-skilling 

nor down-skilling, but a change in the type and nature of skills required in response 
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to factors such as technology, which is in effect a type of “situational re-skilling” or 

cognitive shift. Transforming work practices and subsequent workplace changes 

have altered the way skills are acquired, developed, redefined, and refined in order to 

meet the demands as the situation dictates. In road transport, this is especially the 

case, given the technological advancements within the industry. The impact of 

technology on the workplace and the subsequent transformation of many workplace 

practices that were previously concrete and tangible have been transformed by 

technology into environments where the abstraction of work has made learning more 

difficult because much of the knowledge is hidden, not easily expressed in words 

and, therefore, difficult to observe and learn. The increasingly technological complex 

work and learning environments suggest the need to consider symbolic and 

conceptual knowledge more fully in order to understand its properties and prospects 

for learning. 

Additionally, transport workers are now often “remote” from the task they are 

performing. For example, modern truck drivers are now unable to fully “feel” the truck 

because the physical connection between driver and truck has been removed and 

replaced by computers and software. In a similar way, pilots of modern aircraft now 

“fly-by-wire”, meaning that the manual control interface (i.e. control columns 

connected to wires and pulleys that move the ailerons and flaps etc.) has been 

replaced by an electronically signal-controlled system. This lack of feel or direct 

connection with the aircraft is of serious concern because subtle sensory cues 

constitute a significant factor in understanding what is happening (i.e. situational 

awareness) to the aircraft. To help alleviate this problem, haptic technology has been 

introduced to fly-by-wire aircraft to provide feel or sensory sensations to the pilot. 

Haptic technology is a tactile feedback technology that computer generates a user's 

sense of touch by applying forces, vibrations, and/or motions to the user, and is 

enabled by actuators that provide mechanical motion in response to an electrical 

stimulus (Mavin & Murray, 2010). For example, a “stick shaker” is a component of an 

aircraft’s Stall Protection System (SPS) that alerts the pilot of an imminent stall. 

Sensors on the wings send alerts to the plane’s computers when the airflow is 

disrupted, indicating that a stall may occur. The sensors then electronically alert the 

computers that then activate the electronic actuators and literally shake the control 

column with increased intensity as the data from the sensors increases. Without this 

sensory feedback technology pilots would have to rely on either alarms or instrument 

warnings displayed in the cockpit, both of which can be missed in high workload 

environments. The key point here is the interrelatedness between the cognitive and 

social, explicit and tacit, conscious and subconscious, mental and physical, and the 
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intuitive and concrete. These dualities must work in synchronisation for expert or 

masterful performance to be achieved. Moreover, there is a partial mismatch 

between the sensory inputs available to the truck drivers (i.e. the need for feeling 

engine and wheel vibrations, noises and sounds), and technology that often makes 

the driver remote because the physical connection between the driver and the truck 

has been removed and replaced by computers (i.e. computer-controlled automatic 

gearboxes). There needs to be a balance between sensory inputs and technology. 

The balance is needed for drivers to change their practices to accommodate these 

technological advancements, but also for technology to accommodate the ways in 

which people drive, especially through the use of sensory inputs. 

Developing and describing methods and learning strategies that unlock these 

learning approaches and different types of knowledge development, including 

hidden, tacit, and conceptual knowledge, is of critical importance, especially in highly 

dynamic environments such as road transport. However, the workplace learning and 

knowledge required of road transport drivers may be difficult to acquire because the 

social isolation makes learning the hidden, tacit, and conceptual knowledge difficult 

without the direct assistance of expert guidance. Therefore, developing a model that 

explains both the cognitive and social contributions in the development of knowledge 

is required in order to understand this complex phenomenon. I shall discuss this now. 

 

2.8 Two models of knowledge communities 

To develop a model that explains both the cognitive and social contributions in the 

development of knowledge and learning of truck drivers in relatively socially isolated 

circumstances, two models of “knowledge communities” (Paavola et al., 2004) will be 

compared. The first is Nonaka and Takeuchi’s (1995) model of knowledge creation, 

which provides a framework to explain the role of tacit and explicit knowledge in the 

genesis of innovation within companies. The second is Paavola et al.’s mediated 

process of knowledge creation model. This builds on Nonaka and Takeuchi’s model, 

as well as Engeström’s (1999) model of expansive learning and Bereiter’s (2002) 

model of knowledge building. Paavola et al.’s model conceptualises learning as 

“knowledge creation” and as “ collaborative processes for developing shared objects 

of activity” (Paavola et al., 2004, p. 569). Together, these two models assist in 

developing a further understanding of the complex aspects of learning and provide a 

framework for the proposed Dynamic Integrated Learning Model. 

One of the most innovative models that assists in explaining the continuous 

and dynamic interaction between tacit and explicit knowledge is Nonaka and 

Takeuchi’s (1995) model of knowledge creation, and this will be discussed next. 
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2.8.1 Nonaka and Takeuchi’s model of knowledge creation 

Nonaka and Takeuchi’s (1995) model of knowledge creation is based on a 

framework of two dimensions of organisational knowledge creation: the ontological 

and the epistemological. In the ontological dimension, four levels are identified: (a) 

the individual, (b) group, (c) organisational, and (d) inter-organisational. Within these 

different levels, knowledge created by individuals is amplified as it is processed 

through each of the other levels and is “crystallised” as “part of the knowledge 

network of the organisation” (Nonaka & Takeuchi, 1995, p. 59). This process takes 

place within an “expanding community of interaction which crosses intra and inter-

organisational levels and boundaries” (p. 59). 

The epistemological dimension draws on the distinction between tacit (i.e. 

personal and context-specific knowledge that is hard to formalise and communicate) 

and explicit knowledge (i.e. knowledge that can be codified and is easily 

transmittable in formal, systematic language). The interaction between tacit and 

explicit knowledge is explained by means of a “knowledge spiral” (Nonaka & 

Takeuchi, 1995). The assumption is that “knowledge is created through the 

interaction between tacit and explicit knowledge” (p. 62) through four different modes 

of knowledge conversion: tacit to tacit knowledge (i.e. socialisation/sympathised 

knowledge), tacit to explicit knowledge (i.e. externalisation/conceptual knowledge), 

explicit to explicit knowledge (i.e. combination/systemic knowledge), and explicit to 

tacit knowledge (i.e. internalisation/operational knowledge) (see Figure 2.4, page 48). 

The knowledge spiral starts with socialisation where there is a sharing of 

experience, often through observation, imitation, and practice. To illustrate this phase 

of the knowledge-building process Nonaka and Takeuchi (1995) give the example of 

the development of the automatic bread making machine where, to assist in 

understanding the tacit knowledge of bread kneading skills, engineers building the 

bread making machine participated in and observed a master baker making bread. 

Thus, the secret (i.e. tacit knowledge required) for making bread was socialised 

through observing, imitating, and practicing bread making under the guidance of the 

master baker. The knowledge developed through sharing experiences is called 

“sympathised knowledge”. 

The next phase, externalisation, is a “process of articulating tacit knowledge 

into explicit concepts” (Nonaka & Takeuchi, 1995, p.64). It comprises the process of 

making tacit knowledge explicit through use of metaphors, analogies, concepts, 

hypotheses, or models, and is triggered by dialogue or collective reflection. This 

knowledge is conceptual knowledge. In the third phase, referred to as combination, 

different bodies of explicit knowledge are added or combined to existing explicit 
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knowledge. Combination is a “process of systemising concepts into a knowledge 

system” where “individuals exchange and combine knowledge through such media 

as documents, meetings, telephone conversations, or computerised communication 

networks” (Nonaka & Takeuchi, 1995, p. 67). The type of knowledge developed in 

this phase is referred to as systemic knowledge. The final phase is internalisation 

where explicit knowledge is internalised by individuals through “learning by doing” (p. 

69). Experiences and knowledge developed during the socialisation, externalisation, 

and combination phases are “internalised into individuals' tacit knowledge bases in 

the form of shared mental models or technical know-how” (p. 69) and is referred to as 

sympathised knowledge. After internalisation, the cycle continues back to 

socialisation (i.e. tacit to tacit knowledge) and so the knowledge spiral continues. 

This cycle reflects the need for individuals' learning to comprise a continuous 

process, where new situations are encountered requiring a process that follows a 

system of knowledge building through the four stages described in Figure 2.4. 

 

Figure 2.4. The Knowledge Spiral 

Note. Adapted from The knowledge-creating company: How Japanese companies 

create the dynamics of innovation (p. 71) by I. Nonaka & H. Takeuchi, 1995, New 

York: Oxford University Press. 

 

The key contribution from Nonaka and Takeuchi’s (1995) model is to identify 

that organisational knowledge development is a “continuous and dynamic interaction 

between tacit and explicit knowledge” that is “shaped by shifts between modes of 

knowledge conversion, which in turn are induced by several triggers” (p. 70). It is the 
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continuous and dynamic nature of this model, in the development of  tacit  knowledge 

to explicit knowledge and then back to tacit knowledge, which forms the basis for the 

genesis of innovation. Furthermore, the dynamic nature of this model demonstrates a 

continual linear progression of knowledge development through a series of stages, in 

which it eventually returns to repeat the process through the same stages. 

The DILM proposed here is based on aspects of Nonaka and Takeuchi’s 

(1995) model. However, rather than being a linear, stage-like progressive model, the 

DILM is continually evolving, transforming, and overlapping between the individual 

and social. These dynamic features provide links between the interdependencies of 

knowledge construction. These aspects of the DILM will be further discussed in this 

chapter and expanded upon in Chapter 3. 

From an epistemological perspective, the linkage between tacit (i.e. personal 

and context specific knowledge that is hard to formalise and communicate) and 

explicit knowledge (i.e. knowledge that can be codified and is easily transmittable in 

formal, systematic language) is important, especially in the development of new 

knowledge. Additionally, the knowledge spiral provides an example of the dynamics 

and changing nature of learning development, especially the assumption that 

“knowledge is created through the interaction between tacit and explicit knowledge” 

(p. 62). Finally, the four different modes of knowledge conversion (tacit to tacit, tacit 

to explicit, explicit to explicit, and explicit to tacit), provide a strong base for the 

further development of dynamic learning approaches later in this chapter. These 

learning approaches will be further developed in the DILM. 

 

2.8.2 Paavola, Lipponen, and Hakkarainen’s mediated process of knowledge 

creation model 

Over the past four decades, the genesis of new knowledge has been perceived in 

terms of either the acquisition metaphor (i.e. cognitive) or the participation (i.e. 

situated) metaphor (Sfard, 1998). The common view (Sfard, 1998) is that these 

different aspects of learning are complementary, yet separate learning methods, 

where both approaches are needed in order to fully develop learning and knowledge 

potentials. Criticised as presenting a “consensus approach”, Paavola et al. (2004) 

argue that combining the two different learning methods “appears to be a way of 

avoiding drastic conflict between the two approaches” (p. 558). 

Reconciling both of these different perspectives to produce a complementary 

theory of learning that highlights similarities rather than differences, Paavola et al. 

(2004) focused on commonalities between the two approaches through the 

“knowledge-creation metaphor”, the key emphasis being “not on the situatedness of 
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cognition or on social practices alone, but rather on progressive development of 

these practices and artifacts through mediated activities” (p. 570). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.5. Knowledge-creation model of learning 

 

Figure 2.5 depicts the three learning metaphors proposed by Paavola et al. 

(2004) in their knowledge-creation model of learning. The left hand column 

represents the acquisition perspective of learning (i.e. cognitive). The middle column 

represents the knowledge-creation perspective (i.e. new knowledge and new 

mediating objectives of activity are collaboratively created). The right hand column 

represents the participation perspective (i.e. socio-cultural approach). 

The key aspect of Paavola et al.’s (2004) model is the integration of both the 

cognitive and socio-cultural approaches through the collaboratively created mediated 

objects. This represents the start of a dynamic system in which there are “no clear-

cut divisions between the metaphors; rather, they overlap, because more concrete 

models of learning can combine their features in different ways and degrees” (p. 

569). 

Building upon Paavola et al's (2004) and Nonaka and Takeuchi’s (1995) 

models of knowledge creation, a model is proposed that is seen to account more 

comprehensively and faithfully for the development process engaged by truck drivers 

in coming to learn about new technologies. Referred to as the Dynamic Integrated 

Learning Model (DILM), it draws upon some of the key concepts developed in the 

models discussed above and develops a perspective that focuses on the dynamics of 

the different aspects that contribute to learning and knowledge development. 
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2.9 The Dynamic Integrated Learning Model 

A contribution to knowledge, as proposed in this investigation, is a model for the 

interaction of both the cognitive and social contributions that incorporate both 

ontological and epistemological aspects. Rather than simply finding a common 

ground between the two lines of thought, it is proposed that a Zone of Dynamic 

Interdependency (ZDI) exists between cognitive and sociocultural contributions to 

learning. This constantly changing and dynamic zone exists between the two distinct 

learning styles, in which there may be an overlap or interaction of the cognitive and 

social learning contributions depending on the individual’s learning style, ability and 

preference, social context, environmental aspects, as well as the type and complexity 

of the learning task to be performed. This task may include, of course, the learning of 

abstract, symbolic, or conceptual knowledge. These types of knowledge are often 

associated with hidden knowledge or tacit knowledge, that is, knowledge that is 

opaque or difficult to learn without guidance. The tentative DILM (see Figure 2.6) 

incorporates a ZDI between the cognitive and socio-cultural perspectives on learning. 

 

       (a)            (b)  

Figure 2.6. The Acquisition/Participation Learning Model (a) versus the Dynamic 

Integrated Learning Model (tentative) (b) 

 

Figure 2.6 depicts the Acquisition/Participation Learning Model versus the 

Dynamic Integrated Learning Approach Model (tentative). The traditional Acquisition/ 

Participation Learning Model suggests a rigid, static system where in individual and 

social contributions only marginally influence each other. This type of model fails to 

capture the dynamic complexity of the interactions and interdependencies that both 

individual and social contributions make. The DILM, on the other hand, is flexible and 
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dynamic with the demarcation lines between the two approaches flowing, 

overlapping, and merging. The point where there is an “overlapping” (Choy & 

Delahaye, 2008, p. 158) of both the cognitive and socio-cultural approaches within 

the ZDI has been termed the Locus of Integration (LOI). It is here that the cognitive 

and socio-cultural accounts of learning combine or integrate to provide the most 

comprehensive account of learning at that particular time, for that particular 

individual, and in that particular context. 

As the name suggests, the ZDI is dynamic in the sense that learning is 

constantly changing, moving and evolving, at times involving more of the cognitive 

aspects of knowledge acquisition and learning and less (if any) of the socio-cultural 

aspects, and vice versa. The key to this model is that it is: 

 contextually and situationally dependant (i.e. on the type of task to be learned 

or problem to be solved),  

 individually dependant (i.e. is the learner able to understand abstract 

concepts or does the learner have a natural aptitude towards particular types 

of knowledge?), and  

  time dependant. The learner may be able to independently learn knowledge 

or a skill.  

 However, in situations where the knowledge is hidden or not immediately 

transparent, socio-cultural approaches—such as guided learning, observation, 

coaching, peer assistance, modelling, questions, analogies, and so on—may assist 

in knowledge development. Indeed, the reverse may also apply where the learner 

predominantly uses socio-cultural approaches to learning, allowing for cognitive 

approaches in knowledge construction, such as declarative, procedural, and 

conditional knowledge construction, to assist learning. The contributions to learning 

arising from this model are elaborated upon further in Chapter 3. 

 

2.10 Conceptions of knowledge and learning for truck drivers 

The dynamic interdependence of both social and individual contributions to learning 

reflects the need for flexible construction of meaningful knowledge driven by new 

technology in a changing workplace, and as has been illustrated, this is particularly 

pertinent for truck drivers who are confronted by technological changes in their 

workplace. Furthermore, developing an understanding of how both individual (i.e. 

cognitive) and social (i.e. sociocultural) contributions interact and integrate with each 

other in the development of learning is of crucial importance. A key focus of this 

investigation is the view that learning is most effective when there is an overlap of 

contributing factors, both individual and social, and that such systems can be 
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extremely dynamic in nature. The contributing factors that initiate the overlap, or 

combining of both social and individual approaches to learning, as described in the 

DILM, are discussed and further elaborated upon in Chapter 3. 
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CHAPTER 3 
 

INTEGRATED LEARNING APPROACHES AND STRATEGIES:  

ATTAINING LEARNING 

 
“Individual learning paths are both employee-driven and affected by their work 
experiences and participation in learning programs, which are informed to a 

considerable extent by the particular work and learning networks in which the 
employees participate.” (Poell & Van der Krogt, 2010, p. 197) 

 
 

3.1 Activities and interactions 

This chapter progresses the case for the interdependencies of individual and social 

learning contributions, as described in Chapter 2, by building upon the individual and 

social conceptions of knowledge development through the elaboration of the 

Dynamic Integrated Learning Model (DILM). In doing so, it focuses on goals, 

activities, and practices encountered in the workplace that influence learning. For 

example, the interrelatedness of sociocultural practices and situational practices on 

phylogenetic, microgenetic, and ontogenetic development (see explanation on p. 57) 

stand out in these discussions. These social and individual practices reinforce 

learning as a social process in which activities and interactions are crucial for 

workers' learning development. How truck drivers who work in isolation learn in the 

absence of direct interpersonal contact, is also explained by this model. Finally, the 

DILM is further developed through the introduction of a framework that explains both 

these contributions to learning development and the relations amongst them. 

 

3.2 Goals for learning 

Engagement in goal-directed workplace activities forms the basis for understanding 

the requirements for performance and assists also in identifying effective strategies 

to learn the “changing requirements of contemporary work and workplaces” 

(Gartmeier, Kipfmueller, Heid, & Gruber, 2008, p. 131). Goal-directed activities that 

require problem solving are encountered in situations during normal workplace 

activities where new, unusual, or non-routine situations occur. Workplaces are social 

environments where the development of knowledge is socially negotiated and 

situated in practice. The above statement by Poell and Van der Krogt (2010) 

emphasises the role of social networks at play within workplaces and the dynamic 

learning environments that these networks support. The constantly changing social 

networks, work practices, technologies, and tasks within the workplace place 

performance pressures on individuals who may utilise these different approaches, 
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strategies, and forms of knowledge to achieve these desired outcomes. For example, 

recent advances in truck technology and, in particular, the introduction of 

computerised systems that digitally display various truck functions to the driver, have 

made some types of knowledge required for truck driving performance remote from 

the individual. These systems present information about the truck and its 

performance to the driver in symbolic formats via computerised displays and present 

such a multitude of disembedded information that it may mask the knowledge and 

conceptual understanding required for comprehending and using this knowledge 

effectively for workplace performance. Much of this knowledge is hidden, yet 

individuals must not only be able to access this information, but importantly, 

understand, prioritise, and act upon it in the performance of their workplace duties. 

This accessibility is particularly important given the dynamic nature of road transport 

that requires drivers to have a high degree of situational awareness, that is, the 

ability to mentally access relevant information about the evolving circumstances 

(Wickens, 1992). Endsley (1995) further defines situation awareness as the 

"perception of elements in the environment within a volume of time and space, the 

comprehension of their meaning, and the projection of their status in the near future" 

(p. 36).The concept of situational awareness, as described by Uhlarik and Comerford 

(2002), involves the operation and control of a complicated system in a dynamic 

environment where the operator has to integrate various sensory inputs with 

“elaborate cognitive models of the machine and the operating environment to control 

the movement of the vehicle” (p. 1). The term situational awareness is often 

associated with highly dynamic work and work environments such as pilot training 

(Mavin & Murray, 2010; Uhlarik & Comerford, 2002), air traffic control (Endsley et al., 

2003; Wickens, Mavor, & McGee, 1997), battlefield management (Kass, Herschler, & 

Companion, 1991; Marsh, 2000), and medical procedures (Gaba, Howard, & Small, 

1995). 

It follows that developing pedagogic methods and strategies that unlock 

hidden knowledge, thereby improving situational awareness, is a key goal for 

learning, especially in highly dynamic environments such as road transport. However, 

the workplace learning and knowledge required of road transport drivers may be 

difficult to acquire because tasks requiring conceptual knowledge need to be 

identified and learning strategies employed to make it explicit to learners. This 

identification is “central to guiding the focus for interventions to make these goals 

explicit” (Billett, 2001, p. 131). However, common to many workplaces, these abstract 

conceptual types of knowledge are not easily accessible or understandable without 

the assistance of expert guidance, direct engagement in relevant work tasks or 
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activities, and indirect guidance “provided by the setting and the practice within that 

setting” (Billett, 2001, p. 74). These contributions to learning provide the basis for 

knowledge development through participation in everyday workplace activities and 

through identifying goals for workplace performance, scope of activities to be 

undertaken, areas of “difficult to learn” knowledge, access procedures to these areas, 

and structured access strategies. Additionally, the goals for performance are reliant 

on the domain-specific knowledge pertaining to a particular task or situation. So, 

goals for performance will change depending on the tasks and situations in which the 

workers are involved. 

These goals represent the intersection of both the cognitive and sociocultural 

perspectives of workplace performance. As proposed earlier, from a sociocultural 

perspective, engaging in socially-derived goal-directed activities forms the basis for 

the “construction of domains of knowledge” through “repertoires of experiences and 

their organisation, and the role of personal dispositions” (Billett, 2006b, p. 41). The 

individual contributions, described by Valsiner (2000) as the “cognitive experience” 

that comprise of these norms, values, and beliefs, and referred to as dispositions, are 

manifested as the individual’s engagement with workplace affordances. In turn, their 

workplace affordances shape the “social experience” (Billett, 2006b, p. 42). The 

contribution of both cognitive and social aspects that shape the domains of human 

activity emphasise that knowledge can be “both culturally-derived and person-

dependent” (Billett, 2006b, p. 42). 

Hence, both individual and social learning strategies must be employed to 

further develop these hard to learn types of knowledge. How the integration of both 

individual and social learning contributions is achieved is the key conceptual focus of 

this inquiry. 

 

3.3 Workplace goals in road transport 

As discussed in the previous chapter, technological, social, and economic demands 

have placed a greater emphasis on road transport drivers to utilise technology in 

solving complex problems in the safe and efficient operation of heavy trucks. Drivers' 

ability to operate safely and efficiently in the heavy transport environment is the main 

priority of the road transport industry today. That ability of the driver to access 

information systems to diagnose problems, pre-empt maintenance requirements, and 

instantaneously monitor various systems such as fuel consumption and load sensors, 

for example, all contribute to the overall immediate and long term efficiency of the 

transport operation. The increasingly cognitive complex task of driving trucks is 

compounded because of the social isolation often experienced by drivers that create 
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barriers to learning conceptual knowledge that is hidden. Therefore, understanding 

how the cognitive and social contributions can enhance learning is of great practical 

importance to the road transport sector. Moreover, the application of such systems is 

unlikely to be restricted to this industry as the widespread use of technology makes 

learning hidden knowledge more necessary. This hidden or tacit knowledge must be 

interlinked with explicit knowledge in order for knowledge generation (Nonaka & 

Takeuchi, 1995) to occur by “linking and overlapping with the individual’s frames of 

reference” (Choy & Delahaye, 2008, p. 158). These types of knowledge generation 

should therefore not be seen as static, independent entities but rather as dynamic, 

fluid, and interdependent (see Figure 3.2). 

The activities and interactions within the workplace are goal orientated and 

shaped by sociocultural and situational practices, and influence the kinds of activities 

the learner will engage in and the types of learning encountered. The requirements 

for workplace performance, therefore, may be dependant upon integrating support or 

guidance strategies into ongoing workplace activities that can develop through 

making explicit the knowledge and skills that may be hidden and difficult to learn. 

How this learning process is achieved at an individual level is what will be discussed 

next. 

 

3.4 Individuals' learning processes 

Individual engagement in goal-directed activity shapes knowledge construction 

through moment-by-moment problem solving, or microgenetic development, leading 

to cognitive change. Such microgenetic development (Rogoff, 1990) helps in 

developing experiences in which people make sense of situations they encounter in 

their daily lives (Collin & Paloniemi, 2008) and in workplace practices. Experience, in 

this instance, has been defined by Collin and Paloniemi as “the ways in which people 

make sense of situations they encounter in their daily lives and especially in 

workplace settings” (p. 168). Experience consists of processes and individual 

activities such as, feedback, reflection, trial and error, and individual problem solving, 

that allow the individual to develop knowledge and skills and to put into action 

processes that cognitively fine tune existing thinking and behaviours (Eraut, 2010). 

Individuals' work-related goals are often perused and developed in 

conjunction with social goals within the workplace. Further to this, Collin and 

Paloniemi (2008) argue that “the quality of experience emerges from the meanings 

that individuals give their experience in context bound and situationally changing 

workplace practices” (p. 168), and that learning through experience is an individual 

process. In other words, individuals' ontogenetic development is made of 
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experiences that are socially situated, embedded in activity systems, and that 

contribute to cognitive change through individual engagement in goal-directed 

activities. However, from a social perspective, workplace learning may also occur 

from observing and experiencing the actions and mistakes, or positive outcomes, of 

others (Collin & Paloniemi, 2008). Therefore, although microgenetic development is 

characterised by individual engagement in goal-directed activities, it does not 

necessarily always rely on individual process. Individuals may learn indirectly from 

the mistakes and actions of others through sociocultural and situational practice. 

 

 

 

Figure 3.1. The individual and social contributions to knowledge development  

Note. Adapted from Work, change and workers (p. 25), by S. Billett, 2006, Dordrecht, 

The Netherlands: Springer. Copyright 2006 Springer. Adapted with permission. 

 

A key point here, as outlined by Billett (2006b), is that learning, knowledge 

development, and goal-directed activities can be seen as a series of 

interrelationships amongst guiding concepts and procedures (i.e. phylogenetic 

development), the life history of the individual (i.e. ontogenetic development), 

individual engagement in goal-directed activity through moment-by-moment problem 

solving (i.e. microgenetic development), and situational and sociocultural practice 

(see Figure 3.1). These interrelationships between learning development and 

practice reinforce the view that learning occurs through individual engagement in 

activities and through participation in a community and through specific social 
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practices that are culturally and historically situated (Packer & Goicoechea, 2000). 

Therefore, knowledge creation is a social process in which “social interaction 

provides essential cognitive resources for human cognitive accomplishment” 

(Paavola et al., 2004, p. 564). 

Figure 3.1 depicts the sociogenesis and remaking of vocational practice 

(Billett, 2006b). The key feature here is the interdependencies between individual 

and social contributions that exist in the development of knowledge. Therefore, 

although knowledge development may be categorised as either individual or social, 

there are as many interdependencies between the two approaches as there are 

differences. From an individual perspective of knowledge development, directed 

feedback by experts has been identified as a significant influence on learner 

development (Hattie & Timperley, 2007) and this will be discussed next. 

 

3.4.1 Problem solving processes of learning 

Problems have been defined as “tasks that workers encounter, and are required to 

solve, where there is some impediment to completing the task successfully” 

(Middleton, 2003, p. 136). New knowledge is constructed by engaging in activities in 

which new or different problems are encountered that require problem solving skills 

that therefore extend our existing knowledge (Billett, 2001). Problem solving is often 

difficult because of one or more of the following: the complexity of the problem; the 

knowledge required to solve it is opaque or not immediately obvious; the dimensions 

of the problem are ill defined or not apparent to the problem solver; the lack of the 

established knowledge of the industry (Middleton, 2003). As a result, problem solving 

strategies have been developed that consist of both cognitive and social aspects of 

learning. From the cognitive perspective, problem solving consists of developing 

procedural knowledge via a series of cognitive steps or schema training (Derry, 

1996) where the learner is “provided with an abstract prototype representing a 

hierarchically structured set of concepts, objects, events, questions and so forth” (p. 

356); in other words, learners are afforded a type of cognitive scaffolding in order to 

develop understanding. Indeed, the organisation of the learner’s existing knowledge 

“around salient domain-based principles maximises the prospect for problem solving 

and transfer” (Billett, 2006b, p. 37). For example, Gott (1995) identified heuristics or 

“tricks of the trade” as an important problem-solving technique for air force avionics 

technicians involved in diagnostic testing of aircraft components. These heuristics 

involve “shortcuts” and procedures based on experience. Whilst such tricks of the 

trade’ may have been uncovered through other individual learning strategies, such as 

trial and error, Billett (2006b) argues that “such practice-derived procedures, while 
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potent, are unlikely to be learnt other than through interactions with more expert 

technicians” (p. 116) because they arise in, and are shared through, the community 

of occupational practice (Lave & Wenger, 1991). 

Problem solving is, therefore, a complex mix of individual cognitive strategies 

such as scaffolding, accommodation, assimilation, chunking, transfer, compilation, 

and composition (see explanation on p.66). These cognitive structures are combined 

with sociocultural strategies such as guided learning, appropriation, and co-

construction, to assist in problem solving, transfer, and knowledge development. This 

integration of both cognitive structures and sociocultural structures reinforces the 

case that problem solving “often takes place within the particular social or cultural 

context of that workplace” (Middleton, 2003, p. 148) and that “thinking is intricately 

interwoven with the context of the problem be solved” (Rogoff, 1984, p. 2). In other 

words, learning, knowledge development, and problem solving are socially situated, 

embedded in activity systems, and are initiated by cognitive change through 

individual engagement in goal-directed activities. 

 

3.4.2 Routine and non-routine activities 

The routine aspects of paid work allow for the mastery of the skills required for 

workplace performance and also enable more experienced workers to handle non-

routine situations by drawing on experience. Berryman (1993) refers to “the transfer 

assumption” where people predictably transfer learning to new situations by 

transferring existing concepts, skills, strategies, and knowledge to new situations. 

The transfer of knowledge to new or non-routine situations is often used in 

combination with input from others within the work environment. However, as 

Berryman points out, learners do not always predictably transfer their learning to 

different and non-routine situations. Using the example of loom operators, she 

observed that, with the introduction of computerised looms, entirely new types of 

skills and knowledge were required. Traditional mechanical skills were replaced by 

the need for computer programming skills, mathematical calculations, and schematic 

diagram reading skills. Observational learning was replaced by “learning acquired 

primarily through symbols, whether verbal or mathematical” (p. 359). Therefore, 

these workers needed to have a deeper and more abstract knowledge of the 

equipment, especially as most of the knowledge is hidden within the technology. 

Therefore, technology can make previously routine activities non-routine because, as 

Groen and Patel (1988) argue, in non-routine activities, higher order procedures and 

deeper level conceptual knowledge are required in order to transfer existing 

knowledge to new tasks or workplace situations (Lavie & Meyer, 2010). Additionally, 
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the degree and frequency of activities in the workplace determine what tasks are 

routine and what tasks are non-routine (Billett, 2006b, p. 218). The complexity of 

workplace tasks may require applying knowledge to new situations (i.e. transfer) 

especially when the learner is confronted with problems outside of their existing 

experience. However, in situations such as these, older workers may be able to solve 

problems and provide solutions more quickly than younger workers. An advantage 

older workers have over less experienced ones is the ability to draw on experience to 

problem solve or analyse problems as they occur and to apply principles and 

solutions to complex problems. Middleton (2003) describes the next step in the 

cognitive process in which “These principles are then used to work in a forward 

direction through the search space to solve a problem efficiently” (p. 149). This ability 

to rely on experience to transfer and apply that experience to new situations is the 

basis for ontogenetic development. 

Berryman (1993) claims that developing the skills and knowledge needed 

where domains are characterised by change and non-routine events depend on two 

types of skills: firstly, higher order cognitive skills, “such as problem defining, problem 

solving, and knowing how to learn” (p. 391), and secondly, “facility with the principles 

that govern a domain and that can be used to handle variations in the situation 

specific manifestations of those principles” (p. 391). Within road transport many 

situations that are non-routine require both higher order cognitive skills and domain-

specific skills, for example, negotiating road traffic situations, emergencies, and 

loading different freight. These are situations where non-routine activities require the 

drivers to draw on experience to achieve performance requirements of safe and 

efficient transportation of goods. However, other types of non-routine situations may 

cause difficulties, especially where there is no previous experience base to draw 

upon. This circumstance may well arise with truck drivers accessing and using on-

board computer systems, for example. In these situations, drivers may not have the 

background knowledge and skills because technologies have been introduced that 

are outside their current cognitive domain. Moreover, performing these non-routine 

types of tasks without direct guidance is difficult, and this process of performance is 

what will be discussed next. 

 

3.4.3 Trial and error 

Errors have been defined as “deviations from individual expectations in terms of 

anticipated or desired results” (Gartmeier et al., 2008, p. 135). Errors and learning 

through errors in the workplace are proving to be a rich source of opportunities for 

learning and knowledge development (Cannon & Edmondson, 2005; Dyck, Frese, 
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Baer, & Sonnentag, 2005; Gartmeier et al., 2008; Harteis, Bauer, & Haltia, 2006; 

Nonaka & Takeuchi, 1995), because they trigger reflective processes (Dewey, 

1933/1986) that assist individuals in the identification and avoidance of wrong actions 

(Gartmeier et al., 2008). Indeed, "a workplace culture of learning from mistakes 

stands to maximise them as effective learning experiences" (Harteis, Bauer, & 

Gruber, 2008, p. 2). Trial and error is similar to error-related learning or “negative 

knowledge” in that learning is achieved by determining what does not work or what 

does not lead to a solution. For example, Mavin and Murray (2010) highlight the 

procedures in commercial pilot training where “trainees are taught to recognise when 

they are losing situational awareness and develop strategies to regain it” (p. 281). 

However, with trial and error, not all experimentation ends in failure or should be 

seen as a negative. Indeed, it has been argued that trial and error learning is 

essential for learning (Nonaka & Takeuchi, 1995) because "subjects receive 

opportunities for analysing and reflecting on incidents - also in discussion with others 

in order to develop and test new mental models or negative knowledge" (Harteis, 

Bauer, & Gruber, 2008, p. 20). The benefit of negative knowledge, and to the same 

extent, trial and error learning, is that ”positive knowledge about what is right and 

about how problems are solved is more likely to be quickly turned into obsolete and 

outdated knowledge than negative knowledge about what to absolutely avoid” 

(Gartmeier et al., 2008, p. 136). Indeed, Timma (2007, April) highlights the 

importance of not only what is learnt, but also what is not learnt as valuable in 

assisting understanding. 

Nonaka and Takeuchi (1995) argue that trial and error learning is an essential 

factor in developing tacit knowledge because it adds to the overall experience of the 

individual. However, trial and error learning is not without risk. The problems 

associated with trial and error learning begin to become apparent in highly dynamic 

and task critical workplaces such as airlines, air traffic control, medical fields, and 

road transportation. In fields such as these, errors are not acceptable because of the 

high risk of catastrophic failure. So, not only are errors unacceptable when actually 

engaged in critical tasks, but high degrees of competence and situational awareness 

(Uhlarik & Comerford, 2002) are also required. To take advantage of the trial and 

error method of learning, whilst at the same time minimising the inherent risks, 

alternative methods of promoting learning have been developed. Mavin and Murray 

(2010) elaborate on the use of computer based simulators in pilot training that 

replicate the motion and forces that the pilot would experience in real flight. These 

simulators allow for mistakes to be made and lessons learned to be analysed at a 

later time, allowing for critical reflection. Trial and error learning can also be observed 
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with medical students who may practise on cadavers to learn anatomy and surgical 

procedures before operating on live patients. 

Similarly, truck drivers may practise reversing trailers in vacant lots or farm 

paddocks whilst they hone their skills. All of these examples indicate the importance 

of trial and error learning in developing knowledge and skills and in achieving a level 

of competence before other more critical learning is involved. However, of more 

importance is the ability of learners to “experiment” with trial and error learning in a 

controlled, non-critical environment where errors can be analysed, lessons learnt, 

and skills and cognitive abilities developed and fine tuned before engaging in highly 

critical workplace activities. Reflecting on learning is one of the key ways in which 

learners develop and fine tune their skills, as noted above, and this is what will be 

discussed next. 

 

3.4.4 Reflection 

Reflection has been defined as “a mental activity aimed at post-event examination of 

one’s own actions in specific situations” (Gartmeier et al., 2008, p. 132). Reflection is 

a cognitive, individual sense-making activity in which thought, analysis, reappraisal, 

and interpretation of post-activity events helps the individual to modify actions and 

fine tune skills. Additionally, critical reflection of existing assumptions “encourages re-

contestation and creates a disequilibrium that then leads to the evolution of new 

frames of reference resulting in changes to existing assumptions, content, processes 

and the premises” (Choy & Delahaye, 2008, p. 158). However, recent research 

suggests that the individualised notion of reflection does not take into account social 

aspects such as collaborative reflection (Gartmeier et al., 2008). Hence, reflection 

could be thought of as both individual cognitive activity and as “interpersonal 

behaviour taking place in the form of social exchange and negotiation process” 

(Gartmeier et al., 2008, p. 133). This account further reinforces the view that 

individual engagement in work processes is interdependent on sociocultural factors 

and emphasises the individual–social relationship. 

Another aspect of reflection is the learning opportunities afforded by errors in 

which negative knowledge (i.e. errors) “assist individuals in the identification and 

avoidance of wrong actions” (Gartmeier et al., 2008, p. 135). The implications of 

these wrong actions are discussed next. 

 

3.4.5 Feedback as direct guidance 

Feedback is conceptualised as “information provided by an agent (e.g., teacher, 

peer, book, parent, self, experience) regarding aspects of one’s performance or 
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understanding” (Hattie & Timperley, 2007, p. 81). The main purpose of feedback, as 

argued by Hattie and Timperley, is to “reduce discrepancies between current 

understandings and performance and a goal” (p. 86) and is “among the most critical 

influences on student learning” (p. 102). Using variables included in a meta-analysis 

of specific feedback used in classrooms by Hattie (1999), a series of nine different 

type of feedback (variables) were proposed and adapted to the truck drivers’ 

workplace situation. The nine types of feedback included clear goals; video feedback; 

audio feedback; computer feedback from on-board truck systems; praise; 

punishment; rewards; reports such as graphs and trends like fuel consumption 

figures, mileage and so on; and regular tests. When situated and focussed in these 

ways, feedback is, therefore, held as an important factor in reducing discrepancies 

between current understandings or performance and a desired goal by: (a) 

employing more effective learning strategies, and (b) obtaining more information that 

can be used to solve problems (Hattie & Timperley, 2007). Effective learning 

strategies, such as guided learning, mentoring and peer assistance, and providing 

feedback to learners, may also serve to assist in deep conceptual knowledge 

development by making knowledge explicit and identifying links and associations 

(Billett, 2001; Eteläpelto, 2008; Lewis, 2008). Additionally, these social contributions 

to learning that arise in situated practice, also occur in moment-by-moment 

engagement and learning or, as Rogoff (1990) describes, microgenetic development. 

So, social interactions are important in providing effective feedback (i.e. meetings, 

positive reinforcement, reports, guided learning), as is the ability of the driver to make 

use of available systems to provide instantaneous feedback, both from sensory cues 

and also from symbolic conceptual information provided from the computerised DIS. 

Feedback may, therefore, be categorised as: (a) reflective, where information 

on performance is analysed and evaluated at a later time, or (b) instantaneous, or as 

Rogoff (1990) describes, microgenetic, where feedback is an immediate, moment-by-

moment process. For example, instantaneous feedback would be both sensory cues 

and display information that the driver would sense and thereby use in immediately 

modifying their driving behaviour to suit the dynamic driving conditions and 

circumstances. Sensory feedback is a vital aspect of work performance that sits 

alongside, and in many cases, integrates with, the new technology and information 

systems. Martin and Scribner (1991) used the CNC technology as an example of 

changes in work that require “integration of traditional machining knowledge with the 

symbolic knowledge and logical skills involved in the new ‘informatics’” (p. 583). In a 

similar way, workers may use sensory cues to monitor and modify performance 

based on sensory and other associated types of feedback, such as computerised 
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symbolic information, alarms, and vibrations of feel. This feedback allows the worker 

to enter a flow that involves the “practitioner becoming totally engaged in an activity” 

(Farrar & Trorey, 2008, p. 44) in which workers “exhibit a masterly control of what 

they are doing, their responses perfectly attuned to the changing demands of the 

task” (Goleman, 1995, p. 91). Exceptionally difficult or demanding tasks are made to 

look easy when performed by an expert, especially when they are in the flow of the 

moment. Goleman likens this flow to what athletes describe as being in the zone, a 

state where “excellence becomes effortless, crowd and competitors disappearing into 

a blissful, steady absorption in the moment” (p. 90). This flow can only be achieved 

when there is individual engagement in goal-directed activity through moment-by-

moment problem solving (i.e. microgenetic activity), even thought this problem 

solving may be, and often is, at a subconscious or autonomous level. 

Together, these different aspects of feedback represent the dynamic 

integration of both the social and individual approaches to learning. Reflective 

feedback may be viewed as a social construct where a reflective analysis occurs in 

social settings in the form of praise, rewards, clear goals, reports, and peer-assisted 

learning. Instantaneous feedback, on the other hand, generally occurs at an 

individual level, especially for those working and learning in isolation without the 

benefit of guidance. The integration of both reflective and instantaneous feedback is 

therefore important in order to provide a clear picture of learning, skill development, 

and behaviour modification. Indeed, in dynamic learning situations such as road 

transport, there may at times be an overlap between the cognitive and sociocultural 

approaches, and that learning is a result of the integration of different approaches 

through participation in a community and through specific social practices that are 

culturally and historically situated (Packer & Goicoechea, 2000), as well as through 

individual cognitive learning. 

 

3.5 Socially premised work processes 

Social contact and interpersonal relationships are key factors in the motivation, 

engagement, and achievement of learners (Martin & Dowson, 2009). Moreover, 

recent research has emphasised the importance of socially premised work processes 

that contribute to learning through professional work (Nerland & Jensen, 2010), 

through occupations (Billett, 2010), through practice (Dall'Alba & Sandberg, 2010), 

and through social networks (Poell & Van der Krogt, 2010). Social interaction and 

contact is, therefore, a major contributor to the development of understanding, 

especially where it involves the generation, retention, and transmission of crucial 

work-related knowledge (Darrah, 1997). Such knowledge would include workplace 
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goals, especially those that are socially negotiated and that allow for the active 

processes of remaking and transforming work practices. The relationship between 

individual and social agency, as described by Billett (2006a), is neither mutual nor 

reciprocal, but relational. As such, the individual’s engagement in a social setting can 

vary depending on a great number of variables, both within and outside the 

individual’s control. The accessibility, discretion, intensity, and complexity of an 

individual’s interaction with others in the workplace are shaped by social norms and 

practices in addition to individuals' ontogenies or personal histories. 

From a sociocultural perspective, studies have shown that there is an 

association between guided learning strategies, such as coaching, modelling, 

scaffolding, and mentoring, and the development of the participants’ workplace 

knowledge (Billett, 2006b; Choy, 2009, April; Lewis, 2008). Indeed, direct expert 

guidance and collaborative problem solving, have been shown to have a “direct 

influence on the quality of learning in the workplace” (Billett, 2001, p. 140). Guided 

learning involves direct interactions and collaborative problem solving with more 

experienced workers or experts in order to help individuals learn knowledge that is 

hard to access. Such guided learning strategies may include modelling, coaching, 

scaffolding, fading, questioning, dialogues, diagrams and models, and analogies 

(Billett, 2001). However, the professional development of workers in the support of 

learning is more than the straightforward acquisition of knowledge and skills. Caley 

(2001) claims that learning in the workplace is about “offering challenges and 

transmitting values of lifelong learning, about supporting and reinforcing formal 

learning, and enabling non-formal work based learning” (p. 114). Moreover, recent 

research in the dynamics of goal-orientated and socially-shared learning (Järvelä, 

Järvenoja, & Veermans, 2008) identified that students who studied in face-to-face 

settings reported significantly more learning goals during the collaborative tasks than 

the students without direct social contact. These findings indicate that direct social 

contact in goal-directed activities is an important contribution for learning 

development. Furthermore, and in similar ways, the benefits of goal-orientated and 

socially-shared learning are important factors in developing the knowledge, abilities, 

and skills of truck drivers who are confronted with technologies and situations that 

require assistance from more experienced workers. The contributions, therefore, of 

both direct and indirect guidance in developing conceptual knowledge of socially 

isolated workers such as truck drivers will be discussed next. 
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3.5.1 Direct and indirect guidance 

Direct guidance comprise interactions between more experienced workers or experts 

and learners aimed at collaborative problem solving and/or developing knowledge, 

especially when this knowledge is hard to access without the aid of a more 

experienced worker. Heuristics or tricks of the trade, where a more experienced 

worker guides a less experienced worker, is an example of direct guidance. Indirect 

guidance, on the other hand, involves interactions between the individual and the 

social environment where learning and knowledge are developed through distal 

interactions such as observing and listening. Learning through both direct and 

indirect guidance is a product of, and shaped by, the social environment. 

Guided learning includes strategies such as observing, listening, 

demonstration, mentoring, coaching, modelling, and workplace activities. The 

cognitive apprenticeship model, as proposed by Collins, Brown, and Newman (1989), 

proposes a way in which such strategies are used. Using this model, the learner 

observes an expert performing a task and then builds a mental model of what is 

required. Then, the learner is coached or guided through the task. This guidance is 

followed by scaffolding where the learner can independently perform the task whilst 

still being supported and monitored by the expert. Finally, fading is where there is a 

“gradual removal of support until the learners can independently perform the task 

proficiently” (Billett, 2001, p. 149). These guided learning approaches help to bridge 

the gap between routine and non-routine knowledge, and also help to uncover 

deeper conceptual knowledge that is opaque and difficult to access without expert 

guidance. Such cognitive learning approaches are seldom performed in isolation; 

rather, they often include social contributions, such as peer assisted learning or 

guided learning, trial and error, and OJT. 

Another important factor mediating the quality of this learning is the access to 

learning critical skills, which Martin and Scribner (1991) describe as being reliant, not 

only on cognitive and technical readiness, but also on the social dynamics and 

subculture in which the learner is immersed. For example, Mavin and Murray (2010) 

cite the example of commercial aviation accidents where recent trends indicate that 

“raw flying skills no longer played a significant part” in accidents and that “advances 

in technology and engineering saw a decline in the proportion of accidents that could 

be related to machine causes (such as aircraft structure or engines)” (p. 274). 

However, there was a corresponding increase in accidents involving human causes, 

such as decision making, co-ordination, teamwork, and communication between the 

cockpit crew. This finding indicates that although the cognitive abilities and domain 

specific knowledge of the pilots, such as flying skills and systems knowledge, are 
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obviously important, the ability to interact socially, co-ordinate, and communicate 

within the social dynamics of the cockpit, may be an even more critical factor in the 

safe operation of aircraft. 

 

Table 3.1 

Cognitive and Social Factors Involved in Pilot Nontechnical Skill Development 

Social Cognitive 

Cooperation 
Leadership 
management Situational awareness Decision making 

Team building Use of authority Systems awareness Problem diagnosis 

Considering others Maintaining standards Environmental awareness Option generation 

Supporting others Planning & co-
ordination 

Time awareness & 
predicting future events 

Risk assessment 

Conflict solving Workload management  
Option selection & 
outcome review 

Note. From “The development of airline pilot skills through simulated practice,” by T. 

J. Mavin & P. S. Murray, 2010, in S. Billett (Ed.), Learning through practice: Models, 

traditions, orientations and approaches (p. 277). Copyright 2010 by Springer. 

 

Table 3.1 presents the social and cognitive factors involved in the 

nontechnical skill development of commercial airline pilots, deduced by Mavin and 

Murray (2010). The left hand column details the requirements for social skills under 

two broad categories, cooperation and leadership management. The emphasis here 

is on the development of teamwork through considering and supporting others and in 

the use of leadership or management in supervising, planning, allocating workload, 

and coordinating. The right hand column represents the cognitive skill requirements 

and is divided into situational awareness and decision making. These categories 

include the ability to understand what is happening and an awareness of actions on 

future events. It also includes the cognitive domain-specific strategies needed for 

decision making, problem solving, and option selections. 

This table highlights the importance of both the individual and social 

contributions to efficient and safe performance, especially in highly dynamic and 

critical environments such as aviation. It also highlights the importance of being able 

to apply cognitive processes, such as compiling procedural knowledge and chunking 

conceptual knowledge, in ways that allow for autonomous actions to be completed 

without having to consciously process information. Through extensive repetition of 

tasks or through a broad base of experience, workers are able to accomplish tasks 

automatically, reducing the cognitive load and “thereby freeing the conscious 

memory to concentrate on unfamiliar components of the task” (Billett, 2001, p. 58). 
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By establishing a base level of competence, where the learner is able to 

autonomously carry out tasks, the cognitive load is reduced, thereby allowing the 

learner to concentrate on non-routine tasks and focus on the social inputs such as 

what is being communicated, co-ordination, and guiding instructions. These skills are 

important especially in dynamic situations that require critical and constant 

monitoring of simultaneous inputs of many types of information that may require 

multi-tasking and decision making, such as in incidents whilst driving a large road 

transport vehicle. However, in many instances, workers operate and learn in relative 

social isolation without the benefit of direct guidance from more expert partners. For 

example, truck drivers often learn and work in social isolation and this brings 

problems associated with developing the knowledge and skills required given the 

technological advancements incorporated into many trucks. This relative social 

isolation adds another dimension to the process of learning and through social 

isolation. 

 

3.6 Isolated workers' learning 

The development of vocational knowledge has been described as having historical, 

cultural, and situational origins in which participation in, and engagement within 

communities of practice (Lave & Wenger, 1991), provides the basis for engagement 

in social practices. Billett (2003) argues that individuals’ learning is shaped by three 

factors: immediate social practice, previous social practices, and cognitive 

experience. This combination of past and present social practices and the 

development of cognitive experience reinforce learning as a social process “premised 

on activities and interactions” (Billett, 2003, p. 232). Indeed, learning strategies, such 

as guided learning, have been described as being a social process, where 

‘interpersonal interaction is an important quality” (Billett et al., 1998, p. 5). This 

interpersonal interaction is particularly important in the development of learning 

where there are isolated learners or people working by themselves, such as truck 

drivers. The findings of one study (Billett, 1993) identified the need for more 

structured learning arrangements for isolated workers, where contact with 

appropriate experts and the interchange of ideas between expert and learner could 

facilitate the development of understanding. This structuring is particularly important 

where the development of knowledge that is hidden could be made explicit through 

processes that guided learning would help to uncover, as in the case of truck drivers 

who use new technologies (Lewis, 2008). 

However, in the absence of direct guidance, learners will often develop their 

own learning strategies required for workplace performance, such as self taught, trial 



Dynamic Integrated Learning: Managing knowledge development in road transport 
 
 

- 71 - 

and error, just doing it, OJT, observing and listening, and peer assistance. These 

strategies may be important for situations where direct guidance is difficult to access, 

for example where the learner is geographically isolated or is involved in occupations 

where they work alone, such as truck drivers, pilots, and machinery operators. 

Furthermore, contributions that enhance learning, especially to isolated learners, are 

interrelated in that different learning systems, learning environments, social 

circumstances, processes, and outcomes impact what is learnt and the quality of the 

learning. Moreover, these dimensions of learning are interrelated in that they 

influence each other and affect the potency of each different learning contribution. 

For example, a socially isolated learning environment may be enhanced if there are 

opportunities to socially interact with other workers, even if the contact is not direct. 

As elaborated in this context, the truck drivers interviewed and observed in 

this study note the importance of mobile phones for social contact and knowledge 

development  (Chapter 5, Section 5.3.4, p.122), even though they lack direct social 

contact. Developing a framework based on contributions to learning processes, 

outcomes, or circumstances is an important aspect of the explanatory effectiveness 

of these circumstances. Here, the DILM is advanced to assist in explaining the 

different contributions to learning and the dynamic processes, interactions, social 

circumstances, and outcomes involved. 

 

3.7 A framework for contributions to interrelatedness 

Based on concepts identified in the literature review above, a framework (see Table 

3.2, page 71) for the different dimensions of learning is proposed based on the 

interrelatedness of learning factors. The framework helps to explain some of the 

different contributions to learning and their interrelatedness. Moreover, this 

framework forms the basis for the DILM which is developed further in the chapter. 

These contributions to learning are categorised according to: (a) learning system, (b) 

learning approach, (c) learning circumstances, (d) process, and (e) outcomes (see 

Figure 3.2). Each of these broad categories helps to explain each dimension of 

learning and their interrelatedness. 

 

 

Figure 3.2. Learning categories 

 

Learning 
system 

Learning 
approach 

Learning 
circumstance 

Learning 
process 

Learning 
outcomes 
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Eight different contributions to learning have been identified in the literature: 

(a) learning approaches (cognitive and social), (b) knowledge development (i.e. 

explicit or tacit), (c) state of mind (i.e. conscious or subconscious), (d) actions (i.e. 

deliberate or intuitive), (e) state of system (i.e. static or dynamic), (f) degree of 

flexibility (i.e. fluid or concrete), (g) physical learning environment (i.e. isolated or 

inclusive), and (h) learning development (i.e. ontogenetic or microgenetic). The 

interrelatedness of each of these dimensions should not be seen as either one 

extreme or the other. Each interrelated dimension of learning has varying degrees 

between the extremes. That is, they are relationally aligned. For example, the 

dimension of learning for state of system varies to different degrees between static 

and dynamic. At times, learning process may be static in that there is no overlapping 

between the cognitive and social aspects. At other times there may be minimal 

overlap between the two. Finally, there are times when there is a constant overlap 

between the cognitive and social aspects. 

The key point here is that each contribution to learning is dynamic, or has the 

potential to be dynamic, and is in constant motion when learning is occurring. This 

concept of dynamic integrated learning will be expanded upon further in this chapter 

and a model proposed that forms the basis for explaining the interrelatedness and 

interdependencies of both social and individual contributions to knowledge 

development. Collectively, these different categories represent critical dimensions of 

learning, especially in how they interconnect and integrate with each other to assist 

the learner to develop knowledge and skills required of workplace performance. 

Table 3.2 presents the framework for the different contributions to learning. 

The left hand column represents eight contributions to learning. The right hand 

column represents the interrelated, and also opposite, factors within each dimension. 

For example, knowledge can be divided into two different types, tacit and explicit 

(Nonaka & Takeuchi, 1995). Tacit knowledge is the opposite of explicit knowledge, 

and yet they can both coexist and integrate with each other in ways which are not 

easy to describe or explain. Therefore, developing a way of explaining the 

interrelatedness of these different dimensions of learning is the major contribution to 

the body of knowledge. 
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Table 3.2 

Framework for the Contributions to Learning and their Interrelatedness 

Contributions to learning Interrelatedness Learning category 

State of system 
(Choy & Delahaye, 2008; Collin & 
Paloniemi, 2008) 

Static / linear-----Dynamic Learning system 

Degree of flexibility 
(Poell & Van der Krogt, 2010; Collis 
& Moonen, 2001) 

Concrete----------Fluid Learning system 

Learning approach 
(Sfard, 1998; Anderson et al., 2000; 
Bandura, 2002; Paavola et al., 2004) 

Cognitive ---------Social Learning approach 
/ Process 

Physical learning environment 
(Billett, 1993; Lewis, 2008) 

Isolated------------Inclusive Social 
circumstance 

Types of learning 
(Billett, 2001)  

Independent------Interdependent Process 

State of mind 
(Goleman, 1995; Mavin & Murray, 
2010) 

Conscious---------Subconscious Process 

Actions 
(Rogoff, 1995; Goleman, 1995; 
Mavin & Murray, 2010) 

Deliberate---------Intuitive Process 

Learning development 
(Rogoff, 1990; Billett, 2001) 

Ontogenetic------Microgenetic Process / outcome 

Knowledge development 
(Nonaka & Takeuchi,1995; 
Engeström, 1999; Billett, 2010) 

Explicit  -----------Tacit Outcome 

 

Based on the framework elaborated in Table 3.2, a DILM has been proposed 

(see Figure 2.1 & Figure 3.2) to explain these interdependencies (see Chapter 2, 

Section 2.7).The next section further develops and elaborates on the DILM. 

 

3.8 Integrating individual and social learning approaches 

From a cognitive perspective, the “unified theories of cognition” proposed by Newell 

(1990) developed a set of mechanisms for modifying and developing cognitive 

behaviour, covering such areas as problem solving, memory, perception, motor 

behaviour, language, motivation, emotion, and imagining and dreaming. Whilst not 

asserting that there is a unique, unified theory of cognition, Newell proposes the 

existence of multiple unified theories that integrate with each other to assist in 

developing understanding of cognitive behaviour. Following Newell’s framework, and 

from a constructivist perspective, it is proposed that an integrated constructivist 

approach which combines both individual and social contributions to learning would 

advance the development of conceptual knowledge. In particular, it is advanced that 

an integrated learning approach would assist in learning knowledge that is hidden or 
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rendered opaque to the learner as a result of such factors as technology, absence of 

experience, lack of expert guidance, and isolation. Such knowledge is often hard to 

learn as it occurs in isolated situations in which it is difficult to observe, and even 

more difficult to make explicit (Billett, 2006b). In many working environments, workers 

operate in relative isolation without the benefit of supervision or guidance in learning 

new technology requirements. This lack of expert guidance is a major disadvantage 

because close direct guidance by expert or more experienced workers has been 

seen to be “central to the quality of workplace learning” (p. 112). Other practical and 

effective learning approaches must therefore be made available to suit specific 

learning needs in a constantly changing work environment. 

The coordination of different constructivist approaches in pursuit of cognitive 

or conceptual development is not a new idea. Brown and Palincsar (1989) studied 

children learning in groups with the intention of identifying if participation in group 

problem-solving settings influences individual learning. From their research they 

argued that a combination of both self-directed and social learning assisted in the 

conceptual change in children through a process of internalising cognitive activities 

originally experienced in the company of others (p. 396). Indeed, referring to the 

theories of Piaget, Vygotsky, and Binet, Brown and Palincsar (1989) identified that 

the key explanatory concept in their theories “is some form of internalisation; that 

which is witnessed in social settings becomes harnessed as individual cognition” (p. 

397). Brown and Palincsar’s (1989) theory of learning is further advanced by Paavola 

et al.’s (2004) knowledge-creation approach to learning that focuses on the 

commonalities between the cognitive and social approaches in which “new 

knowledge and mediating objects of activity are collaboratively created” (p. 573). 

However, these theories and models, whilst identifying and acknowledging the 

interrelatedness of both cognitive and social contributions to learning, do not 

adequately capture the complex dynamic processes and nature of learning that 

extends beyond the cognitive and social. 

 

3.9 Developing the Dynamic Integrated Learning Model 

In Chapter 2, the DILM was proposed based on the interaction of both the cognitive 

and social contributions in the development of knowledge. This model proposes that 

a Zone of Dynamic Interdependency (ZDI) exists between cognitive and sociocultural 

contributions to learning. The overlap or interaction of both the cognitive and social 

learning methods is referred to as the Locus of Integration. Differing from previous 

models that depict knowledge development as predictably linear, and that progress 
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Cognitive / 
acquisition 
approach 

Socio-cultural / 
participation 

approach 

Locus of 
integration 

Zone of dynamic 
interdependency 

Cognitive   Social 

Explicit  Tacit  

Tacit 
knowledge

Explicit 
Knowledge

SubconsciousConscious   

Deliberate Intuitive   

Microgenetic Ontogenetic  

Isolated Inclusive

Linear system 

Conscious Subconscious

Deliberate Intuitive   

Microgenetic Ontogenetic 

Isolated

Fluid  Concrete  Dynamic  

Independent   Interdependent

Dynamic system 

Inclusive 

through a series of stages (Nonaka & Takeuchi, 1995), the DILM emphasises the 

unpredictable, interrelated, and dynamic nature of learning development. 

In developing this model further, a framework for the different dimensions of 

learning is incorporated into the model based on the interrelatedness of learning 

factors and knowledge development. These distinct dimensions of learning identified 

in the literature include, in addition to learning approaches (i.e. cognitive and social), 

knowledge development (i.e. explicit or tacit), state of mind (i.e. conscious or 

subconscious), actions (i.e. deliberate or intuitive), state of system (i.e. static or 

dynamic), degree of flexibility (i.e. fluid or concrete), physical learning environment 

(i.e. isolated or inclusive), types of learning (i.e. independent and interdependent), 

and learning development (i.e. ontogenetic or microgenetic). 

Figure 3.3 depicts and contrasts the linear learning model versus the DILM. 

The traditional linear learning model suggests a rigid, static system wherein both 

individual and social contributions interact with each other through direct transfer 

from one to the other, yet remain separate. This type of model fails to capture the 

dynamic complexity of the interactions, and interdependencies that both individual 

and social contributions make. The DILM, on the other hand, is nonlinear, flexible, 

and dynamic, with the demarcation lines between the two approaches flowing, 

overlapping, and merging. 

 

 

 

 

Figure 3.3. Comparison of linear to dynamic learning and dimensions of learning in 

the Dynamic Integrated Learning Model (DILM) 
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The key feature of the DILM is that learning approaches and knowledge 

development are not seen to be always directly interchangeable (i.e. knowledge may 

not always change directly from tacit to explicit). Rather, the DILM proposes that 

learning and knowledge development are in a constant state of motion and change 

that responds to the complex combinations of individual and social dynamics, are 

situated in practice, and are goal directed. 

 

3.10 Conclusion: Integrated learning approaches 

The integration of both social and individual learning strategies that contribute to the 

development of knowledge in workplace settings is important because abstract 

conceptual types of knowledge are not always easily accessible or understandable 

without the assistance of expert guidance, direct engagement in relevant work tasks 

or activities, and indirect guidance “provided by the setting and the practice within 

that setting” (Billett, 2001, p. 74). These contributions to learning provide the basis for 

knowledge development through participation in everyday workplace activities and 

through identifying goals for workplace performance. Furthermore, developing 

learning strategies required for performance is also reliant on domain-specific 

knowledge pertaining to a particular task or situation. These interrelations of both 

individual and social learning contributions, set within specific workplace tasks, 

represent the intersection of both the cognitive and sociocultural perspectives of 

workplace performance. 

A framework for the different dimensions of learning is proposed based on the 

interrelatedness of learning factors. Eight different dimensions of learning have been 

identified in the literature. Collectively, these different categories represent some of 

the critical dimensions of learning, especially in how they interconnect and integrate 

with each other to assist the learner to develop knowledge and skills required for 

workplace performance. 

The DILM proposed and expanded upon here, is based on the 

interrelatedness of individual and social contributions to knowledge development set 

within the framework described above. Moreover, the dynamic complexity of the 

interactions and interdependencies that both individual and social contributions 

make, as illustrated in this model, represents the complex combinations of individual 

and social dynamics in the learning process. 
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CHAPTER 4 
 

INDIVIDUAL AND SOCIAL CONTRIBUTIONS TO LEARNING NEW 

TECHNOLOGIES IN RELATIVE SOCIAL ISOLATION: 

METHODS AND PROCEDURES 

 
“Learning cannot be seen as an abstract and decontextualised cognitive process. 
Instead, it appears as profoundly embedded in social action as it occurs in specific 

cultural and material environments.” (Filliettaz, 2010, p. 161) 
 

 

4.1 A situated perspective of cognition 

This chapter discusses and justifies the methods and procedures selected for 

investigating how the skills and knowledge required by heavy transport drivers to 

accommodate recent technological advancements can best be learnt. These 

changes in the work requirements reflect worldwide trends in the changing 

requirements for work performance, particularly the growing need to engage 

effectively with other workers and technology (Berryman, 1993; Billett, 2006b; Lewis, 

2008; Martin & Scribner, 1991; Zuboff, 1988). However, the road transport industry 

provides unique opportunities to observe and understand the particular effect of 

these changes. This is because: (a) the use of technology, especially in the trucks, 

has increased in recent times; (b) most of this technology has only been introduced 

in the past 5 years, and (c) these road transport workers, who often work in relative 

social isolation, must learn new ways of becoming proficient in these new systems. 

Together, these factors present a rich opportunity to understand how workplace 

learning occurs in situations where newly introduced technologies and socially 

isolated learners are involved. 

Indeed, the practical enquiry that informs this dissertation investigates the 

roles of both individual and social contributions to the learning of truck drivers. The 

investigation focuses on the development of knowledge and skills of road transport 

drivers given recent technological advances in truck design and the social 

requirement to be competent in the use of technologically-mediated work tasks, and 

extends to a consideration of both the cognitive (i.e. personal) and sociocultural 

contributions to their learning. 

The above statement by Filliettaz (2010) is illustrative here because learning, 

in the context of this investigation, is viewed from the situated perspective of 

cognition (Eraut, 2010; Lave, 1988; Lave & Wenger, 1991) where there is an 

integration of both individual and social contributions to the learning processes. 

Ultimately, this enquiry proposes a model to integrate both the individual and social 
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contributions to that learning. Specifically, this study focuses on the development of 

conceptual knowledge that may be hidden from learners because of individual, 

social, or organisational factors (for example, technological advancements, 

workplace accessibility issues, or working with others), or as a result of working and 

learning in socially isolated situations without the benefit of direct guidance from 

others. This type of knowledge has been described by Nonaka and Takeuchi (1995) 

as tacit knowledge—knowledge that is not easily visible and expressible, hard to 

formalise, and difficult to communicate or share with others. Yet, this tacit form of 

knowledge is often essential for workplace performance. Explicit knowledge, on the 

other hand, is knowledge that is formal and systematic, and can be expressed in 

words and numbers, and easily communicated or transmitted and able to be shared 

in the form of hard data, codified procedures, or universal principles (Nonaka & 

Takeuchi, 1995). 

The ability to convert tacit knowledge to explicit knowledge is necessarily a 

key focus of this investigation and the methodology selected reflects the need for 

uncovering this hidden knowledge through close interaction with the participants and 

through observing and engaging in both their work practices and their daily work 

processes. Consequently, accessing these forms of learning experiences has 

shaped the methods adopted here. 

 

4.1.1 Purpose and structure of chapter 

This chapter outlines the design of the study and the rationale for selecting the 

particular methodological orientation, the empirical procedures, and their alignment 

with the research question. Firstly, a justification of the research design is addressed 

through an analysis of the study orientation and focus for inquiry. Secondly, the 

methodology and design of the study is discussed by outlining the types of 

approaches taken and elaborating the rationale for the selection of the particular 

procedures used to gather and analyse the data. The participants are then described 

and a consideration of their selection procedure is elaborated upon. Finally, the 

detailed procedures for data collection and analysis are discussed and the limitations 

of the study are summarised in the conclusion. 

Central to this investigation is the development of a dynamic integrated 

learning model of knowledge construction that encompasses different methods of 

learning, both individual and social. In developing this model, a study of road 

transport workers engaged in authentic everyday workplace activities provides a 

basis for investigating the cognitive and social aspects of knowledge development 

and learning that help explain the interrelatedness of both individual and social 
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contributions to this development. The model also assists in aligning workplace 

pedagogies with learners. 

 

4.2 Design of study: Justification of method 

Emerging perspectives of workplace learning indicate that learning environments 

such as workplaces play an increasingly important role in developing learners’ 

knowledge about work tasks and organisational practices required to be competent 

at work. In addition, workplaces contribute to individuals’ “learning about themselves, 

especially in terms of how they negotiate their professional identity and promote their 

agency and subjectivity at work” (Eteläpelto, 2008, p. 234). Consequently, in this 

study it was necessary to adopt a method that permits access to drivers in their 

authentic working environment, hence the particular use of interviews and 

observations. 

Rather than viewing the development of professional competence at work as 

a series of tasks learned over time, the approach taken by this investigation is to 

develop further an integrated approach to workplace learning that encompasses 

individual, social, and organisational contributions. Because of these distinct yet 

interlinked contributions, a consideration of this set of factors in the task of 

understanding what is required for effective work performance is required. Therefore, 

it was necessary to adopt a method that permitted access to both the social and 

individual contributions to learning. Moreover, because the integration of individual, 

social, and organisational factors in the overall development of learning in authentic 

environments, such as workplaces or work settings, is multi-faceted, more needs to 

be known about the implementation and effectiveness of learning in these contexts 

and in the diverse range of learning processes in which learners engage (Choy & 

Delahaye, 2008). These processes vary from highly structured and formal classroom 

programmes at one end of the spectrum to individuals learning by trial and error in 

work practice situations at the other end. Hence, it is important to capture the 

learning practices of these parties. 

This broad range of learning methods and styles reflects the dynamic nature 

of learning, framed by the individuals’ interaction with work tasks through individual 

engagement and with others engaged in the workplace tasks at hand that allow 

affordances and opportunities to learn. Billett (2006a) describes this engagement of 

the individuals with the social world as the “relational interdependence between 

social and individual agency” (p. 53) in which an individual’s cognitive experience is 

shaped through interaction with the social world. So, more than identifying each of 
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these contributions to learning, it is necessary to adopt an approach that captures the 

relational interdependence between social and personal contributions. 

There is a growing interest in understanding further how people learn in and 

through work. Much of this is centred on the workplace as it serves as a source of 

physical and social interaction with more experienced workers who are able to assist 

learners. In particular, workplaces provide access to high levels of direct guidance in 

learning work tasks. However, many workplaces and work practices are conducted in 

circumstances where direct guidance and social interaction is not possible or not 

afforded. Indeed, many workers work in relative social isolation, either because of the 

physical nature of the task (as is the case with truck drivers), or because of the 

contested nature of the workplace where learners may be excluded from engaging 

with others and denied affordances or opportunities to learn. Consequently, we need 

to understand how learning occurs in situations of relative social isolation and how 

learning strategies are developed when direct social guidance is not available. In this 

study, truck drivers are used as an example to explain this phenomenon. 

The interactions between individual and social agencies require a 

methodological approach able to capture valid, reliable, and accurate data about both 

the personal and the social contributions, from many different sources. A flexible, 

multiple ethnographic design, that captures data in a “real world” setting, is selected 

to elicit the hidden and subtle complexities of the drivers’ participation in their 

everyday workplace activities. Here, a multiple-method flexible design that uses both 

quantitative and qualitative approaches and incorporates surveys, semi-structured 

interviews, and participant observations has been selected to capture, interpret, and 

explain the complex individual and group dynamics involved in workplace learning. 

Additionally, a multi-procedural design helps to improve the validity of the data and 

findings through cross checking and combining different approaches, making 

triangulation accurate through convergent validity assessment of data. 

The principle of triangulation implies that: “i) methods should be selected to fit 

the particular research problem and ii) the relative strengths and weaknesses of 

alternative research strategies should be weighed in selecting an approach and in 

combining approaches” (Singleton & Straits, 2005, p. 406). Consistent with this 

principle, the methods chosen for this research reflect the ethnographic approach to 

social research and the use of multiple research procedures comprising surveys, 

interviews, and observations, which triangulate the data and form a comprehensive 

and accurate explanation of how learning progress is achieved in relatively socially 

isolated situations (i.e. without access to expert guidance). 
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4.2.1 A framework for illustrating learning at work 

Billett (2006b) describes the characteristics of workplace learning within the 

framework of “activities and interdependencies” and it is this framework that forms 

the basis for this study, because “rather than being reciprocal or mutual, these 

relationships are negotiated and differ in intensity” (Billett, 2006b, p. 14). This 

account is particularly relevant for workers learning in relatively isolated 

circumstances because it reinforces the claim that learning is dynamic and 

encompasses both individual and social contributions. Moreover, the intensity, focus, 

and integration of learning are relational and relative to the circumstances that the 

worker is experiencing, both individually and as part of the social practice within 

learning environments that comprise many workplace situations. Together, these 

individual and social contributions make up the activities and interdependencies that 

assist in elaborating social settings as learning environments. 

Activities encompass the cultural practices of workplace performance and are 

made manifest by the performance of work practices by the individual. These 

activities have been defined by Billett (2006b) in terms of their routineness, 

homogeneity, discretion, intensity, multiplicity, complexity, and accessibility. These 

factors constitute the individual contributions to learning and highlight some of the 

barriers to learning in which knowledge is not easily accessible by individuals alone. 

For instance, Martin and Scribner (1991) hold that the introduction of new technology 

placed increased demands on workers because higher levels of conceptual and 

symbolic knowledge were required. To learn and understand the conceptual and tacit 

knowledge as a consequence of the introduction of new technologies, the workers 

would need to develop new and different types of knowledge and skills, otherwise the 

knowledge and skills required for workplace performance would be hidden in a maze 

of technology or presented to the worker in ways that they would not be able to 

understand or interpret the meaning. In the case presented here, truck drivers have 

been selected because they are engaged in driving and operating large vehicles that 

are becoming more technologically integrated with computers that require different 

types of knowledge and skills to operate. Additionally, these trucks are physically 

different to drive from previous generations of trucks because computers now 

automatically change gears, display data, and monitor systems, whereas previously 

these functions were performed manually by drivers. These modern computerised 

systems have made the activities the driver is engaged in remote because there is no 

direct link between the worker and the machine. Instead, these links have been 

replaced by computers that have assumed control over the truck systems and 

functions. The complexity and accessibility of these activities have, therefore, 
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increased because the information presented to the driver is in symbolic formats, 

from multiple sources, and hidden within computers that are difficult to access 

without expert guidance. So, it is important to observe drivers as they engage with 

this new technology. 

Interdependencies, on the other hand, focus on the socially derived nature of 

knowledge and work practices and interactions. These social contributions have 

been described in terms of working with others, engagement, status of employment, 

access to participation, reciprocity of values, and artefacts/external tools (Billett, 

2006b, p. 216). However, in many situations, workers are socially isolated and 

without the assistance of direct guidance and social interaction. Truck drivers, for 

example, work in isolation for most of the day without the benefit of direct expert 

guidance or regular social interaction with co-workers which, in some instances, can 

limit opportunities to learn the knowledge and develop the skills required for effective 

performance. A specific concern here is that much of the knowledge required is 

difficult to learn by discovery alone and requires guidance, social interaction, and 

participation in mediated activities. 

Consequently, the methods selected require capturing personal practices 

associated with learning in authentic work environments. These methods need to 

allow access to situational and personal contributions to learning at work, and to the 

relationships in that learning that encapsulates the drivers' engagement with both the 

trucks they drive and the environment in which they work. 

 

4.2.2 Focus of enquiry 

The focus of the enquiry is centred on the research questions mentioned previously 

in Chapter 1. In addressing these questions, a key outcome is to propose a model for 

combining both the individual and social contributions to advancing workplace 

learning through further advancing the concept of the dynamic and integrated nature 

of learning. 

An ethnographic study allows for close contact with the participants and gives 

an insight into the types of knowledge used, especially the everyday tacit knowledge 

that is so hard to observe. Additionally, participant observation of drivers allows 

development of an account that explains both the individual and social aspects of 

learning. 

 

4.3 Research procedures 

Increasingly, multiple procedures of data collection are being used to maximise the 

benefits of, and minimise the inherent deficiencies found in, both qualitative and 
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quantitative research approaches (Brewer & Hunter, 2005; Gray, Williamson, Karp, & 

Dalphin, 2007). The procedural framework used in this investigation incorporates 

surveys, interviews, and observations, and thus reflects this multiple design. In 

accordance with an ethnographic approach, both quantitative and qualitative 

methods were used. The quantitative procedures comprised a survey (n=64) in which 

factor analysis was used. The qualitative procedures comprised of semi-structured 

interviews (n=16) and analysis of interview transcripts, and direct observation of the 

participants in authentic work settings. By using both qualitative and quantitative 

approaches, and utilising three separate procedures, the validity and reliability of the 

investigation can be promoted through triangulation. The key to triangulation is to use 

dissimilar methods that do not share the same procedural weaknesses (Singleton & 

Straits, 2005). 

The study was divided into two separate phases. Firstly, a quantitative 

approach was used to survey a representative sample of 64 truck drivers. The survey 

provided a base from which selected participants could be interviewed and observed 

later in the research. The second research phase consisted of a qualitative method 

using an ethnographic approach that involved semi-structured interviews and 

observations of 16 truck drivers during their daily work routine, to uncover cultural 

work practices and social interactions that may not be immediately apparent to the 

casual observer. Together, the multiple methods of data collection helped to build a 

complete picture from different perspectives thus contributing to both validity and 

reliability. 

 

4.4 Survey 

A survey instrument was developed comprising 89 closed questions and one final 

open question. The survey focused on seven key areas related to workplace 

learning: (a) personal and work details, (b) training, experience, and education, (c) 

learning methods and preferences, (d) isolated learning and technology, (e) 

feedback, (f) social interaction and contact, and (g) development of expertise. These 

items were selected on the basis of issues identified in the literature and represent 

individual (i.e. training and experience, and learning methods and preferences) and 

social (i.e. isolated learning and technology, and feedback) aspects, and outcomes 

(i.e. development of expertise) of learning development (see Table 4.1). 
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Table 4.1 

Key Areas of Individual and Social Aspects of the Survey 
 

Individual 

 

Social 
 

Outcomes 

   
Personal & work details Social interaction & contact Development of expertise 

Training & experience Isolated learning & technology  

Learning methods and 
preferences 
 

Feedback  

 

4.4.1 Survey design 

The survey included a short one-paragraph introduction that stated the aims of the 

project. The first section (personal and work details) was designed to elicit personal 

and demographic information about the participants and consisted of closed 

questions requiring a yes/no response or one-word answers. The remaining sections 

of the survey required the participants to select their response on Likert scales 

ranging from strongly agree to strongly disagree. These questions were designed to 

provide sufficient quantitative data about the drivers and their work to compile an 

account of the driver demographics, experience base, and work practices that 

influence learning and knowledge development. 

The final question was the only open question of the survey: “Do you have 

any comments or ideas on driver skill development?” This item allowed participants 

to express any views and opinions not covered by the rest of the survey. The last 

page consisted of the consent form outlining the extent of participants’ involvement in 

the project, their rights, and an agreement to participate in the project. 

The 6-page survey was designed using wording that aimed to be 

unambiguous, easily read, and sufficiently brief for the target participants. The survey 

was trialled to ensure its readability and utility for the intended purpose. 

 

4.4.2 Trialling of survey instrument 

The survey was trialled with 10 truck drivers from a representative sample of the 

target group. They were selected for trialling the survey from a diverse range of 

industries ranging from manufacturing, waste disposal, general freight haulage, and 

dangerous goods haulage. Additionally, truck drivers with a range of licence types 

were sought for the pre-test, from MC (multiple combination/road train), HC (heavy 

combination/prime mover), HR (heavy rigid), and MR (medium rigid). 

The survey trialling was used to assess whether the language was 

appropriate for the target population; whether the questions and question format 

varied enough to retain the respondents’ interest and attention; whether the options 
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were clear and exhaustive, whether there were any questions that the respondents 

struggled to answer or resisted answering; the time taken to complete the survey; 

and completion rate (Singleton & Straits, 2005). 

The survey (see Appendix A, page 245) was administered individually to each 

participant in the sample group, and the time taken to complete the survey was 

measured, with the completion times ranging between 12 and 15 minutes. 

Additionally, at the completion of the survey each participant was asked if there were 

any questions that they did not understand. All respondents completed the survey 

and reported no confusing questions. Of the 10 participants, four did not put their 

name on the survey or sign the consent form. This may be because they wished to 

remain anonymous to avoid possible negative consequences from their employer, 

although the consent form clearly states that all information was strictly confidential. 

Hence, this may indicate that more information may be required to ensure that the 

participants understand the complete confidentiality of the surveys. Consequently, 

the wording on the survey introduction was changed to emphasise this point. 

Additionally, before the survey was distributed, a short verbal introduction was given 

that emphasised this point of confidentiality. 

The trial participants responded that the questions “made sense” and that the 

survey seemed to be relevant to the transport industry. The positive response to the 

trialled draft survey indicated confidence that the administering of the survey to the 

larger target group could proceed after some minor alterations as indicated above. 

 

4.4.3 Target group and sampling strategy 

The target group followed a similar participant demographic to the trialled group, that 

being truck drivers: (a) of heavy vehicles (i.e. above 10 ton gross vehicle mass) from 

a broad cross section of the road transport industry, (b) currently driving a modern 

truck no older than five years (i.e. built after 2004), and (c) with experience on 

computerised automatic gearbox trucks. These criteria were selected to provide a 

representative cross section of drivers exposed to technology newly introduced to 

road transport. Interstate truck drivers were not included because of the difficulties of 

accessing, surveying, interviewing, and observing them as they are constantly on the 

road driving long distances. Potential target groups of drivers were identified and 

permission for access to their drivers for research purposes was sought from 

companies with modern fleets of trucks that matched the criteria. Letters (see 

Appendix E, page 267) were sent to fleet managers requesting their support and 

explaining the nature of the research being conducted, driver and company 

requirements, time frames for the research to be completed, and other administrative 
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requirements. Of the five companies approached, three responded and access for 

research was granted. Firstly, access was granted by a liquid petroleum gas (LPG) 

haulage company, referred to as the Gas Group. The second company was a 

regional city council with a modern fleet of waste disposal trucks, referred to as the 

Waste Group. The third company was a national freight haulage operation involved in 

transporting beer from an inner city brewery to a warehouse facility, referred to as the 

Beer Group. Table 4.2 aligns the three group designators with their corresponding 

industries and details the number of trucks in the fleet, the total number of drivers, 

and the number of survey participants (n=64). Each group’s rate of participation is 

then shown as a percentage. 

 

Table 4.2 

Target Group Industries, Trucks, Participants, and Rate of Participation 

Group Industry/truck type 
Trucks in 

fleet 
No. of 
drivers 

No. of survey 
participants 

Rate of 
participation 

Gas Group  LPG/gas tank 
truck 

16 32 28 88% 

Waste Group  City council/ 
waste truck 

22 72 22 31% 

Beer Group General freight/ 
prime mover 

6 15 14 93% 

 

All three companies have modern fleets of automatic gearbox trucks. The 

sampling strategy was to receive as many responses from the target group of truck 

drivers as possible. Each group of fleet drivers was approached using a letter that 

described the project, its requirements, and demands upon the company, and then 

asked for their voluntary participation. A survey was then distributed to each driver to 

ascertain their willingness to participate. The method of dissemination reflected the 

different practices, with access to each company dependant on the respective fleet 

manager. As indicated in Table 4.2, there was solid participation across these three 

companies, with almost all drivers in the fleets in the Gas Group and Beer Group 

electing to participate (88% and 93% respectively). 

 

4.4.4 Timing and access procedures 

The surveys (see Appendix A, page 245) were administered over a 6-month period 

and involved gaining access to 64 fleet truck drivers. To achieve this, fleet managers 

were contacted through a letter (see Appendix E, page 267) that outlined the request 

to conduct research and requested their assistance. The letter was followed up one 

week later with a phone call to the respective fleet managers. An appointment was 

then made with the managers  to explain face-to-face the nature of the research and 
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the extent of their involvement, and to obtain their signed expression of agreement. 

Finally, the drivers were briefed as a group during their weekly/monthly toolbox 

meeting to give the background to the research and ask for their support. The total 

timeframe from the letters being sent out to receiving the surveys was approximately 

one year. This lengthy process was necessary to build and gain the confidence of the 

management and drivers because road transport is generally a “closed shop” to 

those outside the industry due to strong workplace cultures, union concerns, and 

commercial secrecy. 

 

4.4.5 Data gathering 

The mode of data gathering differed depending on the workforce organisation and 

approach of each company. The Gas Group (i.e. LPG company) drivers received a 

group briefing on the research proposal. Surveys were then distributed to each driver 

in the room who then proceeded to complete the survey whilst the researcher was 

present. As each driver completed the survey, it was handed directly to the 

researcher, resulting in the largest single return of 28 surveys. 

The Waste Group (i.e. council) drivers were approached in a similar fashion. 

However, the briefings consisted of four different groups of drivers depending of the 

type of trucks they drove. Each briefing was conducted at the start of shifts (05:00 

a.m.) and surveys were distributed to each driver at those briefings. Return of 

surveys was not as successful as with the Gas Group, because management 

requested that each driver fill in the survey at a later time and return it to a 

designated survey return box. This approach resulted in a poor return rate of 

completed surveys of 30.5 percent (22 of 72). 

With the Beer Group (i.e. brewery) drivers a different procedure was used 

whereby each driver was briefed individually and then completed the survey and 

returned it directly to the researcher. This labour intensive method was necessary 

because the drivers did not collectively meet on a regular basis. The drivers work on 

a rotating 24 hour shift because the freight (palletised beer and kegs) from the 

brewery is on a 24 hour production line process. As a result, drivers meet as a group 

only if the production line stops, which is very rarely. 

The different modes of gathering data reflected the different management 

styles of each of the three workplaces. The Gas Group was the easiest group from 

which to gather the data, because the management organised a barbeque to get the 

large group of drivers together. This allowed for the researcher to brief the drivers as 

one group. This was followed by most of the drivers (88%) completing the survey at 

one time. The Waste Group followed the same format as the Gas Group, with the 
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drivers being briefed about the survey. However, the surveys were not allowed to be 

completed immediately. The management cited that privacy issues were of concern 

and that “drivers should not feel pressured into completing the survey” and that “the 

drivers should hand the surveys in of their own free will.” This approach also resulted 

in a poor return rate (31%). This outcome is possibly because of a degree of apathy 

toward the research and the busy nature of the work making the participants “time 

poor”. Data gathering from the final group, the Beer Group, was the most difficult 

because each driver had to be briefed individually about the survey, as there were no 

group meetings at the beginning or end of the shift due to the 24 hour nature of the 

work. Additionally, the researcher had to follow up every driver for the return of the 

survey. This approach resulted in a high return rate of (93%) from the driver 

participants. 

 

4.4.6 Question format and content 

As per the trial survey, the finalised general survey comprised 89 closed questions 

and one open question and was divided into seven categories guided by the 

research questions. The seven survey sections are: (a) personal and work details, (b) 

training experience and education, (c) learning methods and preferences, (d) isolated 

learning and technology, (e) feedback, (f) social interaction and contact, and (g) 

development of expertise. 

The survey questions were designed to elicit information on the driver’s 

background, experience, personal details (including age and gender), and learning 

preferences (see Appendix A). As indicated, 5-point Likert scales were used 

throughout the survey with four different types of wording based on whether the 

drivers: (a) agreed/disagreed with the learning methods presented or statements 

made, (b) thought that certain types of workplace learning were effective/not 

effective, (c) thought that certain types of workplace learning were useful/not useful, 

and (d) thought that certain types of workplace learning were important/not important. 

Each question had five possible response options and the participant could tick the 

most appropriate box. 

The question content reflected the types of learning methods to which the 

participants may have been exposed. Based on the findings of previous research 

(Billett, 2005; Cornford & Beven, 1999; Lewis, 2008), the questions focused on the 

usefulness of different key means of learning such as: (a) formal training, (b) OJT, (c) 

informal training, (d) self taught, (e) specific training, and (f) trial and error. 

Additionally, other learning methods were presented to gauge their usefulness in 

developing and maintaining workplace skills. These included coaching, mentoring, 
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feedback, social interaction, questions, analogies, diagrams, observing and listening, 

everyday workplace activities, peer assisted, testing, and formal evaluations. 

Questions relating to isolated learning and technology focused on the 

usefulness of tools available to truck drivers such as mobile phones, CB/UHF and 

GPS, computers, CD/DVD/MP3, on-board computer systems, operations manuals, 

and workstation computers. The section asked the participants if feedback would be 

effective, and to rate the following: (a) clear goals, (b) video feedback, (c) audio 

feedback, (d) on-board computer feedback, (e) praise, (f) punishment, (g) rewards, 

(h) reports (such as weekly performance charts), and (i) regular tests. In the social 

interaction and contact section participants were asked how important direct social 

interaction with others in workplace performance was at the following times: start of 

shift, finish of shift, meal breaks, at truck stops, between job tasks, during job tasks, 

after hours, social functions, regular scheduled meetings, and irregular meetings. 

The final section, on the development of expertise, asked some generalised 

questions such as “how long does it take to become proficient in driving modern 

trucks?” and whether the participant agreed or disagreed with these statements: 

 Technology has made the truck easier to drive 

 Technology has made the truck more fuel efficient 

 Technology has made the truck safer to drive 

 Social interaction with other drivers is important in developing driving skills 

 Formal learning courses would be helpful in developing my driving ability 

 Casual or informal learning would be helpful in developing my driving ability 

 I receive feedback regularly to see how I am going 

 Feedback would be helpful in developing my performance 

 I like working in isolation. 

The last question was the only open question of the survey and asked “Do you have 

any comments or ideas on driver skill development?”  

The seven survey sections comprise a comprehensive base to secure 

information about the learners’ backgrounds, experience, and learning preferences. 

Additionally, the survey addressed the research goals of how learners develop skills 

and knowledge whilst operating mostly in isolation. 

 

4.4.7 Quality control 

As the surveys were returned, each completed questionnaire was reviewed to 

determine the quality of the data, including validating the responses, determining 

appearing trends, and minimising aberrant response effects. The review process 

included codifying the participants and data. 
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4.5 Semi-structured interviews 

After the surveys were completed, the second process of data collection was 

conducted through semi-structured interviews. Semi-structured interviews were used 

because they afford a degree of flexibility or freedom in the types of questions asked, 

the sequencing of questions, the wording of questions, and the amount of time and 

attention given to different topics or areas of interest (Robson, 2002). Additionally, 

semi-structured interviews allow the researcher to gain an insight into the thinking 

and acting of the participants by following lines of inquiry that arise throughout the 

course of normal conversation and through the use of questions that might be 

spontaneous as a result of the participants’ answers. 

 

4.5.1 Design of schedule 

The interview schedule (see Appendix B, p. 251) followed the same format as the 

survey. The schedule comprised the same seven main sections. The overall design 

of the interview instrument was guided by an analysis of the survey responses and 

focused on asking open questions relating to the driver’s experience, training 

requirements, learning methods, learning in isolation, the types of feedback they 

receive, and learning through social interaction. 

 

4.5.2 Target group and sampling strategy 

Cluster samples of 16 drivers were selected for interviews from the pool of drivers 

that were surveyed. Cluster sampling involves dividing the sample population into a 

number of units or clusters which contain individuals with the desired characteristics 

required for the type of research and data collection to be conducted. The desired 

characteristics for the target participants for the interviews were: (a) willingness to 

participate, (b) currently driving a heavy vehicle, (c) driving an auto changing gearbox 

type truck, and (d) working in the same area or unit of the company doing the same 

work tasks. Of the three groups initially surveyed, two separate groups were 

selected, with the Waste Group consisting of nine drivers, and the Beer Group 

consisting of seven drivers. The Gas Group drivers were unable to participate in the 

interview and observation phase because of operational requirements. 

The Waste Group consists of drivers from the transfer unit of the waste 

management division of the council. Waste transfer drivers use hook lift trucks (i.e. 

large hydraulic hooks) using 30- or 60-cubic metre bins to pick up and tip large 

volumes of waste from transfer stations (i.e. public waste sites) and to remove the full 

bins to the larger land fill sites. Different performance requirements and skill sets are 

required for each type of truck configuration. Indeed, different driver licence 
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requirements are needed because, although both types of truck perform a similar role 

(i.e. picking up bins of waste), the prime mover type of truck, the FM9 6x4 380 hp 

truck, carries twice the load capacity and uses an articulated trailer (see Figure 4.1b). 

On the other hand, the smaller truck, the FM9 8x4, is classified as a rigid truck, 

meaning that it does not tow a trailer (see Figure 4.1a). The key point here is that 

although both types of trucks are identical in the layout and functions presented to 

the driver in the truck cabs, the physically different configurations for carrying waste 

bins means that each truck handles and manoeuvres in different ways. These subtle 

differences require different skills and types of knowledge and extensive training and 

experience are required in order to operate them efficiently and safely. 

Both models of trucks are less than five years old and use a 12 speed non-

synchromesh automatic gear changing gearbox known as the I-shift (Intelligent Shift). 

This is a manual gearbox with a computer that automatically changes gears. Given 

the high level of manoeuvring required to perform daily tasks, the auto box takes 

away most of the physical effort in changing gears. This facility has three 

consequences. Firstly, it reduces the wear and tear on the clutch and gearbox, 

because this function is now performed automatically. Secondly, it allows the driver 

to concentrate on other tasks such as bin placement and manoeuvring in close 

spaces. Thirdly, it reduces fatigue on the driver because they do not have to 

physically depress the clutch. 

Figure 4.1 (a & b) depicts the two different models used by the Waste Group: 

(a) the Volvo FM9 8x4 300 (hp) twin steer, with two front axles, and (b) the Volvo FM 

9 6x4 380 hp. The FM 9 8x4 300 hp truck is a twin front steer truck and is used in a 

rigid configuration (i.e. no trailer) to transport the smaller 30-cubic metre bins, as 

opposed to the larger 60-cubic metre bins as seen in Figure 4.1 (b).  

 

     

  (a)       (b) 

Figure 4.1. Rigid truck (a) and prime mover (b) 
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The twin steer (i.e. two front axles) permits more weight to be legally carried 

on the front axle (i.e. 6 ton for a single axle and 11 ton for a twin axle). The FM 9 6x4 

380 hp truck can be described as a prime mover. This truck tows a trailer, which is a 

60-cubic metre bin. The trailer is hydraulically operated so that it can pick up and tip 

large bins similar to the smaller 8x4 configuration truck types. 

Figure 4.1 also illustrates the complexities of driving in the waste industry. 

Besides the complexities of developing conceptual knowledge and utilising the new 

technologies in the trucks, these skills represent only one facet of the work task and 

subsequent skills set required. Complex hydraulic systems must also be operated to 

unload and load large bins, often in confined spaces (see Figure 4.1 (a)). 

The second group, the Beer Group, consisted of drivers from a distribution 

company. The work consists of loading trucks with palletised cartons of beer and 

kegs from a production line and transporting the load from an inner city brewery to a 

storage and distribution facility 12 kilometres away. The truck used in this operation 

is a Mercedes Benz Actross 2644 Fleet Star 440 hp prime mover and 43-foot trailer 

with a walking floor (i.e. a type of conveyer belt inside the trailer to move palletised 

freight easily). The trucks are less than 5 years old and incorporate a similar gearbox 

system to the Volvo – that is, a Mercedes Power Shift 12-speed constant mesh 

automated mechanical transmission. Figure 4.2 depicts the Mercedes Benz Actross 

2644 Fleet Star with trailer and during a loading task. 

 

     

Figure 4.2. Mercedes Benz prime mover 

 

As described previously, there are similarities between both groups of drivers: 

they drive modern computerised trucks that are less than 5 years old, use automated 

gearbox systems, and are over 12 GVM. Additionally, as depicted by Figures 4.1 and 

4.2, the tasks of transport operators comprise of more than just driving trucks. Drivers 

are involved in correctly balancing freight for loading, supervision of unloading, 

administration, OH&S compliance, and other related tasks that are expanded upon in 
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the following chapters. Similar to the Waste Group drivers, the Beer Group drivers 

must develop their own set of unique skills beyond that of simply driving and utilising 

technology. The fragile nature of the freight (i.e. cartons of beer in glass or cans, and 

kegs) requires that smooth driving skills are developed where there is no sudden 

braking, acceleration, or sideways movement. 

The key point here is that in both the Waste Group and the Beer Group, skills 

and knowledge development extend beyond understanding conceptual or tacit 

knowledge, to include the fine tuning of tangible and sensory skills that operate in 

unison with a comprehensive cognitive understanding of the truck and its systems. 

 

4.5.3 Time frame and access procedures 

The access to the drivers of the Waste Group was by negotiation with the leading 

hands in charge of the section. Two leading hands from the transfer section were 

approached, one each from the morning and afternoon shifts. The transfer section 

was selected because the drivers and the trucks they use were compatible with the 

research requirements in that the drivers operated modern automatic trucks and 

worked in relative social isolation. 

Interviews were conducted individually during the course of the working day 

as they drove. The researcher sat in the passenger seat and asked the driver semi-

structured interview questions during the course of one eight-hour shift. This was due 

in part to the nature of their daily routine which required the drivers to move between 

different transfer stations (of which there are 12) and not return to the home 

base/depot. The time taken to interview the nine Waste Group drivers was 25 days. 

With the Beer Group drivers, the access and time procedures were the same 

as for the Waste Group. However, the interviews were shorter, at approximately 

three hours, because of the short distances travelled (24 km round trip) and the need 

to always return to the brewery to pick up more freight. This allowed a quick 

changeover for the researcher to interview another driver. The total time taken to 

interview the seven Beer Group drivers was 12 days. This intensive approach to data 

gathering permitted the researcher to observe in detail how the drivers drove their 

vehicles and engaged with the technologies and how these technologies were used 

in daily practice. 

 

4.5.4 Data gathering technique 

Interview data were initially recorded on the interview instrument sheets. However, 

because of the constant movement of the truck, it was soon discovered that digitally 

recording the interviews was better and more accurate. All 16 drivers were asked if 



Dynamic Integrated Learning: Managing knowledge development in road transport 
 
 

- 94 - 

they would permit recording of the interview and then the recording began. Interview 

recording times ranged from 49 minutes to 2 hours and 10 minutes. Each day, the 

digitally recorded interviews were downloaded to a computer, labelled, coded, and 

electronically filed. 

 

4.5.5 Question format and content 

The questions were designed to expand upon the data derived from the surveys and 

focused on the drivers’ individual roles in everyday workplace activities. The 

questions were divided into the same seven main areas covered in the survey. The 

interview schedule questions (as per the interview instrument) were mainly an open 

format type with 32 questions in total. Two questions consisted of Likert response 

scales. The first question was “How do you rate the training you have received for 

your job in terms of technology (1-5), safety (1-5), sufficiency (1-5), currency (1-5), 

and applicability (1-5)?’’. The second question was more open in that it asked 

participants to “Rate the particular courses that have been most useful to you in your 

everyday workplace (1-5)”. 

 

4.5.6 Interview instrument 

The interview instrument was 10 pages long and followed a similar outline as the 

survey in that the main headings focused on a more in-depth analysis of how, why, 

and what the drivers did and learnt that contributed to learning in the workplace (see 

Appendix B). 

 

4.5.7 Participants 

The 16 interview participants were selected from the pool of drivers who completed 

the survey. The drivers ranged in age from 36 to 64 years. Table 4.3 indicates that 

the group average was 53 years, the average heavy truck driving experience was 28 

years, and the average level of auto gearbox driving experience was 2 years. 

 

Table 4.3 

Interview Groups: Age and Experience 

Group Average age 
Average total 
experience 

Average auto box 
experience 

Waste Group  (n=9) 56 30 2 

Beer Group     (n=7) 51 27 2 

Mean averages (n=16) 53 28 2 
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Table 4.4 presents the details of the individual drivers (1 through to 16) in 

both the Waste Group and the Beer Group in terms of age, driving experience, and 

total auto box experience (in years). The Waste Group drivers are numbered 1 

through 9, and the Beer Group 10 through 16. 

 

Table 4.4 

Interview Groups: Driver Details 

Driver (Waste Group) 1 2 3 4 5 6 7 8 9 Avg 

Age (years) 55 64 60 50 56 53 56 58 48 56 
Driving experience 
(years) 

32 44 34 30 38 28 30 20 10 30 

Total experience with 
auto box (years) 

4.5 3 5 2.5 1 .5 1.5 .5 2 2 

Driver (Beer Group) 10 11 12 13 14 15 16   Avg 

Age (years) 61 36 44 50 58 61 46   51 
Driving experience 
(years) 

41 15 25 15 34 35 22   27 

Total experience with 
auto box (years) 

2 1 2 4 3 1 1   2 

 

Tables 4.3 and 4.4 indicate that there is a large percentage of older workers 

(i.e. over 45 years) in both groups, and a correspondingly high level of overall truck 

driving experience. However, the key finding here is that although overall driving 

experience is high, there are low levels of experience with new technologies, such as 

the auto box. This finding indicates that an aging working population with high levels 

of experience is now subjected to developing new conceptual types of knowledge 

and learning the new skills required of technological innovations incorporated into the 

workplace. This shift in work requirements is central to this investigation, as it seeks 

to understand and elaborate how learners come to further develop their working 

knowledge. Additionally, it needs to be remembered that these truck drivers often 

work in circumstances that might be described as relatively socially isolated, yet they 

are faced with learning to accommodate and respond to new work challenges and 

ways of working. Increasingly, they are required to engage with and understand work 

knowledge that is represented symbolically through computerised display systems 

and requires capacities that are distinct from an earlier generation of road transport 

workers. 

 

4.6 Field observation 

The third approach to data collection was direct field observation of the drivers during 

their everyday work activities. This involved the researcher observing and recording 

the driver from the passenger’s seat as the truck was driven around during the 
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normal daily scheduled tasks. The participants consisted of the 16 drivers who 

participated in the interviews. 

A key feature of participant observation is that the observer “seeks to become 

some kind of member of the observed group” (Robson, 2002, p. 314). This involves 

not only being physically close to the group, but also gaining access to their “social 

and ‘symbolic’ world through learning their social conventions and habits, their use of 

language and non-verbal communication, and so on” (p. 314). In keeping with this 

view, observation of the participants began with the morning group briefings and then 

proceeded to accompanying one of the drivers on their daily runs. The observations 

were broadly based on the interview questions. However, discussions with the 

participants were much more opportunistic and informal depending on situations that 

arose during the day. Of particular interest, were how the drivers used the technology 

available, their social contact with others, and their methods of driving. 

 

4.6.1 Observation data collection 

The participants, settings, and trucks were video recorded during the participants’ 

normal working day. In conjunction with the video recording a descriptive observation 

instrument (see Appendix C) was used. Based on Spradley’s (1980) nine dimensions 

of descriptive data collection, the observational checklist is designed to assist with 

the narrative account of the observation by systematically describing the setting, 

people, and events. The nine dimensions of descriptive observation and the 

explanations of each dimension are outlined in Table 4.5. The left hand column 

outlines the dimension, the middle column outlines the explanation of each of the 

dimensions, and the far right hand column details the practical aspect of each 

dimension in the context of the specific investigation. 
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Table 4.5 

Dimensions of Descriptive Observation 

Dimension Explanation Setting 

Space Layout of the physical setting Truck cab & depot 

Actors Names and relevant details of people involved Drivers 

Activities The various activities of the participants Daily routines & events 

Objectives Physical elements involved Work requirements 

Acts Specific individual actions Physical and mental 
actions 

Events Particular events/occasions Events 

Time The sequence of events Sequence of events 

Goals What participants are attempting to accomplish Goals & expectations 

Feelings Emotions in a particular context Attitudes & dispositions 

Note. From Real world research: A resource for social scientists and practitioner-

researchers (2nd ed.) (p. 320), by . C. Robson, 2002, Oxford, UK; Madden, Mass.: 

Blackwell Publishers. 

 

Using Spradley’s dimensions as a framework for the observation phase of the 

data collection allowed for a systematic approach that ensured the main areas of 

significance were captured and allocated. Additionally, using this systematic 

approach ensured standardisation across all of the areas covered and the 

participants observed. These dimensions will be discussed further in Chapter 7, the 

findings of the observation chapter. 

 

4.7 Data analysis 

The major goal of field research is to gain insights into a social group or situation in 

which the data collected by the researcher should render “a richly detailed picture of 

social life that describes the people on their own terms, graphically capturing their 

language and letting them speak for themselves” (Singleton & Straits, 2005, p. 337). 

The data analysis approach used in this study reflects the need to integrate different 

types of data such as descriptive, statistical, and trend data. Bernard (1994) 

describes data analysis as “the search for patterns in data and for ideas that help 

explain the existence of those patterns” (p. 360). In keeping with this view, Singleton 

and Straits claim that this process can be broken down into three interrelated tasks: 

(a) organising information and identifying patterns, (b) developing ideas, and (c) 

drawing and verifying conclusions. Additionally, Wolcott (1994) suggests three 

phases for data analysis of an ethnographic study: (a) description of the culture 

sharing group, (b) analysis of themes of the culture, and (c) interpretation. Both of 
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these views complement each other and present parallels; the combination of both 

views forms the basis for the analysis used in this study. Figure 4.3 depicts this 

integration of data analysis and centres around three key points: (a) developing 

ideas, (b) organising information and identifying patterns, and (c) drawing and 

verifying conclusions. The central principle here is the triangulation of different 

approaches and methodologies to “map out, or explain more fully, the richness and 

complexity of human behaviour by studying it from more than one standpoint” (Cohen 

& Manion, 1986, p. 254) 

 

Analysis of the data in this study involved three main focuses: (a) analysis of 

the survey data to establish significant trends and patterns in learning methods and 

to compare and contrast significant differences in knowledge and skill development, 

(b) a tabulated analysis of the effectiveness and usefulness of different learning 

strategies, and (c) the uncovering of techniques used to learn in socially isolated 

situations and to develop expertise when using new technology. The triangulation of 

data is achieved from the three different approaches and data sources: (a) the 

survey, (b) the interviews, and (c) the observation (see Figure 4.4). 
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Figure 4.3. The integration of data analysis 
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Figure 4.4. Three different data sources
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Figure 4.4 depicts the principle of methodological triangulation where three 

different approaches are used to increase the reliability and validity of the findings. In 

addition to giving “a more detailed and balanced picture of the situation” (Altrichter, 

Posch, & Somekh, 1998, p. 117), triangulation is also a method of “cross checking 

data from multiple sources to search for irregularities in the research data” 

(O’Donoghue & Punch, 2003, p. 78). In this investigation, the three different 

methodological approaches, as illustrated in Figure 4.4, are triangulated and 

enhance the validity of the findings. 

 

4.7.1 Describing the culture, organising data, and identifying patterns 

Using the survey information, a profile of the workers and workplace culture was 

developed by analysing demographics (i.e. age, gender, and education level), work 

experience levels, and work details. The data collection commenced with a survey 

that involved 64 participants from three distinct groups of drivers (i.e. waste industry, 

bulk LPG haulage, and general freight). From this initial data, a cultural profile (see 

Chapter 5) was developed that described: (a) each of the three industries in which 

the drivers worked, (b) the different work tasks performed, (c) the different models 

and types of trucks used, and (d) the different specific workplace requirements. 

A quasi-statistical approach was used in the survey analysis. The data from 

the survey were coded and organised into categories based on the different headings 

used and codified using the Likert scale (1 - 5). These coded scales (see Chapter 5) 

were then converted to percentages to determine the respondents agreeing or 

disagreeing to the statements posed. The percentages were then tabulated into the 

form of a matrix to identify trends, clusters, factoring, relationships between variables, 

and conceptual and theoretical coherence. An analysis was then conducted 

comparing results, identifying trends and patterns, and isolating any abnormally high 

variances in results. The findings from the data were used to identify a core sample 

of potential participants for the interview phase of the research. Observations of the 

participants were recorded in the same manner ( see Appendix C, p.261) as the 

interviews, however, the observational data were recorded in the form of video 

recording of the drivers; that is, the observational data related to the drivers’ actions. 

This technique provided a cross check of both the survey and interview data. The 

video and audio data were transcribed into major key events. 

 

4.7.2 Interpretation of data and verifying and drawing conclusions 

Data analysis and interpretation consists of three concurrent “flows of activity”: data 

reduction, data display, and drawing conclusions or verification (Miles & Huberman, 
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1994). The interpretation of the data relies on reducing the amount of data through 

summarising, coding, and displaying data in compact ways such as matrices, tables, 

and charts. 

The theory generated by the available data central to this study is focused on 

the dynamic and integrated way learners acquire skills and knowledge through both 

individual learning and social engagement. Additionally, as the analysis of the data 

continued, the research questions were further developed and clarified in what 

Hammersley and Atkinson (1995) describe as a characteristic “funnel structure” in 

which there is a progressive focusing of both the research questions and the 

research itself. 

 

4.8 Validity and reliability 

Validity is concerned with ensuring that the research, data, and results are accurate, 

correct, and true. The flexible research design adopted in this study presents several 

inherent threats to validity. Maxwell (1992) proposes a typology that outlines the 

threats to validity in flexible designs. The three main threats can be categorised 

under description, interpretation, and theory. A valid description of what has been 

seen and heard in the data collection is threatened by inaccuracies or 

incompleteness of the data, especially from notes, memory, et cetera. The main 

threat in providing a valid interpretation is that of “imposing a framework or meaning 

on what is happening rather than this occurring or emerging from what you learn 

during your involvement with the setting” (Robson, 2002, p. 171). Finally, the threat 

from “theory” is not considering alternative explanations or understandings of the 

results or data. 

Additionally, Lincoln and Guba (1985) highlight different strategies for dealing 

with threats to validity involving reactivity, researcher bias, and respondent bias. 

Reactivity is the response of the subjects to the researcher’s presence that may in 

some way influence the behaviour and responses of the subjects. On the other hand, 

researcher bias is the assumptions and preconceptions that the researcher brings to 

the study, which can be either conscious or subconsciously applied by the 

researcher. Finally, respondent bias is subjects’ reaction to being observed, 

interviewed, surveyed, et cetera, similar to the preconceptions and assumptions of 

the researcher bias, in reverse. 

The strategies used to reduce threats to validity in this study included 

triangulation of both data and methods, peer group support, member checking of 

results, and development of an audit trail. Table 4.6 presents the strategies for 

dealing with threats to validity and proposes strategies that either increase or 
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decrease the threats posed by reactivity, researcher bias, and respondent bias. The 

specific strategies and strengths of these strategies will be discussed in the next 

section. 

 

Table 4.6 

Strategies for Dealing with Threats to Validity 

Strategy Reactivity Researcher Bias Respondent Bias 

Prolonged involvement Reduces threat Increases threat Reduces threat 

Triangulation Reduces threat Reduces threat Reduces threat 

Peer debriefing / support No effect Reduces threat No effect 

Member checking Reduces threat Reduces threat Reduces threat 

Negative case analysis No effect Reduces threat No effect 

Audit trail No effect Reduces threat No effect 

Note. From Real world research: A resource for social scientists and practitioner-

researchers (2nd ed.) (p. 174), by . C. Robson, 2002, Oxford, UK; Madden, Mass.: 

Blackwell Publishers. 

 

Reliability in flexible designs is concerned with achieving consistency of 

results through such things as standardised survey instruments, scales, tools for 

recording consistent results, and detection and elimination of transcription errors. 

Singleton and Straits (2005) define reliability as the “stability or consistency of an 

operational definition and the concept it is purported to measure” (p. 106). This study 

used a consistent form of recording data for both the surveys (survey instrument), 

interviews (interview instrument, digital recording), and observations (observation 

instrument, video recording). 

Reliability in this study was also assessed by: (a) calculating the correlation 

between repeated applications of the same measure through test-retest methods of 

surveys and interviews, (b) calculating the correlation between responses to subsets 

of items from the same measure (i.e. split-half reliability), and (c) examining the 

consistency of responses (i.e. internal consistency) from the surveys, interviews, and 

observations. 

 

4.9 Ethical issues and clearance 

An ethical clearance was obtained for the protocol “Dynamic integrated learning: 

Conceptual development in relatively isolated social circumstances” (Griffith 

University Protocol Number EPS/62/07/HREC) through an expedited review following 

the submission of the appropriate correspondence (see Appendix D). 

The Griffith University Human Research Ethics Committee raised concerns 

about ethical issues involved in six areas of the research: (a) agreement of the 
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companies involved to participate in the research and the clarification of whether the 

business will be identifiable in publications arising from the research, (b) in the 

observation phase, the degree to which the observations might enable the employer 

to determine the participatory status of individuals, (c) matching between survey 

responses, interviews, and observations explained in the informed consent materials, 

(d) de-identification of data after matching, (e) access of individuals to de-identified 

data, and (f) reflections of inappropriate behaviour to be clarified in the informed 

consent materials. Once these issues had been addressed and the ethical clearance 

obtained, fleet managers were contacted. Initially, the fleet managers were contacted 

via a letter (see Appendix E) that requested access to their drivers and facilities for 

the purpose of research. Additionally, an information sheet was also mailed that 

outlined the purpose of the research (see Appendix F). Once permission had been 

granted, an expression of agreement form (see Appendix G) was signed by the fleet 

managers that confirmed that the participants understood the information package 

and their rights. Finally, each driver signed a consent form (see Appendix H) that 

outlined their rights. 

In practical application, the participants were also verbally assured of 

complete confidentiality during the briefing sessions by myself. These comprehensive 

measures of confidentiality assurances allowed me to record conversations and take 

photographs and video recordings without any objections from the drivers. 

 

4.10 Strengths of the study 

The nature of the research problem presented for this study provides opportunities to 

gain insights into the road transport industry. Additionally, recent technological 

advances in trucks have provided a small window of opportunity to observe and learn 

about the way learning and skill development has occurred during the early stages of 

the introduction of this technology. The appeal of the study lies in the interesting 

nature of the area of investigation (i.e. road transport) at a critical time in the 

technological evolution of the industry. 

The strengths of the study are based on the flexible design and multi-method 

approaches used, and these approaches were designed to capture valid and reliable 

data through multiple data collection strategies (surveys, interviews, and 

observations) that provide a well triangulated and interlinked data analysis. The 

survey engaged a broad range of participants (n=64) across a range of industries in 

order to gain a representative sample of the road transport industry. From these, 16 

drivers from two companies were interviewed. The strength of this phase of the 

research lies in the commonalities, consistencies, and differences of each group. 
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Both groups consisted of drivers who drove modern trucks with auto gear boxes 

(which was a central focus of the study). However, each group drove different brand 

and model trucks, and the two groups performed different work tasks. This difference 

allowed for a comparative analysis in which clustering, patterns, and trends within 

groups could be easily distinguished. 

 

4.11 Limitations of the study 

The limitations of the study lie in the relatively small sample size (n=64). The survey 

size was small due to the difficulty in gaining access to modern fleets of auto gearbox 

trucks. The nature of the road transport industry means that drivers are seldom in 

one place long enough to be surveyed and interviewed. Additionally, prolonged 

involvement with the participants was not possible due to limited access to the 

drivers and their trucks. Drivers’ work requirements, occupational health and safety 

concerns, and company policies all limited the researcher’s access to the drivers. 

Nevertheless, within the constraints of these limitations the data and its analysis still 

hold to address the key research goals. 

 

4.12 Conclusions: Individual and social contributions 

This primarily ethnographic study seeks to investigate issues of driver education 

relating to the knowledge and skills required in view of workplace changes such as 

those experienced by truck drivers confronted by technological changes, with a focus 

on both the cognitive learning approaches and the sociocultural learning approaches, 

and to propose a model to integrate both the individual and social contributions to 

learning. A multiple-method flexible design that uses both quantitative and qualitative 

approaches and incorporates survey methodology, semi-structured interviews, and 

participant observation has been selected to capture, interpret, and explain the 

complex individual and group dynamics involved in workplace learning. 

As noted previously, the integration of both individual and social contributions 

to workplace learning is explained via the proposed DILM. Using a qualitative 

approach of data collection from multiple sources (i.e. surveys, interviews, and 

observation), information was gathered that generated evidence supporting the DILM 

whilst also explaining how the learning process is achieved by workers, such as truck 

drivers, who spend most of their day both in dynamic work environments and relative 

social isolation. 
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CHAPTER 5 
 

INTEGRATED SOCIAL ASPECTS OF TECHNOLOGY AND LEARNING: 

SURVEY FINDINGS 

 
“The dynamics of computational artefacts extend beyond the interface defined, to 
relations of people with each other and to the place of computing in their ongoing 
activities. System design, it follows, must include not only the design of innovative 

technologies, but their artful integration with the rest of the social and material world.” 
(Suchman, 2007, p. 7) 

 
 

5.1 Technology and learning in isolation 

As outlined in the previous chapter, this dissertation both supports and further 

elaborates the concept of a relational interdependence between social and personal 

contributions as an explanatory basis to understand workers' learning and 

development. Specifically, it explores and investigates the learning of the skills and 

knowledge required by heavy transport drivers to accommodate recent technological 

advancements in the road transport industry. The focus of the investigation centres 

on how learners, who work in relatively socially isolated circumstances, come to 

further develop their working knowledge. These issues of workplace learning are 

directed toward improving heavy transport driver training and are associated with the 

development of knowledge and skills required to be competent in the use of 

technologically-mediated work tasks. Moreover, this study focuses on the 

development of conceptual knowledge which may be hidden from learners because 

of individual, social, or organisational factors (e.g., technological advancements, 

workplace accessibility issues, or working with others) or as a result of working and 

learning in socially isolated situations without the benefit of direct guidance. 

The above statement by Suchman (2007) captures well the focus of this 

investigation because the problem between technology and human–machine 

communication is not so much about the interaction of people and machines. Instead 

it is about understanding “the distinctive dynamics of working with computational 

artefacts, and their artful integration with the rest of the social and material world” 

(Suchman, 1997, p. 1). These dynamic interactions are important because they 

allude to the notion that “locates knowledge and agency neither in persons here nor 

in artefacts, but in relations between them” (p. 6). This strong integrated social aspect 

of knowledge development and learning forms the basis of the data described, 

analysed, and discussed in this chapter. 

The explanation of learning conceptual knowledge in relatively socially 

isolated circumstances is advanced through the analysis and interpretation of the 
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findings presented in this survey phase of the research. This chapter contributes to 

these findings from the seven survey sections. These sections are: (a) personal and 

work details, (b) training experience and education, (c) learning methods and 

preferences, (d) isolated learning and technology, (e) feedback, (f) social interaction 

and contact, and (g) development of expertise. The findings from each of these 

sections are discussed and analysed, commencing with an overview of the culture of 

the road transport industry followed by a description of the participant group. 

 

5.2 Road transport culture: An overview 

The road freight transport industry supports the efficient movement of goods and 

materials within Australian capital cities and to regional centres and remote 

communities. Additionally, the industry provides the logistical support to move, store, 

and distribute products and materials. The data referred to here are obtained from 

drivers who work within three such companies (i.e. localised or regional transport 

operations) that depend on road transport to operate their businesses. 

All of the drivers participating in the survey drove relatively new trucks (i.e. 

less than five years old) that use electronic technologies such as computerised 

engine management systems, digital displays, and automatic gearboxes, instead of 

the manual gearboxes found in earlier generations of trucks. These emerging 

technologies are a departure from the previous generations of trucks with which most 

of the drivers had the bulk of their experience. This change has impacted the way in 

which trucks are driven because integrated electronic systems have changed the 

way that information is presented to drivers. Presentation of information is now 

through computerised symbols that require an understanding of both conceptual 

knowledge and the interrelationship effects of integrated systems. So, in some 

instances, technology may make work performance more, rather than less, 

complicated, because deeper levels of understanding are required both in the 

abstract and symbolic knowledge, and in the overall understanding of systems’ 

interrelational dependencies between the truck and the drivers. The ability to learn 

these new types of tacit and conceptual knowledge, therefore, will have direct 

implications for maintaining and developing professional competence, especially in 

road transport. 

 

5.2.1 Site and group descriptions 

The three companies have quite different transport roles. The first company, referred 

to as the Gas Group, is an liquid petroleum gas (LPG) tanker operation with a fleet of 

approximately 20 trucks, the majority of which are less than 15 tonne registered 
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gross vehicle mass (RGVM) in 4x2 rigid configuration. These trucks do not tow a 

trailer and are easily recognised because they have a large gas tank attached to the 

chassis. There is also one prime mover and 20,000 litre tank trailer. The daily work of 

the two shifts of 20 drivers consists of delivering bulk LPG to homes and businesses. 

Due to the potentially dangerous nature of LPG, there is a strong emphasis on safety 

in the company and, therefore, a focus on training in driver safety, dangerous goods, 

and occupational health and safety. Additionally, the drivers must be “dangerous 

goods certified” for filling and unloading LPG in bulk. The company’s depot is located 

at an isolated site in an industrial area near the mouth of the Brisbane River. The 

filling of the tanks on the trucks occurs on this site and has a high security presence 

with restricted access due to the potentially dangerous nature of LPG. The facilities 

at the depot include the administration department, maintenance workshops, 

crew/lunch room, bulk filling tanks, and staff car park. This area is also highly 

restricted with security access only. It is here, at the depot, that the drivers meet in 

the morning to receive their schedule for the day and to attend briefings. However, 

for the rest of the shift, the drivers work alone delivering LPG. 

The second company, referred to as the Waste Group, is a regional city 

council waste collection and transfer operation. This group operates ten 8x4 rigid 

configuration 30-cubic metre bin trucks (also known as transfer trucks) and two prime 

movers with a 60-cubic metre bin trailer. Bins are offloaded at public waste (i.e. 

dump) transfer sites, where they are also hydraulically lifted on to the backs of the 

trucks when they are full of waste. Similar to the Gas Group, the Waste Group has a 

strong safety focus with the potentially hazardous nature of transporting waste. The 

depot layout is similar to the Gas Group’s, with an administration department, 

maintenance workshops, crew/lunch room, bulk filling tanks for refuelling, and staff 

car park. Additionally, there are strict security measures in place with a fenced and 

access-restricted facility (similar to the Gas Group depot) due to the high value of the 

machinery and equipment located on site and the large quantities of stored fuel. 

The final group, referred to as the Beer Group, is a general freight distribution 

company that specialises in transporting palletised beer and beer kegs from the 

production line of an inner city brewery to the storage and distribution facilities 12 

kilometres away. The company uses prime movers with 43-foot trailers to transport 

the goods. There are eight trucks that operate a 24 hour rotating shift amongst 16 

drivers. The focus of this operation is to maximise each load whilst complying with 

the legal requirements for weight distribution. There is also a particular focus on time 

efficient transport in the loading and unloading of the goods. 
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5.3 Survey findings 

Survey data were collected from drivers in the three different companies: the Gas 

Group, the Waste Group, and the Beer Group. The survey data from 64 respondents 

were analysed and the findings interpreted. Table 5.1 presents the rate of 

participation in the survey for each of the three groups. 

 
Table 5.1 

Interview Groups: Participation Rates 

Group No. of drivers No. of participants Rate of participation 

Gas Group 32 28 88% 

Waste Group 72 22 31% 

Beer Group 15 14 93% 

Total 119 64 54% overall 

 

The data from Table 5.1 indicates that the highest rate of return (93.3%) was 

by the Beer Group and this outcome is reflected in the individual and labour intensive 

nature of the survey briefing and distribution. The Gas Group had the next highest 

return with 87.5 percent. Additionally, the total number of drivers completing a survey 

was 64 from a total number of 119 drivers, resulting in a total participation rate across 

the three companies of 54 percent. The return rates reflect the access allowed to 

gather the available data. The high return rates for the Beer Group and Gas Group 

indicate that access was freely available to the drivers for participation in the survey. 

The small survey size of both groups allowed for individual attention and for the 

capture of data to be completed in a more comprehensive fashion. However, the 

larger size of the Waste Group made data collection more difficult, not only because 

of size, but also because of the nature of the driver shift system. Moreover, different 

workplace cultures influence access to information. Workplaces can often be 

contested environments where outsiders are treated with suspicion and may be 

excluded from access to activities and information. In this instance, the size of the 

Waste Group driver population made it difficult to give personal attention to every 

driver, thereby creating difficulties in gaining acceptance into that workplace culture. 

The survey has seven sections with questions about: (a) personal and work 

details, (b) training experience and education, (d) learning methods and preferences, 

(e) isolated learning and technology, (f) feedback, (g) social interaction and contact, 

and (h) development of expertise. Together, these sections provide a body of data 

about the drivers' backgrounds, demographics, experience, preferences, and 

learning. The data from each of these sections is discussed in detail in the following 

sections. 
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5.3.1 Section 1 – Personal and work details 

The average age of the drivers surveyed (n=64) is 47 years with a standard deviation 

(SD) of 9.21. This age corresponds well with a recent study by Morris et al. (2010) 

which indicate that, similar to the majority of the Australian working population, there 

is an increasingly aged workforce in the Australian transport industry, where 68 

percent is aged over 35 years. The survey mean age of 47 years corresponds (+/- 2 

years) with the road transport industry average age of 49 years (Driving Australia’s 

Future, 2003). This sample reinforces the representative survey findings where there 

were no drivers younger than 24 years of age and a high percentage over 35. The 

road transport industry has a higher proportion of 45 to 54 year olds than all other 

occupations, while the proportion in the 15 to 24 year age bracket is low (Driving 

Australia’s Future, 2003). 

These findings highlight the high incidence of older workers in the workforce. 

Another finding is that the participation rates of females employed in driving trucks is 

very low. This is reflected in only 2 of the surveyed 64 respondents being women. 

The findings indicate that the surveyed workforce remains male dominated, possibly 

due to the same considerations mentioned above in the age section, including the 

perception that truck driving requires large amounts of physical strength and is a 

traditional male-dominated industry, and, therefore, not appealing to females. 

The participants' truck driving experience ranges between six months and 45 

years, with an average of 22 years. This high experience level reflects the older age 

levels within the industry and also the lack of new drivers with less experience. Yet, 

although the current road transport workforce has a high degree of experience, very 

few have experience with the recent advances in technologies that are incorporated 

into modern trucks. This circumstance may indicate that the learning and 

development of drivers requires attention if they are to be fully competent operating 

these heavy trucks in a safe and efficient manner. 

In summary, the personal demographic data indicate the sampled participant 

workforce comprises: (a) an aging workforce population, with an average age of 47, 

(b) a male-dominated industry, and (c) high levels of truck driving experience, which 

is considered normal within the Australian road transport sector. 

 

5.3.1.1 Driver educational levels 

Of the 64 survey respondents, 20 participants (31%) had post-school qualifications, 

whether a trade certificate, associate diploma/diploma/advanced diploma, vocational 

certificate (i – iv), or degree/post degree (see Table 5.2). However, this percentage is 

considerably lower than the Australian national average of 42 percent for the 
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educational level of the entire workforce across all industries (Driving Australia’s 

Future, 2003). 

 
Table 5.2 

Driver Education Levels (n=64) 

Education 
level 

No 
Qual. 

Junior 
Cert 

(age 15) 

Senior 
Cert 

(age 17) 
Trade 
Cert 

Cert 
i-v Diploma Degree 

        

 7 27 10 11 5 3 1 

Percentage 11 42 16 17 8 5 1 

 

As Table 5.2 indicates, the highest category for educational attainment was 

the junior level (year 10/age 15) with 27 drivers (42%) indicating that they had 

attained this level. This was followed by 11 with a trade certificate (17%); 10 with 

senior (year 12/age 17) (16%); 5 with a (post secondary school) vocational certificate 

(8%); 3 (5%) with a diploma (post secondary school); and 1 with a degree. 

Noteworthy here is that seven respondents (11%) indicated that they had no formal 

educational attainment at all. This finding indicates that they left school before 

completing year 10 (i.e. junior level) and have subsequently completed no post-

school vocational courses. A possible result of this is reflected in 4 of the drivers 

being unable to read the survey, indicating low demonstrated levels of literacy, or 

reading or comprehension difficulties. In these cases, I read the survey to them and 

then entered their responses. 

Overall, Table 5.2 indicates a cohort with a low level of formal educational 

qualifications when compared to the national average. Yet, these low levels of 

educational qualifications among the survey participants reflect the apparent lack of 

need for formal qualifications of past years and for older generations. The average 

survey participant age of 47 years indicates that these people would have been able 

to leave school in 1977 at year 10 level, and at a time when formal higher education 

qualifications were not seen as a requirement. The result is a generation of older 

workers with high experience levels, yet without formal qualifications, as represented 

here. 

 

5.3.1.2 Workplace specific qualifications 

Although the majority of drivers lack formal post-school qualifications, other 

workplace-specific qualifications may be required by law to perform certain job tasks. 

These qualifications are usually acquired in the workplace through short courses that 

are less than 1-2 weeks in duration. Examples here include heavy vehicle licences, 

forklift ticket, dangerous goods certification, first aid certificate, and crane licence. 
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The “other” category includes qualifications such as machinery tickets, occupational 

health and safety, and training and assessment certificates. The workplace-specific 

qualifications of the drivers are presented in Table 5.3. 

 

Table 5.3 

Workplace Specific Qualifications of the Drivers 

 

Qualification 
 

Forklift ticket 

 

Dangerous 
goods ticket 

 

First aid 
certificate 

 

Crane licence 
 

Other 
      

 32 23 18 12 11 
Percentage 50 36 28 19 17 

 

The data in Table 5.3 indicate that 32 drivers had a forklift ticket qualification 

(50%), followed by 23 drivers with the dangerous goods ticket (36%); 18 had first aid 

certificates (28%), 12 had crane licences (19%), and 11 (17%) had other 

qualifications (e.g., OH&S, fatigue management, machine ticket etc.). These types of 

workplace-specific qualifications are becoming more essential as both companies 

and individuals must have them to meet insurance, duty of care, chain of 

responsibility, and state, federal, and Department of Transport legal requirements. 

The point here is that despite the low levels of education, these workers were able to 

meet regulated training requirements. 

Indeed, a comparison between Table 5.2 and Table 5.3 indicates that 

although there is a relatively low level of formal educational qualifications, either 

school or post-school qualifications when compared to the national average, there is 

a high level of workplace-specific qualifications. Table 5.3 also indicates the high 

percentage of drivers with some form of workplace-specific qualifications, which is 

significant because it reflects the requirement for practical skills needed for everyday 

workplace tasks, such as forklift certification, where an essential part of the job is to 

load and unload freight. Additionally, to perform daily workplace activities, drivers 

must comply with strict legal requirements and training, such as the need for a 

dangerous goods certification. 

This workplace-specific learning is important because it represents the 

practical application of knowledge and skills that are directly relevant to the job tasks. 

These types of workplace-specific training and educational attainment represent an 

increasing trend in learning in the road transport industry because they are: (a) short 

in duration, (b) practical, (c) directly relevant to the task, and (d) social (i.e. drivers 

are able to interact with other drivers on the course). The practical nature of these 

courses may allow for greater “fine tuning” of existing knowledge bases, in which new 

ideas and abstract concepts can be accommodated through guided learning 
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strategies and practical training. Additionally, such learning environments allow for 

controlled conditions, where errors can be made without negative consequences, so 

that participants can learn through trial and error. 

 

5.3.1.3 Hours worked 

The average total hours reported worked per day was 11.2 hours (SD = 1.41) of 

which an average of 8.5 hours (SD = 3.39) was spent alone and generally driving or 

working at such tasks as loading, unloading, administration, vehicle checks, and 

refuelling. During the working day, 2.7 hours are spent, on average, with other drivers 

and workers. Usually, this time was before or after shift, morning briefings, meal 

breaks, and between jobs. This time may provide the drivers with opportunities to 

exchange information and for socialisation when different aspects of the job could be 

discussed as part of general social conversation. Additionally, opportunities exist for 

more experienced drivers to assist and guide the less experienced with the 

technologies incorporated in the trucks, especially with the computerised DIS. This 

type of learning is common and often takes place as the opportunity and time arises. 

 

5.3.1.4 Usefulness of technology and ease of driving 

The participants were asked about the ease of driving the truck with the new 

technology, such as auto gearboxes and on-board computer systems. Table 5.4 

presents responses to four questions about technology and the ease of driving. 

 
Table 5.4 

Impact of Technology on Ease of Driving (n=64) 

Question Yes   (%) No   (%) 

Has technology made driving easier? 60   (94) 4    (6) 

Is the auto gearbox easier to drive than the manual? 48   (75) 16   (25) 

Is the computer system in the truck helpful? 45   (70) 19   (30) 

Do you use the computer system in the truck? 42   (66) 22   (34) 

 

As Table 5.4 shows, 48 drivers (75%) indicated an auto gear changing truck 

was easier to drive than a manual truck. Additionally, 60 drivers (94%) indicated that, 

overall, technology has made the driving easier. However, only 42 drivers (66%) 

actually used the computer systems available in the truck, and 45 drivers (70%) 

reported that the computerised systems were helpful. These findings illustrate that 

although the drivers agreed that technology has made driving easier, one-third of 

drivers indicated that they do not use the computer systems available to them and 30 

percent reported that the computer systems are not helpful in their work. 
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5.3.1.5 Personal and work details: Summary and deductions 

In summary, the findings indicate that in an aging, male-dominated survey 

population, there is a relatively low formal educational level. However, levels of 

workplace-specific qualifications (i.e. heavy vehicle licences, forklift ticket, dangerous 

good certification, first aid certificate, and crane licence) are generally high, reflecting 

the need for practical and specific qualifications for workplace performance. The 

majority of drivers indicated that technology has made the trucks easier to drive. 

Technology, such as the automatic gear box, is a departure from the traditional 

manual gearbox systems that many are familiar with. However, whilst some of these 

new technologies, such as the auto box, have been embraced by the drivers, a large 

percentage of drivers (34%) do not use the on-board computer systems in the truck. 

This lack of engagement reflects a reluctance or inability to access and utilise the 

hidden conceptual knowledge within the computer systems. The reluctance may 

arise because of long associations with earlier techniques of driving which may also 

limit engagement with new technology. Additionally, without expert guidance this 

knowledge would likely remain hidden and, under the pressures of everyday 

workplace activities, drivers may not have the opportunity, time, or access to expert 

guidance in order to learn the needed conceptual knowledge. 

So, whilst technology has made the task of driving physically easier, it may 

have placed increasing cognitive demands on the drivers to understand systems that 

are outside of the domains of their experience and that require different ways of 

thinking than have been previously used. The concern, therefore, is how the learning 

of this knowledge progresses. 

 

5.3.2 Section 2 – Training experience and education 

Understanding how the drivers learnt in the past, and continue to be assisted in 

learning now, is important in developing an understanding of the requirements of 

work practice. Therefore, the drivers were asked to rate the contribution of different 

types of learning to how they learnt to drive their current truck type. This question 

was to determine what the current learning situation is, or “what is”. Secondly, the 

drivers were asked “if you were to teach / assist a new person to learn to drive your 

truck type, please rate the effectiveness of the following learning methods.” This item 

was used to provide a comparison between how the drivers’ learnt to drive, or “what 

is,” and how they would train someone new, or “what should be” (i.e. the ideal 

approach). Different learning methods that they could refer to included short courses, 

formal driver training, OJT, informal training, self taught, company provided specific 

training, update training, apprenticeship, and trial and error. 
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5.3.2.1 Learning strategies: “What is” 

The drivers were asked, “Rate the contribution of the following to how you have 

learnt to drive your current truck type.” The data provide a snapshot of current 

learning strategies and those previously used to learn to drive trucks. Table 5.5 

presents the findings of the different learning strategies used by the drivers, the left 

hand column indicating the learning strategy and the next five columns showing the 

drivers’ responses on a 5-point Likert scale of agreement. The responses are 

recorded both as the number of respondents and as a percentage. 

 

Table 5.5 

Learning Strategies Currently Used for Work Practices (n=64) 

Learning strategy SA A U D SD 
      

Short one off formal courses or 
training sessions 

9 (14%) 26 (41%) 19 (30%) 8 (12%) 2 (3%) 

Formal driver training at regular 
intervals (weekly / monthly) 

6 (9%) 22 (34%) 23 (36%) 9 (15%) 3 (6%) 

OJT – daily activities 21 (33%) 34 (53%) 7 (11%) 2 (3%) 0 (0%) 

Interdependent driver training 
(workmates, supervisors, etc.) 

9 (14%) 38 (59%) 15 (24%) 2 (3%) 0 (0%) 

Self taught (read operators’ 
manual, experimentation) 

12 (19%) 31 (48%) 12 (18%) 8 (13%) 1 (2%) 

Company provided specific 
training for truck type 

11 (17%) 26 (41%) 19 (29%) 5 (8%) 3 (5%) 

Refresher / update training on a 
regular basis 

6 (9%) 24 (38%) 18 (28%) 12 (19%) 4 (6%) 

Apprenticeship or offsider / 
assistant / general hand 

6 (9%) 21 (33%) 22 (35%) 9 (14%) 6 (9%) 

Trial and error 6 (9%) 20 (31%) 15 (24%) 14 (22%) 9 (14%) 

SA = Strongly agree, A = Agree, U = Neither agree/disagree, D = Disagree, SD = Strongly 
disagree 
 

The data presented in Table 5.5 indicate that short one-off formal training 

sessions were used by 35 drivers (55%) with only 10 respondents (15%) claiming 

that they never had any training from this method. These sessions may include such 

activities as new vehicle familiarisation, dangerous goods certification, and safety 

courses. Formal driver training at regular intervals was indicated as a learning 

method by 28 of the respondents (43%), whilst 12 drivers (19%) said that this was 

not a preferred learning method. On-the-job training (OJT) or learning through daily 

work activities recorded 56 drivers (86%) strongly agreeing or agreeing as the 

preferred learning method, which was the highest response, while only two drivers 

(3%) disagreed. The OJT category had the highest positive response, indicating that 

this is the most popular method of learning. 
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Interdependent driver training from workmates or supervisors scored 47 

responses of agreement (73%) and was the second highest positive response behind 

OJT; this was followed by the “self taught” strategy which recorded 43 (67%) positive 

responses. Update training, regular formal training, apprenticeship, and trial and error 

all scored below 50 percent. These findings are summarised in Table 5.6, which 

presents both the number and percentage of positive (strongly agree/agree) 

responses and negative (strongly disagree/disagree) responses to the question, 

“Rate the contribution of the following to how you have learnt to drive your current 

truck type.” 

 

Table 5.6 

Ranking of Responses for Current Learning Strategies (n=64) 

Strongly agree / agree Strongly disagree / disagree 

  

 55 (86%) OJT        23 (36%) Trial & error  

 47 (73%) Interdependence        16 (25%) Update/refresher training 

 43 (67%) Self taught        15 (23%) Apprenticeship 

 37 (57%) Company Training        12 (19%) Formal driver training 

 35 (55%) Short Formal        10 (16%) Short formal training 

 30 (47%) Update training          9 (14%) Self taught 

 28 (44%) Regular formal training          8 (13%) Specific truck training 

 27 (42%) Apprenticeship          2   (3%) OJT 

 26 (40%) Trial & error          2   (3%) Interdependent 

 

Table 5.6 highlights that the most frequently reported process of learning for 

the participants, in terms of agreement, was OJT 55 (86%), interdependence 47 

(73%), and self taught 43 (67%), whilst, on the other hand, the greatest disagreement 

was with trial and error 23 (36%), update/refresher training 16 (25%) and 

apprenticeships 15 (23%). 

The findings from Table 5.5 and 5.6 indicate that the most valued strategies 

to support learning are OJT, interdependence, and self taught. Conversely, the least 

frequently cited learning processes are trial and error, update/refresher training, and 

apprenticeships. So, as shown by these findings, the majority of learning is reportedly 

being realised through “learning by doing” in on-the-job activities, as opposed to 

learning through training programs and apprenticeships. The findings also suggest 

that a hands-on practical approach to learning, which incorporates both social 

interaction and individual learning approaches, is the most common form of learning. 

Often, this type of approach consists of learning that is interdependent (Billett, 2001) 

in that it occurs through workplace experiences that are structured to specific goals 

and procedures and are often transferred through guidance by more experienced 
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workers “rather than direct teaching” (Billett, 2001, p. 21). Additionally, formal 

learning strategies, such as formal short courses, specific training, and update 

training, are not rated highly. 

 

5.3.2.2 Proposed learning strategies – “What should be” 

This section of the survey used the same questions as the “what is” section above. 

However, the participants were asked “if you were to teach/assist a new person to 

learn to drive your truck type, please rate the effectiveness of the following learning 

methods”; in other words, “what should be” the best way to learn. This section was 

designed to provide a comparison from the first section on how the drivers learnt to 

drive, to how they would teach someone to drive and the proposed effectiveness of 

these learning methods. Table 5.7 presents the responses to the question. 

 
Table 5.7 

Learning Strategies Proposed for Effective Learning (n=64) 

Learning strategy SE E U NE SNE 

OJT – daily activities 31 (48%) 28 (44%)  5  (8%) 0 (0%) 0 (0%) 

Company provided specific 
training for truck type 

20 (31%) 35 (55%) 16 (32%) 4 (6%) 0 (0%) 

Interdependent driver training 
(workmates, supervisors etc) 

13 (20%) 38 (59%) 15 (24%) 2 (3%) 0 (0%) 

Formal driver training at regular 
intervals  

14 (22%) 35 (55%) 11 (17%) 4 (6%) 0 (0%) 

Refresher / update training on a 
regular basis 

13 (20%) 34 (48%) 15 (23%) 1 (2%) 1 (2%) 

Short one off formal courses or 
training sessions 

11 (17%) 25 (39%) 15 (23%) 12 (19%) 1 (2%) 

Self taught (read operators 
manual, experimentation) 

11 (17%) 23 (36%) 15 (23%) 9 (14%) 6 (9%) 

Apprenticeship or offsider / 
assistant / general hand 

10 (15%) 22 (34%) 23 (36%) 7 (11%) 2 (3%) 

Trial and error  6  (9%) 17 (27%) 12 (19%) 13 (20%) 16 (25%) 

SE = Strongly effective, E = Effective, U = Neither effective nor ineffective, NE = Not effective, 
and SNE = Strongly not effective 

 

The findings from Table 5.7 indicate that 36 survey participants(56%) 

responded that short one-off formal courses would be effective or very effective as a 

learning method, whilst 13 (21%) responded that these would be not effective or 

strongly not effective. Formal driver training at regular intervals scored 49 (77%) 

effective/very effective responses and 4 (6%) not effective ratings. The learning 

process described as OJT scored the highest amongst the surveyed participants with 

58 (92%) responses for effective/very effective; this was the only category where 

there was a 0% not effective response. Self taught recorded 34 responses (53%) for 

effective/very effective and 15 (23%) for not effective/strongly not effective. Company 
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provided specific training for truck type scored 55 (86%) for effective/very effective. 

This was the second most frequent response behind OJT. Only 4 drivers (6%) 

responded that this method was not effective. Refresher update training on a regular 

basis scored 47 (68%) responses for effective/very effective, whilst 2 (4%) responded 

that this method would be not effective/strongly not effective. Apprenticeship scored 

32 (50%) responses for the effective/very effective rating, whilst 9 (14%) scored this 

learning method as not effective. Finally, trial and error scored the lowest 

effectiveness rating with only 23 (36%) agreeing that this was an effective/very 

effective learning method, whilst 29 (45%) thought that this method was not effective 

or strongly not effective. 

Summarising and consolidating the findings from Table 5.7 to determine the 

most frequent responses for “what should be”, the categories for strongly effective 

and effective are combined and presented in ranked order in Table 5.8. The 

percentage of positive (i.e. effective/very effective) responses and negative (i.e. not 

effective/strongly not effective) responses to the question “If you were to teach/assist 

a new person to learn to drive your truck type, please rate the effectiveness of the 

following learning methods” are presented in order of frequency of response. The 

most commonly preferred forms of support for learning from the survey participants 

were OJT 58 (92%), company specific training 55 (86%), and interdependent 49 

(79%), whilst on the other hand the greatest disagreement came from trial and error 

32 (50%), self taught 15 (23%) and short formal courses 13 (20%). 

 
Table 5.8 

Ranking of Responses for Proposed Effective Learning (n=64) 

Effective Not effective 
  

 58 (92%) OJT      32 (50%) Trial & error   

 55 (86%) Company specific      15 (23%) Self taught 

 51 (79%) Interdependent      13 (21%) Short formal 

 49 (77%) Formal        9 (14%) Apprenticeship 

 47 (68%) Refresher / update training        4   (6%) Formal training 

 36 (56%) Short formal        4   (6%) Company specific training 

 34 (53%) Self taught        2   (4%) Refresher / update training 

 32 (50%) Apprenticeship        2   (4%) Informal 

 23 (36%) Trial & error        0   (0%) OJT 

 

The findings suggest that the most desirable or ideal form of effective learning 

occurs through a combination of both interdependent learning that is mediated 

through authentic workplace activities, such as OJT (92%), and formal specific 

training programs such as company specific training (86%). However, the highest 
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responses for the not effective category, trial and error (50%), and self taught (23%), 

suggest that learning through independent individual discovery, without the 

assistance of guidance, is the least effective way to learn. That is, these findings 

emphasise the importance of engaging in workplace activities, and also engaging 

with others, to allow access to knowledge and opportunities to learn that may not be 

afforded through individual discovery alone. 

 

5.3.2.3 Comparison between “what is” and “what should be” 

Comparing the difference between how the drivers learnt to drive (i.e. what is) and 

how, with the benefit of experience, they would train someone new (i.e. what should 

be), identifies areas in which learning methods may improve the quality of training 

provided. Table 5.9 is a comparison between “what is” and “what should be”, and is 

ranked in order of difference between the two. The data are presented both as the 

number of participants who agreed with the learning approaches, and as a 

percentage. The left hand column represents the learning approach; the next two 

columns presents the data for those participants that agreed with the learning 

approach for the category “what is” and those participants that agreed with the 

learning approach for the category “what should be”; and the right hand column 

represents the difference between the number of participants who indicated 

agreement with “what is” and with “what should be.” 

 

Table 5.9 

Comparison of Existing and Proposed Learning Strategies (n=64) 

Learning approach “What is” “What should be” Difference 

    

Regular formal  training 28 (44%) 49 (77%) +28 (+33%) 

Company specific training 37 (57%) 55 (86%) +18 (+29%) 

Refresher / update training 30 (47%) 47 (68%) +17 (+21%) 

Apprentice 27 (42%) 32 (50%) + 5 (+8%) 

Interdependent 47 (73%) 51 (79%) + 4 (+6%) 

OJT 55 (86%) 58 (92%) + 3 (+6%) 

Short formal courses 35 (55%) 36 (56%) + 1 (+1%) 

Trial & error 26 (40%) 23 (36%) -  3 (-4%) 

Self taught 43 (67%) 34 (53%) -  9 (-14%) 

 

Table 5.9 identifies four areas where there is a significant difference between 

the results of “what is” and “what should be”. These areas of learning are regular 

formal training, company specific training, refresher/update training, and self taught. 

The largest difference is in the regular formal driver training method of learning with a 

+28 (+33%) response difference between how the drivers learnt to drive (44%) and 
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how they would teach someone to drive (77%), indicating a preference from the 

respondents for more formal driver training at regular intervals. This indicates that, 

although learning through work is very helpful, it remains insufficient on its own. The 

next largest difference was with company specific training with a difference of +18 

(+29%), where 57% of drivers had been taught using this method and 86% would 

rate this method as effective or very effective. The data thus indicate that the 

respondents would also prefer more company specific training. Refresher/update 

training scored a 17 (+21%) difference, where 47% of the respondents indicated that 

they had learnt to drive using this method whilst 68% responded that this would be 

an effective or very effective method to learning. Like the above two findings, the 

data suggest that regular refresher/ update training could lead to improved learning. 

The last area is 'self taught learning' which, unlike the previous three findings, has 

recorded a negative response with -9 (-14%). This finding indicates that although 

67% of the participants learnt to drive using this method, only 53% would rate it as an 

effective or very effective learning method. This finding also suggests that there 

should be less emphasis on “self taught” as a preferred learning approach, and a 

greater emphasis on formal learning through short and industry-specific courses. 

Overall, the findings presented in Table 5.8 indicate that the three greatest 

areas of comparative difference between how the drivers learnt to drive, and how 

they would teach someone new to drive, are in the learning categories of company 

training, regular formal training, and update training. These findings indicate that 

more formal types of learning, such as those above, are held to assist learning in the 

road transport sector. Indeed, training that enables close proximal social contact, in 

which learning contributions such as direct guidance may be particularly helpful, are 

indicated. These findings will be discussed next. 

 

5.3.2.4 Deductions: Comparison of “what is” to “what should be” 

Overall, the most highly valued approach to learning was learning through practical 

everyday work experience, which suggests that everyday workplace activities where 

workers engage in an active and constructive process of learning through 

participation is essential for developing not only procedural knowledge, but also the 

conceptual knowledge required for expert performance (Billett, 2001; Stevenson & 

McKavanagh, 1994). Certainly, the issues of this research are helping to understand 

how drivers develop the knowledge, skills, and ability to drive new trucks that 

incorporate changes in technology. The issue here is not only the acquisition and 

development of new knowledge, but also the transfer of knowledge to new situations. 

The transfer of knowledge may be applied in situations where there is a very 
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experienced group of drivers who are required to transfer that knowledge to new 

situations, or in this case to mastering new technology. 

A key finding is that the most common form of learning is the interdependent 

on-the-job type of learning, with the formal learning approaches such as company 

specific training for truck type and formal driver training at regular intervals also rating 

highly among the drivers. From these findings it may be concluded that the most 

effective process of learning or learning support, in this application, is a combination 

of both everyday workplace activities and formal ongoing training. These findings are 

consistent with the proposed Dynamic Integrated Learning Model where knowledge 

and skill development is realised through a combination of factors. These factors 

include both individual and social contributions, independent and interdependent 

learning, through both direct and indirect guidance (Billett, 2001), and through which 

the interdependencies of personal and social contributions can best be accessed and 

enabled. So, the everyday learning of the drivers through workplace activities is not 

sufficient: It needs to be augmented with other modes of learning and through using 

particular learning strategies. 

 

5.3.3 Section 3 – Learning approaches and preferences 

The use of learning strategies within the workplace is dependent on many factors 

such as personal preferences, work situation, task requirements, access to experts, 

and availability of social contact. In this section, a series of 19 learning strategies 

were presented to the participants (see Table 5.10) who were asked whether they 

agreed or disagreed with the question “Do you think the following learning methods 

would be effective in developing and maintaining your workplace skills as a truck 

driver?”. This section expands upon the learning methods (outlined earlier in Section 

2) and assists in building a more comprehensive picture of the learning methods 

available to the drivers. Additionally, it helps to verify and cross check those 

responses. 

The responses to the question are presented in Table 5.10. Different learning 

approaches (19) were presented and the participants were asked to rate their 

agreement using a 5-point Likert scale, from “strongly agree” to “strongly disagree”. 

The 19 strategies incorporate guided learning, feedback, formal structured learning, 

and independent learning methods. Guided learning strategies can include coaching, 

mentoring, questioning, analogies, peer assisted, and diagrams (Billett, 2001). 

Feedback strategies may either be considered as guided learning, or independent 

learning, according to the learning situation (Hattie & Timperley, 2007; Vollmeyer & 

Rheinberg, 2005). Formal learning strategies include hands-on technology training 
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programs, classroom technology training programs, computerised driver simulator, 

regular truck and industry updates, regular internal testing, and annual independent 

formal driver evaluations. Independent learning strategies include self taught, trial 

and error, and everyday workplace activities. 

 

Table 5.10 

Learning Strategies and Preferences for Interview Groups (n=64) 

Learning strategy SA A U D SD 

Coaching 14 (22%) 28 (44%) 20 (31%) 2 (3%) 0 (0%) 

Mentoring  15 (23%) 28 (44%) 19 (30%) 2 (3%) 0 (0%) 

Feedback  11 (17%) 39 (61%) 13 (20%) 1 (2%) 0 (0%) 

Social Interaction  11 (17%) 47 (74%) 6 (9%) 0 (0%) 0 (0%) 

Questions  18 (28%) 42 (66%) 4 (6%) 0 (0%) 0 (0%) 

Analogies  6 (9%) 32 (50%) 20 (31%) 6 (9%) 0 (0%) 

Diagrams 6 (9%) 23 (36%) 27 (42%) 7 (11%) 1 (2%) 

Self taught 4 (6%) 21 (33%) 24 (38%) 13 (20%) 2 (3%) 

Observing and listening 22 (34%) 35 (55%) 7 (11%) 0 (0%) 0 (0%) 

Everyday workplace activities 18 (28%) 37 (58%) 8 (12%) 1 (2%) 0 (0%) 

OJT 22 (34%) 38 (59%) 2 (3%) 2 (3%) 0 (0%) 

Trial and error 6 (9%) 18 (28%) 16 (25%) 12 (19%) 12 (19%) 

Peer assisted: help from other 
workers 

17 (27%) 33 (52%) 11 (17%) 3 (5%) 0 (0%) 

Technology training programs 
specific to truck type 

14 (22%) 39 (61%) 11 (17%) 0 (0%) 0 (0%) 

Classroom technology training 
programs specific to truck type 

6 (9%) 26 (41%) 22 (34%) 8 (13%) 2 (3%) 

Driving simulator (computerised) 11 (17%) 22 (34%) 22 (34%) 7 (11%) 2 (3%) 

Regular truck and industry 
updates  

13 (20%) 42 (66%) 6 (9%) 2 (3%) 1 (2%) 

Regular internal testing 6 (9%) 28 (44%) 21 (33%) 8 (13%) 1 (2%) 

Yearly independent formal driver 
evaluations  

13 (20%) 30 (47%) 14 (22%) 5 (8%) 2 (3%) 

SA = Strongly agree, A = Agree, U = Neither agree nor disagree, D = Disagree, SD = Strongly 
disagree 

 

These different kinds of learning support were selected to provide a broad 

cross section of different learning methods and strategies that have previously been 

used in other workplace situations (Billett, 2001; Hattie & Timperley, 2007; Lewis, 

2008; Vollmeyer & Rheinberg, 2005). These strategies represent the two broad 

categories of learning—social and individual—and their activities and 

interdependencies. 

 

5.3.3.1 Learning strategies and preferences findings 

Table 5.11 presents ranking of the learning strategies and preferences from Table 

5.10. These findings indicate that both the guided learning strategy of questioning 
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and OJT resulted in 60 (94%) agree responses each. These were the highest score 

responses from the participants. This was closely followed by the following learning 

approaches: social interaction 58 (91%), observing and listening 57 (89%), everyday 

workplace activities 55 (86%), regular truck industry updates 55 (86%), hands-on 

technology training 53 (83%), feedback 50 (78%), and peer assisted 50 (78%). 

 
Table 5.11 

Ranking of Learning Strategies for Interview Groups (n=64) 

Ranking  -  Agree Ranking  -  Disagree 

      60 (94%)  OJT 24 (38%)  Trial & error 

      60 (94%)  Questions 15 (23%)  Self taught 

      58 (91%)  Social interaction 10 (16%)  Classroom training 

      57 (89%)  Observing & listening   9 (14%)  Driving simulator 

      55 (86%)  Everyday workplace activities   9 (14%)  Regular internal testing 

      55 (86%)  Regular truck industry updates   8 (13%)  Diagrams 

      53 (83%)  Hands on technology training   7 (11%)  Independent driver evaluations 

      50 (78%)  Feedback    6  (9%)  Analogies 

      50 (78%)  Peer assisted    3  (5%)  Peer assisted 

      43 (67%)  Mentoring      3 ( 5%)  Regular industry updates 

      43 (67%)  Formal driver evaluations    2  (3%)  Mentoring 

      42 (61%)  Coaching    2  (3%)  Coaching 

      38 (59%)  Analogies    2  (3%)  OJT  

      34 (53%)  Regular internal testing    1  (2%)  Feedback  

      33 (52%)  Driving simulator    1  (2%)  Everyday workplace activities 

      32 (50%)  Classroom training    0  (0%)  Social interaction 

      29 (45%)  Diagrams    0  (0%)  Questions 

      25 (39%)  Self Taught    0  (0%)  Hands-on technology training 

      24 (38%)  Trial & error    0  (0%)  Observing & listening 

 

Table 5.11 also presents the learning strategies rated least effective: trial and 

error 24 (38%), and self taught 15 (23%). These independent forms of learning reflect 

the difficulties of learning in isolation, without social interaction or guidance. 

Alternately, the high response rate of learning strategies that involve interdependent 

learning, social interaction, and workplace activities reflect the importance of socially 

derived guidance, both direct and indirect, in the development of skills and 

knowledge. 

 

5.3.3.2 Approaches to learning: Summary and deductions 

Overall, the most frequent response used in developing and maintaining truck 

drivers’ workplace skills involved interdependent learning approaches that are 

mediated through workplace activities and enhanced through guidance and social 

interaction with other workers. These approaches include OJT, social interaction, 
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questioning, and observing and listening. The frequency of different guided learning 

strategies, such as questions, observing and listening, and OJT, reflects the 

multidimensional approach to learning with an emphasis on the social contributions 

to knowledge development. The high importance participants placed on social 

interaction in the learning process is noteworthy, with four of the top five responses 

(i.e. questioning, social interaction, observing and listening, and everyday workplace 

activities) involving social interaction to some degree. The high participant response 

rate signifies that although the drivers spend most of the working day in social 

isolation without social contact, there are times when direct social contact is 

important for learning development. Additionally, the learning strategies involving 

social interaction or workplace activities represented significant scores above 75% 

(see Table 5.11).  

 Importantly, these frequent positive response rates indicate that developing 

and maintaining workplace knowledge involves an approach comprising 

combinations of different types of learning, especially those that involve activities 

where social interaction is involved, and through activities that allow for individuals to 

practise tasks and skills where they can monitor and gradually improve their 

performance. It is through such processes that “concepts associated with the activity 

are progressively transformed into single smooth procedures” (Billett, 2001, p. 23), 

referred to as compilation (Anderson, 1982). Additionally, the application of existing 

knowledge to new or novel situations requires transfer (Royer, 1979). Difficulties 

arise where new technologies, such as computerised DIS, make transfer (i.e. far 

transfer) difficult, even for experts, because the technology is too different from 

previous situations encountered. The requirement for guidance and social interaction 

is, therefore, a critical factor in the development of skills and knowledge, especially 

where new technologies have been introduced that radically depart from the previous 

types of knowledge required. 

Overall, the quality of the drivers’ learning is dependent on several factors 

such as: 

 the kinds of activity the individual can engage in, especially authentic 

activities that expose the learner to both routine and non-routine tasks; 

 access to situational factors such as support and guidance; and 

 how “individuals engage, interact, and interpretatively construct knowledge 

from these situations” (Billett, 2001, p. 21). 

 

A key finding here is the importance of both social interaction and workplace 

activities in developing workplace knowledge skills and knowledge, and especially in 
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the development of transfer enabling learning amongst experienced workers. 

Moreover, the relational interdependence between personal and social contributions 

is helpful in understanding the drivers' learning and development because 

engagement in this interdependence is selective and functional, and premised on 

available situational circumstances. For example, social contributions to learning may 

be difficult, especially in situations were there is a lack of direct social contact, such 

as with truck drivers, and this will be discussed next. 

 

5.3.4 Section 4 – Isolated learning and technology 

The fourth part of the survey—isolated learning and technology—asked the 

participants; “what tools do you use to solve problems or get information when you 

are working by yourself?”. The participants were then asked to rate the usefulness of 

the technology using a 5-point Likert scale. The following types of technology were 

nominated in the survey: mobile phone, CB/UHF, GPS, laptop computer, 

CD/DVD/MP3, on-board computer systems, truck/operations manual, and 

workstation computer. This section of the survey was designed to gauge the 

participants’ reliance or non reliance on the available technology in (a) gaining 

access to, and using, the available information (often hidden in the technology) in the 

truck itself; and (b) maintaining social contact with others, even though they are 

working in isolation. Table 5.12 presents the findings from the survey (n=64) and 

indicates that mobile phone technology, CB / UHF, and on-board truck computers 

(Driver Information Systems) are the rated as the most useful. 

 

Table 5.12 

Usefulness of Technology in the Workplace (n=64) 

Technology VU U N NU SNU 

Mobile phone 46 (72%) 15 (23%) 3 (5%) 0 (0%) 0 (0%) 

CB / UHF 34 (53%) 18 (28%) 12 (19%) 0 (0%) 0 (0%) 

On-board computer systems 12 (19%) 35 (55%) 12 (18%) 5 (8%) 0 (0%) 

Truck / operations manuals 16 (25%) 28 (44%) 17 (26%) 3 (5%) 0 (0%) 

GPS 26 (41%) 14 (22%) 17 (27%) 7 (11%) 0 (0%) 

Workstation computer 8 (13%) 19 (30%) 26 (41%) 11 (17%) 0 (0%) 

Laptop computer 3 (5%) 15 (23%) 29 (45%) 14 (22%) 3 (5%) 

CD / DVD /MP3 5 (8%) 10 (16%) 36 (56%) 10 (15%) 3 (5%) 
VU = Very useful, U = Useful, N = neither useful nor not useful, NU = Not useful, SNU = 
Strongly not useful. 
 

The findings from Table 5.11 are summarised and ranked in order of 

frequency in Table 5.13. The findings for both columns are ranked in order of the 

number of responses (n=64) and also as a percentage. The findings indicate that the 
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most useful technologies available to the drivers are: (a) mobile phones, (b) CB/UHF, 

and (c) on-board computer systems. The least useful technologies include laptop 

computers, CD/DVD/MP3, and workstation computers. 

 
Table 5.13 

Ranking of Usefulness of Technologies (n=64) 

Very useful / useful Not useful / strongly not useful 

   61 (95%)  Mobile phone         17 (27%)  Laptop computer   

   52 (81%)   CB / UHF         13 (20%)  CD / DVD / MP3 

   47 (74%)   On-board computer systems        11 (17%)  Workstation computer 

   44 (69%)  Truck / operations manuals          7 (11%)  GPS 

   40 (63%)  GPS          5   (8%)  On-board computer systems 

   27 (43%)  Workstation computer          3   (5%)  Truck / operations manuals 

   18 (28%)   Laptop computer          0   (0%)  Mobile phone 

   13 (24%)  CD / DVD / MP3          0   (0%)  CB / UHF 

 

5.3.4.1 Isolated learning: Summary and deductions 

Because many truck drivers largely work in isolation without the benefit of direct 

expert guidance, the participants were asked “what tools do you use to solve 

problems or get information when you are working by yourself?”. The overall findings 

indicate that some forms of technology are very important for problem solving, 

especially communications such as mobile phone and CB/UHF technology. The high 

responses in favour of communications technologies indicate that nondirect social 

contact, even though it is not face-to-face, is still a very important tool for problem 

solving, coordination of activities, and general information access. Nondirect social 

contact through mobile phones and CB/UHF rated even higher that the information 

presented to the driver via the on-board computer information systems, truck 

manuals, and GPS. The drivers’ indication of the usefulness of mobile 

communications technology (see Table 5.12), therefore, may reflect a preference to 

interact with other more experienced workers for problem solving because of the 

accessibility of the technology, rather than by using individual problem-solving 

options. Overall, the importance of social contact, and the use of available 

technologies that allow such contact, is rated very highly in solving daily workplace 

problems, and, therefore, increasing drivers' learning. 

The key point here is that problem solving in isolated circumstances, such as 

the situations that confront truck drivers, often occurs through nondirect social 

contact via mobile communication technology. Rather than using the data directly 

from the on-board computer systems, the drivers’ primary problem-solving strategy is 

to speak to other more knowledgeable workers and supervisors. The use of 
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communication technologies confirms the importance of social interaction in the 

problem solving and learning process. Additionally, the information gathered through 

direct and indirect communication (i.e. mobile phone or CB/UHF) is often used in 

conjunction with individual learning strategies such as on-board computer systems 

and truck manuals. The use of these different approaches presents a strong 

argument for the interdependence of both social and individual learning strategies in 

problem solving and knowledge development, in which everyday workplace activities, 

both routine and non-routine, provide a rich source of learning opportunities. 

 

5.3.5 Section 5 – Feedback 

Feedback is conceptualised as “information provided by an agent (e.g., teacher, 

peer, book, parent, self, experience) regarding aspects of one’s performance or 

understanding” (Hattie & Timperley, 2007, p. 81). The main purpose of feedback, as 

claimed by Hattie and Timperley, is to “reduce discrepancies between current 

understandings and performance and a goal” (p. 86) and is “one of the most critical 

influences on student learning” (p. 102). Using variables included in a meta-analysis 

of specific feedback used in classrooms by Hattie (1999), a series of nine different 

type of feedback variables were proposed and adapted to the drivers’ workplace 

situation. The nine types of feedback include: (a) clear goals, (b) video feedback, (c) 

audio feedback, (d) computer feedback from on-board truck systems, (e) praise, (f) 

punishment, (g) rewards, (h) reports such as graphs and trends like fuel consumption 

figures, mileage etcetera, and (i) regular tests. 

In this section of the survey, the participants were asked “do you think that the 

following types of feedback would be helpful and effective for your workplace 

performance?”. The participants were asked to rate the effectiveness of nine types of 

feedback on a 5-point Likert scale. Table 5.14 presents the findings of the 

effectiveness of different feedback strategies. 
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Table 5.14 

Effectiveness of Types of Feedback (n=64) 

Type of feedback VE E U NE SNE 

Praise (positive feedback) 21 (33%) 34 (53%) 9 (14%) 0 (0%) 0 (0%) 

Rewards for a good job 21 (33%) 32 (50%) 9 (14%) 2 (3%) 0 (0%) 

Clear goals set (daily, weekly, etc.) 22 (34%) 24 (38%) 16 (25%) 2 (3%) 0 (0%) 
Computer feedback from on-board 
truck systems 

12 (19%) 31 (48%) 16 (25%) 5 (8%) 0 (0%) 

Reports (graphs / trends) 11 (17%) 30 (47%) 21 (33%) 1 (2%) 1 (2%) 

Regular tests (practical / written)  2  (3%) 23 (40%) 27 (42%) 9 (14%) 3 (5%) 

Video feedback  2  (3%) 19 (30%) 29 (45%) 13 (20%) 1 (2%) 

Audio feedback  3  (5%) 17 (27%) 35 (54%) 9 (14%) 0 (0%) 

Punishment (negative feedback)  1  (2%) 14 (22%) 24 (37%) 15 (23%) 10 (16%) 
VE = Strongly effective, E = Effective, U = Neither effective nor ineffective, NE = Not effective, 
and SNE = Strongly not effective 
 

Table 5.15 presents the rankings of effective and not effective feedback types 

available to the drivers. The left hand column represents the combined effective / 

very effective responses. The right hand column represents the not effective / 

strongly not effective feedback responses from the total of 64 participants. The 

findings for both columns are ranked in order of the number of responses (n=64) and 

also as a percentage in parenthesis. 

 

Table 5.15 

Ranking of Effectiveness of Types of Feedback (n=64) 

Very effective / effective Not effective/strongly not effective 

55 (86%) Praise (positive feedback) 25 (39%) Punishment (negative feedback) 

53 (83%) Rewards for a good job 14 (22%) Video feedback 

46 (72%) Clear goals set (Daily, weekly, etc) 12 (19%) Regular tests (practical / written) 

43 (67%) Computer feedback from truck systems   9 (14%) Audio feedback 

41 (64%) Reports (graphs / trends )   5   (8%) On-board computer systems 

25 (43%) Regular tests (practical / written)   2   (4%) Reports (graphs / trends ) 

21 (33%) Video feedback   2   (3%) Rewards for a good job 

20 (32%) Audio feedback   2   (3%) Clear goals set (Daily, weekly, etc) 

 15 (24%) Punishment (negative feedback)   0   (0%) Praise (positive feedback) 

 

The findings in Table 5.15 indicate that the most frequent responses to the 

effectiveness of feedback available to the drivers are praise (55 (86%) positive 

responses), rewards (53 (86%) positive responses), and clear goals (46 (72%) 

positive responses). The findings reinforce that “effective feedback at the task, 

process, and self-regulatory levels is interrelated” (Hattie & Timperley, 2007, p. 102), 

especially positive feedback that attends to self-regulation through goal setting. 

However, Hattie and Timperley also argue that feedback at the self or personal level, 
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in the form of praise, is rarely effective because “praise is rarely directed at 

addressing the three feedback questions and so is ineffective in enhancing learning” 

(p. 102). The findings contradict this view with 86% of drivers indicating that 

feedback, in the form of praise, would be helpful and effective for workplace learning 

and performance. The most frequent responses for not effective/strongly not effective 

feedback include punishment, video feedback, and regular tests. These findings 

suggest that drivers report that feedback is most effective in social contexts where 

recognition and reward are encouraged, rather than negative reinforcement (e.g.  

punishment), passive learning (e.g. watching videos), or individual assessments (e.g. 

regular tests). When social aspects of feedback are also integrated with individual 

aspects, such as clear goals, computer feedback from on-board truck systems, and 

trend reports, they also ranked high positive responses from the participants. 

 

5.3.5.1 Feedback: Summary and deductions 

In sum, the findings indicate that feedback is a critical influence in these drivers' 

workplace learning, particularly when it integrates social and individual contributions 

at task, process, and self-regulatory levels. Hattie and Timperley (2007) claim that 

effective feedback must answer three major questions: (a) where am I going? (i.e. 

what are the goals?), (b) how am I going? (i.e. what progress is being made toward 

the goal?), and (c) where to next? (i.e. what activities need to be undertaken to make 

better progress?). The most frequent responses to the effectiveness of feedback 

correspond to these respective questions. 

The findings suggest that, from the drivers’ responses, feedback in which they 

are motivated and able to “comprehend, engage, or develop effective strategies to 

process the information intended to be learned” (Hattie & Timperley, 2007, p. 104) is 

an important factor in learning in the workplace. Additionally, the process of learning 

through feedback is ongoing, and constantly being monitored at different levels to 

reduce the discrepancy between the current and desired understanding.  

Overall, these drivers report benefiting from the integration of social aspects 

of feedback (i.e. praise and rewards) with individual aspects (i.e. clear goals, 

computer feedback from on-board truck systems, and trend reports). These findings 

further support the case for the integration of both social and individual contributions 

to learning. 

 

5.3.6 Section 6 – Social interaction and contact 

Social interaction and contact is emerging as a major contributor to learning and 

workplace performance of these drivers. This may especially be the case where, as 
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Darrah (1997) describes, individuals participate in interpersonal networks that are 

concerned with generating, retaining, and transmitting crucial work-related 

knowledge. In this section, the response to the survey question “how important is the 

direct social contact with others in the performance of your daily duties at the 

following times?” is reported and discussed. Ten categories were selected based on 

previous observations of when truck drivers are most likely to make social contact 

(Lewis, 2008). The categories selected were: (a) “before or start of shift”, (b) “finish of 

shift”, (c) “meal breaks”, (d)  “at truck stops during the day”, (e) “between job tasks”, 

(f) “during job tasks”, (g) “after work hours”, (h) “social functions”, (i) “regular 

scheduled meetings”, and (j) “irregular meetings as required”. The emphasis here is 

on the amount of direct social interaction, as opposed to nondirect contact such as 

over the phone. The participants (n=64) were asked to rate the importance of each of 

these categories on a 5-point Likert scale. Table 5.16 presents the responses from 

the participants’ (n=64) perspective, indicating the importance of social interaction for 

learning in the workplace. 

 
Table 5.16 

Importance of Social Interaction for Learning in the Workplace (n-64) 

Type of social interaction VI I U NI SNI 

Before or start of shift 18 (28%) 37 (58%) 9 (14%) 0 (0%) 0 (0%) 

Regular scheduled meetings  4  (6%) 41 (64%) 18 (28%) 1 (2%) 0 (0%) 

During job tasks (radio/phone) 10 (16%) 32 (50%) 19 (29%) 3 (5%) 0 (0%) 

Finish of shift 12 (19%) 30(47%) 21 (32%) 1 (2%) 0 (0%) 

Meal breaks / smoko 11 (17%) 26 (41%) 25 (39%) 2 (3%) 0 (0%) 

Between job tasks  5  (8%) 31 (48%) 23 (36%) 5 (8%) 0 (0%) 

Irregular meetings (as required)  3  (5%) 30 (47%) 24 (37%) 6 (9%) 1 (2%) 

At truck stops during the day 10 (16%) 20 (31%) 28 (44%) 6 (9%) 0 (0%) 

Social functions  6  (9%) 22 (35%) 29 (45%) 7 (11%) 0 (0%) 

After work hours  4  (7%) 17 (27%) 29 (44%) 13 (20%) 1 (2%) 
VI = Very important, I = Important, U = Neither important nor unimportant, NI = Not important, 
and SNI= Strongly not important 
 

The convenience and opportunities to engage with other drivers during work 

feature strongly here. The responses to types of social interaction and contact 

available to the drivers are ranked in Table 5.17. 
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Table 5.17 

Ranking of Importance of Social Interaction for Learning in the Workplace (n=64) 

Very important / important Not important / strongly not important 

  55 (86%)  Before or start of shift       14 (22%)  After work hours 

  45 (70%)  Regular scheduled meetings         7 (11%)  Social functions 

  42 (66%)  During job tasks (radio/phone)         7 (11%)  Irregular meetings (as required) 

  42 (66%)  Finish of shift         6   (9%)  At truck stops during the day 

  37 (58%)  Meal breaks / smoko         5   (8%)  Between job tasks 

  36 (56%)  Between job tasks         3   (5%)  During job tasks (radio/phone) 

  33 (52%)  Irregular meetings (as required)         2   (3%)  Meal breaks / smoko 

  30 (47%)  At truck stops during the day         1   (2%)  Regular scheduled meetings 

  28 (44%)  Social functions         1   (2%)  Finish of shift 

  21 (34%)  After work hours          0  (0%)  Before or start of shift 

 

The positive responses to the importance of social contact reflect the social 

nature of work and the direct interactions with other workers (i.e. face-to-face). The 

findings presented in Table 5.17 also indicate the integration of both direct social 

contact (i.e. “before or start of shift” and “regular scheduled meetings” through face-

to-face contact) and nondirect social contact (i.e. “during job tasks” via mobile phone 

or CB/UHF radio) in the development of workplace knowledge, and especially in 

problem solving and co-ordination of daily workplace activities. For these drivers the 

isolated nature of driving trucks has, therefore, resulted in a reliance on mobile 

telecommunications for social interaction, with 42 drivers (66%) indicating that this is 

an important aspect of their daily social interactions. This social contact in daily 

workplace activities is a key basis for how these truck drivers develop and maintain 

their working knowledge. The findings above provide an insight into how the drivers’ 

interact and maintain social contact in isolated circumstances, and the deductions 

from these findings will be discussed next. 

 

5.3.6.1 Social interaction: Summary and deductions 

The occasions for social interaction mentioned most frequently are before/start of 

shift, regular meetings, during job tasks, and finish of shift. A key finding is the 

number of responses (42 (66%)) for “during job tasks” category which rates highly 

compared to most of the other categories. Whilst social interaction would normally be 

expected to rate highly at the beginning or start of shifts, as shown by the data, the 

high response to the “during job tasks” category reflects the need for the drivers to 

maintain close contact with other workers using telecommunications such as mobile 

phones and CB/UHF radios. This also confirms the findings from the previous section 

on isolated learning and technology (see Table 5.11), indicating that mobile phones 

and CB/UHF radios are very useful in helping to solve problems, co-ordinate 
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activities, and maintain contact with other workers. The importance of 

communications is not only for maintaining social contact but also as an important 

tool used for ongoing skill development, problem solving, and workplace co-

ordination. Moreover, the reliance of 'nondirect' social contact via mobile 

communications is emerging as an important factor in the performance of workplace 

duties. Nondirect social contact may be defined as simultaneous and immediate (real 

time) contact between individuals or groups without being in each others immediate 

presence. For example, via mobile phones, twitter, and web cams. Therefore, the 

integration of both direct and nondirect social contact for workers engaged in socially-

isolated work situations, such as truck drivers, may be critical in workplace learning 

and skill development. The introduction of mobile communications and digital mobile 

phone technology permits nondirect social interaction and contact to be maintained 

by the drivers, and also provides a high degree of privacy. The issue of privacy is 

important in learning because it allows the learner to minimise the risk of public 

failure and scrutiny from peers within the workplace community, thereby “minimising 

risk to self” (Hattie & Timperley, 2007, p. 103). 

 

5.3.7 Section 7 – Development of expertise and overview 

The final survey section consisted of nine questions about the impact of technology 

on learning, the importance of social interaction in learning, and working and learning 

in isolation. The question asked “do you agree / disagree with the following 

statements: (a) technology has made the truck easier to drive, (b) technology has 

made the truck more fuel efficient, (c) technology has made the truck safer to drive, 

(d) social interaction with other drivers is important in developing driver skills, (e) 

formal learning courses would be helpful in developing my driving ability, (f) casual or 

informal learning would be helpful in developing my driving ability, (g) I receive 

feedback regularly to see how I am going, (h) feedback would be helpful in 

developing my performance, and (i) I like working in isolation.” The drivers were 

asked to rate their responses using a 5-point Likert scale of agreement. Table 5.18 

presents the responses to the questions, indicating a strong positive response for 

social interaction and technology making the task of driving trucks easier, safer, and 

more fuel efficient. Additionally, feedback and formal learning courses were also 

perceived by the participants to be a positive factor in learning within road transport. 
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Table 5.18 

Overview of Learning Preferences in Road Transport (n=64) 

Statement SA A U D SD 

Social Interaction with other drivers is 
important in developing driving skills 

12 (19%) 45 (70%)  7 (11%) 0 (0%) 0 (0%) 

Technology has made the truck easier 
to drive 

23 (36%) 32 (50%)  7 (11%) 1 (2%) 1 (2%) 

Technology has made the truck safer 
to drive 

27 (42%) 26 (41%) 10 (16%) 1 (2%) 0 (0%) 

Technology has made the truck more 
fuel efficient 

24 (38%) 27 (42%) 11 (17%) 2 (3%) 0 (0%) 

Feedback would be helpful in 
developing my performance 

  8 (13%) 39 (61%) 16 (24%) 1 (2%) 0 (0%) 

Formal learning courses would be 
helpful in developing my driving ability 

12 (19%) 33 (52%) 16 (25%) 3 (5%) 0 (0%) 

Casual or informal learning would be 
helpful in developing my driving ability 

  7 (11%) 37 (58%) 19 (30%) 1 (2%) 0 (0%) 

I receive feedback regularly to see 
how I am going 

 5   (8%) 28 (44%) 22 (34%) 7 (11%) 2 (3%) 

I like working in isolation   5   (8%) 20 (31%) 22 (34%) 15 (23%) 2 (3%) 
SA = Strongly agree, A = Agree, U = Neither agree nor disagree, D = Disagree, and SD = 
Strongly disagree 
 

Table 5.19 summarises and ranks the findings presented in Table 5.18. 

Specifically, the findings indicate that social interaction with other drivers rated the 

highest (n=64) in developing driving skills with 57 (89%) positive responses (agree or 

strongly agree) from the participants. Additionally, other findings indicate that 55 

participants (86%) reported that technology had made the truck easier to drive, 53 

(83%) reported it made it safer to drive, 51 (80%) reported it made driving more fuel 

efficient, 47 (74%) reported that feedback would be helpful in developing workplace 

performance, 45 (71%) said formal learning courses would be helpful in developing 

driving ability, 44 (69%) said casual or informal learning would be helpful in 

developing driving ability. Only 33 (52%) of the 64 drivers received regular feedback 

on performance, and only 25 (39%) liked working in social isolation. 

 

Table 5.19 

Ranking of Learning Preferences in Road Transport (n=64) 

Strongly agree / agree Strongly disagree / disagree 

57 (89%) Social interaction 17 (26%) Like isolation 

55 (86%) Technology = easier   9 (14%) Receive feedback 

53 (83%) Technology = safer   3   (5%) Formal learning courses 

51 (80%) Technology = more fuel efficient   2   (3%) Technology = easier 

47 (74%) Feedback   2   (3%) Technology = fuel efficient 

45 (71%) Formal learning courses   1   (2%) Technology = safer 

44 (69%) Casual training   1   (2%) Casual training 

33 (52%) Receive feedback   1   (2%) Feedback 

25 (39%) Like isolation   0   (0%) Social interaction 
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The findings from Table 5.19 highlight four key points. Firstly, they highlight 

the importance of social interaction, both direct and nondirect, in workplace learning 

and problem solving, especially since the introduction of secure mobile phone 

communications. Secondly, technology has made the physical task of driving trucks 

easier, safer, and more fuel efficient, yet at the same time the cognitive demands 

have increased due to the complexities of computerised systems that require 

different ways of thinking. Thirdly, although 74 percent of drivers indicate that 

feedback on workplace performance is important, only 52 percent of participants 

indicated that they received feedback. This indicates that feedback is not used as 

effectively as it could be. Additionally, data on performance, while accessible within 

the trucks’ computers, may be hard to access and, therefore, remain hidden and 

unused without expert guidance. Finally, only 39 percent of participants actually liked 

working in isolation. This suggests that, even in occupations where working in 

isolation is necessary, such as truck driving, direct social interaction and contact is an 

important aspect of daily work activities. Where direct contact is not possible, 

different types of indirect contact (i.e. via mobile phone) may take precedence. 

 

5.3.7.1 Expertise and overview: Summary and deductions 

The findings indicate that learning in isolated and dynamic environments, such as 

truck driving, may require a greater focus on learning programs that make conceptual 

knowledge—that is hidden in the technology incorporated in modern trucks—more 

transparent and able to be understood by older drivers who are often unfamiliar with 

this technology (such as computers and DIS). The isolated workers here report often 

relying on the learning methods of “self taught” and “trial and error” that may result in 

not only extended periods of learning, but also inappropriate or incomplete learning 

because of the lack of direct expert guidance or direct social contact. This finding 

corresponds with the data in Table 5.19, indicating that social interaction with other 

drivers is important in developing driving skills. Additionally, although the drivers work 

in isolation most of the day, only 39 percent indicated that they actually liked to work 

in isolation. This finding confirms that learning and working is socially negotiated and 

forms an essential aspect of workplace performance. 

Although the majority of these drivers responded that technology had made 

the trucks easier, safer, and more efficient to drive, 73 percent responded that 

feedback would be helpful in developing workplace performance. However, only 52 

percent indicated that they received any feedback at all. This finding is significant 

because feedback can be seen as a powerful learning tool (Hattie & Timperley, 2007; 

Vollmeyer & Rheinberg, 2005). However, most of those drivers who liked working 
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alone still indicate the importance of social interactions to assist their work 

performance and learning. 

 

5.4 Findings overview and summary 

The focus of this investigation centres on how those who work in circumstances that 

might be described as being relatively socially isolated come to further develop their 

working knowledge. The development of this work knowledge and skills extends to a 

consideration of both the cognitive and sociocultural contributions to learning. This is 

especially important in circumstances of low direct social guidance where 

development of deeper conceptual knowledge may be hidden from learners because 

of individual, social, or organisational factors (e.g., technological advancements, 

workplace accessibility issues, or working with others) or as a result of working and 

learning in socially isolated situations without the benefit of direct guidance from 

others. 

Each of the seven sections of the survey is now summarised with key points 

and findings identified. 

 

5.4.1 Personal and work details 

As learning is an essential facet of human development, it was important to learn 

something about the drivers whose data have been analysed and discussed here. 

The average age of the drivers in the survey was 46.5 years, which is 2.5 years 

younger than the national average of 49 years (Driving Australia’s Future, 2003). This 

indicates a relatively old workforce in the road transport industry with very few 18 - 24 

year olds entering the industry. The relatively high average driving experience of 22 

years reflects the older average age of the drivers. Additionally, the low percentage 

of female drivers (2%) indicates that the industry is still male dominated. In this aging, 

male-dominated survey population, there are relatively low educational levels. This 

may account for why these drivers are not using the on-board computer systems on 

the truck and may signify the need for training these older drivers so that they can 

use these available systems during the course of their work. Without expert guidance 

of these systems, this knowledge would not be accessed and would remain hidden 

within the trucks’ computer systems. Under the pressures of everyday workplace 

activities, drivers may not have the opportunity or time to access the computer 

systems in order to “learn by doing”. 

 

 

 



Dynamic Integrated Learning: Managing knowledge development in road transport 
 
 

- 135 - 

5.4.2 Training experience and education 

Overall, the findings indicate that the most commonly reported form of learning was 

the unstructured and informal on-the-job type of learning through practical everyday 

experience. This form of learning support was closely followed by the structured and 

formal learning approaches of company specific training for truck type and formal 

driver training at regular intervals. The fourth most popular type of learning was 

informal driver training from workmates or supervisors. From these findings, it is 

concluded that the most effective type of learning experience is a combination of both 

unstructured everyday workplace activities and formal ongoing training. These 

findings are consistent with the proposed DILM where knowledge and skill 

development is acquired through a combination of individual and social contributions, 

formal and informal learning methods, and direct and indirect guidance (Billett, 2001). 

 

5.4.3 Learning methods and preferences 

Overall, the most effective learning methods used in developing and maintaining 

truck drivers’ workplace skills comprise a combination of OJT, social interaction, 

questioning, and observing and listening. This reflects the multidimensional approach 

to learning with an emphasis on the social contributions to knowledge development 

that is evident in the high importance the participants placed on social interaction in 

the learning process. Indeed, four of the most frequent methods nominated (i.e. 

questioning, social interaction, observing and listening, and everyday workplace 

activities) involved social interaction to some degree. This finding signifies that 

although the drivers spend most of the working day in social isolation without social 

contact, there are times when direct social contact is important for learning 

development. Additionally, all of the learning strategies (structured, unstructured, 

feedback, and guided learning) were represented with significant scores above 75 

percent. This finding indicates that developing and maintaining workplace knowledge 

involves a multidimensional approach using combinations of different types of 

learning experience and support. 

 

5.4.4 Isolated learning and technology 

The overall findings indicate that technology is very important for these drivers' 

problem solving as they conduct their work, especially communications such as 

mobile phone and CB/UHF technology. This reliance on communications technology 

indicates that social contact, even though it is indirect, is still a very important tool for 

problem solving, coordination of activities, and general information access. This 

indirect social contact was rated even more highly than the information presented to 
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the driver via the on-board computer information systems, truck manuals, and GPS. 

Overall, the importance of social contact, and the use of available technologies that 

allow such contact, is rated highly in solving daily workplace problems. Although 

working alone, these drivers intentionally overcame the limitations thus imposed 

through the use of opportunities to engage with other drivers proximally in both face-

to-face and telephone communications. Yet, in doing so, they were quite selective in 

both the process and the means of engagement. Discussions were often held with 

more informed partners at meal breaks and shift changeovers, and through means 

which comprised conversations with peers. Moreover, the means by which they 

communicated, even when alone (i.e. via telephone) is indicative of their 

selectiveness in engaging with others. This dependence on social interaction, even 

though it may be selective, is evident in the interdependencies at play in both social 

and individual engagement in workplace activities. 

 

5.4.5 Feedback 

The findings propose that feedback is a critical influence in workplace learning. Hattie 

and Timperley (2007) argue that effective feedback must answer three major 

questions, in terms of goals (where am I going?), progress toward those goals (how 

am I going?), and activities needed to make better progress (where to next?). The 

greatest percentage responses to the effectiveness of feedback correspond to these 

respective questions: for example, the high response categories of “praise” (86%) 

and “rewards” (83%) correspond to the “how am I going?” item; “clear goals” (78%) 

correspond to the “where am I going?” item; and “computer feedback from on-board 

systems” (67%) corresponds to the “where to next?” category. 

The data imply that feedback, when directed at the right level, can assist 

learners to "comprehend, engage, or develop effective strategies to process the 

information intended to be learned" (Hattie & Timperley, 2007, p. 104). However, to 

be effective, feedback needs to be clear, purposeful, meaningful, and compatible with 

the learners' prior knowledge. Moreover, feedback needs to be combined with 

effective instruction methods and approaches to enable enhanced learning (Hattie & 

Timperley). Furthermore, this process is ongoing, and constantly being monitored at 

different levels in order to reduce the discrepancy between the current and desired 

understanding. 

 

5.4.6 Social interaction and contact 

Social interaction and contact is emerging as a major contributor to the development 

of understanding. The top-rated categories for social interaction were before / start of 
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shift, regular meetings, during job tasks and finish of shift. Perhaps the most 

interesting response was the “during job tasks” (66%) category which rated highly 

compared to most of the other categories. Whilst social interaction would normally be 

expected to rate highly at the beginning or start of shifts (i.e. as shown by the data), 

the high response to the “during job tasks” category reflects the ability of the drivers 

to maintain close contact with other workers, using telecommunications such as 

mobile phones and CB/UHF radios. This finding also confirms the data from earlier in 

the survey (see Table 5.4) indicating that mobile phones and CB/UHF radios are very 

useful in helping to solve problems, coordinate activities, and maintain contact with 

other workers. The emerging trend is the importance of communications not only in 

maintaining social contact but also as an important tool used in engagement of 

workplace learning and skill development. So, whilst direct social contact is not 

always possible, alternative forms of social engagement (i.e. via mobile 

communications) are highly valued and utilised. Moreover, this indirect social type of 

interaction is used in conjunction with individual contributions to learning, which 

highlights the dynamic interdependencies at play in the workplace. 

 

5.4.7 Development of expertise 

The findings indicate that for a new truck driver to become familiar and proficient with 

the technology incorporated in the truck, the development of work routines and 

general and specialised driving skills required for efficient and safe workplace 

performance may take considerable time. Moreover, the development of competence 

may only be achieved over months or years of hands-on experience and training. 

This finding reinforces the view that learning in isolated and dynamic environments, 

such as truck driving, may require a greater focus on learning programs that make 

hidden conceptual knowledge more transparent and accessible, especially for older 

drivers who are often unfamiliar with the new technology. Isolated workers often rely 

on the learning methods of self teaching and trial and error that may result in not only 

extended periods of learning, but also inappropriate or incomplete learning because 

of the lack of direct expert guidance or direct social contact. This finding confirms that 

learning and working is socially negotiated and forms an essential aspect of 

workplace performance (Lave & Wenger, 1991). Moreover, the interdependencies 

that exist between social and personal contributions to learning are realised by the 

above findings because of the importance attributed to both the process and means 

of social engagement. 
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5.5 Conclusion: Integrated social aspects of technology and learning 

This chapter reports on and discusses the seven sections of the survey findings. 

Together, the data presented in the chapter provide a comprehensive picture of 

working, learning, and knowledge development within a small representative sample 

of the road transport sector. 

The trends that are emerging from the survey findings suggest that, although 

learners may be working in socially isolated circumstances, there is a need for social 

interaction combined with individual learning methods. These interdependencies 

between individual and social contributions to learning and knowledge development 

represent a complex and dynamic interaction of learning approaches that reflect the 

continually changing nature of learning in the workplace and the need for flexible 

construction of meaningful knowledge driven by new technology in a changing 

workplace. How both individual (i.e. cognitive) and social (i.e. sociocultural) 

approaches to learning interact and integrate with each other in the development of 

hidden or conceptual knowledge is central to this study. 

The survey data identify that individuals' ways of knowing arise through their 

personal histories and provide powerful and enduring bases for understanding how 

they engage with new tasks and technologies. As is argued in the next chapter, how 

these drivers came to engage with electronically-mediated control systems is 

premised upon their personal histories, and in ways which were not wholly consistent 

across the cohort. It is these ways of knowing that have supported these workers’ 

competence and represent the foundation upon which they construe and construct 

what they experience. Wholehearted engagement seemingly arises through 

circumstances in which either there is a high level of consciousness between what 

the drivers knew or how the system operated, or because the benefits are apparent 

and easy to secure. Yet, more demanding kinds of engagement, learning, and 

change are not so easily forthcoming. 

Drawing on the survey findings, the next chapter will explore further the role 

of technology and the individual and social interdependencies that constitute 

workplace performance, through interviews with drivers. 
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CHAPTER 6 
 

TECHNOLOGY AND LEARNING IN SOCIAL ISOLATION: 

INTERVIEW FINDINGS 

 
“What is important about systems such as these is that they depart in significant 

ways from the traditional systems of knowledge that reflect accumulated production 
wisdom. They are content-free, formal, closed conceptual systems that have many of 

the characteristics of "school" subjects, such as mathematics or grammar.”  
(Berryman, 1993, p. 367) 

 
 

6.1 Technology, isolation, and learning approaches 

This chapter reports and discusses the analysis and interpretation of the interview 

phase of the investigation. Commencing with an overview of how the data are reported, 

analysed and interpreted, this chapter addresses, in turn, the elements of the seven 

main sections of the interviews: (a) experience and work details, (b) training 

experience and education, (c) learning methods and preferences, (d) isolated 

learning and technology, (e) feedback, (f) social interaction, and (g) preferred 

learning and teaching methods. In the concluding section, trends are identified 

detailing accounts of how the vocational practice of truck driving is performed in socially 

isolated circumstances and how it is influenced by different social sources and their 

likely consequences for the drivers' construction of knowledge (i.e. their learning). 

As mentioned earlier, the process of individual knowledge construction is central 

to the aim of this investigation. In particular, understanding how human learning of 

socially-derived, but potentially hard to access, knowledge proceeds in 

circumstances of relative isolation from the experts who are presumed (in many 

contemporary accounts of learning) to be the key source of that knowledge is its 

central concern. The above statement by Berryman (1993) is pertinent because new 

technology, such as that utilised in modern trucks, requires knowledge that is deeper 

and more abstract than was previously required in driving the pre-computerised 

trucks, and where observational learning "has to be replaced by learning acquired 

primarily through symbols, whether verbal or mathematical” (p. 359). 

As indicated before, the study also seeks to identify how conceptual 

knowledge and skills might best be learned by those who think, act, and learn in 

circumstances of relative social isolation. It does this through using the context of 

heavy road transport operators in view of the technological changes taking place in 

their industry and the isolated environment in which many of them work. 

Consequently, the focus of this investigation is, firstly, the development of conceptual 

knowledge in problem solving as a result of technology rendering information 
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abstract, symbolic, and remote from the learner and, therefore, more demanding to 

access and use. Secondly, because learners are confronted by technologies, 

concepts, and procedures outside their existing domains of expertise, much of the 

learning will be new learning, thereby increasing initial cognitive loads and demands 

on concentration and focus required to become competent with the new systems and 

procedures (Eraut, 2010). Furthermore, most of the knowledge and skills required 

are hidden because, within the confines of the truck cabin, activity is difficult for the 

learner to observe, with most learning occurring in isolation without the benefits of 

expert guidance and supervision. This knowledge is also hidden in a cognitive sense 

because it is presented to the driver in a highly abstract and symbolic format 

requiring a deep conceptual knowledge of computers and systems, to which many 

would never have been exposed. 

Central to the aims here is the case made for developing an integrated 

approach to knowledge development that combines aspects of individual and social 

contributions in ways that enhance individuals’ learning practices or personal 

epistemologies. This chapter presents the findings of the interview phase of the 

research investigation and begins with the data collection methodology and interview 

strategy. 

 

6.2 Data collection 

The data were gathered through semi-structured interviews with 16 participating truck 

drivers selected from those who completed the survey discussed in the previous 

chapter. Semi-structured interviews were selected, as proposed in Chapter 4, 

because they allow participants opportunities to express their views and values (i.e. 

their dispositions), and from a researcher's point of view, they afford a degree of 

flexibility or freedom in the types of questions asked, the sequencing of questions, 

the wording of questions, and the amount of time and attention given to different 

topics or areas of interest (Robson, 2002). Furthermore, semi–structured interviews 

can encourage the interchange of ideas between the interviewer and interviewee that 

can include pursuing lines of inquiry according to changing situations or comments 

made by the participant. The interviews were conducted individually with the drivers 

during the course of the normal working day as they drove their trucks, and with the 

researcher sitting in the passenger's seat next to them. The casual and 

conversational approach adopted for the interviews also assisted the researcher to 

gain a level of trust and acceptance of the participant and therefore to gain insights 

into the hidden world of the participants’ everyday workplace activities and routine. 

By following leads, ideas, and advances that arose throughout the course of 
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conversation and spontaneous use of questions, a composite picture of each of the 

truck drivers’ workplace, work routine, and learning approaches was uncovered. 

The interview schedule (see Appendix B) followed a similar format to the 

survey phase of the investigation (reported in Chapter 5). However, the semi-

structured nature of the interviews permitted the planned format to change depending 

on the circumstances and the participants’ answers. The overall design of the 

interview instrument was guided by an analysis of the survey responses and focused 

on open questions about the drivers' experience, training requirements, and learning 

methods; how they learn in isolation; the types of feedback they receive; and their 

learning through social interaction. 

An overview of the characteristics of the two companies (i.e. Waste Group 

and Beer Group) is presented and discussed next, including the strategies used for 

conducting the interviews. In addition, similarities and differences between the two 

companies are also discussed to establish common learning strategies and methods 

used across road transport. 

 

6.3 Company characteristics and interview strategy 

A cluster sample of 16 drivers, from the pool of drivers that were surveyed, was 

selected for interviews. Cluster and convenience sampling was adopted as the 

preferred method, as it involves dividing the sample population into a number of units 

or clusters which contain individuals with the desired characteristics required for the 

type of research and data collection to be conducted. These driver characteristics are 

essential for consistency because the selected interviewees were intended to be 

employees of the same company, performing the same tasks, and using the same 

types of trucks. The selection of participants, driving similar types of trucks and 

performing similar tasks, provides continuity and consistency in the data about the 

types of questions relating to the same types of tasks, trucks, and working 

environment. 

The desired characteristics for the target participants for the interviews were: 

(a) willingness to participate, (b) currently driving a heavy vehicle, (c) driving an auto 

changing gearbox type truck, and (d) working in the same area or unit of the 

company doing the same work tasks. Two separate companies were selected: the 

Waste Group consisting of 9 drivers from the regional city council, and the Beer 

Group consisting of 7 drivers from the brewery distribution company. By using two 

separate groups of participants, a comparative analysis would be possible to 

determine any variation in learning and working methods and approaches. 

Additionally, any consistencies between the two groups would also be apparent and, 
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therefore, be an indication of trends for working and learning that might have wider 

applications. 

 

6.3.1 Waste company details: An overview 

The Waste Group, from which 9 drivers were selected, consists of the transfer unit of 

the waste management division of the council. Transfer drivers use hook lift trucks 

(i.e. large hydraulic hooks—see Figures 6.1 & 6.2) to pick up and tip large volumes of 

general household waste (i.e. 30-cubic metre bins when full) from public transfer 

stations (i.e. public waste sites) and transport them to the larger land fill sites, such 

as disused quarries. The empty bins are then returned to the public transfer stations 

where the drivers must reverse the truck into the narrow drop off points where the 

bins are unloaded ready to be refilled. Figure 6.1 depicts a Volvo FM9 8x4 model 300 

horse power (hp) rigid truck with a 30-cubic metre bin at the council depot. 

 

    

Figure 6.1. Volvo FM9 8x4 model truck 

 

Figure 6.2 depicts the Volvo FM 9 6x4 380 hp prime mover with a 60 cubic 

metre bin trailer. 

 

 

Figure 6.2. Volvo FM9 6x4 prime mover hook lift truck 
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The work of the Waste Group drivers, whilst seemingly routine, requires a 

high degree of skill and co-ordination to achieve daily workplace goals safely and 

effectively, especially in non-routine situations such as poor weather conditions. 

Driving in wet conditions requires more concentration, longer stopping distances, and 

the engagement of defensive driving techniques such as safe cornering. The 

dumping site, usually a quarry, has unsealed roads that also require a different skill 

set in which caution is required to safely manoeuvre a fully laden 30-tonne truck on 

slippery surfaces. Therefore, the drivers' reliance on sensory inputs, such as sight, 

sound, and feel, remains a major factor in understanding what the truck is doing, 

rather than data presented to the driver via digital displays. 

 

6.3.2 Beer company details: An overview 

The second group, the Beer Group, comprises of seven drivers from a national 

distribution and logistics company. The work consists of loading trucks with palletised 

cartons of beer and kegs from a production line and transporting the load from an 

inner-city brewery to a larger storage and distribution facility. The routine nature of 

the task and the apparent ease of the work task are quite deceptive. Negotiating 

peak hour city traffic, narrow side streets, major road works, and tight corners are just 

a few of the difficulties encountered by the drivers. The brewery, located in the inner 

city, has a lack of storage space and the constant flow of palletised beer from the 

production line must be loaded into the truck trailers for transport to the larger 

storage and distribution facilities 12 kilometres away. This task requires constant 

precision timing and a constant rotating shift of drivers to accomplish it. In addition to 

the manual dexterity and skills required for loading of pallets of beer onto the trailers, 

there is a requirement for understanding the knowledge for performing the weight 

and balance calculations for proper and legal weight distribution. 

Figure 6.3 illustrates the Mercedes Benz Actross 2644 Fleetstar prime mover 

truck with a 45-foot curtain sider trailer (i.e. the trailer walls are made of thin vinyl 

sheeting) waiting for unloading at the warehouse storage facility. Of interest here is 

the precise positioning of the truck: Note the position of the front wheels in line with 

the yellow lines on the floor. This allows for the forklift drivers to know exactly where 

to position the forklift for unloading, which generally takes approximately four minutes 

to fully unload. This type of truck tows a 45-foot trailer with a walking floor (i.e. a type 

of conveyer belt inside the trailer to move palletised freight easily). 
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Figure 6.3. Mercedes Benz Actross 2644 Fleetstar prime mover truck and trailer 

 

Similar to the Waste Group, the Beer Group work tasks consist of both routine 

and non-routine activities that require a wider and changing set of capacities in which 

drivers draw upon broad experience bases in combination with the data presented to 

them from the truck’s computers. Although both companies have different transport 

roles and requirements, there are similarities and common procedures between the 

driving tasks performed by the two groups that reinforce the need for knowledge 

development in the drivers. These similarities will be discussed next. 

 

6.3.3 Similarities between the two companies 

As described, both groups of drivers (Waste Group and Beer Group) undertake 

similar work in driving modern computerised trucks with automated gearbox systems. 

The drivers' work tasks consist of much more than just driving trucks because they 

are also involved in correctly balancing freight for loading, supervision of loading and 

unloading, administration of documentation, occupational health and safety 

compliance, and other related tasks. From a work task perspective, both groups of 

drivers require a high degree of skill and situational awareness because, at times, 

they operate in very confined spaces such as loading yards, city traffic, and highway 

traffic conditions. In addition, a high degree of precision is required in reversing 

trucks into bays for loading and unloading and, in general, moving freight without 

jeopardising the load or other road users. They also require an understanding of the 

weight and balance calculations for proper and legal weight distribution, and an 

understanding of he complex on-board computer systems to assist with and achieve 

tasks. Much of this knowledge is hidden and not easily accessible without direct 

expert guidance, yet it is all essential for effective road transport driving. 
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6.3.4 Differences between the two companies 

The differences between the two groups are evident in two main areas: truck type 

and work task. Although both companies use similar types of trucks with auto 

gearboxes, they are of different brands, models, and horsepower configurations. The 

Waste Group operate the Volvo FM9 8x4 300 hp (see Figure 6.1), and the Volvo 

FM9 6x4 380 hp prime mover (see Figure 6.2). The Beer Group drives the one type 

of truck—the Mercedes Benz Actross 2644 Fleet Star 440 hp prime mover (see 

Figure 6.3). This is noteworthy because subtle differences exist between the different 

model trucks, including ways of accessing on-board computer systems, performance 

and handling, and general ease of driving. The point here is that drivers cannot swap 

to different types of trucks and perform as effectively because different systems are 

employed and different types of knowledge are required to access these systems. 

Moreover, these factors may influence the way the drivers interact with the 

technologies in the vehicles, in which much of the information presented to the driver 

via computerised dashboard displays requires higher levels of symbolic knowledge 

(Martin & Scribner, 1991; Zuboff, 1988). At the same time, the drivers are 

increasingly becoming more remote from the actual workings of the trucks because 

computers and automatic gearboxes have assumed some of the control for engine 

management and gear changing. 

The interdependency between the individual, technologies, and the work 

environment also influences “individuals’ participation within their work practice” 

(Billett, 2006b, p. 233). Moreover, activities mediate the types of learning that occur 

during daily work routines. The different work tasks require engagement in activities 

that require different skills and knowledge, and through which learning occurs and 

skills are honed. Additionally, the different and constantly changing work 

requirements necessitate various learning approaches and strategies that are 

dependant on the specific tasks undertaken and the circumstances in which the 

learning is occurring. For example, the learning strategies applied in developing the 

knowledge and skills whilst driving alone are different from the approaches taken 

whilst in the company of more experienced drivers. 

The second major difference is in the freight task. The Waste Group uses 30- 

and 60-cubic metre bins for waste collection and disposal. Because the load is 

waste, damage to the cargo is not an issue. However, occupational health and safety 

is of importance because some waste (such as asbestos, batteries, acids, and 

combustible materials) can be very hazardous. On the other hand, the Beer Group 

freight is extremely delicate (being palletised beer and stacked glass bottles) and the 

system of loading the freight requires extreme precision and the need to drive 
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smoothly and with extreme caution. Additionally, the beer cargo is bonded, or has not 

had the tax paid before leaving the brewery. Therefore, strict paperwork 

requirements are needed to be completed by the driver before leaving the brewery to 

account for the movements of the bonded freight. As a result, the trucks must not 

usually deviate from the 12 kilometre prescribed route to the bulk store. So, there are 

strict monitoring procedures for these high value bonded goods, and the drivers must 

closely follow the prescribed procedures for the transportation. Hence, the procedural 

implications for the Beer Group are shaped by the nature of the operation that 

requires a regular steady flow of trucks, correctly balanced and loaded, and driven 

with extreme smoothness to ensure the product arrives undamaged. 

 

6.4 Time frame and access procedures 

The access to the Waste Group drivers was by negotiation with the supervisors from 

the morning and afternoon shifts. The transfer section was selected because the 

drivers and their trucks would provide a good snapshot of working and learning within 

the road transport industry, especially given that the drivers worked in isolation and 

operated modern automatic trucks. 

Interviews were conducted with the drivers individually during the course of 

the working day as they performed their work task, including driving, loading freight, 

unloading, and other general work tasks. I sat in the passenger seat and asked the 

driver semi-structured interview questions during the course of one 8-hour shift. 

With the Beer Group the access and time procedures were the same. 

However, the interview times were shorter (approximately three hours) because of 

the short distances the drivers travelled (24 km round trip) and the need to always 

return to the brewery to pick up more freight. The total time taken to interview the 

Beer Group drivers was 12 days. Nevertheless, this intensive approach to data 

gathering permitted me to observe in detail how the drivers drove their vehicles and 

engaged with the technologies and how these technologies were used in daily work. 

 

6.5 Interview format and content 

The interview questions (see Appendix B) were designed to expand and elaborate 

upon the data and findings derived from the surveys and focused on drivers’ 

individual roles in everyday workplace activities. The questions had seven main 

focuses: (a) experience and work details, (b) training experience and education, (c) 

isolated learning and technology, (d) learning methods and preferences, (e) 

feedback, (f) social interaction, and (g) other. The interview questions were mainly an 

open format type with 32 questions in total. Two questions consisted of Likert 
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response scales. The first asked “How do you rate the training you have received for 

your job in terms of technology (1-5), safety (1-5), sufficiency (1-5), currency (1-5), 

and applicability (1-5)?”. The second question was more open in that it asked 

participants to “rate the particular courses that have been most useful to you in your 

everyday workplace (1-5)”. 

 

6.6 Participants 

The interviewees were selected from the pool of drivers who completed the survey, 

and ranged in age from 36 to 64 years. The participants consisted of two separate 

groups. The two groups had similar characteristics (ages and experience); however, 

as foreshadowed, the main difference was the type of task performed by each group 

and the different types of trucks used by each company.  

 
Table 6.1 

Combined Interview Groups: Age and Experience 

Company Age 
Total truck driving 
experience 

Auto box 
experience 

(A) Waste Group (WG)    

Simon 55 32 4 

Chris 64 44 3 

Neil 60 34 5 

Ian 50 30 3 

Garry 56 38 1 

Steve 53 28 1 

John 56 30 2 

Paul 58 20 1 

Andrew 48 10 2 

Average Total WG (n=9) 56 30 2 

Standard Deviation (SD) for WG 4.90 9.88 1.42 

(B) Beer Group (BG)    

Brian 61 41 2 

Eric 36 15 1 

Dan 44 25 2 

Rodger 50 15 4 

Kevin 58 34 3 

Patrick 61 35 1 

Rod 46 22 1 
 

Average Total BG (n=7) 
 51 27 2 

Standard Deviation (SD) for BG 
 

9.56 
 

10.21 
 

1.15 
 

 

Mean Group A+B (n=16) 
 

54 
 

29 
 

2 
 

 

Standard Deviation (SD) A+B 
 

7.42 
 

9.78 
 

1.30 
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 Table 6.1 presents the data of the 16 participants of the Waste Group and the 

Beer Group, including age, total driving experience, and total auto box experience. 

Pseudonym names were used for interviewees. A noteworthy finding presented by 

Table 6.1 is the relatively high average age and years of experience of the 

participants in both groups: The average age for the Waste Group participants is 56 

years and for the Beer Group participants, 51 years. The advanced ages of the 

participants are significant because older workers face particular challenges, 

especially where technology may displace existing competencies and capabilities, 

and when combined with situations where there may be a relative lack of support in 

developing and maintaining competence on new systems (Billett, 2006b). 

 

6.6.1 Personal and work details 

The interview questions in this section were designed to elicit data on the 

participants’ work roles in their daily workplace activities and experience, and how 

the workplace learning culture mediates drivers' learning. The purpose of this chapter 

was to build upon the baseline established from the survey data and to expand 

further upon the participants' experience and background. These data are then used 

to correlate the findings with the other interview answers to determine trends and 

patterns of behaviour. There are five questions in this section relating to the work 

requirements and workplace background: (a) “what is your role in the organisation?”, 

(b) what does your role entail?”, (c) “how many years experience do you have on this 

particular truck type?”, (d) “what does you work routine consist of?”, and (e) “how 

would you describe your workplace culture?”. The responses are discussed next. 

 

6.6.1.1 Participants’ role 

The question “what does your role entail?” elicited common responses from the 

participants such as “drive the trucks to the transfer stations and pick up the bins” or 

“load and move the freight to the warehouse – then unload and come back”. 

However, some drivers disclosed information such as:  

 

Simon “First thing in the morning we check the truck, oil, tyres, lights and make 
sure everything is running right then go to the allocated station and start 
working. Sometimes we try to help other drivers go to the next one. But 
today not required - other driver said it was ok so proceed to my station” 

 

Noteworthy here is the role of co-ordinating with the other drivers either in 

person, or via the CB or phone, in the organisation of the daily activities and the 

subsequent allocation of daily work tasks. The role of social interaction in the 
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performance of the daily workplace activities will be expanded upon in the following 

sections. However, of note here are the early indications of the importance of social 

interaction for the drivers, although for the majority of the working day they are 

socially isolated and without direct social contact. This finding indicates that 

technology, through modern communication technologies such as mobile phones, 

has provided a solution to isolation in the road transport workplace. Moreover, 

communicating with these mobile phones allows the drivers to discreetly contact 

others for assistance, especially with problem solving. These mobile phones are an 

advantage over previous types of communications, such as CB and UHF radios that 

broadcast over public frequencies, because they provides a degree of privacy that 

encourages the driver to ask questions and seek assistance without anyone else 

listening. 

The routine job task requirements resulted in all of the drivers giving similar 

answers, although some participants had responsibilities additional to driving, such 

as the leading hands. For example, in response to the question “what is your role?” 

the response of the leading hands included: 

 

Andrew “I’m the middle man that keeps the peace. Leading hand, staff rosters, 
replacements for holidays, courses to be done.”  

 

Neil “Leading hand – involves co-ordination of drivers and trucks, bin pick up, 
and maintenance co-ordination”  

 

Ian “Leading hand. I just sort of look after the overtime of the guys, look after 
sick leave, I do the rosters for guys that are coming in for unscheduled 
overtime. So you got to drive and ring around to get people as well as 
drive”  

 

In these three instances, the leading hands’ comments reflect a common 

theme—the critical role of co-ordinating, organising, and communicating with their 

respective work teams, whilst engaging in driving trucks. Overall, the interview 

responses and direct observations indicate that a high level of co-ordination was 

required throughout the day as situations arose in a highly dynamic and changing 

work environment. Moreover, these responses indicate the importance of social 

interaction in the daily work practice, especially when co-ordination is required. How 

this interaction impacts on the work routine is discussed next. 
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6.6.1.2 Work routine 

The next question was “what does you work routine consist of?” based on common 

daily routine, non-routine monthly events, and uncommon events that may happen 

only a few times a year. The activities within work practice have been described by 

Billett (2006b) in terms of: (a) routineness (i.e. a standard work arrangement or 

procedure), (b) discretion (i.e. range and scope of decision making processes),       

(c) intensity (i.e. work load that demands strategies for managing work tasks),         

(d) multiplicity (i.e. different range of activities), (e) complexity (i.e. different workplace 

variables requiring decision making skills), and (f) accessibility (i.e. access to 

workplace knowledge that may be opaque or hidden). Together, these six categories 

of activities within work practice constitute the daily work performed by the drivers. 

Therefore, this question was designed as a lead into the driver learning methods and 

practices as they undertake both routine and non-routine work tasks. Table 6.2 

presents the findings of the daily routine, monthly events, and infrequent events for 

the drivers of the Waste Group. 

 

Table 6.2 

Frequency of Workplace Events – Waste Group 

Name Daily routine Monthly events Infrequent events 

Simon Meeting, check truck, bin 
pick up & drop off 

Tool box meeting, shift rotation Assign to another 
section 

Chris Meeting, check truck, bin 
pick up & drop off 

Tool box meeting, flat tyres None 

Neil Conduct morning meeting/ 
bin transfer, co-ordinate the 
drivers 

Tool box meeting, management 
meeting, union meeting 

Break downs, 
accidents (fire) 

Ian Conduct morning meeting/ 
bin transfer 

Tool box meeting, training 
courses, break downs 

 

Garry Meeting, check truck, bin 
pick up & drop off 

Tool box meeting, flat tyres  None 

Steve Meeting, check truck, bin 
pick up & drop off 

Tool box meeting, training  

John  Meeting, check truck, bin 
pick up & drop off 

Tool box meeting, internal 
training 

External training, 
fire 

Paul Meeting, check truck, bin 
pick up & drop off 

Tool box meeting, truck service  

Andrew Conduct morning meeting/ 
bin transfer 

Tool box meeting  Accidents 

 

The daily routine for the participants was consistent across the 9 drivers with 

morning meetings and bin transfer. Typical of the responses for daily routine events 

was this comment from a member of the Waste Group:  
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John “we check the truck over in the morning, morning meeting and off you go 
to the transfer station. We just know what we gotta (sic) do – through 
routine.” 

 

Monthly events consisted of toolbox meetings and internal training, with one leading 

hand mentioning management meetings and union meetings. 

Neil “we have a tool box meeting with the management to discuss the activities 
over the last month. Breakdowns – I’ve had two in the past two days then 
you won’t have one for the next month. Those trucks they do work hard 
and machinery will break. A lot of the work is screwing around on hard 
surfaces that put a lot of strain on drivelines. The twin steers tend to take 
that more easily.”  

 

Uncommon events included being assigned to other sections (other than 

waste transfer), external training, breakdowns, and accidents. However, on rare 

occasions emergencies occur that require immediate action: 

 

John “I had a fire once – I think it was a TV – we had to pull the pin on the 
compactor and unload right there.” 

 

John’s comment illustrates the potentially hazardous nature of waste transfer. 

In this instance, a fire had occurred in the transfer bin, requiring immediate 

emergency action by the driver. Such events, although rare, highlight the need for the 

drivers to react to unanticipated problems, whilst taking immediate action for the 

safety of themselves, their truck, and those nearby. This incident emphasises the 

requirement for the application of experience and knowledge to non-routine events, 

especially where safety issues are involved. Moreover, the access to communication 

technologies, such as mobile phones, allows drivers to access supervisors or expert 

help for assistance or advice rather than relying purely on their own judgement or 

experience. 

Table 6.3 presents the findings for the daily routine, monthly events, and 

uncommon events for the drivers of the Beer Group. A key finding from Table 6.3 is 

that non-routine events can happen frequently and in waves. For example, traffic 

accidents are more likely to happen in wet weather than in dry, and breakdowns are 

more likely to occur during time of high activity periods when the trucks are being 

worked the hardest and, therefore, more susceptible to breakages. 
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Table 6.3 

Frequency of Workplace Events – Beer Group 

Name Daily routine Monthly events Non-routine events 

Brian Freight transfer, load/unload Production line halt Breakdown 

Eric Freight transfer, paperwork  Traffic accidents 

Dan Freight transfer, check truck  Breakages in freight

Rodger Freight transfer  Accidents 

Kevin Freight transfer, load/unload  Traffic accidents 

Patrick Freight transfer, check truck  Breakdown 
Rod Freight transfer, check truck, 

paper work 
  

 

A comparison with Table 6.2 (Waste Group) reflects the differences in the 

work requirements of the two work environments. The beer freight group has a much 

more repetitive daily and monthly routine. The main difference here is the volume of 

paperwork required for the beer freight group because of the high value of the cargo. 

This is reflected in the statement by Brian:  

 

Brian “I have to keep a record because we are under a Federal Government 
bond so our times, product and numbers have to be up to date. We can 
be checked at any time by the federal police and excise. Once it gets to 
the bulk store then the tax gets paid on it. We are not allowed to veer from 
the regular route – so it’s the same route every time”. 

 
Although there is little variance in the daily routine, uncommon events such as 

accidents that block traffic may require the drivers to use discretion in selecting 

alternative routes to their destinations. These unplanned events often add to the 

intensity and complexity of the work task. This requires the drivers to identify 

alternative routes, co-ordinate activities with the supervisor for advice and 

authorisation to deviate from the normal route, and co-ordinate with the other drivers 

to advise of the traffic situation. The key point here is the ability of these older 

experienced and expert drivers to problem solve or analyse problems as they occur 

and to apply principles and solutions to complex problems. Middleton (2003) 

describes the next step in the cognitive process in which “these principles are then 

used to work in a forward direction through the search space to solve a problem 

efficiently” (p. 149). This ability to rely on experience to transfer and apply that 

experience to new situations is reflected in the data presented in Table 6.1. These 

data indicate a high average total driving experience of both groups at 29 years. 

However, this high experience level sits alongside the very low automatic gear box 

experience levels of only two years on average, in which the drivers have been 
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unable or unwilling to fully utilise the new computerised systems and the associated 

wealth of information available to them. 

The routine nature of the work allows for the mastery of the skills required for 

workplace performance and also enables the experienced drivers to handle non-

routine situations by drawing on that experience in combination with input from other 

drivers or supervisors via mobile communications technology. Moreover, there is the 

need to perform these tasks with relative autonomy. Furthermore, although this work 

involves staggered shifts, there is little opportunity for meetings or direct social 

interaction, so the drivers in the beer freight group are more socially isolated than in 

the waste transfer group. However, both groups rely heavily on telecommunications 

to maintain social contact and for co-ordination of work activities. 

 

6.6.1.3 Workplace learning culture 

The sociocultural practices within work organisations, as described by Billett (2006b), 

comprise of the practices, values, technologies, and norms, and “elaborate the 

enabling qualities of the historically derived phylogenetic knowledge within a 

particular culture or society’s practice” (p. 26). These practices are generally dynamic 

in nature and are defined and subsequently adopted, modified, and discarded in 

response to specific cultural needs (Scribner, 1985). These sociocultural practices 

influence the type of learning and support available to learners and how this learning 

is valued and applied in everyday workplace situations. 

Within this study, the workplace practices were examined to gain an 

understanding of the workplace learning culture, that is, the degree by, and ways in 

which, the workplace supports the participants' learning. The drivers were asked to 

describe their workplace learning culture to determine the nature of the tasks 

performed, organisational goals and priorities, and individual training requirements. 

The workplace learning culture in road transport is influenced by a number of 

variables such as degree of danger involved (i.e. safety), legal requirements such as 

dangerous goods certification, driver availability, cost, and need for training. 

Additionally, government organisations, such as the city council, may well have a 

more extensive training program than private enterprise companies that are more 

conscious of bottom line profit. However, workplace cultures are influenced by more 

than those external factors as listed above. Workplaces are often contested 

environments where there may be an inequitable distribution of learning 

opportunities, especially where workplace affordances, such as access to activities or 

guidance, may not present themselves. For example, access to expert knowledge 

may not be readily accessible to the learner because of reluctance, on the part of the 



Dynamic Integrated Learning: Managing knowledge development in road transport 
 
 

- 154 - 

expert, to disclose information that may jeopardise their status, job security, or 

chance for promotion. Moreover, learners may be discriminated against because of 

age, gender, experience, social status, race, or other factors. This discrimination may 

severely restrict opportunities to learn. 

Table 6.4 presents the participants’ comments on the workplace learning 

culture for the Waste Group. 

 

Table 6.4 

Workplace Learning Culture – Waste Group 

Participant Workplace learning culture comments 

Simon “everyday you learn by yourself as you are driving everyday” 

Chris “I picked it up OJT” 

Neil “if you want to learn it’s up to yourself to ask a question and pick it up. But they do 
have courses” 

Ian “They put us back through Mt Cotton which was good and we took up a Mack but 
we should have taken up one of these (autoshift) if we put some thought into it.” 

Steve “I think it’s pretty good. There are a few courses I did. This defensive driver 
course is good. Keeps you on the ball.” 

John “You never stop learning. I’m 56 and still learning things I don’t know” 

Paul “good always something [courses] going on” 

 

The overall positive comments reflect the proactive approach to continual 

training especially in the unpredictable task of waste transfer. From Table 6.4, Simon, 

Chris, Neil, and John all indentify a self-directed approach to learning as the basis for 

learning the knowledge required for workplace performance. On the other hand, 

Steve, Ian, and Paul also reveal formal courses as the preferred learning method. 

These findings correlate with the survey findings that found OJT and self-directed 

learning to be the most common forms of learning in the workplace, followed by 

company training and short formal courses. Moreover, the findings indicate that 

although road transport workers work in relative social isolation, they are able to gain 

access to workplace affordances for learning through a combination of OJT, self-

directed learning, questions, and formal training courses. Moreover, the combinations 

of different learning strategies, both individual and social, suggest that dynamic 

integration and interrelations exist that bridge the gap (referred to as the Zone of 

Dynamic Interdependency in the proposed Dynamic Integrated Learning Model in 

Chapter 3) between the individual and social aspects of learning development. 

On the other hand, the Beer Group appeared to have more limited formalised 

learning practices and this is reflected in the following comments: 
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Brian “On the first day a (company) trainer goes with you but there is not much 
to teach us. The auto was fairly simple” 

 

Kevin “Induction – they take you for a drive. Then teach yourself. Easy for me 
but for a young fellow it may not be”  

 

Rodger: “I used to come in on my own time on weekends and practice. I’m still 
learning. I learnt by doing it and listening to more experienced drivers in 
the yard. If I was having troubles I would go and ask them how would be 
the best way to do this or that and they’d pass on their knowledge to me 
and say this is what works for me. That’s where the old trial and error 
comes in, you try their way then try yours”. 

 

The comments above reveal two important contributions to learning for the 

Beer Group. Firstly, acquiring new knowledge and skills, such as those encountered 

by the drivers' transition from manual gearboxes to automatic gearboxes, is greatly 

enhanced by drawing on a broad experience base in driving trucks. Secondly, the 

fundamental skills of driving trucks, such as reversing, are learnt through repetition 

and fine tuned over time through processes such as trial and error in controlled 

environments, and mentoring. 

Comparing the two groups, there are some apparent differences in the 

learning cultures, especially in workplace support for learning. In the Waste Group 

there was access to some training courses to keep the drivers current, whilst the 

Beer Group had only minimal training after the brief induction course. This lack of 

long-term and ongoing learning support for the Beer Group may have resulted in a 

greater amount of self-directed learning being required by the drivers and especially 

the importance of trial and error learning. This is reflected in Rodger’s comment of 

learning by observing, listening, and finally, trial and error. However, trial and error 

learning is rated the lowest for preferred method of learning in the survey (see Table 

5.6) with 36% of the respondents indicating that this is not a preferred method to 

learn by. 

A key finding here is that, although learning by trial and error rated the lowest 

for preferred learning methods, there may be instances where it is a useful, 

necessary, and safe way to learn. In the absence of a strong workplace learning 

culture, or where formal learning opportunities are not available, trial and error 

learning in controlled environments may assist knowledge and skill development. On 

the surface, it might be seen that the Beer Group is engaged in highly routine work. 

However, there are a number of factors that make working and learning difficult. For 

example, the split shift system isolates the drivers from each other, and the highly 

time-sensitive production line process requires constant movement of goods resulting 
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in little time for interactions between drivers. These constraints are reflected in 

Rodger's comment, above, that indicates the learning that was most beneficial to him 

was a combination of observing, listening, and then trial and error by “coming into the 

yard on weekends” and trying it (i.e. reversing onto the dock). Also, several drivers 

from the Beer Group (i.e. Rodger, Kevin, Patrick and Rod) indicated that they learnt 

to drive trucks “in the paddock” by trial and error, where they could do no damage. 

However, learning by this method in critical situations, where there is no margin for 

error, such as on the highway or busy roads, would be unsuitable. 

 

6.6.1.4 Personal and work details: Summary and deductions 

The interview responses and direct observations indicate that a high level of personal 

competence and co-ordination was required in work tasks as situations arose. Even 

though many of the work tasks are seemingly routine, situations often arose that 

required a capacity to respond effectively to accomplish work tasks. Although the 

routine work tasks occupied most of the working day, these tasks were highly 

dynamic and consisted of many variables, such as changing traffic conditions that 

resulted in a continually changing work environment. The routineness of workplace 

activities allows for the development of skills, whilst the non-routine aspects of 

workplace activities increase the discretion, intensity, multiplicity, and complexity of 

the work task (Billett, 2006b). 

The responses were also consistent evidence of a proactive approach to 

continual training in the Waste Group, especially in the dangerous environment of 

waste transfer. Also, this group had a greater occurrence of monthly scheduled 

events, such as monthly toolbox meetings, that reflect the need for the drivers to 

remain up to date with changes and events, especially in the highly hazardous 

environment of waste transfer. 

On the other hand, the Beer Group reported having only a minimal level of 

formal learning opportunities. In place of formal learning, the participants in this group 

relied on self-directed learning, trial and error learning, or peer assistance. 

Additionally, the opportunity to have regular meetings was limited because of the 

inability of the drivers to meet together due to the staggered starts and constant 

production line output requiring ongoing freight movements. 

A key consideration here is that, in the absence of workplace-organised 

learning opportunities, learners will often develop their own learning strategies 

required for workplace performance. Such strategies are: self taught, trial and error, 

just doing it, OJT, observing and listening, and peer assistance. Berryman (1993) 

refers to this as “the transfer assumption” where people predictably transfer learning 
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to new situations by transferring existing concepts, skills, strategies, and knowledge 

to new situations. However, as Berryman (1993) points out, learners do not always 

predictably transfer their learning to different and non-routine situations. Using the 

example of loom operators, she observed that, with the introduction of computerised 

looms, entirely new types of skills and knowledge were required. Traditional 

mechanical skills were replaced by the need for computer programming skills, 

mathematical calculations, and schematic diagram reading skills. Observational 

learning was replaced by “learning primarily acquired through symbols, whether 

verbal or mathematical” (p. 359). Therefore, workers such as these drivers need 

close guidance to have a deeper and more abstract knowledge of the equipment, 

especially as most of the knowledge is hidden within the technology. Moreover, 

following this guidance, learners need to reflect on what they have learnt and not rely 

on being consistently monitored or guided by others (Timma, 2007, April). 

Another important factor here is the access to learning critical skills, which 

Martin and Scribner (1991) describe as being reliant, not only on cognitive and 

technical readiness, but also on the social dynamics and subculture in which the 

learner is immersed. How older drivers develop these higher order cognitive skills 

and domain principles, and the role that social interaction has in learning, will be 

discussed further in this chapter. 

 

6.6.2 Training experience and education 

The section on training experience and education was designed to gauge the types, 

effectiveness, and usefulness of the training that the drivers participated in for them 

to undertake workplace activities. Four questions were used in this section of the 

interview: (a) “How do you rate the training you have received for your job?”, (b) 

“What types of training do you think would be beneficial to you?”, (c) “In what ways 

do you receive ongoing training in response to new technologies, legislation, duty of 

care, dangerous goods, etcetera?”, and (d) “What particular courses have been most 

useful to you in your everyday workplace and why?” These four questions can further 

be subdivided down into two general categories: (a) training rating and ongoing 

training, and (b) beneficial and useful training. 

 

6.6.2.1 Training rating and ongoing training 

The response to the first question, “how do you rate the training you have received 

for your job?”, is categorised under five sections: technology, safety, sufficiency, 

currency, and applicability. The participants were asked to rate their response for the 

training that they had received on a 5-point Likert scale. The Waste Group drivers 
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generally responded in a very positive manner. The safety training rated very highly 

amongst the drivers, with comments like: 

 

Ian “We’ve had a couple of fires in the bins. They gone through the fire 
extinguisher, manual handling, resuscitation program, electrical 
awareness, OH&S. A lot of blokes go ‘not another one’ but I look at it this 
way, if I learn something out of it it’s something I didn’t know.”  

 

Paul “The council always has a lot of internal training.”  
 

These comments are generally representative of the types of answers from 

the waste transfer drivers, with the exception of Chris, who commented that he had 

received no training at all. Table 6.5 presents the Waste Group participants’ 

responses. The top row contains the five different categories (i.e. technology, safety, 

sufficiency, currency, and applicability). The bottom row is the average rating for 

each of the categories. 

 

Table 6.5 

Workplace Training: Waste Group 

Name Technology 
1-5 

Safety 
1-5 

Sufficient 
1-5 

Currency  
1-5 

Applicability 
1-5 

Simon 4 5 5 4 3 

Chris 0 4 0 0 2 

Neil 4 5 3 4 3 

Ian 3 4 5 4 4 

Garry 3 5 4 4 4 

Steve 4 4 5 4 3 

John 3 4 4 4 2 

Paul 3 4 4 4 2 

Andrew 2 4 4 4 3 

Average 3 4 4 4 3 

Standard 
Deviation (SD) 

1.27 0.50 1.56 1.33 0.78 

 

The most frequent responses were in the categories of safety, sufficiency, 

and currency, with an average rating in each category of 4. Technology and 

applicability each scored an average rating of 3. These ratings are reflected in the 

comment: 

 

Simon “Some of the courses we go through have nothing to do with the trucks, 
nothing to do with anything else we do daily -so I feel that some of the 
courses aren’t applicable to me. However, maybe everything you learn is 
beneficial so I rate 3. For example with the water board – it has nothing to 
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do with me. But I suppose the policy of the Council is to learn a little bit 
about other sections to know what is going on.”  

 

Overall, the Waste Group scored highly in its ongoing training with only one 

driver (Chris) indicating a low rating for the level of training. On the other hand, the 

Beer Group drivers responded that there was almost no ongoing training after the 

initial familiarisation course that usually lasts only one day. In response to the 

question “what sort of training have you received?” the answers for the Beer Group 

were generally characterised by comments such as: 

 

Eric “all OJT and learn by doing. After a couple of days you will be ok but it 
takes a month or two to get good. My old man taught me to feather your 
pedal. Mentored me from a young age”  

 

Brian “On the first day, a (company) trainer goes with you but there is not much 
to teach us. The auto was fairly simple. A lot of guys always stay in auto 
but I find that in manual you get a lot more control over the engine and 
you can control the revs”  

 

The comments above are noteworthy because firstly, both drivers indicate 

that a relatively short period of time is required to become competent with the basics 

of the new truck technology. This finding indicates a reliance on their previous 

experience with driving trucks and transferring that knowledge to the new systems. 

Moreover, the use of heuristics (i.e. problem- solving strategies) or tricks of the trade 

mentioned by Eric (taught to him by his father from a young age), highlights the 

importance of guidance by more experienced workers in making explicit the 

knowledge and skills that otherwise would have remained unknown, knowledge they 

would be “unlikely to discover independently” (Billett, 2001, p. 78). These aspects of 

learning highlight the importance of previous experience, transfer of that knowledge 

and experience to new situations, and expert guidance in developing heuristics. The 

rich domain-specific knowledge bases allow these experienced drivers to apply 

cognitive processes seemingly instantaneously through previous compilation and 

chunking of domain-specific knowledge (Anderson 1982), thereby “reducing the 

cognitive load and freeing up the working memory to concentrate on unfamiliar 

components of their task” (Billett, 2006b, p. 35). Together, these aspects of 

experience, heuristics, domain-specific knowledge, and guided learning, represent an 

integration of both cognitive development and social interaction in the learning 

process. 

 

 



Dynamic Integrated Learning: Managing knowledge development in road transport 
 
 

- 160 - 

6.6.2.2 Beneficial and useful training 

The participants were asked, “What types of training would be beneficial or useful to 

you?”. The answers ranged from OJT through to formal driver training. Within the 

Waste Group the common responses were OHS, technology training (i.e. 

computers), and formal driving courses (i.e. defensive driving). The Beer Group 

drivers’ responded that formal driver training would be most beneficial. A sample of 

responses is given below: 

 

Simon:  “anything to do with our section – heavy plant, heavy vehicle, any new 
info, new tech. Some of the hazard courses -fire, effluent.” 

 

Chris: “Volvo come down and point out some of the more technical things. These 
things are so over engineered you’re afraid to touch them. You’ve got 
mechanics back at home where it is out of their league”.  

 

Ian: “The last course we did was a supervisors' course. That was great.” 

 

Garry: “If you are changing jobs you need to be inducted into that job. OH&S is a 
big one because things change all the time so people need to be kept 
informed. Like you’ve got to be aware of the side wind when tipping – very 
dangerous. These things you don’t realise till you are told”. 

 

John: ”I’d like to know how to work the computers. Maybe a video or something 
like that and watch it at home. I don’t know anything about computers”. 

 

Paul: “refresher courses and first aid twice a year. Defensive driving courses, 
dangerous goods. That way you have a chance at knowing what to do in 
situations” 

 
Andrew: “More driver awareness up at Mt Cotton I highly recommend that to 

anybody. Just an awareness of what you are doing. OH&S the council is 
exceptional at this, load restraint, heavy lifting, resuscitation, supervisory 
courses, admin courses. I would love to get an excavator ticket”. 

 

Brian: “DECA (driver training) training, B Double course. I find today that a lot of 
drivers 1. can’t change a tyre, 2. they can’t tarp, 3. can’t use a dog and 
chain, 4. can’t reverse. When you back in the brewery you can’t be out. If 
you are out the cartons won’t go into the back of the truck. There is only a 
5mm margin of error. In this job you can’t use the brakes because of the 
glass and the product slides on the pallets – both beer and kegs”.  

 

Rodger: “Just doin (sic) it. You can talk all day but nothing beats actually doing it”. 
 

Overall, technology, OHS, and driving courses were the most frequently 

mentioned items. The comments above reflect the willingness of the drivers to 

participate in further training specific to their everyday work tasks. The hands-on 
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approach to learning and training is also a strong feature of the responses in which 

driver skill development is seen to be a priority. However, the responses above 

indicate that a combination of different types of learning approaches is required, 

including domain-specific courses, operation-specific training, basic skill 

development, formal training courses, and subject matter expert guidance from 

specialist vendor trainers. 

These drivers’ responses reinforce the findings suggesting the use of 

heuristics or tricks of the trade as an important learning approach for experienced 

learners, especially where new technology has been introduced. Additionally, the use 

of “refresher learning” through guidance by experts in the field, such as the generalist 

driver trainers or specialist trainers, was suggested as a useful tool in making explicit 

the knowledge and skills that otherwise would have remained unknown. Hence, it is 

likely that previous experience, transfer of that knowledge and experience to new 

situations, and expert guidance in developing heuristics are all required to maintain 

and develop further the drivers' competence. 

 

6.6.2.3 Training and experience: Summary and deductions 

Overall, the Waste Group scored highly, yet whilst the current training for the Waste 

Group has a focus on safety, it may be at the expense of other areas such as 

technology training. In contrast, the drivers of the Beer Group reported almost no 

ongoing training after the initial familiarisation course, which usually lasts only one 

day. These findings represent the different types of job requirements, corporate 

culture, attitude toward training, and resources for training. Waste transfer is 

potentially more dangerous with many different changing and dynamic circumstances 

that are encountered every day; therefore, a greater emphasis on training is required, 

especially in safety related areas. On the other hand, the Beer Group work task is 

more routine and regimented requiring less formal training; however, greater driver 

skills may be required, especially in driving in traffic, reversing, and correct loading, 

and keeping up with the demands of a fixed schedule. 

The types of training that would be beneficial, according to the participants 

within the Waste Group, were OH&S, technology training (computers), and formal 

driving courses (defensive driving). The Beer Group participants responded that 

formal driver training, such as through the Driver Education Centre of Australia 

(DECA) or defensive driver courses, would be most beneficial. 

A key finding here is the importance placed by the participants on both 

technology training and skill development through formal courses. This finding 

reflects the difficulties for learners in uncovering deeper conceptual knowledge that is 
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often hidden in truck computer systems and that is opaque and difficult to access 

without expert guidance. Additionally, the use of heuristics or tricks of the trade as an 

important learning tool for experienced learners, especially where new technology 

has been introduced, is an important learning tool. These learning methods are 

enhanced by the guidance of a more experienced or expert worker. 

 

6.6.3 Learning methods and preferences 

The learning methods and preferences section (see Appendix A, section 3, p.247) 

was centred around the question, “How do you learn best to do new things?” to 

identify what learning approaches, or combinations of learning approaches, worked 

best for the drivers in developing their workplace skills. Table 6.6 presents the 

participants’ responses. 

 

Table 6.6 

Learning Strategy Preferences for Individual Drivers (n=16) 

Name OJT (just do it) Trial & error Demo Questions Peer assisted 

Waste group WG      
Simon x     
Chris x x   x 
Neil   x   
Ian x  x   
Garry x  x   
Steve   x   
John  x    
Paul    x   
Andrew x  x   
Beer Group BG      
Brian x  x   
Eric x x x   
Dan  x   x  
Rodger x  x   
Kevin x  x   
Patrick x  x   
Rod x  x   

Total WG +BG 12 3 12 1 1 

 

The most frequent responses were demonstration and OJT (12 responses 

each). Trial and error had three responses, and questions and peer assisted had one 

response each. However, upon further questioning the participants, a more complex 

picture emerged, with the majority of respondents indicating that a combination of 

demonstration followed by OJT was the most common learning preference. This is 

indicated by statements such as: 
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Garry: “The leading hand Geoff, I went out with him for the day. He went through 
the basics with me and then virtually I was thrown in with this and see you 
later, work it out”  

 

Steve  ”Induction and a couple of days training with one of the other operators. 
He demonstrated to me, he drove up to Springbrook and I drove back” 

 
Additionally, one of the drivers commented: 

 

Chris: “trial and error basically, talk amongst ourselves, like when someone gets 
a new truck - how does that work and how does that work, they’ll tell you 
so it’s like team work and trial and error and OJT is very important” 

 

These comments suggest a strong preference toward personal 

epistemologies and self-directed approaches to learning (Billett, 2006b), normally 

after a short session of instruction or guided learning by a more experienced worker 

or subject matter expert. This learning preference is especially prevalent amongst 

experienced learners, such as truck drivers, where non-routine situations require 

problem-solving skills such as the systematic and conscious application of previous 

experience or knowledge to new situations (Glaser, 1990). So, a common factor 

across these responses is the combination of learning methods whose contributions 

to cognitive and social interdependencies are used for the consolidation of learning. 

 

6.6.3.1 Learning methods and preferences: Summary and deductions 

The most frequent responses for learning methods and preferences were 

demonstration and OJT with fewer responses for trial and error, questions, and peer 

assisted. However, through further exploration, a more complex picture emerged with 

the majority of respondents indicating a combination of guided learning strategies 

such as demonstration followed by OJT to be the most frequently responded learning 

preference. 

Similar to the deductions made from the workplace learning culture section 

above, a key consideration here is that, in the absence of a formal learning culture, 

learners will often develop their own learning strategies required for workplace 

performance. Such strategies are self teaching, trial and error, just doing it, OJT, 

observing and listening, and peer assistance. The need for a deeper and more 

abstract knowledge of the equipment is especially evident given that most of the 

knowledge is hidden within the technology that drivers use. The technology is 

replacing the tangible and mechanical aspects of the job with conceptual and 

symbolic knowledge that requires more than just relying on transferring knowledge 

that is entirely experience based. However, as has been noted previously, these 
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older workers demonstrate a reluctance to use the available new technology, 

preferring to rely on tried and tested methods based on previous experience for 

workplace performance. Another important factor here is the social dynamics and 

subculture of the workplace learning environment. 

For example, both the Waste Group and Beer Group indicate a strong 

preference for the guided learning strategies of OJT and Demo. These strategies 

indicate a combination of both cognitive and social inputs into learning development. 

Noteworthy here is that the use of personal epistemologies and self-directed 

approaches toward learning is especially prevalent amongst experienced learners, 

such as truck drivers. 

Another key finding here is the participants’ preference for OJT combined with 

other guided learning strategies, such as demonstration, questions, and peer-

assisted learning. Additionally, these learning methods may also be combined with 

individual learning strategies such as trial and error and self taught. However, 

individual truck drivers often work in isolation, without the benefit of direct social 

contact or guidance. How these drivers learn in such circumstances will be the focus 

of the next section. 

 

6.6.4 Isolated learning and technology 

Truck drivers' relative social isolation may be seen as a barrier to problem solving 

and learning. Therefore, understanding how complex workplace knowledge and skills 

are developed by transport workers who are required to engage with and understand 

work knowledge is a key concern. That knowledge, represented symbolically through 

computerised display systems, is of importance because it requires different ways of 

thinking and interacting. Moreover, given the relative social isolation that 

characterises their work, it is important to understand the balance between personal 

and social aspects of development in their learning and what might be done to 

improve this. Thus, the participants were asked, “How do you solve problems or get 

information when you are working alone?”, “What types of new technology have you 

encountered in the workplace?”, “How have you learnt to use this technology?”, and 

“What were the most difficult things to learn?” (see Appendix A, section 4, p.248). 

Common responses to the first question (“how do you solve problems or get 

information when you are working alone?”) included CB/UHF/phone, individual 

investigation, truck computer and truck manual, and peer assistance. Table 6.7 

presents the responses from the 16 participants, indicating that the most frequent 

response was CB/UHF/phone (15), followed by “investigate myself” (8), truck 

computer (6), and truck manual (5), with1 response nominating peer assisted. 
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Table 6.7 

Problem Solving Strategy Preferences for Individual Drivers (n=16) 

Name 
Investigate 

myself 
CB/UHF/ 

phone Truck manual 
Truck 

computer Peer assisted 
Waste Group      

Simon x x    

Chris x x x   

Neil x x  x  

Ian x x  x  

Garry  x    

Steve x x x   

John  x    

Paul x x x x  

Andrew x x    

Beer Group      

Brian  x  x  

Eric  x    

Dan  x    

Rodger  x  x  

Kevin x x    

Patrick   x  x 

Rod  x x x  

Total 8 15 5 6 1 

 

Corresponding with the survey, these findings from the interviews suggest 

that understanding how to use technology is very important for problem solving, 

especially communications such as mobile phone and CB/UHF technology. The 

reliance on communications technology by the drivers indicates that social contact, 

even though it is indirect, is still a very important tool for problem solving, co-

ordination of activities, and general information access. However, communications 

technology is often used in conjunction with other problem-solving methods such as 

self investigation, truck computer, and truck manual. This finding provides an 

example of how the two learning approaches (i.e. personal and social) work together. 

The combination of social and cognitive learning strategies is reflected in 

drivers’ comments in response to this question: 

 

Simon: “Firstly, I investigate myself and fix it myself but if I cannot fix it myself I 
call the workshop by the 2-way (UHF) or phone”  

 

Chris: “Got to stop, then I get out the book (manual) and have a look at the 
signals and get on the 2-way back to the workshop and ask for their 
advice”  
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Steve: “I go to the manual. There’s been a couple of things that have flashed up 
on the dash that I haven’t recognised I get the book out first then talk to 
the workshop. I make them aware of it so I don’t stuff anything up”  

 
Brian: “jump on the phone to the leading hand. With these computerised trucks if 

something goes wrong it comes up on the dash – so it’s not hard to find, 
the truck tells you”  

 

Here, the combination of individual agency and new technology proved 

essential for overcoming their physical isolation. All of the drivers interviewed 

commented that generally there were options available to them if required. For 

Simon, Chris, and Steve, self-directed learning was the first course of action, 

followed by contacting the workshop via the phone or CB/UHF for further direct 

guidance. Strategies for problem solving included self investigation, reading the 

manual, and interpreting the symbology (i.e. symbols and numbers displayed to the 

driver) on the dash or DIS. 

The complexity of the computerised engine and truck management system 

has, on the one hand, made problem identification and diagnostics by the driver 

easier, as the DIS will indicate via symbols what the problem is. This process is 

described above by Simon, Chris, Steve, and Brian, who indicate that “the truck tells 

you what the problem is”. However, the symbolic nature of the information presented 

to the driver raises concerns about the opaqueness of knowledge arising from the 

use of electronic technology (Billett, 2006b; Lewis, 2008; Martin & Scribner, 1991; 

Zuboff, 1988). So, whilst the computerised diagnostic information is presented to the 

driver, the issue of applying or interpreting meaning to this information and 

understanding, utilising, and employing it, may be difficult because the information is 

presented in a symbolic medium that is “abstracted from something not visible or 

tangible” and is “likely to be constructed by individuals in quite idiosyncratic ways” 

(Billett, 2006b, p. 190). 

Therefore, whilst this knowledge is not always observable and accessible 

because it may be hidden and embedded in the technology, the problems with 

accessing, understanding, and deploying the information presented to the driver is 

compounded by the absence of proximal expert guidance to assist learners. These 

socially isolated circumstances stand in contrast to workplaces where face-to-face 

interactions allow for close guidance. The difference between workplaces that are 

able to provide close guidance (e.g., a carpentry workshop) and those that cannot 

(e.g., truck driving) is that different strategies and learning approaches are employed 

both individually and socially to learn the necessary performance requirements. From 
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a socially isolated perspective, the participants were then asked if working in isolation 

was a barrier to learning. Their comments included the following: 

 

Garry: “I have actually found it quite easy to learn. I think it comes back to 
background – old style. If you are stuck out in the middle of the Nullarbor 
and something goes wrong you’ve got to know how to fix it. You can’t get 
on the phone and say send a mechanic please. I’ve been through all that. 
I think one of the things is you went into the workshop and learned little 
things. If you know how it works then you can nut it out.”  

 

Steve: “Working in isolation is fine with me. You’re isolated but you’re not like 
you’ve always got someone back at the depot the rest of the guys always 
in radio or phone contact”.  

 
John: “No I like being by myself. I still like the contact at the stations and at the 

tips”.  
 

Paul: “Yes, but you are not totally isolated, like I had smoko with Garry this 
morning, you’re still dealing with people. You communicate with the CB 
and UHF, the Weight Bridge and guys on the dozers. If anything does 
happen or comes up on the dash that I’m not sure of I’ll pull over and if 
can’t see it in a manual or figure it out myself I’ll call in and ask the leading 
hand or workshop.” 

 

Although isolation may be a barrier to learning, the comments above indicate 

that, although the drivers do not always have or need direct social contact all the 

time, they are never totally isolated. This is because of the mobile communications 

available (CB/UHF/phone), casual contacts with different operators during the day, 

and direct contact with others before, during, and after shifts. Additionally, 

communications technology has allowed instant access to supervisors, co-workers, 

and technical experts as required. The comments above also suggest that different 

needs are required by different learners. For example, Garry refers to “old style” 

learning where self sufficiency was required to handle routine and non-routine 

situations; on the other hand, Steve, John, and Paul indicate the importance of social 

contact to solve problems. However, it is important to understand that it is the degree 

and frequency of activities in the workplace that determine what tasks are routine and 

what tasks are non-routine (Billett, 2006b, p. 218). From these comments, the 

importance of using both individual and social approaches to learning and problem 

solving is evident, especially when working in environments where there is a lack of 

direct social contact and where non-routine events may happen. 
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6.6.4.1 Isolated learning and technology: Summary and deductions 

Rather than the technology incorporated into the truck being the main source of 

learning and information, it appears that a communication device like mobile phones 

is the form of technology most relied on for assistance and problem solving. This is 

reflected in the response to the questions, “How do you solve problems or get 

information when you are working alone?” and “What types of new technology have 

you encountered in the workplace?”. 

For most of the drivers, self-directed learning was the first course of action, 

followed by contacting the workshop via the phone or CB/UHF for further direct 

guidance. Strategies for problem solving included self investigation, reading the 

manual, and interpreting the symbology presented to the driver via the DIS. The 

complexity of the computerised engine and truck management system has, on one 

hand, made problem identification and diagnostics by the driver easier, as the DIS 

will indicate via symbols what the problem is. However, the abstract symbology 

presented to the driver may be difficult to interpret.  

Consequently, although this knowledge is not always observable and 

accessible because it may be hidden in the technology, the problems with accessing, 

understanding, and deploying the information presented to the driver is compounded 

by the absence of expert guidance to assist the learner. A key consideration from 

these findings is the importance of and reliance upon communication technologies, 

such as mobile phones, in maintaining social contact and contributing to workplace 

learning. Communications technology is often used in conjunction with other 

problem-solving methods such as self investigation or referring to the truck computer 

or truck manual. This represents an integration of both individual and social 

contributions to workplace learning and emphasises the dynamic nature of learning in 

that the learner may use different methods depending on the changing 

circumstances, including the difficulty and routineness (or non-routineness) of the 

task or situation. 

Although isolation may be a barrier to learning, the findings suggest that, 

while the drivers do not always have direct social contact all the time, they are rarely 

wholly isolated. The available mobile communications (CB/UHF/phone), casual 

contacts with different operators during the day, and direct contact with others before, 

during, and after shifts, all proved the worth of communication technologies to extend 

interpersonal interaction across social and geographical isolation. It is these short, 

casual contacts at different times during the day that contribute to reducing the 

effects of isolation and developing workplace knowledge. Moreover, this form of 

technology allows the drivers to contact particular individuals to seek specific advice. 
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However, the ability to develop deep conceptual knowledge goes beyond the transfer 

of knowledge to new or non-routine situations or problems. It also includes the ability 

to access, monitor, recognise, and modify performance. One way this has been 

achieved is through feedback and this is discussed next. 

 

6.6.5 Feedback 

The main purpose of feedback, as argued by Hattie and Timperley (2007), is to 

“reduce discrepancies between current understandings and performance and a goal” 

(p. 86), and it is “one of the most critical influences on student learning” (p. 102). The 

ability to develop deep conceptual knowledge in the transfer of knowledge to new or 

non-routine situations or problems is determined, in part, by the learner’s ability to 

access, monitor, recognise, and modify performance. Therefore, the influence of 

feedback on workplace performance and learning is the focus of this section in which 

three questions were asked: “Do you receive feedback?”, “What sort of feedback do 

you get?” and “What sort of feedback would be useful?”. Common responses 

included: 

 

Chris: “We have a meeting with management, safety meeting, once a month if 
we are doing something they will say something, obviously say 
something, but if they say nothing, everything is ok”  

 

Simon: “yes from the waste management- word of mouth but not very often and 
some reports”  

 

John: “yes we get some fuel figures. Tyre wear. Toolbox meeting once a month 
and get told what we do wrong and done right.” 

 

Paul:  “yes, at our monthly toolbox meeting”  

 

The comments above suggest that, for the workers whose occupations are 

conducted alone, feedback is given during toolbox meetings, by word of mouth, or via 

reports. Interestingly, Chris implies that feedback is usually a negative performance 

indicator and that “if they say nothing, everything is OK”. John, on the other hand, 

has a more balanced view of feedback where they “get told what we do wrong and 

done right”. In all these cases, feedback is seen as a formal process, discussed in a 

social setting (i.e. a toolbox meeting), and usually given in the form of top-down 

feedback from management. However, much more is needed for effective feedback 

to reduce discrepancies between current understandings or performance and a 

desired goal. Two ways to achieve this feedback are by employing more effective 
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learning strategies, and obtaining more information that can be used to solve 

problems (Hattie & Timperley, 2007). Interestingly, although the computerised DIS on 

the trucks contains a wealth of data, such as fuel usage, trip times, and average 

speeds, that could be used in performance modification, none of the interviewees 

stated that they used this information. Indeed, from the observation phase of the 

study, the drivers were seen to mainly gauge the performance of the truck, not from 

computer generated information of the DIS, but from physical sensory cues such as 

noise, vibration, and even smell (e.g., burnt out clutch or brake pads). This raises 

similar issues described by Martin and Scribner (1991) in relation to the technical 

changes brought about in computer-numerical-controlled machines. Here, the shift 

away from manual systems to highly symbolic analytical activity systems resulted in 

an increasing reliance on workers to access and manipulate symbols such as data, 

plans, audio, and visual representations often associated with computerisation. 

The interviewees were asked about feedback they received, if any, and what 

types of feedback they commonly received. The responses to the question, “What 

sort of feedback do you get?” was categorised into three main responses: meetings, 

reports, and word of mouth. These responses were the only ones suggested by the 

participants. Table 6.8 presents the 16 participants' responses, from both the Waste 

Group and Beer Group, to the questions, “Do you receive feedback?” and “What sort 

of feedback do you get?”. The top row lists the participants’ specific responses 

(feedback yes, feedback no, meetings, reports, word of mouth). The bottom row lists 

the totals for each response. Responses in order of frequency were: (a) feedback (9), 

(b) no feedback (7), (c) meetings, (6), (d) reports (3), and (e) word of mouth (3). 

 



Dynamic Integrated Learning: Managing knowledge development in road transport 
 
 

- 171 - 

Table 6.8 

Feedback Received by Waste Group and Beer Group Drivers 

Name Feedback - yes Feedback - no Meetings Reports Word of mouth 

Waste Group      

Simon x   x x 

Chris x  x   

Neil x  x  x 

Ian x   x  

Garry x  x   

Steve  x    

John x  x x  

Paul x  x   

Andrew x  x   

Sub total 8 1 6 3 2 

Beer Group      

Brian  x    

Eric  x    

Dan  x    

Rodger x    x 

Kevin  x    

Patrick  x    

Rod  x    

Sub total 1 6 0 0 1 

Total 9 7 6 3 3 

 

A feature of Table 6.8 is the disparate response between the two companies. 

The Waste Group reported a high number of positive responses to receiving 

feedback (i.e. eight positive responses from 9 participants), whilst only one positive 

response was received from the Beer Group. This reflects the companies’ different 

approaches to managing their drivers and the type of work performed. The Waste 

Group is a council operation that operates in a potentially hazardous environment 

and requires stringent training in operations and OH&S. The high response for 

feedback gained through regular meeting attendance from this group reflects the 

need for regular contact. On the other hand, the Beer Group responded that there 

was very little feedback, possibly due to the nature of the task and the staggered shift 

arrangement, making regular meetings difficult. So the differences observed between 

the two companies highlight the different forms of learning and support available. 

In response to the question, “What sort of feedback would be useful?” the 

most frequent responses indicated fuel usage (5), praise (2), accident rates (2), and 

idle times (1). Feedback may be from many different sources, both from data 

presented to the driver in the form of numbers and symbols, and from interactions 

with others. These two different sources of feedback represent both the individual 
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and social contributions to learning. In terms of feedback from data, it needs to be 

noted that both fuel usage and idle times, which are reported to be useful, are 

accessible in the onboard truck computers. However, without a deeper level of 

conceptual knowledge, this information remains hidden and not easily accessible. 

The interviewees’ comments in response to this question included: 

 

John: “It’s nice to be told you are doing a good job”  

 

Paul: “what I pride myself on is the last thing you want is an accident rates and 
damage. Feedback on that would be nice” 

 

Rod: “the company is only interested in time. I think feedback is a good thing 
such as fuel and when you are doing a good job and when you are not 
doing a good job – toolbox meetings are good for that”  

 

The comments above correspond with the survey results in Chapter 5 that 

indicated that praise, rewards, clear goals, reports, and computer data were either 

effective, or very effective, forms of feedback. The comment by John, “It’s nice to be 

told you are doing a good job”, reflects the importance of positive reinforcement in 

feedback noted by Tenenbaum and Goldring (1989). 

 

6.6.5.1 Feedback: Summary and deductions 

The contrast between the two groups can clearly be seen in the findings from the 

questions concerning feedback. All but one driver in the Waste Group responded that 

they have regular feedback, either by meetings, reports, or word of mouth. In 

contrast, the Beer Group participants responded that they received very little 

feedback or none at all. Some possible explanations for this could be the nature of 

the work task, management structures and practices, shift arrangements, time 

pressures, and work requirements. The Waste Group is a local government operation 

in a potentially hazardous environment; therefore there is a greater need for the 

drivers to be conversant with a broad range of OHS issues. Additionally, the drivers’ 

shifts start at the same time, allowing for meetings to take place. Whilst there are 

instances of time pressures to complete work tasks, the Waste Group drivers 

generally have great flexibility to coordinate and complete tasks as required: the busy 

days operate in cycles, with the weekends being the busiest and tailing off during the 

weekdays. The Beer Group drivers operate in a totally different environment where 

they are under constant time pressure, depending on production line performance. 

Additionally, the staggered shift arrangement makes group meetings difficult. 
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Overall, the most frequently mentioned feedback was in the form of meetings, 

usually held each morning before the start of shift (for the Waste Group) and at 

toolbox meetings usually held once a month. Reports and word of mouth recorded 

only three responses each. In response to the question “what sort of feedback would 

be useful?” the most common responses were: (a) fuel usage (5), (b) praise (2), (c) 

accident rates (2), and (d) idle times (1). Of interest here is that no drivers reported 

that they accessed the trucks’ on-board computer that could download the truck 

operating data, especially fuel usage and idle times. This finding indicates either a 

reluctance or inability to access this information as a form of feedback, and as has 

been noted, much of this knowledge is hidden in computer systems and therefore 

hard to access and understand without expert guidance (Lewis, 2008). For most of 

the participants, feedback is seen to be a social process, to be discussed at meetings 

or face to face. 

Although the computerised DIS on the trucks contains a wealth of data that 

could be used in performance modification, none of the interviewees stated that they 

used this information. Indeed, from the observation phase of the study, the drivers 

were seen to mainly gauge the performance of the truck not from computer-

generated information in the DIS, but from physical sensory cues. Moreover, 

although the drivers could rely on the sensory feedback used in the older manual 

technologies, such as sight, feel, and smell, many of the traditional sensory cues are 

no longer available because computerisation of essential truck functions, such as 

engine management and automatic gear changing, has made the driver remote from 

them. Because of the reduced sensory cues available to the driver, there is a greater 

emphasis placed on understanding and using the data from the DIS. So although the 

drivers may still use sensory feedback such as sound and vibrations, these must be 

used in conjunction with the computerised and symbolic data presented in the DIS. 

However, as many of the feedback cues are displayed in the DIS in symbolic format, 

they are hidden, requiring an understanding of not only how to access this 

information, but also interpret and act upon it. Hence, in many instances, key forms 

of feedback, such as digital data displayed to the driver, are not utilised, because: (a) 

the traditional observational learning needs to be replaced or supplemented by 

learning that is highly symbolic and hard to observe, (b) a new and deeper level of 

conceptual knowledge is required to access and use the machine, and (c) the learner 

is remote from the process and not always able to use full sensory cues and 

feedback to monitor the machine. 

The key finding here is that feedback is, or should be, an important factor in 

reducing discrepancies between current understandings or performance and a 
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desired goal by: (a) employing more effective learning strategies, and (b) obtaining 

more information that can be used to solve problems (Hattie & Timperley, 2007). 

Effective learning strategies, such as guided learning, mentoring, and peer 

assistance, which provide feedback to the learner, will assist in deep conceptual 

knowledge development. Additionally, these social contributions to learning that arise 

in situated practice also occur in moment-by-moment engagement or, as Rogoff 

(1990) describes, microgenetic development. So social interaction in providing 

effective feedback (i.e. meetings, positive reinforcement, reports, or guided learning), 

is important, as is the ability of the driver to make use of available systems to provide 

instantaneous feedback, both from sensory cues and also from symbolic conceptual 

information provided from the computerised DIS. 

Feedback can, therefore, be categorised as: (a) reflective, where information 

on performance is analysed and evaluated at a later time, or (b) instantaneous, or as 

Rogoff (1990) describes, microgenetic, where feedback is an immediate, moment-by-

moment process. Reflective feedback may be viewed as a social construct where a 

reflective analysis occurs in social settings in the form of praise, rewards, clear goals, 

reports, and peer-assisted learning. Instantaneous feedback would include both 

sensory cues and display information that the driver would sense and thereby use in 

immediately modifying driving behaviour to suit the dynamic driving conditions and 

circumstances. Together, both aspects of feedback represent the dynamic integration 

of the social and individual approaches to learning. 

While reflective feedback can be seen as social, instantaneous feedback 

generally occurs at an individual level, especially for those working and learning in 

isolation without the benefit of guidance. The integration of both reflective and 

instantaneous feedback is, therefore, important in order to provide a clear picture of 

learning, skill development, and behaviour modification. Indeed, in dynamic learning 

situations such as road transport, there may at times be an overlap between the 

cognitive and sociocultural approaches. Learning results from the integration of 

different approaches through participation in a community and through specific social 

practices that are culturally and historically situated (Packer & Goicoechea, 2000), as 

well as through individual cognitive learning. How social interaction plays an 

important role in learning development is discussed next. 

 

6.6.6 Social interaction and contact 

The major contribution of social interaction and contact to the development of 

understanding has previously been discussed. As noted throughout, the relationship 

between individual and social agency, as described by Billett (2006a), is neither 
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mutual nor reciprocal, but relational. As such, the individual’s engagement in a social 

setting can vary immensely depending on a great number of variables, both within 

the individual’s control and outside it. The accessibility, discretion, intensity, and 

complexity of an individual’s interaction with others in the workplace are shaped by 

social norms and practices in addition to personal ontogenies. 

In this section of the interview, the participants were asked about when and 

how they socially interacted with each other, especially since they spend the majority 

of the working day without direct social contact. Additionally, the impact of social 

interaction on workplace learning was also an area of interest. The questions asked 

were: “is social interaction important for learning and in what ways is social 

interaction important in the learning process?”, “where and when does the most 

social interaction happen in your workplace?”, and “what other types of interaction 

are helpful?” 

Table 6.9 presents the 16 participant responses to these questions. The left-

hand column contains the names of the 16 participants. The next two columns 

represent the participants’ response to the question “is social interaction important for 

learning?” in a yes/no format. The last three columns represent the participants’ 

responses to the question “where and when does the most social interaction happen 

in your workplace?”. The totals are displayed in the bottom row. 

 

Table 6.9 

Importance and Occurrence of Workplace Social Interaction for Individual Drivers (n=16) 

Name 
Important? 

yes 
Important? 

no 
Before/after 

shift 
Morning 
meetings 

During the 
day 

Simon x   x x 

Chris x  x   

Neil x  x  x 

Ian x   x  

Garry x  x   

Steve x     

John x  x x  

Paul x  x   

Andrew x  x   

Brian x     

Eric x     

Dan  x    

Rodger x    x 

Kevin x     

Patrick x     

Rod x     

Total 15 1 6 3 3 
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 The findings from Table 6.9 suggest the importance of social interaction at 

work for effective workplace learning and knowledge development. 

 

6.6.6.1 Social interaction and contact: Summary and deductions 

The importance of social interaction is evident from the participants’ responses in 

Table 6.9. Of the 16 participants, 15 responded that social interaction is important in 

the workplace learning process. However, the isolated nature of truck driving can 

prevent direct social interaction, hence the use of mobile phones in providing social 

interaction. The responses from the participants indicate that both direct and indirect 

social interaction occur throughout the working day. The direct social interaction most 

commonly indicated by the participants is “before or after the shift” with six 

responses. Morning meetings recorded three responses. Direct social contact was 

recorded as happening “during the day” with three responses. These social contacts 

were normally at common points such as crew rooms and truck stops. So although 

drivers work in social isolation, there are many opportunities for direct social 

interaction during the normal working day. Additionally, one emerging aspect of 

social interaction is the important role of indirect contact with others via mobile 

phones and two-way radios. 

The most common response to the question “what other types of interaction 

are helpful?” was “mobile phone” and “CB/UHF radios”. This form of indirect social 

contact proved to be an important tool for information exchange and co-ordination 

with other drivers. Additionally, the relatively recent introduction of mobile phones has 

provided a dedicated line of communication that is secure, reliable, and effective, 

something not formerly always available via two-way radios. Every participant 

interviewed reported relying heavily on mobile phones for social contact. In this way, 

it became a direct means of personal interaction, almost like a face-to-face 

encounter. 

In summary, direct social interaction with many informed partners is a vital 

part of workplace learning. However, although direct social interaction does occur 

during the working day, it appears that its main form amongst the drivers is indirect 

and via electronic media. Although the drivers work in circumstances of social 

isolation, they have compensated for this limitation with indirect social contact. 

A key point here is the importance of social contact, both direct and nondirect, 

for maintaining workplace performance and developing learning. This learning occurs 

in dynamic systems (i.e. systems that are constantly moving) that may at times 

overlap between the cognitive and sociocultural approaches, and in which learning is 

a result of the integration of different approaches through participation in a 
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community and through specific social practices that are culturally and historically 

situated (Packer & Goicoechea, 2000). 

 

6.6.7 Preferred instruction method 

In the final section, the participants were asked, “How would you instruct someone to 

drive your particular truck?”. This gave the participants the opportunity to express 

their views on driver training and, based on their extensive experience, how best the 

instruction to the participant should be provided. The following were suggested as the 

preferred teaching and learning methods: demonstration/observation with 

explanation then hands-on training (10), OJT (1), formal course (2), feedback and 

observation then OJT (2), and trial and error (1). 

This hands-on approach is reflected in responses to the question, “how would 

you train a new driver?”: 

 

Steve: “I think I would talk to him. I would drive the truck and show him things 
and explain to him what to do. Depends on his experience, observing, 
listening and doing. I would talk him through it. I think doing is the main 
thing, getting behind the wheel quite a few times”. 

 

Eric: “driving in the city is heaps different to driving on the highway, put in plain 
English sit them in the chair if they are experienced and show them how 
to use the auto box and do a couple of laps with him and then let him sit in 
the driver’s seat. It’s amazing what you know when you have to explain it 
to people. Learn first on a Road Ranger then an auto. If you get people at 
a young age they will pick it up quicker and easier – kids on properties out 
in the paddock – trial and error – in a controlled environment so they get 
their confidence up then get on the road.” 

 

Rodger: “I would teach them exactly the same way I was shown. Have an 
introduction drive, hop in go through it all, take him for a couple of drives 
and show him what’s expected and then after a couple of drives and put 
him in the driver’s chair. You get a feel for what’s going on. Always 
scanning the road in front of me.” 

 

The most frequent response, as seen from these comments, is the 

combination of both practical, hands-on learning through demonstration, and then 

just doing it. The above responses suggest a strong preference towards guided 

learning strategies such as observing, listening, demonstration, mentoring, coaching, 

modelling, and workplace activities. For example, Steve explained that demonstrating 

and explaining, followed by hands-on training, would be his preferred method of 

instruction. Eric suggests a similar method to Steve in that explanation followed by 

demonstration is best. These methods suggested by the drivers are best explained 

by the cognitive apprenticeship model, as proposed by Collins et al. (1989). Using 
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this model, the learner observes an expert performing a task and then builds a 

mental model of what is required. Then, the learner is coached or guided through the 

task. This guidance is followed by scaffolding where the learner can independently 

perform the task whilst still being supported and monitored by the expert. Finally, 

fading is where there is a “gradual removal of support until the learners can 

independently perform the task proficiently” (Billett, 2001, p. 149). However, Eric also 

suggests that learners should start on the Road Ranger gearbox (i.e. a non-

synchronised 18-speed manual box common to trucks before the auto box was 

introduced) because it is more difficult to learn. Once the learner has mastered this 

then they can go on to the “easier” auto box gearbox. The reasoning behind this 

method is that the learner will develop a more comprehensive understanding of the 

workings of the gearbox and also develop skills and judgements about when to 

change gears through feeling or using sensory cues about what the truck is doing. 

The abstraction of learning, acquired from mastering the Road Ranger gearbox, can 

then be transferred to the auto box. However, as discussed previously, technology is 

replacing the tangible and mechanical aspects of the job and replacing it with 

conceptual and symbolic knowledge that requires more than just relying on 

transferring knowledge that is entirely experience based. 

 

6.6.7.1 Instruction and learning: Summary and deductions 

The most popular choice of instruction identified by the drivers is to demonstrate and 

explain the driving methods and techniques, followed by the student performing the 

task of driving in a hands-on approach. This finding was followed by formal courses 

(2) and feedback / observation / OJT (2), and trial and error (1). These findings reflect 

the survey findings where OJT was the most popular. Moreover, different 

combinations of learning methods are used in conjunction with hands-on training 

where the student practices the task, modelled on the technique demonstrated, 

under supervision, or is coached by a more experienced person. 

The above responses suggest a strong preference toward guided learning 

strategies such as observing, listening, demonstration, mentoring, coaching, 

modelling, and workplace activities, and are best explained by the cognitive 

apprenticeship model, as proposed by Collins et al. (1989). These guided learning 

approaches help to uncover deeper conceptual knowledge, often hidden in truck 

computer systems and that is opaque and difficult to access without expert guidance, 

through the use of heuristics (i.e. problem-solving strategies) or tricks of the trade, 

especially where new technology has been introduced. Such cognitive learning 

approaches are seldom performed in isolation, rather, they often include social 
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contributions, such as peer-assisted learning or guided learning, trial and error, and 

OJT. 

 

6.7 Overview, summary, and key findings 

This chapter reports the analysis and interpretation of the findings of the interview 

phase of the investigation. Data collection was conducted through semi-structured 

interviews of 16 participants selected from the survey response population. The 

semi-structured interviews were useful because they allowed the participant an 

opportunity to express their views and feelings, and from a researcher’s point of view, 

they afford a degree of flexibility or freedom in the types of questions asked, the 

sequencing of questions, the wording of questions, and the amount of time and 

attention given to different topics or areas of interest (Robson, 2002). The interviews 

were conducted with the drivers individually during the course of the normal working 

day. 

This chapter addresses elements of the seven main sections of the interview 

outline: (a) experience and work details, (b) training experience and education, (c) 

learning methods and preferences, (d) isolated learning and technology, (e) 

feedback, (f) social interaction, and (g) preferred learning methods. The data were 

examined and synthesised to determine potential trends in accounts of how vocational 

practice was performed in socially-isolated circumstances and how it was influenced by 

different social sources, and their likely consequences for the construction of 

knowledge. The findings are summarised as follows: 

 

6.7.1 Experience and work details – Key findings 

This section was designed to elicit data on the participants’ work roles in their daily 

workplace activities and experience, and how the workplace learning culture 

mediates drivers’ learning. The interview responses indicate that a high level of co-

ordination was required throughout the day as situations arose: even though many of 

the work tasks are apparently routine, situations often arose that required a robust 

knowledge or experience in order to accomplish work tasks. Although the routine 

work tasks occupied most of the working day, these tasks were highly dynamic and 

consisted of many variables, such as changing traffic conditions, that resulted in a 

continually changing work environment. The routineness of workplace activities 

allows for the development of skills, whilst the non-routine aspects of workplace 

activities increase the discretion, intensity, multiplicity, and complexity of the work 

task (Billett, 2006b). 
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The overall positive comments reflect the proactive approach to continual 

training in the Waste Group, especially in the dangerous environment of waste 

transfer. Additionally, the Waste Group had a greater occurrence of monthly 

scheduled events, such as monthly toolbox meetings, reflecting the need for the 

drivers to remain up to date with changes and events in this hazardous environment. 

On the other hand, the Beer Group drivers reported having only minimal 

formalised learning opportunities. In place of these learning opportunities, the 

participants in this group relied on self-directed learning, trial and error learning, or 

peer assistance. Additionally, the opportunities to have regular meetings was limited 

because of the inability of the drivers to meet together due to the staggered starts 

and constant production line output requiring ongoing freight movements. 

A key consideration here is that, in the absence of learning support 

provisions, learners will often develop their own learning strategies required for 

workplace performance. Such strategies are self taught, trial and error, just doing it, 

OJT, observing and listening, and peer assistance. How older workers develop these 

higher order cognitive skills and domain principles, and the role that social interaction 

has in learning, will be discussed further in the next section. 

 

6.7.2 Training experience and education – Key findings 

This section was designed to gauge the types, effectiveness, and usefulness of the 

training in which the drivers participated. Overall, the Waste Group scored highly in 

its ongoing training, with participant ratings of safety (4), sufficiency (4), and currency 

(4). Technology training and applicability both scored three. So, whilst the current 

training for the Waste Group has a focus on safety, it may be at the expense of other 

areas such as technology training. On the other hand, the Beer Group drivers 

responded that there was almost no ongoing training after the initial brief 

familiarisation course. These findings may represent the different types of job 

requirements, corporate culture, attitude toward training, and time and money 

available for training. Waste transfer is inherently more dangerous, therefore a 

greater emphasis on training is required, especially in safety-related areas. On the 

other hand, the Beer Group work task is more routine and regimented requiring less 

formal training; however greater driver skills are required, especially in driving in 

traffic, reversing, and correct loading. 

The types of training that would be beneficial, as indicated by the participants, 

within the Waste Group were OHS, technology training (computers), and formal 

driving courses (defensive driving). The Beer Group participants responded that 

formal driver training, such as defensive driver courses, would be most beneficial. 
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A key finding here is the importance placed by the participants on both 

technology training and skill development through formal courses. This finding 

reflects the difficulties for learners to uncover deeper conceptual knowledge that is 

often hidden in truck computer systems and that is opaque and difficult to access 

without expert guidance. Additionally, the use of heuristics for experienced learners, 

especially where new technology has been introduced, is an important learning tool. 

These learning methods are enhanced by the guidance of a more experienced or 

expert worker. 

 

6.7.3 Learning methods and preferences – Key findings 

Similar to the deductions made from the workplace learning culture section 

previously, a key consideration here is that, in the absence of a formal learning 

culture, learners will often develop their own learning strategies required for 

workplace performance. Such strategies include self taught, trial and error, just doing 

it, OJT, observing and listening, and peer assistance. The traditional mechanical 

skills are replaced by different types of skills and knowledge outside the existing 

domains of knowledge where learning is replaced by “learning primarily acquired 

through symbols, whether verbal or mathematical” (Berryman, 1998, p. 359). 

Therefore, the workers needed to have a deeper and more abstract knowledge of the 

equipment, especially as most of the knowledge is hidden within the technology.  

A key finding here is that the use of personal epistemologies and self-directed 

approaches toward learning is especially prevalent amongst experienced learners, 

such as truck drivers. In these instances, experienced learners have extensive 

domain-specific knowledge bases that allow a closing of the gap between known, or 

routine knowledge, and new or non-routine situations that require problem-solving 

skills such as the systematic and conscious application of previous experience or 

knowledge to new situations (Glaser, 1990). However, such cognitive learning 

approaches are seldom performed on their own, rather, they often include social 

contributions, such as peer-assisted or guided learning, trial and error, and OJT. So, 

a common factor across responses is the combination of learning methods, both 

cognitive and social, that are used for the consolidation of learning. 

Another key finding here is the participants’ preference for OJT combined with 

other guided learning strategies, such as demonstration, questions, and peer-

assisted learning. Additionally, these learning methods may also be combined with 

individual learning strategies such as trial and error and self taught. However, truck 

drivers often work in isolation, without the benefit of direct social contact or guidance. 
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6.7.4 Isolated learning and technology – Key findings 

Truck drivers' relative social isolation may be seen as a barrier to problem solving 

and learning. Therefore, understanding how complex workplace knowledge and skills 

are developed by transport workers who are required to engage with and understand 

work knowledge is a key concern. Rather than the technology incorporated into the 

truck being the main source of learning and information, it appears that 

communications like mobile phones are the main form of technology most relied 

upon, not only for social contact but also assistance and problem solving. 

A key consideration from these findings is the importance and reliance on 

communication technologies, such as mobile phones, in maintaining social contact 

and contributing to workplace learning. The use of communications technology is 

often used in conjunction with other problem-solving methods such as self 

investigation, truck computer, and truck manual. This usage represents an integration 

of both individual and social contributions to workplace learning and emphasises the 

dynamic nature of learning in that the learner may use different methods depending 

on the changing circumstances, including the difficulty and routineness (or non-

routineness) of the task or situation. Furthermore, although isolation may be a barrier 

to learning, the findings indicate that although the drivers do not always have direct 

social contact all the time, they are rarely wholly isolated. This social contact is 

possible because of the mobile communications available (CB/UHF/phone), casual 

contacts with different operators during the day, and direct contact with others before, 

during, and after shifts. It is these short, casual contacts at different times during the 

day that contribute to reducing the effects of isolation and in developing workplace 

knowledge. However, the ability to develop deep conceptual knowledge goes beyond 

the transfer of knowledge to new or non-routine situations or problems. It also 

includes the ability to access, monitor, recognise, and modify performance. One way 

this ability has been achieved is through feedback and this is what will be discussed 

next. 

 

6.7.5 Feedback – Key findings 

Overall, the most common feedback was in the form of meetings usually held each 

morning before the start of shift (for the Waste Group) and at toolbox meetings 

usually held once a month. Reports and word of mouth recorded only three 

responses each. In response to the question “what sort of feedback would be 

useful?” the most common response was fuel usage (5), praise (2), accident rates 

(2), and idle times (1). Of interest here, is that no drivers reported that they accessed 

the trucks on-board computer that could download the truck operating data, 
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especially fuel usage and idle times. This indicates either a reluctance or inability to 

access this information as a form of feedback, especially when much of this 

knowledge is hidden in computer systems and, therefore, hard to access and 

understand without expert guidance (Berryman, 1993; Billett, 2006b; Lewis, 2008, 

Martin & Scribner, 1991). Rather, from the majority of participants, feedback is seen 

to be a social process to be discussed at meetings, or face-to-face. 

The key finding here is the partial mismatch between the drivers' ways of 

knowing and the ways in which information was made available to these workers 

through digitally-mediated interfaces in the truck that provide different kinds of 

feedback. This mismatch was founded in ways of knowing that arose through a 

working history based in driving trucks in which sensory input was realised through 

physical engagement with the trucks’ controls. The provision of digital displays is 

inconsistent with these ways of knowing. Noteworthy here, is how the truck drivers 

continued to use and rely on sensory cues, such as driving with the windows down in 

order to monitor the engine noise, or looking at the shadows of the exhaust 

emissions on the road. This sensory engagement was also evident in the way the 

Waste Group drivers were able to engage effectively with manual levers that 

controlled the hydraulics in the truck. Yet, in many other ways, beyond the ease of 

control provided by the automated gearboxes, much of the information remained 

remote, or hidden, from the workers. 

Therefore, feedback, in its many forms (i.e. sensory, digital, social) combined 

with experience, is an important factor in reducing discrepancies between current 

understandings or performance and a desired goal by: (a) employing more effective 

learning strategies, and (b) obtaining more information that can be used to solve 

problems (Hattie & Timperley, 2007). So, social interactions in providing effective 

feedback (i.e. meetings, positive reinforcement, reports, guided learning) are 

important, as is the ability of the driver to make use of available systems to provide 

instantaneous feedback, both from sensory cues and also from symbolic conceptual 

information provided from the computerised DIS. 

 

6.7.6 Social interaction – Key findings 

Social interaction is a vital part of workplace learning. However, although direct social 

interaction occurs during the working day, it appears that the main form of social 

interaction amongst the drivers is indirect and via electronic media such as mobile 

phones. Although the drivers work in circumstances of direct social isolation, they 

have compensated for this with nondirect social contact and mobile phones appears 

to be the main form of contact. 
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A key point here is the importance of social contact, both direct and nondirect, 

for maintaining workplace performance and developing learning. This learning occurs 

in dynamic systems that may at times overlap the cognitive and sociocultural 

approaches, and in which learning is a result of the integration of different 

approaches through participation in a community and through specific social 

practices that are culturally and historically situated (Packer & Goicoechea, 2000). 

 

6.7.7 Preferred learning methods – Key findings 

The findings indicate a strong preference toward guided learning strategies such as 

observing, listening, demonstration, mentoring, coaching, modelling, and workplace 

activities, and are best explained by the cognitive apprenticeship model as proposed 

by Collins et al. (1989). These guided learning approaches to instruction and learning 

help to bridge the gap between known, or routine knowledge, and new or non-routine 

situations that require problem-solving skills such as the systematic and conscious 

application of previous experience or knowledge to new situations (Glaser, 1990). 

Additionally, guided learning strategies help to uncover deeper conceptual 

knowledge, often hidden in truck computer systems and opaque and difficult to 

access without expert guidance, through the use of heuristics or tricks of the trade, 

especially where new technology has been introduced. As mentioned earlier, such 

cognitive learning approaches are seldom performed in isolation; rather, they often 

include social contributions, such as peer-assisted or guided learning, trial and error, 

and OJT. 

 

6.8 Conclusion: Technology and learning in social isolation 

This chapter reports and discusses the analysis and interpretation of the findings of the 

interview phase of the investigation using seven main sections: (a) experience and 

work details, (b) training experience and education, (c) learning methods and 

preferences, (d) isolated learning and technology, (e) feedback, (f) social interaction, 

and (g) preferred learning and teaching methods. A synthesis of each of these 

sections identifies that the combination of both individual and social contributions to 

workplace knowledge and skill development is evident from the findings. Factors that 

may influence workplace learning and knowledge development include background 

experience and training, preferred learning methods, technological innovations, 

feedback, and social interaction. All of this is consistent with the DILM proposed in 

Chapter 3. 

Central to the aim of this investigation is to understand how human learning of 

socially derived, but potentially hard to access, knowledge proceeds in 
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circumstances of relative isolation from the experts who are presumed in many 

contemporary accounts of learning to be the key source of that knowledge. The 

significance of this study is to identify ways in which conceptual knowledge and skills 

might best be learned by those who think, act, and learn in circumstances of relative 

social isolation, using the context of heavy road transport operators in view of the 

technological changes taking place and the isolated environment in which many of 

them work. 

The findings identify that the development of conceptual knowledge in 

problem solving, as a result of technology rendering information abstract, symbolic, 

and remote from the learner, may be more intellectually demanding. Moreover, 

because learners are confronted by technologies, concepts, and procedures outside 

their existing domains of expertise, much of the learning will be new learning thereby 

increasing initial cognitive loads and demands on concentration and focus required to 

master the new systems and procedures. Furthermore, most of the knowledge and 

skills required are hidden because, within the confines of the truck cabin, activity is 

difficult for the learner to observe, with most learning occurring in isolation without the 

benefits of expert guidance and supervision. This knowledge is also hidden in a 

cognitive sense because it is presented to the driver in a highly abstract and symbolic 

format requiring a deep conceptual knowledge of computers and systems, which 

many would never have been exposed to. Central to this aim of understanding the 

knowledge construction of workers in socially isolated circumstances, is the case for 

developing an integrated approach to knowledge development that combines 

aspects of individual and social contributions to enhance individuals’ learning 

practices or personal epistemologies. 

The overall key finding in this chapter is the relational interdependence 

between social (i.e. external) and individual (i.e. internal) agency, and the subsequent 

integration of different learning approaches, both individual and social, in the 

development of workplace knowledge. The dynamic nature of the integration of both 

individual and social contributions to learning is complex, with the interaction of both 

the cognitive and social learning methods contributing to knowledge development. 

These fluid and dynamic factors combining the individual and social agencies interact 

to different degrees depending on the individual’s experience, learning style, ability 

and preference, and access to guidance and feedback, as well as the type and 

complexity of the learning task to be performed. 

Technology is replacing the tangible and mechanical aspects of work with 

conceptual and symbolic knowledge that requires more than just relying on 

transferring knowledge that is entirely experience based. However, the older workers 
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participating in this study are reluctant to use the available new technology, preferring 

to rely on experience for workplace performance. So, from a cognitive perspective, 

although the computerised diagnostic information is presented to the driver, the issue 

of applying or interpreting meaning to this information and understanding, utilising, 

and employing it, may be difficult because the information is presented in a symbolic 

medium that is “abstracted from something not visible or tangible” and is “likely to be 

constructed by individuals in quite idiosyncratic ways” (Billett, 2006b, p. 190). 

So, whilst this knowledge is not always observable and accessible because it 

may be hidden in the technology, the problems with accessing, understanding, and 

deploying the information presented to the driver are compounded by the absence of 

expert guidance to assist the learner. Another important factor here is the access to 

learning critical skills, which Martin and Scribner (1991) describe as being reliant not 

only on cognitive and technical readiness, but also on the social dynamics and 

subculture in which the learner is immersed. 
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CHAPTER 7 

 
SOCIAL AND INDIVIDUAL WORKPLACE ENGAGEMENT: 

OBSERVATION FINDINGS 

 
“Participation is an exemplification of negotiation between the individual and social, 
and is conceptualised as a duality between the affordance of the workplace and the 

individual’s engagement with what they are afforded.” 
(Billett, 2006b, p. 60) 

 
 

7.1 The workplace as a learning environment 

Workplaces are often contested environments (Billett, 2006b; Darrah, 1996; Hull, 

1997) where an individual’s participation and engagement in workplace activities, 

and, therefore, their opportunities for learning, are to a large extent shaped by 

workplace affordances or opportunities. The distribution of these affordances is 

shaped by a complex set of factors associated with the workplace culture and may 

include “workplace hierarchies, group affiliations, personal relations, workplace 

cliques, and cultural practices, which allocate opportunities to act and interact in 

workplaces” (Billett, 2006b, p. 61). Gheradi (2009) refers to these factors as the 

practice of the community. The above statement by Billett is pertinent because 

workplace participation and learning is viewed here as a negotiation between 

individual engagement and these social or situational affordances. It is through these 

affordances that individuals must negotiate to understand the micro-social processes 

(Engeström & Middleton, 1996) or norms and practices (Billett, 2006b) of a particular 

work environment for effective work performance. Identifying how this complex set of 

individual and social factors shapes workplace performance and learning is the focus 

of the chapters in this dissertation. 

To gain insights into these hidden workplace dynamics, the data from a third 

method of data collection are discussed here: direct field observation of the 

participants during their everyday workplace activities. This data gathering comprised 

two main areas of interest in which I, as the researcher, observed and recorded the 

driver from the passenger’s seat as the truck was driven during the normal daily 

schedule of tasks. The first observational focus was on the general work routines of 

the drivers; the second observational focus was from a social dynamic perspective in 

order to understand the complex social interactions and affordances that influence 

individual workplace engagement and learning. 

A key feature of participant observation, as proposed by Robson (2002), is 

that the observer “seeks to become some kind of member of the observed group” (p. 
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314). This involves not only being physically close to the group, but also gaining 

access to their “social and ‘symbolic’ world through learning their social conventions 

and habits, their use of language and non-verbal communication, and so on” (p. 314). 

In keeping with this view, observation of the participants started with the morning 

group briefings and then proceeded to accompanying one of the drivers on their daily 

runs. The observations were broadly based on the interview questions. However, 

discussions with the participants were much more opportunistic and informal 

depending on situations that arose during the day. Of particular interest was how 

heavy transport drivers used the technology available, engaged in social contact with 

others, performed work task requirements, and developed methods of driving. The 

observation consisted of general workplace practices of the Waste Group and Beer 

Group participants, consisting of the 16 drivers who participated in the interviews. 

 

7.2 Observation data collection 

The participants, settings, and trucks were audio and video recorded during the 

participants’ normal working day. In conjunction with the audio and video recording, a 

descriptive observation instrument (see Appendix C: Observational checklist 

instrument) was used. Based on Spradley’s (1980) nine dimensions of descriptive 

data collection, the observational checklist was designed to assist with the narrative 

account of the observation by systematically describing the setting, individuals, 

workplace culture, and events. The observational data were also correlated with both 

the survey and interview data to provide a comprehensive picture of workplace 

learning from the two focus groups. The nine dimensions of descriptive observation 

(as described by Robson, 2002) and the explanations of each dimension are 

presented in Table 7.1, where the dimensions are synthesised into five broad 

categories. It is these categories that then become the subheadings used in this 

chapter. Together, these dimensions of descriptive observation provide a systematic 

framework for the organisation of observation data and findings, and the elaboration 

of the balance between personal and social contributions to the learning process of 

the drivers. 
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Table 7.1 

Dimensions and Categories of Descriptive Observation 

Dimension Explanation 
Category (chapter 
subheading)  

Space Layout of the physical setting Workplace layout 7.4.1 

Actors Names and relevant details of the people involved Participants 7.4.2 

Activities The various activities of the participants Workplace activities & 

Objectives Physical elements involved technology 7.4.3 

Acts Specific individual actions Routines and events 
7.4.4 

Events Particular events / occasions  

Time The sequence of events  

Goals What the participants are attempting to 
accomplish 

Workplace goals & 

Feelings Emotions in a particular context dispositions 7.4.5 

Note. From Real world research: A resource for social scientists and practitioner-

researchers (2nd ed.) (p. 320), by . C. Robson, 2002, Oxford, UK; Madden, Mass.: 

Blackwell Publishers. 

 

7.3 Data analysis 

As elaborated in Chapter 4, the major goal of field research is to gain insights into a 

social group or situation where data collected by researchers should render “a richly 

detailed picture of social life that describes the people on their own terms, graphically 

capturing their language and letting them speak for themselves” (Singleton & 

Straights, 2005, p. 337). Similar to the interview data analysis in Chapter 6, the 

observational data analysis requires an integration of different approaches such as 

descriptive analysis and trend analysis where patterns and sequences of events can 

be established that may indicate a correlation of data through which conclusions may 

be drawn. Overall, a three-phase data analysis of the ethnographic study, involving: 

(a) description of the culture sharing group, (b) analysis of themes of the culture, and 

(c) interpretation, allowed for a systematic arrangement of organising information and 

identifying patterns, developing ideas, and drawing and verifying conclusions. 

Specifically, the analysis of observational data involved three main focuses that are 

consistent with those exercised elsewhere in this research: (a) analysis of the data to 

establish significant trends and patterns in learning methods and to compare and 

contrast significant differences in knowledge and skill development, (b) a tabulated 

analysis of the effectiveness and usefulness of different learning strategies, and (c) 

the uncovering of techniques used to learn in socially isolated situations and to 

develop expertise when using new technology. The approach used to gather the data 

is now discussed. 
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7.3.1 Describing the culture, organising data, and identifying patterns 

Using the survey information, a profile of the workers and workplace culture was 

developed by analysing demographics (i.e. age, gender, and education level), work 

experience levels, and work details. The data collection started with a survey that 

involved 64 participants from three distinct groups of drivers (i.e. Waste Group, Gas 

Group, and Beer Group). From this initial data, a cultural profile was developed 

describing each of the three industries in which the drivers worked, the different work 

tasks performed, the different models and types of trucks used, and the different 

specific workplace requirements. 

A quasi-statistical approach was used in the survey analysis. The data from 

the survey were coded and organised into categories based on the different headings 

used and codified using 5-point Likert scales. These coded scales were then 

converted to percentages to determine the respondents’ agreement or disagreement 

with the statements posed. The percentages were then tabulated into the form of a 

matrix to identify trends, clusters, factoring, relationships between variables, and 

conceptual and theoretical coherence. An analysis was then conducted comparing 

findings, determining trends and patterns, and isolating any particularly high 

variances in results. 

The findings from these data were used to identify a core sample of potential 

participants for the interview phase of the research. A total of 16 drivers were 

selected from two different industries that formed a representative sample from the 

survey results. The data obtained from the participants were in the form of digitally 

recorded semi-structured interviews and field notes. The data from each interview 

were transcribed to analyse key events and patterns. 

Observations of participants were recorded in the same manner as the 

interviews; however the observational data were captured in the form of video 

recording of the drivers (i.e. the observational data related to the drivers’ actions). 

This process provided a cross check of both the survey and interview data. The video 

data were transcribed into key events. 

 

7.4 Descriptive observation 

The framework for the descriptive observation is divided into five areas based on 

Robson’s (2002) dimensions of descriptive observation (see Table 7.1). These five 

areas are workplace layout, participants, workplace activities and technology, routine 

events and time sequence, and workplace goals and dispositions. Each of these 

areas will now be discussed and described. 
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7.4.1 Workplace layout 

The workplace layout and physical settings of both the Waste Group and the Beer 

Group are individually described to identify similarities, differences, and working 

conditions of the two companies. However, in addition to the physical layout of these 

workplaces, a description of the types of trucks used is also important. These layouts 

constitute a workplace for the drivers who spend the majority of the working day 

behind the wheel using the available technology to perform the required tasks. 

 

7.4.1.1 Waste Group layout: Depot 

The Waste Group workplace layout consists of a large depot that includes an 

administration area, maintenance workshops, parking areas for the trucks and 

associated machinery, crew/meeting rooms, fuel storage area, and vehicle washing 

facilities. The entire complex is surrounded by a high security fence and access is by 

intercom to the administration area that then allows access for authorised visitors. 

The truck drivers have their own key to access the security doors. The depot 

complex has approximately 100 employees based there, and this forms the centre for 

the control, coordination, administration, and maintenance of the 60 strong truck and 

machinery fleet. From this base, the Waste Group drivers are sent early in the 

morning to one of 12 local transfer stations to collect full bins and transport them to 

one of the three tip sites. At the end of the working day, the trucks are returned to the 

depot where they are washed and refuelled, and routine maintenance is conducted. 

 

7.4.1.2 Waste Group layout: Transfer station 

After leaving the depot, the drivers go to their allocated public transfer station. These 

transfer stations are where the members of the public are able to dump household 

rubbish or green waste into the 30-cubic meter bins. The site is controlled by a 

transfer manager who allocates the bins the public may use. Additionally, the 

manager is responsible for the co-ordination of bin turnover when they are full, so the 

transfer manager remains in close contact with the transfer drivers to ensure that full 

bins are picked up and that there are empty bins in place for the public to use. The 

transfer station is a key source of social contact for the drivers as they co-ordinate, 

either in person or via the phone or two-way radio, with the station manager. The 

drivers also rest here or have their breaks at the station because crew room facilities 

are provided here (i.e. fridge, toilet, administration facilities, TV, sofas, etc.). 
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Figure 7.1. 30-cubic metre bin in place at transfer site 

 

Figure 7.1 depicts a 30-cubic metre bin in place at a waste transfer site. In the 

background is the truck ready in place to remove the bin for dumping at the tip site. 

Each transfer site has four of these bin sites so that when one bin is removed the 

other three can handle the dumping load. Noteworthy here is the high degree of 

precision required to reverse the bins into such a tight space, as depicted in Figure 

7.1. The task of reversing these 30-cubic metre bins requires skills and techniques 

that are developed with practice and over time. The types of skills required for work 

performance by the Waste Group drivers, as depicted in Figure 7.1, are not easily 

gained without direct guidance from more experienced workers.  

 

7.4.1.3 Waste Group layout: Tip site 

After leaving the public transfer site, the full bins are carried to the main tip site, in 

this instance a disused rock quarry. Entry to the site is via a controlled weight bridge 

where the registration, weight, and type of fill is recorded. The tip site road is 

unsealed and extends for approximately 400 metres. Here, the load is dumped and 

large graders then crush the dumped load before burying it. 

 

  

Figure 7.2. Volvo FM9 prime mover at tipping site 
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Figure 7.2 depicts a Volvo FM9 prime mover tipping a 60-cubic metre bin at 

the tip site.1 Noteworthy here, is the uneven, unsealed road surface and the height of 

the bin being tipped. Together these factors can make tipping potentially hazardous 

in windy conditions where the entire truck may flip over. Additionally, other hazards 

include nails that puncture tyres, dust and mud, and large earthmoving machinery 

operating within the vicinity of the trucks. These potential hazards add to the 

complexity of the work task of the Waste Group drivers. So, not only are drivers 

required to learn the complexities of driving trucks, there are also external factors 

outside their control that must be taken into account, such as weather conditions, 

traffic, and road conditions. 

 

7.4.1.4 Waste Group layout: Volvo FM9 Truck 

The Volvo FM9 is a 9 litre six-cylinder diesel truck. The engine management, 

suspension, DIS, and gearbox are computer controlled with manual overrides. These 

features allow the driver access to over 100 different types of information via the DIS. 

The traditional manual gear stick has been replaced by a gear selector. The interior 

of the truck is comfortable with air suspension on the driver’s seat, integrated 

telephone system, soundproofing, and clear all-round visibility (see Figure 7.3). 

These features are designed to reduce fatigue and increase comfort for the driver. 

 

Figure 7.3. Interior of Volvo truck cab 

Copyright Volvo Trucks Australia. Reprinted with permission 

 

Figure 7.3 depicts the interior of the Volvo truck cab which is characterised by 

a lack of analogue dials and instruments found in the older style of trucks. 

                                                 
1 While taking the photographs used in Figure 7.2, I was confronted by the tip manager who 
wanted to know what I was doing. He told me not to leave the truck without a high visibility 
safety vest (which I was not wearing). Additionally, taking photographs in the tip site was not 
encouraged because these sites are politically and environmentally controversial and 
unauthorised media may generate bad publicity for the council. 
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Additionally, the comfort levels for the driver have been considerably improved with 

the ergonomic design and layout of the cab. The information is presented to the 

driver via the DIS (see Figure 7.4) which is a computerised digital display that uses 

symbols and numbers to convey information (with a reduction in the number of 

analogue gauges that traditionally presented the driver with information on things like 

air pressure, temperatures, electrical and so on). These functions are now hidden in 

the DIS which the driver must access by scrolling through the computer screen. 

 

 

Figure 7.4. The Driver information System (DIS) 

Copyright Volvo Trucks Australia. Reprinted with permission 

 

Figure 7.4 depicts the driver instrument panel and DIS. Of particular interest 

here is the combination of the traditional analogue gauges such as the speedometer, 

tachograph, temperature gauge, and fuel gauge, which sit alongside the 

computerised display, seen here as the bright box in the centre of the picture. So, 

here is an integration of digital and analogue displays that present both tangible, 

explicit information in the form of analogue gauges, and symbolic, tacit information, in 

the form of the DIS. 

The traditional manual gear stick has also been replaced by an “auto shifter” 

(see Figure 7.5) similar to an automatic car. These technological changes will be 

discussed further in this chapter in section 7.4.3. 
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Figure 7.5. The I-shift gear leaver 

Copyright Volvo Trucks Australia. Reprinted with permission 

 

Figure 7.5 depicts the I-shift gear selector for the Volvo FM trucks. Located on 

the left hand side of the driver’s seat, the I-shift gear selector has four modes: 

reverse (R), neutral (N), automatic (A), and manual (M). Noteworthy here is the 

difference between the gear selector, as depicted in Figure 7.5, and the older style 

manual gear stick: here, the I-shift gear leaver is not connected directly with the 

truck. Instead, it is electronically connected to the truck’s computers, adding to the 

loss of physical sensation (i.e. vibration) that the driver is used to. Moreover, the lack 

of direct mechanical connection to the truck adds to the feeling of remoteness from 

the truck. The lack of sensory cues reduces the amount of situational awareness the 

driver has, instead placing a greater reliance on understanding and interpreting data 

and symbology displayed via the DIS. 

The shift away from physical and tangible sensory inputs that indicate the 

performance of the truck (i.e. noise, vibration), to cognitive sensory inputs provided 

by computers that display information and warnings that must be acted upon, is 

worth stressing again here. For example, instead of feeling vibrations in the truck to 

determine if there is a problem, a driver must now look to the information in the DIS 

(see Figure 7.4) for warning lights or other information indicating a potential problem. 

 

7.4.1.5 Beer Group layout: Brewery and bulk store 

The Beer Group operates between two locations: the brewery and the bulk store 

located 12 kilometres away. The brewery is located within three kilometres of the 

Brisbane central business district. As beer is bottled, packaged, and stacked on 

pallets on a production line, conveyer belts transport the beer to the loading facilities 

where it is loaded onto the trucks. The brewery loading facility consists of two loading 

docks, managers’ office, crew room, and space for parking six trucks. Generally, the 
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facilities are minimal, very cramped, and require expert driving skills to manoeuvre 

the large trucks and trailers in the very confined spaces. The area has high security 

fencing with security guard access due to the valuable nature of the freight. 

Loaded pallets are transported from the brewery, via the Brisbane inner city 

bypass, to the bulk storage facility 12 kilometres away where they are unloaded by 

forklifts and stacked for further distribution. The round trip from the brewery to the 

store and back to the brewery generally takes 50 minutes. The time is increased to 

80 minutes during peak times (7:30 a.m. – 9:30 a.m. and 4:30 p.m. – 6:00 p.m.). 

 

7.4.1.6 Beer Group layout: Mercedes Fleetstar prime mover 

The Mercedes-Benz Fleetstar prime mover is a 12 litre six-cylinder diesel truck. 

Similar to the Volvo FM9, the Mercedes has engine management, suspension, DIS, 

and gearbox functions that are computer controlled with manual overrides. Like the 

Volvo, the manual gear stick has been replaced by a gear selector, as depicted in 

Figure 7.6. 

 

 

Figure 7.6. Mercedes-Benz gear selector 

Copyright Mercedes-Benz Australia. Reprinted with permission 
 

Figure 7.6 illustrates the Mercedes-Benz automatic gear selector. Similar in 

design to the Volvo gear selector, the Benz selector can operate in manual or 

automatic mode (as seen by the M/A button). In manual mode the driver can toggle 

up or down through the gears as required. 

The interior of the truck is comfortable with air suspension on the driver’s 

seat, integrated telephone system, soundproofing, and clear all-round visibility, as 

depicted in Figure 7.7. 
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Figure 7.7. Mercedes-Benz truck cab layout 

Copyright Mercedes-Benz Australia. Reprinted with permission 
 

Figure 7.7 depicts the layout of the Mercedes-Benz Actross prime mover. 

Similar in design and style to the Volvo, the Mercedes-Benz truck is characterised by 

a lack of the traditional dials and instruments found in the older style of trucks. Also, 

the comfort levels for the driver have been considerably improved with the ergonomic 

design and layout of the cab. The information is presented to the driver via a 

computerised digital display that uses symbols and numbers. This display system 

results in the majority of information being presented via electronic computerised 

displays rather than analogue gauges, resulting in a much less cluttered layout. 

However, much of this information is now hidden in the computers and requires 

different types of knowledge to access and act upon because the computer must be 

accessed for the right information. 

A key point here, depicted by Figure 7.7, relates to the high comfort levels 

afforded by the modern truck cab. Whilst comfortable for the driver, the various 

features incorporated into the cab, such as sound proofing, air seat suspension, and 

cruise control, tend to further deprive the driver of physical sensory inputs. For 

example, whilst observing the drivers during their daily work, most had their windows 

down and radio off, even though it was a hot day. The drivers preferred to listen to 

the engine to gauge performance and to determine if there were any problems with 

the truck, even though the trucks had air conditioning. So whilst the truck computers 

were able to monitor engine performance, the drivers preferred to continue using 

sensory inputs (in particular engine noise) as the primary means of gauging 

performance. This reliance on sensory inputs suggests that the drivers were either 

unable or unwilling to fully utilise the data presented to them by the DIS. The reasons 

for this will be discussed further in the chapter. 
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7.4.1.7 Workplace layout: Summary and deductions 

Technology has impacted on the physical transformations of work sites in which 

social interaction patterns are influenced by communications technology, 

ergonomics, facilities, ease of operation, and efficiency. Martin and Scribner (1991) 

identify human factors in new workplace environments, and acknowledge that what 

workers contribute to their job is “critical to consider in the design, understanding, 

and implementation of new technology-based work” (p. 124). 

A key point here is the relationship between changing workplace 

environments and existing worker knowledge. For example, the ergonomic design of 

the trucks has made them quieter and smoother, with less vibration and less physical 

effort required for driving. However, these very technological innovations have made 

the driver remote from the truck, unable to fully use tangible sensory cues to monitor 

the performance of the vehicle through such things as noise or vibration. These 

methods of monitoring the performance of the truck have been replaced by symbols 

and alarms presented to the driver in the form of information displays or by flashing 

lights with audible warning alarms. Interestingly, every observed participant drove 

with the window down, even though it was very hot, so they could listen to the tone of 

the engine. So, rather than relying solely on the technology available in the trucks, 

the drivers relied more heavily on sensory cues to monitor performance. These skills 

are developed by microgenetic (Rogoff, 1990) feedback in moment by moment 

learning processes. This is similar to the introduction of computer technology that 

saw changes in work practices that required the traditional manual operation 

methods of machining being replaced by electronic commands executed through a 

computer program (Martin & Scribner, 1991). 

As discussed in Chapter 6, and confirmed by observation of the participants, 

another key finding is the integration of different sorts of knowledge required by truck 

drivers using new technologies that are highly symbolic in character and unable to be 

directly observed. Factors comprising of experience, heuristics, domain-specific 

knowledge, and guided learning, represent and confirm the integration of both 

cognitive and social approaches to knowledge development in the learning process. 

 

7.4.2 Participants 

Morris et al. (2010) indicate that, as in the majority of the Australian working 

population, there is an increasingly aged workforce in the Australian transport 

industry where 68 percent are aged over 35. The findings from Table 7.2 indicate that 

the average age for the observation participants is 54 years, which is 7 years older 

than the survey results (in chapter 5) of 47 years average age, and 5 years older 
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than the road transport industry average age of 49 years (Driving Australia’s Future, 

2003). 

A total of 16 drivers were observed, ranging in age from 36 to 64 years. The 

same participants used for the interviews were also used for the observation phase 

of the study. The participants consisted of two separate groups. The two groups had 

similar characteristics (ages and experience), however the main difference was the 

type of task performed by each group and the different types of trucks that were 

used. An interesting feature of the participant population is that it is dominated by 

older males. This feature is also reflected in the survey where 98 percent were male. 

This finding reflects the image of the road transport industry as being synonymous 

with the male identity, and is similar to those found in mining (Abrahamsson, 2006) 

where “the cultural and symbolic aspects of the work are lagging behind the 

structural and technological changes” (p. 14). In other words, the traditionally male-

dominated industries, such as mining and road transport, have strong male-

dominated cultural identities and practices that resist, or make it unappealing for, the 

inclusion of women, even though modern technology has made it possible for women 

to be physically capable of handling such tasks. However, one significant departure 

from this tendency is the increasing participation of women in mining truck operations 

(Darnborough, 2008). 

Table 7.2 presents the findings of the two interview groups regarding age and 

experience details. The findings from Table 7.2 indicate that there are close 

similarities in three of the four columns between the two companies, these being: (a) 

a similar overall age group with an average of 54 years, (b) similar total truck driving 

experience of 29 years on average, and (c) same average auto box experience of 2 

years. The main difference between the two companies is found in the far right hand 

column. For “years working for the company”, the Waste Group recorded an average 

of 8 years whilst the Beer Group recorded an average of 2 years. This difference may 

indicate that the Waste Group has a more stable employee history due to a number 

of factors, including stable council/local government employment, limited job 

opportunities in regional centres, and the nature of the work itself. The short length of 

employee history at the Beer Group may be a result of location in a major city where 

there are more job opportunities, the frustrating nature of the work that involves 

driving in inner city traffic, and the high degree of precision and care required in 

loading and transporting fragile freight. 
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Table 7.2 

Combined Interview Groups: Age, Experience, and Years with Company 

Company and participants 
Age 

(years) 
Total truck driving 
experience (years) 

Auto box 
experience 

(years) 

Years 
working for 

this company 

(A) Waste Group     

Simon 55 32 4 28 

Chris 64 44 3 7 

Neil 60 34 5 5 

Ian 50 30 3 10 

Garry 56 38 1 1 

Steve 53 28 1 8 

John 56 30 2 5 

Paul 58 20 1 1 

Andrew 48 10 2 8 

Average Total (n=9) of WG 56 30 2 8 

Standard Deviation (SD) 4.9 9.88 1.42 8.07 

(B) Beer Group     

Brian 61 41 2 3 

Eric 36 15 1 1 

Dan 44 25 2 1 

Rodger 50 15 4 3 

Kevin 58 34 3 2 

Patrick 61 35 1 1 

Rod 46 22 1 1 

Average Total (n=7) of BG 51 27 2 2 

Standard Deviation (SD) 9.56 10.21 1.15 0.95 

Mean Group A & B (n=16) years 54 29 2 5 

Standard Deviation (SD) A + B  7.42 9.78 1.30 6.77 

 

Another noteworthy aspect of the findings presented in Table 7.2 is the 

prevalence of male drivers in both companies. In fact there were no female drivers in 

either the Waste Group or Beer Group, and the survey findings in Chapter 5 indicate 

that of 64 drivers, only 2 female drivers were surveyed. 

 

7.4.2.1 Participants: Summary and deductions 

The findings from Table 7.2 indicate the average age for the observation participants 

to be 54 years (seven years older than the survey results of 47 years average age, 

and five years older than the road transport industry average age of 49 years). The 

aging workforce and clear lack of younger workers entering the industry indicates a 

trend toward older workers extending their working lives (Billett, 2006b), and indeed, 

a shift toward older workers as a continuing source of labour (McNair, Flynn, Owen, 
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Humphries, & Woodfield, 2004, as cited in Billett, 2006b). The advanced ages of the 

participants are significant because, firstly, older workers face particular challenges, 

especially where technology may displace existing competencies and capabilities. 

The second aspect affecting older workers is that they may not have the same 

affordances as younger workers in terms of learning support because of employers’ 

preferences toward younger workers for training and development opportunities. 

These situations may lead to a relative lack of support for older workers in developing 

and maintaining competence on new systems (Billett, 2006b). 

The perceived disadvantages of older workers may actually be an advantage 

in this case, however, where experience and advanced driving skills, combined with 

a less aggressive approach to driving, may enhance safety and productivity. This 

approach is recognised in the mining industry where older drivers and women tend to 

be more cautious when operating the trucks, and softer on the equipment 

(Darnborough, 2008). 

 

7.4.3 Workplace activities and technology 

Technological, social, and economic demands have placed a greater requirement on 

drivers to utilise technology in solving complex problems in the safe and efficient 

operation and associated activities of heavy trucks. A driver's ability to safely and 

efficiently operate in the heavy transport environment is the main priority of the road 

transport industry today (Trucksafe, 2010). Workplace activities such as accessing 

information systems to diagnose problems, pre-empt maintenance requirements, and 

instantaneously monitor various systems such as fuel consumption and load sensors, 

for example, all contribute to the overall immediate and long term efficiency of the 

transport operation. However, these new technologies, such as those found in 

modern heavy trucks, have placed an “increasing premium on human mediation of 

expensive machinery” (Livingstone & Sawchuk, 2003, p. 1). The increasingly 

cognitive complex task of driving trucks is compounded because of the social 

isolation often experienced by drivers that create barriers to learning conceptual 

knowledge that is hidden. Additionally, tasks associated with the primary purpose of 

driving are also subject to technological influences. Tasks such as loading freight, 

management of electronic documentation, communication, and navigation have all 

been subject to changes as a result of technology. These workers, most of whom 

would be classified as older workers, are now being confronted by the introduction of 

technological innovations, such as computerised engine management systems, 

digital displays, and automated gearboxes that require different skill bases and 

access to different types of knowledge, much of which is outside their existing 
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domains of expertise. Moreover, because this knowledge is embedded in technology, 

it is often hidden or concealed from the learner. 

A close observation of the participants’ workplace activities was required to 

uncover how they operated on a daily basis, used the available technology, socially 

interacted, and performed tasks. Additionally, observation was required to 

understand how the participants integrated their existing experience with the new 

systems that confront them. Both groups of drivers will now be discussed in relation 

to their use of technology in daily workplace activities. 

 

7.4.3.1 Waste Group activities and technology 

The Waste Group is a regional city council waste collection and transfer operation. 

This fleet operates 10 8x4 rigid configuration 30-cubic metre bin trucks (also known 

as transfer trucks) and two prime movers with a 60-cubic metre bin trailer. Bins are 

off loaded at public waste (dump) transfer sites where the bins are hydraulically lifted 

on to the backs of the trucks when they are full. The waste transfer fleet of trucks use 

automated gearboxes because the automatic gearbox was seen as a solution for 

making a truck easier to drive, eliminating the need for a clutch and the need to 

manually change gears. This technical innovation is especially useful in the waste 

industry where there is constant stopping and starting. An auto gearbox not only 

reduces wear on the clutch but also makes the driver less fatigued because gear 

changes are automatic and require no clutch effort. However, these kinds of systems 

bring their own complications and complexities. 

Figure 7.8 depicts the Volvo I-shift gear selector and illustrates the impact 

technological change has had on the ways in which trucks are driven. Specifically, 

the old style manual gear sticks have been replaced by a gear selector where 

manual gear changes may be made by the driver by deselecting the automatic mode 

(A) and selecting the manual mode (M). Whilst in the manual mode, gears can be 

selected via a toggle switch (+/-). 
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Figure 7.8. The Volvo I-Shift Gear Selector in Automatic mode and in Manual mode 

Copyright Volvo Trucks Australia. Reprinted with permission 

 
Figure 7.8 also highlights a significant shift in the ways in which the drivers 

use this technology. Firstly, trucks must sometimes be driven in manual mode 

because the computers cannot sense when hills are ahead. Because of the heavy 

weights involved, high degrees of anticipation are required by the drivers who must 

change down to lower gears before reaching the hills in order to maintain 

momentum. This can only be achieved by selecting the manual option on the gear 

selector and changing gears manually. Secondly, unlike the older non-computerised 

manual gear boxes, the gear selector is not directly connected to the truck, with the 

only connection via electronic cables to the on-board computers. This lack of direct 

connection with the truck results in a lack of direct sensory feedback (i.e. vibrations 

and feel) for the driver. Thirdly, drivers must now rely on the highly symbolic nature of 

the information presented to the driver in the DIS, rather than relying solely on 

sensory cues, to determine what gear is selected and how the truck is performing. 

Moreover, the computerised information is presented either as numbers, letters, or 

symbols. These digital representations constitute a level of conceptual knowledge 

that is highly symbolic, abstract, and also vastly different from the traditional 

analogue gauge systems that many of the drivers are familiar with. So, not only are 

there computer systems and conceptual knowledge that the driver needs to 

understand, and in ways going beyond digital representations, but also the 

relationship between the different systems needs to be understood. Therefore, the 

effective operation of the automatic gearbox requires an understanding of the DIS 

and, conversely, the effective use of the DIS relies on understanding the operation of 

the automatic gearbox. So it can be seen that, in broad terms, the method of driving 

trucks has shifted from purely intuitive and sensory inputs, to mostly cognitive and 

conceptual or symbolic data inputs. 



Dynamic Integrated Learning: Managing knowledge development in road transport 
 
 

- 204 - 

In addition to the computerised systems in the truck, the Waste Group trucks 

have an extensive hydraulic operating system that is used for the hook lift. The hook 

lift is used for lifting loads, such as bins, onto the back of trucks. In the Waste Group 

case, the bins have rollers that make it easier to pull on to the truck. Figure 7.9 

presents the hydraulic lever arrangement used by the driver to manually operate the 

hydraulics. 

 

   

Figure 7.9. Hydraulic lever set up and work task 

 

In Figure 7.9, the manual levers for the hydraulics can clearly be seen. Of 

interest here are the different sizes of each lever. Having different sized levers is 

intentional because the driver loads and unloads the bins (see Figure 7.10) by 

looking in the reversing mirrors or reversing camera. Operating the hydraulics is by 

feel where drivers know which lever to use (by the size of the lever) without having to 

take their eyes off the bin. In this instance of truck driving, the sensory feedback is a 

vital aspect of work performance that sits alongside, and in many cases integrates 

with, the new technology and information systems. Drivers may use sensory cues to 

monitor performance and the workings of the truck in combination with the 

information presented in the DIS. 

 

   

Figure 7.10. Hook lift hydraulic bin lift 
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The left image in Figure 7.10 depicts the hydraulic hook lift in mid lift. The 

back of the bin is on rollers to facilitate lifting on and off the bin. The loading and 

unloading of the bin is controlled by the driver via the hydraulic levers in the cab (see 

Figure 7.9). This type of work relies on the driver using sensory guess to feel what 

the load is doing, rather than relying purely on technology. The perceived ease at 

which the observed drivers’ performed their tasks of driving, reversing, and 

loading/unloading bins demonstrates a flow of activity where, according to Farrar and 

Trorey (2008), the practitioner is totally engaged in the activity. The tasks of loading 

and unloading the large bins can be difficult and demanding; however, these tasks 

are made to look easy because, as Goleman (1995) describes, the drivers are in the 

zone, a state where “excellence becomes effortless” (p. 90). Observation of the 

participants revealed that there were many times that the drivers appeared to be in 

this state of flow, where the dynamic nature of the work task required a focus that 

involved a combination of sensory, cognitive, intuitive, and social inputs. Myers 

(2002) refers to intuition as a domain-specific capability in which individuals are able 

to make decisions without having to reflect on the task or deliberately balance 

alternatives. It is this intuitive flow that is a critical component of professional 

competence (Harteis & Gruber, 2008), and is clearly seen in the daily activities of the 

drivers. 

With an average experience level of 30 years for the drivers of the Waste 

Group (see Table 7.2), these drivers were able to consistently perform very 

demanding work tasks with a high level of performance and with apparently little 

trouble. Moreover, in non-routine situations they were able to “draw on various ways 

of seeing the problem, finding different ways of constructing meaning on the problem 

and of drawing on existing meanings in its solution” (Stevenson, 2003, p. 21). Indeed, 

drawing on extensive experience bases, many of the drivers were able to intuitively 

solve problems and handle situations with apparent relative ease. 

 

7.4.3.2 Beer Group activities and technology 

As indicated, the Beer Group activities consist of loading trucks with palletised 

cartons of beer and kegs from a production line and transporting the load from an 

inner city brewery to a larger storage and distribution facility. The constant flow of 

palletised beer from the production line must be loaded into the truck trailers for 

transport to the larger storage and distribution facilities 12 kilometres away. The 

constant production of beer requires continual precision timing and a rotating 24hour 

shift of drivers to load and move the product. On the surface, this work task may 
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seem routine. However, negotiating peak hour city traffic with narrow streets in a 

large prime mover requires a high degree of skill and knowledge. 

In addition to the physical skills required for loading and moving the product, 

there is a cognitive aspect to the work task that requires an understanding of abstract 

conceptual knowledge. In loading the beer, the drivers are responsible for performing 

the weight and balance calculations for proper and legal weight distribution. Figure 

7.11 depicts part of this loading task in one of the two loading bays (from the inside 

looking out). 

 

   

Figure 7.11. Brewery loading facility 

 

The freight being loaded from the production line into the trailer in Figure 7.11 

is Tooheys Extra Dry beer. An understanding of the type and brand of beer being 

loaded is important for weight and balance calculations because each type of beer 

has different weights. For example, each carton of Tooheys Extra Dry weighs13.86 

kilograms and there are 78 cartons per pallet, 22 pallets per load. The total load 

would therefore be 23,748 kilograms. In addition, each empty pallet weighs 42 

kilograms, so the total pallet weight is 924 kilograms. The total weight of the load is, 

therefore, 24,672 kilograms. This cargo must be carefully loaded and balanced to 

ensure that: (a) no more than the maximum weight of six tonnes is on the front axle 

(required under Australian law), and (b) the total legal maximum load does not 

exceed 42.5 tonne. 

The key point here is that while complex weight and balance calculations may 

be relatively straightforward when the same product is being loaded, the calculations 

become increasingly difficult when different products of different weights are being 

loaded. The loading technology, in this instance a computerised conveyer belt 

system, has resulted in the need for the drivers to perform mathematical weight and 

balance calculations based on loading tables (see Appendix I), to ensure that loads 

are within legal weight limits. This shift in the new types of knowledge required by the 



Dynamic Integrated Learning: Managing knowledge development in road transport 
 
 

- 207 - 

truck drivers as a consequence of technology, is similar to the shift towards the 

conceptual knowledge required by paper pulp mill workers (Zuboff, 1988), CNC 

workers in Martin and Scribner’s (1991) study, and also Berryman’s (1993) study of 

textile loom workers. In these instances, the traditional sensory, observable, and 

tangible forms of knowledge and learning had been replaced by “learning acquired 

primarily through symbols, whether verbal or mathematical” (Berryman, 1993, p. 

359). Moreover, rather than de-skilling through automation, Zuboff (1988) argues that 

computerisation restructures the work situation because it "abstracts thought from 

action" (p. 75). So, it can be seen that technology has not only affected the way the 

trucks are driven, but also the associated work tasks such as loading freight and the 

subsequent methods of calculating weights. The types of knowledge and skills 

required in this work role extend beyond the explicit to include conceptual knowledge 

that is symbolic and abstract and, therefore, hard to access, observe, and learn 

without expert guidance. 

Figure 7.11 also depicts the very fine tolerances required for loading the 

pallets of beer. Note the narrow gap between the pallets and the side of the trailer. 

Tolerances for backing the trailer into place must not exceed more than 10 

millimetres, therefore, accurate reversing skills that place the trailer exactly on the 

loading dock are required. This is accomplished by aligning the rear wheels of the 

trailer with lines painted on the dock. This type of knowledge is not immediately 

evident and must be made explicit to the learner. As a result, all of the drivers 

interviewed and observed indicated that they were shown how to reverse onto the 

dock by more experienced workers. This type of close guidance relies on learning 

strategies such as demonstration, observing, and modelling in which heuristics or 

tricks of the trade (Billett, 2001) can be applied to previously learnt propositional and 

procedural knowledge (Anderson, 1982) to provide problem-solving solutions. This 

requirement is especially important in situations where the knowledge is hidden or 

hard to uncover without expert guidance (Billett, 2006b; Lewis, 2008). Yet, much of 

this type of guidance is not available, either because of the isolated nature of truck 

driving or because of a contested work environment where knowledge is closely 

guarded. 

Also of note is the requirement for drivers to load their own vehicles (see 

Figure 7.11 depicting one of the drivers using the conveyer belt control). This task 

requires drivers to also become competent at using the controls on the conveyer belt 

and aligning the pallets of beer on the belt so that they feed freely into the trailer. As 

the both weight and size tolerances are very fine, a skill is required to ensure both 

the correct weight and balancing of the load to ensure it complies with legal 
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requirements, and also that the product is not damaged by scraping along the inside 

of the trailer thereby damaging the cardboard cartons. 

The final step in the process, unloading the product at the storage facility (see 

Figure 7.12), requires an understanding of unloading procedures that includes going 

to the correct unloading point, untarping the side curtains, and ensuring the correct 

documentation has been completed, including electronic tagging. 

 

   

Figure 7.12. Unloading at the storage and distribution facility 

 

Figure 7.12 depicts the unloading of kegs at the storage and distribution 

facility. The drivers know where to unload by looking at signs placed at the front of 

each store warehouse. The trucks need to be positioned within the yellow lines 

marked on the floor, as seen in Figure 7.12. The fast unloading by forklift drivers who 

are positioned ready for the truck, much like a pit crew in formula one racing where 

speed is a priority, is a key consideration in a fast turnaround. The time for unloading 

is approximately 3 minutes; hence, the accurate positioning of the truck is important. 

 

7.4.3.3 Workplace activities and technology: Summary and deductions 

The increasingly cognitive demanding task of driving trucks is compounded because 

of the social isolation often experienced by drivers that create barriers to learning 

conceptual knowledge that is hidden. Additionally, associated tasks such as loading 

freight, management of electronic documentation, communication, and navigation are 

also subject to technological influences. These mostly older workers are now being 

confronted by the introduction of technological innovations, such as computerised 

engine management systems, digital displays, and automated gearboxes, that 

require different skill bases and access to different types of knowledge, much of 

which is outside their existing domains of expertise. Moreover, because this 

knowledge is embedded in technology, it is often hidden or concealed. 
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A key finding is that, in this instance of truck drivers, sensory feedback is a 

vital aspect of work performance that sits alongside, and in many cases integrates 

with, the new technology and information systems. Truck drivers may use sensory 

cues to monitor performance and the workings of the truck in combination with the 

information presented in the DIS. 

Another key finding is the perceived ease with which the observed drivers 

performed their tasks of driving and other work related activities. Observation of the 

participants revealed that there were many times that the drivers appeared to be in 

the flow, where the dynamic nature of the work task required a focus that involved a 

combination of sensory, cognitive, and social inputs. 

So, technology has affected the way the trucks are driven and also the 

associated work tasks where the types of knowledge and skills required extend 

beyond the explicit to include conceptual knowledge that is symbolic and abstract 

and, therefore, hard to access, observe, and learn without expert guidance. However, 

the introduction of technology in road transport has not made previous work practices 

completely obsolete. Rather, new skills and knowledge required because of 

technology are integrated into earlier work practices, such as sensory feedback and 

guided learning, by those drivers with the requisite skill to do so. Importantly, most of 

this new knowledge needs to be learnt through interaction with others, artefacts, and 

the social setting in which the work is conducted. 

 

7.4.4 Routines and events 

The Waste Group drivers use ‘hook lift’ trucks (i.e. large hydraulic hooks) to pickup 

and tip large volumes of general household waste (i.e. 30-cubic metre bins when full) 

from public transfer stations and transport them to the larger land fill sites, such as 

disused quarries. The empty bins are then returned to the public transfer stations 

where the drivers must reverse the truck into the narrow ‘drop off points’ where the 

bins are unloaded ready to be refilled. This process is repeated between 6 to 12 

times per day. The Beer Group work followed a similarly repetitive pattern. Palletised 

cartons of beer and kegs are loaded from a production line and transported from an 

inner city brewery to a larger storage and distribution facility12 kilometres away, and 

unloaded. The empty truck and trailer then return to the brewery for the next load. 

This work, whilst seemingly routine, requires a high degree of skill and co-

ordination between drivers in order to safely and effectively achieve daily workplace 

goals, especially in non-routine situations. The routine nature of the work tasks still 

has a high frequency of non-routine events occurring on a daily or weekly basis. 

These non-routine events highlight the dynamic nature of road transport where there 
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are constantly changing conditions and situations that confront drivers. Groen and 

Patel (1988) argue that in non-routine activities, higher-order procedures and deeper 

level conceptual knowledge are required to transfer existing knowledge to new tasks 

or workplace situations. Although there is little variance in the daily routine of either 

the Waste Group or the Beer Group, uncommon events still occur on a regular basis. 

For example, breakdowns with diagnostic messages and warning lights are displayed 

to the driver, via the DIS, that may require assistance from other more experienced 

workers in order to determine what to do. Accidents that block traffic may require the 

drivers to use discretion in selecting alternative routes to their destinations. So, 

emergency situations require quick thinking and immediate action. These types of 

non-routine events add to the intensity and complexity of the work task, and require 

the drivers to use skills and knowledge outside their normal routine. It is the degree 

and frequency of activities in the workplace that determine what tasks are routine and 

what are non-routine (Billett, 2006b, p. 218). An advantage older workers have over 

less experienced ones is the ability to draw on experience to problem solve or 

analyse problems as they occur and to apply principles and solutions to complex 

problems. Middleton (2003) describes the next step in the cognitive process in which 

“these principles are then used to work in a forward direction through the search 

space to solve a problem efficiently” (p. 149). This ability to rely on experience and to 

transfer and apply that experience to new situations is reflected in the data presented 

previously in Chapter 6 (see Table 6.1). These data indicate that although there was 

a high average total driving experience of both groups, at 29 years (SD = 9.78), there 

was a very low automatic gear box experience level of only 2 years (SD = 1.30) on 

average, yet the drivers are able to master some of the new systems with relative 

ease. 

The routine nature of the work allows for the mastery of the skills required for 

workplace performance and also enables the experienced drivers to handle non-

routine situations by drawing on experience. Berryman (1993) refers to “the transfer 

assumption” where people predictably transfer learning to new situations by 

transferring existing concepts, skills, strategies, and knowledge to new situations. 

The transfer of knowledge to new or non-routine situations is often used in 

combination with input from other drivers or supervisors via mobile communications 

technology. However, as Berryman points out, learners do not always predictably 

transfer their learning to different and non-routine situations: sometimes entirely new 

types of skills and knowledge are required. For these truck drivers, technology is 

replacing the tangible and mechanical aspects of the job with conceptual and 
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symbolic knowledge that requires more than just relying on transferring knowledge 

that is entirely experience based. 

Yet, in the absence of direct guidance, learners will often develop their own 

learning strategies required for workplace performance: self teaching, trial and error, 

just doing it, OJT, observing and listening, and peer assistance. In the case of truck 

drivers, the socially isolated nature of road transport may result in certain learning 

strategies being deployed—OJT and engagement in every day activities (see 

Chapter 5, Table 5.11)—where the worker learns through just doing it. However, 

even seemingly routine events may require complex solutions in order to achieve 

workplace objectives (e.g., loading the beer trucks as illustrated in Figure 7.11). In 

these instances, initial close guidance is required to help the learner understand the 

complexities of the task and to develop knowledge and skills that can be fine tuned 

through learning strategies such as OJT. 

 

7.4.4.1 Routines and events: Summary and deductions 

From observations of the drivers as they go about their daily work tasks, it is evident 

that these experienced drivers have extensive domain-specific knowledge bases that 

allow a closing of the gap between known, or routine knowledge, and new or non-

routine situations that require problem-solving skills such as the systematic and 

conscious application of previous experience or knowledge to new situations (Glaser, 

1990). However, the learning required for such work performance is often performed 

in isolation and can be enhanced through social contributions, such as peer-assisted 

or guided learning, trial and error, and OJT. Moreover, it is evident that the use of 

communications technologies allows for access to more experienced workers, 

experts, or supervisors in very specific ways and for particular purposes, that is, to 

provide advice or problem solve where the non-routine situation is beyond the 

knowledge or skill base of the driver involved. 

A common factor observed is the combination of learning methods, both 

cognitive and social, that are used for the consolidation of learning in both routine 

and non-routine situations. The dynamic integrated learning approach model outlined 

in this thesis proposes that learning occurs in a dynamic system that may at times 

overlap between the cognitive and sociocultural approaches, and that learning is a 

result of the integration of different approaches through participation in a community 

and through specific social practices that are culturally and historically situated 

(Packer & Goicoechea, 2000). The process of learning, in this proposed model, may 

be characterised by a dynamic and fluid interaction of the two different approaches 
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(individual and social) in which the commonalities are combined to maximise learning 

and knowledge development. 

 

7.4.5 Workplace goals and dispositions 

The workplace goals of both the Waste Group and the Beer Group extend beyond 

simply completing the assigned work tasks. These goals represent the intersection of 

both the cognitive and sociocultural perspectives of workplace performance. From a 

sociocultural perspective, engaging in socially-derived goal-directed activities forms 

the basis for the “construction of domains of knowledge” through “repertoires of 

experiences and their organisation, and the role of personal dispositions” (Billett, 

2006b, p. 41). These workplace goal-directed activities combine the cognitive 

perspective of workplace performance with social interactions with other workers, 

helping shape the norms and values that determine performance. Moreover, these 

norms, values, and beliefs, referred to as dispositions, are manifested as the 

individuals’ engagement with workplace affordances which in turn shape the social 

experience. The contribution of both cognitive and social aspects shapes the 

domains of human activity and emphasise that knowledge “can be both culturally-

derived and person-dependent” (Billett, 2006b, p. 42). 

Noteworthy here are the common beliefs and values shared by the drivers 

across both groups. All of the observed drivers demonstrated a great deal of care for 

both their trucks and the safe and efficient performance of their work tasks. Indeed, 

the performance of work tasks is seen to be a matter of great pride and, at times, a 

source of competition between drivers. Hence, there is much about work and work 

performance that is associated with these drivers' sense of self, or subjectivity. This 

subjectivity is enhanced by the strongly male-dominated workplace culture in a male-

dominated industry. Abrahamsson (2006) identified how workers in the mining 

industry create and recreate identity and gender especially when technological 

change is involved. One of the main findings from her research was that there were 

strong connections between the mining industry and masculinity, where “the cultural 

and symbolic aspects of the work are lagging behind the structural and technological 

changes” (p. 14). In other words, although technology had removed most of the 

physical effort traditionally required of miners, the strongly male-orientated culture 

and workplace identities resulted in a deep rooted opposition to women in the mines. 

In a similar way, the male-dominated culture of road transport strongly affects the 

beliefs and values, or dispositions, of the workers. So, it can be seen that workplaces 

are often contested environments (Billett, 2006b; Darrah, 1996; Hull, 1997) where an 

individual’s participation and engagement in workplace activities, and therefore 
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opportunities for learning, are to a large extent determined by workplace affordances 

or opportunities. These affordances are shaped by a number of different factors 

associated with the workplace culture and may include “workplace hierarchies, group 

affiliations, personal relations, workplace cliques, and cultural practices, which 

allocate opportunities to act and interact in workplaces” (Billett, 2006b, p. 61). 

Additionally, from the observations of the drivers in both the Waste Group and the 

Beer Group, traditionally male-dominated industries strongly affect the dispositions of 

the drivers which may prove to be a barrier to women in this industry. 

 

7.5 Summary of findings 

The method of data collection reported in this chapter is through direct field 

observation of the participants during their everyday work activities. This involved two 

main areas of interest in which firstly, from an individual perspective, the researcher 

observed and recorded the driver from the passenger’s seat as the truck was driven 

around during the normal daily scheduled tasks. The second observational focus was 

from a social dynamic perspective in order to understand the complex social 

interactions and affordances that influence individual workplace engagement. The 

observations were broadly based on the interview questions. However, discussions 

with the participants were much more opportunistic and informal depending on 

situations that arose during the day. Of particular interest was how the driver used 

the technology available, social contact with others, work task requirements, and 

methods of driving. The observation consisted of general workplace practices and of 

both the Waste Transfer Group and the Beer Freight Group participants (the 16 

drivers who participated in the interviews). 

The framework for the descriptive observation was divided into five areas 

(workplace layout, participants, workplace activities and technology, routine events 

and time sequence, and workplace goals and dispositions) based on Robson’s 

(2002) dimensions of descriptive observation (see Table 8.1). 

A key finding from the observation phase of the investigation is the way in 

which technology has impacted on the physical transformations of work sites in which 

social interaction patterns are influenced by communications technology, 

ergonomics, facilities, ease of operation, and efficiency. Martin and Scribner (1991) 

identify human factors in new workplace environments, and acknowledge that what 

workers contribute to their job is “critical to consider in the design, understanding, 

and implementation of new technology-based work” (p. 124). A key point here is the 

relationship between changing workplace environments and existing worker 

knowledge. For example, the ergonomic design of the trucks has made them quieter 
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and smoother, with less vibration and requiring less physical effort. However, these 

very technological innovations have made the driver remote from the truck, unable to 

fully use tangible sensory cues to monitor the performance of the vehicle. Existing 

methods of monitoring the performance of the truck (through noise and vibration) 

have been replaced by symbols and alarms presented to the driver in the form of 

information displays or by flashing lights with audible warning alarms. As noted, 

every observed participant drove with the window down, even though it was very hot, 

so they could listen to the tone of the engine. So rather than relying solely on the 

technology available in the trucks, the drivers also relied more heavily on sensory 

cues to monitor performance and through the skills developed by microgenetic 

feedback (Rogoff, 1990). Indeed, drivers of modern trucks are faced with changes in 

work, brought about by the introduction of new technologies, in which existing 

methods and skills are integrated with the new informatics that in some cases make 

the work task more, rather than less demanding. 

As discussed in Chapter 6, and confirmed here, another key finding is the 

integration of different sorts of knowledge required by truck drivers using new 

technologies that are highly symbolic in character and unable to be directly 

observed. However, another key finding is that in spite of all the electronic aids 

available to these drivers, sensory feedback remains a vital aspect of work 

performance that sits alongside, and in many cases is utilised along with, the new 

technology and information systems because truck drivers may use sensory cues to 

monitor performance and the workings of the truck in combination with the 

information presented in the DIS.  

Another key finding is the perceived ease of task performance, demonstrating 

a flow of seemingly effortless activity (Farrar & Trorey, 2008) while operating in an 

optimal zone (Goleman, 1995). The ability to perform difficult tasks by the drivers is 

made to look easy when they have mastered the task and have developed expertise 

to the point where performing these tasks has almost become subconscious. 

Observation of the participants revealed that there were many times that the drivers 

appeared to be in the flow, where the dynamic nature of the work task required a 

focus that involved a combination of sensory, cognitive, and social inputs. 

Overall, there was a partial mismatch between the drivers' ways of knowing 

and the ways in which information was made available to these workers through 

digitally mediated interfaces in the trucks. This mismatch was founded in ways of 

knowing that arose through a working history based in driving trucks in which sensory 

input was realised through physical engagement with the trucks’ controls. The 

provision of digital displays is inconsistent with these ways of knowing. 
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The drivers adapted their existing ways of knowing to digitally premised 

operating systems in ways that were aligned with their needs and goals. Their 

engagement was interdependent, yet in ways that went beyond the technology 

provided in the trucks. That is, the interdependence between a person and a social 

setting included having access to localised knowledge and situational factors when 

dealing with both routine tasks of driving trucks and also the non-routine tasks such 

as poor traffic conditions and diversions. Consequently, the environmental inputs 

they accessed were not dependant upon those provided by the truck’s information 

management system. Instead, other kinds of localised factors and the need to hear 

the sound of the engine suggest that rather than depending upon the electronic 

technology, other kinds of social contributions were required. Importantly, when non-

routine problem solving was required, the engagement with and mediation of 

localised knowledge and immediate environmental feedback was most helpful. 

 

7.6 Conclusions: Social and individual workplace engagement 

Technology has not only influenced the way the trucks are driven, but also the 

associated work tasks, where the types of knowledge and skills required extend 

beyond the explicit. However, the introduction of technology in road transport has not 

made older work practices entirely obsolete. Rather, the new skills and knowledge 

required because of technology are integrated into older traditional work practices. 

Furthermore, the knowledge bases of experienced learners allow routine and 

new knowledge to be bridged. Such cognitive learning approaches are seldom 

performed in isolation; rather, they often include social contributions, such as peer-

assisted learning or guided learning, trial and error, and OJT. Additionally, the 

emergence of communications technologies allows for access to more experienced 

workers, experts, or supervisors who can assist where the non-routine situation is 

beyond the knowledge or skill base of the worker involved. 

A common factor observed is the combination of learning methods, both 

cognitive and social, that are used for the consolidation of learning in both routine 

and non-routine situations. This dynamic integrated learning approach model outlined 

in this thesis proposes that learning occurs in a dynamic system that constantly 

interact between the cognitive and sociocultural approaches, and that learning is a 

result of the integration of different approaches through participation in a community 

and through specific social practices that are culturally and historically situated 

(Packer & Goicoechea, 2000). Learning, in this proposed model, may be 

characterised by a dynamic and fluid interaction of the two different approaches (i.e. 
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individual and social) in which the commonalities are combined to maximise learning 

and knowledge development. 
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CHAPTER 8 
 

THE DYNAMIC INTEGRATION OF SOCIAL AND INDIVIDUAL 

CONTRIBUTIONS TO LEARNING: CONCLUSION 

 
“We characterise ability or talent as a set of functional relations distributed across 

person and context, and through which the person-in-situation appears 
knowledgeably skilful. In other words, ability and talent arise in the dynamic 

transaction among the individual, the physical environment, and the sociocultural 
context.” (Barab & Plucker, 2002, p. 174) 

 
 

8.1 Interactions between individual and social contributions 

As elaborated through the previous chapters, the aim of this study is to understand 

further how individuals working in circumstances described as being relatively 

socially isolated, come to further develop their working knowledge. Using the 

example of learning during a period of technological and social change in road 

transport, the focus of the investigation has centred on truck drivers who often work 

in isolation without direct expert guidance, yet are faced with learning to 

accommodate and respond to new work challenges and ways of working. 

Additionally, there is an increasing requirement for these workers to engage with and 

understand work knowledge represented symbolically through computerised display 

systems, which requires capacities that are distinct from those required by an earlier 

generation of road transport workers. Given the relative social isolation that 

comprises their work, it is also helpful to understand further how the personal and 

social (i.e. internal and external) aspects of development interact when contributing 

to their learning. 

The Barab and Plucker (2002) statement above is pertinent here because it 

highlights the dynamic nature of these drivers’ learning and skill development, 

including the particular kinds of interactions between individual and social 

contributions. A central concern of this investigation is to understand the dynamic 

nature of learning in such circumstances and how road transport operators, who 

often work in social isolation, learn new types of knowledge in view of the recent 

introduction of new technologies such as computerised engine management 

systems, automatic gearboxes, and computerised displays. The issues of driver 

education and the development of skills, knowledge, and attitudes required by truck 

drivers, given the recent automotive technological advances and the changing nature 

of the road transport industry, are the focus of the investigation and form its practical 

significance. 
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Attempts to explain the contributions to and processes of individuals’ learning 

have led to the rise of constructivist theories that have emphasised that knowledge is 

embedded in activity, as Bereiter (2002) explains: it is not in the mind, but in 

situational understanding, embodied in tools of cultural practice. Constructivist 

epistemology implies that the development of knowledge is a process (Novak, 1990) 

through which existing knowledge is used to generate new knowledge. This precept 

has been elaborated and applied here because it is also seen as the basis for 

energising or directing the process of these drivers’ learning. Founded in the 

research of Vygotsky, sociocultural constructivist perspectives on learning emphasise 

the “interdependence of social and individual processes in the co-construction of 

knowledge” (John-Steiner & Mahn, 1996, p. 191), the acquisition of intellectual skills 

through social interaction and social participation (Palincsar, 1998; Wenger, 1998), 

co-participation (Billett, 2004), and the setting of activity and historical change (Brown 

et al., 1989). According to Vygotsky (1978), cognitive development is socially 

constructed and arises as a product of individuals’ engagement with the cultural 

history of humankind (Silven, 2002). Hence, the inter-psychological processes that 

comprise engagement in socially isolated circumstances need to be understood. 

Individual psychological constructivism is concerned with how individuals 

make sense of their world, and this is based on individual knowledge, beliefs, self-

concept, or identity (Woolfolk & Margetts, 2007). In this perspective, development 

changes “are believed to come about through a general cognitive mechanism for 

processing information” (Silven, 2002, p. 346). Silven summarises the development 

of knowledge into higher cognitive stages as a series of extensive domain-general 

changes which are “regulated by the process of assimilating information from the 

environment to schemas/cognitive structures and accommodating them into external 

reality” (p. 346). Therefore, exercising personal agency in the inter-psychological 

processes that comprise engagement in learning activities is an important factor in 

learning and knowledge development, especially for socially isolated learners. 

In reconciling the two perspectives of individual and social contributions, 

Sfard (1998) describes these two opposing views of knowledge development as 

either the acquisition metaphor or the participation metaphor. The acquisition 

metaphor emphasises the capacity of the human mind in which “learning is a matter 

of construction, acquisition, and outcomes, which are realised in the process of 

transfer” (Paavola et al., 2004, p. 557). This cognitive view of the genesis of 

knowledge is aligned to the individual’s efforts. The participation metaphor, on the 

other hand, emphasises the development of knowledge as a cultural and social 

practice (Brown et al., 1989; Lave, 1988; Lave & Wenger, 1991) in which “knowledge 
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does not exist either in a world of its own or in individual minds, but as an aspect of 

participation in cultural practices” (Paavola et al., 2004, p. 557). It is these 

interactions between personal and social agency that are central to participation and 

learning identified here. How the investigation that has been presented and 

discussed here responds to these challenges is summarised in the next two sections, 

followed by the dissertation’s contributions to knowledge. 

 

8.2 Research questions 

To commence the summary, how the findings are aligned to the study’s research 

questions is set out explicitly, through addressing each question in turn. 

 

Research question 1: Upon which bases do individuals in relatively socially isolated 

circumstances come to learn the conceptual knowledge required for workplace 

performance? 

 

The findings indicate that interdependent learning approaches that are mediated 

through workplace activities and enhanced through guidance and social interaction 

with other workers are important in developing the knowledge of these drivers who 

work in relative social isolation. Their requirement for guidance and social interaction 

is a critical factor in the development of the drivers’ skills and conceptual knowledge, 

especially where new technologies have been introduced that depart from the 

previous types of knowledge required. Yet, these drivers were also highly active in 

their learning and development of strategies for overcoming their relative social 

isolation and selectively engaging with these emerging forms of knowledge. 

A key deduction here is the importance of social interaction and workplace 

activities in developing workplace skills and knowledge, and especially in the 

development of knowledge amongst these experienced transport workers. This social 

interaction often takes place through communications technologies, such as mobile 

phones, and through opportunistic encounters with others during work activities. 

 

Research question 2: How do both individual and social contributions integrate with 

each other to support and strengthen this learning and conceptual development in 

relatively socially isolated circumstances? 

 

It is advanced that an integration of individual and social contributions shapes these 

drivers’ learning of knowledge that is hidden or rendered opaque as a result of such 

factors as technology, absence of experience, lack of expert guidance, and isolation. 
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Social contributions are afforded in these workplaces through tools such as 

communications technologies, trucks, facilities, and other workers. Individual 

contributions consist of factors such as the truck drivers’ ways of knowing, problem-

solving skills, experience, and strategies for overcoming social isolation. Together, 

these individual and social contributions to learning provide a basis for developing 

workplace knowledge. However, hidden knowledge is often hard to learn because it 

is difficult to observe, and even more difficult to make explicit (Billett, 2006b). In many 

working environments, workers operate in relative isolation without the benefit of 

supervision or guidance in learning new technology requirements. This lack of expert 

guidance is a major disadvantage because close direct guidance by expert or more 

experienced workers has been seen to be central to the quality of workplace 

learning. Other practical and effective learning approaches must, therefore, be made 

available to suit specific learning needs in a constantly changing workplace 

environment. 

To explain how both individual and social contributions integrate with each 

other to support and strengthen learning and conceptual development in relatively 

socially isolated circumstances, the Dynamic Integrated Learning Model (see Figure 

8.1) depicts the learning process. This process is incorporated into the model based 

on the interrelatedness of learning factors and knowledge development. The 

dimensions of learning identified in the literature include, in addition to learning 

approaches (i.e. cognitive and social), knowledge development (i.e. explicit or tacit), 

state of mind (i.e. conscious or subconscious), actions (i.e. deliberate or intuitive), 

state of system (i.e. static or dynamic), degree of flexibility (i.e. fluid or concrete), 

physical learning environment (i.e. isolated or inclusive), and learning development 

(i.e. ontogenetic or microgenetic). Importantly, it is the relationships and 

interdependencies amongst these elements that emphasise that learning is person 

dependant and situation specific. The DILM captures the complexity of the 

interactions and interdependencies that both individual and social contributions make 

through the flexible and dynamic interactions between the two approaches. In 

particular, the dynamic personal learning opportunities and changing situational 

factors are accommodated in this model. 

The findings support the proposed dynamic integrated model of learning how 

knowledge and skill development are acquired through situation- and person-

particular combinations of both individual and social contributions, independent and 

interdependent learning, and through both direct and indirect guidance. 
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Research question 3. What individual cognitive learning approaches constitute 

workers preferences for effective development of knowledge required for workplace 

performance, including knowledge that may be hidden as a result of technological 

influences? 

 

The cognitive approach to knowledge creation, referred to as the acquisition 

metaphor by Paavola et al. (2004), emphasises “processes happening in individuals’ 

minds, conceptual knowledge, and clear-cut logical rules” (p. 569). This was evident 

in these drivers’ processes of learning through their work. The ability to develop and 

refine methods for problem solving, through selective and effortful engagement in 

work practices, is seen to be the foundation of intra-psychological outcomes (Billett, 

2005; Rogoff, 1990).Therefore, participation in learning, as argued by Field (2001), 

will become more the responsibility of these drivers, as will the selection of 

combinations of learning processes to suit their specific needs at any given time. The 

key considerations in developing further the individuals’ capacities and capabilities in 

the face of changing demands in the workplace are becoming more of an individual 

responsibility. The ability to “learn more quickly and cope with an increased volume 

of information and to process this information more effectively” (Cornford, 2002, p. 

358) is, therefore, vital if the individual is to be effective in maintaining and 

developing professional practice in the workplace. 

Individual approaches involve learning to utilise new technologies, such as 

those found in modern heavy trucks, and have placed an “increasing premium on 

human mediation of expensive machinery” (Livingstone & Sawchuk, 2003, p. 1). It 

was found that the increasingly cognitive complex task of driving trucks is 

compounded because of the social isolation often experienced by these drivers, 

creating barriers to learning conceptual knowledge that is hidden. Additionally, tasks 

associated with the primary task of driving are also subject to technological 

influences. These drivers, most of whom would be classified as older workers, are 

now being confronted by the introduction of technological innovations that require 

different skill bases and access to different types of knowledge, much of which is 

outside their existing domains of expertise. The most commonly adopted approach 

identified from the findings was OJT, where the driver acquired skills and knowledge 

through just doing it. This was closely followed through being self taught where, 

through interaction with daily activities, the drivers were able to safely and efficiently 

master the required skills for performance at work. However, a key finding here is 

that seldom is there a purely person-dependant approach to skill and knowledge 

development. In all cases, these contributions to learning were used in conjunction 
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with social contributions, even though social contact was through mobile 

communications, briefly in person during the work day, or at morning meetings. 

The individual cognitive learning approaches most effective in the 

development of knowledge required for workplace performance include personal 

knowledge that is: shaped by the context in which it has been used or encountered; 

acquired through participation in work practices; and personalised through situated 

learning. This type of learning extends beyond personal codified knowledge to 

include other ontological and personal contributions, described by Eraut (2010) as 

“know-how in the form of skills and practices; personal understandings of people and 

situations; accumulated memories of cases and episodic events; self knowledge, 

agency, attitudes, values, emotions, and reflection; and other aspects of personal 

expertise, practical wisdom, and tacit knowledge” (p. 38). This ontogenetic 

development has also been described as the life history of the individual (Scribner, 

1985), or “the change in thinking and behaving arising in the history of individuals” 

(Rogoff, 1990, p. 32). This type of personal knowledge is important because it 

represents the individual’s collective accumulation of knowledge and experience, and 

capabilities and attributes over time (Billett, 2006b). 

 

Research question 4. What sociocultural learning approaches constitute workers 

preferences for effective development of knowledge required for workplace 

performance given that many learners, such as road transport workers, operate in 

comparative geographical and social isolation? 

 

Social interaction and contact is emerging as a major contributor to the drivers’ 

learning. The most frequent response regarding developing and maintaining these 

truck drivers’ workplace skills involved interdependent learning approaches that are 

mediated through workplace activities and enhanced through guidance and social 

interaction with other workers. These approaches include OJT, social interaction with 

other drivers, questioning others, and observing and listening to other drivers as the 

opportunity arose, such as at meal breaks or before or after shifts. The use of these 

strategies reflects the multidimensional approach to learning which emphasises the 

situational contributions to knowledge development. The importance the participants 

placed on social interaction in the learning process is significant, with the most 

frequently reported responses (questioning, social interaction, observing and 

listening, and everyday workplace activities) involving social interaction with other 

drivers to some degree. The high rate of this participant response signifies that 

although the drivers spend most of the working day in social isolation without social 
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contact, there are times when direct, nondirect, and indirect social contact is 

important for their learning. Additionally, these drivers’ learning strategies involving 

social interaction or workplace activities represented significant contributions to 

learning and knowledge development. These findings indicate that developing and 

maintaining relevant workplace knowledge involves a multidimensional approach 

using combinations of different types of learning, especially learning approaches that 

involve activities where social interaction is involved, and through activities that allow 

individuals to practise tasks and skills where they can monitor and gradually improve 

their performance. Additionally, the application of existing knowledge to new or novel 

situations requires transfer (Royer, 1979) which is evident in some of the drivers’ 

responses. Difficulties arise where new technologies, such as computerised DIS, 

make transfer (i.e. far transfer) difficult, even for experts, because the technology is 

too different from previous situations encountered. The requirement for guidance and 

social interaction is, therefore, a critical factor in the development of skills and 

knowledge, especially where new technologies have been introduced that radically 

depart from the previous types of knowledge required. 

Overall, the quality of learning is dependent on several factors such as: (a) 

the kinds of activity the individual can engage in, especially authentic activities that 

expose the learner to both routine and non-routine tasks, (b) access to situational 

factors such as support and guidance, and (c) how “individuals engage, interact, and 

interpretatively construct knowledge from workplace situations” (Billett, 2001, p. 21). 

A key finding here is the importance of both social interaction and workplace 

activities in developing workplace skills and knowledge, and especially in the 

development of knowledge amongst experienced workers. 

 

8.3 Key deductions from these findings 

In overview, conceptions of knowledge and the individual and social contributions to 

workplace learning have been used to identify the relations between social and 

personal factors, thereby reinforcing that the “interdependence of social and 

individual processes are intermingled in the construction of knowledge” (Palincsar, 

1998, p. 1). Both individual and sociocultural theories were found to inform the 

learning of conceptual knowledge by socially isolated workers. This dissertation also 

proposes that the context, individual learning preference, ontology, and availability of 

learning opportunities shape that process. Rather than viewing the sociocultural and 

cognitive theories as being diametrically opposed, they are proposed here as 

complementary, interdependent, and contextually robust as situational factors dictate 

and through negotiation. 
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Indeed, a Dynamic Integrated Learning Model, as displayed again in Figure 

8.1, is proposed as providing an explanatory account of social and individual 

contributions to learning. The findings, therefore, are used to support this model and 

are summarised as follows: 

 

 Learners working in socially isolated circumstances actively and selectively 

seek social interaction in way reflecting their need for close guidance. Yet, the 

complex and dynamic interactions and interdependencies of this learning 

process illuminate the continually changing nature of the requirements for 

learning in the workplace and the need for flexible construction of knowledge 

driven by new technology in a changing work environment. In this way, the 

model also offers an account of work-related lifelong learning. 

 

 The dynamic nature of the integration of both individual and social contributions 

to learning is complex and multi-faceted. These fluid and dynamic factors 

combining the individual and social agencies interact to different degrees 

depending on the individual’s experience, learning preference, individual 

ability, access to guidance and feedback, as well as the type and complexity 

of the learning task to be performed. The relational interdependence between 

social (external) and individual (internal) agency, and the subsequent 

integration of different learning approaches, both individual and social, is central 

to the development of workplace knowledge. 

 

 Experienced workers have extensive domain-specific knowledge bases that 

allow a closing of the gap between known, or routine knowledge, and new or 

non-routine situations that require problem solving skills such as the 

systematic and conscious application of previous experience or knowledge to 

new situations (Glaser, 1990). However, such intra-psychological processes 

are seldom performed in isolation; rather, they often rely upon social 

contributions, such as peer assisted learning, guided learning by experts, trial 

and error, and OJT (Billett, 2001). 

 

 Social interactions and inter-psychological processes emerge as major 

contributions to the development of understanding especially where 

individuals “participate in interpersonal networks that generate, retain and 

transmit crucial work-related knowledge” (Darrah, 1997, p. 265). As such, 
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individuals’ engagement in a social setting can vary immensely depending on 

variables both within and outside the individuals’ control. 

 

 Social interaction is a vital part of workplace learning, no less so for those 

working in relative isolation. The emergence of communications technologies 

allows for access to more experienced workers, experts, or supervisors who 

can advise or problem solve where the non-routine situation is beyond the 

knowledge or skill base of the worker involved. A key finding, therefore, is the 

importance and reliance on communication technologies, such as mobile 

phones, in maintaining social contact and contributing to workplace learning. 

Moreover, the use of communications technology is selective, discretionary, 

and often initiated by the learner, and is used in conjunction with other 

problem-solving strategies. 

 

 In the absence of direct guidance, learners will often develop their own 

learning strategies (e.g., self taught, trial and error, just doing it, OJT, 

observing and listening, and peer assistance) to secure workplace 

performance. Hence, in the absence of close and available social guidance, 

workers’ agency acts to compensate for this shortfall by seeking alternative 

social sources. 

 

 Although learners may be working in socially isolated circumstances, there is 

a need for social interaction combined with individual learning 

interdependency. The complex and dynamic interactions and 

interdependencies of this learning process reflect the continually changing 

nature of the requirements for learning in the workplace and the need for 

flexible construction of meaningful knowledge driven by new technology in a 

changing work environment. Developing and maintaining workplace 

knowledge involves a multidimensional approach (i.e. both individual and 

social) using combinations of different types of learning contributions (i.e. 

experiences and support). 

 

 Individually premised pedagogic strategies such as observing, listening, 

demonstration, mentoring, coaching, modelling, and workplace activities 

featured prominently throughout the investigation. These learner-initiated 

approaches to learning help to bridge the gap between routine knowledge, 

and non-routine situations that require problem solving skills. Additionally, 
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these guided learning strategies help to uncover deeper conceptual 

knowledge that may not be learnt through discovery alone. 

 

 There is a partial mismatch between the sensory inputs available to the truck 

drivers (i.e. the need for feeling engine and wheel vibrations and hearing 

noises), and technology that often makes the driver remote because the 

physical connection between the driver and the truck has been removed and 

replaced by computers (i.e. computer controlled automatic gearboxes). 

 

The findings from this dissertation both support and further elaborate the 

concept of a relational interdependence between social and personal contributions as 

an explanatory base to understand workers' learning and development. As such, it 

supports Billett's (2006b) claim that, "rather than being reciprocal or mutual, these 

relationships are negotiated and differ in intensity: they are relational" (p. 14). 

Furthermore, the research identified that there was  interdependence between social 

and personal factors and these were enacted relationally depending upon both 

situational (i.e. work tasks) and individual (i.e. personal preferences and knowledge) 

factors. 

 

8.4 Contributions to current debates 

The contributions to the current debates arising from this investigation are fivefold 

and summarised as follows: 

 

1. When working and learning in relative social isolation there is a greater 

emphasis on the individuals’ personal agency and self-directed learning in the 

inter-psychological process that directs and secures that learning. 

 

2. An integrated learning model is proposed that captures both the individual 

and sociocultural contributions to learning and illustrates and elaborates the 

processes of learning occurring in the transport field. The DILM, as 

elaborated here (see Figure 8.1), emphasises the dynamics and 

interrelatedness of different learning factors. 
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Figure 8.1. The Dynamic Integrated Learning Model 

 

The DILM (Figure 8.1) proposes that a constantly changing and 

dynamic zone exists between the two distinct contributions to learning, in 

which there may be an overlap or interaction of both cognitive and social 

learning depending on the individual’s learning style, ability, and preference, 

as well as the type and complexity of the learning task to be performed. The 

key feature of the DILM is that learning approaches and knowledge 

development are in a constant state of motion and change that responds to 

cognitive and social dynamics, is situated in practice, and is goal directed. 

Consequently, the DILM differs from previous models in so far as it positions 

learning and knowledge development as being neither always linear nor 

proceeding through a series of predictable stages. Rather, it is dynamic, 

situated in practice, and goal directed in personal ways. 

 

3. The complex and dynamic interactions and interdependencies of both 

individual and social learning approaches reflect the continually changing 

nature of learning in the workplace and the need for flexible construction of 

meaningful knowledge driven by new technology in a changing workplace. 

The integration of both individual (i.e. cognitive) and social (i.e. sociocultural) 

approaches to learning in the development of hidden knowledge is a key 
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factor in the inter-psychological processes at work, especially for learners 

who work in socially isolated circumstances without the benefit of direct 

expert guidance. Furthermore, the contributions between social and personal 

factors (i.e. inter-psychological processes) in the ongoing development play 

out in particular and relational ways for those working in relative social 

isolation. Developing and maintaining workplace knowledge, therefore, 

involves learning contributions that comprise of combinations of different 

types of learning approaches (i.e. both individual and social) that are dynamic 

and interdependent. 

 

4. Access to proximal guidance is often initiated, managed, and selectively 

engaged with by learners rather than the expert, often using technological 

means to overcome their relative isolation. Hence, a view of inter-psychological 

processes is identified that emphasises the agency of learning in negotiating 

guidance from a more experienced social source. That is, the Zone of Proximal 

Development (Vygotsky, 1978) is shaped by the learner as much as by the 

expert. Consequently, the concept of learning, curriculum, and pedagogy for 

workers, such as those who are engaged in relatively socially isolated 

circumstances (i.e. truck drivers), has a strong personally-orientated and 

initiated process. Moreover, these processes are assisted through the use of 

communication technologies (i.e. mobile phones) that provide access to social 

contact, albeit not face-to-face contact. 

 

5. There is a partial mismatch between the technological design of the 

workplace environment (the truck), and the ways in which individuals (the 

drivers) interact with this technology. The contribution made by the 

dissertation in this regard is that there needs to be a balance between 

sensory inputs and technology. A balance is needed for drivers to change 

their practices to accommodate these technological advancements, but also 

for technology to accommodate the ways in which people drive, especially 

through the use of sensory inputs. 

 

In summary, the contributions here indicate the importance of social contact, 

both direct and indirect, for maintaining workplace performance and developing 

learning. This learning occurs in dynamic systems that may, at times, integrate 

individual and sociocultural contributions, and in which learning arises as a result of 

the integration of different approaches through participation in a community and 
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through specific social practices that are culturally and historically situated (Packer & 

Goicoechea, 2000). Moreover, a balance between sensory inputs and technology is 

also essential for effective learning and work performance. 

 

8.5 Recommendations for improving driver education and learning 

The findings identify five main areas where there is a significant difference between 

how learning is currently conducted in road transport, and what should be the ideal 

learning situation. The recommendations from the findings indicate the need for: 

 

 more direct expert guidance through such processes as formal driver training 

at regular intervals (i.e. company specific training) and refresher/update 

training in which regular and continuous driver education programs are 

implemented where subject matter experts (i.e. truck manufacturers and 

driver trainers) are able to advise and update managers and drivers on the 

features and updates of truck capabilities; 

 

 less reliance on “self taught” as a preferred learning approach, and a greater 

emphasis on integrating everyday learning experiences, such as OJT, with 

formal learning through short and industry specific courses, and through 

increased social interaction with other drivers; 

 

 greater use of feedback to the drivers, especially in the areas of praise, 

reward, and clear goals. This feedback may also be in the form of 

downloading the truck computers on a weekly or monthly basis to gauge 

performance (i.e. fuel usage, idle times, and braking); 

 

 implementation of guided learning strategies and mentoring programs where 

more experienced workers and industry experts can advise and guide less 

experienced drivers, especially with proximal guidance in dealing with 

technology; and 

 

 maintaining the importance of communications technologies, especially 

mobile phone technology, as a key social interaction and learning tool in road 

transport. 
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These recommendations represent the integration of both individual and social 

contributions to learning through practical application of available tools and practices 

mediated by everyday workplace activities. 

 

8.6 Recommendations for further research 

This investigation identified several areas that require further inquiry. Some of the 

areas of inquiry are as follows: 

 

 Attention needs to be given to the skill and knowledge development 

requirements of underutilised sources of labour for road transport, such as 

encouraging women and younger workers to enter the industry. This 

investigation focused on the current learning requirements of the drivers 

involved in driving trucks. Within 15 years all of these drivers will be retired; 

therefore, new learning methods and skills must be developed to ensure the 

next generation of drivers is competent. 

 

 Further investigation is required into the use of technology (e.g., simulators) in 

the development of skills in road transport as an alternative to trial and error 

learning and in developing problem-solving skills in non-routine situations, 

especially for workers in socially isolated situations. 

 

 Research is needed into inter-psychological processes that impact on 

learning, especially in ways in which individuals interact with technology. 

 

  Further investigation into the impacts of different combinations of learning 

strategies and approaches involving the integration of both individual and 

social contributions is needed. 

 

 Attention needs to be given to socially isolated workers and the impact of 

guided learning strategies which incorporate technology that assists in 

developing knowledge and skills. 

 

8.7 Implications for developing professional practice 

The implications for maintaining and developing professional practice arising from 

this investigation reflect a fundamental shift in the way knowledge, learning, skills, 

and work are conceptualised in contemporary society (Chappell, 2001). Participation 

in learning, as argued by Field (2001), will become more the responsibility of the 
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individual learner, where they will choose and combine learning processes that will 

suit their specific needs at any given time. The key considerations in developing 

further the individuals’ capacities and capabilities in the face of changing demands in 

the workplace is becoming more of an individual responsibility. The ability to “learn 

more quickly and cope with an increased volume of information and to process this 

information more effectively” (Cornford, 2002, p. 358) is, therefore, vital if the 

individual is to be effective in maintaining and developing professional practice in the 

workplace. 

The widespread challenges of globalisation and technological change are 

also compounded by what Field (2001) describes as the growing gap between the 

“information rich” and the “information poor”. Translating to the workplace, this 

proposition could also be interpreted as the delineation between those workers who 

are able, and have the opportunity, to filter, learn, and apply knowledge required for 

workplace performance, and those workers who are unable, unwilling, or who do not 

have the opportunity to make use of applicable knowledge required for effective 

workplace performance. The application of knowledge to problem solving in the 

workplace, community, and society is becoming more important as competition in the 

global marketplace requires greater diversity, flexibility, and quality (Tennant & 

Morris, 2001). 

The source of higher level skills in the future will be a result of adult re-skilling 

driven by “demographic projections which show that the Australian workforce is aging 

and that employers will increasingly rely on their older workers as sources of new 

skills in the future” (Smith, 2001, p. 65). Indeed, Billett (2006b) claims that in the 

current information age, in which knowledge workers rely on technology, occupations 

are becoming more remote from human experience and so need to be learnt with the 

assistance of an individual who understands and practices that knowledge (p. 170). 

However, the heart of Billett’s argument is that previous eras in human history, not 

just the current technological and information era, have been subject to technological 

change where knowledge was remote and difficult to access. Citing examples of 

Vietnamese rice farmers and aboriginal hunters, the specific skills they used for 

survival “required rich bases of knowledge that are historically and culturally 

developed and learned (or learnt) over time through engagement in culturally defined 

activities” (p. 171). In summary, the common thread between these diverse examples 

of Vietnamese rice farmers, aboriginals, and modern workers is that learning occurs 

through engagement with more experienced workers, requires the cumulative 

acquisition of historically and culturally developed knowledge, involves the active 
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participation of the learner in authentic activities, and involves the acquisition of 

knowledge that is hidden or rendered opaque due to its abstract nature. 

Rather than viewing the learning as up-skilling or de-skilling, some 

researchers (Billett, 2006b; Darrah, 1996) have concluded that “changes in work are 

best viewed as just that – changes – that require re-skilling, rather than higher or 

lower levels of workforce skill” (Billett, 2006b, p. 172). Therefore, throughout the 

history of humankind, technology has always been a factor in learning development. 

However, what distinguishes learners today from those of previous generations is the 

rate of change that is occurring (Tinkler et al., 1996) and the subsequent need for 

constant re-skilling in order to meet this change. 

These changing trends in the workplace have redefined the concept of 

learning in the workplace from one of formalised learning stages to a more fluid 

evolution of learning through practice (Brown & Duguid, 2000) in which some types of 

knowledge and skills are continually added, updated, modified, integrated, and 

refined, whilst others are made redundant and discarded. However, driving large 

trucks is more than the practical application of different types of knowledge. It also 

involves judgement and values, both of which are socially determined. So, although 

knowledge development is of primary concern here, equally as important is the social 

context in which learning occurs and through which the value of knowledge and skills 

is socially shaped. 

 

8.8 Concluding comments 

The focus of this investigation is to understand further how learners, who work in 

circumstances of relative social isolation, come to extend their working knowledge. 

Moreover, this investigation proposes an integrated learning approach model that 

assists in explaining the development of knowledge and learning in road transport 

through the interdependence of both social (i.e. sociocultural) and individual (i.e. 

cognitive) processes. The investigation focuses on three main areas in the 

construction of knowledge: (a) hidden or opaque conceptual knowledge, (b) the 

impact of new and changing technologies in the development of this knowledge 

through the integration of new information into memory and the restructuring of 

existing knowledge representations (i.e. conceptual change; Sinatra, 2005), and (c) 

the ability of workers to learn and develop this knowledge in view of the fact they are 

often socially isolated. These three areas of investigation reflect the complex 

interrelations amongst the psychological, technological, and organisational (i.e. 

social) factors impacting on the learning of workers in road transport. 
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There are important conceptual and procedural imperatives motivating these 

aims. Conceptually, much of the research into the social contributions to and bases 

of learning has focused on learners engaged in learning-related activities with other 

more experienced counterparts, such as in educational institutions or workplaces 

where other learners and experts are close by. Indeed, much of this research has 

emphasised the close guidance provided by more expert or experienced partners. 

Much less emphasis has been given to learners who think, act, and learn in 

circumstances that do not afford close guidance of such experts, or even peers as 

learners. This represents salient conceptual terrain as increasingly valuable 

knowledge is held to arise socially and through close or proximal encounters with 

social partners who already have access to that knowledge. In particular, the issue of 

how socially isolated learners develop understanding of knowledge, and in particular, 

deep conceptual knowledge that is hidden, stands as a challenge to social learning 

theorists. 

There are also important procedural concerns here. Many, perhaps most 

workers, work in and learn in these kinds of circumstances. So, beyond 

understanding how the social genesis of learning arises through these processes, 

there are also important procedural concerns. These include identifying how the 

learning of those who are relatively socially isolated might best progress, particularly 

with their construction of knowledge that is hidden by technology and therefore hard 

to learn. 

My personal journey throughout this investigation parallels many of the issues 

elaborated on in this paper, such as working in relative social isolation, developing 

conceptual knowledge, and using guided learning strategies to develop 

understanding of complex problems. Moreover, the complex and dynamic 

interactions and interdependencies of both individual and social learning approaches 

reflect the inter-psychological processes at work, especially when working in socially 

isolated circumstances without the benefit of direct expert guidance. Furthermore, the 

contributions between social and personal factors (i.e. inter-psychological processes) 

in the ongoing development play out in particular ways for those working in relative 

social isolation. So, through using both social and individual learning approaches, as 

elaborated by the DILM, the task of completing this study gradually progressed in 

ways that were very similar to the truck driver participants in the investigation. 

Indeed, the fundamental processes of learning, whether driving trucks or writing 

PhDs, are inter-psychological processes that are dynamically interdependent, 

situationally and personally shaped, and represent the process of ongoing human 

development.
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Appendix A: Survey Instrument 

  
Confidential - Griffith University Research Project 

 
 

Dynamic Integrated Learning – Isolated learning in road transport 
 

A research project conducted by Griffith University 
 

This project aims to understand how learning occurs in circumstances that might be described as relatively socially 
isolated. Truck drivers often work in isolation without the benefit of direct expert guidance. Additionally, new 
technologies such as automatic gearboxes and computerized displays provide large amounts of information that 
may make learning more difficult. Your co-operation with this project should assist in the development of new and 
more effective training methods relevant to modern transport workers.  
 
Name :………………….. ……….Contact No:……..………………….Truck Type:………………. 
 
 
1.   Personal and work details 

 
 

 
 1.1   What is your age?   

 
 

1.2   What is your gender? 
 
 
1.3   How many years have   

         you been driving trucks? 
 

1.4  How many years have you  
        worked for this company? 
 
1.5  How many hours per day  

 do you work on average? 
 

1.6  How many hours per day do  
 you work alone? 

 
1.7 What model of truck do you 

usually drive? 
 

1.8 What model of company truck 
      do you prefer to drive? 
 
1.9 Is the truck that you usually  

use easy to drive?    
 

1.10 Do you find driving a truck  
 with an automatic gear 
 changing box easier to drive  
 than a manual? 
 

1.11 Does the technology                                         
associated with your job                                  
make work easier or harder?  

 
1.11 On a daily basis, do you use the                              

computerised driver information            
functions presented in the trucks               
display screens? 

 
1.12   Do you find the information from           the 

trucks computer systems helpful                       
in driving your truck? 

 
1.13  Do you normally drive the same  
         routes? 
 
1.14   What is your highest level of formal education?   
         (please circle highest level of attainment) 
 
 

 
 
 
 
 
 
 
 

 
1.15 What specific qualifications do you have for 

your current employment?    
 

 
 
 
 
 
 
 
 

    M    /    F 

  Yes  /  No 

  Yes   /  No 

 Yes / No 

 Yes / No 

 Yes / No 

Easier/ Harder 

Junior           Senior          Trade           Diploma 
Certificate  Certificate   Certificate                       
 
      Certificate I, II, III, IV            Degree   
 
                  Post Graduate degree 

Dangerous goods     First aid     Fork lift 
Certification 
 
Crane Certificate     Other……………………. 
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Confidential - Griffith University Research Project 
 
2. Training experience and education 
 

2.1 Rate the contribution of the following to how you have learnt to drive your current 
truck type. Please rate each by placing a tick in the box.                      

 
                                       Strongly                                 Neither agree                                Strongly 
                                                 agree              agree             nor disagree        disagree          disagree                  

Short one off formal courses or 
training sessions 

     

Formal driver training at regular 
intervals (weekly / monthly) 

     

On the job – daily activities 
 

     

Informal driver training 
(workmates, supervisors etc) 

     

Self taught (read operators 
manual, experimentation) 

     

Company provided specific 
training for truck type 

     

Refresher / update training on a 
regular basis 

     

Apprenticeship or offsider / 
assistant / general hand. 

     

Trial and error 
 

     

 
 
 
2.2 If you were to teach/assist a new person to learn to drive your truck type, please 

rate the effectiveness of following methods that you could use: 
 

 
            Strongly              Very         Neither effective                            Strongly 
                                               effective            effective     or not effective    not effective   not effective             

Short one off formal courses or 
training sessions 

     

Formal driver training at regular 
intervals (weekly / monthly) 

     

On the job – daily activities 
 

     

Informal driver training 
(workmates, supervisors etc) 

     

Self taught (read operators 
manual, experimentation) 

     

Company provided specific 
training for truck type 

     

Refresher / update training on a 
regular basis 

     

Apprenticeship or offsider / 
assistant / general hand. 

     

Trial and error 
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3. Learning methods and preferences 
 

3.1           Do you think the following learning methods would be effective in developing and maintaining 
your workplace skills as a truck driver? Please indicate your level of agreement with the 
following: 

 
 
                                       Strongly                                 Neither agree                                 Strongly 
                                                 agree              agree             nor disagree        disagree           disagree                 

Coaching 
 

     

Mentoring 
 

     

Feedback e.g. fuel usage, running 
costs, time, efficiency etc. 

     

Social Interaction – talking to other 
drivers, supervisors 

     

Questions – asking other more 
experienced drivers for assistance. 

     

Analogies – comparing things to 
more familiar things 

     

Diagrams 
 

     

Self taught 
 

     

Observing and listening 
 

     

Everyday workplace activities 
 

     

On the job training 
 

     

Trial and error 
 

     

Peer assisted – help from other 
workers 
 

     

Hands-on technology training 
programs specific to truck type 

     

Classroom technology training 
programs specific to truck type 

     

Driving simulator (computerised) 
 

     

Regular truck and industry 
updates on workplace changes 

     

Regular internal testing – both 
theory and practical on 
truck/industry knowledge 

     

Yearly independent formal driver 
evaluations (such as Mt Cotton 
Driver assessments) 
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4. Isolated learning and technology 
 
4.1 What tools do you use to solve problems or get information when you are working by 

yourself? Please rate the usefulness of the following: 
 
                                         Very                                     Neither useful                               Strongly 
                                               useful                   useful        or not useful     not useful        not useful                 

Mobile phone      
CB / UHF      
GPS      
Laptop computer      
CD / DVD /MP3      
On-board computer systems      
Truck / operations manuals      
Workstation computer      
       

 
5. Feedback 

 
5.1       Do you think that the following types of feedback would be helpful and effective for your 

workplace performance? Please rate the effectiveness of the following: 
 
                                          Very                                 Neither effective                               Strongly 
                                               effective           effective     or not effective    not effective   not effective              

Clear goals set (Daily, weekly,etc)      
Video feedback      
Audio feedback      
Computer feedback from 
onboard truck systems 

     

Praise (positive feedback)      
Punishment (negative feedback)      
Rewards for a good job      
Reports (graphs / trends on 
things like fuel consumption, 
mileage, number of deliveries) 

     

Regular tests (practical / written)      
  
 
 

6. Social interaction & contact 
 

6.1 How important is the direct social interaction with others in the performance of your daily duties 
at the following times? 

 
                                       Very                                   Neither important                               Strongly 
                                             important       important   or not important   not important   not important 

Before or start of shift      
Finish of shift      
Meal breaks / smoko      
At truck stops during the day      
Between job tasks      
During job tasks (radio/phone)      
After work hours      
Social functions      
Regular scheduled meetings      
Irregular meetings (as required)      
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7. Development of expertise 
 
 
 How long do you think it takes for the average new driver to become proficient in driving your 

type of truck (including becoming good at using the technology used in the truck)? 
 

Days Weeks Months  Years 
 
 
 

   

 
 
 
 Do you agree / disagree with the following statements: 
 
 

         Strongly                                 Neither agree                                Strongly 
                                                   agree              agree           nor disagree        disagree           disagree                

Technology has made the truck 
easier to drive 
 

     

Technology has hade the truck 
more fuel efficient 
 

     

Technology has made the truck 
safer to drive. 

     

Social Interaction with other 
drivers is important in 
developing driving skills 

     

Formal learning courses would 
be helpful in developing my 
driving ability 

     

Casual or informal learning 
would be helpful in developing 
my driving ability 

     

I receive feedback regularly to 
see how I am going. 

     

Feedback would be helpful in 
developing my performance. 

     

I like working in isolation  
 

     

 
 
 Do you have any comments or ideas on driver skill development? 
 
……………………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………………………… 
 
 
 
Thankyou for your time and support 
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CONSENT FORM 

Research Team 

Name:  Dr Stephen Billett          Name:          Jason Lewis  
School:   Education &               School:         Education &  

 Professional Studies            Professional Studies  
Contact Ph:   07 3735 5855          Contact Ph:  07 3371 1892 
 
Contact email: S.Billett@griffith.edu.au                                                         
Contact email: Jason.Lewis@student.griffith.edu.au 
 
By signing below, I confirm that I have read and understood the information package and in 
particular have noted that: 
 

 I understand that my involvement in this research will include the completion of a set 
of: three surveys, three interviews, and observation of professional practice in the 
workplace;  

      I have had any questions answered to my satisfaction;  
 I understand the risks involved;  
 I understand that there will be no direct benefit to me from my participation in this 

research;  
 I understand that my participation in this research is voluntary;  
 I understand that if I have any additional questions I can contact the research team;  
 I understand that I am free to withdraw at any time, without comment or penalty; 
 I understand that my interview will be audio-taped; and  
 I understand that only the research team will have access to this tape; and  
 I understand that the audiotape will be erased following transcription; 
 I understand that there may be a matching between survey responses, interviews, 

and observations and that data will be de-identified or coded after matching has been 
conducted; 

 I understand that I will be able to access may personal information based on my 
coded identification number should I wish to do so; 

 I understand that I might be asked to share my reflections on unsafe or inappropriate 
behavior and that any comments made are totally confidential;  

 I understand that I can contact the Manager, Research Ethics, at Griffith University 
Human Research Ethics Committee on 3735 5585 (or research-
ethics@griffith.edu.au) if I have any concerns about the ethical conduct of the project; 
and  

 I agree to participate in the project.  
 
 
 
Name 

  
………………………… 

 
Signature

  
……………………Date………………
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Appendix B: Interview instrument 
 

Dynamic Integrated Learning – Isolated learning in road transport 
 

Interview 
 

A research project conducted by Griffith University 
 

This project aims to understand how learning occurs in circumstances that might be described 
as relatively socially isolated. Truck drivers often work in isolation without the benefit of direct 
expert guidance. Additionally, new technologies such as automatic gearboxes and 
computerized displays provide large amounts of information that may make learning more 
difficult. Your co-operation with this project should assist in the development of new and more 
effective training methods relevant to modern transport workers.  
 
Name  Company  
ID Number  ID Number  
Truck Type  Role  
Truck No  Date  
 
2.  Experience and work details 
 
 
1.1 What is your role as an 
employee in the organization? 
 

 

1. 

 
 

 

 
2. 
 
 

 

 
3. 
 
 
 

 
1.2 What does you role entail? 
 
 

 



Dynamic Integrated Learning: Managing knowledge development in road transport 
 
 

- 254 - 

 
1.3 How many years experience 
do you have on this particular 
truck type? 
 
 

 

 
(a) Daily routine: 
 
 
 
 
 
 
 
 
 
 
 
(b) Monthly events 
 
 
 
 
 
 
 
 
 
 
 
(c) Uncommon Events 
 
 
 

 
 
 

 
1.4 What does you work day 
consist of in ; 
(a) Regular daily routine. 
 
 
 
 
 
 
 
 
 
(b) Monthly events (i.e, happens 
as non routine events )  
 
 
 
 
 
 
 
 
 
 
(c) Uncommon events (non 
routine) i.e. happens only once 
or twice per year 

 
 

 
1.5 How would you describe your 
workplace learning culture? 
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2. Training experience and education 
 

 
Technology 

 
Safety 

 
Sufficiency 

 
Currency 

 
Applicable 

 
2.1 How do you rate the 
training you have received for 
your job? 
 
 
 

 
1 2 3 4 5  

 
1 2 3 4 5 

 
1 2 3 4 5  

 
1 2 3 4 5  

 
1 2 3 4 5  

 
2.2 What types of training do 
think would be beneficial to 
you? 

 
 
 
 
 

 
2.3 In what ways do you 
receive ongoing training in 
response to new technologies, 
legislation, duty of care, 
dangerous goods, etc? 
 
 

 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
2.4 Rate the particular courses 
have been most useful to you 
in your everyday workplace & 
why?   
 
 
 
 

 
1 2 3 4 5 

 

 
1 2 3 4 5 

 

 
1 2 3 4 5 

 

 
1 2 3 4 5 

 

 
1 2 3 4 5 

 

 
 
3. Learning methods and preferences 
 

 
3.1 How do you learn best to do 
new things? 
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3.2 What learning methods (from 
those listed below) work best for 
you and why?  
 
 

 

 
3.3 Do you use combinations of different learning methods and if so which ones? 
 
 
 
 
 
 

 
 

Learning methods 
 

 
Coaching 

 

 
Mentoring 

 
Feedback 

 
Social Interaction 

 
Questions 

 
Analogies 

 

 
Diagrams 

 
Self taught 

 
Observing & listening 

 
Everyday workplace 

activities 

 
On the Job training 

 

 
Trial and error 

 
 

 
Peer assisted 

 
Hands-on formal 
training programs 

 
Classroom training 

 

 
Other   

  
 
4. Isolated learning and technology 
 
 
4.1 How do you problem 
solve when you are working 
alone? 
 
 
 

 
 
 
 
 

 
4.2 What kinds of support 
are helpful? 
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4.3 What types of new 
technology have you 
encountered in the 
workplace? 
 
 

 
 
 
 
 
 

 
4.4 How have you learnt to 
use this technology? 
(i.e, auto box) 
 

 

 
4.5 In what ways is the 
combination of new 
technology & isolation a 
barrier to learning & why? 
 
 
 

 

 
4.6 What did you have to 
learn to use new 
technologies in the trucks? 
 
 
 
 

 

 
4.7 What were the three 
most difficult things to learn? 
 
 
 
 
 
 
 
 
 
 
 
 

1. 
 
 
 
 
 
2. 
 
 
 
 
 
 
3. 

Why? 
 
 
 
 
 
Why? 
 
 
 
 
 
 
Why? 
 
 
 
 

 
4.8 How did you ultimately 
learn these things? 
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5. Feedback 
 
 
5.1 What type of goals 
is established in your 
workplace in the 
following? 
 
(Feed Up – Where am 
I going?(the goals)) 
 

Task level (how well the tasks are understood / performed) 
 
 
 
 
 
Process Level (The main process needed to understand/perform tasks) 
 
 
 
 
 
Self regulation Level (Self monitoring, directing, and regulating of actions) 
 
 
 
 
 
 Self Level (personal evaluations and affect about the learner) 
 
 
 
 
 

 
5.2 How do you know 
what you performance 
is - how? 
 
(Feed Back- How am 
I going?) 

 
Task level  (how well the tasks are understood / performed) 
 
 
 
 
 
 
Process Level (The main process needed to understand/perform tasks) 
 
 
 
 
 
Self regulation Level (Self monitoring, directing, and regulating of actions) 
 
 
 
 
 
 Self Level (personal evaluations and affect about the learner) 
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5.3 Do you know what 
your future 
performance / learning 
is - why? 
 
(Feed Forward – 
Where to next?) 

Task level (how well the tasks are understood / performed) 
 
 
 
 
 
 
Process Level (The main process needed to understand/perform tasks) 
 
 
 
 
 
 
Self regulation Level (Self monitoring, directing, and regulating of actions) 
 
 
 
 
 
 
 Self Level (personal evaluations and affect about the learner) 
 
 
 
 
 

 
5.4 What feedback 
would be useful to you 
in the performance of 
you work – why? 
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6.   Social interaction 
 

 
 
 

 
 
 

 

 

 

 

 
6.1 In what ways is social 
interaction important for the 
learning process – why?  
 
 
 
 
 
 
 
 
 
 
 
 
  

 
6.2 Where and when does the 
most direct social interaction 
happen in your work place in 
which information is 
exchanged or learnt – why? 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
6.3 What other types of 
interaction are helpful – e.g., 
radio, mobile etc? 
 
 
 
 
 
 

 
 
 
 
 
 

 
6.4 In what ways is peer 
support in the learning process 
helpful –why? 
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7. Other 
 
 
7.1 If you had to instruct someone how to use an auto box or DIS how would you do it? 
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7.2 What other suggestions do you have to enhance the learning at your workplace? 
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Appendix C: Observational checklist instrument 
 

Dynamic Integrated Learning – Isolated learning in road transport 
 

A research project conducted by Griffith University 
 

This project aims to understand how learning occurs in circumstances that might be described 
as relatively socially isolated. Truck drivers often work in isolation without the benefit of direct 
expert guidance. Additionally, new technologies such as automatic gearboxes and 
computerized displays provide large amounts of information that may make learning more 
difficult. Your co-operation with this project should assist in the development of new and more 
effective training methods relevant to modern transport workers.  
 
Name  Company  
ID Number  Company ID  
Truck Type  Role  
Truck No  Date  
 
1.  Experience and work details 
 
 
1.1 What is your age? 
 
18–23       24–29      30–35      36–40      41–45      46–50       51–55     56–60     61–65     65+ 
 
 
 
 
1.2 How long have you been driving trucks?  
 
                                                            Years                      Months 
 
 
1.3 How many years have you worked for this company? 
 
                                                            Years                      Months 
 
 
1.4 Estimate your average hours worked per week? 
 
  0-10        11-15       16-20       21-25       26-30       31-35    36-40       41-45     46-50      51+ 
 
 
 
 
1.5 Estimate the hours spent working by yourself? 
 
  0-10     11-15       16-20       21-25       26-30       31-35       36-40       41-45       46-50     51+ 
 
 
 
 
1.6 Do you generally drive the same truck type? 
 
 

 
Yes / No 

 

 
1.7 If ‘no’, what other types of trucks do you drive? 
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1.8 Do you normally drive the same routes? 
 

 
Yes / No 

 
 
1.9 If ‘no’, what is the range of different routes you drive? 
 
              1-3                  4-6                 7-10               11-13             14-17               18+ 
 
 

 
 
2. Training experience and education 
 
 2.1 Rate the contribution, on a scale of 1 to 5 (1 = not used / 5 = used most), of 

the following learning methods to how you have learnt to drive. Please tick. 
 
                                                                                                      1         2          3          4       5 
 Short infrequent formal courses or training sessions      
 Continuous formal driver training      
 On the job      
 Informal driver training (workmates, supervisors etc)      
 Self taught (read operators manual, 
experimentation) 

     

 Company provided specific training for truck type      
 Refresher training on a regular basis      
 Combinations of above      
 Other 
 
 
 
 
 

2.2 What specific qualifications do you hold? Please tick. 
 
 

Junior Cert      Senior Cert      Cert I, II, III     Cert IV        Trade Cert        Diploma 
       
 
 
               Degree                D G                  Crane        Fork Lift         First Aid         Other* 
 
 
 
 
 
*Other (please indicate) 
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3. Learning methods and preferences 
 

3.1 On a scale of 1 to 5 (1 = not preferred / 5 = most preferred) please rate 
(circle) your preferred learning method of the following: 

 
 

3.1  Coaching 
 

 
3.2  Mentoring 

 
3.3  Feedback 

 
3.4  Social 
Interaction 

 
1   2   3   4   5 

 

 
1   2   3   4   5  

 

 
1   2   3   4   5  

 

 
1   2   3   4   5  

 
 

3.5  Questions 
 

3.6  Analogies 
 

 
3.7  Diagrams 

 
3.8  Self taught 

 
1   2   3   4   5  

 
1   2   3   4   5  

 

 
1   2   3   4   5  

 
1   2   3   4   5  

 
 

3.9  Observing & 
listening 

 
3.10 Everyday 

workplace activities 

 
3.11  On the Job 

training 
 

 
3.12  Trial and error 

 
1   2   3   4   5  

 

 
1   2   3   4   5  

 

 
1   2   3   4   5  

 

 
1   2   3   4   5  

 
 

3.13  Peer assisted 
 

3.14  Hands-on 
formal training 

programs 

 
3.15 Classroom 

training 

 
3.16 Other   

 
1   2   3   4   5  

 

 
1   2   3   4   5  

 
1   2   3   4   5 

 
1   2   3   4   5  

  
4. Isolated learning and technology 
 

4.1 What tools do you use to solve problems when you are working by 
yourself? Rate the contribution on a scale of 1 to 5 (1 = not used / 5 = used 
most) of the following tools used during your normal working day. Please 
tick. 

 
                                                                                   1               2             3              4              5 
Mobile phone      
CB/UHF      
GPS      
Computer & Modem      
CD / DVD / MP3      
Manuals      
On-board computer systems      
Other*      
*please state: 
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5. Feedback 
 
5.1 How frequently do you receive feedback on your performance? Rate the 

contribution on a scale of 1 to 5 (1 = not used / 5 = used most) of the 
following types of feedback used during your normal working day. Please 
tick. 

 
                                                                                    1              2             3              4              5 
Clear goals (daily, monthly, yearly)      
Video feedback      
Audio feedback      
Computer assisted feedback      
Praise      
Punishment      
Extrinsic rewards      
Reports (Graphs, statistics, etc)      
Tests (practical and written)      
Other*      
* please state: 
 

 
 
5.2  How often do you receive feedback on your work performance? 
  Please tick. 

 
Instantaneous      Daily           Weekly        Monthly     Annually 

 
 
 
 

5. Social interaction 
 

6.1 At what times do you interact with others during your working day? Rate 
the amount of social interaction on a scale of 1 to 5 (1 = no interaction / 5 = 
most interaction) during your normal working day. Please tick. 

 
                                                                                    1              2              3             4              5 
Start of shift      
Finish of shift      
Meal breaks / smoko      
During truck stops      
Between job tasks      
During job tasks (via radio etc)      
Other*      
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Appendix D: Ethical clearance 
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Appendix E: Letter of request 
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Appendix F:  Information sheet 
 
 

 
 
 

Dynamic Integrated Learning 
 

INFORMATION SHEET 
 
 

Who is conducting the research 

Name:  Dr Stephen Billett          Name:          Jason Lewis  
School:   Education &               School:         Education &  

 Professional Studies            Professional Studies  
Contact Ph:   07 3735 5855          Contact Ph:  07 3371 1892 
 
Contact Email:  S.Billett@griffith.edu.au                  
Contact Email:  Jason.Lewis@student.griffith.edu.au  

 Why is the research being conducted? 

This research is being conducted to help understand the ways in which 
knowledge and skills are acquired by truck drivers in view of the recent 
technological advances in truck design (such as automatic gearboxes, 
computerised driver information displays, GPS etc). Additionally, most drivers 
operate in relative social isolation, without the benefits of expert guidance. 
How drivers acquire the skills and knowledge required for workplace 
performance is therefore of interest. Griffith University is involved in the 
research as this project is part of the PhD requirements for one of its students 
(Jason Lewis).  

What you will be asked to do  

You will be asked for your opinions via a 20 question survey. The survey 
should take about 5 minutes to complete. Additionally, we would like to 
observe you in your everyday workplace activities. Finally we would like to 
interview you, asking for your input and observations. Each interview should 
take about 10 minutes.  

The basis by which participants will be selected or screened  

We are looking for as many participants as possible, however, numbers may 
be limited by operational requirements or other management decisions. Of 
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course, we are only looking for willing voluntary participants who are capable 
of constructive feedback. 

The expected benefits of the research  

The expected benefits of this research is that you will become a more 
productive, efficient, and safer driver. Additionally, you will have a better 
understanding of the systems in your truck and be able to access more 
information from the trucks computers. From a corporate perspective, this 
research may be used in advertising, public relations, or general promotion of 
the company. 

Risks to you  

Participation in this research poses no risk to you as the research asks only 
that you give your opinion and feedback based on theoretical and practical 
instruction. 

Your confidentiality  

The surveys and interviews do not ask you to disclose your name. The data 
collected from this research will be reported in general terms and will not 
involve any identifying features. Interviews may be recorded for further 
research and will be used only by the research team and erased following 
transcription. All data will be kept confidential and in a locked filing cabinet in 
the School of Education and Professional Studies at Griffith University for a 
period of 5 years before being destroyed. A report of the general findings from 
the study will be made available to participants.  

Your confidentiality and privacy is assured at all times. 

Your participation is voluntary  

Potential participants are advised that their participation is voluntary. 
Participants are assured that their decision will in no way impact upon their 
relationship with the organisation they work for.  Participants are free to 
withdraw from the study at any time without comment or penalty.  

Questions / further information  

Additional information about the project can be obtained from the details of 
the researchers supplied on the previous page.  

The ethical conduct of this research  

Griffith University conducts research in accordance with the National 
Statement on Ethical Conduct in Research Involving Humans. If potential 
participants have any concerns or complaints about the ethical conduct of the 
research project they should contact the Manager, Research Ethics on 3735 
5585 or research-ethics@griffith.edu.au .  
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Feedback to you  

All participants will receive feedback in the form of a summary of the overall 
results of the research. Where possible, individual results may be 
confidentially available if requested. 

Privacy Statement  

The conduct of this research involves the collection, access and / or use of 
your personal information. The information collected is confidential and will 
not be disclosed to third parties without your consent, except to meet 
government, legal or other regulatory authority requirements. A de-identified 
copy of this data may be used for other research purposes. However, your 
anonymity will at all times be safeguarded. For further information consult the 
University’s Privacy Plan at www.griffith.edu.au/ua/aa/vc/pp or telephone (07) 
3735 5585.  

 
 

Griffith University thanks you for your consent and participation in this 
research. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Dynamic Integrated Learning: Managing knowledge development in road transport 
 
 

- 274 - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Dynamic Integrated Learning: Managing knowledge development in road transport 
 
 

- 275 - 

Appendix G: Expression of agreement 
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Expression of Agreement 

Research Team 

Name:  Dr Stephen Billett          Name:          Jason Lewis  
School:   Education &               School:         Education &  

 Professional Studies           Professional Studies  
Contact Ph:   07 3735 5855          Contact Ph:  07 3371 1892 
 
Contact email: S.Billett@griffith.edu.au                                                                                   
Contact email: Jason.Lewis@student.griffith.edu.au  
 
By signing below, I confirm that I have read and understood the information package and in 
particular have noted that: 
 

 I understand that involvement in this research will include permission for researchers 
to administer one questionnaire, and an interview over a 6 month period and 
observation of the drivers’ professional practice;  

 I have had any questions answered to my satisfaction;  
 I understand the risks involved;  
 I understand that there will be no direct benefit to me from my participation in this 

research;  
 I understand that my participation and permission in this research is voluntary;  
 I understand that if I have any additional questions I can contact the research team;  
 I understand that I am free to withdraw at any time, without comment or penalty; 
 I understand that interviews will be audio-taped; and  
 I understand that only the research team will have access to these tapes;  
 I understand that audiotapes will be erased following transcription, 
 I understand that the Company will not be identifiable (whether directly, or by 

inference) in any publications or reporting arising from the research without prior 
written permission,  

 I understand that I can contact the Manager, Research Ethics, at Griffith University 
Human Research Ethics Committee on 3735 5585 (or research-
ethics@griffith.edu.au) if I have any concerns about the ethical conduct of the project; 
and  

 I agree to participate in the project. 
 
 
 
Name 

 
 …………………………
 

 
Signature

  
……………………Date………………
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Appendix H: Consent form 
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CONSENT FORM 

Research Team 

Name:  Dr Stephen Billett          Name:          Jason Lewis  
School:   Education &               School:         Education &  

 Professional Studies            Professional Studies  
Contact Ph:   07 3735 5855          Contact Ph:  07 3371 1892 
 
Contact email: S.Billett@griffith.edu.au                                                         
Contact email: Jason.Lewis@student.griffith.edu.au 
 
By signing below, I confirm that I have read and understood the information package and in 
particular have noted that: 
 

 I understand that my involvement in this research will include the completion of a set 
of: one survey, one interview, and observation of professional practice in the 
workplace;  

      I have had any questions answered to my satisfaction;  
 I understand the risks involved;  
 I understand that there will be no direct benefit to me from my participation in this 

research;  
 I understand that my participation in this research is voluntary;  
 I understand that if I have any additional questions I can contact the research team;  
 I understand that I am free to withdraw at any time, without comment or penalty; 
 I understand that my interview will be audio-taped; and  
 I understand that only the research team will have access to this tape; and  
 I understand that the audiotape will be erased following transcription; 
 I understand that there may be a matching between survey responses, interviews, 

and observations and that data will be de-identified or coded after matching has been 
conducted; 

 I understand that I will be able to access may personal information based on my 
coded identification number should I wish to do so; 

 I understand that I might be asked to share my reflections on unsafe or inappropriate 
behavior and that any comments made are totally confidential;  

 I understand that I can contact the Manager, Research Ethics, at Griffith University 
Human Research Ethics Committee on 3735 5585 (or research-
ethics@griffith.edu.au) if I have any concerns about the ethical conduct of the project; 
and  

 I agree to participate in the project.  
 
 
Name 

  
………………………… 

 
Signature

  
……………………Date………………
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Appendix I: Beer Group loading tables 
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