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Abstract 
Engagement is a multifaceted concept that has been a growing concern for researchers, 

particularly in mathematics education (Attard, 2012; Chan, Baker, Slee, & Williamson, 2015). 

In recent years, mathematics education has been seen as boring and dull, and many students 

have disengaged from a relatively early age in learning and participating in mathematics 

(Grootenboer & Marshman, 2016). Therefore, this is an important issue, as low levels of 

engagement among students can put them at risk of decreased participation and, ultimately, 

low levels of academic achievement (Fredrick et al, 2004). The study reported here was 

conceptualised using a theoretical framework that included three dimensions of engagement; 

emotional, behavioural, and cognitive, and these were used to structure the data collection and 

analysis vis-à-vis learning mathematics outdoors. This comparative case study involved 34 

students from two year 6 classes at a Queensland state primary school. The findings indicated 

that the students were engaged in their mathematics learning in the outdoor context. However, 

there was no compelling evidence that suggested the outdoor environment was any more 

emotionally, behaviourally, or cognitively engaging than the indoor context. There were, 

however, hints that emotional engagement was facilitated in the outdoor environment as 

students enjoyed the novelty of it, being able to ‘move around’, and also working in 

pairs/groups. Nonetheless, this requires further investigation in future research. What was clear 

from this study was that there were benefits for student engagement when learning mathematics 

outdoors and that participating in a variety of learning experiences can be seen as valuable for 

both students and teachers.   
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Chapter 1. Introduction 
The concept of engagement has been a growing concern for researchers, particularly in 

mathematics education (Attard, 2012; Chan, Baker, Slee, & Williamson, 2015), where it has 

been seen as a key factor in ameliorating low levels of achievement and student boredom 

(Fredricks, Blumenfeld, & Paris, 2004). For this reason, it is important that the concept of 

engagement be explored in mathematics education, as low levels of engagement can result in 

low participation and achievement (Attard, 2011). Students who are disengaged from their 

mathematics learning not only disadvantage themselves in grasping mathematical perspectives 

present in everyday experiences but also reduce their chances of being accepted into higher 

education courses requiring mathematics in the future. Our rapidly changing economy requires 

workers with the skill set to provide solutions to social concerns, including medical and 

environmental challenges, as well as potentially providing important engineering or 

technological breakthroughs. Developing strong foundations of mathematical understanding is 

highly important in a society where technology is rapidly changing and where the skills 

demanded from workers today will likely differ from those demanded in the future. A quality 

mathematics education has the potential to produce promising socioeconomic outcomes and 

engagement in mathematics seems to be a promising starting point to building students’ 

mathematical abilities. Engagement is a multifaceted concept that has been defined along three 

dimensions: emotional, behavioural, and cognitive (Fredricks et al., 2004). Researchers have 

suggested that utilising the outdoors in mathematics education helps to increase students’ 

engagement (Fägerstam & Samuelson, 2014; Haji, Abdullah, Maizora, & Yumiati, 2017; 

Young & Marroquin, 2008). It seems there is a growing interest by researchers to evaluate and 

compare the efficacy of indoor and outdoor learning environments. However, it is seldom seen 

that the effectiveness of outdoor learning is holistically evaluated through the lens of the 

engagement dimensions. This study seeks to determine the effects that outdoor learning has on 
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students’ engagement in mathematics. To this end, this study will explore outdoor learning vis-

à-vis the three dimensions of engagement: emotional (with aspects of affective engagement), 

cognitive, and behavioural, and investigate the engagement of students in relation to indoor 

and outdoor environments. In addition, this study will clarify distinctions among the three 

constructs of engagement and how they are both individually and holistically identified within 

the learning context. 

In this study student engagement in mathematics was explored comparing their outdoor 

and indoor levels of engagement. The key objective was to probe how indoor and outdoor 

learning influences the three dimensions of engagement and more specifically if the two 

contrasting learning environments effect the dimensions in different ways. The two classes 

participating in the study partook in one indoor and one outdoor lesson where their emotional, 

behavioural, and cognitive levels of engagement were assessed using three different data 

collection tools that were specifically designed for the study. Since outdoor learning has been 

established as an effective pedagogical strategy in education (Fägerstam & Samuelson, 2014; 

Haji, Abdullah, Maizora, & Yumiati, 2017; Young & Marroquin, 2008), further research is 

needed where deeper psychological theories of engagement are utilised to shed more light on 

the effectiveness of outdoor education, particularly in mathematics education where its use 

remains somewhat novel.  

 

Engagement 

As has already been noted, engagement has three dimensions – emotional engagement, 

behavioural engagement, and cognitive engagement (Fredricks et al., 2004). Emotional 

engagement is defined as the positive and negative reactions that students have to their peers, 

teachers, academics, and school (Fredricks et al., 2004). Skilling (2014) suggests that when 

students are emotionally engaged they demonstrate interest and enjoyment. Emotional 
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engagement is also commonly labelled as affective engagement by mathematics education 

researchers (e.g., Attard, 2011; 2012; Grootenboer & Marshman, 2016), and these researchers 

frequently come from an educational background and explore the deeper internal state of 

engagement. Others, who label it as emotional engagement, typically come from a 

psychological background and look at student reactions to school experiences and 

environments. 

Behavioural engagement is defined as an individual’s active participation and 

involvement in academic and social activities (Attard, 2011; 2012). The concept of 

participation is inherent to the construct of behavioural engagement (Finn, Pannozzo, & 

Voelkl, 1995) with Skilling (2014) and Fredricks et al. (2004), suggesting that students who 

are behaviourally engaged actively participate, persist and concentrate, ask questions, and 

contribute to class discussions.  

Cognitive engagement is defined as an individual’s investment in, and 

acknowledgement of, the value of learning and their willingness to go above and beyond the 

minimum requirements of a task (Attard, 2011; 2012). It also refers to the ability to suppress 

distractions, as well as the ability to maintain and regulate efforts in sustaining their cognitive 

engagement (Fredricks et al., 2004; Skilling, 2014). Attard (2011), and Connell and Wellborn 

(1991), similarly suggest that students who are cognitively engaged show a desire for hard 

work, persistence in problem solving, and persistence in the face of failure. 

 

Research Focus 

This study seeks to determine the effects that outdoor learning has on students’ engagement in 

mathematics. To this end, the proposed study will explore outdoor learning vis-à-vis the three 

dimensions of engagement: emotional/affective, cognitive, and behavioural, and the 

engagement of students will be compared between outdoor and indoor environments. In 
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addition, this study will clarify distinctions among the three constructs of engagement and how 

they are individually and holistically identified within the learning context. 

Given the apparent gaps in the literature, this study sought to determine the effects that outdoor 

learning had on students’ engagement in mathematics. The research question guiding this 

research is: 

What sort of engagement (emotional, behavioural, and cognitive) in mathematics does 

an outdoor learning environment facilitate? 

The sub-question is: 

In what ways, if any, does student engagement in mathematics differ according to the 

learning environment?  

Research Context 

The data for this study was collected from a state primary school in a metropolitan city in 

Queensland with an enrolment of 960 students in prep to year 6. The study was conducted as 

part of the researcher’s Masters of Education and Professional Studies program. The topic was 

inspired by the relative lack of literature that incorporates, in a holistic way, theories of 

engagement with theories of outdoor learning. Engagement and outdoor learning concepts were 

then linked to identify key ideas and were also used to guide the development of authentic data 

collection instruments. These included a survey to determine levels of the students’ emotional 

engagement, and a checklist to determine levels of behavioural engagement at a cohort level. 

Work samples were also collected and analysed where common themes were established and 

used to determine students’ cognitive engagement. Two Year 6 classes from the selected school 

volunteered to participate in the study and for each class, two lessons were examined – one 

indoor and one out outdoor, each on the same topic. The data were then used to explore student 

engagement in the mathematics lessons in the two different contexts. It is important to highlight 
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that this was an initial small-scale study to investigate engagement in primary mathematics, 

and it was also an opportunity to ascertain the veracity and usefulness of new research tools to 

explore the complex phenomenon of engagement in mathematics in different contexts. 

 

Significance of study 

The focus of this study was to determine whether outdoor learning had any positive effects on 

students’ engagement in their mathematics learning. It is already well known that outdoor 

learning is an effective pedagogical teaching strategy in general (Fägerstam & Samuelson, 

2014; Haji, Abdullah, Maizora, & Yumiati, 2017; Young & Marroquin, 2008), but this has not 

been explored using the different dimensions of engagement (emotional, behavioural, and 

cognitive), particularly in mathematics. Therefore, this study provides some initial empirical 

insights, based on a strong theoretical foundation, into a topic that has important relevance to 

the classroom. This will lead to further research in this field and will allow researchers and 

educators to look at the effectiveness of outdoor learning vis-à-vis mathematical engagement 

from a theoretically sound and empirical perspective.  

 

Organisation of thesis 

In Chapter 2 of this thesis the relevant literature is reviewed, including issues of engagement, 

effective engagement in learning mathematics, outdoor learning, and linking 

conceptualisations of engagement to the effectiveness of outdoor learning. The methodology 

and research design of the study are presented in Chapter 3 and then the findings are presented 

in Chapter 4. In chapter 5 these findings are discussed by drawing on the relevant literature, 

and then the thesis is concluded in Chapter 6 where the implications, limitations, and 

recommendations are outlined. 
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Chapter 2. Literature Review 
Introduction 

This synthesis and review of the literature seeks to integrate the two domains of engagement 

in mathematics and outdoor learning in mathematics. First, the concept of engagement will be 

discussed and its different conceptualisations will be examined. Second, effective engagement 

and how it is identified in the classroom will be explored. Finally, possibilities will be proposed 

concerning the unexplored links between the different types of engagement and the 

effectiveness of outdoor learning.  

 

What is engagement and why is it important? 

The concept of engagement in mathematics has become a growing concern for researchers in 

Australia and internationally in recent years (Attard, 2012; Chan, Baker, Slee, & Williamson, 

2015). Improving engagement is believed to be a means of ameliorating low levels of academic 

achievement and high levels of student boredom (Fredricks, et al, 2004). There is an imperative 

for research in this field as low levels of engagement likely result in low achievement and 

participation. Consequently, this has the potential to affect Australia’s perennial shortage of 

mathematically literate citizens (Attard, 2011). There are also historical, economic, and 

practical reasons supporting the importance of research into school engagement (Fredricks, et 

al., 2004). Many students are disengaged at school and find it boring and so do not try as they 

might (Burkett, 2002). Observations such as these are especially alarming as the new and 

rapidly changing international world requires citizens with mathematical knowledge to 

synthesise and evaluate new information, problem solve, and think critically (Fredricks et al., 

2004). Even though school is mandatory, students need to be engaged in their education if they 

are to succeed and then thrive in the modern world. 
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Also, many higher education courses require specific levels of mathematics upon entry; 

therefore students who are disengaged from mathematics throughout their schooling not only 

face a limited choice of courses available to them, but additionally they limit their capacity to 

grasp the mathematical perspective present in everyday life experiences (Sullivan, Mousley, & 

Zevenbergen, 2005). McPhan, Moroney, Pegg, Cooksey, and Lynch (2008) claim that teaching 

strategies in the early and primary years, that engage students in investigative learning, are 

central to increasing participation rates in mathematics. Students who are engaged in 

mathematics in the early years are more likely to learn, find a sense of satisfaction from the 

experience, and therefore progress to higher-level mathematics courses (Marks, 2000) later in 

their schooling years and beyond.  

Before examining engagement in mathematics education, it is necessary to understand 

it in a broader context. Definitions of engagement, both formal, and those constructed from 

educational research, seem to capture what is lacking in the educational experiences of many 

school students. The Oxford Dictionary of English defines engagement as to “participate or 

become involved in” (Stevenson, 2010). Hickey (2003) defines engagement as “participating 

in whatever routines of activity cause the organism to construct and strengthen particular 

associations” (p. 406). Fredricks et al. (2004) provide a definition of engagement that is 

multifaceted and operates at emotional, cognitive, and behavioural levels. Fredricks et al. 

(2004) also explain that engagement includes the positive and negative reactions that students 

have concerning their school education. It is Fredricks et al.’s (2004) definition that will now 

be more closely explored.   

 

Types of engagement 

Reflected in the research literature, the multifaceted nature of engagement has been commonly 

defined around three dimensions; emotional, cognitive, and behavioural. Fredricks et al. (2004) 
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completed a comprehensive review of the various domains of engagement and provided a 

thorough framework that is pivotal in ameliorating distinctions between the ‘types’ of 

engagement. Skilling (2014), using Fredricks et al.’s (2004) framework, articulated how these 

dimensions could be identified and observed in educational settings. She outlined that: 

emotionally engaged students demonstrate interest and enjoyment; cognitively engaged 

students demonstrate effective planning and manage and regulate their learning; and 

behaviourally engaged students actively participate, persist, and ask questions.     

 

Emotional Engagement  

Fredricks et al. (2004) suggest that emotional engagement “encompasses positive and negative 

reactions to teachers, classmates, academics, and school” (p. 60). They explain that there is a 

direct correlation between how students react to these school experiences and their willingness 

to do work. By way of contrast, Attard (2011; 2012) does not define this particular domain of 

engagement as other researchers have, and instead labels it as belonging within the affective 

domain. The central determining factors are similarly students’ reactions to peers, teachers, 

school, and academic material; however, Attard comes from an educational background and 

does not describe emotional engagement from a psychological perspective as detected in other 

literature, but rather considers it from an educational perspective. As such, she centres her 

analyses on students’ experiences with school and their associated affective responses, rather 

than on the internal state (emotions) of student’s engagement. The affective domain of 

engagement in mathematics teaching and learning has attracted a growing interest from 

researchers. Driven by concerns of student disengagement, Grootenboer and Marshman (2016) 

comprehensively characterised the affective domain using the interrelated dimensions of 

beliefs, values, attitudes, and emotions. They acknowledged the integrated manner of these 

dimensions and analysed the affective domain as a complex, integrated phenomenon. 
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Attard (2011; 2012) and Fredricks et al. (2004) both explore how emotional 

engagement and motivation are often related, and sometimes even seen as synonymous. 

Research in the field of academic motivation is critical if the deeper influencing factors of 

students’ engagement in mathematics are to be understood holistically (Skilling, 2014). Attard 

(2012) states, “when an individual is engaged with mathematics, he or she has been influenced 

by motivation” (p. 10). The Oxford Dictionary of English defines motivation as the “desire or 

willingness to do something” (Stevenson, 2010). Motivation researchers Deci, Vallerand, 

Pelleteir, and Ryan (1991), Kittrell and Moore (2013), Martin (2003; 2006), PourAli, 

SeifNaraghi, and Naderi (2016; 2017), and Yaman, Dundar and Ayvas (2015) all refer to 

motivation as pursuing or maintaining an activity driven by one’s appetite for growth and 

fulfilment. Of interest here is how a student’s motivation to complete tasks corresponds with 

how they engage with said tasks. Attard (2012) has examined, in depth, the interchangeable 

relationship between engagement and motivation and in doing so developed a framework that 

systematically outlines how a student’s motivation influences their engagement in 

mathematics. The framework highlights the ways that different learning features are embodied 

as well as how they are symbiotically interrelated. Attard’s (2012) framework is divided into 

three sections with the first involving aspects of an engaging classroom (in regards to affective, 

behavioural, and cognitive elements), and the next two referring to, the separate yet 

interdependent, pedagogical relationship and repertoire.         

Hardre’s (2011) study on motivation in mathematics closely resembles Fredricks et al.’s 

(2004) framework regarding the three domains of engagement. Hardre (2011) investigated, 

with a particular focus on mathematics, the motivation of 1,440 Year 9-12 students from 25 

U.S. rural secondary schools. Her paper integrates constructs of motivation drawing from a 

range of fields, such as educational psychology and human neuroscience, and presents a 

systemic view of motivation for learning in mathematics.  Hardre (2011) also identified a 



Engagement and Outdoor Learning in Mathematics 20	

number of motivational strategies that can be effectively used in mathematics classrooms. The 

most significant strategies identified focused on the relevance of content (cognitive), the value 

of learning (emotional), and the application of mathematics (behavioural).  

Although often viewed as synonymous, motivation and engagement are distinct 

concepts. Motivation encompasses internal (emotional), and therefore unobservable aspects, 

while engagement is the manifestation of these qualities that are observable externally 

(Skilling, 2014). With this in mind, engagement is the concept that is often more easily 

determined in the learning context as it is identified through students’ interactions with the 

school environment. Despite this, Fredricks et al. (2004) suggest that the literature on 

motivation be carefully considered as it is often more elaborate and differentiated than 

literature on engagement. Therefore, it is significant and critical to account for motivation when 

exploring the concept of engagement. The educational conceptualisations of motivation are 

relevant to the study as they highlight significant factors that intertwine with, and influence, 

students thinking in mathematics. Furthermore, the exploration of motivation in education 

further confirms that engagement is a highly malleable construct (Fredricks et al., 2004).  

 

Behavioural Engagement 

Behavioural engagement refers to an individual’s active participation and involvement in 

academic and social activities (Attard, 2011; 2012). Finn, Pannozzo, and Voelkl (1995) 

emphasise that inherent to the construct of behavioural engagement is the concept of 

participation, a crucial component in achieving positive academic outcomes. Behavioural 

engagement is most commonly conceptualised using three interrelated dimensions. The first 

entails how an individual adheres to classroom norms and follows the rules (Finn et al., 1995). 

The second dimension is concerned with students’ actions such as their “efforts, persistence, 

concentration, attention, asking questions, and contributing to class discussions” (Fredricks et 
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al., 2004). Often the term “effort” is seen to be problematic as it is included in definitions of 

both behavioural and cognitive engagement and distinctions are not always made clear 

(Fredricks et al., 2004). The third dimension involves an individual’s participation in school 

activities such as sports or leadership roles (Finn 1989; Finn et al., 1995). Finn’s (1989) 

definition of behavioural engagement, which refers to students’ participation, is divided into 

four distinct levels. Finn’s (1989) model relating to participation starts with the lowest level 

labelled ‘respond to requirements, the second level ‘class-related initiative’, the third level 

‘extra-curricular activities’, and finally the level ‘decision making’. The lowest level refers to 

how students respond to a teacher’s instructions and extends to the student’s ability to take 

initiative and become involved in extracurricular activities and leadership roles. 

 

Cognitive Engagement 

Attard (2011; 2012) defines cognitive engagement as an individual’s investment in learning, 

their acknowledgment of the value of learning, and their willingness to go above and beyond 

the minimum requirements. Cognitive engagement relates to the desire for hard work, 

persistence in problem solving, and endurance in the face of failure (Connell & Wellborn, 

1991; Fredricks et al.,2004). Fredricks et al. (2004) explore cognitive engagement from two 

different perspectives where one encompasses the psychological investment in learning (See 

also Newmann, Wehlage, & Wisconsin, 1995) and the other targets cognition and emphasises 

strategic learning (see also Zimmerman, 1990). The literature concerned with cognitive 

engagement as a psychological investment defines it as an individual’s direct efforts towards 

learning and mastering the knowledge, skills and crafts associated with academic work 

(Fredricks et al, 2004). Again, the word effort is indistinctly used across definitions of cognitive 

engagement as it parallels those found in research on behavioural engagement. Psychological 

definitions of cognitive engagement also strongly resemble definitions found in the motivation 
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literature. Students who are intrinsically motivated demonstrate persistence in the face of 

hardship and experience a sense of satisfaction when given challenging tasks (Brophy, 1987). 

An alternative definition of cognitive engagement emphasises students demonstrating 

highly strategic learning qualities. Often described as being self-regulated, strategic students 

complete tasks by using metacognitive strategies and higher order thinking to arrange and 

assess their cognition (Zimmerman, 1990). They are efficient in suppressing distractions, as 

well as maintaining and regulating their efforts to sustain their cognitive engagement (Fredricks 

et al., 2004). An ideal learning experience can be identified as one where students make 

meaningful connections among concepts. Students who use these cognitive engagement 

strategies have be found to achieve greater understanding of ideas (Fredricks et al., 2004). 

Fredricks et al. (2004) explain that both definitions of cognitive engagement are valuable and 

that neither alone can adequately deal with the qualitative aspects of engagement.       

As outlined previously, the conceptualisations of emotional/affective engagement, 

behavioural engagement, and cognitive engagement incorporate a wide variety of constructs. 

When other bodies of research are drawn on, such as motivation and effort definitions, the 

interpretations overlap and there is a lack of differentiation across the various types of 

engagement (Fredricks et al., 2004). Although this inclusiveness seems burdening, here it is 

seen as valuable to incorporate the various conceptualisations to enrich an understanding of 

engagement. It is critical to acknowledge that these engagement constructs are not isolated 

processes occurring within the individual, but rather they are dynamically interrelated and a 

shift in one can dramatically influence the others. Therefore, in this study, while each of the 

dimensions of engagement will be attended to separately, they are considered holistically and 

as a core multifaceted phenomenon.          
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Effective engagement in learning mathematics  

Attard (2011; 2012), a key Australian researcher into student engagement in mathematics, 

suggests that effective mathematical engagement occurs when a student is enjoying the subject, 

can easily see the relevance that their work has to their own lives and future, and can make 

meaningful mathematical connections between their learning in the classroom to their beyond 

school environment. Also highlighted in her work is the significance of choice and creativity 

in the mathematical learning context, and the suggestion that, if students are engaged in 

activities that encourage creativity and that provide opportunities to make decisions about their 

learning, their engagement in mathematics will increase. Attard (2012) incorporates the notion 

of “fun”, stating that “most of the ‘good’ [fun] lessons discussed by the students were those 

that include physical activity, active learning situations involving concrete materials, and/or 

games” (p. 11). Similarly, Brunsell, Fleming, Opitz, Ford, and Ebrary (2014) found that 

“joyful” learning was significantly connected to better learning. As explored in the earlier 

sections, motivation concepts are suggested to have significant relevance, and are often 

synonymous, where the conceptualisation of engagement is discussed. Students’ motivation to 

complete tasks dramatically increases when games are included in mathematics (Attard, 2011; 

2012). Additionally, when students can make links between the mathematics they are learning 

and “real” life their engagement significantly increases (Ajmal, 2013; Attard 2012). Thus, is it 

critical that students are able to make links between what they are learning, their knowledge, 

and both inside and outside classroom experiences (Opitz & Ford, 2014).   

 

Linking conceptualisation of engagement to the effectiveness of outdoor learning 

The literature frequently suggests that outdoor learning is an effective pedagogical approach to 

increase student engagement (Fägerstam & Samuelson, 2014; Haji, Abdullah, Maizora, & 

Yumiati, 2017; Young & Marroquin, 2008) and consequently student learning. Therefore, the 
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central key concept being explored in this thesis is outdoor learning. There has been a growing 

interest by researchers to evaluate the efficacy of outdoor learning. Dismore and Baily (2005) 

suggest that outdoor learning influences emotional engagement as it impacts affective, social, 

and intellectual development. Dismore and Baily’s (2005) study suggests that students’ 

positive emotions, such as their confidence and mathematical self-efficacy, increase when 

participating in outdoor and/or “adventurous” mathematical activities. Fägerstam and Blom 

(2013) identify that outdoor learning influences cognitive engagement as it highly impacts 

upon students’ long-term memory knowledge retention stating that, “the outdoor lesson clearly 

had an influence on what the pupils remembered five months later” (p.69). 

Outdoor learning can include activities that take place on the playground, the oval, or 

even in the garden. It is often suggested that students perform significantly better in outdoor 

activities than in similar classroom activities in mathematics (Fägerstam & Samuelson, 2014; 

Haji, Abdullah, Maizora, & Yumiati, 2017; Peng & Sollervall, 2014; Young & Marroquin, 

2008). Similarly, it is considered that exclusively learning mathematics inside the classroom 

hinders students from fully understanding mathematical concepts (Haji et al., 2017). Fägerstam 

and Blom (2013) state that there is a “need for a closer connection with the places we inhabit 

and extending the use of out-of-school experiences, both as a way to increase content 

knowledge, interest and motivation and to improve social and ecological accountability” (p. 

57). As seen previously, both ‘interest’ and ‘motivation’ are often used synonymously with the 

word ‘engagement’. There are a diversity of desirable learning features associated with outdoor 

learning that can be seen as prompting, and resulting from, increased levels of student 

engagement. Fägerstam and Blom (2013) consider how outdoor learning is related to long-term 

memory knowledge retention and found that, “the pupils from the outdoor classes showed a 

higher degree of long-term knowledge retention. They remembered both activities and contents 

better than the pupils in the indoor classes” (p. 56). They also report in their study that the 
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outdoor environment provided a more authentic way of learning as students were able to work 

with a range of different materials and objects. The outdoor context had a significant impact 

on students long-term memory as the students’ who participated in the outdoor mathematics 

lessons gave richer descriptions of their experiences (than the students who participated 

indoors) and had a deeper understanding of the concepts (Fägerstam & Blom, 2013).   

Taking mathematical lessons outside adds a new dimension to the learning experience 

where multi-sensory perceptions are expanded (Fägerstam & Blom 2013). Traditional lessons 

that are conducted inside the classroom predominately stimulate visual and auditory sensory 

perception but also limit multi-sensory perception opportunities for students (Auer, 2008). 

Outdoor learning has the potential to incorporate more senses as well as increased motor 

activity (Auer, 2008). Students often learn best by doing, rather than learning by 

conceptualising or by memorising formulas, and thus may indirectly gain understanding of 

abstract concepts by involving a multi-sense approach to their learning (Auer, 2008). It can 

also be posited that outdoor learning leads to increased student engagement and subsequently 

results in the desirable outcome of long-term knowledge retention. Fägerstam and Blom (2013) 

state in their research on indoor and outdoor learning,  

When talking about the course content the indoor class gave more vague and diffuse 

answers, remembering just content or an activity, and seldom explained how they had 

orientated activities but the outdoor classes more frequently gave vivid descriptions of 

activities (often student centred) and content using both verbs and nouns. (p. 64)     

Attard’s (2012) research suggests that a strong factor in engaging students in 

mathematics is the inclusion of activities that mirror life-like situations as well as activities that 

require students to take their mathematics learning outdoors and into the school playground. 

Waite (2011) reports on the benefits of outdoor learning stating: 
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Another very important aspect of our findings was the levels of involvement of children 

in planning and use of outdoors. This seemed to ensure a greater sense of ownership, 

more engagement and higher levels of usage … Enjoyment and engagement of the 

whole child was common across all the case studies. (p. 78) 

Young and Marroquin (2008) also report on the effectiveness of lessons taken outside 

on the playground whereby “reluctant students were more apt to engage in the activities and 

volunteer to explain their thinking or justify their answers” (p. 282). As observed, the word 

‘engage’ and its derived forms, are commonly used in literature discussing outdoor learning, 

yet it is seldom seen that a distinctive definition of engagement is integrated, and the word is 

often cryptically used. Additionally, literature that effectively defines engagement often only 

suggests the idea of outdoor learning without a deep exploration of what that might entail. 

There seems to be little literature that makes the conceptual links between the different types 

of engagement and the effectiveness of outdoor learning. Due to the lack of literature that 

explicitly integrates the two concepts, for the remainder of this discussion, only suppositions 

can be made regarding the links between the concepts of engagement and the effectiveness of 

outdoor learning.  

More specifically in relation to mathematics education, Attard's (2011; 2012) explicit 

study on engagement found that students were engaged in mathematics when they made real 

life connections. It is suggested that through outdoor learning, students can increase their 

mathematical connection capabilities as they link not only various mathematical concepts with 

each other, but also make connections with concepts beyond mathematics (Haji et al., 2017). 

Haji et al. (2017) define mathematical connection capabilities as an individual’s ability to make 

links “between components in mathematics, the mathematics to other disciplines, and between 

mathematics and everyday life” (p. 12). For example, students need to successfully make links 
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between algebra and geometry and then link these to other disciplines and everyday life. It is 

believed that outdoor learning facilitates this connection capability development (Haji et al., 

2017). An outdoor learning environment stimulates this more authentic way of learning and 

allows students to relate theory to practical things (Fägerstam & Blom, 2013). For example, 

when learning measurement or volume, students could participate in a lesson that utilises 

outdoor objects and materials. Young and Marroquin (2008) similarly explored that outdoor 

learning affords students the opportunity to make real life connections to abstract concepts. 

They elaborate on this explaining that students highly benefited from these outdoor activities 

as they were able to understand abstract concepts as they formed meaningful mathematical 

vocabulary connections. Peng and Sollervall (2014) suggest that students perform better when 

mathematics problems are present in real world contexts, than when they are presented in 

classroom contexts. They report that they were “impressed” with the students’ performance in 

the outdoor lesson and explained that the outdoor environment aided in provided a meaningful 

and significantly motivating mathematical learning experience.   

Additionally, it is suggested that students are more motivated to complete tasks in real 

life learning situations (Moffett, 2011; Peng & Sollerval, 2014). Given that the term motivation 

is almost synonymous with the term engagement, we can accordingly propose that outdoor 

learning fosters student engagement as it helps them to make real life connections between 

school mathematics and their life experiences beyond school.  

Similarly, in accord with Attard’s (2011; 2012) studies on effective engagement in 

mathematics, Peng and Sollerval (2014) note that students who engaged in outdoor learning 

“express explicitly that the activity was fun” (p. 254). Additionally, Fägerstam and Blom 

(2013) state, “The pupils in this study all described positive experiences regarding the outdoor 

lesson… all of them spontaneously uttered remarks such as ‘it was fun’” (p. 68). Attard (2011) 

suggests that “the element of fun was identified as an element of “good” mathematics lesson” 
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(p. 371). Fägerstam and Samuelson (2014) also reported that outdoor learning provided 

students with a more enjoyable approach to education. It is likely that an individual’s sense of 

enjoyment in an activity can have direct, positive impacts on these school experiences. 

Similarly, Fägerstam and Blom (2013) state that, “dimensions of the outdoor environment of 

relevance to the pupils were authenticity, interaction and positive emotions” (p.66) and also 

suggest that “outdoor lessons in outdoor environments have positive impact on the pupils’ 

interest and motivation” (p.69). Outdoor learning provides students with a fun and enjoyable 

learning context, which we can perhaps attribute to their positive emotional engagement 

experiences. The table below outlines how the two concepts are linked (Table 1).    
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Table 1: Linking emotional engagement theories to outdoor learning theories 

Outdoor learning seems to have a positive effect on students’ behavioural engagement. 

As explored in Young and Marroquin’s (2008) study, students who are generally reluctant to 

participate in mathematics are more likely to engage in tasks when lesson are taken outside. 

Students are generally willing to take greater risks when mathematics is taken outside and are 

more likely to volunteer to share their answers and justify their thinking (Young & Marroquin, 

Emotional Engagement Theories Outdoor Learning Theories 

“The element of fun was identified as an 

element of “good” mathematics lesson” (p. 371) 

(Attard, 2011) 

Students who engaged in outdoor learning 

“express explicitly that the activity was fun” (p. 

254) (Peng & Sollervall, 2014)  

“The pupils in this study all described positive 

experiences regarding the outdoor lesson… all 

of them spontaneously uttered remarks such as 

‘it was fun’”. (p. 68) (Fägerstam & Blom, 

When students are emotionally engaged they 

demonstrate interest and enjoyment (Fredricks 

et al., 2004) 

“When an individual is engaged with 

mathematics, he or she has been influenced by 

motivation” (p. 10) (Attard, 2012) 

Outdoor learning provided students with a more 

enjoyable approach to education (Fägerstam & 

Samuelson, 2014)  

“Dimensions of the outdoor environment of 

relevance to the pupils were authenticity, 

interaction and positive emotions” (p. 66) 

(Fägerstam & Blom, 2013)  

“Outdoor lessons in outdoor environments have 

positive impact on the pupils’ interest and 

motivation” (p. 69) (Fägerstam & Blom, 2013) 
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2008). Subsequently, it appears likely that outdoor learning facilitates students’ behavioural 

engagement. Definitions of the engagement domain outline that students who are behavioural 

engaged actively participate in activities and contribute to class discussions (Fredricks et al., 

2004).  Table 2 outlines how the two concepts are linked.  

Table 2: Linking behavioural engagement theories to outdoor learning theories 

Also outlined in the literature on engagement is the close connection that behavioural 

and cognitive engagement share (Fredricks et al, 2004). As many students are willing to take 

greater risks and persist when learning is outside the classroom, it is also probable that outdoor 

learning facilitates opportunities for cognitive engagement.    

A significant component regarding the effectiveness of outdoor learning in 

mathematics, labelled the ‘novelty and variation dimension’, is proposed in Fägerstam and 

Blom's (2013) study. It is suggested that since outdoor learning is often a new and therefore, 

unfamiliar educational experience for students, this might have a high impact on students’ 

Behavioural Engagement Theories Outdoor Learning Theories 

It is emphasised that inherent to the construct of 

behavioural engagement is the concept of 

participation, which is a crucial component in 

achieving positive academic outcomes (Finn, 

Pannozzo, and Voelkl, 1995; Fredricks et al., 

Students who are generally reluctant to 

participate in mathematics are more likely to 

engage in tasks when lesson are taken outside 

(Young and Marroquin’s, 2008) 

Behavioural engagement is concerned with 

students’ actions such as their “efforts, 

persistence, concentration, attention, asking 

questions, and contributing to class 

discussions” (p. 62) (Fredricks et al., 2004) 

Students are generally willing to take greater 

risks when mathematics is taken outside and 

are more likely to volunteer to share their 

answers and justify their thinking (Young & 

Marroquin, 2008) 
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positive engagement. In their study, students often regard indoor learning as boring and 

monotonous (Fägerstam and Blom, 2013). It can then be proposed that outdoor learning offers 

a highly valued variation to this type of learning.   

 

Conclusion 

The literature defines outdoor learning, among many other educational benefits, as having the 

potential to increase student engagement. Ultimately, researchers embark on research to 

conceptualise engagement in order to understand and determine how to enhance student 

learning and create meaningful and beneficial learning experiences. There is increasing 

attention from researchers in exploring the significance of engagement and a growing number 

of studies devoted to exploring the effectiveness of outdoor learning. However, there seems to 

be little peer-reviewed literature exploring the effectiveness of outdoor learning, in terms of 

the diversity of engagement conceptualisations. It appears to be the case that there is a need for 

more research on the links between engagement and the effectiveness of outdoor learning as 

there is a lack of understanding, not only when the word engagement is included in literature 

on outdoor learning, but also when the concept of outdoor learning is introduced in literature 

on engagement. Educators, researchers and policy makers would greatly benefit from research 

that successfully and comprehensively integrates these significant educational concepts, 

particularly in relation to mathematics education. 
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Chapter 3. Methodology 
This study reported here was a small scale investigation that was exploratory in nature. In this 

chapter the methodology and methods of the study are outlined and discussed. 

 

Research Design 

This project will employ a comparative, collective, case study methodology. A case study is a 

detailed examination of a single case and is an in-depth exploration of one setting, or a single 

subject, a single depository of documents, or one particular event (Stake, 1995). In educational 

research, a case study might consist of one student, one classroom, one school, one program, 

or one community (Mertler & Charles, 2008). Case studies can differ in their complexity, and 

Stake (1995) established three types of case studies: intrinsic, instrumental, and collective. The 

intrinsic case study is implemented when better understanding of a particular case is desired. 

The instrumental case study is used to examine and gather insight into a subject, or to refine an 

idea. The collective case study is used where the instrumental case study is expanded to 

encompass several cases as means to understand the phenomenon, population or general 

condition.      

The third approach, a collective case study, is most relevant to this proposed study. 

When researchers study two or more settings, subjects or depositories of data, they are using 

what Stake (1995) refers to as a ‘multi-case study approach’, or a ‘comparative case study’ 

approach. A comparative case study involves two or more cases whereby knowledge about 

causal questions can be more clearly established (Yin, 2014). A key component of comparative 

case studies is that the comparison is made not only across cases but also within cases. Where 

a common goal or focus is recognised across studied cases, a comparative case study approach 

is used to analyse and synthesise the similarities, differences and patterns across the cases 

(Stake, 1995). Given this focus of developing a good understanding of the cases, comparative 
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case studies typically use a mixed method approach when collecting data (Stake, 1995). 

Dominant data collection methods include observations, interviews, and document analysis. 

When multiple forms of these data collection methods are used, the comparative case study 

approach facilitates a comprehensive handling of the data (Yin, 2014). A common concern of 

individual case studies is the potential lack of generalisability; therefore, these concerns are 

minimised by the use of a comparative case study approach (Mertler & Charles, 2008).  

In an attempt to establish what effect the mathematical learning environment (outdoors 

or indoors) has on students’ engagement, a comparative case study approach is considered as 

the most appropriate to explore and understand this issue. The findings of this study will not 

necessarily be generalisable; however, a comparative case study approach will allow for some 

broader insights to be gained. The study involves the comparison of two sets of two cases. Both 

of the cases were Year 6 classes undertaking mathematics lessons on the same topic and 

concept.  

The first set of two cases will involve the students initially participating in a 

mathematics lesson inside the classroom. Following this, they will participate in a similar 

mathematical lesson outside the classroom (e.g., the playground, oval, or elsewhere on school 

grounds). The second set of cases will involve the students participating in the same 

mathematical lesson, but in the reverse order where they will partake in the outside lesson first 

and then the inside lesson second. Reversing the lesson order will enable the engagement in 

each case to be compared and to establish whether the order of the lesson had any impact on 

students’ engagement. In order to minimize the impact of the researcher on student behaviour, 

the respective classroom teachers will teach the lessons. This also assists in making the findings 

more generalisable. The actual focus of the lesson will be determined by the teachers to accord 

with their mathematics scope and sequence planning.  
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As is commonly seen in comparative case studies, three methods of data collection will be 

used: 

1. observations; 

2. simple surveys; and, 

3. document analysis. 

 

To identify how students are behaviourally engaged, the researcher will make 

observations of the lessons and fill out an ‘identifying engagement’ checklist (Appendix 1). 

The checklist was constructed using relevant literature on what engagement typically looks 

like in a learning context. This type of observation technique can be labelled as ‘structured 

observations’ as it involves a pre-developed observation schedule (Punch, 2005). The 

researcher will also record behaviours, and streams of actions, as they naturally unfold in the 

lesson, in order to incorporate ‘unstructured observations’ of relevant aspects that may appear 

(Punch, 2005). Using this technique enabled the researcher to make more natural and open-

ended observations. A survey was completed by the students at the end of each lesson to collect 

data on their emotional engagement and on their perceptions of the lesson (e.g., whether and 

how they ‘liked/disliked’ the lesson). The survey consisted of four simple items which required 

a response on a 5-point Likert scale (see Appendix 2). To identify how students were 

cognitively engaged, samples of their work were collected and analysed. The nature of these 

depended on the topic of the lessons taught.  

Exclusive to comparative case studies, both sets of cases share the common focus of 

establishing what effect the learning environment has on students’ engagement in mathematics. 

Collecting the same data formats in each case using the same technologies (i.e., observation 

checklists, surveys, work samples) will enable comparison between the cases, and within each 

case, to give insights into the nature of the mathematical engagement. The use of mixed 
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methods is purposefully adopted so that all forms of data can be analysed holistically with the 

intention of gaining insights into the comparisons of the cases. Of course, it is understood that 

there are many factors that impact on the students’ engagement in a particular lesson, and the 

data collected will be an obvious simplification of the overall complexity of the learning 

experience. Nevertheless, the multiple methods of data collection will help identify and 

triangulate key themes and ideas that emerge. 

	

Participants 

The participants in this study are 34 students from two year 6 classes at a Queensland state 

primary school. Formal approval was given by the school principal and formed a component 

of the overall ethics approval for this project. 

 

Data Collection and Instruments 

For this study, three methods of data collection were used: a simple survey, structured 

observations, and document analysis. They relate specifically to the three dimensions of the 

theoretical framework as is outlined in Table 3 below. 

Table 3: Data collection 

Dimension of Engagement Data Collection 

Emotional engagement A survey that the students completed at the conclusion 
of each lesson (see Appendix 2) 

Behavioural engagement Observations of students participating in the lessons 
using an observation framework (see Appendix 1) 

Cognitive engagement Student work samples* collected in each lesson (*the 
nature of these depended on the lesson focus that the 
classroom teachers chose) 
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As there were no existing suitable instruments found in the literature, new instruments 

were developed by the researcher for use in this study. They were designed using relevant 

theoretical literature on the nature and features of engagement in an educational setting (Laird 

& Grootenboer, 2018). To identify levels of emotional engagement, the survey (see Appendix 

2) was designed based on the work of Fredricks et al (2004), Skilling (2014) and Attard (2011; 

2012), and included four Likert scale items (5-point) and an open question. Fredricks et al 

(2004) defines an element of emotional engagement as showing interest in a task. They define 

“interest” as displaying “enjoyment of the activity” (p. 63). Similarly, Skilling (2014) suggests 

that students who are emotionally engaged “demonstrate interest and enjoyment” in 

mathematical tasks (p. 589). Although not the sole focus of mathematics education, Attard 

(2011) identifies that the element of “fun” can play a significant role where engagement is 

concerned, and suggests that “the element of fun was identified as an element of “good” 

mathematics lesson” (p. 371). 

To understand and establish levels of behavioural engagement, the behavioural 

engagement observation checklist (see Appendix 1) was designed based on the work of 

Fredricks et al (2004) and Skilling (2014). Fredricks suggests that behavioural engagement 

“includes behaviours such as effort, persistence, concentration, attention, asking questions, and 

contributing to class discussion” (p. 62). Similarly, Skilling suggest that students who are 

behaviourally engaged “actively participate, persist, and ask questions” (p. 589). These 

defining qualities were used to guide the development of the instruments for this study. The 

intervals in which the data was observed and recorded on the behavioural engagement 

observation checklist depended on the nature of the lesson but occurred every 5 minutes, or in 

accordance with the phases of the lesson. Specific lesson phases were established from the 

brief lesson plan provided by the teachers and also observed and recorded during observations. 

For example, to help understand the students’ behavioural engagement, in the row near the top 
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of the observation checklist the lesson phases were noted, such as introduction, teacher 

exposition, etc. and also the nature of the learning was established such as listening to teacher 

instructions, individual work, etc. 

To understand and establish levels of cognitive engagement, the students work sample 

were analysed vis-à-vis relevant literature. Specific features from the theories on cognitive 

engagement were drawn on and looked for in students work. These include looking for 

evidence of metacognitive strategies and higher order thinking (Zimmerman, 1990), 

persistence (Brophy, 1987; Connell & Wellborn, 1991) and sustained effort (Fredricks et al., 

2004), and conceptual development (i.e., mastering the knowledge, skills and crafts associated 

with academic work (Fredricks et al, 2004)). When identifying the use of metacognitive 

strategies, the students’ problem solving methods were analysed (e.g., using more than one 

strategy to problem solve). Similarly, when students had appropriate responses for 

mathematical questions that required higher order thinking, this was interpreted as evidence of 

higher order thinking. An interpretation of student persistence and sustained effort was looked 

for in their work samples (e.g., giving full solutions to mathematics problems) while levels of 

students’ conceptual development was also interpreted according to their work (e.g., evidence 

of understanding the mathematical concept).  

The data collection methods were designed to be consistent with the nature of a MEPS 

project, and manageable for a sole researcher in the busy context of school mathematics 

lessons. The data from the observation, survey and work samples were entered into a 

spreadsheet. Numerical data was entered directly and demographic details were later coded, 

thus providing a coherent and robust dataset for quantitative analysis. The data were also 

examined to identify any anomalies and outliers, and then organised for statistical analysis. 

Also, all of my researcher field notes were saved electronically and then utilised in the overall 

analysis of the finding.  
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Chapter 4. Findings 
In this chapter, the findings regarding students’ emotional, behavioural, and cognitive 

engagement are presented. These findings provide the empirical foundation for the discussion, 

implications and conclusion in the final two chapters of the thesis. The findings from all three 

dimensions of engagement will be presented vis-à-vis key themes from the theoretical 

framework and discussed in more depth in the next chapter. 

The mathematics lessons that were observed were all concerned with teaching the order 

of operations. Students were introduced to the concept BODMAS1 and how to use it. Students 

first learnt how to do equations where division and multiplication and addition and subtraction 

were present and the order in which they had to solve the parts of equations.  

 

Emotional Engagement Findings 

The emotional engagement of the students in the study was primarily measured through a post-

lesson survey. The survey was given to all the participants immediately following both their 

indoor and outdoor lessons. It is acknowledged that this instrument is limited in its capacity to 

measure emotional engagement; nevertheless, it provides some insights that are useful in 

considering engagement in mathematics learning. In this section, the analysis of the data is 

presented in three parts. First, the descriptive statistics are outlined to provide a general 

overview of the students’ responses. Second, the survey responses are analysed using t-tests to 

see if there were any statistically significant differences based on the relevant independent 

variables. Finally, a thematic analysis of the qualitative data collected through the open 

question at the end of the survey is presented to provide additional perspectives on the 

descriptive and statistical findings. 

																																																													
1 A collection of rules that indicate what order to perform mathematical procedures when solving 
mathematical expressions. (Brackets, Orders, Division, Multiplication, Addition, Subtraction). 
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Descriptive Statistics 

The descriptive statistics are presented below in Table 4 for the four, 5-point Likert scale items, 

and the aggregated total of the same four item scores is also provided. For each item, a higher 

score indicates stronger agreement with the item prompt. 

Table 4: Descriptive Statistics 
 
  N Min Max Mean Std. Deviation 

1. Enjoyed lesson 67 1 5 3.91 .866 

2. Lesson interesting 67 1 5 3.60 .889 

3. Had fun in lesson 67 1 5 3.49 1.021 

4. Like to do lesson again 67 1 5 3.82 1.058 

Total 67 4 20 14.82 3.200 

 

The four Likert-scale items used in the survey were developed from the theoretical conceptions 

of emotional engagement (outlined in Chapter 3).  The number of students who completed the 

survey was 33 on the first day of data collection (9 from Class A and 24 from class B) and 34 

on the second day (9 from Class A and 25 from class B). This was due to ethical clearance 

requirements (re informed consent) and student attendance, and therefore, the total number of 

responses was 67. The mean scores show an overall positive response on all items, and this 

indicates that in general the students felt a sense of positive emotional engagement throughout 

all the lessons.   
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Differences in Emotional Engagement 

To explore any differences in emotional engagement, based on the relevant independent 

variables, a series of t-tests were conducted and the results for these are outlined below in turn. 

Initially, the differences based on the combined classes for indoor and outdoor are presented 

and then these are further examined at the class level. 

 

All Participants Indoor / Outdoor  

The first analysis was conducted to see if there were any statistically significant differences for 

the whole sample at the item level, and total score, between the indoor and outdoor lessons. 

The descriptive statistics are shown in Table 5 below.  

Table 5: Descriptive statistics for indoor and outdoor 

  N Mean Std. Deviation Std.Error 
Mean 

Q1 Inside 33 3.88 .927 .161 

Outside 34 3.94 .814 .140 

Q2 Inside 33 3.61 .827 .144 

Outside 34 3.59 .957 .164 

Q3 Inside 33 3.42 1.146 .200 

Outside 34 3.56 .894 .153 

Q4 Inside 33 4.06 1.059 .184 

 Outside 34 3.59 1.019 .175 

Total Inside 33 14.97 3.359 .585 

 Outside 34 14.68 3.082 .529 
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An independent-samples t-test was conducted to compare the emotional engagement scores for 

the indoor and outdoor lessons. There were no significant differences in scores for either the 

indoor and outdoor lessons for each item and for the total score. 

Item 1 indoor (M = 3.88, SD = .927), and outdoor [M = 3.94, SD = .814; t(65) = -.293, p = 

.771].  

Item 2 indoor (M = 3.61, SD = .827), and outdoor [M = 3.59, SD = .957; t(65) = .081, p = 

.935].  

Item 3 indoor (M = 3.42, SD = 1.146), and outdoor [M = 3.56, SD = .894; t(65) = -.537, p = 

.593].  

Item 4 indoor (M = 4.06, SD = 1.059), and outdoor [M = 3.59, SD = 1.019; t(65) = 1.861, p = 

.067]. 

These results indicate that there were no statistically significant differences in the 

students’ emotional engagement between the indoor and outdoor lessons as measured by the 

emotional engagement survey. Specifically, the students’ post lesson responses indicate that 

the outdoor lessons were not perceived as being more enjoyable, fun or interesting, and there 

was no distinction in their perception of whether they would like to do a similar lesson again. 

This is an interesting finding for this study, and it is discussed further in Chapter 5.  

 

Class A Outdoor / Indoor 

The next analysis was conducted to see if there were any statistically significant differences 

for Class A at the item level, and total score, between the indoor and outdoor lessons. The 

purpose for the swapped order of outdoor/ indoor is because they participated in the outdoor 

lesson first and the indoor lesson second. The descriptive statistics are shown in Table 6 below. 

It is important to note that the small sample size (n=9) in each lesson means that the results 

here need to be seen as indicative but not statistically robust. 
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Table 6: Descriptive statistics for Class A indoor and outdoor 

  N Mean Std. Deviation Std.Error 
Mean 

Q1 Outside 9 3.56 1.130 .377 

Inside 8 4.25 1.488 .526 

Q2 Outside 9 3.44 1.130 .377 

Inside 8 3.75 .886 .313 

Q3 Outside 9 2.89 .928 .309 

Inside 8 3.50 1.309 .463 

Q4 Outside 9 3.33 1.225 .408 

 Inside 8 4.25 1.389 .491 

Total Outside 9 13.22 4.086 1.362 

 Inside 8 15.75 4.921 1.740 

 

An independent-samples t-test was conducted to compare the emotional engagement 

levels of Class A students learning in an outdoor and then indoor environment. There were no 

significant difference in scores for indoor and outdoor for each item.  

Item 1 outdoor (M = 3.56, SD = 1.130), and indoor [M = 4.25, SD = 1.488;  t(15) = -1.091, p 

= .292].  

Item 2 outdoor (M = 3.44, SD = 1.130), and indoor [M = 3.75, SD = .886;  t(15) = -.614, p = 

.548].  

Item 3 outdoor (M = 2.89, SD = .928), and indoor [M = 3.50, SD = 1.309;  t(15) = -1.121, p = 

.280].  
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Item 4 outdoor (M = 3.33, SD = 1.225), and indoor [M = 4.25, SD = 1.389;  t(15) = -1.447, p 

= .169]. 

These results indicate that there were no statistically significant differences in the 

students’ emotional engagement between the indoor and outdoor lessons as measured by the 

emotional engagement survey. Specifically, the students’ post lesson responses indicate that 

the outdoor lesson was not perceived as being more enjoyable, fun or interesting than the indoor 

lesson, and there was no distinction in their perception of whether they would like to do a 

similar lesson again. Given the limitations of the small sample size, these results can be seen 

as consistent with the aggregated findings outlined previously. 

 

Class B Indoor / Outdoor 

The final analysis was conducted to see if there were any statistically significant differences 

for Class B at the item level, and total score, between the indoor and outdoor lesson. The 

descriptive statistics are shown in Table 7 below. 

Table 7: Descriptive statistics for Class B indoor and outdoor 

  N Mean Std. Deviation Std.Error 
Mean 

Q1 Inside 25 3.76 .663 .133 

Outside 25 4.08 .640 .128 

Q2 Inside 25 3.56 .821 .164 

Outside 25 3.64 .907 .181 

Q3 Inside 25 3.40 1.118 .224 

Outside 25 3.80 .764 .153 

Q4 Inside 25 4.00 .957 .191 
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Table 7: Descriptive statistics for Class B indoor and outdoor 

 Outside 25 3.68 .945 .189 

Total Inside 25 14.72 2.777 .555 

 Outside 25 15.20 2.533 .507 

 

An independent-samples t-test was conducted to compare the emotional engagement 

levels of Class B students learning in an outdoors and indoor environment. There were no 

significant difference in scores for indoor and outdoor for items.  

Item 1 indoor (M = 3.76, SD = .663), and outdoor [M = 4.08, SD = .640;  t(48) = -1.735, p = 

.745].  

Item 2 indoor (M = 3.56, SD = .821), and outdoor [M = 3.64, SD = .907;  t(48) = -.327, p = 

.935].  

Item 3 indoor (M = 3.40, SD = 1.118), and outdoor [M = 3.80, SD = .764;  t(42.394) = -1.477, 

p = .147].  

Item 4 indoor (M = 4.00, SD = .957), and outdoor [M = 3.68, SD = .945;  t(48) = 1.189, p = 

.240]. 

These results indicate that there were no statistically significant differences in the 

students’ emotional engagement between the indoor and outdoor lessons as measured by the 

emotional engagement survey. Specifically, the students’ post lesson responses indicate that 

the outdoor lesson was not perceived as being more enjoyable, fun or interesting, and there was 

no distinction in their perception of whether they would like to do a similar lesson again. As 

before, the relevance of these finding will be discussed further in Chapter 5. 
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Qualitative data  

The open question at the end of the survey provided an additional perspective on the statistical 

findings. The question posed to the students was “Do you have any other comments about the 

lesson”. The students were told that it was not compulsory to write something in this section, 

however, they were encouraged to express their thoughts if they had anything else to say about 

the lesson. Some of the students (n=12) left this section blank. Where a response was recorded, 

they were primarily positive for both the inside and outside lessons. Positive key words that 

are associated with emotional engagement were identified in their responses. As the number 

and scope of negative responses was limited, no key words pertaining to negative feedback 

could be identified from the responses.    

 

Open question responses 

The survey also included an open-ended question that asked the students; “Do you have any 

other comments about the lesson?”. The table below (Table 8) shows the key words that were 

used by the students from both classes combined to describe their indoor lesson. These were 

found in 11 of the students’ responses. 

Table 8: Key words used to describe the indoor lessons in the open-ended question 

Key word Number of students that used it in their responses 

Liked 7 

Fun 4 

 

As observed in Table 8, there were limited key words identified in the open question responses 

to the indoor lesson. The most popular words used were “liked” and “like” which were used 

by seven students in their responses. These words were used in a positive context about certain 

features of the lesson including how they felt about using computers or being inside by students 
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from Class A, and the way the teacher taught and the subject matter by students from Class B. 

One of the students from Class B stated, “I liked how [the teacher] explained BODMAS and 

order of operations” (S15) 2. The word fun, which was used by four students, was also used in 

the same manner.  

In Table 9 below, the key words that were used by the students from both classes 

combined to describe their outdoor lesson are outlined. These were found in 23 of the students’ 

responses. 

Table 9: Key words used to describe the outdoor lessons in the open-ended question. 

Key word/phrase Number of students that used it in their responses 

Liked 9 

Fun 9 

Enjoyed  4 

Move around 10 

Outside 11 

Working in pairs/groups 5 

 

It can be seen that there were a number or positive key words used by students in their outdoor 

lesson. Two of the key words used were “liked” and “like” which were used by four students 

in their responses. These words were used in a positive context about certain features of the 

lesson including referring to being outside and also being able to move around with one student 

from Class A stating, “I would like to do the lesson again because it was outside and I think 

we should do more outside tasks” (S4). The word “fun” was identified in nine student responses 

																																																													
2 Codes have been used to refer to the students but maintain their anonymity  
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and was often used to positively describe being ‘outside’. It was also used to positively describe 

how students felt about being able to ‘move around’ and work in pairs/groups. Other key words 

found were “enjoyed” and “enjoy”. These words were used by four students to positively 

describe aspects of the lesson such as being able to work in pairs/groups, move around, the 

way their teacher taught, and the lesson as a whole. It was also identified that nine students 

used the phrase, or a version of, “move around”. Other interpreted forms of this phrase, that 

were included in this category, were ‘run around’, ’walk around’, and ‘spread out’. Students 

often voiced that they ‘enjoyed’, ‘liked’ or thought it was ‘fun’ that they were able to move 

around and thus were not limited to one learning space. For example, one of the students 

expressed, “This lesson as really fun because we didn't just have to sit on the floor we got to 

walk around and solve the problems and we got to do it with a partner” (S16). Similarly, another 

student responded, “I enjoyed this lesson because we were outside and could move around 

more” (S23). Consistent in the responses, and as already seen, was that the students expressed 

positive feeling about participating in a lesson outdoors. Another key word used was ‘outside’. 

This was found in 11 student responses where they associated positive describing words with 

it such as ‘fun’, ‘liked’ and ‘enjoyed’. One of the students who used the word ‘outside’ 

described it differently saying, “I was concentrating a lot more outside than I was inside” (S19). 

A number of students expressed that they enjoyed being able to work in pairs or groups during 

the outdoor mathematics lesson. Also seen in Table 9, five of the students used the words 

“pairs”, “partner”, or “groups” in their responses and expressed positive feelings about this 

way of learning. They described this experience using words such as ‘enjoyed’, ‘fun’ or ‘liked’. 

One of the students responded, “It was much funner [sic] than the lessons in class and we got 

to work in pairs or in groups most of the time. We never get to do that in class” (S28). Another 

student also suggested, “I liked walking around in pairs and doing the problems” (S29).   
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Although the quantitative data from the surveys provided information about the 

students’ levels of emotional engagement, the open question responses supplemented this data 

and showed explicitly positive and negative emotions that students had regarding the indoor 

and outdoor learning. It is valuable to this study to note the relatively large number of responses 

that explicitly stated either liking or disliking the indoor and/or outdoor learning environment. 

In doing this, the ‘learning environment’ feature of the lesson can be isolated from other lesson 

features and, subsequently, the results from this can be seen as evidence of how some students 

felt about learning in an outdoor or indoor environment. Not all students’ responses to the open 

question were included in this analysis as only responses that explicitly stated, for example, “I 

liked being outside/inside” or “I didn't like being outside/inside” 

The table below shows the number of students who clearly expressed positive or 

negative emotions in their written responses in regards to the indoor or outdoor learning 

environment.  

Table 10: positive and negative written responses to the learning environment 

Lesson Response type Number of students 

Indoors 
Positive 2 

Negative 1 

Outdoors 
Positive 13 

Negative 2 

 

As can be seen from these results, most of the students who provided a written response 

regarding emotions, had something positive to say about the environment regarding outdoor 

learning. The results indicate that two of the students expressed a liking for being inside for the 

lesson with one stating, “I really like [being] inside” (S1) while one student expressed a dislike 
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for the learning environment in suggesting, “I would rather play a different game outside” (S7). 

The responses from the outdoor lesson showed that a significant number of thirteen students 

expressed positive comments regarding the learning environment with one stating, “I would 

like to do the lesson again because it was outside and I think we should do more outside tasks” 

(S4). Only two students had something negative to comment regarding the outdoor 

environment with one stating, “I would rather do the lesson inside” (S5). It can be assumed 

from this data that the students were more emotionally engaged in the outdoor lesson compared 

to the indoor lesson.   

Interestingly, 12 of the 23 open responses that showed evidence of including positive 

emotion words to describe the outdoor lessons also expressed some sort of dissatisfaction in 

the quantitative part of the survey. For example, one of the students from Class A stated, “I 

liked being outside and moving around” (S6) but alternatively marked the boxes that indicated 

that they were ‘uncertain’ as to whether they found the lesson interesting, fun, or if they would 

like to do it again. Similarly, a student from Class B wrote, “I thought that [the teacher] 

explained it really well and made it funny and enjoyable and more fun with the idea of doing 

it outside and having us run around” (S30) but alternatively marked the boxes that indicated 

that they were ‘uncertain’ as to whether they found the lesson interesting or fun. 

 

Behavioural Engagement Findings 

The behavioural engagement of students in the study was primarily measured through a 

behavioural engagement checklist. The checklist was completed by the researcher during the 

indoor and outdoor lessons. Although it is acknowledged that this instrument is limited in its 

capacity to measure behavioural engagement, it does provide some insights that are useful in 

considering behavioural engagement in mathematics learning.  
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In this section, the data analysis is presented in three parts. First, the behavioural 

engagement data collected for Class A is analysed. The basic structure of the lessons are 

summarised in tables and significant lesson phases are established. The behavioural 

engagement checklist data is then presented in a table. Second, the behavioural engagement 

data collected for Class B is analysed in the same manner as Class A. Finally, the data is 

presented with a focus on the significant lesson phases.    

 

Class A lesson structure and outline 

During the lesson observations, the basic structure of the lessons was examined. Three 

distinctive lesson phases were then identified and seen across all the observed lessons both 

inside and outside. The three phases were listening to teacher (LT), working as whole class 

(WC), and individual work (IW). The purpose of identifying these lesson phases is so that 

behavioural engagement can be compared vis-à-vis specific learning phases rather than just 

time phases. It should be noted that the three phases described above sometimes occurred more 

than once in an individual lesson.  

In Table 11 below the lesson structure for Class A during their first lesson, which was 

outside, is presented.  

Table 11: Behavioural engagement observations: Outline of lesson - Class A / Lesson 1 / Outside 

Lesson Phase Description 

Establishing 
learning context 
 

A Listening to 
teacher 

- Teaching introducing the topic to students using 
a whiteboard stuck on the wall outside 

Exploring 
ordering multiple 
operations and 
identify the effect 
of using brackets 

B Individual work  - Students solve problems on their individual 
whiteboards after brief teacher demonstration 
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Table 11: Behavioural engagement observations: Outline of lesson - Class A / Lesson 1 / Outside 

Solving equations 
using the order of 
opertations 

C Individual work  - Students solve more problem using BODMAS 
on their individual whiteboards 

	 D Working as whole 
class 

- Students stand up and share answers with 
teacher and whole class. It seems the teacher 
identified that students were getting restless. 

	 E Individual work  - Students practicing solving equations using 
BODMAS and playing fastest to finish 

	 F Listening to 
teacher 

- Teacher summarises lesson  

 

The table (Table 12) below presents the lesson structure for Class A during their second lesson 

which was inside.   

Table 12: Behavioural engagement observations: Outline of lesson - Class A / Lesson 2 / Inside 

Lesson Phase Description 

Solve equations 
using order of 
operations 

A Individual work  - Students do mathematics rotations with 
different activities; mathematics board game, 
worksheet, working with teacher, and 
computers) 

	 B Individual work  - Students rotate to next activity 

	 C Individual work  - Students rotate to next activity 

	 D Individual work  - Students rotate to next activity 

 

Behavioural engagement observations for Class A 

For each of the lessons a behavioural engagement checklist was completed by the researcher 

during the course of the lesson. Student engagement was observed and recorded at 5 minutes 

intervals. Observations at each interval were assigned a letter (see Tables 11 and 12) 

representing the lesson phase that was occurring at that time. The number represents different 
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levels of engagement from the students as a whole class; 1 = None, 2 = Some, 3 = Half, 4 = 

Most, 5 = All. For example, a score of 4 indicates that during this particular interval most of 

the students were engaged in the activity. The dashes in particular parts of the data indicate that 

students did not have the opportunity to display this type of behavioural engagement. For 

example, when students are doing individual work it is unlikely that they will be given the 

opportunity to engage in class discussions.   

The data for behavourial engagement for Class A is outlined in Table 13 below. 

Students behavioural engagement levels were recorded at 5 minute intervals. (The codes used 

for ‘lesson phase’ were outline at the start of this section) 

Table 13: Behavioural engagement observations for Class A 

Mins  Lesson Phase Actively 

participat-

ing 

Asking 

questions  
Contributing 

to class 

discussion 

Persisting with 

tasks  
Displaying strong 

levels of 

concentration 

Average 

0-5 Outside  A(LT) 4 1 2 - 3  

Inside A(IW) 4 3 3 4 4  

5-10 Outside B(IW) 4 1 - 3 3  

Inside B(IW) 4 3 3 4 4  

10-15 Outside B(IW) 4 1 - 3 3  

Inside B(IW) 4 3 3 4 4  

15-20 Outside C(IW) 3.5 1 2 4 3  

Inside C(IW) 4 3 3 4 3  

20-25 Outside C(IW) 3.5 1 2 4 3  

 Inside C(IW) 4 3 3 4 3  
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Table 13: Behavioural engagement observations for Class A 

25-30 Outside D(WC) 2 1 2 - 2  

 Inside C(IW) 4 3 3 4 3  

30-35 Outside E(IW) 4.5 - - 4.5 -  

 Inside D(IW) 3 3 3 3 2  

35-40 Outside E(IW) 4.5 - - 4.5 -  

 Inside D(IW) 3 3 3 3 2  

40-45 Outside F(LT) - 1 1.5 3 2  

 Inside D(IW) 3 3 3 3 2  

45-50 Outside F(LT) - 1 1.5 3 2  

 Inside - - - - - -  

Average Outside  3.75 1 1.8 3.6 2.6 2.5 

 Inside   3.6 3 3 3.6 3 3.2 

 

These results indicate that there were minor differences between the behavioural 

engagement levels of students in the outdoor and indoor setting. Overall it seems that students 

were ‘actively participating’, ‘persisting with tasks’, and ‘displaying strong levels of 

concentration’ with similar or the same levels of engagement during outdoor and indoor 

lessons. When looking at the ‘asking questions’ and ‘contributing to class discussion’ sections 

of the checklist there is a relatively large gap between the two indicating that students were 

engaging with the teacher and the class more in the indoor setting.    
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Class B lesson structure and outline 

The table below (Table 14) presents the lesson structure for Class B during their first lesson 

which was inside. 

Table 14: Behavioural engagement observations: Outline of lesson - Class B / Lesson 1 / Inside 

Lesson Phase Description 

Establishing 
learning context 

A Working as whole 
class 

- Students do quick mathematics from the boards 
and say out loud  

 
 

B Listening to 
teacher 

- Teacher introduces topic 

Investigating the 
left to right 
convention 

C Working as whole 
class 

- Exploring different ways of solving equations 
to demonstrate the need for order of operations 

D Working as whole 
class 

- Exploring repeated operations with addition 
and multiplication 

E Working as whole 
class 

- Exploring repeated operations with subtraction 
and division 

Exploring 
ordering multiple 
operations 
 

F Listening to 
teacher 

- Teacher introduces BODMAS  

G Individual work  - Students copy BODMAS rule in work books 

 H Working as whole 
class 

- Teacher demonstrates solving sums using 
BODMAS 

I Individual work  - Students do sums on their individual white 
boards using BODMAS 

 

Similarly, the lesson structure for Class B during their second lesson, which was 

outside, is outlined in Table 15 below. 
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Table 15: Behavioural engagement observations: Outline of lesson - Class B / Lesson 2 / Outside 

Lesson Phase Description 

Establishing 
learning context 
 

A Listening to 
teacher 

- Teaching introducing the topic to students 

Revising 
conventions used 
for order of 
operations 

B Working as whole 
class 

- Students doing equations on their individual 
whiteboards working as a whole class 

- Brackets are introduced through whole class 
discussion.  

C Working as whole 
class 

- Working through word problems 

D Working as whole 
class 

- Individually working through word problems 
and marking together after each one 

Solving equations 
using the order of 
operations 

E Individual work - Words problems were placed around the 
outdoor area (on the wall, fence and under the 
staircase) and students rotated around solving 
each one on their whiteboards. 

F Working as whole 
class 

- Going through the answer as whole class 

G Working as whole 
class 

- Doing more word problems as whole class  

H Individual work - Rotating around the outdoor area and doing 
new and harder word problems 

I Working as whole 
class 

- Going through the answers as a whole class 

 

Behavioural engagement observations for Class B 

The table below (Table 16) presents the data for Class B and records student behavioural 

engagement levels at 5 minute intervals. 
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Table 16: Behavioural engagement observations for Class B 

Mins 	 Lesson 

Phase 
Actively 

participat-

ing 

Asking 

questions  
Contributing 

to class 

discussion 

Persisting with 

tasks  
Displaying strong 

levels of 

concentration 

Average 

0-5 Inside A(WC) 5 - - 5 5 	

Outside A(LT) 4 4 4 - 4 	

5-10 Inside A(WC) 5 - - 5 5 	

Outside B(WC) 5 2 4 5 5 	

10-15 Inside A(WC) 5 - - 5 5 	

Outside C(WC) 5 - - 5 5 	

15-20 Inside B(LT) 5 - - - 4 	

Outside D(WC) 4 - 2 5 4 	

20-25 Inside C(WC) 5 2 - 5 5 	

	 Outside E(IW) 5 5 - 5 5 	

25-30 Inside C(WC) 5 2 - 5 5 	

	 Outside E(IW) 5 5 - 5 5 	

30-35 Inside D(WC) 4.5 3 - 4.5 4.5 	

	 Outside E(IW) 5 5 - 5 5 	

35-40 Inside E(WC) 4 - 3 4 4 	

	 Outside F(WC) 4 - 2 4 4 	
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40-45 Inside F(LT) 4 2 2 - 3 	

	 Outside G(WC) 4 2 2 4 4 	

45-50 Inside G(IW) 5 - - 5 5 	

	 Outside G(WC) 4 2 2 4 4 	

50-55 Inside H(WC) 4 2 2 - 3 	

	 Outside H(IW) 4 4 - 4 4 	

55-60 Inside I(IW) 4.5 5 - 4.5 4 	

	 Outside I(WC) 4 - 2 - 4 	

Average Inside 	 4.6 2.3 2.3 4.7 4.3 3.6 

	 Outside 	 4.4 3.8 2.5 4.7 4 3.9 

 

These results indicate that there were minor differences between the behavioural 

engagement levels of students in the outdoor and indoor setting. Overall it seems that students 

were ‘actively participating’, ‘contributing to class discussion’, ’persisting with tasks’, and 

‘displaying strong levels of concentration’ with similar levels of engagement during both 

indoors and outdoors lessons. In relation to the ‘asking questions’ section of the checklist, there 

is a significant gap between the two indicating that students were asking questions more in the 

outdoor setting.  
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Sorted by lesson phases 

To further investigate the differences in behavioural engagement between the indoor and 

outdoor learning environment the lesson phases were coalesced and then analysed. It was 

identified early in the analysis process that only analysing the lesson using time intervals was 

limiting considering that the indoor and outdoor lessons were not only different in terms of 

location, but were also different in terms of structure or the composition of teacher strategies. 

This way of looking at the data allowed for greater clarity regarding students’ behavioural 

engagement, and revealed a range of noteworthy differences in how students complete work 

as a whole class or as individuals working more independently. A third lesson phase - listening 

to teacher - was not appropriate for this level of analysis as there was insufficient data collected 

in each lesson to enable comparison.  

 

Class A 

In Table 17 the data on the students’ behavioural engagement levels while they were working 

individually are outlined.  

Table 17: Behavioural engagement observations for Class A - Phase: Doing individual work (IW). 

Mins 	 Lesson 

Phase 
Actively 

participating 
Asking 

questions  
Contributing 

to class 

discussion 

Persisting with 

tasks  
Displaying strong 

levels of 

concentration 

Average 

5-15 Outside  B 4 1 - 3 3 	

5-15 Inside B 4 3 3 4 4 	

15-25 Outside C 3.5 1 2 4 3 	

15-25 Inside C 4 3 3 4 3 	

30-40 Outside E 4.5 - - 4.5 - 	
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30-45 Inside D 3 3 3 3 2 	

Average Outside 	 4 1 2 3.8 3 2.8 

	 Inside  	 3.6 3 3 3.6 3 3.2 

 

These results indicate that there were minor differences between the behavioural 

engagement levels of students in the outdoor and indoor setting while completing individual 

work. It seems that students were ‘actively participating’, ‘persisting with tasks’, and 

‘displaying strong levels of concentration’ with similar of the same levels of engagement 

during outdoor and indoor lessons. When looking at the ‘asking questions’ and ‘contributing 

to class discussion’ sections of the checklist, there seemed to be minor differences between the 

two indicating that students were asking questions and contributing to class discussions more 

in the indoor setting.  

 

Class B 

The table (Table 18) below presents the data for Class B and looks at students’ behavioural 

engagement levels while they are working as a whole class. 

Table 18: Behavioural engagement observations for Class B- Phase: Working as a whole class (WC) 

Mins 	 Lesson 

Phase 
Actively 

participating 
Asking 

questions  
Contributing 

to class 

discussion 

Persisting with 

tasks  
Displaying strong 

levels of 

concentration 

Average 

5-15 Inside A 5 - - 5 5 	

5-10 Outside B 5 2 4 5 5 	

20-30 Inside C 5 2 - 5 5 	
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10-15 Outside C 5 - - 5 5 	

30-35 Inside D 4.5 3 - 4.5 4.5 	

35-40 Outside F 4 - 2 4 4 	

35-40 Inside E 4 - 3 4 4 	

40-50 Outside G 4 2 2 4 4 	

50-55 Inside H 4 2 2 4 3 	

55-60 Outside I 4 - 2 4 4 	

Average Inside 	 4.5 2.3 2.5 4.5 4.3 3.6 

	 Outside 	 4.4 2.3 2.5 4.4 4.4 3.6 

 

These results indicate that there were no differences between the behavioural 

engagement levels of students in the outdoor and indoor setting while they were working a 

whole class. It seems that students were ‘actively participating’, asking questions’, 

‘contributing to class discussion’, ’persisting with tasks’, and ‘displaying strong levels of 

concentration’ with similar or the same levels of engagement during outdoor and indoor 

lessons. 

The data for Class A students’ behavioural engagement levels while doing individual 

work, is outlined below in Table 19. 
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Table 19: Behavioural engagement observations for Class B- Phase: Doing individual work (IW) 

Mins 	 Lesson 

Phase 
Actively 

participating 
Asking 

questions  
Contributing 

to class 

discussion 

Persisting with 

tasks  
Displaying strong 

levels of 

concentration 

Average 

45-50 Inside G 5 - - 5 5 	

15-20 Outside D 4 - 2 5 4 	

50-60 Inside I 4.5 3 - 4.5 4 	

20-35 Outside E 5 5 - 5 5 	

- Inside - - - - - - 	

50-55 Outside H 4 4 - 4 4 	

Average Inside 	 4.7 3 - 4.8 4.5 4.2 

	 Outside 	 4.3 4.5 2 4.6 4.3 3.9 

 

These results indicate that there were minor differences between the behavioural 

engagement levels of students in the outdoor and indoor setting while they were working as a 

whole class. It seems that students were ‘actively participating’, ‘persisting with tasks’, and 

‘displaying strong levels of concentration’ with similar or the same levels of engagement 

during outdoor and indoor lessons. When looking at the ‘asking questions’ section of the 

checklist, there seemed to be minor differences between the two, indicating that students were 

asking more questions in the indoor setting. Student levels of engagement while ‘contributing 

to class discussion’ were not able to be analysed as they were not given many opportunities to 

do this while doing individual work.   
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Cognitive Engagement Findings 

The cognitive engagement of the students in the study was primarily measured through an 

analysis of students ‘work samples’ from both their indoor and outdoor lessons. To evaluate 

the students’ levels of cognitive engagement, specific features of cognitive engagement were 

derived from the literature, and these were looked for in students’ work. These include looking 

for evidence of metacognitive strategies, higher order thinking, persistence and sustained 

effort, and conceptual development. Although often used interchangeably (between 

behavioural and cognitive), it is important to make distinctions between ‘persistence’ and 

‘effort’ from both a behavioural and cognitive engagement perspective. As explored in the 

theoretical framework, definitions of cognitive engagement are often closely related to those 

of behavioural engagement, and some researchers define cognitive engagement as the 

‘psychological investment in learning’ (Newmann, Wehlage, & Wisconsin, 1995) such as the 

desire for hard work, persistence in problem solving, and endurance in the face of failure 

(Attard 2011; 2012; Connell & Wellborn, 1991). In this particular analysis, cognitive 

engagement was not ‘measured’ based on the students’ observed behaviours regarding 

persistence and effort, but rather evidence of these features was looked for in their ‘work 

samples’ (e.g., complete and full worked solutions to problems).   

Of course, there are many factors that impact the cognitive engagement of the students, 

among them and highly relevant in this research, include the order lessons are taught and nature 

of the lessons in terms of structure. However, for the purpose of this study, these were not 

evaluated; instead, only the work samples were analysed vis-à-vis information from the 

theoretical framework.       
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Analysis of results based on the theoretical framework 

Class A 

Class A’s first lesson was in an outdoor setting. As this was a revision lesson, the class was 

working together and individually with the teacher to solve simple, order of operations related 

equations on their individual whiteboards. Although some of the students’ work was able to be 

photographed before it was erased, it was not possible to make sufficient informed judgments 

regarding the students use of metacognitive strategies, higher order thinking, persistence and 

sustained effort, or conceptual development based on the limited work samples collected and 

the nature of the lesson. Therefore, the data were limited in their capacity to show a great deal 

in regards to their levels of cognitive engagement.  

Class A’s second lesson was conducted in the classroom. The nature of the lesson 

involved students doing ‘mathematics rotations’ where students were required to rotate around 

four different activities every 10-15 minutes. The work samples collected from this lesson were 

only from one of the rotations as the other rotations didn't involve any concrete evidence that 

could be collected to demonstrate students’ learning. The work samples were worksheets that 

the students completed during the rotation under investigation. All of the students completed 

about 25% of the provided work. Although it seemed that the work was purposeful, there was 

more work provided than any of the students could complete. 

Many of the students demonstrated evidence of metacognitive strategies, and 

persistence and effort, as typified in the student work sample shown in Figure 13. The ‘working 

out’ on the side of the page can be viewed as the student persisting with questions and 

displaying a level of effort and this has been seen as the student developing metacognitive 

strategies. There was no evidence that the students from Class A in the indoor lesson displayed 

																																																													
3 Note there is an error in one of the questions on the worksheet however this is inconsequential as none 
of the students reached this point and is not the focus of this study.   
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levels of higher order thinking; however, this was probably because the students did not have 

the opportunity to do so with this particular worksheet. It can be seen that the students displayed 

some levels of conceptual development as most of the work samples collected indicating that 

the students developed some conceptual understanding of order of operations.  

 Figure 1: Sample of Class A lesson 2 student work.   

 

Class B 

The Class B indoor lesson was where the concept of order of operations was introduced. The 

work samples collected were from the students’ mathematics workbook. As it was an 

introductory lesson to the concept, most students did not display the use of metacognitive 

strategies or higher order thinking. However, all of the students displayed persistence and 

sustained effort, and some conceptual development. It can be interpreted that the students 
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displayed persistence and sustained effort as almost all of the students’ work was 

comprehensive and showed working out either underneath the equation or on the side of the 

page. All of the students also completed all the tasks that were set by the teacher. Although a 

large number of students did not answer all of the questions correctly, most demonstrated 

conceptual development during this introductory lesson. By analysing the students’ work 

samples, it was seen that the students’ conceptual development did improve over the course of 

the lesson and the errors that the students were making could be improved with a little more 

time and practice.  This can be seen in the example below (Figure 2) 
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Figure 2: Sample of Class B lesson 1 student work.  

Class B lesson 2 involved an outdoor lesson where the teacher was revising the students’ 

knowledge of order of operations. The work samples collected were from the students’ 

individual whiteboards. The students had to complete word problems that required them to 

identify the equation that accurately represented the word problem and then solve using their 

knowledge of order of operations. For example, one of the word problems can be seen in Figure 

3 (below). 

Isabelle had $28 in her savings account and received $45 for her birthday. She bought 

three magazines for $4 each. How much money does she have left? 

i. 28 + 45 - 4 x 3  

ii. (28 + 45) - (4 + 3) 

iii. 28 + 45 - 4 x 3 

iv. 28 + (45 - 4) x 3 

 

Most of the students displayed the use of metacognitive strategies, higher order 

thinking, persistence and sustained effort, and conceptual development (for example see Figure 

3 below). It can be interpreted that this task required students to participate in higher order 

thinking (e.g., Having to interpret a word problem into symbols) to solve these problems while 

also using multiple metacognitive strategies (e.g., considering options). It is also interpreted 

that they would have had to persist and sustain their efforts (e.g., completed the tasks without 

giving up) to solve these problems. It is also clearly evident that students’ demonstrated 

evidence of conceptual development as they would have needed a sound understanding of the 

concept ‘order of operations’ to solve these problems.    
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Figure 3: Sample of Class B lesson 2 student work. 

 

Other findings 

The analysis of students’ work samples also revealed other relevant findings that were not 

directly related to the theoretical framework. These included some common misconceptions 

the students had while attempting to solve problems requiring knowledge of order of 

operations. During Class B’s first lesson, which was conducted inside, there were two common 

mathematical misconceptions that became clear. The first and most common one was where 

students mixed up the order that the sum should be completed in. They were successful in 

labelling what order the operations should be solved in, however, they were unable to group 

together which numbers should be included in that operation. An example of this can be seen 

in Figure 4 where many students made the same errors with one of the problems (48 ÷ 2 + 6 x 

2). In this example, it can be seen that the students were able to label the order that the 

operations should be completed in using the labels 1, 2, and 3 thus the first part of the problem 

was completed correctly. However, these students went awry when they had to identify the 
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second operation to exclusively be ‘x 2’ instead of the correct way of ‘6 x 2’. Thus, they solved 

the equations such as: 

48 ÷ 2 + 6 x 2  

48 / 2 = 24 

x 2 = 48 

+ 6 = 54 

 

 

 

Figure 4: Samples of students’ work demonstrating the misconception of ‘mixing up the order’  

Another common error that was identified from students’ work samples was the 

misconception that numbers can be used more than once when solving an equation that required 

knowledge of order of operations. This misconception is seen in some students work samples 

related to understanding that each number in the equation could only be involved with ‘one 

operation’. An example of this misconception can be seen in Figures 4 and 5. As observed in 

the figure (Figure 5) the student has used numbers more than once to solve parts of the sum 

and then added them all together. They solved such as  
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45 + 10 ÷ 5 - 1 

45 + 10 = 55 

10 ÷ 5 = 2 

5 - 1 = 4  

Therefore 55 + 2 + 4 = 61 

 

 

 

 

 

Figure 5: Sample of students’ work demonstrating the misconception of ‘using numbers more 

than once’ 

 

Similarly, this same misconception was seen with other equations as can be seen in Figure 6. 

 

 

 

 

Figure 6: Other samples of students’ work demonstrating the misconception of ‘using number 

more than once 

 

Other familiar errors were also found in both Class A and B’s second lesson such as 

mistakes with addition and knowledge of multiples; however, these are believed to be 

insignificant to the study as these errors do not specifically relate to order of operations 

concepts.  
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While the data presented in this section did not relate specifically to the engagement 

theoretical framework (emotional engagement, behavioural engagement, cognitive 

engagement), it is relevant because it indicates the students’ mathematical development in the 

lessons. While engagement is important, as would be clear from the early sections of this thesis, 

it is primarily of interest as it supports and facilitates deep mathematical learning. The possible 

reasons for the misconceptions outlined above will be further discussed in chapter 5, 

particularly as they related to how levels of engagement, via location and lesson structure, 

impacted upon conceptual development.  

 

Chapter Summary 

In this chapter, findings from the data collected in this study were presented. Largely this has 

occurred without deep comment or discussion, as this will follow in the next chapter. That said, 

in general it can be seen from the data collected in this small scale study that there was little 

difference in the level or nature of engagement between the indoor and outdoor lessons. The 

reasons for these results, and the relevance of them, are discussed in the following chapter.  
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Chapter 5. Discussion 
The purpose of this study was to explore students’ engagement in learning mathematics in 

indoor and outdoor environments. This is because engagement is seen as an important 

factor in student participation and learning mathematics (Fredricks, et al, 2004). The 

investigation reported here was established on the theoretical understanding of engagement 

developed by Fredericks et al. (2004) which identified three dimensions of engagement – 

emotional, behavioural, and cognitive. In the previous chapter the data analysis and 

resultant findings were presented and briefly discussed, but now in this Chapter these 

findings will be synthesized and discussed in more depth vis-à-vis the available literature. 

First, the discussion will be structured around the three dimensions of engagement, 

consistent with the data collection and findings. In each case, as the discussion unfolds it 

will address both of the research questions. Then, the findings will be discussed more 

holistically, looking at the learning environment and engagement in learning mathematics 

more broadly. 

 

Emotional engagement  

As outlined in the first two chapters, emotional engagement is defined as the positive and 

negative reactions that students have in regards to their classmates, teachers, academics, and 

school (Fredricks et al., 2004). Theories on emotional engagement also suggest that when a 

student is emotionally engaged they are experiencing positive emotions such as ‘enjoyment’, 

‘interest’, ’fun’, and ‘motivation’ (Attard, 2012; Fredricks et al., 2004). The independent-

samples t-test comparing all the indoor and outdoor lessons showed that in general students 

felt a sense of positivity and emotional engagement throughout all the lessons, regardless of 

context. The students expressed positive emotional responses in regards to both lessons, and it 
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can possibly be assumed that they might also have positive feelings about most of their 

mathematics lessons. Of particular note here however, the results also showed that overall there 

was no difference in emotional engagement levels between the indoor and outdoor learning 

environments. 

The data indicated that the students were emotionally engaged in the lessons that were 

conducted outdoors. There was clear evidence that the students experienced positive emotions 

including a sense of enjoyment, interest, and fun, for the outdoor mathematics lessons. 

Furthermore, the data showed evidence of the students being motivated to engage emotionally 

in their mathematics learning as most expressed an inclination to participate in similar lessons 

in the future. These findings are consistent with other literature such as the work of Fägerstam 

and Blom (2013), Fägerstam and Samuelson (2014), and Peng and Sollervall (2014). 

Fägerstam and Blom (2013), and Peng and Sollervall (2014), found in their studies on outdoor 

learning that the student participants explicitly express positive emotions regarding outdoor 

learning, such as ‘fun’, while Fägerstam and Blom (2014) further explained that the outdoor 

environment had a positive impact on students’ interest and motivation. Fägerstam and 

Samuelson’s (2014) study similarly suggested that outdoor learning provides students with a 

more enjoyable form of education. The findings of this study concur with these results in 

general. 

However, it is of interest here that while the students obviously expressed positive 

emotions regarding learning mathematics in the outdoor environment, they also expressed 

similar levels of emotional engagement in the indoor lessons. This was clearly shown in 

Chapter 4 where there were no statistically significant differences in the students’ responses to 

the emotional engagement survey between the indoor and outdoor lessons (see Tables 4 to 7). 

This indicates that the students experienced the same level of emotional engagement between 

both the indoor and outdoor lessons. 
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These results were somewhat surprising as the literature reviewed indicated that learning 

outdoors is usually engaging, and that it is more engaging than the alternative - indoor lessons. 

Although the results from the quantitative section of the emotional engagement survey indicate 

that there was no statistically significant difference between the indoor and outdoor learning 

environment, the qualitative open questions section of the survey may have offered some hints 

that the outdoor lessons were more engaging in some particular ways. For example, in Table 

10 in Chapter 4, 13 students expressed positive emotions in regards to the outdoor environment 

while only two expressed positive emotions in regards to the indoor environment. Another 

interesting factor is that 12 out of 23 of the relevant responses expressed feeling positive 

emotions during the outdoor lesson (e.g., “I liked being outside and moving around” (S6), 

however, in the quantitative part of the survey, these same students expressed some sort of 

emotional dissatisfaction with the outdoor lesson (e.g., S6 answered that they were ‘uncertain’ 

on three of the items). 

These conflicting responses raise a number of questions about why different students 

expressed differing, and even opposing, views on their emotional engagement, and of course 

there are many reasons and conditions that may have been involved, including the effectiveness 

of the data collection instrument, and the students’ ability to understand the item prompts (i.e., 

appreciating that the learning environment is a component of the learning experience). Indeed, 

there is scope to refine the data collection instruments employed, and this is discussed further 

in the next chapter. That said, although there are apparent contradictory perspectives on the 

emotional engagement in the outdoor lesson, the evidence is not conclusive and requires further 

investigation. Obviously, there are many factors that impact student emotional engagement. 

It is obvious in the students’ responses in the qualitative section of the survey that they 

experienced positive emotions in regards to the outdoor lesson. However, it is important to 

acknowledge that students are familiar and used to participating in lessons that are inside the 
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classroom, potentially creating a desire or preference for alternative and new learning spaces. 

This, in turn, raises a new question about whether students are indeed drawn to and enjoy 

outdoor learning or alternatively are merely drawn to new and unfamiliar learning experiences. 

For example, if students were to only participate in lessons outdoors, they might express an 

enjoyment and desire for lessons indoors. This can be acknowledged as a ‘novelty and 

variation’ factor that has the potential to impact student engagement. Although outside of the 

realm of education and pedagogy literature, it is significant here to consider the work of Krebs, 

Schott, Schütze, and Düzel, (2009). Their neuroscience perspective on ‘novelty’ suggests that, 

when given the choice, humans will choose the stimuli that is novel and complex over the one 

that is familiar and simple, and that humans have a motivational drive to explore the unknown. 

It is clarified that this motivation comes from an evolutionary process whereby humans are 

inclined to explore new environments (novel stimuli) in search for new sources of reward. 

Translating this into an educational perspective, it can be interpreted that students might have 

a desire for new and novel experiences/environments as they have a disposition to seek new 

sources of academic reward. 

Another factor that also has the potential to significantly influence student engagement 

is ‘interaction with peers’. The Class B teacher evidently designed the outdoor lesson activities 

to be done is pairs/groups. This was expressed to be a positive feature of the lesson by five of 

the 16 students who recorded positive emotional responses the outdoor lesson. The 

mathematics lesson that Class B participated in indoors did not involve working in pairs or 

groups as did neither, of Class A’s lessons. It can be assumed that the social aspect of the 

pair/group work was what, at least partially, provoked some of the positive emotional responses 

to the outdoor learning. Again, this raises the novelty and variation factor dimension because 

the students were generally used to working individually, and the activities that were built on 

group and pair work were somewhat new and novel.  
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Behavioural engagement 

Behavioural engagement is broadly defined in the literature as ones’ active participation and 

involvement in school (Attard, 2011; 2012). Inherent in the construct of behavioural 

engagement is the concept of participation which is evident across a range of different theories 

of learning, and is seen as a crucial component for achieving positive academic outcomes. 

Specifically, here, and as originally extensively developed by Fredrick et al. (2004), 

behavioural engagement is concerned with the quality of students’ individual actions, including 

aspects such as effort, persistence, concentration, attention, asking questions, and contributing 

to class discussion. The behavioural engagement findings outlined in Chapter 4 showed that, 

overall, most of the students displayed high levels of behavioural engagement in both the 

indoor and outdoor lessons. Of interest here, the results revealed that there was no significant 

difference in students’ behavioural engagement between the indoor and outdoor learning 

environments. 

Concerning the first research question, the data clearly indicated that the students were 

behaviourally engaged in the lessons that were conducted outdoors. The findings suggested 

that in general the students actively participated in the learning activities, asked questions, 

contributed to class discussions, persisted with tasks, and displayed concentration during the 

outdoor lessons. However, of note, the data also suggested that the students were equally 

behavioural engaged when the lessons were conducted indoors, albeit that the actual nature of 

that behavioural engagement may have been different in response to the context and the lesson 

activities. 

The data collected through the behavioural engagement checklist with Class A showed 

that students were actively participating, persisting with tasks, and displaying concentration at 

the same levels both indoors and outdoors, however, it was apparent that the students asked 

questions and contributed to class discussion more frequently in the indoor environment. 
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Similarly, the same differences were also evident in the data from the behavioural engagement 

checklist when the phase ‘doing individual work’ was isolated. This difference could be the 

result of a number of conditions, but it is likely that it is, at least partially, due to the contrasting 

nature of the two lessons. In Class A’s indoor lesson, the students participated in mathematics 

rotations with one rotation involving working directly with the teacher in a small group, 

meaning that at one point in the lesson, every student in the class was getting one on one help 

from the teacher in an environment that invited group discussion. Thus, it is not unexpected 

that the students from Class A demonstrated higher levels of questioning and discussion during 

the indoor lesson due to this lesson design. 

Similarly, the behavioural engagement results from Class B indicated that the students 

were also behaviourally engaged at the same levels during both the indoor and outdoor lessons. 

Of interest however, and contrasting with the results from Class A, the results from Class B 

indicate that the students were asking more questions during the lesson that was conducted 

outdoors. This was evident in the lesson phase where the students were doing individual work 

(see Table 19), and also when the data were presented chronologically (see Table 16). This 

finding could have been caused by a range of conditions and factors, however, there seemed to 

be one significant condition worth noting here. In the outdoor lessons, the students were 

walking around solving mathematics questions placed around the outdoor area. When the 

students were observed to be doing individual work they were spread out across the outdoor 

space, and allowed to freely converse with their peers and the teacher. Comparing this to the 

nature of the indoor lesson, while participating in individual work, the classroom was relatively 

quiet and if the students were to ask a question, they would raise their hand and speak not only 

to the teacher but to the whole class. Thus, it can be assumed that the nature of the outdoor 

space and the conditions created by the teacher allowed the students to more freely and easily 

ask a question and discuss the ideas, while at the same time removing the common and 
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traditional teacher-student dialogue patterns in the classroom (Edwards-Groves, Attard & 

Grootenboer, 2018). 

Furthermore, perhaps the outdoor environment and structures ameliorated the common 

‘question-asking-fears’ where students may be reluctant to answer for fear of appearing ‘dumb’ 

(Grootenboer & Marshman, 2016). It is important to note that this is consistent with the 

literature that suggests, “Students were willing to take greater risks in the learning process 

when participating in lesson activities outside on the playground. Reluctant students were more 

apt to engage in the activities and volunteer to explain their thinking or justify their answers” 

(Young & Marroquin, 2008, p. 282). Although it was not specifically evident in the data, as at 

this stage it was not fine-grained enough, that the students were contributing to class discussion 

more in the outdoor environment, but it is plausible that students were more willing to ask 

questions in the outdoor lesson as they are inclined to take greater risks and possibly more 

comfortable voicing their thoughts outdoors.   

 

Cognitive Engagement  

Definitions of cognitive engagement relate it to an individual’s ability to persist when problem 

solving, endure in the face of failure, demonstrate highly strategic learning qualities, and adopt 

metacognitive strategies to arrange and assess cognition (Zimmerman, 1990). Students levels 

of cognitive engagement were ‘measured’ based on an interpretation of these features that 

could be identified in students work samples. The work samples collected provided evidence 

of these specific learning features and subsequently an insight into the students’ levels of 

cognitive engagement. Overall, the students demonstrated these learning qualities related to 

cognitive engagement when they were given the opportunity to immerse themselves in 

mathematics that required a high level of problem solving. This did not seem to occur in any 
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particular environment - indoor or outdoor, but rather evidence of learning features that 

indicated high levels of cognitive engagement were observed only after some form of basic 

conceptual understanding was sound. For example, evidence of higher order thinking was 

found more in the students’ second lesson work samples on order of operations because by this 

time they were able to participate in the more complex tasks.    

As is evident in the findings, it was difficult to make any firm judgments on the students’ 

levels of cognitive engagement in Class A’s first lesson, which was conducted outdoors. The 

students were required to work on their whiteboards and the work samples in this instance were 

difficult to obtain and too limited to expose anything substantial in regards to students’ levels 

of cognitive engagement. However, Class A’s second lesson, which was conducted indoors, 

did produce some evidence of students’ cognitive engagement that was amenable to further 

analysis. The students work samples showed students using blank parts of the worksheet to 

complete small equations in an attempt to the solve the relevant problems (seen Figure 1), and 

this was used as evidence of students using metacognitive strategies, and persistence and effort. 

These learning qualities are defined in the literature to be aspects of cognitive engagement and 

interpretations of these were found in most of the work samples from this lesson (as outlined 

in Chapter 4). 

Class B’s first lesson, which was conducted indoors, was the students’ first introduction 

to order of operations. The students’ work samples revealed that they were persisting and 

sustaining their efforts and gaining conceptual development as they were using the blank parts 

of their page to complete small sums to solve larger problems. As this was an introductory 

lesson to the concept, students were understandably not given as many opportunities to engage 

in higher order thinking and also, they did not demonstrate the use of metacognitive strategies. 

However, in Class B’s outdoor lesson, students were given the opportunity to engage in 
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activities that required metacognitive strategies, higher order thinking, persistence and 

sustained effort, and conceptual development (see Figure 3).  

It is acknowledged that the interpretation of these cognitive engagement learning 

qualities can be subjective and open to interpretation. Indeed, the data in this section is perhaps 

the least compelling, and in part, this is due to the ‘internal’ nature of cognitive engagement, 

meaning evidence often has to be inferred from behaviours and objects that can be observed. 

Also, as noted above, there were some difficulties in even capturing the student work samples 

due to the activities of the lesson. Nevertheless, for the purpose of this small-scale study, 

cognitive engagement was generalized using these qualities in an attempt to grasp some 

understanding of students’ cognitive engagement levels.   

 

Factors influencing engagement 

In this final section, the broader findings related to engagement in mathematics learning more 

generally are discussed. First, an important factor to consider is that ‘order of operations’ is not 

a mathematical concept that is commonly taught outdoors and to teach this outdoors is probably 

quite unorthodox. The concept it relatively abstract and the outdoor environment probably does 

not provide many features that might enhance the conceptual development of the students. 

However, in the normal program for the classes, this was the next topic, but it was difficult for 

the participating teachers to conduct lessons that fully utilised the potential affordances of the 

outdoor environment. For example, if the teachers were conducting a lesson on geometry, then 

perhaps they would have been able to utilise the outdoor space through an activity like 

orienteering to enhance the students’ understanding of mathematical ideas like maps, bearings, 

angles and distance.   
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Second, in this study, having used the theoretical framework of Fredricks et al. (2004), 

has somewhat artificially defined engagement into the three dimensions of emotional, 

behavioural, and cognitive. But of course, as has already been highlighted, these are not 

independent of each other and the three aspects of engagement are interrelated. Therefore, 

while in the previous sections they have been discussed separately, in practice they should be 

considered in a holistic, interrelated way. For example, in the section above on emotional 

engagement, the idea of novelty was addressed because primarily it seemed to have an affective 

quality. However, the novelty factor also impacted students’ behavioural and cognitive 

engagement, as they behaviourally reacted to the novelty, and subsequently this would then 

influence their levels of cognitive engagement. Similarly, the students’ positive affective 

responses to ‘peer interactions’, when participating in group/pairs work, would also create this 

integrated effect and influences the depth and nature of their behavioural and cognitive 

engagement. Therefore, in considering engagement under the three dimensions independently, 

it is important also to note that together they provide a comprehensive and integrated 

perspective on engagement vis-à-vis student engagement in mathematics. 

Third, it is important to acknowledge that there are many factors that can and do influence 

engagement in learning mathematics, and many of these were not noted in this study. For 

example, the teacher, their interests and preferences, and their pedagogical preferences and 

style, play an important role in determining how engaging lessons may be for students. 

Similarly, students come to the learning environment with a history of learning and 

participating in mathematical experiences, and these too will be factors in the engagement in 

subsequent mathematical activities.  

Finally, in this study I have primarily looked at the nature and qualities of the students’ 

mathematical engagement, but little attention or credence has been given to the depth or 

strength of the engagement. For example, in general how the students engaged, and the sort of 
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engagement displayed by the students was noted, but not necessarily the intensity of the 

engagement. This is a quality that would require further research. In this study, the nature of 

the data collection instruments did not permit any meaningful perspectives on the depth of the 

students’ engagement. In future research, more nuanced instruments could be developed to not 

only identify the nature and types of engagement but also the intensity of the students’ 

engagement as they learn mathematics.  

 

Summary 

This study focussed on student engagement in learning mathematics, and as is clear from the 

findings of this study and the relevant literature, this is a complex phenomenon. However, 

rather than being sidelined by the apparent difficulty in grasping the multifaceted and intricate 

nature of mathematical engagement, in this study the decision was made to accept the 

complexified quality of the phenomenon, and to make an attempt to further investigate the 

topic. Not surprisingly, the findings are not overwhelmingly conclusive, but they are interesting 

and insightful nevertheless. Put simply, rather than the indoor or the outdoor environment being 

more conducive to mathematical engagement per se, there is a need to appreciate all the 

pertinent factors (including the learning environment) when seeking to engage students in 

mathematical practices.  
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Chapter 6. Conclusion 
The purpose of this initial study was to explore the nature of student engagement in 

mathematics learning when the lesson is undertaken outdoors. Furthermore, investigations 

were undertaken to see if there were any differences in the student engagement between 

mathematics lessons undertaken outdoors or indoors.  Student engagement was 

investigated using a theoretical framework based on the research of Fredericks et al., (2004) 

that distinguished three dimensions of engagement – emotional, behavioural and cognitive. 

While there was evidence that the students were engaged emotionally, behaviourally and 

cognitively in the outdoor environment, there was no compelling evidence that it was 

greater than in the indoor lessons.  The findings reported in Chapters 4 and discussed in 

Chapter 5, have implications for primary school teachers who have the important task of 

developing knowledgeable, skillful, and enthusiastic mathematics learners, in order to 

address the on-going issues of disengagement and under achievement (Fredricks, et al, 

2004).  

In this chapter, a succinct summary of the study and its findings will initially be 

presented. The research questions will be specifically addressed. Following this the 

limitations of the study are detailed before some implications and recommendations for 

practice and further research are presented. Finally some personal reflections and learnings 

from the researcher are briefly discussed.   

 

Overview of the Study 

This thesis addressed the long-standing growing concern about low levels of engagement in 

mathematics (Attard, 2012; Chan, Baker, Slee, & Williamson, 2015). Mathematics, in 

particular, seems to be a subject where low levels of engagement can result in low participation 

and achievement in mathematics education and, subsequently, this is having a detrimental 
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impact on the career opportunities for young people, and Australian society more broadly as 

mathematical capabilities diminish (Fredricks, et al., 2004). There has only been limited research 

into engagement in mathematics education, but what the literature does show is that there is 

compelling arguments that it is vital in generating quality mathematics learning outcomes 

(Fredricks, et al., 2004). Of note here, there seems to be evidence in the literature on engagement, 

that taking lessons outdoors can be a useful pedagogy to promote student engagement in their 

learning. However, although the research literature promoted outdoor learning as an effective 

approach to promote student engagement, it was seldom seen that the two concepts - 

engagement and outdoor learning, particularly related to mathematics, were successfully 

conceptualised or researched together in the same study. This gave impetus to the current study, 

and launched the study to investigate the nature of student engagement in learning mathematics 

outdoors.  

 

Research Questions 

The study was guided by two research research questions and these are now directly addressed 

in turn. 

The first research questions was; 

What sort of engagement (emotional, behavioural, and cognitive) in mathematics does 

an outdoor learning environment facilitate? 

In general, the findings suggested that the students were engaged emotionally, behaviourally 

and cognitively in the outdoor learning environment. This was evident in the quantitative 

section of the emotional engagement survey as the students indicated that the outdoor 

environment  was ‘enjoyable’, ‘interesting’, ‘fun’ and ‘motivating’. The students also displayed 

positive levels of behavioural engagement in the outdoor environment as was evident in the 

behavioural engagement data that showed that ‘most’ to ‘all’ of the students were behaviourally 
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engaged throughout the outdoor lessons. Also, the students displayed generally high levels of 

cognitive engagement in the outdoor environment as was evident in the analysis of their work 

samples. 

Although most of the data suggested that the outdoor learning environment was 

conducive to engendering all the dimensions of engagement, it was evident the dimension of 

emotional engagement was enhanced the most. Specifically, the data that suggested the outdoor 

environment was emotionally engaging was the qualitative section of the emotional 

engagement survey. Most students noted that the experience was positive and they expressed 

affirming emotional responses to the outdoor lesson, suggesting that outdoor learning might 

facilitate students experiencing higher levels of emotional engagement. However, it is 

important to note that these positive emotions could also have been, at least partially, the result 

of a number of alternative factors characteristic to the outdoor lessons (e.g., novelty and 

variation and interaction with peers), so while this finding was noteworthy, it is also clear that 

‘engagement’ in learning is complex, and more nuanced investigation is required to understand 

this phenomenon more clearly. 

The second research question for this study was; 

In what ways, if any, does student engagement in mathematics differ according to the 

learning environment?  

The findings reported in Chapter 4 did not suggest that there was a difference in the students’ 

mathematical engagement between the indoor and outdoor learning environments. Although, 

as was noted above, it was evident that the outdoor environment was engaging for the students, 

it was not evident that they were any more or less engaged in their mathematics learning in the 

indoor environment. There were some minor emotional engagement differences in the 

qualitative data from the emotional engagement survey, however the quantitative section data 

indicated that the outdoor environment was equally ‘enjoyable’, ‘interesting’, ’fun’, and 
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‘motivating’ as the indoor environment. Similarly, the behavioural engagement checklist and 

the analysis of students work samples revealed that the students were also as behaviourally and 

cognitively engaged in both the indoor learning context and the outdoor environment. Although 

there were no apparent differences here, this finding is noteworthy as it is somewhat at odds to 

the literature that indicated, albeit not conclusively, that the outdoor environment might be 

more engaging. 

Of course, learning and engagement is not that simple to comprehend or understand, 

and so more research work is required. Perhaps what was most apparent from the findings was 

that the environment does not exclusively impact students’ levels of engagement, but rather 

how the environment is utilised might be of significance. For example, the outdoor learning 

space provided the opportunity for new and adaptive lesson design that incorporated a novel 

aspect and also the opportunity for group and pair work. An outdoor learning environment can 

also incorporate a multi-sensory dimension to the learning experience. Although these factors 

can also be integrated into an indoor lesson, they are more frequently, and differently, used in 

the outdoor environment that provides affordances not necessarily available inside the walls of 

the classroom. 

 

Limitations 

As this was a small scale initial study, there were a number of limitations to the research 

reported here. First, as this study was undertaken by a sole researcher, who personally collected 

all the data, it was difficult to collect comprehensive data. In particular, the data collected on 

behavioural engagement was very general and at a whole class level, and so data on the 

behavioural engagement of individual students was missing. This was problematic and 

limiting, particularly when the data on students’ emotional and cognitive engagement was able 
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to be collected from each individual student. In further research the use of video-recording to 

capture lessons would aid in ameliorating this limitation. 

Second, while the conceptual framework for the study was grounded in the work of 

Fredericks et al. (2014), it is clear in the literature on affective engagement that it is broader 

and more complex than could be captured in the emotional engagement survey, and indeed a 

relatively simple view was taken for the purposes of this project. This meant that the data 

perhaps lacked a nuanced understanding of emotional engagement than may have been 

available should a more comprehensive instrument had been employed. 

Third, in an effort not to disrupt the students’ program of mathematical learning, the 

teachers continued with their normal mathematics routine. In this case, the students were 

learning about order of operations. While this is an integral part of the mathematics curriculum 

for these students, it is perhaps not a mathematical concept that would commonly be taught 

outdoors. Indeed, while it was appreciated that the participating teachers put great thought into 

designing outdoor lessons on ‘order of operations’, it is not necessarily a topic that benefits 

from the affordances of the new context. As was clear from their outdoor lessons, there was 

probably not much opportunity for ‘real world’ applications when teaching this concept, as 

might more readily be evident in teaching something like measurement. Therefore, it would be 

useful to conduct further research on the effectiveness of outdoor learning when concepts such 

as measurement or geometry are taught, where the outdoor context might add more overtly to 

the possibility for engagement and conceptual development. 

Finally, this study was the first research project undertaken by this neophyte researcher, 

and so while it was a great learning experience, it was clear (to the researcher) that with 

experience and knowledge the capacity to undertake research will improve.   
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Implications for teaching mathematics 

It was clear from the findings of this study that there were benefits for student engagement 

when learning mathematics outdoors. Of course, this is a very simplistic conclusion from the 

small study and as has already been pointed out, the issues of engagement are more complex 

than is evident in this research. However, it seems likely that students could benefit from having 

some of their mathematics lesson undertaken in an outdoor environment, particularly when 

other pedagogical factors are developed to make the most of the learning context. As noted 

above, it might be that the learning environment alone is not of particular importance when it 

comes to teaching mathematics, but rather the way teachers utilise the affordances of the 

learning environment to enhance engagement and learning for the particular mathematical 

topic. 

The findings showed that the students enjoyed learning in the outdoor area, especially 

when group/pair work was incorporated, and the students also expressed that they enjoyed 

being able to move around, so the ‘novelty’ of the outdoor learning environment may 

contribute to its effectiveness at emotionally engaging students. However, it is also important 

to note that the ‘novelty’ of being outdoors might be diminished if it was a regular occurrence. 

Without being able to draw any firm conclusions on this, it would be worthwhile for teachers 

to consider this when developing their pedagogy and purposely incorporating appropriate 

‘novel’ features to their learning experiences for their students in mathematics to promote 

emotional engagement, including taking them outdoors. 

In this study, it was unclear how the outdoor learning environment specifically 

influenced the nature and levels of student engagement, however, it is safe to say that students 

benefit from participating in learning outdoors as a part of a range of learning experiences. 

Conducting lessons outside challenges teachers and students to reflect on their teaching and 

learning, as they engage in mathematics in contexts. This would seem to be particularly 
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relevant for mathematical topics that are evident and integral to the outdoors. For example, an 

authentic ‘real life’ context for learning about angles, navigation, and distance would be 

orienteering. In this case, the outdoors provides an authentic context for engaging with 

mathematical concepts that are more appropriately learned outdoors than indoors from a 

textbook per se.      

 

Implications for future research  

As explained earlier, this was only an initial attempt to understand empirically issues of 

engagement, learning mathematics, and the outdoor learning environment. There is much more 

to be done here, and in future research, it would be useful to have a larger sample so a more 

diverse data set can be developed, and this would allow for greater generalisation. Also, it 

would be valuable to have a larger set of lessons rather than just two somewhat ad hoc lessons, 

as this would allow the data to reflect the diversity of engagement that may be present across 

a series of learning experiences. To this end, it might also be useful to have some lessons that 

are designed specifically to take advantage of the affordances of the outdoor environment. 

Finally, as the data collection instruments employed in the current study can be seen as 

perhaps an initial prototype, there is scope that these could be further developed and refined, 

thus providing more advanced and accurate methods of data collection. For example, video 

was not permitted for this small scale study, however, future research that included video-

recording of lessons would allow for more aspects of behavioural engagement to be captured 

and analysed in more detail.  
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Personal reflection 

As my first official study, I thoroughly enjoyed conducting this research and entering the new 

world of research and academics. There are a myriad of directions to go from this initial small 

scale study as there seems to be significant blind spots between the literature on engagement 

and literature on outdoor learning. I look forward to exploring new uncharted territory in my 

future research and hope one day to make a significant impact in the field of mathematics 

education.  

While it is not a large scale study, it is another small step in understanding the complex 

issue of engagement in mathematics pedagogy. This is an issue that requires further attention 

as it is clear from the literature on student engagement that this is a perennial and pernicious 

issue in mathematics education, with many students becoming disengaged and eventually 

dropping out. If we are to address the continuing decline of participation and achievement in 

mathematics in Australia and beyond, a key step is to understand and improve student 

engagement in their mathematical learning experiences.  
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Appendix 2  

 

Emotional engagement Survey

Do you have any other comments about the lesson? 

______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________

Strongly 
agree

Agree Uncertain Disagree Strongly 
Disagree

I enjoyed that lesson

I thought the lesson was interesting

I had a lot of fun during that lesson

I would like to do that lesson again


