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Abstract

Background 

Workplace learning and staff development for nurses are crucial for ongoing 

competence improvements in the quality of patient care.  In particular, graduate 

nurses in specialty areas present unique challenges for nurse educators when 

designing orientation programs, evaluating learning and facilitating initial 

competence development. Identifying the learning needs of employees and 

evaluating the results of staff development are therefore essential elements of any 

nursing practice environment. However, instruments to evaluate nursing knowledge 

and skills in the Australian and New Zealand paediatric intensive care environment 

have been lacking. 

Purpose 

The purpose of this study was to construct and test the psychometric properties of 

a paediatric intensive care nursing knowledge and skills test; a multiple choice test 

for measuring the key nursing knowledge and skills required for safe, competent 

practice in Australia and New Zealand. 

Method 

This study employed an exploratory research design, using a practice analysis 

survey and psychometric testing. The conceptual framework for this study contains 

the essential components that are needed to evaluate learning in graduate nurses 

in paediatric intensive care (PICU), and was developed drawing on: 1) Lave and 

Wegner’s (1991) theory of situated learning in a community of practice; 2) Billett’s 

(1996) workplace pedagogy of activities and guidance; and 3) The Competency 

Model for Health Professionals (D'Costa & Schreck, 1984 in D'Costa, 1986). 

Instrument development was guided using the Model of Item Validity Evidence as 

the organisational framework (Downing & Haladyna, 1997). The instrument content 

was informed by conducting a practice analysis of competent level paediatric 

intensive care nursing practice, as described by nurse educators. Nurse educators 

from each of the eight tertiary level PICUs in Australia and New Zealand comprised 
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the sample for the practice analysis (n=15). From the practice analysis results, a 

content-by-process table of blueprints was developed incorporating patients most 

frequently cared for and nursing activities considered most important. This blueprint 

was used as a guideline to generate scenarios and corresponding multiple choice 

test items which engaged the participants in each of the four levels of cognition 

(Haladyna, 1997). Test items were reviewed for adherence to 31 evidence-based 

item writing principles (Haladyna, Downing, & Rodriguez, 2002). The resultant 109 

item instrument (Paediatric Intensive Care Nursing Knowledge and Skills Test: 

PICU-NKST) was administered to a convenience sample of 79 nurses from four 

PICUs in Australia and New Zealand. The data were subjected to construct validity, 

item analysis and reliability testing. Univariate and multivariate inferential statistics 

were used to assess relationships between the personal and professional 

characteristics of participants and their performance on the PICU-NKST. 

Results 

The mean participant (n=79) score for the PICU-NKST was 72.1 (SD=10.7) out of a 

possible score of 109. Kuder-Richardson 20 reliability coefficient was 0.85 

(SEM=4.3). As hypothesised, PICU-NKST scores were significantly higher 

amongst nurses with: 1) postgraduate education [F=6.25; df=4,72; p<.001], and 2) 

more years of PICU experience [r=.54;  p<.001]. Years of PICU experience 

[t(76)=4.42, p<.001] and postgraduate education [t(76)=2.01, p=.047] were the 

most significant predictors of overall PICU-NKST score in the multivariate model. 

Item difficulty indices ranged from .08 to 1, with a mean item difficulty of .66. Item 

discrimination ranged from .2 to .8. Ten items had negative discrimination indices. 

There was no significant difference between participants’ performance on low- and 

high-order thinking questions [t(107)=-.47, p=.64]. 

Clinical Implications 

Pilot testing of the PICU-NKST demonstrated adequate item difficulty and 

discrimination, and high reliability. With some modification to a small number of 

items to improve discrimination between low- and high-scorers, this instrument will 

provide educators and managers alike with an instrument to assist in the 

assessment of knowledge and skill acquisition. This will facilitate the achievement 
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of both curriculum and professional development learning objectives for nurses 

caring for children in the paediatric intensive care environment

Conclusions 

This study makes a unique contribution to the education and evaluation of nursing 

practice within the paediatric intensive care environment, specifically in defining the 

key areas of knowledge and skills considered important to competent level PICU 

nursing practice, and providing an instrument to measure these.
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Term Definition 

Advanced 
beginner level 

Nursing practice at a level where the nurse is able to give a 
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change course or prioritise (Benner, 1984). 

  
Clinical Nurse A Clinical Nurse is responsible for delivering quality nursing care 
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Clinical Nurse provides direction and support to other nursing 
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incorrectly or not at all (Raymond & Neustel, 2006, p. 188). 

  
Direct 
Guidance 

The process of collaborative learning through which more 
experienced others aid learners through joint problem solving 
and pressing the learner into thinking and acting, rather than 
teaching them didactically (Billett, 2001b, p. xiv). 

  
Evaluation The appraisal of a course or program, or to the level of 

achievement of individual participants in terms of learning 
objectives (O'Shea, 2002, p. 149) 
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Term Definition 

High-stakes 
examination 

Examinations for which the consequences are high if 
performance is not achieved to a determined level, e.g. gaining 
or losing a professional job or driver’s license. Examinations 
used to admit students to professional schools and tests used to 
certify or license graduates are good examples of high-stakes 
tests. Very high-stakes tests are usually professionally produced 
by testing experts and large agencies using major resources to 
ensure the defensibility of the resulting test scores and pass-fail 
decisions (Downing & Yudkowsky, 2009, pp. 16-17). 

  
Indirect 
Guidance 

Contributions to learning in the form of guidance arising from 
indirect interactions with the social and physical environment, 
e.g. observing and listening to other workers, or the ability to 
view artefacts and tools in the workplace (Billett, 2001b, p. xv). 

  
Low-stakes 
examination 

Examinations for which the consequences are low if 
performance is not achieved to a determined level. Many of the 
formative-type assessments typically used in nursing and 
medical education are low- to moderate-stakes. If the 
consequences of failing the test are minor or if the remediation 
(test retake) is not too difficult or costly, the exam stakes might 
be thought of as low or moderate. Lower-stakes tests and 
assessments, such as those used by many academics in their 
local university settings, require fewer resources and less validity 
evidence, since legal challenges to the test outcomes are rare 
(Downing & Yudkowsky, 2009, pp. 16-17). 

  
Mentoring A long-term teaching-learning process acquired through personal 

experience with a one to one reciprocal, career development 
relationship between two individuals (Stewart & Krueger, 1996, 
p. 315). Mentoring concentrates on developing areas such as 
career progression, scholarly achievements and personal 
development (Mills, Francis, & Bonner, 2005, p. 5).

  
Novice level Nursing practice at a level where the nurse has no experience of 

a situation, and so uses textbook rules which have been learned 
objectively with no contextual meaning to apply (Benner, 1984). 

  
Nurse Educator A registered nurse who holds post-registration clinical or 

education qualifications relevant to the area in which they are 
appointed, and who is appointed to a position of nurse educator, 
or similar. The nurse educator is responsible for the development 
of nursing education courses at the public hospital, or the 
community based service level. These courses include, but are 
not limited to: continuing education; transition/orientation 
programs; and general staff development courses (New South 
Wales Health, 2008). Most intensive care nurse educators are 
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Term Definition 

located within the intensive care unit itself. 
  
Orientation 
program 

The process used for welcoming a new employee into an 
organisation. New employee orientation generally contains 
institution-wide information about safety, work environment, job 
description, benefits and eligibility, organisation culture and 
history, the organisation chart and anything else relevant to 
working in the new organisation. In health care, orientation 
programs also consist of ward or department specific orientation, 
and involve policies, procedures and equipment that are more 
specific to the unique area of patient care delivery within the 
organisation (O'Shea, 2002, p. 162). Orientation programs for 
graduate nurses are often also referred to as transition 
programs, residencies or internships. 

  
Preceptoring A short-term method of preparation for practice, utilising clinical 

staff, as opposed to faculty staff, who provide supervision and 
clinical instruction to new practitioners: undergraduate or newly 
registered, or new to a specific clinical environment. 
Preceptorship focuses on clinical acquisition and socialisation 
(Mills, et al., 2005, p. 6). 

  
Registered 
Nurse 

A person with appropriate educational preparation and 
competence for practice, who is registered and licensed under 
the appropriate Nursing Act to practice nursing in Australia and 
New Zealand (Queensland Nursing Council, 2008) 

  
Test blueprint A test blueprint defines and precisely outlines the number or 

proportion of test questions to be allocated to each major and 
minor content area (Downing, 2006, p. 9). 

  
Workplace 
learning 

The process of constructing new knowledge, its ongoing 
reinforcement and enhancing its breadth and organisation 
through deployment (Billett, 2001b, p. xiv). Workplace learning 
also involves the process of reasoned learning towards desirable 
outcomes for the individual and the organisation. These 
outcomes should foster the sustained development of both the 
individual and the organisation, within the present and future 
context of organisational goals and individual career 
development (Matthews, 1999, pp. 19-20). 
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Chapter 1
Introduction 

1.1 Background and significance 

Children admitted to hospital have unique needs because of their dynamic state of 

physical and psychosocial development. The critically ill child is both physically and 

physiologically immature and differs from the critically ill adult in several important 

physiological ways (Hazinski, 1999). A child's needs also differ from the needs of 

the adult’s due to the child's comprehension of and reactions to illness, 

hospitalisation, separation from trusted adults, and different communication abilities 

and methods (Curley & Moloney-Harmon, 2001). In the paediatric intensive care 

unit (PICU), these needs are higher again (Foglia & Milonovich, 2011). The first 

PICUs, developed out of necessity in the 1950s, managed children requiring 

respiratory (notably poliomyelitis) and post-surgical care. As significant advances in 

surgery, diagnostic tests, pharmacology and technology have been made, children 

are now surviving extremely complex illnesses and surgical procedures, in part due 

to the diligent care of paediatric intensive care nurses (Epstein & Brill, 2005). In 

2009, the Australian and New Zealand Paediatric Intensive Care Registry reported 

8340 paediatric admissions to intensive care units, with a crude mortality of 2.8% 

(Australian and New Zealand Intensive Care Society, 2010). Nurses working in the 

paediatric intensive care environment must therefore possess expertise in a 

breadth of areas to coordinate and facilitate the care for the sickest children with a 

wide variety of problems. 

The rise in children surviving complex illnesses and surgery predicates the need for 

a large pool of skilled PICU practitioners. The opposite has occurred however, with 

the shortage of critical care nurses reaching crisis proportions worldwide 

(Cavanaugh & Huse, 2004; Friedman, Cooper, Click, & Fitzpatrick, 2011; Shelton, 

2003; Stechmiller, 2002). This shortage has culminated in the largest deficit of 

paediatric intensive care nurses at a time when their services are most required. In 

exploring new and innovative ways to address this shortage, graduate nurses 

(representing the largest pool of available nurses in the job market) are now being 
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employed directly into specialty areas, including the PICU (Cavanaugh & Huse, 

2004; Friedman, et al., 2011). The traditional year of experience in ward areas, 

where assessment, planning, prioritising, and implementing skills were refined, has 

now been supplanted by a new paradigm. For the majority, nurses are no longer 

entering specialty areas as advanced beginners, but as novices requiring both 

basic and advanced skill set acquisition within a relatively short period of time 

(Reddish & Kaplan, 2007).  

Orientation and mentoring of new graduate nurses in critical care represents a 

significant investment by hospitals of time, money and resources (Friedman, et al., 

2011; Santucci, 2004; Ulrich et al., 2010). In addition to other staff development 

responsibilities, Nurse Educators must now develop and deliver curriculum specific 

to the needs of the graduate nurse. Clinical mentors and preceptors are often 

removed from their clinical responsibilities to support graduates in orientation and 

beyond, creating further staffing pressures. The global financial crisis has placed 

additional pressures on nursing, with financial cut-backs to areas such as education 

(Kearney, 2011). These pressures and constraints on nursing practice and 

education need to be reconciled with escalating patient needs and a dynamic 

workforce.  

The recent change in the nursing workforce, coupled with the ever expanding 

needs of the critically ill child, force the profession to reconsider what are essential 

nursing knowledge and skills required for safe, competent practice in PICUs. 

Education and its subsequent assessment must therefore reflect current needs, 

expectations and roles (Schroeder, 1997) and provide valid, reliable and meaningful 

results. Furthermore, paediatric intensive care nursing education needs to evolve to 

incorporate new knowledge (expanding patient needs) and paradigm shifts 

(changing workforce).  

1.2 Research problem 

There is no doubt that the assessment of clinical competence is an imperative in 

any health related profession, especially in nursing (McGaghie, 1991). Rigorous 

evaluation of nursing practice matters as poor nursing care is known to cost lives 
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and health, destroy quality of life, and waste resources (Aiken, Smith, & Lake, 

1994; Tourangeau et al., 2007). The outcomes of clinical evaluation decisions have 

serious implications for many, including the nurse and educators. Most importantly 

though are the implications for patients and their families, who need to be 

protected against unsafe practice. 

Learning and evaluation are both inextricably linked to education, and require a 

clear plan to successfully achieve knowledge and skills. The evaluation of learning 

outcomes in clinical nursing however, is complicated by numerous methodological 

hurdles. In particular is the ongoing objective-subjective debate surrounding 

methods of assessment (Brady, 2005; Mahara, 1998). Many question the 

subjectivity and incomparability of clinical evaluations and the lack of objective, 

reliable and valid assessment methods (Redfern, Norman, Calman, Watson, & 

Murrells, 2002). As a result, authors have concluded that a holistic approach to 

assessing competence is likely to be more valid and equally reliable (Gonczi, 1994; 

McMullan et al., 2003). This approach requires a breadth of evidence relating to a 

variety of situations and takes into account more than one perspective (Gonczi, 

1994; McMullan, et al., 2003; Redfern, et al., 2002). This holistic approach also 

offsets the potential bias of any one assessment method (Percival, Anderson, & 

Lawson, 1994). 

As paediatric intensive care nursing practice is multidimensional and requires a 

combination of approaches to identify and validate competency (Girot, 1993), 

standardised objective methods are useful as one option in a comprehensive 

evaluation system. Written tests, such as multiple choice tests, are one learning 

assessment. Some benefits of these methods are that they: 1) allow  an objective 

assessment of a broad range of topics; 2) can be scored and analysed easily; 3) 

can be administered easily to large groups with limited need for staff monitoring; 4) 

assess knowledge quickly and efficiently; 5) prevent bias in scoring; and; 6) 

measure knowledge without bias towards writing skills (Brady, 2005; Downing & 

Yudkowsky, 2009; Haladyna, 2004).  
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Despite the significant expenditure on nurse education (Starck, 2005; Turner, 

1991), there is an absence of objective, reliable and valid instruments for the 

evaluation of learning in paediatric intensive care nursing practice. Objective tests 

currently available in the paediatric intensive care literature are limited to those 

developed in the United States of America (USA), where practice differences have 

been observed (Long, Young, Rickard, & Mitchell, 2012). No studies were located 

that have developed instruments with practice contexts similar to those found in 

Australia and New Zealand, and employ rigorous processes to ensure accurate 

content. Thus a gap existed that needed to be addressed. 

In order to address this deficit, key development approaches were conceptualised 

that offered a rigorous approach for addressing the research problem at the core of 

this study, specifically evaluating competent paediatric intensive care nursing 

practice following a PICU orientation program for graduate nurses. These were (1) 

defining the key domains that contribute to fundamental PICU nursing knowledge 

and skills, (2) use of a rigorous process for instrument development, and (3) 

psychometric testing of the developed instrument. The key difference between the 

instrument developed in this study and other PICU instruments was the rigorous 

nature of instrument development and content which is directly related to 

competent level PICU nursing practice. The final instrument consists of 19 

scenarios using a total of 109 multiple choice questions, using all sources of 

information typically available to the nurse at the bedside as clinical decisions are 

made. 

1.3 Aims and objectives 

The primary aim of this study was to improve the evaluation of knowledge and 

skills of paediatric intensive care nurses in Australia and New Zealand through the 

development of a reliable and valid instrument. As no instrument was available, 

one needed to be constructed.  

The study was guided by the following research objectives and hypotheses: 

1. To identify major content domains of PICU nursing knowledge and skills 

considered important for competent level practice. 
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2. To construct a reliable and valid multiple choice instrument to measure PICU 

nursing knowledge and skills; 

3. To (a) create the instrument consisting of items across all four cognitive 

levels (knowledge, understanding, problem solving, and critical thinking) and 

(b) compare scores and item performance across low and high order 

thinking questions; and 

4. To test the instrument’s construct validity by testing the following 

hypotheses: 

i. PICU nurses with postgraduate education will score significantly 

higher on the knowledge and skills test than PICU nurses without 

postgraduate education; and 

ii. There will be a strong positive relationship between PICU nurses’ 

years of experience and knowledge and skill test scores. 

1.4 Research design and methodology 

This study employed an exploratory research design, using a practice analysis 

survey, instrument development and psychometric testing. To investigate the key 

issues of interest and address the stated primary aim of this study several 

theoretical models were drawn upon; namely situated learning in a community of 

practice (Lave & Wegner, 1991), Billett’s (1996, 2002b) pedagogy for workplace 

learning, and the Competency Model for Health Professionals (D'Costa & Schreck, 

1984 in D'Costa, 1986). These theories were integrated and called the Model of 

Learning Evaluation: PICU Nursing Knowledge and Skills. The Model of Learning 

Evaluation: PICU Nursing Knowledge and Skills was the conceptual framework 

underpinning the research program and primarily focuses on the essential 

components that are required to describe competent level PICU nursing practice. 

The essential components identified are exposure to activities, level of nursing 

experience, level of expertise, education and guidance. Further to this, the Model 

of Item Validity Evidence (Downing & Haladyna, 1997) was selected as the 

organisational framework to support the process of development of the Paediatric 

lntensive Care Nursing Knowledge and Skills Test (PICU-NKST). Downing and 

Haladyna’s model (1997) outlines eleven steps for rigorous item development and 

validation, and challenges the common view of test validity commencing at the pilot 
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testing phase by emphasising the importance of validity evidence from the item 

development phase.  Nine of the eleven steps of the Model for Item Validity 

Evidence were employed to guide specific item development and support early 

item and test validity, whereby a practice analysis served as the first step of 

content definition. Steps two through to eight ensure that items are developed 

according to recognised item writing guidelines and incorporate various cognitive 

levels, and undergo a rigorous review and editing process. The final step (nine) 

employed pilot testing of the 109 item PICU-NKST in a convenience sample of 

nurses working in four PICUs across Australia and New Zealand. Steps ten and 

eleven were not completed in this study as they are not required for pilot testing 

and are not employed until the psychometric properties are established and item 

performance reviewed. 

1.5 Expected outcomes 

Development of a valid and reliable instrument will provide educators and 

managers with an instrument to assess knowledge and skill acquisition, and 

curriculum and professional development learning objectives, particularly within 

PICU graduate orientation programs. This study makes a unique contribution to the 

education and evaluation of nursing practice within the paediatric intensive care 

environment, specifically in defining the key areas of knowledge and skills 

considered important for competent level PICU nursing practice, and providing a 

valid and reliable way to assess these. 

1.6 Thesis structure 

This thesis is divided into six chapters, as follows: 

Chapter 1: This chapter provides the background and significance of the research 

study, the problem, aim, objectives, and the dissertation structure. 

Chapter 2: This chapter contains a review of the literature regarding learning in the 

workplace and staff development in nursing; changes in the nursing workforce 

requiring the employment of graduates in intensive care areas; factors affecting 

learning; instruments evaluating learning and knowledge acquisition; particularly a 

review of practice analysis methods and their use in determining content for 
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examinations. Gaps in the literature are identified, and the need for this research 

study.  

Chapter 3: In this chapter, the conceptual framework is developed and described, 

following by a methodological framework outlining eleven steps for rigorous item 

development. 

Chapter 4: This chapter describes the research method and organising framework 

including the research design, guiding objectives and hypotheses, sampling, data 

collection, data management, statistical analysis, and ethical considerations. 

Chapter 5: This chapter reports the results of the study as per the research 

objectives and hypotheses. 

Chapter 6: This chapter involves a discussion of the findings of the research study, 

their relevance in the context of existing literature, the inherent limitations, and 

provides recommendations for nursing practice, research and education, based on 

the results. 

Chapter 7: This chapter summarises the research study and contains the 

conclusions drawn from the research. 

1.7 Summary 

Paediatric intensive care nurses have an important role in providing complex care 

for the sickest of children. To ensure safe and competent nursing care in this 

vulnerable population, evaluation of nursing practice and the success of workplace 

learning is imperative. In order to undertake holistic evaluations of nursing practice, 

rigorous research must provide evidence for effective and objective evaluation 

measures of PICU nursing knowledge and skills. Accurate tests of knowledge and 

skills provide important information about safe and competent practice, however an 

instrument specific to the Australian and New Zealand setting has not been 

developed to date. Before embarking on this research project, a literature review 

was undertaken to inform the research methods, and allow a context within which 

to evaluate the results. Chapter 2 provides a review of literature regarding the 

nature of staff development in nursing and learning in the workplace, factors 

associated with the evaluation of learning and knowledge acquisition, and 

implications for PICU nursing education. 
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Chapter 2 
Literature Review 

2.1 Introduction 

This chapter presents a review of literature related to describing and measuring 

paediatric intensive care nursing practice. Literature for this review was identified 

from the Cumulative Index to Nursing and Allied Health Literature (CINAHL), 

Medline, Education Resources Information Center (ERIC) and PsychLit databases 

using a number of key words. These included workplace learning, nurse, 

competence, performance, knowledge, skills, education, evaluation, measurement, 

intensive care and critical care. Previous published related theses were also 

identified from the Australian Digital Thesis database and references from retrieved 

papers were searched for relevant additional articles.  

The chapter begins with a brief discussion of learning in the workplace and staff 

development within the context of nursing and critical care practice. The factors 

related to successful learning and, subsequently, measuring knowledge and skill 

acquisition are addressed. Orientation programs and the role of nurse educators 

are also discussed as a means of clinician learning and growth, particularly for 

graduate nurses entering the paediatric intensive care environment directly from 

undergraduate education. The outcomes of intensive care orientation programs are 

discussed, with particular emphasis on outcomes essential to the development of a 

safe and competent practitioner. Models of evaluation are explored and types of 

nursing evaluations are paralleled against these models, with basic knowledge and 

skills being argued as the fundamental building blocks to higher thinking in nursing. 

Methods for evaluating learning in nursing are critiqued, identifying the need for a 

written test of PICU nursing knowledge and skills during the graduate orientation 

period. An overview of the work of Lave and Wegner (1991), Billett (1996) and 

D’Costa and Schreck (1984, in D'Costa, 1986) are provided and how these models 

have been employed in this study as a conceptual framework. This chapter 

concludes with a description of Downing and Haladyna’s (1997) eleven steps for 
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effective test development and how these steps will inform a structured and 

systematic methodological framework. 

2.2 Workplace learning 

Various forms of workplace learning have existed since the beginning of formal and 

informal work patterns, yet workplace learning is a concept which is hard to define 

and is considered to cover many different activities (Matthews, 1999). The value of 

learning contributions from occupational practice settings and experiences, 

however, has been long acknowledged in the major professions and trades. There 

is a wide and growing acceptance that the experiences provided in work settings 

are essential for developing the knowledge and skills required to effectively 

practice occupations. Central to this acceptance is the argument that there is no 

separation in thinking and acting in life, and indeed at work, and subsequent 

learning (Billett, 2004; Billett, S., personal communication, October 27, 2011; Lave 

& Wegner, 1991; Rogoff, 1994). This reciprocal relationship between acting and 

thinking at work, therefore, means that workplaces can offer rich learning 

experiences. Most of the interest in workplace learning is directed towards 

augmenting students’ learning within vocational or higher education programs of 

initial occupational preparation, for example, clinical practice placements for 

undergraduate/student nurses, however workplace learning and experiences are 

also vital for ongoing professional development. It has been argued that learning 

for, and within, practice are significantly different (Eraut, 2010). Subsequently, the 

forms of knowing and knowledge privileged in the educational and practice setting 

are quite distinct and, therefore, can be difficult to reconcile (Eraut, 2010). Given 

that the requirements for occupational practice are constantly changing (Billett, 

2010), there is a growing need to find ways of continuing to develop occupational 

practice through one’s working life. Beyond participating in professional 

development courses (undertaken by the individual), there is a growing interest to 

find ways of supporting ongoing development throughout an individual’s working 

life that can be realised within and as part of work practice (Billett, 2010). 

Within healthcare, embedding learning and staff development opportunities in 

clinical settings is recognised as a priority across all disciplines to ensure the timely 
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delivery of effective health care (Heath, 2002; Queensland Government, 2007). 

Whilst acknowledging the broader political, social, health service, workforce and 

funding contexts that impact on learning in the clinical environment, a focus on 

quality and patient safety with the ultimate aim of increasing individuals’ 

accountability for practice influences this prioritisation. Furthermore, nursing faces 

both current and projected future shortages of staff, and, at the same time, a rapid 

expansion of student numbers (Australian Health Workforce Advisory Committee, 

2002; Heath, 2002). It is therefore imperative that strategies are in place to prepare 

those undertaking nursing programs to work in contemporary health care systems 

and provide them with meaningful careers (Queensland Government, 2007). For 

nurses, in addition to other health care workers, maximising learning though 

experience in the clinical setting is considered not only desirable but essential. The 

current complex and rapidly changing service delivery environment demands that 

clinical education and training occur within a framework of continuous lifelong 

learning across a broad continuum from professional pre-entry level to experienced 

skilled clinician (Henderson, Winch, & Heel, 2006; Queensland Government, 

2007). 

2.2.1 Models of workplace learning 

Attempts to describe and conceptualise the nature and practice of learning in the 

workplace currently merge around five theoretical models. The first of these is the 

Transmission Model in which skills and knowledge are passed on in a formal 

manner within a hierarchical framework either in the workplace itself or in an off-

the-job setting, and is often conceptualised as the traditional method of learning 

from the ‘master’ (Evans, Hodkinson, & Unwin, 2005; Lynch, Leo, & Downing, 

2006). This model emphasises clearly defined and demarcated job roles, uniform 

practices, and an acceptance that decision making is solely a function of 

managers. This model has been criticised due to growing interest in experiential 

learning and the recognition of the importance of informal learning (Billett, 2002a; 

Evans, et al., 2005). The Transmission Model would also appear to be incongruent 

with adult learning principles, whereby learners are autonomous, self-directed and 

relevancy orientated (Jarvis, 1987). Within nursing, this model would be difficult to 
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implement given the need for nurses to make clinical decisions independently from 

managers who are often not at the bedside. 

The second model concerns the acquisition of so-called tacit skills through informal 

processes of learning. This model has acquired a particularly elevated status within 

research on workplace learning (Eraut, 2000; Evans, et al., 2005; Skule, 2004). 

The concept of informal learning is attractive to those with adult education 

backgrounds as it places the learner rather than the teacher (or trainer or manager) 

in control and conceives learning as primarily an individualised activity. One study 

has demonstrated that informal learning was inseparable from the work context so 

that learning grew out of purposeful social interactions (Eraut, Alderton, Cole, & 

Senker, 1998). This work is similar to a concept proposed by Lave and Wenger 

(1991), where learning is as much a collective as an individual activity and arises 

out of a social theory of learning. Whilst informal learning plays an important role in 

nursing professional development (Huggins, 2004; Hunter, Spence, McKenna, & 

Iedema, 2008), an informal learning only model in orientation programs would 

assume that graduate nurses understand what they need to learn. Furthermore, 

this model devalues the role of Nurse Educators and formal aspects of learning, 

both of which have been shown to be instrumental in graduate orientation 

programs (Casey, Fink, Krugman, & Propst, 2004; Messmer, Jones, & Taylor, 2004; 

Zinsmeister & Schafer, 2009). 

The third model draws on the social theory of learning, which combines aspects of 

both the transmission and tacit models described previously (Evans, et al., 2005). 

This theory takes social participation as the basis of learning and regards the 

historical and dialectical dimensions as being of vital importance for any 

understanding of how workplace learning occurs, why it is stimulated or restricted, 

and who participates. The participation involves actual involvement in the 

“practices of social communities and constructing identities in relation to these 

communities” (Wenger, 1998, p. 4). Social communities arise over time through the 

sustained pursuit of a shared enterprise, hence the phrase, communities of 

practice. Wenger (1998) suggests that there are signs which indicate that a 

community of practice has formed. These signs may include sustained mutual 
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relationships; ways of communicating and sharing information that is facilitated by 

common understandings that might be unique to the community of practice; forms 

of practice that assume shared implicit knowledge of processes and procedures as 

well as a sense of ‘how things are going’; a sense of membership that has arisen 

from experiences of working together; and development of identifiable practice 

styles that are unique to the community of practice (Egan & Jaye, 2009). Many 

propose that learners begin by practising legitimately on the periphery of particular 

communities of practice and move towards full participation as they negotiate their 

own place in that community (Billett, 1994, 1996; Lave & Wegner, 1991). In 

healthcare, Egan and Jaye (2009) propose that clinical teaching and learning occur 

within health care workplace social groupings of teams, and that clinical work, 

patient care, and the clinical curriculum intersect in these micro-level communities 

of clinical  practice. Communities of clinical practice mediate the health care 

organisation’s guiding principles and policies, professional codes of conduct, skills, 

knowledge, and practices, with the actualities of patient care (Egan & Jaye, 2009). 

It could be argued then, that becoming a paediatric intensive care unit (PICU) 

nurse is about joining the community of practice represented by qualified PICU 

nurses as much as it is about learning the technicalities of PICU nursing (Cope, 

Cuthbertson, & Stoddart, 2000). 

In complete contrast to the social theory of learning, is a competence based model. 

This fourth model of workplace learning detaches the outcomes of learning from 

the learning process and so could be regarded as being apedagogical in nature 

(Gonczi, 1999). Teachers and trainers facilitate and guide learning and may have a 

role in the assessment of learners’ competence against performance criteria 

prescribed by standard-setting bodies. The learner, armed with the list of 

competencies to be achieved, is in complete charge and may not need to call on 

the services of a teacher or trainer at all (Gonczi, 1999). It has been advocated that 

this outcome-based approach stems from a concern that individuals should be 

given the opportunity to realise their potential (Evans, et al., 2005). Many critiques 

of the model have shown however, that it is far more likely to be used by policy 

makers as a means to regulate workplace activity, to exert more rigorous control 

over education and training providers, and to ensure providers meet the needs of 
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employers (Evans, et al., 2005). Some have rejected the model on the grounds 

that it leads to occupational outcomes or competencies that are too rigid and 

narrow in scope, and that it is particularly unsuitable for young people who need to 

acquire skills and knowledge beyond the confines of their current job role in order 

to progress (Evans, et al., 2005; Gonczi, 1999). The notion of being ‘competent’ in 

the workplace is, of course, an important one when considering how people learn 

at work (Eraut, 1994). Ashworth and Morrison (1991) outline that while many 

nursing courses have been designed and implemented by adopting a competence-

based curriculum; this strategy is faulty and ill-conceived. They highlight the 

individualistic, complex nature of competencies and their lack of transferability as 

central to this argument.  

The fifth and final model of workplace learning embraces ‘activity’ theory and, in 

particular, the work of Yrjo Engestrom (2001). Activity theory recognises the extent 

to which people learn in social situations and through interaction, while at the same 

time proposing that their knowledge and understanding can be further advanced 

through structured teaching and learning. Engestrom (2001) argues that instruction 

can enhance the quality of learning, making it purposeful and methodical. Whilst 

most of everyday learning consists of conditioning, imitation and trial and error, 

investigative deep level learning is relatively rare without instruction or intentional 

self-instruction. The importance of Engestrom’s model is that it reclaims a central 

role for teachers and educators within the landscape of workplace education and 

training, a role that has been diluted by the parallel influences of those who 

advocate informal learning, the outcomes-based approach, and experiential 

learning (Engestrom, 2001). His concern is to enhance the routine teaching and 

learning that occurs on a daily basis in the workplace. Furthermore, he argues that 

workplace learning ‘violates’ the presuppositions that knowledge and skill are 

stable and reasonably well-defined commodities and that there is a competent 

‘teacher’ who knows what is to be learned (Engestrom, 2001). As such, nurses and 

organisations are constantly learning in a dynamic healthcare environment. 

Theories of learning specific to the nursing workplace are infrequently described in 

the literature, however it would appear that most descriptions of contemporary staff 
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development opportunities fall under the umbrella of Engstrom’s ‘activity theory’ 

(2001), despite not being claimed to follow this theory specifically. Staff 

development activities in nursing, particularly in intensive care, generally embrace 

the notion of situated learning or communities of practice as the richest 

environments for learning but provide some structured teaching as a means for 

encouraging and facilitating deep investigation, critical thinking and problem 

solving (Chestnutt & Everhart, 2007; Horsfall, Cleary, & Hunt, 2011; Morris et al., 

2007; Nolan & Murphy, 2006; Proulx & Bourcier, 2008; Santucci, 2004).  

2.2.2 Factors influencing learning and knowledge development in 

the workplace 

Workplace learning is extremely complex, and involves more than simple training 

and development issues (Matthews, 1999). The types of learning, and the learning 

styles in the workplace, are largely determined by the teaching and learning 

paradigm of the organisation (Matthews, 1999). Learning paradigms are concerned 

with how people learn within an organisation and what type of learning is 

considered to be most important. Marsick (1987) advocates that the application 

and development of workplace learning should be closely tied to the organisation’s 

learning paradigm to achieve successful learning outcomes. The selection of a 

learning paradigm in any organisation is governed by its goals, strategy, budget, 

flexibility, and willingness and ability to take risks. Through an examination of 

these, and other organisational characteristics, Marsick (1987) described three 

paradigms of learning: technical, interpretive and strategic. Each involves the 

application of different approaches to teaching and learning, and each is based 

upon different underlying assumptions. 

The first of these paradigms is the ‘technical paradigm’, which is the dominant 

paradigm in most organisations. Its focus is on the acquisition of specified bodies 

of knowledge or skills to meet identified task or job requirements. The second 

approach, the ‘interpretive paradigm’, involves more interaction on the part of the 

learner, and aims to help the learner understand situations, events, experience and 

personal judgement. The final paradigm described (Marsick, 1987), is the ‘strategic 

paradigm’. This approach involves a critical examination of underlying 
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assumptions, values and beliefs on the part of both the teacher and learner. The 

most useful learning tool for this paradigm is open dialogue, which promotes 

discussion of ideas, views and opinions. Certainly Marsick’s (1987) paradigms 

apply in nursing practice whereby knowledge and skills are required to meet 

patient care needs, and social embedding is required to understand day to day 

management of patients, policies and procedures, and how to react in critical 

situations. Furthermore, critical reflection, supported by Benner’s (Benner, 1984) 

theory of skill acquisition and expertise, is required for learning and professional 

growth. 

2.2.2.1 Exposure to and frequency of authentic activities 

Both nursing and workplace learning literature have identified several key factors 

that influence learning and knowledge acquisition. In a proposed pedagogy for 

workplace learning, Billett (1996, 2002b) argues that an examination of the 

activities that learners engage in as part of their curriculum is useful to 

understanding the nature of learning in workplaces. These learning experiences, 

which workers engage in as part of everyday work practice are conceptualised as 

goal-directed activity shaped by the context and requirement of the particular 

community of practice in which those activities occur (Billett, 1996). Importantly, it is 

necessary to delineate a pathway of work activities that learners need to access 

and in which to become competent to participate fully in the community of practice. 

The delineation of this learning pathway is used to determine how workplace 

learners might move from the work activities undertaken by novices to those of 

experts. This pathway is, thereby, founded on the movement from peripheral 

activities to full participation in work activities – that is, from those activities which 

are less important and complex, to those which are usually more complex and may 

carry greater accountability (Lave & Wegner, 1991). The delineation and 

sequencing of this pathway of activities has to address two requirements: (i) the 

need to sequence workplace activities that are of increasing complexity which 

permit the learner to experience incrementally more accountable tasks and goals, 

and (ii) the need to create a pathway that affords learners the opportunity to access 

both the product and the process of workplace activities. Access to the outcomes 

of work activities permits the development of goals for practice, an understanding 
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about what their activities are contributing towards, and also the standards 

associated with those activities (Marsick, 1987). 

Several studies have demonstrated that a relationship exists between perceived 

competence and frequency of use and engagement in particular competencies or 

specific activities (Bahreini, Shahamat, Hayatdavoudi, & Mirzael, 2011; 

Hengstberger-Sims et al., 2008; Meretoja, Isoaho, & Leino-Kilpi, 2004; Salonen, 

Kaunonen, Meretoja, & Tarkka, 2007). Several Finnish studies initially established 

the relationship between perceived competence and frequency of using 

competencies. Meretoja, Isoaho, and Leino-Kilpi (2004), in assessing the reliability 

and validity of the Nurse Competence Scale, examined 498 nurses across 19 

different ward environments and found that self assessed level of competence 

increased in direct proportion to the self assessed frequency of using 

competencies (p < .05). This group of nurses were older (mean age 37 years) and 

significantly more experienced (mean years of experience 11 years), with both of 

these variables having positive but weak relationships with overall level of 

competence. Salonen et al. (2007) however, explored this relationship in 235 newly 

registered nurses in structured intensive care and emergency department 

preceptorship programs. This younger and less experienced group assessed 

themselves as highly competent, and statistically significant associations were 

seen between competence and age, years of experience and frequency of using 

competencies. Overall competence levels were systematically lower than those 

reported Meretoja et al.’s (2004) experienced nurses, and could imply that 

orientation or preceptorship programs for graduate nurses are important in the 

development of confidence. 

In a cross-sectional study of 266 registered nurses in two Iranian hospitals, 

Bahreini et al. (2011) examined nursing competence, using the Nurse Competency 

Scale, and the frequency of using nursing skills. They found that nurses who were 

employed in a ‘high standard’ Type 1 hospital (government ranking of hospital 

according to quality development processes, educational development and the 

available educational standards) viewed themselves as more competent than 

nurses employed in a ‘moderate standard’ Type 2 hospital. Furthermore, 83% of 
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clinical skills were performed frequently in the Type 1 hospital nurses, compared to 

70% in the Type 2 hospital nurses. In this cohort of nurses, the median age was 30 

years and average years of experience was 5.5 years, however  there was no 

significant correlation between clinical competence and age or years of experience 

(r = 0.09, p = .20 and r = 0.12, p = .07, respectively. Whilst the relationship 

between nursing competence and frequency of skills were not explored statistically, 

it suggests that where poorer educational standards exists, skills are not taught 

and reinforced, therefore nurses feel less competent in these particular skill areas. 

Certainly the authors comment that their results could be attributed to more 

integrated inservice education, a higher availability of equipment and better 

organisation of continuing education in the Type 1 hospital (Bahreini, Shahamat, 

Hayatdavoudi, & Mirzael, 2011). 

In a similar study, undertaken in 116 Australian graduate nurses with limited prior 

nursing experience, Hengstberger-Sims et al. (2008) also found that competency 

self assessment scores increased with the increased frequency of use for skills (p

= .03). Given that this cohort of nurses were younger (median 24 years of age) and 

had less years of nursing experience (52% stated no previous experience in 

nursing), the authors speculate that confidence in ones own abilities play an 

important role in perception of competence, as confirmed by Salonen et al. (2007). 

Confidence can only be gained through frequent exposure to nursing activities, 

including, in this group, working as an Assistant in Nursing, clinical placements, 

and opportunities for developing clinical skills as an undergraduate. 

Whilst these studies have only used self-assessed reports of competence, the 

trend is that nurses with all ranges of experience have a greater perception of 

competence with frequent participation in specific activities, whereby increased 

perception of competence enhances their interaction, engagement and ability to 

learn in the workplace. Several authors argue that self-assessment of competency 

is linked to professional practice, and reflective practice is a trait of professional 

practice that encourages self-learning and career development (Cowin et al., 2008; 

Meretoja, et al., 2004). Hengstberger-Sims et al. (2008) make a compelling 

argument that competency assessments should be tailored by taking into account 
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those competencies frequently utilised by new graduate nurses or those specific to 

their current clinical setting. This idea aligns with the argument against ‘one size fits 

all’ basic competencies for nursing, which will be discussed in detail later in this 

literature review. 

2.2.2.2 Guidance 

Billett (1996, 2002b) also lists guidance (direct and indirect) as an additional key 

component required to maximise the potential of the learning curriculum. Several 

investigations into workplace learning emphasise the importance of learners’ 

interaction with expert others in the development of skilful knowledge (Billett, 

1996). Guidance by experts provides learners with access to goals and procedures 

through joint problem-solving. This attribute needs to be encouraged further with 

the learner being placed in a position of increasing participation in the joint 

problem-solving process and finally taking the lead in a problem solving activity 

(Billett, 2001b). Additional aspects of direct guidance by experts are in the choice 

and sequencing of activities for the novice. 

Billett (1996) further argues that the selection of experiences and organising 

access to these experiences is likely to be appropriate in securing a purposeful 

movement through the pathway of activities. Rather than the provision of 

experiences in which the novice may not be ready for or may not be exposed to 

repeatedly, there is need for the nature of the experiences and access to be guided 

(Billett, 1996). This guidance could be in the form of judgement by the experts as to 

the appropriateness of the learners’ pace and to the complexity of tasks that the 

learner should access. Participants in everyday activities in workplace settings are 

also able to access indirect forms of guidance from the physical and social 

environment (Billett, 1996). They include interactions with other workers, observing 

and listening to other workers, objects and artefacts (Billett, 2001b). This indirect 

guidance provides clues and cues to assist thinking and the development of 

individuals’ knowledge (Billett, 1996). Furthermore, the engagement with physical 

tools or equipment in the workplace is likely to be necessary for performance 

(Billett, 2001b). 
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The importance of preceptoring and mentoring has been widely acknowledged in 

the nursing literature, particularly in the graduate nurse orientation period, and 

reflects Billett’s (1996) concept of guidance. Several authors have identified that a 

relationship with a mentor in the early stages of a nurse’s socialisation is necessary 

to develop expertise (Benner, 1984; Field, 2004; Myrick & Yonge, 2004; Pyles & 

Stern, 1983; Roche, Morsi, & Chandler, 2009). In a study examining clinical 

competence in 102 final year American nursing students, Kim (2007) found a 

greater degree of perceived competence in skills (for example, organising nursing 

tasks; initiating care; patient and staff collaboration; and delegation of tasks) in 

students with a greater amount of preceptor interaction (r=.3 to .65, p<.05). Kim 

(2007) argues that how well students learn to practice their nursing skills before 

graduating may determine their success for role transition as a graduate, implying 

perhaps that a senior nursing student preceptorship program is just, if not more, 

important that a graduate nurse preceptorship program. Unfortunately the author 

does not provide any demographic information and therefore cannot be explored 

as potential confounders. Furthermore, it could be argued that each preceptorship 

program experience is heavily dependent on the assigned preceptors, and 

preceptor demographics are an area that could be explored within this relationship 

in the future. The importance of describing preceptor characteristics was also 

raised by Di Vito-Thomas (1998), who also found a strong positive relationship 

(r=.65, p<.05) between levels of barmentoring (the encouragement component of 

the mentoring relationship) and the level of achievement of basic psychomotor 

skills in graduate nurses. In this pilot study however, levels of barmentoring were 

self-reported and the preceptor sample was not well described. 

2.2.2.3 Level of nursing education 

Educational activities impart basic knowledge of principles and frameworks upon 

which practice is based and from which expertise develops. Several studies since 

the late 1960s have looked at the relationship between level of formal education 

(i.e. tertiary) and specific nursing processes, nursing behaviours and patient 

outcomes (Davis, 1972, 1974; Hoffman, Donoghue, & Duffield, 2004; Verhonick, 

Nichols, Glor, & McCarthy, 1968). Nurses with higher levels of education have 

reportedly made more appropriate patient observations and prescribed more 
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appropriate nursing interventions than those with lower levels of education 

(Verhonick, et al., 1968). In this seminal work, the researchers used 16mm film for 

standardised scenarios, whereby the nurses commented on what they observed, 

what actions they would take, and what led them to this action (Verhonick, et al., 

1968). In an attempt to address some unanswered questions surrounding 

experience and education, and using an identical methodology to Verhonick et al.’s 

(1968) research, Davis (1972) compared 20 clinical nurse specialists with 

advanced graduate education against 20 Baccalaureate RNs with minimum formal 

training. Davis’ (1972) results supported those of Verhonick, et al’s (1968) 

regarding educational level and the number of patient observations made, actions 

taken and reasons cited for actions, but the results also showed that there was an 

inverse relationship between observational skill (actions taken based on 

observations made) and experience. As nursing experience increased, the overall 

quality and quantity of nursing care decisions decreased, unless the nurse sought 

additional education after three to five years of experience, supporting the 

importance of ongoing professional development (Davis, 1972). 

Conversely, in a replication study, Davis (1974) found that increased education 

enhanced decision-making performance. In this study, Davis explored the 

observations and actions of 87 registered nurses: the original 40 nurses from the 

1972 study, plus an additional 20 clinical nurses specialists and 27 diploma nurses. 

Master’s prepared clinical nurse specialists made more relevant observations, 

planned more relevant actions, and gave more reasons for those actions than 

baccalaureate or diploma registered nurses (RNs). Baccalaureate RNs made more 

meaningful observations and identified more actions than diploma RNs, but did not 

give significantly more rationale. Both education and experience were significant 

predictors of observational and prescriptive skill in this study. However, education 

made a difference only in the amount of rationale given to support prescribed 

interventions.  

A more recent Australian study highlighted a different aspect of clinical decision 

making and education: Hoffman, Donoghue and Duffield’s (2004) correlational 

study of 96 medical-surgical nurses showed that, contrary to previous findings, 
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experience and education were not related to perceived decision making, but that 

higher education was related to a greater desire to participate in the decision 

making process. The authors’ results also raised interesting points regarding the 

changes occurring in nursing education internationally. Nurses with lower levels of 

education were more likely to be older and more experienced, whereas younger 

nurses had higher educational levels, but less experience. The older, less qualified, 

more experienced nurses made more decisions. The younger, more qualified, 

nurses wished to participate more in decision making. This supported the earlier 

theory of Rhodes (1985) who speculated that higher educational preparation 

supports an attitude of willingness to make decisions, and would lead to greater 

involvement in decision making. 

The studies reviewed in this section support the idea that level of education assists 

in the formulation of a professional knowledge base and enhances the decision-

making process by increasing analytical abilities and improving observational skills 

and behaviours.  

2.2.2.4 Clinical experience 

Professional knowledge is also obtained by experience gained in caring for 

patients. Both the length of experience and type of experience to which nurses are 

exposed are important influences in nurses’ decision-making ability and expertise. 

Studies have shown that novice and experienced nurses view clinical problems 

differently, select data differently, hypothesise differently and, as a result, come to 

conclusions differently (Ericsson, Whyte, & Ward, 2007; Halls, 1986; Hamers, van 

den Hout, Halfens, Huijer Abu-Saad, & Heijltjes, 1997; Itano, 1989; Tabak, Bon-Tal, 

& Cohen-Mansfield, 1996; Taylor, 2002; Westfall, Tanner, Putzier, & Padrick, 1986). 

In one study of 26 final year nursing students and registered nurses identified as 

highly skilled judgement makers, more experienced nurses made more relevant 

observations and outperformed novice nurses by collecting significantly more cues 

presented by the client in real patient interviews (Itano, 1989). The type of cue, as 

well as the amount of information each cue contributed to an understanding of the 

client’s problem, differed in that experts chose the most meaningful cues (Itano, 

1989). 
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Consistent with studies in other disciplines, studies in nursing showed expert 

nurses to be able to make decisions more quickly, categorise data more efficiently, 

make earlier selection of multiple hypotheses, and be more comprehensive, 

efficient and proficient in their hypothesis generation (Halls, 1986; Tabak, et al., 

1996; Taylor, 2002; Westfall, et al., 1986). Experienced nurses have also been 

observed to be able to address more problems, and place more emphasis on 

qualitative differences and presentations of client cues when assessing problems 

and designing interventions (Broderick & Ammentorp, 1979; Hamers, et al., 1997; 

Taylor, 2002). 

The type of clinical experiences to which nurses are exposed also seems to 

determine the quality of their decision making (Baumann & Bourbonnais, 1983; 

McLaughlin et al., 1979; Verhonick, et al., 1968). McLaughlin et al., (1979) studied 

the effect of education, discipline, and specialty by studying a group of masters 

degree prepared nurse practitioners, certified nurse practitioners, public health 

nurses, and physicians in assessing and managing hypertension. The results 

indicated that physicians and both groups of nurse practitioners were equally 

proficient in the management of a client with hypertension. However, the public 

health nurses, who had less experience with actual symptom/treatment 

management, performed less proficiently. The physicians out-performed the nurses 

on test interpretation, whereas the nurses had a more psychosocial perspective. 

Baumann and Bourbonnais (1983) investigated the clinical decision making of 

critical care nurses who had to make ‘crisis’ decisions. One purpose of this study 

was to identify factors that nurses consider relevant to the ability to make 

appropriate rapid decisions. The most relevant decision making factor identified 

was experience because it helped to set priorities, to identify what typical events to 

expect, and to modify plans. Experience within a particular specialty helped the 

nurse to develop a holistic approach to, and understanding of, the problem, thus 

improving decision making. 
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Another finding, one that is consistent with the psychological literature of clinical 

reasoning (Dowie & Elstein, 1988), was that increased clinical experience allows 

nurses to vary their decision making styles. White, Nativio, Kobert, and Engberg 

(1992) found that nurse practitioners collected data and hypothesised about patient 

states differently depending on their years of experience and specialty. When 

presented with a familiar gynaecological problem, experienced obstetrics and 

gynaecology practitioners were more likely to develop lists of diagnostic 

hypotheses which reflected the patient’s chief complaint, while experienced and 

inexperienced family nurse practitioners, who presumably had less experience with 

specific gynaecological problems, were more likely to acquire subjective and 

objective data that did not appear to be hypothesis driven (White, et al., 1992). 

More recently, Hicks, Merritt and Elstein (2003) conducted a pilot study examining 

the relationship of educational level, years of critical care nursing experience, and 

critical thinking ability to consistency of clinical decision making among 54 

American critical care nurses. Although these authors found no relationship 

between education and experience with critical thinking in these well-educated and 

experienced nurses, years of clinical experience alone did increase the likelihood 

of decision making consistency (Hicks, et al., 2003). A relatively homogenous 

education level amongst the participating nurses in this study may have led to a 

ceiling effect and restricted systematic variance. Similarly, questions were raised as 

to the reliability of the critical thinking skills test in a group of experienced nurses. 

These results are consistent however, with those reported by Aquilino (1997), who 

found that nursing students’ diagnostic ability increased as they gained clinical 

experience and clinical knowledge. 

2.2.2.5 Level of expertise 

A learner’s level of expertise is a critical factor in determining what information is 

relevant for the learner and what information is attended to (Kalyuga, Ayres, 

Chandler, & Sweller, 2003). As such, the connection between learning and the 

development of practice is important and remains at the heart of continuing 

professional education within the workplace. In the last few decades, theories of 

expertise have evolved from serial problem-solving that could be applied across a 

wide range of knowledge and professional domains, to specific professional 
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development patterns. Most notable and influential in nursing education is the 

theory proposed by Benner (1984), which draws on the work undertaken by 

Dreyfus and Dreyfus (1980). 

Dreyfus and Dreyfus (1980) demonstrated that professionals move through five 

stages of career development which they labelled novice, advanced beginner, 

competent, proficient and expert. Studies with nurses and pilots showed that 

novice professionals tend to govern their practice with rule-oriented behaviour 

(Benner, 1984; Dreyfus & Dreyfus, 1980). Since novices have little experience with 

real situations, they must rely on rules they have learned in their preparatory 

education to function. As the novice professional moves on to the advanced 

beginner stage, increasingly acceptable performance is demonstrated. According 

to Benner (1984), an advanced beginner is someone who has been exposed to 

enough real situations to see the recurrent meaningful situational components. 

Advanced beginners start to differentiate situations but still have great difficulty 

distinguishing the important from the unimportant. The competent professional can 

consciously organise and plan activities and feel they have an ability to cope with 

unpredictable situations. The proficient professional, on the other hand, begins to 

have a holistic sense of the work (Daley, 1999). For example, proficient nurses 

have an understanding of the patient and discern aspects of care that stand out as 

most important. Finally, the expert professional has an intuitive understanding of 

the situation and is able to pinpoint the accurate area of the problem with limited 

wastage of unfruitful possible problem situations (Benner, 1984). Expert nurses, for 

example, have an unusual perceptual ability to recognise patterns in clinical 

situations (Benner, 1984). This pattern recognition goes beyond the theoretical and 

applies to the uncertainty of real-life situations.  

Benner (1984) stated that the movement from novice to expert reflects changes in 

three aspects of performance. First, the nurse’s working paradigm shifts from 

reliance on abstract principles to concrete past experiences. Secondly, the nurse 

shifts from seeing situations as discrete, unrelated parts to viewing situations as 

part of a whole. Third, the nurse’s position shifts from detached observer to 

involved performer: a concept similar to that of peripheral to full participation in 
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activities outlined by Lave and Wenger (1991). While these older studies have 

developed an understanding of routine expertise, more recent studies have 

outlined clear learning processes that underlie the novice to expert continuum of 

professional practice development. 

Evidence indicates that novices and experts use different learning processes 

(Daley, 1999; Kalyuga, et al., 2003; Shuell, 1990). For example, novice nurse 

learning processes have been found to be contingent on concept formation and the 

impact of fear, mistakes, and the need for validation on that process (Daley, 1999). 

It is possible that novice nurse learning processes may be different from other 

professions where fewer life-or-death decisions are required and the fear of making 

mistakes is not as heightened (Daley, 1999). Novices have also been found to be 

unaware of their own learning processes and therefore prefer formal learning. 

Expert learning, on the other hand, tends to be more constructivist and self-

directed. Expert nurses have indicated that over time they have understood how 

they have ‘learned’ learning, and subsequently have created and used knowledge 

for themselves, within the context of their practice. Furthermore, when a learner 

progresses from novice to expert, passive receipt of educational information is also 

likely to progress to a more reflective and involved strategy (Smith, 2003; Ericsson 

& Charness, 1994; Farmer, et al., 1992). 

As a result of the differences in learning across the novice to expert continuum, 

teaching techniques that are highly effective with inexperienced learners can lose 

their effectiveness and even have negative consequences when used with more 

experienced learners (Kalyuga, et al., 2003). Daley (1999) queries then, whether 

the development of expertise in nursing practice relies on the development of 

expertise in learning. 

What is clear from the literature is that a learner’s level of expertise is a critical 

factor in determining what information is relevant for the learner and what 

information is attended to (Kalyuga, et al., 2003). Within the context of graduate or 

novice nurses employed in the PICU, it is therefore important to evaluate what 

information is relevant for successful completion of an orientation program and 
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ultimately, safe and competent practice. Given that transition programs are now the 

foundations for PICU nursing staff development, specific teaching techniques and 

evaluations of their outcomes need to be targeted at the novice to competent 

continuum. Whilst nursing experience and level of education shape level of 

expertise, so does expertise influence learning. As such, the level of PICU nursing 

expertise influences the ability to perform in a new environment, the decision 

making process and the ability to take on new knowledge and skills. 

2.3 Staff development in nursing  

Workplace learning and professional development through staff development has 

been recognised as a crucial element to the status of nursing as a profession 

(Whyte, Ward, & Eccles, 2009). Therefore, it is vital for clinical nurses employed in 

practice settings to constantly maintain or improve their competency as direct 

caregivers (Lockhart, 2004). In fact, graduation from an undergraduate nursing 

program marks only the beginning of a continuous, lifelong process of professional 

development expected of nurses. The Australian Nursing and Midwifery Council 

outlined that each nurse is responsible for maintaining the competence necessary 

for current practice (Australian Nursing and Midwifery Council, 2000). This position 

statement does little, however, to guide nurses in how they could achieve 

continuing competence, particularly given that novice nurses are likely to be 

unaware of their own learning requirements. 

The American Nurses Association (2000) conceptualised a broader and clearer 

framework for nursing professional development which consists of three key 

educational components: staff development, continuing education, and academic 

education. Nursing staff development describes the formal and informal workplace 

activities that support nurses in their roles within an organisation (O'Shea, 2002). 

Staff development differs from continuing education and academic education in that 

the latter can be systematic professional learning experiences provided outside of 

the workplace and nurses are often required to be proactively independent in 

seeking out these activities (Lockhart, 2004). Given that staff development 

activities are at the core of learning in the workplace for nurses, this area of 

professional development will be the focus of the remaining discussions. 
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2.3.1 Staff development activities 

In many clinical areas, staff development includes three main activities: orientation, 

in-service education, and continuing education (Lockhart, 2004). Whilst all three 

activities are essential for continuing competence, the orientation period and what 

is provided during this time is crucial for the development of basic skills and 

foundations for advanced skills in the graduate nurse. Many graduates have left 

the nursing profession during their orientation period as they have felt isolated and 

unsupported (Scott, Engelke, & Swanson, 2008; Valdez, 2008). It is clear from this, 

that communities of practice incorporating guidance and frequent exposure to 

activities in a staged participatory process would be critical for successful graduate 

nurse orientation programs (Billett, 1996, 2002b; Lave & Wegner, 1991). As this is 

such an important transition period for graduate nurses, the following description of 

staff development activities will place a greater emphasis on orientation.  

2.3.1.1 Orientation 

The orientation component of staff development is the process of introducing 

nursing staff to information they need to carry out their assigned roles and 

responsibilities in the workplace. Orientation programs include information such as 

the organisation’s philosophy, goals, policies, role expectations, and other factors 

necessary to function in a specific work setting (Lockhart, 2004). Nurses generally 

participate in an orientation program when they are first employed and may receive 

another orientation during their employment at the agency when their assigned 

role, responsibilities, or practice setting changes. Orientation focuses on three 

main purposes: competency, socialisation, and role transition (Abruzzese, 1996). 

The primary emphasis during orientation is on assessing, validating, and 

developing specific competencies in nurses that are needed for them to effectively 

function in the roles for which they were hired. Second, orientation socialises new 

employees to the work environment and helps those attending orientation to 

understand what is expected of them. Third, orientation programs help nurses, 

especially graduate nurses, ease their transition from being a student to assuming 

the role of a professional nurse in a healthcare setting.  



50

Orientation programs vary in length, content, and methods. Some organisations 

sponsor hospital-wide orientation sessions that are open to all new employees, 

followed by a special program dedicated to nurses. After attending these general 

orientation sessions, nurses usually participate in unit-based learning activities 

aimed at helping them to understand their expected behaviours relating to direct 

patient care on the clinical unit. Orientation that occurs in the unit-based setting is 

often guided by an experienced nurse who serves as a preceptor or mentor. 

Throughout the past 30 years, six basic models have been used for the orientation 

of nursing service personnel (Abruzzese, 1996). Aspects of each model often 

overlap with those of other models. The six models are listed as follows: 

• Traditional lectures and buddy systems 

• Contracts and self-directed learning 

• Internships and rotations 

• Preceptors and mentors 

• Competency based orientation  

• Performance based development system 

Some aspects of each of these models may be used in an orientation program. For 

example, preceptors are commonly used with self-directed study or performance 

based learning. Often preceptors are used with the traditional lecture model. 

Lectures, in one form or another, are part of most models.  

Many healthcare organisations use a competency-based approach when orienting 

new nurse employees. This type of orientation emphasises the outcomes expected 

of the nurse as a result of the orientation program rather than focusing on the 

knowledge that the nurse possesses about performing the job. The outcome of a 

competency-based orientation program is the ability of the nurse to carry out the 

specific responsibilities defined in his or her job description. In competency-based 

orientation programs, the healthcare organisation determines a set of 

competencies (knowledge, skills, or values) that all nurses must adequately 

demonstrate before they are determined to be qualified to provide safe, quality 
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care to patients within that organisation without the supervision of a preceptor. A 

nurse’s ability to demonstrate these competencies indicates successful completion 

of orientation.  

2.3.1.2 In-service education 

The second component of nursing staff development is in-service education. In-

service education consists of learning experiences provided in the work setting for 

the purposes of assisting nurses in performing their assigned functions in that 

healthcare facility (Abruzzese, 1996). Whereas orientation programs can take a 

few days to several weeks, in-service programs usually are brief sessions, often 

lasting 15-30 minutes but no longer than one hour. Topics for in-service sessions 

often include those mandated by the institution or required by external 

accreditation and regulatory agencies, for example falls risk, fire training, and 

advanced life support. Regardless of the source, these educational programs 

should be based on a thorough assessment that reflects the input and learning 

needs of the staff (Lockhart, 2004). In-service activities can be presented in a 

variety of ways, depending on the preference of the organisation. For instance, 

some healthcare facilities schedule in-service sessions in a centralised location so 

that all interested staff can attend. Other work places integrate in-service activities 

into the daily schedule on a unit-based level (Abruzzese, 1996; Lockhart, 2004).  

2.3.1.3 Continuing education 

The third component of staff development is continuing education. Continuing 

education is the systematic professional learning experiences designed to augment 

the knowledge, skills and attitudes of nurses (Abruzzese, 1996). Continuing 

education activities not only help nurses provide quality care to patients but also 

assist nurses in attaining the goals identified in their professional career plan 

(O'Shea, 2002). Therefore, continuing education activities that exist within the 

domain of staff development often focus on nurses’ continuing competence in their 

specific role within the work setting. Examples of continuing education are the 

completion of hospital or unit-based learning packages, on-line learning modules 

and hospital-wide courses (for example, leadership or research). Swansburg 

(1995) outlines the debate surrounding mandatory versus voluntary continuing 
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education, with some nursing regulatory bodies requiring mandatory continuing 

education for annual licensure and others relying on the self-direction of nurses to 

voluntarily participate in regular continuing education. Some healthcare facilities 

also require nurses to complete mandatory annual ‘competencies’ for quality 

assurance purposes (Swansburg, 1995). 

2.3.2 Orientation in specialty groups 

Some groups of learners require special adaptations of staff development, 

particularly orientation models, to meet their learning needs. These groups include 

new graduates, refresher-course graduates, foreign-educated nurses, and expert 

nurses. Although many orientation areas overlap (eg. hospital policies for technical 

procedures or medication administration), it is important to focus on areas that are 

unique to the particular group of nurses. For example, graduate nurses frequently 

are still at the novice stage of evaluating the client’s response to treatment, clinical 

problem-solving, and prioritising client care. The inexperienced nurse may benefit 

from assistance in planning and evaluating his or her professional development 

and teamwork behaviours (O'Shea, 2002). The needs of graduate nurses in 

orientation are clearly different to expert nurses in orientation, who may require 

training in leadership, management and other advanced nursing competencies. 

The nursing literature covers a breadth of information about the orientation needs 

of new graduates. A review of the literature from 1971 to 1985 by Schempp and 

Rompre (1986) indicate that transition programs for new graduates have long been 

a concern of nurse educators. Descriptions of transition programs and internships 

have been in the literature since 1972 and appear to be the earliest efforts to plan 

transition programs for new graduates (Schempp & Rompre, 1986). The use of 

preceptors, competency based orientation models, and flexible time allotments are 

strategies that have also been used successfully. Some additional content and 

learning experiences may need to be added to the orientation for special group 

needs. Examples are assertiveness techniques, bicultural training, clinical 

simulations, and preparation for license examination (Abruzzese, 1996). 
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Specialty clinical areas may also have unique orientation needs. These areas may 

include critical care, emergency departments, operating theatre and oncology.  The 

integration of knowledge and practice in these areas is crucial. Unless new 

employees are experienced nurses in that specialty area, sufficient time must be 

allotted for new theoretical and clinical teaching. The content for specialty units is 

based on specialty nursing organisation standards, such as the competency 

standards or core curriculum for critical care units. Topics should be tailored to the 

patient population served by the organisation. Essential or high-priority content can 

be identified by the nurses practicing in those areas and clinical instructors. The 

essential components should be incorporated into the specialised education for 

nurses who practice in the specialty area (Lockhart, 2004). 

For the orientation experience to be positive, nurse educators should devote a 

sufficient amount of time to updating the program content and delivery, and 

enhance clinical experiences that provide a transition to successful nursing 

practice in a new specialty area. 

2.3.3 Roles and responsibility of the nurse educator 

Crucial to any nursing staff development program and work based learning 

initiative is a unit-based educator (Pollard, Ellis, Stringer, & Cockayne, 2007; 

Rashotte & Thomas, 2002). The primary roles of nurse educators are to help 

nursing staff translate the knowledge, principles, skills and theories learned in 

undergraduate programs into practice (Abruzzese, 1996), and to facilitate lifelong 

learning and continuing competence. The educator is seen as a clinical and 

educational expert, and has a legal, ethical and professional responsibility to 

determine a standard of clinical performance to ensure nurses provide safe and 

effective care to patients (McKane, 2004). It is the responsibility of the nurse 

educator to coordinate educational activities on the unit, including competencies 

and orientation programs. The nurse educator is therefore required to be an expert 

in assessing learning needs and establishing an educational plan. The challenge 

for the educator, particularly in the context of graduate nurses, is to identify the 

skills that are important to learn and to determine accurately whether the 

knowledge and skills have been mastered in the clinical setting. 
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Understanding the meanings of competence, competency, and continuing 

competence are important terms for nurse educators when determining the 

mastery of knowledge and skills in the clinical setting. The terms competence and 

competency refer to the combination of skills, knowledge, attitudes, values and 

abilities that underpin effective and/or superior performance in a 

professional/occupational area (Australian Nursing and Midwifery Council, 2000). 

Competencies will be discussed in more detail later in this chapter. Continuing 

competence refers to the ability of nurses to demonstrate that they have 

maintained their competence in their current area of practice (Australian Nursing 

and Midwifery Council, 2000). Continuing competence is important so that nurses 

are able to provide safe, quality nursing care to their patients, who have the right to 

expect this level of care in healthcare organisations. In fact, continuing competence 

is not only a key feature of nursing professionalism but also a way that the nursing 

profession is accountable to society.  

For nurse educators in PICU, the main task of teaching graduate nurses is 

establishing the initial competence of basic and advanced (PICU) nursing 

knowledge and skills. Educators also face the challenge of meeting the continuing 

competence and learning needs of experienced/established nurses who at the 

same time have to meet their clinical workload responsibilities (Pollard, et al., 

2007). Educators also struggle with competing coordination, operational and 

clinical demands and it has been suggested that the scope of some education 

roles are too large, prompting restructuring of roles with a particular clinical or 

organisational focus (Pollard, et al., 2007). As such, some intensive care units are 

fortunate to provide both a nurse educator and clinical nurse facilitator role. 

Anecdotally however, many specialty areas are struggling to finance nursing 

support roles (education, research, quality and safety) and others are unable to 

fund additional education roles, such as clinical nurse facilitators. For many units 

though, education remains a portfolio responsibility of clinical nurses, that is, 

nurses employed at a lower level than educator, and whose primary job is the 

delivery of patient care. 
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Regardless of who is responsible for clinical education for nurses, literature 

indicates that those who provide education to nurses should be encouraging the 

development of skills through critical thinking, problem solving and clinical 

reasoning for professional development and success (Conway & Elwin, 2007). 

What is also evident is that the traditional behaviourist influence that once told 

nurses what to learn and believe has now trended towards and been embraced as 

a view of knowledge as constructed within personal and social constructs. Indeed 

this view aligns with contemporary thinking on learning in the workplace and the 

influences of communities of practice as social and cultural environments where 

learning cannot occur in isolation (Billett, 2003; Lave & Wegner, 1991). 

2.4 Contemporary intensive care orientation programs 

Historically, nurses entered intensive care after a period of time spent refining basic 

skills in ward areas. With the current shortage of nurses, particularly in critical care 

areas, recruitment of experienced nurses into critical care through these traditional 

channels has been problematic (Shelton, 2003). The impact of this shortage has 

serious implications for critical care nursing because the sickest patients require 

the highest nurse-to-patient ratio and are likely to need the attention of the most 

highly trained nurses. It has been further proposed that competition for paediatric 

specialty nurses will be even fiercer as less than 10% of all graduating nurses work 

in paediatrics (Shelton, 2003). To address this shortage, critical care areas are 

employing graduate nurses directly from their undergraduate nursing programs. 

This raises some challenges for nurse educators as both graduates and the 

specialty area of intensive care require unique approaches to their orientation 

programs. 

2.4.1 Characteristics of intensive care orientation programs  

Literature outlining the importance of special intensive care orientation programs 

for novice nurses emerges from the late eighties to the early nineties. Specifically, 

Dunn (1992) describes the four major components required of an orientation 

program: format, setting, method, and content. Format is described as the various 

educational relationships between the novice and experienced staff member and 

can include preceptorship, coassignment and on-the-job training. Orientation 
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should be role, setting and practice-level specific, therefore a major emphasis 

should be on clinical performance in the intensive care unit rather than didactic 

‘classroom’ teaching. Orientation should include a variety of teaching methods to 

allow integration of individual nurse learning styles. These may include: lecture, 

observation, learning contracts, group discussion, nursing rounds, self-directed 

learning modules, skills laboratories and role playing. The orientation program 

should cover content that assists progressing the nurse from novice to competent 

nurse. As such, Dunn (1992) suggests it is first necessary to determine the content 

that is required for safe, independent nursing practice. Whilst this paper is dated 

and was predominantly aimed at nurses new to intensive care (but whom have 

some experience in ward areas), it is the first to thoroughly describe how a 

multitude of orientation program components can influence learning in the intensive 

care unit. Additional teaching methods and formats have been described since its 

publication, however the paper remains relevant to the core goals of intensive care 

orientation programs, graduate nurse or otherwise. 

Broadly, intensive care orientation programs provide a formal structure of support 

during a period of transition to professional practice in a specialised area. Most 

contemporary orientation programs in intensive care nursing see the recognised 

need for extended orientation, structured study days, preceptorship, high levels of 

clinical support and ongoing professional development opportunities (Cavanaugh & 

Huse, 2004; Chestnutt & Everhart, 2007; Friedman, et al., 2011; Herdrich & 

Lindsay, 2006; Juers, Wheeler, Pascoe, Gregory, & Steers, 2011; Morris, et al., 

2007; Nolan & Murphy, 2006). 

One author has published  work related to an ICU orientation program that relies 

almost exclusively on preceptorship (Williams, Sims, Burkhead, & Ward, 2002). 

Williams, et al. (2002) reported a Shared Leadership Model whereby nursing 

preceptors were considered the experts for orientation in their ICUs. Through the 

formation of a Preceptor Leadership Council, preceptors provided the essential link 

between graduate nurses and nurse educators in a busy 250 critical care bed 

trauma centre. Although they demonstrated a significant reduction in nursing 

turnover rates in units that used the Shared Leadership Model compared to units 
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that did not (t= -3.71, p = .002), Williams,  et al. (2002) do not speculate as to the 

reasons behind this difference. It is possible that the high level of guidance 

provided to the graduate nurses through the Shared Leadership Model provided 

nurses with a rich source of learning and ultimately a high level of satisfaction. 

Others have outlined the provision of individualised information by preceptors, in 

the context of caring for a patient, and modelling professional behaviours as major 

contributing factors in progressing from novice to competent nurse (Sandau & 

Halm, 2010). Preceptorship type also varies across programs. Cavanaugh and 

Huse (2004) and Chestnutt and Everhart (2007) provided two preceptors per 

graduate nurse for consistent coverage of clinical days and help with preventing 

preceptor fatigue. Cavanaugh and Huse (2004) also acknowledged that different 

preceptors provide varying views, therefore graduate nurses could benefit from 

observing the variations in practice and approach to the critically ill, while Chestnutt 

and Everhart (2007) attempted to allocate preceptors based on personality and 

learning styles. In an ICU program termed ‘Shadow-a-Nurse’, preceptors were 

selected if they were considered to be competent or proficient, not expert 

(Messmer, et al., 2004). In keeping with Benner’s work (Benner, 1984), this 

program believed that the expert nurse’s utilisation of intuitive processes for critical 

thinking was difficult to explain or describe in a step-by-step process (Messmer, et 

al., 2004) and hence nurses at a competent or proficient level would be able to 

provide clearer explanations of decision-making processes. Preceptorship duration 

also varies significantly across ICU programs, with as little as four weeks in some 

programs (Cavanaugh & Huse, 2004) and six months in others (Chestnutt & 

Everhart, 2007). 

A number of recruitment and retention initiatives have focussed on registered 

nurses’ educational preparation in Australia, United States of America and United 

Kingdom ICUs (Cavanaugh & Huse, 2004; Friedman, et al., 2011; Herdrich & 

Lindsay, 2006; Juers, et al., 2011; Morris, et al., 2007; Morris et al., 2009; Williams, 

et al., 2002; Wynd, 2002). Delivery of education varied between programs with 

didactic classroom teaching, case scenario discussions, skills laboratories, 

simulation, self-directed learning packages or online modules. Often the reason for 

choosing a particular method of delivery was determined by financial and human 
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resources. Computer based modes of delivery have been criticised as expensive 

and inaccessible to some ICUs (Duvall, 2009) but can offer flexibility in delivery, 

learner control, the potential for external management (Altimier, 2009).  A national 

survey of ICU nursing orientation practices conducted in the United States of 

America showed that 54% of hospitals reported using some form of computer 

based education (Thomason, 2006). Interestingly, hospitals where nursing has 

been designated as delivering excellent patient outcomes (ie Magnet accredited 

hospitals) predominantly use traditional classroom teaching as their primary 

method of educational instruction (Thomason, 2006). Criticisms of the Magnet 

process aside, this could suggest that face to face teaching and discussion 

remains crucial to learning in the workforce. Educational models for critical care 

orientation have recently expanded to include simulation as an essential 

component (Friedman, et al., 2011; Morris, et al., 2007; Stefanski & Rossler, 2009). 

Morris, et al. (2007) described major revisions to their orientation program to 

include simulation as a means of enhancing graduate nurses’ competence and 

confidence. Simulation, which has extremely high costs for implementation and 

operation, has shown educational benefits through: performance and assessment 

of skills in a safe, risk-free environment; promotion of critical thinking, problem-

solving and teamwork; assisting in the reduction of clinical practice errors; 

providing opportunities for competency assessment; and increasing one’s ability to 

retain knowledge (Cant & Cooper, 2010; Nagle, McHale, Alexander, & French, 

2009; Nehring & Lashley, 2004; Rauen, 2004; Stefanski & Rossler, 2009).  

Regardless of the method of education delivery, curriculum content is inadequately 

described. Several studies report using the internet based Essentials of Critical 

Care Orientation (ECCO) (Friedman, et al., 2011; Kaddoura, 2010; Morris, et al., 

2007; Peterson & Van Buren, 2006), which was developed by the American 

Association of Critical Care Nurses (AACN) and released in 2002 (American 

Association of Critical-Care Nurses, 2011). ECCO (Version 2) includes 10 learning 

modules and is organised using a body systems approach. Each module 

addresses the anatomy and physiology of the body system, relevant diagnostic 

information, and the clinical presentation and management of common disorders 

for each of the body systems (American Association of Critical-Care Nurses, 2011). 
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Whilst AACN provide adequate information about the individual learning modules, 

no details are provided on the process for deriving the content for the program.  

Finally, some ICU orientation programs encompass extended orientation with 

preceptorship and education (Cavanaugh & Huse, 2004; Chestnutt & Everhart, 

2007; Friedman, et al., 2011; Herdrich & Lindsay, 2006; Juers, et al., 2011; Morris, 

et al., 2007; Nolan & Murphy, 2006; Williams, et al., 2002). Preceptors provide 

extended orientation, while educators provide and support didactic and/or self-

directed education. Meyer and Meyer (2004) report an increased clinical 

component and more preceptored time improves novices’ experiences of 

orientation and conclude that there exists a direct correlation between retention of 

nurses and adequate orientation. Whilst Meyer and Meyer’s (2004) remarks are 

not quantified, they are supported theoretically by the works of Lave and Wenger 

(1991) and Billett (1996, 2002b), who propose that exposure to authentic activities 

and support in a community of practice are essential for learning in the workplace. 

Although a combination of these elements is crucial for successful workplace 

learning, orientation programs can be expensive to facilitate due to costs of 

extended supernumerary time, payment of preceptors, and backfilling of both  the 

preceptors released from clinical loads and participants released for study days 

(Altimier, 2009; Friedman, et al., 2011; Hall & Marshall, 2006; Morris, et al., 2007; 

Sandau & Halm, 2010; Square, 2010). Given these costs, it is important that 

orientation programs are evaluated against outcome measures to ensure their 

viability.  

2.4.2 Goals and outcome measures of intensive care orientation 

programs 

Although graduate nurses have limited experience when they enter nursing 

practice, they are typically expected to be responsible for a standard patient 

assignment shortly after they complete orientation. Even if a graduate nurse is not 

required to immediately care for a critically ill patient, the nurse must at least have 

the skills to solve urgent and emergent situations that occur unexpectedly in critical 

care. Thus, it is imperative that graduate nurses receive a clinical orientation that 

meets their needs as new nurses, while also providing them with a strong basic 
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foundation in critical care (Chestnutt & Everhart, 2007). Whilst enrolment numbers 

in undergraduate programs are adequate, curriculum constraints present 

challenges in adequately equipping new graduate nurses for all clinical 

circumstances (Australian Health Workforce Advisory Committee, 2002). The 

readiness of new graduates to function as RNs continues to be questioned (Ulrich, 

et al., 2010). Therefore, in keeping with contemporary models of workplace 

learning, programs need to be tailored to the nurses’ level of experience and 

curriculum content presented in increments from basic to advanced levels. 

Furthermore, significant mentoring and socialisation need to be provided, and 

participation in clinical care phased according to their level of evolving 

competence. Ultimately, the overall goal of the orientation program is to prepare 

and retain safe competent practitioners, encourage critical thinking, foster 

integration into the system and profession, and promote the skills of lifelong 

learning (Boyle, 1998; Dunn, 1992; Thomason, 2006). Outcomes of ICU orientation 

programs have been predominantly measured in the literature through recruitment, 

retention and core nursing competencies. 

2.4.2.1 Recruitment outcomes 

Many authors agree that orientation programs can be a successful recruitment 

strategy. In ICU nursing, authors have reported higher recruitment rates as a result 

of specialised orientation programs, especially for graduate nurses (Cavanaugh & 

Huse, 2004; Friedman, et al., 2011; Juers, et al., 2011; Morris, et al., 2009; Wynd, 

2002). One Australian state-wide orientation program reports recruitment of 824 

nurses (of varying clinical experiences) to ICU nursing over a period of 12 years 

(approximately 68 nurses per year across 18 adult and 2 paediatric ICUs) (Juers, 

et al., 2011). Another orientation program has been instrumental in providing 

comprehensive education for more than 2200 novice critical care nurses in one 

United States of America county over 15 years (approximately 146 nurses per year 

across 5 ICUs) (Graham, 2006). 

2.4.2.2 Retention outcomes 

Improving orientation programs, transition between university and clinical practice 

and ongoing education promotes job satisfaction and reduces nurse attrition (Scott, 
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et al., 2008; White, 1991). In studies where retention data has been reported, the 

results have been positive, with at least 80% participant retention over one year or 

longer (Cavanaugh & Huse, 2004; Friedman, et al., 2011; Herdrich & Lindsay, 

2006; Morris, et al., 2009; Thomason, 2006; Williams, et al., 2002). 

One study retrospectively compared retention of ICU orientation participants pre 

and post initiation of the Critical Care Nurse Fellowship Program (CCNFP) thereby 

providing a control group to determine the impact of orientation programs 

(Friedman, et al., 2011). The authors reported retention of the CCNFP group at 12 

months was significantly better those where the CCNFP was not implemented 

(78.3% vs 53.3%, x2 5.95, df 1, p=.015) (Friedman, et al., 2011). It is evident from 

the literature that orientation programs in intensive care nursing continue to be an 

important consideration for retention, particularly when attrition of novice staff has 

been traditionally high (Friedman, et al., 2011; Scott, et al., 2008; Ulrich, et al., 

2010). 

2.4.2.3 Core learning outcomes 

As previously discussed, intensive care orientation programs recruit novice nurses 

into a busy and demanding environment, with patients across a wide age group 

presenting with a diverse range of illness or injury states (Morris, et al., 2007). 

Given the potential for error associated with an inexperienced workforce (Blegen, 

2001), it is vital that professional development outcomes are evaluated 

appropriately, to ensure novice orientation program participants develop into 

competent, safe nurses. 

Reported professional development outcome measures included: self-reporting of 

knowledge and confidence (Cavanaugh & Huse, 2004; Stefanski & Rossler, 2009), 

critical thinking (Herdrich & Lindsay, 2006; Kaddoura, 2010; Messmer, et al., 2004; 

Square, 2010), pre and post-testing and clinical assessment tasks (Altimier, 2009; 

Chestnutt & Everhart, 2007; Duvall, 2009; Hall & Marshall, 2006; Herdrich & 

Lindsay, 2006; Messmer, et al., 2004; Morris, et al., 2009; Nolan & Murphy, 2006; 

Peterson & Van Buren, 2006; Square, 2010; Thomason, 2006; Wynd, 2002) and 

competency based assessments (Chestnutt & Everhart, 2007; Peterson & Van 
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Buren, 2006; Rashotte & Thomas, 2002). Many authors reported improved 

professional development in the areas of critical thinking, confidence, knowledge 

and skills (Cavanaugh & Huse, 2004; Square, 2010; Stefanski & Rossler, 2009), 

however most authors failed to describe the measurement instruments used in 

reaching these results.  

Wynd (2002) evaluated knowledge attainment in a critical care nursing course 

which included both registered nurses new to critical care and nurses preparing for 

critical care certification examination. Basic Knowledge Assessment Tool (BKAT) 

Scores (score range 0-100) from nurses participating in the critical care course 

(experimental group, n=31) were compared with a control group of medical-surgical 

nurses (n=36) at commencement, completion and six months post completion of 

the course. Scores were significantly higher among the experimental group 

participants immediately following course completion (81.22 vs 66.40, F[1, 55] = 

11.05, p< .001) and six months after course completion (80.48 vs 64.53, F[1,55] = 

20.10, p< .001), supporting the acquisition and retention of knowledge in a critical 

care course.  

Messmer, et al. (2004) also demonstrated an improvement in knowledge scores 

using the BKAT in a group of 24 graduate nurses following the “Shadow a Nurse” 

ICU program (mean pre test 66.7, post test 78.7) but did not provide the statistical 

significance of these results. Critical thinking was additionally assessed using the 

Watson and Glaser Critical Thinking Appraisal (WGCTA) (score range 0-80) and 

shown to actually decrease over the 12 month orientation period (mean pre test 

59.2, post test 55.9). Interestingly, preceptor critical thinking was also evaluated 

and showed a slight decrease in scores and lower overall scores compared to 

graduate nurses over the same period (mean pre test 46.5, post test 49.0). 

Herdrich and Lindsay (2006) also describe a nurse residency program for graduate 

nurses entering medical-surgical and cardiac/critical care areas. In particular, they 

emphasise a community of practice framework whereby graduate nurses are 

“peers in the execution of real work” (pg 58). They describe nine nurses 

participating in the cardiac/critical care program and BKAT scores improving from 
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66 to 78. Unfortunately no details relating to statistical significance are provided. 

Critical thinking was also evaluated using the WGCTA, but only an increase in 

scores of 1.5 out of a possible 40 resulted (Herdrich & Lindsay, 2006). These 

critical thinking evaluations raise the question about whether the WGCTA is the 

most appropriate instrument to use when measuring critical thinking, given that 

many argue that critical thinking is context specific, that is, one cannot teach 

general critical thinking skills, they need to be embedded within a context such as 

intensive care nursing which has its own unique knowledge and skills (McPeck, 

1990). Further to this, contemporary undergraduate nursing programs are now 

focusing on the development of critical thinking skills and as a result the most 

significant gains in critical thinking may be achieved prior to engagement in the 

workplace.  

There is clear evidence that several ICUs have developed comprehensive 

orientation programs to attract and retain nursing staff. Many of these programs 

have shown success in recruitment and short-term retention. To ensure the 

provision of safe, quality care in our ICUs, we must also ensure that the novice 

nurses recruited via orientation programs are provided with adequate specialty 

preparation for practice. ICU orientation programs are resource intensive and 

costly, therefore it is important that professional development and quality of care 

outcomes are rigorously evaluated. 

2.4.3 Factors influencing core learning outcomes 

The competencies required by critical care nurses at various levels of practice are 

a necessary consideration in relation to supporting learning in the workplace. It is a 

professional nursing responsibility to ensure that nurses have the competencies 

necessary to provide appropriate and specialised care to critically ill patients, 

however evaluation of the graduate nurses’ progress can be complicated by the 

use of competency standards as they are generally not designed for evaluation 

purposes. Despite this, basic and specialty competency standards continue to be 

used as criteria for evaluating nursing knowledge, skills and performance. 
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2.4.3.1 Basic competency standards 

Over the past 20 years in Australia there has been a significant and steady growth 

in the movement in nursing to develop sets of standards for practice known as 

competency standards (Chiarella, Thoms, Lau, & McInnes, 2008). This reflects a 

general belief that effective professionals are those who not only possess technical 

skills and knowledge specific to their discipline but who also possess generic 

competencies. The first nursing competency standards were developed in 1990 

and were designed to provide a national registration base level of nursing 

(Chiarella, et al., 2008). The Australian Nursing and Midwifery Council (ANMC) 

competency standards are organised into a number of domains, each with a series 

of corresponding statements or descriptors (Australian Nursing and Midwifery 

Council, 2005). These descriptors or sub-headings are described in some of the 

Competency Standard documents as elements, and each element has a 

corresponding number of cues by which it can be identified on observation or 

questioning (Chiarella, et al., 2008). The ANMC outlines four domains for 

Registered Nurses: professional practice; critical thinking and analysis; provision 

and coordination of care; and collaborative and therapeutic practice (Australian 

Nursing and Midwifery Council, 2005) 

Whilst the ANMC National Competency Standards for the RN have provided a 

clear statement of what is considered to be important in competent performance in 

nursing, arguments have been presented regarding the broad nature of the 

competencies and their subsequent difficulty with assessment (Pearson, 

Fitzgerald, Walsh, & Borbasi, 2002; Sutton & Arbon, 1994). The Australian Nursing 

Council (1994) state that nursing is a complex array of practices and, because of 

this, competency statements need to be broad in vision to encompass the potential 

complexity of nursing practices (Cowin, et al., 2008). As such, the competency 

standards have been proposed as being adaptable to the range of positions and 

practices that nurses may encounter across their working lives. Billett (2001a) 

however, argues that there is little evidence that competencies alone are able to 

deliver the kinds of outcomes claimed, that is safe competent practitioners. He 

further proposes that it is far less likely that generic competencies alone, such as 

those in nursing, will be generative of effective problem-solving within a particular 
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domain on knowledge, let alone the particular requirements of the setting in which 

the nursing is practiced (Billett, 2001a; Billett, S., personal communication, October 

27, 2011). Perhaps, the value of the ‘generic’ competency standards has been 

weakened by the growing understanding about the situated character of learning 

and knowledge and skill acquisition. Indeed, this idea aligns with Lave and 

Wenger’s (1991) theory that expert performance is highly situational because of a 

range of local factors that are needed to achieve effective performance within a 

particular workplace. Despite Billett’s (2001a) criticisms of generic competency 

statements for professions, he does advocate a concept of canonical knowledge. 

Billett (2009) suggests there is a need to develop the canonical knowledge of each 

profession, that is, the knowledge required by all who practice that profession. 

Futher to this, he suggests a requirement for this knowledge to be learnt in ways 

that make it more adaptable to the practices that graduates will encounter during 

their education and directly upon graduation in particular practice settings (Billett, 

2009). However, what Billett does not clearly propose, is a system for which 

canonical knowledge could be described and conveyed. The overarching concern 

of the competency standards for PICU nurse educators is how a graduate nurse 

employed directly into a specialty area would align with these standards. 

2.4.3.2 Critical care competency standards 

Competencies specific to nursing specialties are also being developed, which 

provide the opportunity to identify aspects of competency standards that nurses 

perceive as unique to their particular specialty of work. Since 1996 there have 

been several published research based articles examining critical care nursing 

competency requirements (Ääri, Tarja, & Helena, 2008; Dunn et al., 2000; Fitch et 

al., 1996; Scribante, Muller, & Lipman, 1996; Underwood et al., 1996). The most 

extensive of these studies was conducted by the Australian College of Critical Care 

Nurses (ACCCN)(formerly Confederation of Australian Critical Care Nurses), who 

organised a committee to identify and develop competency standards for 

Australian critical care nurse specialists. The standards, which are now called the 

ACCCN Competency Standards for Specialist Critical Care Nurses (Australian 

College of Critical Care Nurses, 2002), have been adopted nationally by critical 

care nurses or their organisations. The standards consist of quality statements and 
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serve as a model to facilitate and promote what ACCCN define as optimal

achievable critical care nursing practices. The ACCCN standards are thus intended 

as a guide for the best possible total care of the critically ill patient and provide 

goals for nurses to work toward, rather than representing basic standards for safe 

practice. Whilst the competency standards were never intended to be used to 

directly assess clinical practice, anecdotally many would consider them useful in 

defining optimum performance. Fisher, Marshall and Kendrick (2005) examined 

how well the elements and competency statements that comprise the competency 

standards adequately measure the construct of competence in critical care. They 

found that statistically there was no support for the current structure of the ACCCN 

competencies because the elements did not fit uniquely to a single competency, 

but were multidimensional and loaded across several competencies. That is, 

variables within the set did not form coherent subsets that were relatively 

independent of one another. This study reinforced the argument that the ACCCN 

competency standards were not intended as an instrument to assess critical care 

nurses’ work skills and knowledge (Australian College of Critical Care Nurses, 

2002).  

Another concern with the critical care competency standards, similar to those 

raised with generic competency standards, is the broad notion with which the 

standards are written (Chiarella, et al., 2008; Sutton & Arbon, 1994). In this sense, 

it could be argued that the knowledge and skills unique to PICU nursing are not 

detailed and therefore require further consideration. However, this seems a 

redundant exercise. Again, the purpose of competency statements is to provide a 

clear statement of what is considered to be important in competent performance in 

critical care nursing (Pearson, et al., 2002), and the ACCCN competency standards 

clearly outline these. Of more benefit, is likely to be an additional description of the 

knowledge and skills unique to a particular critical care practice setting (Eg. PICU, 

NICU). 

2.4.4 Implications for PICU orientation programs  

Over the past two decades, one of the central concerns for critical care nursing has 

been the need to define basic competencies (Boyle, 1998; McGaughey, 2004; Toth, 
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1984; VandenBerg, 1993). These competencies are required, not only to define 

what constitutes safe practice, but also to guide orientation programs for graduate 

nurses and those new to the specialty. Some would argue that competencies are 

grounded in the application of core knowledge and skills in the critical care setting 

(Benner, 1983; Billett, 2001a, 2009; Zhang, Luk, Arthur, & Wong, 2001). Again, this 

canonical knowledge and skills appears then to be a necessary, but not sufficient 

condition for safe practice. 

There is a lack of an agreed-upon definition of canonical knowledge and skills 

which can also result in the practice of individual nurse educators customarily 

deciding what to include in orientation programs and then administering tests to 

measure the content that was presented. As a result of the ad hoc nature for 

deriving test content, knowledge tests may omit some basic items while including 

others that measure more advanced knowledge or skills. Canfield (1982) identified 

that while some lists of competencies had been generated by various individuals 

and groups, the competencies per se had not been derived through research. 

Canfield (1982) examined the clinical competencies necessary for beginning 

practitioners of critical care nursing as perceived by university and clinical nurse 

educators. The findings indicated that nurses from university and clinical nursing 

education did not agree about which clinical competencies are necessary for 

beginning level practitioners of critical care nursing. Boyle, Butcher and Kenney 

(1998) also identified the need to define the minimum standard of safe and 

effective practice for Australian intensive care nursing practice. These authors 

developed a critical care questionnaire based on competency statements and 

objectives from a hospital orientation program using the Delphi process and 

established a list of competency-objectives for critical care beginning level practice 

for the Australian adult intensive care setting. This was seen as a step forward in 

the determination of beginner to competent level intensive care nursing practice, 

however no further work has been published in this area and these objectives have 

not been endorsed by ACCCN, the peak professional critical care association in 

Australia. No similar work of this nature has been undertaken to establish minimal 

or optimal standards for paediatric intensive care nursing in Australia or New 

Zealand. 
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Central to the issue of PICU nursing orientation is the debate surrounding 

competence, its definition and how best to link competence development to 

standards (Boyle, 1998; Chiarella, et al., 2008; Hager & Gonczi, 1991; Scholes & 

Endacott, 2003). Furthermore, there is little hard evidence that the methods and 

instruments currently used to assess competence are robust. In general, 

behaviouristic (ie. focuses on tasks and skills) and holistic approaches (ie. broad 

clusters of abilities and attributes) to competence assessment are compared but 

each of their purported assessments of competence are met with criticism 

(Flanagan, Baldwin, & Clarke, 2000; Redfern, et al., 2002; Watson, Stimpson, 

Topping, & Porock, 2002). What is almost unanimously agreed upon is that no 

‘gold standard’ exists for the measurement of competence and that as a result, a 

multi-method approach to assessment is advisable (Mahara, 1998; Murrells, 

Robinson, & Griffiths, 2009; Redfern, et al., 2002; Watson, et al., 2002). 

There is some evidence to suggest that for graduate nurses, teaching efforts 

should be concentrated on particular aspects of their daily work, in particular 

patient care. A unique study of performance evaluation of novice nurses in the 

Netherlands (n=92) demonstrated that immediately after entering employment, a 

novice’s competence in clinical care specific activities contributed more to a 

positive performance evaluation than performance in non-clinical activities 

(Molleman & van der Vegt, 2007). Additionally, novices showed a greater 

improvement in their clinical care competence than their non-clinical competence 

during the first 18 months of socialisation (Molleman & van der Vegt, 2007). What 

this appears to demonstrate is that novice nurses, whilst provided with both clinical 

and non-clinical components to their workplace learning, focus on clinical care 

activities as gaining self-confidence in these activities would reduce uncertainty 

and enhance feelings of self-confidence. Furthermore, it seems reasonable that it 

is particularly the clinical elements of care that contribute directly to ward 

performance with respect to the primary task, that is, patient care. Molleman and 

van der Vegt (2007) do not by any means suggest that non-clinical elements of 

nursing are unimportant but infer that once novices have shown competence in 

clinical care, they will then have the leeway to demonstrate competence in non-

clinical nursing activities. 
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In a qualitative study, Little (1999) reports of technical mastery (of nursing 

activities) as a means of caring, with critical care students identifying it to be the 

necessary foundation to the development of clinical practice and thus a major 

means to becoming competent (Little, 2000). Both of these studies support 

Marsick’s (1987) ‘technical paradigm’, whereby the acquisition of knowledge and 

skills are the most dominant elements in learning and teaching. It follows, that it 

would be useful to describe the knowledge and skills required for patient care by a 

graduate nurse at the completion of an orientation program, clinical canonical 

knowledge in a sense, and to test the assessment of performance against these 

instead of competency standards. McKane (2004) supports a similar concept in her 

description of clinical objectives and their use in critical care orientation programs.  

2.5 Evaluation of learning outcomes in orientation programs 

Evaluation is vital to good practice in delivering a cycle of continuously improving 

education in nursing (Lambert, 2012; O'Shea, 2002). As with any educational 

program, systematic program evaluation is also required for orientation programs 

to measure educational effectiveness and public accountability (Pross, 2010). The 

greatest effect of orientation program evaluations lies in the ability to demonstrate 

the transference of learning to the bedside. Other primary reasons for evaluating 

are (1) to measure the achievement of learning outcomes, (2) to justify the 

existence of the organisational learning function, (3) to decide whether to continue 

or discontinue specific learning opportunities. Secondary reasons for evaluating 

include meeting accreditation/approval requirements, accounting for funds, making 

administrative decisions, and assisting in program development (O'Shea, 2002). 

Whilst nurse educators recognise many reasons for evaluating their orientation 

programs, often issues arise with its execution. These issues include, but are not 

limited to, time, finances and understanding of evaluation systems.  

2.5.1 Models of evaluation 

The academic literature outlines several models of evaluation for education which 

can be applied to nursing, many of which have a similar framework (See Figure 1). 

A commonly utilised model of evaluation is Kirkpatrick’s (1959) ‘Four stage 

evaluation’; the first stage of which measures the reactions of the learner – what 
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their thoughts were about the input. The second level rates the increase in their 

knowledge or capability. The third looks at behaviour change and the fourth stage 

gauges the effect on the environment that results from the participant’s ‘improved’ 

performance. A similar model is that of Koppel, Barr, Reeves, Freeth, and Hammick 

(2002), which also outlines four levels of evaluation. Koppel, et al. (2002) adds to 

knowledge and capability when assessing learning by proposing that change in 

learner perception and attitudes can also be assessed. Further, Koppel, et al. 

(2002) evaluates the fourth level ‘Results’ to a greater depth by suggesting an 

evaluation of organisational change and direct benefit to patients, not just  an 

improvement in learner performance. 

Wilson, Crockett & Curtis (in O'Shea, 2002) describe another similar model for 

evaluation, however also offer a fifth level describing return on investment, 

whereby net program benefits and costs are detailed and analysed. Abruzzese 

(1996) similarly proposes a model with five levels of evaluation. In this model, the 

fourth level of impact evaluation incorporates all organisational outcomes 

attributable in part to the learning experience, including cost-benefit analyses and 

patient benefits. Abruzzese (1996) reserves the fifth level of the model for total 

program evaluation, which can be easily demonstrated by periodic reporting to 

management about costs, participants, curriculum, and activities. While total 

program evaluation is described as an individual level of the Abruzzese (1996) 

model, it would seem appropriate that evaluations occurring across any level 

should be reported to management, who would almost likely be supporting the 

education program. While this fifth level is part of an evaluation model, it appears 

more process related than outcome related. 

The Kellogg Foundation (2001) describe a slightly different model whereby the type 

of evaluation related to curriculum, teaching, and learning is described by the type 

of outcome (short, medium and long-term). In this model, learning is described as a 

short-term outcome, and incorporates knowledge, skills and attitudes. Action is 

detailed as a medium-term outcome and includes changes in behaviour, practice 

and decision-making. Long-term outcomes are described as changes in conditions, 

namely social, economic and environmental (Kellogg Foundation, 2001). 
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Interestingly, learner satisfaction with the process is not regarded as an important 

outcome. 

Miller’s pyramid (1990) is also often cited as a useful model of knowledge and skills 

acquisition with respect to assessment in health professionals’ education (See 

Figure 1). Miller (1990) described a pyramid with various layers describing the use 

of knowledge, with cognitive knowledge at the base as the foundation upon which 

all other important aspects of learning in nursing rest. This is the ‘knows’ level of 

essential factual knowledge, the knowledge of biological processes and scientific 

principles on which most of the more complex learning rests. Knowledge is 

therefore the essential prerequisite for most all other types of learning. One level 

above ‘knows’ we find the ability to apply knowledge in concrete situations (‘knows 

how’). This means that knowledge can be activated and used to tackle problems 

and follow arguments, but only at the cognitive level. It also indicates a learner’s 

ability to manipulate knowledge in some meaningful way, to apply this knowledge, 

and to be able to demonstrate some understanding of relationships between 

concepts and principles. 

These first two levels of the Miller pyramid are concerned with knowledge that can 

be verbally described, rather than on ‘doing’, and therefore somewhat dictate the 

types of assessment methods used. The next level up represents the ability to use 

this knowledge to perform concrete actions but in a controlled setting (‘shows 

how’). At the top of the pyramid we find nursing performance in day-to-day practice, 

in which the learner brings together all their collected cognitive knowledge, skills, 

abilities, and experience into a performance in the real world (‘does’). Whilst 

Miller’s pyramid (1990) covers elements essential to learning, Kirkpatrick’s (1959) 

and other similar models have implications beyond being able to perform in the 

clinical setting (ie. benefits to patients and organisation). Miller (1990) is able 

however, to tease out the intricacies of learning and behaviour into four stages of 

learning outcomes.  

Regardless of the model described, each evaluation stage can be time consuming 

and problematic to assess. As a result, a large proportion of educational 
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interventions are assessed by easier generic satisfaction questionnaires, which are 

rated as a lower level of evaluation on most models (See Figure 1.) (Abruzzese, 

1996; Kirkpatrick, 1959; Koppel, et al., 2002). Some orientation programs provide 

evidence of cost-benefit ratios (Altimier, 2009; Friedman, et al., 2011; Hall & 

Marshall, 2006; Morris, et al., 2007; Morris, et al., 2009; Square, 2010), however 

there is no accommodation within these analyses for individual and organisational 

practice change (that is, Level 4, Figure 1). 

Whilst it is not necessary to evaluate every educational offering at all levels, it 

would seem important however to include all of the supportive levels up to the level 

chosen. For example, an evaluation of outcomes may be undertaken but does not 

include an evaluation of learning. If the outcome evaluation shows little 

improvement, then a major question remains unanswered: is the lack of 

improvement due to failure of participants to learn or to difficulty in the transfer or 

application of learning? It would appear then, that assessment of learning is crucial 

to the evaluation of any educational intervention outcome, particularly when the 

aim is a change in practice, organisational change and benefit to patients. Further, 

all models outline the importance of the various levels of evaluation but offer little in 

terms of how to best go about achieving this. It is possible, that the paucity of 

evidence in this area is due to a lack of valid and reliable measures of educational 

interventions, processes and outcomes (Attree, 2006). In particular, evaluation of 

learning and its associated measurement instruments are subject to critical debate. 

2.5.2 Instruments for evaluating learning 

As described in many evaluation models (see Figure 1), content evaluation 

measures the degree to which learners have learned the information imparted 

during the learning experience (Abruzzese, 1996). The purpose for evaluating 

knowledge, skill or affect is to determine whether learners have achieved the 

objectives of the learning experience, which generally include some or all of these 

aspects. Therefore the measurement instruments used in content evaluation need 

to relate to the objectives and are usually criterion-referenced, whereby learner 

performance is referenced to a preset criteria as opposed to comparisons with 

other learners (norm-referenced). The measurement instruments used for 
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evaluation of learning reflect the purpose of the evaluation. It has been suggested 

that almost all of the assessments used within health profession education can be 

classified into one of four categories: written tests, performance tests, clinical 

observation methods, and a broad miscellaneous category containing portfolios 

and oral exams amongst others (Downing & Yudkowsky, 2009). Whilst each 

method of assessment has its own advantages and disadvantages, no one test 

format provides exhaustive information for judging staff development or 

performance (Huggins, 2004). The following sections discuss four of the most 

commonly used instruments for evaluation of learning in the clinical environment 

and where they assist with the previously discussed levels of evaluation. 

2.5.2.1 Written tests 

Written tests are most often and most appropriately used to assess knowledge 

acquisition and to provide feedback on learning or to measure the sufficiency of 

learning in order to proceed in a curriculum (Downing & Yudkowsky, 2009). As such 

they reflect Level 2 of the evaluation models depicted in Figure 1 and the ‘knows’ 

and ‘knows how’ levels of Miller’s pyramid (1990). There are two major types of 

written tests: constructed-response tests (for example, fill in the blanks, short and 

long answer essays) and selected response tests (for example, multiple choice 

questions). While the constructed response format is probably the most widely 

used world-wide, the selected response format has been argued as the true 

‘workhorse’ of the testing world (Downing & Yudkowsky, 2009). Given the 

frequency of use and impact of multiple choice questions (MCQs), these are now 

detailed further. 

MCQs are used to measure knowledge acquisition as an endpoint in education and 

are credited with a number of advantages (Brady, 2005). MCQs are most effective 

at testing large knowledge domains broadly, so that the test is a representative 

sample of the total content domain, thus increasing the content-related validity 

evidence and permitting valid inferences to the whole of the content domain 

(Downing & Yudkowsky, 2009). MCQs are objective, so variation in marking due to 

subjective factors is eliminated. Because of their lack of subjective factors, MCQ 

tests are also easy to mark, although the questions themselves still have to be 
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scrutinised for bias. Ease of marking is likely to be a significant advantage for busy 

educators (Downing & Haladyna, 2006; Haladyna, 2004) and MCQs may often for 

this reason be chosen as appropriate evaluation tools. In addition, measurable 

comparisons within and between assessments can be made over time to assess 

changes in an individual’s or group’s learning. Sound psychometric theory, with a 

large research base and lengthy history, underpins MCQ testing (Downing & 

Yudkowsky, 2009). This research base includes empirical studies supporting 

principles of effective item writing (Haladyna, et al., 2002). Nevertheless, there are 

a number of potential disadvantages associated with MCQs, and these also need 

to be considered before selecting them as the method of choice for assessment of 

learning and knowledge. Random guessing is raised as a concern (Brady, 2005; 

Downing & Haladyna, 2006; Haladyna, 2004; Osterlind, 1998), however, with well 

written items and appropriate difficulty, this can be minimised. 

In designing any test, developers also need to be aware of the population and the 

construct being measured (Downing & Haladyna, 2006). In the case of measuring 

the knowledge of paediatric intensive care nurses, the MCQs must measure all 

constructs of knowledge in paediatric intensive care nursing while also allowing a 

nurse to undertake the test in a time-efficient manner. Criticisms have also been 

levelled at the MCQs and their inability to assess higher cognitive functions such 

as problem solving and critical thinking. Several argue that well written MCQs are 

indeed able to assess higher cognitive functions (Brady, 2005; Downing & 

Yudkowsky, 2009; Haladyna, 1997; Morrison & Free, 2001; Morrison, Nibert, & 

Flick, 2006; Su, Osisek, Montgomery, & Pellar, 2009), suggesting that highly 

discriminating questions with plausible alternative answers are essential for 

measuring higher order learning outcomes. Downing and Yudkowsky (2009) further 

suggest the use of ‘testlets’ or context-dependent item sets for assessing higher 

cognitive  functions. Testlets consist of a scenario providing a detailed clinical 

description of a patient, which is used for two or more independent questions, and 

permit a more in-depth probing of a specific content area (Downing & Yudkowsky, 

2009; Oermann & Gaberson, 2009). For scenarios, good problem situations are 

those that most closely reflect real life. Therefore, scenarios should be derived 

from the types of patients that PICU nurses care for, and the nursing cares and
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activities most frequently undertaken with these patients. 

Some ICU orientation programs list the American Association of Critical Care’s 

Essentials of Critical Care Orientation (or its paediatric version) as containing MCQ 

tests for evaluation purposes, however minimal details are provided regarding the 

test construction and inherent reliability and validity (American Association of 

Critical-Care Nurses, 2010, 2011; Chestnutt & Everhart, 2007; Friedman, et al., 

2011; Kaddoura, 2010; Morris, et al., 2007; Peterson & Van Buren, 2006). The 

Basic Knowledge Assessment Tool for Pediatric Intensive Care Nurses (PEDS-

BKAT4) is the only existing independent assessment instrument for the PICU 

population (Runton & Toth, 1998). The PEDS-BKAT4 is a 100 item test which 

measures basic knowledge in paediatric intensive care nursing (Runton & Toth, 

1998). The 100 items measure content related to the following areas of practice: 

cardiovascular, monitoring lines, pulmonary, neurology, endocrine, renal, 

gastrointestinal/parenteral, and other. The PEDS-BKAT4 contains 96 multiple 

choice and four short answer questions that measure both the recall of basic 

information and the application of basic knowledge in practice situations. The 

instrument was originally tested on 105 PICU nurses across six USA states and 

found to be reliable (internal consistency) with a Cronbach’s coefficient alpha of 

0.86 (Runton & Toth, 1998). They reported a mean score of 78.9 (SD=9.9) out of a 

possible total of 100. 

Since the PEDS-BKAT4’s development in 1998, there has been no further reported 

reliability or validity testing. Considerable differences exist in the educational 

content and practices between North American and Australian and New Zealand 

paediatric intensive care settings, which indicates a potential for a difference in 

testing. For example, there is a significantly higher percentage of patients with 

sickle cell disease in the United States of America, especially when compared to 

less than one percent of the PICU population in Australia and New Zealand 

(Australian and New Zealand Intensive Care Society, 2010), warranting its 

inclusion in their paediatric intensive care education and credentialing processes 

(American Association of Critical-Care Nurses Certification Corporation, 2011). 

Additionally, nurses in Australia and New Zealand are responsible for any airway 
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and mechanical ventilation management, whilst in America a Respiratory Therapist 

often assumes the responsibility. Therefore, the appropriateness of the PEDS-

BKAT4 in providing valid and reliable data when measuring knowledge for local 

Australian and New Zealand nurses is questionable, particularly in light of previous 

studies which have demonstrated that setting is a key factor in determining 

instrument validity (Schaller & James, 2005).  

Long, Young, Rickard, and Mitchell (2012) found that the PEDS-BKAT4 was not a 

reliable and valid measure of basic PICU nursing knowledge in the Australian and 

New Zealand context. Using a panel of 10 experts, representing nursing education 

from each PICU in Australia and New Zealand, the content validity of the PEDS-

BKAT4 was .71, with 43% of items having a content validity of less than .8. These 

results indicate that validity of the PEDS-BKAT4 may be uncertain in the Australian 

and New Zealand setting and should be used with caution (Long, et al., 2012). 

Seven percent of items were written at higher-order thinking levels and 35% of 

items contained item-writing flaws when assessed against four levels of cognitive 

behaviour (Haladyna, 1997) and evidence-based item writing guidelines 

(Haladyna, et al., 2002), also highlighting limitations with the development of the 

test. Further to this, the authors administered the PEDS-BKAT4 to 36 nurses 

undertaking a postgraduate PICU course (Long, et al., 2012). These nurses scored 

lower than those reported by Runton and Toth (1998) with a mean score of 60.8 

(SD=9.6). It was suggested that some of these results reflected variations in 

practice and therefore further research into the knowledge and skills of paediatric 

intensive care nurses in Australia and New Zealand would be extremely useful 

(Long, et al., 2012) (see Appendix A). 

2.5.2.2 Performance tests 

The term ‘performance test’ is the generic term used to describe many types of 

formal testing with the primary purpose of measuring what learners can do, rather 

than simply what they know (Downing & Yudkowsky, 2009). Simulated or 

standardised patient scenarios or objective structured clinical examinations 

(OSCEs) are some methods utilised for both teaching and assessment and now 

comprise a major category of performance testing in nursing (Downing & 
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Yudkowsky, 2009). A performance test is designed to elicit performance on an 

actual or simulated real-life task and invites the learner to demonstrate the 

behaviour to be assessed. Thus a performance test is an in vitro assessment, 

which in Miller’s (1990) model equates to the ‘shows how’ level or similar to the 

behaviour level (Level 3) of program evaluation models (Kirkpatrick, 1959; Koppel, 

et al., 2002) (See Figure 1.).  

Performance tests provide the opportunity to observe learners in action as they 

respond to complex challenges, while controlling when, where, how and what will 

be tested (Downing & Yudkowsky, 2009; Oermann & Gaberson, 2009). Simulated 

options can provide a high degree of control over the examination setting, allowing 

standardisation across all learners and a systematic sampling of the domains to be 

assessed (Kane, 1992; Mahara, 1998) and allows educators to ensure that 

learners have reached a minimum level of achievement before they are allowed to 

work with real patients (Cant & Cooper, 2010). Checklists and rating scales are 

often used to convert the learner’s behaviour during the evaluation in an attempt to 

reduce subjectivity (Downing & Yudkowsky, 2009; Hanley & Higgins, 2005a; 

Redfern, et al., 2002). Performance tests provide unique opportunities for 

feedback, coaching and debriefing, thus facilitating deliberate practice and the 

development of skills and expertise (Cant & Cooper, 2010; Clay, Que, Petrusa, 

Sebastian, & Govert, 2007). 

Disadvantages of performance tests are related to the complex logistics and 

difficulty of realistically modelling clinical tasks; simulations, particularly high fidelity, 

are expensive, and the need for multiple scenarios increases the resource cost in 

terms of both money and time (Downing & Yudkowsky, 2009). Because 

performance evaluations are often described in terms of those actions and tasks 

that can be observed and evaluated, they can be limited to technical aspects of 

clinical practice, such as psychomotor, physical assessment, and communication 

behaviours (Kane, 1992; Mahara, 1998). Given some limitation of evaluation to 

technical skills, Mitchell, Henderson, Groves, Dalton, and Nulty (2009) described 

the OSCE process as particularly relevant to undergraduate nursing programs, 

where assessments often consist of compartmentalised exercises.  
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While OSCEs have been predominantly reported in undergraduate programs, they 

are emerging as a useful instrument for evaluation in intensive care. Hanley and 

Higgins (2005a)  detail a clinical competence assessment instrument, whereby the 

OSCE is one of a combination of evaluations during a Higher Diploma in Critical 

Care Nursing course in the United Kingdom. Although Hanley and Higgins (Hanley 

& Higgins, 2005b) provide a qualitative evaluation of the clinical competence 

assessment instrument by students, they do not describe how the OSCEs are 

undertaken as part of the program. As an overall grade, students do not receive a 

pass/fail, but a grading against Benner’s (1984) levels of skill acquisition (needed 

to achieve advanced beginner midway through the programme and competent 

upon completion). Hanley and Higgins (2005b) comment that this system of 

grading was useful as a yardstick for development of learners with limited intensive 

care exposure but acted as a de-motivator for students who could demonstrate 

proficiency or expertise in some skills.  

Baid (2011), on the other hand, describes the use of OSCEs in an intensive care 

program, whereby they contribute to 25% of marks for each subject or body system 

covered. In her paper, Baid (2011) clearly depicts three OSCE stations for learners 

to rotate through with a maximum of 15 minutes per station. Additionally, she 

outlines the extensive organisation and time required for the OSCEs to run 

successfully. With the intensive care patient being more complex, she also portrays 

some inherent difficulties in reproducing the reality of a sedated, ventilated patient 

without the use of expensive high-fidelity simulation. Both of these papers 

presented (Baid, 2011; Hanley & Higgins, 2005b) outline OSCEs for intensive care 

nursing but have occurred in the tertiary academic setting, where several stations 

are potentially set up for each course subject or body systems area. Working on 

this formula, it is possible that up to 20 OSCE stations would be required to assess 

components of all body systems in order to assess all major aspects of PICU 

knowledge and skills. Further to this, a systematic process to deciding which skills 

to assess would be required and some suggest an integrative assessment is 

preferable over the segmented approach (Nulty, Mitchell, Jeffrey, Henderson, & 

Groves, 2011). 
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Lovegrove and Hatfield (2011) illustrate a different method of performance 

evaluation with the use of a ‘skills inventory’, which comprised of a defined number 

of individual skills specific to the intensive care environment. The skills assessed 

were selected and designed by senior clinical nurses and educators for their 

relevance to practice. Templates were created for each skill and the underpinning 

knowledge and practice components were clearly defined.  To avoid grading at 

pass/fail, four key features of practice were identified for grading with an 

associated weighting of percentage marks: professional conduct (15%), 

performance of skill (35%), knowledge and comprehension (35%), and reflection 

on and evaluation of practice (15%). Whilst this skills inventory is also used as part 

of a tertiary academic program, this method described is different in that the 

assessment is undertaken by clinical staff in the intensive care environment. 

Therefore the scenario is not simulated but with real patients, albeit under 

controlled circumstances. Lovegrove and Hatfield (2011) suggest that the skills 

inventory offers advantages to OSCEs in that they occur in real practice and avoid 

the costs involved in simulation and the complexities of simulating intensive care 

patients. Unfortunately, Lovegrove and Hatfield (2011) only describe the ‘skills 

inventory’ and its useability and no data is provided to support its reliability and 

validity. 

2.5.2.3 Clinical observation 

The principal purpose of observational assessments of learner behaviour in 

nursing is to describe what they are doing. Learners are evaluated in a clinical 

context, embedded in the patient care environment where educational objectives 

are blurred by clinical priorities (Downing & Yudkowsky, 2009). Clinical 

observations of learners differ significantly from performance tests where scenarios 

are either simulated or testing on real patients is controlled and limited to a specific 

skill. Clinical observation is then an in vivo assessment, at Miller’s (1990) fourth 

level ‘does’ (See Figure 1). Again, it remains limited to the third level of program 

assessment outlined by Kirkpatrick (1959) and others, as it still assesses 

behavioural results, not patient or organisational outcomes. 
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Several authors have described clinical observation as an interpersonal and social 

activity and as such is subject to all the pitfalls of human relations: subjectivity, 

false impressions, ageism, racism, sexism, rumour, grudge and misinterpretation to 

name a few (Downing & Yudkowsky, 2009; Eraut, 1998; Kane, 1992; Lovegrove & 

Hatfield, 2011). The goal then, is to reduce these potential sources of bias in 

observational assessments so that learner evaluations remain uniform, fair and 

impartial. One way of minimising these biases is to use a group of observers, 

compared to one-on-one assessments (Downing & Yudkowsky, 2009; Kane, 1992).   

In a systematic review of the nursing literature, Robb, Fleming and Dietert (2002) 

found that a variety of approaches have been used to identify aspects of the 

nursing role and to assess clinical performance using written qualifiers of expected 

nurse behaviours and competency statements. Despite research occurring over 

the last 50 years and a variety of instruments being developed, none have met with 

universal approval (Robb, et al., 2002). As the role of the nurse has changed 

significantly over this time, some of the content of these instruments may also now 

be out of date. More recently, Gill, Leslie and Southerland (2006) evaluated a 

clinical performance assessment tool (CPAT) for postgraduate intensive care 

nursing students, which was based upon the ACCCN competency standards. The 

CPAT was developed to facilitate a move from psychomotor skills based 

assessment to a continuous competency assessment; however some students and 

assessors found difficulty in this practice change.  

Various difficulties reported were: broad, overlapping and repetitive competency 

statements; inconsistencies with rating of students (interrater reliability); and the 

rating scale lacking clarity. The researchers were able to triangulate the results of 

their project findings and the results of Fisher, et al. (2005) to undertake substantial 

refinement and modification of the CPAT for clinical use. This included removing 

Benner’s novice to expert rating scale and changing to a rating of competent/not 

competent. More education was also provided to assessors on the CPAT rating 

scales and competency descriptors through workshops and packages. Whilst this 

study outlines the merits from a more holistic evaluation of clinical practice, 

compared to measurement of specific psychomotor skills, it does demonstrate the 
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difficulties inherent in evaluating through clinical observation and utilising 

competency standards as descriptors of performance.

2.5.2.4 Miscellaneous assessment methods 

This miscellaneous category includes many different types of assessments 

traditionally used in health professions education settings that cannot be otherwise 

categorised as a written test, clinical observation or performance test. These are 

methods such as formal oral exams, less formal bedside orals, portfolios of 

experiences, vivas and some other traditional variations (Downing & Yudkowsky, 

2009). There are some strengths associated with these non-standardised 

assessment methods, but because of the pervasive subjectivity associated with 

such methods the threats to validity are strong (Downing & Yudkowsky, 2009). As 

portfolios are more commonly used in nursing, this method of evaluation will be 

explored further. 

A portfolio in nursing is not simply a collection of work samples or a record of 

activities (Downing & Yudkowsky, 2009). The distinctive aspect of a portfolio is the 

reflective component, an opportunity for the learner to provide a commentary on 

the included items and explicate their meaning to the reader (McCready, 2007). As 

such it is a unique and individual creation and a dynamic record of personal and 

professional growth. The contents of a portfolio depend on its purpose. As a vehicle 

to promote reflection, a learning portfolio may include private, reflective responses 

to learning experiences, including reflection on errors and mistakes (McCready, 

2007). These reflections may be reviewed and discussed with a mentor, tutor or 

peers for the purpose of assessment and feedback. Portfolios are especially suited 

to providing evidence for the achievement of competencies that are difficult to 

observe directly in controlled circumstances at a single point in time (McCready, 

2007). In addition, the process of selecting and justifying ‘best work’ for an 

assessment portfolio allows the learner to demonstrate aspects of professionalism 

such as the ability to reflect on and self-assess one’s own work, and implies a deep 

understanding of the characteristics and criteria that determine the quality of the 

work (Downing & Yudkowsky, 2009). The primary challenge associated with 

assessment portfolios is how to objectively move from a collection of evidence to a 
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single summative score or decision. For this reason, and others, portfolios are best 

used as one part of a comprehensive assessment system (Downing & Yudkowsky, 

2009; McCready, 2007; Redfern, et al., 2002). 

McCready (2007) conducted a systematic review of the literature pertaining to 

portfolios and the assessment of competence in nursing. She found that portfolios 

had the ability to engage learners in self-directed learning and reflection, more so 

in postgraduate students than undergraduate students. This reflects the work done 

by Daley (1999) who found that novice nurses were unaware of their own learning 

processes and expert nurses tend to be more constructivist and self-directed, 

suggesting that more advanced learners are likely to benefit from portfolios. 

Although Hanley and Higgins (2005b) use of portfolios was with postgraduate 

intensive care nursing students, they found its utilisation was poor by students and 

seen by most as a ‘filing space’ for assignments. The researchers proposed this 

could be related to a lack of instruction and meaning for students, an issue also 

identified by McCready (2007). Importantly, in the light of limited data to support the 

reliability and validity of portfolios, McCready (2007) emphasises that qualitative 

approaches to evaluating portfolios may be more useful. 

2.5.3 Considerations for evaluating learning 

As teaching, learning and evaluating are intimately related, any evaluation must be 

closely aligned with the curriculum and provide adequate, timely and meaningful 

feedback to nurses wherever possible. Just as we provide nursing orientees with 

many different types of learning experiences from classroom to clinical setting, we 

must also utilise multiple methods to evaluate their learning across all aspects of 

intensive care nursing (Mahara, 1998; Murrells, et al., 2009; Redfern, et al., 2002; 

Watson, et al., 2002), from ‘knows’ to ‘does’ (Miller, 1990) and patient benefits 

(Koppel, et al., 2002). Combining multiple methods of evaluation adds breadth and 

depth to determining safe, competent practice (Mahara, 1998). 

2.5.3.1 Implications for paediatric intensive care nursing 

OSCEs, simulation, and CPAT assessments are all reported as successfully 

implemented in the literature for specific clinical objectives, however they are 
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inadequate or inappropriate if a broad range of knowledge and skills need to be 

assessed. Written tests, particularly MCQs, can be extremely valuable for 

assessing knowledge acquisition that is prerequisite for problem solving, decision 

making and critical thinking required in competent, safe practice. This method of 

assessment has unfortunately received minimal attention in the paediatric intensive 

care literature, possibly as a result of time and energy required to develop and 

evaluate the tests. 

Many written tests of knowledge and skill for nursing and other health professions 

are now professionally produced by testing experts and large testing agencies 

using major resources to ensure the defensibility of the resulting test scores and 

pass-fail decisions. These examinations are often referred to as high-stakes 

examinations and imply important consequences for the test taker. Passing a high-

stakes examination has important benefits, such as a license to practice, and, if 

one fails, important disadvantages like being unable to find employment. As a 

result, every element of such tests must be of extremely high quality, with solid 

research-based evidence to support the validity of subsequent interpretations. 

Whilst many locally produced written tests of knowledge acquisition in staff 

development programs are low- to moderate-stakes, whereby there are fewer 

consequences for low performance, the quality of these tests should not differ. 

Perhaps then, the high-stakes examination process could serve as a useful 

foundation for the construction of an evaluation of learning in PICU graduate 

nurses. 

2.5.3.2 High stakes examinations 

High stakes examinations have often been used for assessment of knowledge, 

skills and attributes in nursing. The well-known NCLEX-RN is a high-stakes, 

psychometrically sound and legally defensible examination that all USA state 

boards of nursing use to measure entry level general nursing competence 

(National Council of State Boards of Nursing, 2003; Smith & Crawford, 2003, 

2004). Further to this, many specialty areas in nursing (for example, American 

Association of Critical Care Nurses acute and critical care nursing certification 

programs) use high stakes examinations for licensure or credentialing purposes 



85

(Baghi, Panniers, & Smolenski, 2007; Becker, Kaplow, Muenzen, & Hartigan, 2006; 

Chase, 1988; Fabrey & Walla, 2004; McShane & Fagerlund, 2004; Muenzen, 

Greenberg, & Pirro, 2004; Ortelli, 2006; Pellino, Willens, Polomano, & Heye, 2002; 

Ramirez, Tart, & Malecha, 2006; Ropka, Norback, Rosenfeld, Miller, & Nielsen, 

1992; Strasser, Maher, Knuth, & Fabrey, 2006; Zaglaniczny, 1993). One process 

that is similar across all of these high stakes examinations development is the use 

of a job or practice analysis for determining the test content. A practice analysis 

can provide accurate information about the problems that are encountered in 

clinical practice and the knowledge, skills, and judgements needed to resolve these 

problems (Raymond, 2002)  

Information that is generated from a practice analysis serves as the basis to define 

the realm of clinical practice, develop standards of care, guide curricula for nursing 

education at all levels, establish research priorities, and develop blueprints for 

certification/licensure examinations. Given that there are currently no reliable and 

valid instruments for assessing PICU nursing knowledge and skills and that 

significant variations in practice across continents potentially exist, a practice 

analysis then, can offer a framework for determining the knowledge and skills 

considered critical for competence level PICU nursing practice in the Australian 

and New Zealand setting. 

Many practice analyses are theoretically based on D’Costa and Schreck’s (1984, in 

D'Costa, 1986) Competency Model for Health Professionals (see Figure 2), which 

espouses that a competent professional can be defined as one who performs their 

job functions or responsibilities (tasks and activities) with sensitivity to the job 

context or situation (different environments and populations), and with a level of 

sophistication commensurate with their background or education and experience, 

while working with the resources available. The significance or criticality of the 

activities performed is typically embedded in the problem context or situation in 

which they are performed. D’Costa (1986) described the application of a model for 

dietetic professionals and postulated four types of job functions (clinical, 

managerial, educational, research); three educational levels (registered dietician, 

dietetic technician, dietetic assistant); and two job situation types (hospital, 
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nonhospital). What is not apparent in the model (and its application) is the 

directional purpose of each of the dimension arrows and their contribution to the 

overall competence of a health professional. Furthermore, whilst D’Costa’s (1986) 

description of the three generic structural dimensions is adequate, description of 

the components of these dimensions is limited. It is unclear whether each of these 

components is essential or optional to the overall competency model. This model 

however, offers a comprehensive representation of the constructs contributing to 

competency in health professionals and aligns with theories on learning in the 

workplace with regards to situated learning (Lave & Wegner, 1991) and authentic 

activities (Billett, 1996, 2002b).  

2.6 Summary of Literature Review  

To address nursing shortages in specialty areas, graduate nurses are now entering 

the intensive care workforce with limited experience but are expected to care for 

critically ill patients within a short time period. Orientation programs are therefore 

instrumental in providing graduate nurses with the knowledge and skills required 

for safe and competent practice. A great deal of research has been conducted over 

Type of  Intervention 

Type of client

Type of setting

Problem / Situation 
Type

Things

Data

People

Assigned Functions 

Educational Context

Experience

Facility / Resources

Supervision

Background / 
Resources

Figure 2: Competency model for health professionals, D’Costa &          
Schreck, 1984 in (D'Costa, 1986).
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the last 20 years recognising the important contribution of workplace learning and 

factors associated with successful learning in the workplace. Overwhelmingly, the 

studies have supported a community of practice, whereby frequent exposure to 

authentic activities and guidance form the foundation for learning in a sociocultural 

context. While it is clear from the literature what is required for successful learning, 

evaluation of learning has remained problematic. Literature has outlined 

behaviouristic and holistic approaches to assessing competence and its inherent 

elements, such as knowledge, skills and attributes. Each of these approaches 

employ various measurement instruments for evaluation, however each have their 

own limitations. Basic or canonical knowledge and skills are the foundations upon 

which higher order thinking are built, such as problem solving and critical thinking. 

Therefore, evaluation of canonical knowledge and skills following an ICU 

orientation program for graduate nurses is paramount. Written tests, as part of a 

larger evaluation program, are useful in objectively determining knowledge and skill 

acquisition, however no PICU nursing knowledge and skills tests were identified in 

the literature that were suitable for the Australian and New Zealand environment. 

Subsequently a gap was identified. 

Literature examining work performed by nurses has demonstrated that novices 

focus on the clinical aspects of care in the first 18 months of employment as 

registered nurses, compared to the non-clinical aspects. Furthermore, studies have 

also demonstrated that nurses have a higher rated self-competence on activities 

performed more frequently. This literature would suggest that an evaluation of 

learning during a transition period, such as orientation in ICU, should include the 

canonical knowledge and skills required for practice. Studies in the evaluation of 

health professionals’ competence also outline that the types of patients, activities, 

education and experience all contribute to the development of competence and 

therefore, evaluation of this should reflect the same domains. Literature examining 

the content of high-stakes examinations for licensure and credentialing also 

support the concept that examinations of knowledge and skill should include the 

types of patients and activities that nurses frequently care for. Given the validity 

required for high-stakes examinations, this rigorous process is also useful for the 
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development of local, low-stakes examinations of PICU nursing knowledge and 

skills. 

In conclusion, there is a need to evaluation canonical PICU nursing knowledge and 

skills following orientation programs for graduate nurses. Various measurement 

instruments have been explored as part of a holistic evaluation of safe and 

competent practice, however as yet there is no objective MCQ test suitable for use 

in the Australian and New Zealand environment. The literature documents a 

rigorous process used by organisations for high-stakes examinations, whereby a 

practice analysis of nursing work informs the test plan. 

In summary, this chapter, to date, has reviewed the evidence regarding workplace 

learning and its subsequent evaluation. In particular, the need to assess canonical 

PICU nursing knowledge and skills following a graduate orientation program was 

explored and has identified gaps in the literature. The following sections outline 

how the literature reviewed will guide the research program, and build on the works 

of previous researchers.  
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Chapter 3 
Conceptual and Methodological Framework 

This chapter describes the conceptual framework guiding the study and the 

literature as it relates to the methodological framework of the study. The chapter 

begins with a discussion of the main theoretical contributions to the framework and 

concludes with a summary of the critical steps to rigorous test development. 

3.1 Conceptual framework  

The conceptual framework for this research study is based on Lave and Wenger’s 

(1991) theory of situated learning in a community of practice. Lave and Wenger 

(1991) argue that learning should not be viewed as simply the transmission of 

abstract and decontextualised knowledge and skills from one individual to another, 

but a social process whereby knowledge is co-constructed. These authors suggest 

that such learning is situated in a specific context and embedded within a particular 

social and physical environment, such as the paediatric intensive care unit. This 

type of learning begins with nurses trying to solve problems. When learning is 

problem based, nurses explore real life situations to find answers, or to solve 

problems. A problem based learning approach to designing curriculum can carry 

nurses to a higher level of thinking (Jones & Sheridan, 1999).  

3.1.1 Model of learning evaluation: PICU nursing knowledge and 

skills 

The conceptual framework (Figure 3) for this study, named ‘Model of Learning 

Evaluation: PICU Nursing Knowledge and Skills’, was developed using concepts 

from the literature reviewed and the theories on learning in the workplace. As such, 

its design is based on the essential components that are needed to adequately 

evaluate learning in graduate nurses in the PICU. These essential components are 

identified within the ‘Model of Learning Evaluation: PICU Nursing Knowledge and 

Skills’ areas of exposure to activities, experience, level of expertise, education and 

guidance. 
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The study’s conceptual framework espouses that learning and working are 

interdependent, and that PICU nurses learn constantly through engaging in 

conscious goal-directed everyday activities (Billett, 1996). In particular, common or 

routine work tasks are a key source of learning about PICU nursing practice. 

Engaging in routine or familiar tasks in the PICU environment reinforces what 

nurses already know. This kind of learning is essential for performance in PICU, 

because it strengthens the knowledge nurses use in responding to these tasks. 

During these kinds of activities, nurses monitor their performance against the 

intended goal in order to sustain or improve their knowledge and skills.  

The goal of any paediatric intensive care orientation program for graduate nurses 

is the development of a safe and competent practitioner. Billett (2009) argues for 

the development and identification of canonical knowledge in professions such as 

nursing, instead of evaluation against competency standards. Given nursing is 

heavily reliant on practical skills, this can be extrapolated to canonical knowledge  

and skills, and arguable that one cannot perform the skills without canonical 

knowledge. Within this canonical knowledge and skills are certain levels held by 

varying levels of expertise, therefore Benner’s (1984) description of the five stages 

of proficiency (novice, advanced beginner, competent, proficient, and expert) are 

also used to detail the level of PICU nurse expertise. Graduate or  novice nurses in 

PICU are expected to develop basic or core canonical knowledge and skills by the 

completion of an orientation program and have progressed towards a competent 

practitioner. It is further argued that it is the direct clinical elements of basic PICU 

canonical knowledge and skills that graduate nurses gravitate towards in their first 

18 months of practice as a registered nurse (Molleman & van der Vegt, 2007). 

Achievement of these basic canons requires successful learning. In evaluating 

learning in PICU nurses, it follows then, that if routine PICU nursing activities are 

central to learning, they are then also central to evaluation. This notion is also 

supported by D’Costa and Schreck (1984, in D'Costa, 1986). Their Competency 

Model for Health Professionals (see Figure 2) outlines three generic structural 

dimensions for competency assessment: the type of assigned functions or 

responsibilities performed (PICU nursing activities/tasks), the type of background 
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resources or content skills acquired through education or experience and bought to 

bare on a job, and the type of problem situation or setting in which the job is 

performed (PICU and its heterogeneous patient population). Their work (D’Costa & 

Schreck, 1984 in D'Costa, 1986) and others (Hengstberger-Sims, et al., 2008) 

support the “Model of Learning Evaluation: PICU Nursing Knowledge and Skills” by 

arguing that the functional responsibilities performed by professionals in their 

particular clinical setting should be the most important consideration in competency 

assessment. As such, an understanding of the types of patients that PICU nurses 

care for, and the functions they perform to care for these patients are core 

elements of learning, and its subsequent evaluation, in the community of PICU 

nursing practice.  

Within the ‘Model of Learning Evaluation: PICU Nursing Knowledge and Skills’ the 

shaded red triangle relates to the evaluation of learning, which addresses the 

‘knows’ and ‘knows how’ level of Miller’s (1990) pyramid and Level Two 

(Content/Learning) of other described evaluation models ((Abruzzese, 1996; 

Kirkpatrick, 1959; Koppel, et al., 2002; Wilson, Crockett & Curtis (2002), in O'Shea, 

2002). Therefore the development of a measure of PICU nursing knowledge and 

skills will consist of the elements relating to the types of patients that competent 

level PICU nurses frequently care for, and the subsequent nursing activities 

involved in their care. Success in the acquisition of PICU nursing knowledge and 

skills will vary according to level of education, clinical experience and expertise. 

Whilst important to successful learning in the workplace, guidance is not measured 

in this study as retrospective recall of guidance or support would be unreliable. 

Whilst the conceptual framework details the theories and models supporting the 

program of research, the following section details the process by which the 

program of research will be guided. 

3.2 Methodological framework 

The objective of this study is to develop a test to assess PICU nurses’ knowledge 

and skills. Whilst this test is not intended for high-stakes purposes, the process of 
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developing a high-stakes examination offers a standardised and rigorous 

framework to mirror. 

Many call attention to the fact that a practice analysis, while serving as the primary 

source of evidence supporting the content validity of high-stakes examinations, is 

one of many possible sources of validity evidence in test item development 

(American Educational Research Association, American Psychological Association, 

& National Council on Measurement in Education, 1999; Downing & Haladyna, 

2006; Kane, 1997; Wang, Schnipke, & Witt, 2005). Many have also documented 

individual elements of test construction, but few have summarised the complete 

process in one comprehensive framework (Considine & Thomas, 2005). The 

following section outlines one such framework, which is a comprehensive model of 

test construction that will guide the development of a PICU nursing knowledge and 

skills test for use in evaluating learning following an orientation program.  

3.2.1 Model of validity evidence in item development The concept of 

validity refers to the evidence presented to support or refute the meaning or 

interpretation assigned to assessment data or results (Downing & Haladyna, 2009). 

Test validation is the process of accumulating evidence to support such inferences 

(American Educational Research Association, et al., 1999). As the test item or 

question is the essential building block of any test, the evidence to support the 

validity of an intended test use must necessarily begin with the test item itself.  

Most discussions of the validity of a test score use or interpretation focus on the 

statistical evidence gathered after the examination is administered, on the selection 

of the content measured by the examination, or on other important psychometric 

issues, such as the appropriateness of the measurement model, the reproducibility 

of scores and decisions, and the presence or absence of statistical bias in test 

scores (Downing & Haladyna, 1997). Often little attention is devoted to validity 

evidence associated with the development of test items. Downing and Haladyna 

(1997) suggest that although small scale testing programs may have very limited 

resources to devote to the rigorous item development validation process, everyone 

has an obligation to make an effort to utilise high-quality test items by using various                     
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Table 1: Model of Item Validity Evidence (Downing & Haladyna, 1997, p. 64)

Step Type of Evidence Activity Evidence Needed

One Content definition Role delineation, job-task 
analysis; practice analysis 
completed

Documentation of method(s) used to 
select item content

Two Test Blueprint Table of specifications or test 
blueprint created

Documentation of systematic link of 
test content to test blueprint

Three Item writer training Develop training materials 
and methods; train item 
writers

Documentation of methods, 
principles, written materials, and 
sample items

Four Adherence to item 
writing principles

Standard item writing rules 
adopted

Evidence of compliance with rules 
and documentation of process used 
to review items

Five Cognitive 
behaviour

Cognitive classification 
system used to classify 
items

Documentation of system used to 
and its rationale; reports of any 
research using system

Six Item content 
verification

Content experts review and 
judge items

Content experts’ credentials; records 
of content-expert review process

Seven Item editing Review items and 
professionally edit

Credentials and experience of 
editors; editorial and style 
guidelines, documentation of edit 
and review cycle.

Eight Bias-sensitivity 
review

Bias-sensitivity review 
policies and procedures 
developed

Documentation of bias-sensitivity 
review; rationale for policies; 
credentials of reviewers

Nine Item tryout and 
pretesting

Pretest, pilot test or field test 
items; item performance 
data; examinee interviews

Documentation of examinee pilot 
test data; examinee and item 
characteristics

Ten Key validation and 
verification

Correctness of keyed 
answer verified by panel of 
content experts

Policy and procedures for key 
verification; documentation for key 
validation results

Eleven Test security plan A test security policy and set 
of procedures are developed

Copy of policy and procedures 
manual that specifies how items are 
protected from security lapses

item development and item response validation procedures. In as much, they 

propose a comprehensive model of the following 11 item development activities for 

item validity evidence (See Table 1). These steps have been published in two 

subsequent forms but each remain true to the original model (Downing, 2006; 

Downing & Haladyna, 2009). 
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3.2.1.1 Step One: Content definition 

One essential element in item validation is the evidence documenting the 

association of the content of each test item to the test blueprint. Downing and 

Haladyna (1997) state that a practice analysis may be the most appropriate way to 

document the definition of content for professions because it relies on empirical 

methods of content definition. Expert judgement methods of defining content may 

be most common for professional licensing or certifying examinations as these 

methods rely exclusively on the expert judgement of carefully selected content 

experts in the field or discipline. 

Job analyses have been traditionally used to document the requirements of a job 

and the work performed (D'Costa, 1986). Raymond (2001) defines a job analysis 

as “any systematic procedure for collecting and analysing job-related information 

to meet a particular purpose” (p. 372). Many job analysis methods however, focus 

on human abilities or personality traits, and are intended for personnel selection 

and job design (Raymond & Neustel, 2006). The term practice analysis is used 

when discussing methods of job analysis applied to the study of occupations and 

professions and espouses three major differences: the source of practice related 

information; the type of verbal descriptor used to depict practice, and the level of 

specificity of those descriptors. 

Practice analyses require information from individuals who are knowledgeable 

about the profession, including practitioners, supervisors, managers, and 

educators. A practice analysis may focus on the activities and behaviours 

necessary to solve problems or focus on some outcome (task-orientated) and/or 

the human attributes required to effectively carry out the tasks required of a job 

(person-orientated). These task and person orientated approaches can be written 

at various levels of specificity depending on the level of clarity and precision 

required (for example, ‘interpret electrocardiogram (ECG) tracings’ is more specific 

than ‘manage patient with cardiac disease’) (Raymond, 2001). The use of practice 

analysis is generally accepted as an approach to identifying job responsibilities in 

professional credentialing (Raymond & Neustel, 2006), however no common 

method is agreed upon to conduct a practice analysis. Most credentialing agencies 
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have relied extensively on the critical incident technique or the task inventory 

method (Raymond, 2001). More recently the professional practice model has been 

advocated as an alternative to the traditional approaches of job or practice 

analyses (Kane, 1997; Raymond, 2001). These three methods will now be 

discussed. 

The critical incident technique requires the collection of anecdotes that document 

particularly effective or ineffective job performance (Raymond, 2001, 2002). Each 

anecdote describes the context in which the incident occurred, practitioner 

behaviours that were particularly effective or ineffective, and the consequences of 

those behaviours (Raymond, 2002). A study employing the critical incident 

technique can generate thousands of anecdotes, which are then classified by 

subject matter experts (SMEs) into more general performance categories 

(Raymond, 2002). A practical concern with the CIT is that the extensive time and 

effort required to complete a study seem not to result in better test plans 

(Raymond, 2001). Furthermore, the CIT samples a limited segment of the practice 

domain – only those behaviours believed to be most critical – producing an 

incomplete description of practice (Raymond, 2001).

The task inventory appears to be more efficient and typically involves a 

questionnaire mail-out of a large number of practice activities to many 

respondents. The data produced by task inventories are conducive to many types 

of statistical analyses that can be helpful for developing models of practice (Kane, 

1997; Raymond, 2001, 2002). The most notable limitation of this method is the 

focus on individual tasks (Raymond, 2002). The essence of many professions is 

the problems that practitioners solve, as well as the tools and cognitive skills they 

use to solve those problems. Task inventories that emphasise discrete, observable 

tasks may overlook the cognitive nature of many professions (Kane, 1997; 

LaDuca, 1994; Raymond, 2001, 2002). 

LaDuca (1980, 1994) and Kane (1997) propose two similar methods of practice 

analysis that addresses some of the limitations of the task inventory. The 

professional practice model (LaDuca, 1980) and model-based practice analysis 
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(Kane, 1997) provide frameworks that describe practice by characterising the 

types of problems that professionals are called upon to solve and the many 

contexts in which those problems occur. Both models support D’Costa and 

Schreck’s competency model for health professions (1984, in D'Costa, 1986) by 

proposing a model for practice analyses and test specifications, which asserts that 

information about patterns of practice is necessary to evaluate professional 

competence. The practice model serves as an initial working hypothesis about 

patterns of practice. The model would typically posit some general relationships 

among the activities performed by practitioners, variables describing the context of 

practice, and the knowledge, skills and judgement required to perform the activities 

safely and effectively in these contexts. 

To be most useful, the model should be described in terms that are familiar with 

the field being studied and that make sense to practitioners. Unfortunately, practice 

analyses that are reported in the nursing literature do not explicitly specify the type 

of practice analysis utilised. From the elements outlined in the published nursing 

practice analyses, it would appear that most use a professional practice model, or 

variation of, which would align with suggestions that the professional practice 

model is more appropriate in describing professions such as nursing and medicine, 

which are complex, high status professions (Raymond, 2001). 

3.2.1.1.1 Practice analysis statements and rating scales 

Practice analysis questionnaires typically consist of two or more scales intended to 

obtain the information needed to determine test content, educational standards or 

other credentialing requirements (Raymond, 2005). Some scales are intended 

primarily for rating tasks, activities, and practice responsibilities. Other scales are 

designed for judging the knowledge, skills and abilities (KSAs) required for practice 

(Raymond, 2005). The purpose of the practice analysis will strongly influence the 

choice of rating scale (task- or person-orientated) and its descriptors, as will be the 

source of information for the scale. Preferred respondents for ratings of task 

frequency or difficulty are typically practitioners, while subject matter experts 

(SMEs) are the preferred respondents for task criticality and/or overall importance 

(Kane, 1997; Raymond, 2002, 2005).  
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The number of scales should be minimised due to the high number of questions on 

practice analysis questionnaires. For example, if two ratings scales are chosen for 

a questionnaire, the suggested scales are frequency and criticality (American 

Educational Research Association, et al., 1999; Kane, Kingsbury, Colton, & Estes, 

1989). Task frequency is one of the most common scales used in practice analysis 

questionnaires. The utility of this scale derives from the notion that a clinically 

relevant exam should give greater emphasis to activities performed more often  

rather than those performed in extraordinary moments (Raymond, 2005). Criticality 

scales focus on the importance of a task by asking how essential it is to successful 

job performance, or by asking what the consequences would be if the task is 

performed poorly (Raymond, 2005). 

The rationale for these scales is that clinically relevant exams should address 

those skills most crucial to public protection, even if those skills are rarely 

performed (Raymond, 2005). Scales that measure overall importance of activities 

are similar to criticality, only they are broader and often stand alone as a single 

scale. Raymond (2005) notes that overall importance of a task is complex, 

multidimensional, and often subjective. One individual may judge a task as 

important if performed on a daily basis, while another may judge a task as 

important if it figures prominently in a supervisor’s evaluation.  

If the goal is to obtain a measure of overall activity or task importance, several 

authors recommend that two or more one-dimensional scales be statistically 

combined into an overall composite of task (Kane, et al., 1989; Raymond, 2005). 

For example, a criticality scale, when combined with a frequency scale would 

provide a meaningful estimate of overall importance. Sanchez and Levine (1989) 

found that indices of task importance derived from linear combinations of two other 

scales were generally more reliable than holistic judgements of task importance 

made on a single scale. Additional psychometric features of rating scales should 

also be considered including the selection of descriptors or values for the rating 

scales, use of relative versus absolute ratings scales, choice of level of 

measurement of ratings scales (eg. nominal, ordinal, interval, ratio), and the 

treatment of absolute ratings as ordinal scales (Raymond & Neustel, 2006). 
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3.2.1.1.2 Practice analysis context and data collection 

One criticism of a stand alone task inventory (e.g. scales rating task frequency 

and/or criticality) is that it produces a fragmented description of practice, and 

typically overlooks the cognitive nature of complex professions (LaDuca, 1994). 

One simple and useful way to add depth to that description is to find out more 

about the practice environment of respondents, including important features of the 

practice setting, the types of clients they see, the issues they address and 

problems they solve, and the tools they use in their daily work (Kane, 1997), in 

order to make the task inventory more valuable.  

The choice of data collection method and selection of practitioners to make 

performance level judgements for competent practice are important decisions in a 

practice analysis (Kane, 1997; Raymond, 2001). Most practice analysis 

questionnaires require respondents to provide demographic information in order to 

describe the study sample and provide a basis for comparison among subgroups 

of respondents (Raymond & Neustel, 2006). Raymond (2005) discusses details of 

questionnaire administration in the context of practice analysis and provides 

guidance for mail-out and internet questionnaires, specifically drawing on the 

principles of Dillman (2000). 

3.2.1.2 Step Two: Test blueprint 

Many suggest that strong links must be established between the content covered 

by examinations and the actual tasks/activities of the profession (D'Costa, 1986; 

Downing & Haladyna, 1997; Raymond, 2002, 2005; Wang, et al., 2005). The 

process of relating the content domain to the sample of actual test items is 

therefore a key element in the validity evidence for items. The use of practice 

analyses (or job analyses) as the primary basis of validity evidence for examination 

scores has been advocated by the Standards for Educational and Psychological 

Testing (American Educational Research Association, et al., 1999). Subsequently, 

a process of deciding what proportions of the content domain to sample should be 

developed. This blueprint should be detailed enough that an independent test 

development group could create a (loosely) parallel examination by following this 

test blueprint.  
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3.2.1.2.1 Conceptual foundation 

Test blueprints can be built on two types of conceptual foundations: content and 

process. Many test blueprints describe the topics of KSAs covered in an exam and 

are often referred to as content-oriented test plans (Raymond, 2001, 2002; 

Raymond & Neustel, 2006). Content-oriented test plans are usually based on 

established, well-structured domains of knowledge and use terminology that is 

familiar to most users (Raymond, 2002), for example, body systems. Given that 

most high-stakes exams emphasise knowledge and cognitive behaviours, it makes 

sense that test plans explicitly identify those types of behaviours. One limitation of 

content-oriented test plans, particularly those that are organised around topics 

rather than problems, is that their linkage to practice is not always obvious 

(Raymond, 2002). Similarly, practice analysis organised around topics would easily 

identify job responsibilities, but not reveal the knowledge and skills required to 

effectively perform those activities (Raymond & Neustel, 2006). 

Others list the practice-related activity or tasks that will be assessed, and are often 

called process-oriented test plans (Raymond, 2001, 2002; Raymond & Neustel, 

2006). Process-oriented test plans often consist of the same practice descriptors 

that appeared on a practice analysis questionnaire (Raymond, 2002), such as 

nursing activities. Because of this it is relatively easy to translate the results into a 

test blueprint. Whilst process-oriented test plans may capture the essence of actual 

practice and may tell us something about the behavioural domain we wish to make 

inferences to, they can unfortunately do an inadequate job of communicating the 

actual content of most written examinations (Raymond, 2001, 2002). They specify 

neither the types nor the qualities of knowledge covered by the test items. 

It is evident from the literature that both content-oriented and process-oriented test 

plans have their strengths and weaknesses. In an effort to capitalise on the 

strengths of both formats, some authors recommend a two-dimensional test plan 

that crosses content with process (Kane, 1997; Raymond, 2002; Raymond & 

Neustel, 2006), which aligns more with the complexity of clinical practice where a 

body system is not referred to independent of a disease process or care 

management activity. 
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3.2.1.2.2 Weightings 

Most test blueprints have weights to indicate the number of test items allocated to 

each content category. As with many aspects of practice analysis, it is possible to 

rely on judgemental and/or statistical methods to obtain those weights (Raymond, 

1996, 2001; Raymond & Neustel, 2006). Judgmental weights are usually 

established by asking a group of content experts to provide direct, holistic 

judgements regarding the number of test items per category (Raymond, 2001).  

Statistical weights can allocate test items based on the results of a practice 

analysis and other relevant data. The underlying logic is that tasks with high ratings 

on factors such as frequency and criticality should receive more emphasis on the 

test than tasks with low ratings (Kane, et al., 1989; Raymond, 2001, 2002; 

Raymond & Neustel, 2006). The statistical models are intended to accomplish two 

things. First, they provide a way to combine ratings from multiple scales into a 

single index of overall task importance (Raymond, 2001). Second, they convert the 

index of overall task importance into a weight that corresponds to the number of 

test items in each category of a test plan (Raymond, 2001). After the frequency and 

criticality scales have been combined into an index of overall importance, the 

actual test plan weights can be computed. For task-based test plans, this process 

is easy: the proportion of test items allocated to each task can be determined by 

dividing the sum of importance indices over all tasks (Kane, et al., 1989). Then the 

weights for each category are obtained by summing the proportional weights for all 

tasks within a category. 

3.2.1.3 Step Three: Item writer training 

Many experts (Downing & Haladyna, 2006; Downing & Yudkowsky, 2009; 

Haladyna, 2004; Tarrant, Knierim, Hayes, & Ware, 2006; Tarrant & Ware, 2008) 

argue that item writers need to be trained to create test items that are tied to the 

content specifications and the cognitive (or other) tasks defined in the test blueprint 

or have access to an item-writing guide. Furthermore, additional evidence for item-

writing credibility should include credentials, affiliations, areas of expertise and 

experience relating the test content. Tarrant, et al. (2006) comment that nursing 

academic staff, those frequently responsible for local low-stakes examinations, are 
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often inadequately trained in developing high quality MCQs, and as a result item 

and overall test performance may be impaired. 

3.2.1.4 Step Four: Adherence to item-writing principles 

To assist item writers in the development of high quality MCQ items, experts in the 

area of test development (Haladyna & Downing, 1989a; Haladyna, et al., 2002) 

have proposed a taxonomy of item-writing principles that summarise and discuss 

the rules presented by the major textbooks in educational measurement and 

student assessment. These principles for multiple-choice item writing are then 

related to the empirical evidence for these item-writing rules in a companion study 

(Haladyna & Downing, 1989b). These principles of item construction serve as the 

basis for most item validity evidence documentation. The rules serve as a checklist 

for a specific type of item review. These standard item-writing principles detail rules 

for general item writing, procedures, and item content; stem construction; general 

options development; correct options development; and distracter development. 

These principles provide a comprehensive list of ‘dos’ and ‘don’ts’ for local test 

developers to ensure high quality item writing.  

3.2.1.5 Step Five: Cognitive behaviour 

Another issue affecting the quality of multiple-choice items is that many are written 

at low cognitive levels, that is, recall and understanding. In health-science 

disciplines, professionals are expected to process large amounts of complex 

information which is used to make decisions about patient care (Masters et al., 

2001). If assessments do not test these complex cognitive functions, we cannot 

have any confidence that nurses will be able to perform at higher cognitive levels 

when required. In order to address this issue, test blueprints may therefore contain 

two dimensions: content and cognitive complexity (Raymond, 2002). The 

complexity of the cognitive behaviour demonstrated when responding to the test 

item may be classified using any systematic method that examination developers 

and item writers find useful (Downing & Haladyna, 1997, 2006; Haladyna, 1997). 

Whatever system is used to classify cognitive complexity, it should be inclusive of 

the domain to be assessed and be flexible enough to allow for normal evolution of 

the field (Haladyna, 1997). It is important to note that no current cognitive process 
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taxonomy (including Bloom’s Taxonomy) seems validated by adequate theoretical 

development, research, or consensus. Haladyna (1997) offers a simplified version 

of Bloom’s Taxonomy in his description of cognitive levels: knowledge, recall, 

problem solving, and critical thinking. Whilst these are also not adequately 

validated, a reduction to four levels from seven allows for simpler comparison of 

student and item performance across levels or domains. Despite this, many 

cognitive taxonomies continue to influence educators, psychologists, and testing 

specialists in their thinking about the need to define, teach and assess higher level 

achievement. 

3.2.1.6 Step Six: Item content verification 

It is essential that any content and cognitive levels of a test are clinically relevant to 

a profession (Downing & Haladyna, 2006), therefore evidence must be 

documented of content sources and decision making processes. Sources for the 

content and cognitive complexity can be derived from an expert’s personal 

experience in the field, text books, or journals. Peer content review is another 

essential piece of item validity evidence (Downing & Haladyna, 1997).  

3.2.1.7 Step Seven: Item editing 

Many authors argue that poorly written items can unintentionally cue test-wise 

examinees to the correct answer (Baranowski, 2006; Downing, 2005; Tarrant & 

Ware, 2010), therefore Downing and Haladyna (1997) suggest that all items should 

be professionally edited prior to use on any examination. Whilst professional 

editors may not be available to nurse educators developing low-stakes 

examinations, this emphasises the need for peers to review the items for important 

and appropriate information, adherence to item writing principles, spelling, 

grammar and technical language (Baranowski, 2006). Editing could include 

multiple item edits and reviews, copy edits, re-reviews, and proofing (Downing & 

Haladyna, 1997). Item editing also enhances the clarity and appearance of items. 

3.2.1.8 Step Eight: Bias-sensitivity review 

One source of item invalidity may be measurement error introduced by the 

language used in test items (Baranowski, 2006; Downing & Haladyna, 1997). 
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Downing and Haladyna (1997) recommend that a thorough and systematic review 

of test items for potential biased words, phrases, situations, or content must be 

undertaken. Such a review aims to eliminate potentially culturally biased words, 

phrases and situations that may be offensive, demeaning or emotionally charged to 

some individuals or groups (Baranowski, 2006). Stereotyping can also jeopardise 

item and test validity. An item bias review should be done by staff who are not 

directly associated with the development of the examination, thus bringing an 

independent perspective to the review (Downing & Haladyna, 1997). 

3.2.1.9 Step Nine: Item tryout and pretesting 

Pretesting of newly written items, by way of systematic item performance data 

collection, is standard for high stakes examinations (Downing & Haladyna, 1997). 

Item pretesting (pilot testing) is intended to enhance item validity data and, when 

based on pretesting, allows the test developers to identify and correct any flawed 

items before they are included in an operational version of the test. Item analysis-

type data are calculated, and the performance characteristics of the items, such as 

item difficulty and item discrimination, are assessed (Livingston, 2006). This 

process is equally important for low-stakes examinations, as studies have 

demonstrated that flawed items can alter students’ performance on test scores 

(Downing, 2005; Tarrant & Ware, 2008). 

3.2.1.10 Step Ten: Key validation and verification 

Key validation is the process of preliminary scoring and item analysis of the test 

data, followed by an evaluation of item-level data to identify potentially flawed or 

incorrect items (Downing & Haladyna, 2006). This step is essential across all 

examinations, particularly for tests containing newly written items. If items are 

faulty, because of content errors, or other reasons, the item should be revised or 

deleted from scoring (Downing & Haladyna, 1997). 

The results of key validation, such as the number and type of questions identified 

for review, and the scoring outcome of these items (scored ‘as is’, eliminated from 

final scoring, or scoring instructions changed) are a source of validity evidence and 

should be documented in a technical report (Downing & Haladyna, 2006). While it 
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appears that activities in Steps Nine and Ten somewhat overlap, the emphasis of 

Step Ten is how the item performance influences the final test score and the 

documentation of this. This would be important when new items are piloted on 

students who are undertaking an otherwise legitimate examination, as is the case 

with university or licensure examinations.  

3.2.1.11 Step Eleven: Test security plan 

Because effective test questions are time-consuming and difficult to develop and 

multiple resources are utilised (Downing & Yudkowsky, 2009), it makes sense to 

safely store such questions along with their relevant performance data. Item banks 

are typically used and can be as simple as a secure filing cabinet (Downing & 

Haladyna, 1997). For high-stakes professional licensure or credentialing 

examinations where large amounts of data are generated, test security 

organisations and sophisticated item banking software are usually utilised (Vale, 

2006). If item banks are compromised, the score inferences can be compromised 

and the validity evidence for the examination decreased. 

Given the risk of compromising test validity, Vale (2006) states that some testing 

programs value test items at well over $1000 per item. As such a detailed test 

security plan that describes all procedures for maintaining the security of test items 

– from the first stages of test development through final scoring and reporting of 

test scores to examinees – should therefore be developed (Downing & Haladyna, 

1997). Checklists of compliance with security procedures may provide evidence of 

compliance with the test security plan and are crucial for high-stakes examinations, 

given their legally defensible nature (Downing & Haladyna, 1997). 

3.3 Chapter summary 

The literature review in Chapter 2 has demonstrated that an orientation program 

for graduate nurses in intensive care is a crucial period for learning in the 

workplace. Graduate nurses enter the workforce as novice nurses and are 

required to develop into competent level practitioners within a relatively short time 

period. Rich and successful learning in the paediatric intensive care unit is 

multifactorial and requires, but is not limited to, frequent participation in authentic 
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PICU nursing activities involving direct patient care. Evaluation of learning in the 

PICU nurse can be complex and often requires a multimodal approach to 

determine whether a nurse is safe and a competent level practitioner. MCQ tests 

provide an objective measure of knowledge and skills acquisition and can be 

administered to groups of nurses and scored easily.

There are no available entry level competency standards for beginner to 

competent level PICU nurses and no other reliable and valid instruments to guide 

evaluation of learning in the Australian and New Zealand setting. There appears to 

be no studies outlining the description of PICU nursing activities and patient 

populations. Without an accurate description of PICU nursing practice, nurse 

educators cannot be certain about what to include in orientation program 

curriculum and its subsequent evaluations. These circumstances are likely to result 

in ad hoc and unreliable assessments that form a poor basis for orientation 

programs and other staff development offerings. As a result, the researcher 

proposed a conceptual framework based on the ‘Model of Learning Evaluation: 

PICU Nursing Knowledge and Skills’. In this model, it is proposed that frequent 

participation in everyday PICU nursing activities is a critical component of nursing 

competence development and is therefore a crucial place to start in attempting to 

define PICU nursing practice, workplace learning, and its subsequent evaluation. 

From the reviewed literature a PICU nursing knowledge and skills instrument 

development strategy that included two key approaches offered a potential solution 

that may impact on the ability to measure development of knowledge and skills in 

PICU nurses in Australia and New Zealand. These are: 1) utilising Downing and 

Haladyna’s Model of Item Validity Evidence (Downing & Haladyna, 1997) as the 

methodological framework for instrument development, of which 2) defining the 

scope of competent level PICU nursing practice utilising the practice analysis 

method is part of the above said process. These processes may assist in 

describing practice, which in turn informs item instrument blueprint and item 

development. Hence, the purpose of this study was to develop a reliable and valid 

instrument to measure the knowledge and skills of paediatric critical care nurses in 

Australia and New Zealand. 
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The methodology to address the previously stated aim is presented in the following 

Chapter Four. Subsequently, Chapter Fiver describes the results of the practice 

analysis, provides the validity evidence for test scores and the reliability and 

validity of the developed instrument. 
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Chapter 4 
Methods 

4.1 Introduction 

The purpose of this study was to develop and test an instrument to assess PICU 

nursing knowledge and skills in Australia and New Zealand using an exploratory 

research design. The development of an instrument to adequately assess 

knowledge and skills was guided by the conceptual framework called Model of 

Learning Evaluation: PICU Nursing Knowledge and Skills (Figure 3) which 

emphasised that exposure to, and participation in, authentic everyday PICU 

activities was instrumental to successful learning. Downing and Haladyna’s (1997) 

model for item validity evidence guided the methodology of this study, whereby a 

practice analysis was conducted to identify the instrument’s content. A test plan 

was created which informed the development of patient scenarios and 

corresponding multiple choice test items. Various item development and review 

checks were employed to ensure the quality of each item and the overall 

instrument. The study culminated in the pilot testing of the instrument and 

assessment of its psychometric properties. 

4.2 Model of item validity evidence 

This study utilised Downing and Haladyna’s (1997) Model of Item Validity Evidence 

as an methodological framework for instrument development and validation. 

Downing and Haladyna (2009) emphasise that validity is the single most important 

characteristic of assessment data and begins at the item development phase. 

Without validity evidence, they say, most assessment data has little or no meaning. 

Furthermore, they espouse a contemporary view of validity whereby it refers to the 

evidence presented (including evidence from item development) to support or 

refute the meaning or interpretation assigned to assessment data or results, not 

just the common view of a test measuring what it is supposed to measure 

(Downing & Haladyna, 2009). Downing and Haladyna’s (1997) model is the only 

one of its kind available in the literature and both authors are regarded as experts 

in the field of educational measurement. However, there is no evidence in the 
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literature of this model having been explicitly used as a methodological framework 

for instrument development (Downing, S., personal communication, June 4, 2011).  

As discussed earlier in Chapter 2, Table 2 lists Downing and Haladyna’s (1997) 

eleven step process for rigorous item development validation, as well as the  

corresponding research objectives pertaining to this study: this makes clear the 

links between the item validity model and the current study. In keeping with 

Downing and Haladyna’s (1997) view of test validity commencing from item 

development, research objectives two and three are applied in both the 

development and testing phases of the study (Table 2). Nine of the eleven steps 

were taken in the development and testing of the PICU nursing knowledge and 

skills test. The two remaining steps, ten and eleven, relate mostly to large scale, 

high-stakes examinations (for example, NCLEX examination) and are outside the 

scope of this study. Each of the first nine steps will now be described in detail in 

relation to this study. 

4.3 Development phase 

4.3.1 Step One: Content validity 

To address Research Objective One of the study (To identify the major content 

domains of PICU nursing knowledge and skills required for competent level 

practice), step one of Downing and Haladyna’s (1997) model was employed. To 

define the content of an instrument for PICU nursing knowledge and skills, a 

practice analysis survey was used as it has been argued in Chapter 2 to be the 

most rigorous method for describing practices related to competency. The practice 

analysis survey followed a recognised methodology for analysing the knowledge, 

skills and abilities performed by a health care practitioner. This methodology is 

described by Raymond (2001, 2002, 2005) and will be detailed below as 

specifically pertaining to the clinical practice of PICU nursing. 

4.3.1.1 Practice analysis survey 

In keeping with the Model of Learning Evaluation: PICU Nursing Knowledge and 

Skills (Figure 3) and to ensure key aspects of the complex nature of PICU nursing 

were explored, the survey was created in two sections: Section One - Patient care
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Table 2: Model of item validity evidence (Downing & Haladyna, 1997) and 
corresponding research objectives.

Step Type of Evidence Research Objectives

Development Phase

One Content definition
1. To identify major content domains of PICU nursing 

knowledge and skills considered important for 
competent level practice.

Two Test Blueprint

Three Item writer training

Four
Adherence to item 
writing principles

Five Cognitive level

Six
Item content 
verification

Seven Item editing

Eight
Bias-sensitivity 
review

2. To construct a reliable and valid multiple choice 
instrument to measure PICU nursing knowledge and 
skills;

3. To (a) create the instrument consisting of items 
across all four cognitive levels (knowledge, 
understanding, problem solving, and critical thinking) 
and (b) compare scores and item performance 
across low and high order thinking questions;

Testing Phase

Nine Pilot testing

2. To construct a reliable and valid multiple choice 
instrument to measure PICU nursing knowledge and 
skills;

3. To (a) create the instrument consisting of items 
across all four cognitive levels (knowledge, 
understanding, problem solving, and critical thinking) 
and (b) compare scores and item performance 
across low and high order thinking questions; and

4. To test the instrument’s construct validity by testing 
the following hypotheses:
i. PICU nurses with postgraduate education will 

score significantly higher on the knowledge and 
skills test than PICU nurses without 
postgraduate education; and

ii. There will be a strong positive relationship 
between PICU nurses’ years of experience and 
knowledge and skill test scores.

Ten
Key validation and 
verification Not addressed in this study

Eleven Test security plan Not addressed in this study
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problems and Section Two - Nursing activities. It is considered that these two 

sections encompassed important elements relating to the exposure to, and 

participation in, everyday authentic activities in PICUs. 

4.3.1.1.1 Section One: Patient care problems 

The first component of the practice analysis survey investigated patient care 

problems. To help identify key knowledge and skill areas of PICU work, patient care 

problems were listed using the comprehensive Australian and New Zealand 

Paediatric Intensive Care Registry (ANZPICR) diagnostic codes (Norton & Slater, 

2004) which are utilised by each of the eight dedicated PICUs in Australia and New 

Zealand. The ANZPICR codes list patient care problems organised by body 

systems. The systems list contains a total of 201 diagnoses that fit into seven 

areas: cardiovascular (n=43), respiratory (n=39), trauma (n=18), neurological 

(n=26), renal (n=6), gastrointestinal (n=26), and miscellaneous (n=43).  

4.3.1.1.2 Section Two: Nursing activities 

The second component of the practice analysis survey investigated PICU nursing 

activities. A list of interventions, tests, procedures, medications and monitoring 

devices used by PICU nurses was developed from a review of literature, including 

PICU nursing textbooks, and refined by a small group of local SMEs. The final 

listing consisted of 51 specific specialised interventions, tests, procedures, 

medications, and monitoring devices. 

4.3.1.2 Sample 

Practice analysis surveys are designed to identify the key knowledge, skills and 

attributes for competent practice. It is recommended that practice analysis surveys 

should be completed by individuals who are qualified to provide the type of 

information being sought, and includes practitioners, educators, managers, and 

recognised SMEs (Raymond, 2002). Raymond (2002) suggests that an expert 

panel of educators is the best primary source of criticality and mastery ratings in 

speciality clinical settings. To gather the most complete picture of the level of 

knowledge, skills and abilities expected of competent level PICU nurses, it was 

determined that the sample should include nurses employed in the PICU setting in 
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an education position. Therefore, a sample of PICU nurses in education positions 

was identified. 

There are eight PICUs in Australia and New Zealand. The eight Nurse Unit 

Managers were contacted to establish the name and contact details of nurses in 

education positions within their PICU. A list of 18 nurses in PICU education 

positions was generated, which represented the entire population of nurses in 

these positions. Given the small number of nurses in these positions in Australia 

and New Zealand, all 18 nurses were invited to participate in the survey. Raymond 

and Neustel (2006) advocate that small sample sizes are justified for professions 

that employ fewer people or for practice analyses conducted by individual states, 

smaller regions or local jurisdictions, as it increases the applicability to specific 

practice settings. Australia and New Zealand are a small region in comparison to 

other world regions that might have in excess of 50 PICUs and many more PICU 

educators (e.g., USA and Europe). 

Sample recruitment occurred via an email sent by the researcher to the 18 PICU 

educators outlining the aim of the project, which was to complete a practice 

analysis survey of the knowledge and skills of competent level PICU nursing 

practice. They were invited to participate and to respond via email with their 

consent. A further email containing the survey was sent once a nurse indicated 

their consent to participate. Nurse educators were asked to complete the two 

sections of the survey relating to the practice of competent level nurses in their 

PICU. Nurse educators were requested to return their completed survey via email 

within four weeks of providing consent. Follow up emails were provided on a 

weekly basis to those who did not respond and a thank you letter with a small 

chocolate incentive was provided on return of the completed survey via email. 

4.3.1.3 Data collection 

The practice analysis survey contained two sections. In Section One of the practice 

analysis survey, participants were asked to rate the approximate percentage of 

patients in their PICU who could be grouped into the seven systems categories, as 

designated by ANZPICR (with responses needing to tally to 100%)(Section One, 

Part A). In addition, participants were asked to rank the top three patient conditions 



113

or problems most frequently cared for in their workplace (using the seven systems 

lists) attended to by competent level PICU nurses (Section One, Part B). 

In Section Two of the survey, frequency and criticality were assessed for each of 

the 51 designated PICU nursing activities. Participants were asked how frequently 

competent level PICU nurses performed each activity, using an absolute six-point 

Likert scale (0 = never performed, 0.02 = about once per year, 0.25 = about once 

per month, 1 = about once per week, 5 = about once per day, 10 = several times a 

day). Raymond and Neustel (2006)  argue the use of absolute scales over relative 

rating scales, as responses actually approximate a ratio scale corresponding to the 

number of times per week an activity is performed. If a task is never performed, it is 

assigned a value of zero, while a task performed daily might be given a value of 

five on a time-per-week scale. Similarly, a task performed weekly would be given a 

value of one. Whilst it may be considered that the times-per-week scale is rather 

coarse, it is preferable to the distortion introduced by using a simple ordinal relative 

scale that runs from zero to six or some similar range of values (Raymond & 

Neustel, 2006).  

Participants were also asked to rate the criticality of performing the specified 51 

PICU nursing activities by considering if the task was performed incorrectly (or not 

at all), what would be the risk of an adverse consequence such as injury or 

litigation. Participants ranked criticality using a four-point Likert scale (0 = no risk of 

adverse consequences, 1 = slight risk, 2 = moderate risk, 3 = very high risk of 

adverse consequences).  

4.3.1.4 Content validity of the practice analysis survey  

To increase the likelihood that the practice analysis would measure what it was 

intended to measure, the survey was tested with a small sample of nurses 

employed within a tertiary institution with a critical care background and PICU 

nurses in management positions (but not education position previously described 

in the practice analysis sample). The test participants were asked to complete all 

portions of the survey and provide feedback about the completeness of the activity 

statement list, the clarity of the directions, and the appropriateness and usability of 

the rating scales. The contents of the patient care problem list was not scrutinised 
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as it was already published and widely in use. Following a review of the test 

comments, modifications were made where necessary. The final practice analysis 

survey was electronically distributed to all 18 nurses in PICU education positions 

(see Appendix B). 

4.3.1.5 Ethics 

Permission to conduct the practice analysis was sought and obtained from the 

Human Research Ethics Committee at the Queensland University of Technology 

and each of the eight participating hospitals (see Appendices C and D). Seven 

hospitals provided a waiver for the need to provide written consent, where 

completion and return of the practice analysis survey implied consent. One hospital 

required written consent. Both information and consent forms reiterated the 

voluntary nature of participation and that consent may be withdrawn at any time 

without comment or penalty (see Appendix E). 

All data collection and analysis for the practice analysis survey occurred whilst the 

researcher was a candidate at the Queensland University of Technology. 

Candidature was later transferred to Griffith University. All data and information will 

be kept in the strictest confidence in a locked filing cabinet or password protected 

computer, accessible only to the researcher. Records will then be kept in a secure 

place for five years and after this time destroyed.

4.3.1.6 Data analysis 

To address Research Objective One and identify major content domains of PICU 

nursing knowledge and skills considered important for competent level practice, 

descriptive statistics were utilised. Body systems categories were calculated as 

mean percentages and standard deviations. The top three patient care problems 

(organised by systems) were tabulated as counts and percentages. PICU nursing 

activity frequency and criticality were analysed as means and standard deviations. 

To address Research Objective Two and Three of the study (To construct a reliable 

and valid multiple choice instrument to measure PICU nursing knowledge and 

skills; To create an instrument consisting of items across all four cognitive levels), 
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steps two through to eight of Downing and Haladyna’s model (1997) were 

employed. 

4.3.2 Step Two: Test blueprint: Conceptual foundations and 

weightings 

It is evident from the literature that both content-oriented and process-oriented test 

plans have their strengths and weaknesses (Raymond, 2001, 2002, 2005; 

Raymond & Neustel, 2006). In an effort to capitalise on the strengths of both 

formats, a two-dimensional test plan that combined content with process was used 

as suggested by Raymond and colleagues (2001, 2002; 2006).  

For this study, weightings for the patient care problems were determined by the 

mean percentage of time spent caring for patients within the seven specific 

ANZPICR systems (as outlined earlier in the practice analysis, called Section One, 

Part A). These results determined the approximate overall percentage of questions 

relating to each of the system groups. For example, if the mean percentage of time 

caring for patients in the cardiac category was 15%, approximately 15% of 

questions could be allocated to cardiac patient care problem scenarios. In addition 

to the seven systems, results from what were ranked the top three most cared for 

patient care problems within those systems (as outlined earlier in the practice 

analysis, called Section One, Part B) were used to determine which specific patient 

diagnoses should form the basis of the scenarios. All top three diagnoses from 

each of the practice analysis participants were weighted by counting all patient 

care problems rated  as frequently cared for by a competent level nurse and 

dividing that patient care problem by the number of nurse educators represented 

(n=15). For example, if cardiac failure was rated by nine nurse educators as one of 

the most frequently care for patient care problems in their PICU the resulting 

weight would be .6 (9 divided by 15), further expressed as 60%. Due to the 

exploratory nature of this study, each patient care problem that had  greater than, 

or equal to, 30% weighting was considered for inclusion in the matrix (Raymond, 

1996; Raymond & Neustel, 2006). 
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Weightings for PICU nursing activities were determined by a multiplicative model 

using activity frequency and criticality to create a single index of task importance 

(Kane, et al., 1989; Raymond & Neustel, 2006). The overall importance for each 

item was calculated by using the following formula derived from Kane, et al. (1989): 

Mean frequency rating of performing the activity (Fi) x 3[Mean criticality rating of 

the activitya] (Ci
a), where a equals a transformation to equalise variance in the two 

scales (√[var(In Fi)/var(In Ci)]). Consideration was also given to the contribution of 

both frequency and criticality to overall importance. Given the purpose of this test 

was to assess the critical knowledge and skills necessary for safe and effective 

practice, it was desirable to have a test that emphasised activities that would pose 

a serious threat to patients if they were omitted or done improperly. Some 

researchers would argue that this implies criticality be given greater emphasis 

(Kane, et al., 1989; Raymond & Neustel, 2006). In this study, to determine the 

emphasis of the criticality of PICU nursing activities, a small group of four local 

independent experts, was formed.  Collectively, these four experts had significant 

clinical PICU experience and represented PICU management, research and 

education. Through a series of discussions, the four experts determined criticality 

to be three times more important than frequency. This decision was in keeping with 

Kane, et al. (1989) who state that health professions, particularly nursing and 

medicine, carry significant criticality of activities performed. 

  

Importance indexes were then converted into a weight that corresponded to the 

proportion of test items allocated to each task. If the weights are intended to be 

directly proportional to the importance index, then the weight for any individual task 

can be obtained by dividing its importance index by the sum of importance indexes 

over all tasks (Wi = Ii / ∑I) (Kane, et al., 1989; Raymond & Neustel, 2006). Again, 

due to the exploratory nature of this study, any task where the weighting was 

greater than, or equal to, one percent was considered for inclusion in the matrix. 

4.3.3 Step Three: Item-writer training 

The item-writer for this test plan was the research student. The item-writer has 

Bachelor of Nursing and Master of Nursing (Critical Care) qualifications and has 

been working in the field of paediatric intensive care for 14 years. She is an active 
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member of the ACCCN and a nursing representative for the Australian and New 

Zealand Intensive Care Society (ANZICS) Paediatric Study Group (PSG). She is 

involved in clinical research, and teaches undergraduate and postgraduate nursing 

students in research and evidence-based practice. Eight hours of item writing 

training was provided by an expert within the University Teaching and Learning 

Support unit. Further reading and consolidation was undertaken by the item-writer 

using resources such as Downing and Haladyna’s (2006) Handbook of Test 

Development, Haladyna’s (2004) Developing and Validating Multiple-Choice Test 

Items, Downing and Yudkowski’s (2009) Assessment in Health Professions 

Education, and other such hard copy and on-line guides to item-writing (Case & 

Swanson, 1998; Morrison & Free, 2001; Su, et al., 2009; Withers, 2005). These 

resources and training provided the researcher with item writing skills which were 

assessed in the next two process steps, adherence to item-writing principles and 

cognitive level. 

4.3.4 Steps Four and Five: Adherence to item-writing principles 

and cognitive level 

To assess the adherence to item-writing principles and level of cognitive behaviour 

of each item in the instrument, the four independent experts, as outlined in Step 

Two (Test Blueprint), were engaged in a validation process. This process is 

detailed below. 

4.3.4.1 Adherence to item-writing principles 

To construct a multiple choice instrument to measure PICU nursing knowledge and 

skills, Haladyna, Downing, and Rodriguez’s (Haladyna, et al., 2002) Principles of 

Effective Item Writing were utilised. The expert raters were asked to classify the 

instrument items against the 31 principles of effective item writing (Haladyna, et al., 

2002) (Appendix F). Items were classified as either standard (without flaws) or 

flawed (containing one or more item flaws). A standard item was operationally 

defined as any item that did not violate one of more of Haladyna et al.’s principles. 

A flawed item was operationally defined as an item that violated one or more of 

these principles (Downing, 2005). If the item was classified as flawed, the type of 
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rule violation was recorded. Appendix G outlines the list of guidelines for multiple-

choice item writing as presented by Haladyna et al. (2002). 

4.3.4.2 Cognitive level 

The aim for the study was for the instrument to contain approximately 50% of 

higher order thinking questions, as in a professional discipline such as nursing, 

clinicians are required to process large amounts of complex information and to act 

responsibly upon that information. Ideally, test questions should be written to reflect 

the level of sophistication at which clinicians are expected to practice (Masters, et 

al., 2001; Tarrant, et al., 2006). Tarrant, et al. (2006) state that tests containing less 

than 20 percent of higher order thinking items were difficult to justify, even in 

undergraduate programs. Therefore, if the desired outcome of intensive care 

orientation and transition programs is for nurses to utilise critical thinking skills to 

inform sound clinical judgements, then test questions written only at knowledge 

and comprehension levels will not be a valid assessment of learning for PICU 

nurses.  

To address Research Objective Three and evaluate whether the instrument 

consisted of items of varying cognitive domains, the experts were also asked to 

assign which cognitive level each item addressed: recall, understanding, problem 

solving or critical thinking (Haladyna, 1997) (Appendix F). Whilst recall and 

understanding are easy to distinguish, problem solving and critical thinking are 

often used interchangeably. Critical thinking can be set apart from problem solving 

in that problem solving is a linear process of evaluation, while critical thinking is a 

comprehensive set of abilities allowing the inquirer to properly facilitate each stage 

of the linear problem solving process (Hedges, 1991). To ensure consistency in 

reporting, the experts were provided with definitions of each cognitive level and 

examples of a MCQ assessing the same content area but at differing cognitive 

levels (Appendix H). Following this exercise, to assist with further analyses, items 

were also recoded into two categories: K1 or K2 (Tarrant, et al., 2006). A K1 item 

assessed at the recall and understanding levels and a K2 item assessed at the 

higher cognitive domains of problem solving and critical thinking. Cognitive levels 

were aggregated as counts and percentages. 
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4.3.5 Step Six: Item content verification 

Further content for item and scenario development, whilst initially determined 

through Steps One and Two, was predominantly sourced from personal 

experience, text books and experts in paediatric intensive care medicine. Peer 

content review was undertaken; nationally with each PICU Nurse Educator (from 

Step One) and locally with nurses considered expert in the field of PICU (Steps 

Four and Five). The test blueprint (from Step Two) was also presented nationally 

and internationally at paediatric intensive care conferences (Long & Murray, 2007; 

Long, Murray, & Young, 2008). 

Feedback from each of these processes was incorporated and consensus gained 

for the suitability of the test. Whilst a practice analysis provides the most reliable 

and valid source of information for the development of this PICU nursing 

knowledge and skills test, several authors also outline the importance of linkage to  

established competencies within the profession (D'Costa, 1986; Downing & 

Haladyna, 1997; Wang, et al., 2005).  Therefore, further item content verification 

was undertaken with a competency standard linkage activity by the researcher. 

As mentioned in Chapter Two, the ACCCN competency standards were developed 

for expert level critical care performance and were not intended nor reliable for 

measuring competence (Fisher, et al., 2005). Furthermore, the instrument in this 

study was designed to evaluate the acquisition of knowledge and skills, as one 

means of contributing to a multi-modal evaluation of competence. Despite this, it 

would seem important to ensure that the items covered in the test reflect the 

general domains of the national competency standards which guide our critical 

care practice. Therefore, an activity was undertaken where all final test items were 

scrutinised for their relevance against the 20 national competency standards 

(Australian College of Critical Care Nurses, 2002).

4.3.6 Steps Seven and Eight: Item editing and bias-sensitivity 

review 

Professional editing was undertaken by an expert in item writing and editing within 

the University Teaching and Learning Support unit (same expert as from Step 
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Three). Each item was reviewed for adherence to standard item writing principles, 

grammar, spelling and formatting conventions, and corrections/modifications made 

where appropriate. This expert also reviewed the items for appropriate language, 

phrases and placement. Given the large influence multiculturalism has had on 

Australia, a variety of children’s names were included within the scenarios, each 

reflecting different cultural groups identified within the Australian population. As 

stated previously, local PICU nursing experts also reviewed and edited items 

(Steps Four to Six). 

Once items have been developed, pilot testing is an extremely important 

component of test development and provides important validity evidence for test 

scores (Downing, 2006; Downing & Haladyna, 1997, 2009). Step Nine outlines the 

administration of the instrument to PICU nurses and the statistical analyses used 

for providing this important quantitative validity evidence. 

4.4 Testing phase 

4.4.1 Step Nine: Pilot testing 

To address Research Objectives Two, Three and Four of the study (To construct a 

reliable and valid multiple choice instrument to measure PICU nursing knowledge 

and skills; To create the instrument consisting of items across four cognitive levels; 

To test the instrument’s construct validity), the instrument was administered to a 

group of Australian and New Zealand PICU nurses to evaluate its psychometric 

properties. The following section describes the sampling, data collection, and 

statistical analysis methods used for this section of the study.  

4.4.1.1 Sample 

Staff from each of the eight PICUs in Australia and New Zealand were invited to 

participate in the pilot testing of the instrument. Eligibility for participation was 

based on the following inclusion criteria: 

1. PICU nurse 

2. Permanently employed in the PICU (part time or full time) 
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Given that reliability is a necessary, but not sufficient condition, for validity, sample 

size calculations were based on validity analyses. As the validity evidence for item 

development of the PICU-NKST was a main focus of this study, sample size 

calculations for item analyses were explored. Based on Downing’s (2009) 

recommendation regarding the number of examinees needed for item analysis 

from low-stakes examinations, a minimum of 30 participants was the size of the 

sample estimated for this purposes of this study. A minimum of 30 participants is 

required to achieve small standard errors, however Downing (personal 

communication, January 5, 2012) notes that participant numbers between 100 and 

200 are preferred for high-stakes examinations for stable estimates of the item 

difficulty. 

Very few publications comment on sample sizes for item analysis as the 

examinations usually fall into one of two groups: small, local low-stakes 

examinations; or large-scale high-stakes examinations.  In small, local 

examinations, participant numbers are often small and representative of the whole 

population of interest. In large-scale testing, such as national credentialing 

examinations, sample sizes are very large by definition and therefore achieve a 

minimum sample size of 100 (Downing, S., personal communication, January 5, 

2012). Given the small numbers of PICU nurses in Australia and New Zealand 

(approximately 700 nurses in total), achieving a sample size between 30 and 100 

would be realistic for this study and sufficient for achieving small standard errors 

and precise estimates of the item difficulty and discrimination. 

4.4.1.2 Procedure 

Participants were approached through each unit’s Nurse Manager, Nurse Educator 

or Nurse Researcher and provided with a cover letter and information sheet 

describing the nature of the study, the requirement should they agree to participate, 

measures of confidentiality, and assurances that scores would not influence their 

employment status. Participants were guaranteed that only the mean PICU score 

would be provided to their Nurse Manager, not individual scores. Participants were 

informed they could contact the researcher directly for their individual results. 

Methods to contact the researcher with any questions were also included in the 
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text of the letter. Participants were provided with a sealable envelope for 

convenience and security of return of the test to their Nurse Manager, Nurse 

Educator or Nurse Researcher (one of whom was responsible for test 

administration in their particular PICU). Tests were numerically coded to identify not 

only the data source, but each respective subject for the purposes of follow-up. 

Participants’ names were not recorded on the returned test or any other data 

source. Participants could contact the researcher and state their unique identifying 

code to obtain their results. 

Participants were instructed they would need to complete the test under ‘exam 

conditions’ (which were provided as part of the study) in their PICU using a pencil 

and the mark sense sheet provided. Time to complete the test was not measured. 

The completed test was placed in a sealed envelope by the participant and given 

to the test invigilator. Completed tests were returned to the researcher in batches 

by the Nurse Manager, Nurse Educator or Nurse Researcher via pre-paid 

registered mail. Follow-up phone calls were made to each unit every month to 

monitor recruitment and encourage participation. 

4.4.1.3 Ethics 

Permission to conduct this component of the study was sought and obtained from 

the Human Research Ethics Committees at the Queensland University of 

Technology and participating hospitals (Appendix D). Nurses permanently 

employed in the PICU participated in this component of the study. Prior to 

involvement in the study, participants were informed verbally and in writing 

(Appendix I) regarding the process involved. Participation in the study was on a 

voluntary basis, and participants were assured that they could withdraw at any time 

without comment or penalty. While this study was being conducted the researcher 

had no supervising relationship with the PICU nurse participants. It was made clear 

to the PICU nurses that their participation was unrelated to their employment in 

their PICU and organisation. PICU nurse non-participation or withdrawal from the 

study would not affect future employment, work role or access to other 

opportunities. All PICU nurses were also assured that information was collected 

anonymously and treated with strict confidentiality. Once participants were 
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recruited, coding was used to identify participants and participant names were not 

identified to surveys.  No PICU nurse names appeared on any data or results. 

It was considered that the risks associated with this study were low. However, it 

was possible that a potential risk existed if PICU nurses felt threatened by data 

collection on their professional knowledge and skills. In order to reduce these risks 

the ethical conditions of the study were explained to the PICU nurses. PICU nurses 

were advised that they could contact the researcher with their unique ID number 

for their individual results. In good faith for participation, the PICU Nurse Managers 

were provided with the average results of all participants from only their unit, and 

the Australian and New Zealand participant average for the test. It was not felt that 

this would hamper the recruitment of nurses. PICU nurses were assured that 

individual results would not be provided to anyone. Due to the preliminary testing of 

the PICU-NKST, Nurse Managers and individual nurses were informed that scores 

needed to be interpreted with caution, bearing in mind the final reliability and 

validity of the PICU-NKST. The contact details of their organisational Ethics Officer 

and the university Ethics Officer were also provided on the information sheet, 

giving participants the opportunity to contact an independent person if they had 

concerns about any aspect of their participation. 

Three hospitals provided a waiver for the need to provide written consent, where 

completion and return of the test implied consent. One hospital required written 

consent. Both information and consent forms reiterated the voluntary nature of 

participation and that participants may withdraw at any time without comment or 

penalty. 

All data collection for the testing phase occurred whilst the researcher was a 

candidate at the Queensland University of Technology. Candidature was later 

transferred to Griffith University during data analysis. All data and information will 

be kept in the strictest confidence in a locked filing cabinet or password protected 

computer, accessible only to the researcher. Records will then be kept in a secure 

place for five years and after this time destroyed.
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4.4.1.4 Data analysis 

4.2.1.4.1 Research Objective Two: Reliability and item analysis 

To address Research Objective Two (To construct a reliable and valid multiple 

choice to measure PICU nursing knowledge and skills) and evaluate the 

psychometric indices of the instrument reliability the Kuder Richarson 20 (KR-20) 

coefficient was utilised. KR-20 is a measure of internal consistency and is used 

when the item responses are dichotomous (in this case, correct/incorrect) 

(Downing, 2009).  

In this study, item responses were recoded dichotomously for analysis (0 = 

incorrect, 1 = correct). Values can range from .0 to 1.0 with a high KR-20 

coefficient of greater than .7 indicating a strong relationship between items on the 

test (Nunnally & Bernstein, 1994). These values are representative of psychometric 

theory in general, however Downing (2004) notes that experts in educational 

measurement generally suggest that .70 to .79 would be acceptable for low-stakes 

examinations. The KR20 is impacted upon by item difficulty, spread in scores and 

number of test items (Downing, 2009).  

To gain a clearer sense of reliability, standard error of measurement (SEM) was 

also calculated using the following formula: SEM = standard deviation x √(1 – 

reliability) (Axelson & Kreiter, 2009). The SEM is a subtle and complex measure 

that describes the likely range of actual scores a participant might achieve as a 

result of the unreliability of the assessment (Tighe, McManus, Dewhurst, Chis, & 

Mucklow, 2010). The smaller the SEM, the more accurate the assessment as the 

size of the SEM indicates how far an obtained exam score might be from the real 

‘error free’ score (Tighe, et al., 2010). It is further argued that a high examination 

reliability does not ensure that it is necessarily functioning effectively, because the 

reliability is heavily dependent upon the ability range of the participants who are 

taking it (Harvill, 1991; Tighe, et al., 2010).  

To undertake an item analysis the university’s computer system running the Exam 

System II software package (created by NCS Pearson) was utilised. The university 

computer system contained a scanner for capturing visual information and 
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translating the image into digital information. Participants marked their responses 

to each test item on a computerised mark sense sheet (provided by the university) 

by filling a circle with a lead pencil. The computer reads the mark sense sheet by 

using ‘dark mark logic’, whereby it selects the darkest mark within a given set as 

the correct choice. If two or more circles are filled in on the answer sheet, or the 

correct answer is carelessly marked, the question will be marked 'wrong'. Specially 

written software controls the test scoring and analysis. The university undertakes 

regular quality control checks to ensure the system is reliable. Item analysis data 

generated from the university computer system were transcribed into EXCEL™ and 

Statistical Package for Social Sciences (SPSS™) for further analysis. To further 

address Research Objective Two, item analyses included item difficulty, item 

discrimination and distractor analysis.  

To evaluate the difficulty level of each item on the knowledge and skills test, item 

difficulty indices were calculated. Item difficulty is the proportion of respondents 

selecting the right answer to that question (Downing, 2009). It is a measure of how 

difficult the question is to answer. The following formula was used to calculate the 

item difficulty: D = c/n (where D is item difficulty, c is the number of correct 

responses, and n is the number of respondents) (Downing, 2009). The higher the 

item difficulty, the easier the question is. A value of 1.00 means that all of the 

participants answered an item correctly and the item may be seen as too easy for 

future inclusion. 

The range of item difficulties on a ‘good’ test depends on its purpose. If the 

purpose of a test is to determine if the participants have mastered a topic area, 

high difficulty values could be expected (Livingston, 2006). If the purpose of the 

test is to discriminate between different levels of achievement, items with difficulty 

values between .4 and .8 are most desirable (Livingston, 2006). For this study, item 

difficulty indices were recoded in the following categories: easy (>.8); moderate (.4 

to .8); and difficult (<.4) (Osterlind, 1998; Tarrant & Ware, 2010). Overall instrument 

difficulty was calculated as a mean and standard deviation. Difficulty categories 

were aggregated as counts and percentages. 
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To evaluate the discriminatory power of each item on the knowledge and skills test, 

item discrimination indices were calculated. Item discrimination measures the 

extent to which item responses can discriminate between individuals who have a 

high score on the test and those that get a low score (Downing, 2009). This is 

calculated for each response. The value is calculated with the following formula: ID 

= (a-b)/n (where ID is item discrimination, a is the response frequency of the upper 

quartile (75th percentile and above), b is the response frequency of the lower 

quartile (25th percentile and below), and n is the number of respondents in the 

upper quartile (75th percentile and above)) (Downing, 2009). A negative value 

means that participants receiving a low score in the test tended to select the 

correct option more than a higher-scoring participant. Conversely, a positive value 

for this index means that higher-scoring respondents were more likely to select the 

response more often (Downing, 2009). Ideally, the correct response should have a 

positive value. A value of 0 indicates that there was no difference between the two 

groups. In this study, item discrimination indices were recoded into the following 

categories: poor (<.10); low (.10 to .19); acceptable (.20 to .29); good (.30 to .39); 

and excellent (0.40) (Ebel & Frisbie, 1986; Tarrant & Ware, 2010). Overall 

instrument discrimination was calculated as a mean and standard deviation. 

Discrimination categories were aggregated as counts and percentages. 

To examine the interaction between difficulty and discrimination, items were 

classified according to Haladyna’s (1997) six item performance types. As an item’s 

difficulty can affect discrimination, several authors recommend studying the 

interaction between difficulty and discrimination on individual items (Downing & 

Yudkowsky, 2009; Haladyna, 1997). Appendix J tabulates Haladyna’s (1997) 

difficulty and discrimination ranges for each type of item performance with an 

additional description of the item’s utility. Item difficulty and discrimination 

interaction were aggregated as counts and percentages. 

To evaluate the effectiveness of distractors per item on the knowledge and skills 

test, a distractor analysis was undertaken. A distractor analysis provides a measure 

of how well each of the incorrect options contributes to the quality of the multiple 

choice item (Downing, 2009). Just as the key, or correct response option, must be 
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definitively correct, the distractors must be clearly incorrect (or clearly not the ‘best’ 

option). In addition to being clearly incorrect, the distractors must also be plausible 

(Haladyna, et al., 2002). That is, the distractors should seem likely or reasonable to 

an examinee who is not sufficiently knowledgeable in the content area. If a 

distractor appears so unlikely that almost no examinee will select it, it is not 

contributing to the performance of the item (Considine & Thomas, 2005; Haladyna 

& Downing, 1989b). In fact, the presence of one or more implausible distractors in 

a multiple choice item can make the item artificially much easier than it ought to be. 

In this study, distractor performance was evaluated using two criteria to define non-

functioning distractors: those chosen by fewer than 5% of participants and those 

with a positive discrimination index (Haladyna & Downing, 1988; Tarrant & Ware, 

2010). Functioning and non-functioning distractors were analysed as counts and 

percentages. 

4.4.1.4.2 Research Objective Three: Cognitive level

To further address Research Objective Three and compare scores and item 

performance across low- and high-order thinking questions (K1 and K2) a t-test for 

paired data was utilised. The paired t-test describes the difference between means 

for two groups of scores where there is dependencies. The assumptions for the 

independent t-test are: normal distribution, scale of measurement should be at 

least at interval level of measurement, independence of groups, and homogeneity 

of variance (Field, 2005). If assumptions are violated, then the non-parametric 

equivalent Mann-Whitney U test was utilised to assess the difference between the 

means. 

4.4.1.4.3 Research Objective Four: Construct validity 

To address Research Objective Four and evaluate the psychometric indices of the 

instrument’s construct validity, four hypotheses were tested.  

4.4.1.4.3.1 Research Hypothesis One 

To test Research Hypothesis One that PICU nurses with higher levels of education 

would score significantly higher on the knowledge and skills test than nurses with 

undergraduate education only, an analysis of variance (ANOVA) was used. An 
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ANOVA is appropriate to compare means of more than two groups or scores of an 

independent variable. The assumptions for ANOVA are: scale of measurement 

needs to be interval or ratio level data, independence of groups, population 

normality and homogeneity of variance (Field, 2005). If assumptions are violated, 

then the non-parametric equivalent Kruskal-Wallis Test was used. 

4.4.1.4.3.2 Research Hypothesis Two 

To test Research Hypothesis Two that increased PICU and critical care experience 

would be significantly and positively associated with higher knowledge and skills 

test scores than those with little or no PICU experience, a Pearson’s Product 

Moment Correlation was used. This coefficient describes the relationship between 

two continuous variables. The assumptions of the test are: data must be collected 

from related pairs; level of measurement must be interval or ratio in nature; scores 

should be normally distributed; the relationship between the two variables should 

be linear; and variability in scores for variables should be similar (Field, 2005). 

When the assumptions underlying the correlation cannot be met, a nonparametric 

alternative (Spearman’s rank-order correlation) was used. Data analysis were 

undertaken using the SPSS™ software program (version 19). 

A factor analysis was not used to support construct validity in this study. Several 

authors suggest varying ratios of responses to items for factor analyses, ranging 

from 10 to 20 participants required per item (Costello & Osbourne, 2005; Floyd & 

Widaman, 1995). Given the number of items on the final test (n=109), a ratio of 10 

participants per item would require a sample size of over 1000 PICU nurses, a 

sample size not available in Australia and New Zealand.  

To further support construct validity, a multiple regression was undertaken to 

analyse which of the previous aforementioned variables (level of education and 

experience), if any, were the most significant predictors of the overall score.  A 

multiple linear regression analysis describes the relationship between a continuous 

dependent variable and several independent (or predictor) variables (Field, 2005). 

There are several assumptions underlying the use of regression: ratio of cases to 

independent variables needs to be at least 20:1; outliers should be deleted or 
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modified to reduce their influence on the model; all predictor variables must be 

continuous or categorical (with two categories); predictors should have non-zero 

variance; no perfect multicollinearity between predictors; and variables should have 

normality, linearity, homoscedasticity and independence (Field, 2005). 

To meet assumption three, categorical variable highest educational attainment was 

recoded to a dichotomous variable, whereby a postgraduate group (postgraduate 

certificate, postgraduate diploma, and masters degrees) was coded 1 and an 

undergraduate group (diploma and bachelor degree) were coded 0. Stepwise 

predictor selection was used with each variable entered in sequence and its value 

assessed. If addition of the variable contributed to the model then it was retained, 

but all other variables in the model were then re-tested to see if they were still 

contributing to the success of the model. If they no longer contributed significantly, 

they were removed. Thus, this stepwise method ensured the smallest possible set 

of predictor variables included in the model. 

Overall test score was the dependent variable. Years in PICU and postgraduate 

education were entered as the potential predictors, as these variables are known to 

contribute to successful learning in the workplace. These predictor variables were 

considered appropriate for exploration within the model given the sound theoretical 

literature surrounding the development of expertise in nursing (Benner, 1984; 

Benner, Tanner, & Chelsa, 1992).  

4.4.2 Steps Ten and Eleven: Key validation and test security plan 

The purpose of this study was to develop a reliable and valid instrument to 

measure the knowledge and skills of paediatric intensive care nurses. To achieve 

this, Downing and Haladyna’s (1997) model for item validity evidence was utilised 

as the framework for test development. Given the purpose of this test is for low-

stakes knowledge and skill evaluation within individual PICUs, Step 10 (key 

validation and verification) and Step 11 (test security plan) were considered not 

necessary for this study. Large scale testing programs (for licensure or 

credentialing) would more appropriately undertake Steps 10 and 11 of this model.



130

4.5 Summary 

This chapter has described the study methodology, utilising a model for item 

validity evidence. Within this framework, several steps are outlined, including a 

practice analysis of PICU nursing and pilot testing the instrument. Test 

development processes, ethical considerations and data analyses have been 

detailed. The next chapter describes the results of the study. 
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Chapter 5
Results 

5.1 Introduction 

This chapter presents the results of the study which aimed to develop a valid and 

reliable measure of PICU nursing knowledge and skills. Specific results will be 

presented with reference to each research objective or research hypothesis. The 

results are followed by a chapter presenting an interpretation and discussion of the 

results within the broader literature. 

5.2 Development phase 

5.2.1 Research Objective One – Content validity 

This section details the results of the Practice Analysis survey, in which PICU 

Nurse Educators were asked to rank the patient care problems most frequently 

cared for by competent level nurses in their PICU. Nurse Educators were also 

asked to rate the frequency and criticality of activities performed by competent 

level nurses in their PICU. 

5.2.1.1 Sample 

Fifteen nurses in PICU education positions completed the practice analysis survey 

(response rate 83%), representing nurse educators from every PICU in Australia 

and New Zealand. Demographic characteristics of the survey respondents are 

noted in Table 3. Respondents represented all geographical locations of PICU 

nursing in Australia and New Zealand. A majority of the respondents were females 

with an average of approximately 18 years as a qualified registered nurse. 

Approximately half (53.3%) of the respondents were employed in a Nurse 

Education role with an average of 49 hours worked per fortnight.  Respondents 

indicated an average of approximately three years in their current PICU education 

position with an average of approximately five years of total nursing education 

experience. A majority of respondents held tertiary equivalent qualifications, 80% of 

these specifically in paediatric intensive care. Approximately half of the 
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respondents held additional qualifications, with most of these in education and/or 

staff training. 

Table 3: Sample characteristics of PICU Educators (N=15). 

n %

Gender 
   Male 
   Female 

2
13

13.3
86.7

Position 
   Nurse Educator 
   Clinical Nurse Educator/Facilitator 
   Clinical Development Nurse 

8
6
1

53.3
40

6.7

Job Sharing 
   Yes 
   No 
Highest Education Attainment 
   Critical Care Nursing Course 
   Graduate Certificate  
   Graduate Diploma 
   Masters 
Postgraduate Paediatric Qualifications 
   Yes 
   No 
Postgraduate Education Qualifications 
   Yes 
   No  

10
5

1
1

10
3

12
2

6
9

66.7
33.3

6.7
6.7

66.7
20

80
20

40
60

Mean SD

Hours in Education per Fortnight 
Years in Nursing 
Years in Current Position 
Total Years in Education Positions 

49.2
18.4

3.4
4.7

±17.8
± 6.1
± 2.9
± 3.1

The following section details the major content domains of PICU nursing 

knowledge and skills that were reported as important for competent level practice 

by the 15 PICU nurse educators. 
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5.2.1.2 Section one: Patient care problems 

Respondents were asked to indicate the approximate percentage of their patients 

who could be grouped into the seven ANZPICR systems. The results are presented 

in Table 4, with cardiac and respiratory comprising over 50% of patient care 

problem systems. 

Table 4. Percentage of time spent caring for patients whose diagnoses were 
grouped in the ANZPICR Body Systems identified by PICU nurse educators. 

ANZPICR Body Systems (Norton & Slater, 2004)  Mean %

Respiratory 33.44 

Cardiac 20.56 

Miscellaneous# 16.66 

Neurological 10.75 

Injury 10.54 

Gastrointestinal 4.78 

Renal 3.27 

TOTAL 100 

# Diagnoses in the Miscellaneous category include, but are not limited to, cardiac arrest, 
prematurity, diabetes mellitus, inborn error of metabolism, tumor lysis syndrome and 
sepsis. 

Nurse Educators were also asked to rank the top three patient care problems in 

each of the systems lists. Table 5 lists the patient care problems (organised by 

systems) most commonly cared for by competent level PICU nurses (as rated by 

>30% (n ≥5) of nurse educators). Depending on the individual PICU and the types 

of patients cared for, some patient care problems were acknowledged as the most 

frequently cared for across most units (eg. Trauma – Head) , whereas other patient 

care problems frequently cared for were spread across PICUs (eg. cardiac 

conditions). To explain further, a large PICU that cares for complex congenital 

cardiac defects will have a different picture of patient care problems to those PICUs 

which manage only lower risk cardiac anomaly repairs and transfer higher risk 

cardiac surgery patients to other centres. 
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Table 5. Patient care problems identified by PICU nurse educators (N=15). 

 Patient Care Problems organised by Body 
Systems

n %

Cardiac 

Transposition of the Greater Arteries 5 33

Ventricular Septal Defect 7 47

Cardiac Failure 5 33

Supraventricular Tachycardia 5 33

Respiratory 

Asthma 8 53

Bronchiolitis 12 80

Pneumonia 10 67

Respiratory Failure 8 53

Injury 

Burns 5 33

Immersion 7 47

Ingestion 8 53

Trauma – Head 14 93

Renal

Haemolytic Uraemic Syndrome 10 67

Acute Renal Failure 14 93

Chronic Renal Failure 11 73

      Previous Renal Transplant 5 33

Neurological 

Meningitis 7 47

Seizures 14 93

      Intracranial Hypertension (Raised ICP) 5 33

      Brain Tumour 5 33

Gastrointestinal 

Gastroenteritis 8 53

Miscellaneous 

Diabetic Ketoacidosis 7 47

Respiratory Arrest 6 40

Shock - Septic 7 47

Sepsis 5 33
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5.2.1.3 Section two: Frequency and criticality of activities 

Listed in Appendix K are the frequency and criticality ratings for activities for the 

entire sample. The mean frequency ratings ranged from 0.01 to 10, indicating 

activities were performed several times per day. The ten activities with the highest 

means are listed in Table 6. Monitoring and maintaining equipment for assessment 

and diagnosis rank as the most frequently performed activities.  

Table 6. Top ten Frequency ratings as identified by nurse educators. 

PICU Nursing Activity Mean (SD)

Monitor and maintain continuous ECG      10.00 (0.00)  

Perform endotracheal suctioning 9.33 (1.76)

Monitor and maintain noninvasive haemodynamic and 
respiratory monitoring 

9.07 (2.58)

Monitor and maintain a patient receiving analgesia and 
sedation 

8.67 (2.96)

Perform head to toe physical assessment 8.67 (0.01)

Interpret arterial blood gas analysis 8.67 (2.29)

Administer intravenous analgesia and sedation 8.57 (3.05)

Monitor and maintain patient on conventional mechanical 
ventilation 

8.13 (3.38)

Maintain and monitor central venous pressure line 7.87 (3.78)

Maintain and monitor invasive arterial blood pressure line 7.87 (3.78)

The ten activities performed least frequently are listed in Table 7. Activities related 

to invasive cardiac monitoring, assistance and management are rated amongst the 

least frequently performed PICU activities by a competent level PICU nurse.  

The mean criticality ratings ranged from 1 to 3, with 1 indicating a slight risk of 

adverse consequences and 3 indicating a very high risk. Activities associated with 

cardiac and respiratory support were rated as the most critical. The ten activities 

with the highest means are listed in Table 8. The ten activities with the lowest 

means are listed in Table 9. Least critical activities rated by the nurse educators 

included ECG monitoring, train of four assessment for neuromuscular blockade, 

phototherapy and non-invasive ventilation. 
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Table 7. Bottom ten Frequency ratings as identified by PICU nurse educators. 

PICU Nursing Activity Mean (SD)

Monitor and maintain automatic implantable cardioverter 
defibrillators 

0.01 (0.01)

Administer surfactant replacement therapy 0.01 (0.01)

Perform or assist with exchange transfusions 0.01 (0.01)

Monitor and maintain a patient on ECMO 0.02 (0.06)

Monitor and maintain a patient on cardiac assist devices 0.02 (0.06)

Monitor and maintain a patient on heliox 0.02 (0.06)

Monitor and maintain internal pacemakers 0.04 (0.09)

Administer immunoglobulin therapy  0.07 (0.10)

Obtain and assess invasive cardiac output/index determination 0.07 (0.11)

Monitor and maintain patient under phototherapy 0.08 (0.11)

Table 8. Top ten Criticality ratings as identified by nurse educators. 

PICU Nursing Activity Mean (SD)

Monitor and maintain programmable pacemakers 3.00 (0.00)

Monitor and maintain patients on cardiac assist devices 3.00 (0.00)

Monitor and maintain a patient on ECMO 3.00 (0.00)

Monitor and maintain temporary pacemakers# 2.92 (0.28)

Monitor and maintain external pacemakers# 2.92 (0.28)

Perform cardiopulmonary resuscitation 2.87 (0.35)

Monitor and maintain a patient on nonconventional mechanical 
ventilation 

2.85 (0.38)

Monitor and maintain a patient undergoing ultrafiltration 2.82 (0.40)

Monitor and maintain a patient on conventional mechanical 
ventilation 

2.8 (0.41)

Monitor and maintain a patient receiving inotropic support 2.8 (0.41)
# Temporary external pacemakers were separated into two different activities as there was 
nonconsensus about which pacemakers were truly external (Eg. Temporary oesophageal pacing 
could be perceived as not external as the pacing wires are placed internally, however the pacing 
box is located external to the body; in contrast to transthoracic pacing where pacing pads are 
placed externally on the body.) 
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Table 9. Bottom ten Criticality ratings as identified by nurse educators. 

PICU Nursing Activity Mean (SD)

Interpret 12-lead ECG 1.00 (0.82)

Perform 12-lead ECG 1.13 (0.83)

Monitor and maintain train of four 1.14 (0.90)

Monitor and maintain patient under phototherapy 1.36 (0.67)

Monitor and maintain CO2 devices 1.40 (0.83)

Obtain and assess invasive cardiac output/index determination 1.57 (0.98)

Administer immunoglobulin therapy 1.67 (0.49)

Monitor and maintain a patient receiving chemotherapy 1.71 (0.61)

Maintain and monitor central venous pressure line 1.73 (0.70)

Monitor and maintain a patient on nasal/facial CPAP/BIPAP 1.80 (0.68)

5.2.2 Research Objective Two – Reliability  

The following section details the results of the weighting analysis, which informed 

the test plan and blueprint. After raising criticality to the power of 14.01, giving 

criticality three times the emphasis of frequency and to equalise for variance, 

overall importance of each nursing activity was calculated (Appendix L details the 

weighting calculations). The ten nursing activities with the highest overall 

importance are listed in Table 10. Monitoring and management of cardiac and 

respiratory problems are ranked amongst the most important activities performed 

by a competent level PICU nurse.  

The ten nursing activities with the lowest overall importance were:  

• Interpret 12-lead ECG 

• Monitor and maintain train of four 

• Monitor and maintain patient under phototherapy  

• Perform 12-lead ECG 

• Obtain and assess invasive cardiac output/index determination 
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Table 10. Top ten Importance ratings as identified by nurse educators 

PICU Nursing Activity 
Importance 

Weighting

Monitor and maintain a patient on conventional mechanical 
ventilation 

27

Monitor and maintain a patient receiving inotropic support 18

Airway management 11

Monitor and maintain temporary pacemakers 10

Monitor and maintain invasive arterial blood pressure line 9

Administer phosphodiesterase inhibitors 4

Perform or assist with retaping of endotracheal tube 3

Maintain and monitor Left Atrial pressure line 2

Monitor and maintain external pacemakers 2

Monitor and maintain programmable pacemakers 2

• Administer immunoglobulin therapy 

• Monitor and maintain automatic implantable cardioverter defibrillators 

• Monitor and maintain patient on heliox 

• Administer surfactant replacement therapy; and  

• Monitor and maintain a patient receiving chemotherapy.  

Each of these activities represented an importance weighting of zero. All 

importance weightings are tabulated in Appendix L. 

5.2.2.1 Test blueprint 

Due to the exploratory nature of this study, importance weightings for 26 activities 

with values ≥ 1 % were emailed to the 15 Nurse Educators for review and 

discussion (all activities totalled 100%). Consensus amongst the Nurse Educators 

included the addition of six activities not currently outlined or included in the list. 

This included items relating to pathophysiology, child development and 

communication which were not considered discrete measurable tasks, but 

nonetheless important in the role of PICU nursing. In addition, an item on enteral 

feeding was added. Despite enteral feeding not being a task unique to intensive 

care nursing, the Nurse Educators felt that one item should address the importance 

and role of enteral feeding in critical illness. Using information provided from the 
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practice analysis, a content by process matrix was developed. This outlined a test 

plan which covered patient care problems (content) and the activities (process) 

undertaken by PICU nurses in order to care for these types of patients. Using the 

weighting analysis, 19 of the 201 patient care diagnoses and 26 of the 51 nursing 

activities met the criteria for inclusion in the test plan. Further decision making for 

the test plan is outlined below. 

All patient care problems reported by ≥30% (n≥5 respondents) of nurse educators 

were reviewed by the researcher for appropriateness to overall weightings of 

systems. Given the varying weights of systems and patient care problems 

reported, some patient care problems were removed from the final test plan. For 

example, the renal system had an overall weighting of 3%, therefore only one 

patient care problem scenario was used; intracranial hypertension (raised ICP) was 

removed to avoid overlap with the Trauma – Head scenario. From the 25 patient 

care problems, 19 remained in the final test plan. Activities were reviewed for 

appropriateness by the researcher in the final patient based problem scenarios and 

placed in the test plan accordingly. Weightings of some activities were adjusted to 

accommodate appropriate questions surrounding a scenario, with 94% of activities 

remaining in the final test plan. For example, the total number of questions 

pertaining to mechanical ventilation was reduced to allow for questions on sedation 

and analgesia and neuromuscular blocking agents. These activities were 

previously weighted with low importance however the nurse educators agreed on 

their importance within the test plan matrix. Additional importance was given to 

cardiopulmonary resuscitation, with some importance removed from pacemakers 

as not every cardiac scenario required pacemaker questions and temporary pacing 

usually implies external pacing (therefore two activities were collapsed into one – 

external temporary pacemaker). Table 11 outlines the activities with their original 

and adjusted importance weightings, outlining the redistribution of item importance 

weightings for the final test plan. This step is important as test blueprints used 

directly from practice analyses should be reviewed for relevance in the real clinical 

context. For example, whilst patient care problems and nursing activities are 

analysed in two separate sections in the practice analysis, in the real world nursing 

clinical activities rarely occur outside the context of a patient care problem.  
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Therefore, the final ‘mix’ of patient care problems and nursing activities must relate. 

Using these weightings and nurse educator judgements, the final test plan outlines 

the generation of 109 items assessing PICU nursing knowledge and skills (Figure 

4), called the Paediatric Intensive Care Nursing Knowledge and Skills Test (PICU-

NKST). Within Figure 4, the horizontal access represents the most important PICU 

nursing activities determined by the statistical weighting analysis and the 

corresponding number of items pertaining to each activity in brackets. The vertical 

axis represents the most frequently cared for patient care problems, organised by 

body system. Individual cells describe the breakdown of activities per patient care 

problem scenario. For example, the scenario about a child with bronchiolitis 

includes seven items: arterial lines (2 items); mechanical ventilation (2 items); 

airway management (1 item); retaping of ETT (1 item); and suctioning of ETT (1 

item). 

To further ensure that the test items reflected the content of the national 

competency standards, a systematic item-KSA linkage activity was conducted. 

Each of the 109 test items was scrutinised for their relevance against the 20 

ACCCN competency standards (Australian College of Critical Care Nurses, 2002). 

Each item was assessed to relate to 1 of 18 of the standards, with some individual 

items assessing across up to six standards (see Table 12). Standards 11 and 18, 

relating to legal requirements and providing a supportive environment for the 

multidisciplinary team, are not addressed by the 109 test items. Additionally, there 

were no PICU-NKST items that did not relate to an ACCCN competency standard. 

It is important to note that the ACCCN competency standards were developed for 

specialist/expert level critical care nurses, and the PICU-NKST is designed for 

competent level practitioners. Therefore, linkages are only based on association.  

The development of the test items were guided by Haladyna, et al.’s (2002) 

principles for effective item writing (see Appendix G). Consensus following 

distribution of the draft of 109 items to the panel of four independent experts, 

indicated 15 items contained item writing flaws. A majority of these items (n=11) 

violated rules 11 and 12, which related to the editing and proofing of items. Two 

items required the answers being placed in a logical or numerical order (rule 21), 
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one required clarification on the correct answer with another possible correct 

answer (rule 19) and one item was potentially identified as Type K (rule 9). All of 

the 15 items were reviewed by the researcher and modified to eliminate the flaw 

identified. 

Table 11. Original and adjusted weightings for PICU nursing activities.

 PICU Nursing Activity
Original 
Importance 
Weighting

Adjusted 
Importance 
Weighting

1. Monitor & maintain continuous ECG 1 0

2. Perform 12-lead ECG 0 0

3. Interpret 12-lead ECG 0 2

4. Monitor & maintain haemodynamic monitoring 1 1

5. Perform head to toe physical assessment 1 3

6. Monitor & maintain external pacemakers 2 0

7. Monitor & maintain temporary pacemakers 10 4

8. Monitor & maintain programmable pacemakers 1 0

9. Monitor & maintain internal pacemakers 0 0

10. Monitor & maintain AICDs 0 0

11. Administer phosphodiesterase inhibitors 4 4

12. Monitor & maintain patient on cardiac assist devices 0 0

13. Perform cardiopulmonary resuscitation 1 4

14. Maintain & monitor invasive arterial blood pressure line 9 10

15. Interpret arterial blood gas analysis 0 1

16. Maintain & monitor central venous pressure line 0 1

17. Maintain & monitor pulmonary artery pressure line 1 0

18. Obtain & assess invasive cardiac output/index determination 0 0

19. Maintain & monitor RA pressure line 1 0

20. Maintain & monitor LA pressure line 2 2

21. Monitor & maintain umbilical arterial & venous pressure 
monitoring 0 0

22. Monitor & maintain CO2 devices 0 0

23. Monitor & maintain a patient on nasal/facial CPAP/BIPAP 0 0

24. Monitor & maintain a patient on conventional mech vent 27 18

25. Monitor & maintain a patient on heliox 0 0

26. Monitor & maintain a patient on nonconventional mech vent 
(HFOV) 1 1
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 PICU Nursing Activity
Original 
Importance 
Weighting

Adjusted 
Importance 
Weighting

27. Administer surfactant replacement therapy 0 0

28. Monitor & maintain train of four 0 0

29. Monitor & maintain a patient on Nitric Oxide 1 1

30. Monitor & maintain a patient on ECMO 0 0

31. Airway management (new trache, ETT) 11 10

32. Assist with intubation of patient 1 1

33. Perform tracheostomy care 0 0

34. Perform or assist with retaping of endotracheal tube 3 2

35. Monitor & maintain chest tubes 0 0

36. Perform endotracheal suctioning 1 2

37. Perform or assist with exchange transfusions 0 0

38. Monitor & maintain patient under phototherapy 0 0

39. Monitor & maintain patient having plasmapheresis 0 0

40. Monitor & maintain patient with ICP monitoring devices 1 4

41. Monitor & maintain a patient undergoing ultrafiltration 1 0

42. Monitor & maintain a patient receiving renal replacement 
(CVVHD) 1 1

43. Monitor & maintain a patient receiving peritoneal dialysis 0 1

44. Administer immunogobulin therapy 0 0

45. Administer neuromuscular blocking agents 0 1

46. Monitor & maintain a patient receiving NMBAs 0 1

47. Administer intravenous analgesia and sedation 0 1

48. Monitor & maintain a patient receiving analgesia and sedation 0 1

49. Monitor & maintain a patient receiving inotropic support 18 17

50. Monitor & maintain a patient receiving chemotherapy 0 0

51. Monitor & maintain the weaning of a patient from ventilation 0 0

TOTAL % 100 94
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Table 12. Item-KSA linkages to the ACCCN Competency Standards (Australian 
College of Critical Care Nurses, 2002). 

Domain  ACCCN Competency Standard PICU-NKST Items 

1. Maintains a physical and 
psychological environment which 
promotes safety, security and optimal 
health 

15,20,27,43,46,68,73
,77 

2. Acts to enhance the dignity and 
integrity of individuals 

43,44,46,68,73 

3. Facilitates informed decision making 
by individuals 

20,44,73 

4. Employs the skills of effective 
communication to guide and achieve 
optimal outcomes 

20,44,46,68,73 

5. Effectively manages and coordinates 
the care of a variety of individuals 

All questions 

6. Anticipates, plans for and utilises 
human and physical resources 

2,4,7,17,19,24,25,28,
47,52,53,62,65,77,97

,101 

ENABLING 

7. Manages therapeutic interventions 
and regimes 

2,4,5,9,10,20,26,30,3
1,37,39,44,51,54,77,

86,97,101 

8. Integrates comprehensive patient 
assessment and interpretive skills to 
achieve optimal patient outcomes 

1,2.3,4,5,7,8,10,11,1
9,26,27,32,42,49,56,
57,71,74,77,81,90,93

,98 

CLINICAL 
PROBLEM 
SOLVING 

9. Evaluates and responds effectively to 
changing situations 

3,6,7,10,11,19,20,23,
26,27,32,36,42,47,51
,56,57,60,64,74,81,8

6,90,93,97,98 
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Domain  ACCCN Competency Standard PICU-NKST Items 

10. Develops and manages a plan of 
care to achieve desired outcomes 

6,14,15,19,23,28,30,
36,48,56,58,75,76,10

6 

11. Functions in accordance with 
legislative and common law affecting 
critical care nursing practice 

Not addressed by 
PICU-NKST 

12. Protects the rights of patients and 
their significant others 

73 

13. Demonstrates accountability for 
nursing practice 

6,10,13,20,29,30,48,
51,58,76,86,94,104,1

05 

PROFESSIONAL 
PRACTICE 

14. Demonstrates and contributes to 
effective, ethical decision making 

46,73 

15. Recognises own abilities and level 
of professional competence 

20 REFLECTIVE 
PRACTICE 

16. Engages in and contributes to 
evidence based critical care practice 

9,15,21,25,30,39,40,
65,66,83, 90 

17. Collaborates with the critical care 
team to achieve desired outcomes 

46,73 TEAM WORK 

18. Creates a supportive environment 
for nursing colleagues and other 
members of the critical care team 

Not addressed by 
PICU-NKST 

19. Acts to enhance the professional 
development of self and others 

20 LEADERSHIP 

20. Demonstrates effective leadership 
qualities in relationships 

20 



147 
5.2.3 Research Objective Three – Cognitive levels 

Test items were developed across four cognitive domains: recall, understanding, 

problem solving and critical thinking. Seven items were classified at the recall level, 

49 at the understanding level, 43 at the problem solving level and 10 at the critical 

thinking level. Therefore, approximately half of the questions (n=56; 51.4%) were 

written at the K1 level (combined recall and understanding).  

Appendix M shows the final items included in the PICU-NKST. Cognitive domains 

for each item are italicised beside each question number. 

5.3 Testing phase 

Psychometric evaluation of the PICU-NKST 

5.3.1 Characteristics of the sample 

PICU nurses were solicited from the following sources: 

1) Royal Children’s Hospital, Brisbane (n=24) 

2) Mater Children’s Hospital, Brisbane (n=24) 

3) Royal Children’s Hospital, Melbourne (n=19); and

4) Starship Children’s Hospital, Auckland (n=12).  

These four hospitals represent over 50% of PICU admissions in the region each 

year (Australian and New Zealand Intensive Care Society, 2010). A total of 79 

PICU nurses participated in the psychometric testing of the PICU-NKST. Table 13 

describes demographic attributes of the sample. Females comprised the largest 

percent of respondents with over half working full time within the PICU. The 

majority of respondents worked clinically in a Registered Nurse capacity.  

5.3.2 Scores  

The PICU-NKST took approximately 90 minutes to complete. The scores for the 

test approximated a normal distribution with a skewness value of -0.38 and a 

kurtosis value of -0.75. Using the Kolmogorov-Smirnov test, the score distribution 

was significantly normal, D(79)=0.09, p>.05. Using Levene’s test of homogeneity of 

variance, variances were equal, F(4,72)=1.38, p>.05). The mean score for the 

PICU-NKST was 72.1 with a standard deviation of 10.7. The minimum score was 

48 and the maximum score was 90 out of a possible 109. The 90% confidence 
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Table 13. Demographic attributes of PICU Nurses. 

PICU Nurse Demographic n (%)

Gender   
       Female 62 79.5
Type of Employment  
       Full time 54 69.2
       Part time 24 30.8
PICU Work Activity  
       Clinical 70 89.7
       Education 5 6.4
       Management 1   1.3
       Other 2 2.6
Highest Educational Attainment  
       Diploma in Nursing 5 6.5
       Bachelor of Nursing 27 35.1
       Postgraduate Certificate 20 26.0
       Postgraduate Diploma 16 20.8
       Master  9 11.7
Specialty of Postgraduate Qualification 
       PICU 25 32.1
       ICU/Critical Care 5 6.4
       Paediatrics/Child Health 4 5.1
       Education 1 1.3
       Cardiothoracic 1   1.3
       Business/Management 3 3.8
       General – Not otherwise specified 6 7.7
Title of Nursing Position 
       RN* 49 64.5
       CN/CNE/CNF* 19 25.0
       CNC/NUM/CNS/NE* 8 10.5
Age (years): - mean (SD) 38 9.1
PICU experience (years): – mean (SD) 7.5 6.5
Other critical care experience (years): – mean (SD) 1.9 3.3
Total critical care experience (years): – mean (SD) 9.3 7.5
Total nursing experience (years) : – mean (SD) 13 8.6
Average hours worked in PICU per week (hours) : – mean 
(SD) 

35 7.1

*RN=Registered Nurse, CN=Clinical Nurse, CNE=Clinical Nurse Educator, CNF=Clinical 

Nurse Facilitator, CNC=Clinical Nurse Consultant, NUM=Nurse Unit Manager, 

CNS=Clinical Nurse Specialist, NE=Nurse Educator.
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interval calculated around the test scores was ± 6.9. Table 14 outlines the test 

statistics. 

Table 14. General summary of PICU-NKST score statistics. 

Test Details Statistic

Number of participants taking test 79
Number of test items 109
Mean 72.1
Median 74
Standard Deviation 10.7
Kuder Richardson 20 Reliability Coefficient 0.85
Standard Error of Measurement 4.2

90% Confidence Interval ± 6.9

5.3.3 Research Objective Two – Reliability and item analysis 

5.3.3.1 Reliability 

Measurement of internal consistency was obtained utilising the KR-20 formula. 

Following the recoding of items dichotomously (0 incorrect, 1 correct), analysis 

yielded a high KR-20 reliability coefficient of .85, with a standard error of 

measurement of 4.2. Fifty-eight items demonstrated low item-total correlations with 

values less than .3. Appendix N details the reliability analysis figures. 

5.3.3.2 Item analysis 

An item analysis was conducted on the PICU-NKST, which included examining 

item difficulty, discrimination and distractors. All tests were reviewed and all 

subjects (n=79) were considered to have ‘tried to answer’ each item. As such, for 

any item in which a subject either provided no answer, or provided more than one 

answer, the item was coded to reflect an incorrect answer. Appendix O tabulates all 

item analysis results. 

5.3.3.2.1  Difficulty 

The analysis revealed that items ranged in difficulty from .08 (very hard) (test item 

#66) to 1 (very easy) (test item #56). For all test items combined, the level of 

difficulty averaged .66, indicating a level of moderate difficulty (Osterlind, 1998; 
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Tarrant & Ware, 2010). Fifty-seven items fell within the .4 to .8 range of difficulty 

(moderate) with thirty-six items above this range (easy) and 16 items below it 

(difficult). Figure 5 demonstrates an excellent spread of item difficulty.  

Figure 5. Spread of Difficulty across PICU-NKST items. 

Note: Easy = .80-1.00, Moderate = .40 -.80, Difficult = .01- .40

5.3.3.2.2 Discrimination 

The discriminating power of test items ranged from -.2 (negative discrimination) 

(items #57 and #94) to .8 (excellent discrimination) (items #102, #103 and #108). 

Ten discrimination power indices were negative values indicating that for these test 

items, the greater percent of low test scorers responded correctly than did high test 

scorers. Forty-four items fell within the excellent and good categories of 

discrimination, with a further 33 items falling into the acceptable and low 

categories. Figure 6 demonstrates the spread of item discrimination, with a majority 

of items demonstrating excellent discrimination. 
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Discriminating power of an item is closely related to its index of difficulty. As per  

Haladyna’s (1997) table of item performance (Appendix J), 16 items met the criteria 

for Type 1 (14.7%), 47 items were Type 2 (43.1%), 9 items were Type 3 (8.3%), 27 

items were Type 4 (24.8%), and 10 items were Type 5 (9.2%). A summary of the 

item difficulty and discrimination is presented in Table 15. 

Figure 6. Spread of Discrimination across PICU-NKST items 

Note: Excellent ≥ .40, Good = .30–.39, Acceptable = .20–.29, Low = .10–.19, Poor = < .10 

5.3.3.2.3 Distractors  

Each item was evaluated for non-functioning distractors by identifying options 

which were chosen by less than 5% of participants and/or were found to be 

positively discriminating. There were a total of 327 distractors in the 109 item test, 

of which 42.5% of distractors were functioning. Eighty-two distractors (25.1%) 

contained both low frequency selection and positive discrimination. Twenty-six 

items contained no functioning distractors. Table 16 summarises the distractor 

performance analysis. 
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Table 15. Summary of item analysis for PICU-NKST items (Total N=109) 

n 
Percent  

(%) 
Discrimination   
Excellent           (+0.4 to +1.0) 44 40.4 
Good                 (+0.3 to +0.39) 14 12.8 
Acceptable       (+0.2 to +0.29) 19 17.4 
Low                    (+0.1 to +0.19) 16 14.7 
Poor                   (<+0.1) 5 4.6 
Unsatisfactory (-0.01 to -1.00) 10 9.2 

  
Difficulty   
Difficult             (0.01 to 0.40) 17 15.6 
Moderate         (0.4 to 0.80) 56 51.4 
Easy                   (0.80 to 1.0) 36 33.0 

  
Combination Difficulty and Discrimination   
Type 1 16 14.7 
Type 2 47 43.1 
Type 3 9 8.3 
Type 4 27 24.8 
Type 5 10 9.2 

Table 16. Summary of Distractor performance for PICU-NKST items. 

Number 
 (Total N=327) 

Percent 
(%) 

< 5% selected distractor 65 19.9 

Discrimination ≥ 0 41 12.5 

Frequency < 5% & Discrimination ≥ 0 82 25.1 

Functioning distractors 139 42.5 

Functioning distractors per item   

      None 26 23.9 

      One 39 35.8 

      Two 32 29.4 

      Three 12 11.0 

Functioning distractors per item (mean) 1.28  

5.3.4 Research Objective Three – Cognitive levels 

Participant and item performance were analysed between low- and high-order 

thinking questions (K1 and K2). There was no significant difference between 

participants’ performance on K1 (M = 51.46, SE = 2.61) and K2 items (M = 53.15, 

SE = 2.47)(t(107) = -.471, p=.64). There was no significant difference between 
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mean item difficulty on K1 (M = 0.65, SE = 0.03) and K2 items (M = 0.67, SE = 

0.03)(t(107) = -.451, p=.65). There was no significant difference between mean 

item discrimination on K1 (M = 0.29, SE = 0.03) and K2 items (M = 0.28, SE = 

0.03)(t(107) = 0.11, p=.91).  

5.3.5 Research Objective Four – Construct validity 

Measures of construct validity were analysed by exploring scores between: a) 

levels of education, and b) years of experience, which form the research 

hypothesis.  

5.3.5.1 Research Hypothesis One 

There was a significant effect of postgraduate levels of education on PICU-NKST 

scores, F(2,72) = 6.25, p < .001, r = .51. Tukey post-hoc comparison of the five 

groups indicate that participants who had completed a Master’s degree (M = 82.89, 

95% CI [77.49, 88.29]) or a Postgraduate Diploma (M = 76.94, 95% CI [72.13, 

81.74]) scored significantly higher on the PICU-NKST than the Bachelor of Nursing 

group (M = 68.80, 95% CI [62.25, 70.86]), p < .001 and .009 respectively. The 

mean difference in PICU-NKST scores between nurses who held a Master’s 

degree and a Bachelor degree was 14.09 points. 

5.3.5.2 Research Hypothesis Two 

Using a Pearson’s Product Moment Correlation analysis, there was a significant 

and positive relationship between PICU experience and PICU-NKST scores (r = 

.543, p<.001), indicating that as PICU experience increased, PICU-NKST scores 

also increased. PICU experience accounted for 30% of the variance in PICU-NKST 

scores. PICU-NKST scores were not found to be related to other critical care 

experience (r = .057, p=.631). 

To further determine which variables were significant predictors of the PICU-NKST 

score, a multiple regression analysis was undertaken. Years of PICU experience 

and education were entered into the model, given their statistical significance with 

bivariate testing. Years in PICU, t(76) = 4.42, p < .001, and postgraduate 

education, t(76) = 2.02, p = .047, were significant predictors of PICU nursing 
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knowledge and skills scores. PICU experience had more impact (t = 4.42) than 

postgraduate educational (t = 2.02). Table 17 outlines the regression results.

Table 17. Regression results for PICU-NKST scores. 

b SE b β

Step 1 

Constant 65.17 1.58

PICU experience (yrs) .89 .16 .53**

Step 2 

Constant 63.57 1.74

PICU experience (yrs) .75 .17 .50**

Postgraduate education 4.53 2.24 .21*  

Note. R2 = .30 for Step 1: ∆R2 = .03 for Step 2 (ps < .05). * p < .05, ** p < .001 

5.4 Summary 

In this study, findings support the inclusion of a broad range of patient care 

problems and nursing activities in the test plan of the PICU-NKST. Weighting 

analyses, considering both frequency and criticality, determined the overall 

importance of each nursing activity. This subsequently informed the number of 

items on the PICU-NKST. One hundred and nine MCQ items were developed 

according to standardised guidelines and nested in 19 patient scenarios. The 

PICU-NKST demonstrated a good spread of questions across four cognitive levels: 

recall, understanding, problem solving, and critical thinking. Rigorous steps were 

undertaken which ensured test validity in all aspects of the PICU-NKST 

development stage. 

The PICU-NKST was administered to 79 PICU nurses across four PICUs in 

Australia and New Zealand. Kuder-Richardson 20 reliability coefficient 

demonstrated high reliability at .85, yet a large proportion of item-total correlations 

were low. Traditionally, this indicates that these items with low item-total 

correlations do not correlate well with the overall PICU-NKST. However, this result 
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needs to be explored further in the context of an test representing the 

heterogeneous practice of PICU nursing practice. An item analysis demonstrated 

good discrimination and difficulty, however 19 items will require review and further 

refinement. Distractor analysis revealed that 26 items had no functioning 

distractors, therefore considerations will need to be made regarding their ongoing 

performance in the item and overall test. Differences were examined across low-

order and high-order thinking questions. No differences were found between low-

order and high-order thinking questions and PICU-NKST scores, mean difficulty, 

and mean discrimination. 

Personal factors that may contribute to overall PICU-NKST scores were explored. 

Postgraduate education and greater PICU experience both independently 

contributed to significantly higher PICU-NKST scores, supporting the Model of 

Learning Evaluation: PICU Nursing Knowledge and Skills. These variables were 

also explored in a multivariate analysis, with PICU experience contributing most 

significantly to the model, followed by postgraduate education. This finding 

supports the conceptual framework, whereby exposure to authentic nursing 

activities in the PICU community of practice contributes significantly to successful 

workplace learning. Therefore, these data offer support for the validity and 

reliability of the PICU-NKST for measuring workplace learning, particularly during 

an orientation program.  
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Chapter 6 
Discussion 

6.1 Introduction 

The primary aim of this study was to develop a reliable and valid instrument to 

measure the knowledge and skills of competent level paediatric intensive care 

nurses in Australia and New Zealand. The study successfully developed a 109 item 

MCQ test that incorporated the patient care problems and activities most frequently 

attended to by competent level PICU nurses. Pilot testing of the PICU-NKST 

demonstrated high reliability, item analysis and construct validity. Both the 

development and pilot testing results are discussed within the broader literature in 

this chapter and presented within the context of the research objectives and 

hypotheses. 

After an extensive review of the literature (Chapter 2) on workplace learning and 

evaluation and ICU orientation programs, it was found that there was a lack of valid 

and reliable instruments to measure PICU nurses knowledge and skills acquisition 

during a PICU orientation program for graduate nurses’ in Australia and New 

Zealand. Therefore, in order to develop and validate a new instrument, four specific 

objectives were identified as follows: 

1. To identify major content domains of PICU nursing knowledge and skills 

considered important for competent level practice. 

2. To construct a reliable and valid multiple choice instrument to measure PICU 

nursing knowledge and skills; 

3. To (a) create the instrument consisting of items across all four cognitive 

levels (knowledge, understanding, problem solving, and critical thinking) and 

(b) compare scores and item performance across low and high order 

thinking questions; and 

4. To test the instrument’s construct validity by testing the following 

hypotheses: 
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i. PICU nurses with postgraduate education will score significantly higher 

on the knowledge and skills test than PICU nurses without 

postgraduate education; and 

ii. There will be a strong positive relationship between PICU nurses’ 

years of experience and knowledge and skill test scores. 

To achieve the aim of this study, the Model of Learning Evaluation: PICU Nursing 

Knowledge and Skills was developed and guided the study methods (Figure 3). 

One hundred and nine multiple choice items were developed for an instrument 

constructed to measure the knowledge and skills of PICU nurses, specifically those 

completing a period of orientation. This instrument was created with the guidance 

of an organisational framework developed by Downing and Haladyna (1997) for 

item validity evidence. This model has not been previously published as an 

organisational framework for the development of a local, low-stakes examination, 

as undertaken in this study (Downing, S., personal communication, June 4, 2011), 

but provided a logical and comprehensive guide to instrument development. 

Although this framework is extensive and time consuming for the development of a 

local, low-stakes examination, rigorous development and validity evidence is 

paramount for any examination, regardless of its use. 

The establishment of content validity is critical to validity evidence in test item 

development (American Educational Research Association, et al., 1999; Downing 

& Haladyna, 2006; Downing & Yudkowsky, 2009; Raymond, 2005). Content validity 

in this study was primarily supported by a practice analysis survey using 15 

experts’ considered opinions on what were the required knowledge and skills of 

competent level PICU nursing practice in the Australian and New Zealand context. 

This practice analysis included an examination of patient care problems, and 

frequency and criticality of nursing activities associated with PICU patients. To the 

researcher’s knowledge, no one has previously undertaken an analysis specifically 

of PICU nursing practice anywhere in the world. Previous practice analyses 

investigating nursing specialty areas have focused on adult critical care (Becker, et 

al., 2006), orthopaedics (Chase, 1988), academic nurse educators (Ortelli, 2006), 

pain management (Pellino, et al., 2002), emergency nurse practioners (Ramirez, et 



158 
al., 2006), oncology (Ropka, et al., 1992), occupational health (Strasser, et al., 

2006) and nurse anaesthetists (Zaglaniczny, 1993); most of which have been 

conducted for certification purposes. 

The number and breadth of patient care problems and activities represented in the 

PICU-NKST embodies the heterogeneous nature of paediatric critical care nursing 

in Australia and New Zealand. This heterogeneity makes it almost impossible to 

test every aspect of PICU nursing practice, unless the test is extensively lengthy or 

narrowed to the one PICU. Whilst a short test may be desirable, it must be of 

adequate length to represent the universe of competent level PICU nursing 

practice (Ferketich, 1991). The PICU-NKST represents a comprehensive review of 

knowledge and skills considered critical for competent level practice. Furthermore, 

this study employed the use of a patient care problem (content) by nursing activity 

(process) test plan as defined by a statistical weightings analysis. As such, the 

research objective of evaluating content validity was met. The resultant data 

yielded a large pool of information, which, even within the confines of PICU 

nursing, revealed distinct, separate bodies of information which supported test item 

construction.  

The following sections discuss the results of the study as set out by the guiding 

research objectives. 

6.2 Research Objective One: Content validity 

In this study, using 15 PICU Nurse Educators from eight sites as subject matter 

experts, the numbers of cardiac and respiratory patient conditions combined 

represented greater than 50% of the patients cared for by PICU nurses. This is not 

surprising given that cardiac and respiratory conditions are the foundations of PICU 

being considered a unique specialty (Epstein & Brill, 2005). Comparison with an 

American practice analysis survey further confirms the validity of the PICU-NKST. 

The American Association of Critical Care Nursing (Certification 

Corporation)(AACN-CC) surveyed 2000 critical care nurses, of whom 400 were 

paediatric critical care nurses, and found they cared for a similar percentage of 

cardiac and respiratory conditions (Muenzen, et al., 2004). Twenty-five percent of 



159 
their PICU nursing sample received the Patient Care Problem survey, which 

covered eight systems with 95 patient care problems. The paediatric test blueprint, 

informed by the AACN-CC survey, revealed that a comparable proportion of 

cardiovascular (19%) and respiratory (22%) patient care problems contributed to 

the 150-item paediatric critical care nurse certification test (CCRN) (Muenzen, et 

al., 2004), thus indicating the relative importance of these two body systems to 

PICU nursing internationally. 

The most recent paediatric CCRN test plan shows a reduction in the percentage of 

test items in cardiovascular (14%) and respiratory (18%) areas (American 

Association of Critical-Care Nurses Certification Corporation, 2011) compared to 

their previous surveys (Muenzen, et al., 2004). Although the time dedicated to 

respiratory patients in this current study was almost double that reported by AACN 

(2011), the AACN paediatric CCRN test plan still reflects that almost without 

exception, their respondents devote the most time to patients with problems related 

to cardiovascular and respiratory systems. One explanation for AACN’s lower 

percentage of items in the respiratory category may be related to the increasing 

use of Respiratory Therapists and Technicians in the USA, a role which is not 

supported in Australian and New Zealand PICUs or ICUs. Alternatively, a larger 

sample of nurses in the current study, may have influenced the spread the results 

across patient care problem body systems bringing percentages closer to those 

reported by AACN (Muenzen, et al., 2004). 

All remaining systems reported similar amounts of time spent with patients in 

neurological (10%), gastrointestinal (5%) and renal (4%) systems (American 

Association of Critical-Care Nurses Certification Corporation, 2011) compared to 

the current study. Within each of the body systems, the CCRN test plan 

incorporates more diagnoses than those identified in this study, some of which 

were not ranked as important. For example, sickle cell disease was identified 

through a practice analysis by AACN (American Association of Critical-Care Nurses 

Certification Corporation, 2011), however this disease process occurs in less than 

1% of patients in Australia and New Zealand (ANZPICR, personal communication, 

July 23, 2011) and was therefore not identified through the practice analysis.  
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The PEDS-BKAT4 is an instrument that has been developed to evaluate basic 

knowledge in paediatric intensive care nurses (Runton & Toth, 1998), however it 

was found to have weak reliability and validity in the Australian and New Zealand 

setting (Long, et al., 2012). ACCN’s test blueprint (2011) and the results of the 

current study differ, however, to those outlined in the PEDS-BKAT4 test blueprint, 

where 31% of items are dedicated to cardiac questions and 12% are dedicated to 

respiratory questions (Toth, 1998). These differences may be due to changes in 

nursing practice in the decade since the PEDS-BKAT4 was developed and 

methods for ascertaining test content. 

Data collected by Australian and New Zealand Paediatric Intensive Care Registry 

(ANZPICR) (Australian and New Zealand Intensive Care Society, 2010) provides 

reassurance regarding the validity of the PICU-NKST. Some comparisons can be 

drawn from paediatric intensive care practice undertaken in Australia and New 

Zealand and the study results. Data supplied by ANZPICR from 2009 indicates 

similarities to the current study in the percentage of time spent caring for patients in 

each particular system: respiratory 28% (PICU-NKST 33%); cardiovascular 26% 

(PICU-NKST 21%); miscellaneous 20% (PICU-NKST 17%); neurological 13% 

(PICU-NKST 11%); injury 7% (PICU-NKST 11%); gastrointestinal 4% (PICU-NKST 

5%); and renal 1% (PICU-NKST 3%) (Australian and New Zealand Intensive Care 

Society, 2010). Furthermore, from the diagnoses listed in the top ten reasons for 

non-elective admissions, eight are also included in the PICU-NKST (bronchiolitis, 

seizures, pneumonia, asthma, trauma-head, diabetes mellitus with ketoacidosis, 

respiratory failure and shock-septic) (Australian and New Zealand Intensive Care 

Society, 2010). Whilst data from the ANZPICR represents care provided to all PICU 

patients and not just those receiving care by competent level nurses, these 

comparisons confirm that the PICU nurse educators in this study were a reliable 

and valid source of the most frequently cared for patients for the practice analysis. 

Knowledge and skills in mechanical ventilation were perceived by this current 

study’s sample of PICU nurse educators to be the most important aspect of 

competent level PICU nursing. Consequently, this is reflected by 18 items (16.5%) 

on the final test assessing the knowledge and skill associated with mechanical 
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ventilation. Inotropic support, airway support and arterial blood pressure line 

management were also ranked as important, contributing to a further 37 items 

(34%) on the test. Remaining items on the test assess a further 21 activities. A 

comparison of nursing activities with the AACN practice analysis would be 

informative, but unfortunately this level of data is not available from AACN in view 

of the high-stakes nature of this, their credentialing examination. The PEDS-BKAT4 

test blueprint (Toth, 1998) does not provide an exact percentage of items covering 

specific nursing activities, however a review of the test indicates that approximately 

12 items (12%) were allocated to mechanical ventilation, arterial blood pressure 

line management, inotropic support and airway support. These numbers are 

notably lower than the 50% of items representing the same domains in the PICU-

NKST. Again, these differences may be due to the methods used for deriving the 

PEDS-BKAT4 content being noticeably different, namely literature review, expert 

panel and a large numbers of test items (70%) coming from the adult BKAT4 

(Runton & Toth, 1998). For example, the PEDS-BKAT4 tests knowledge and skills 

relating to pulmonary artery catheters and pulmonary capillary wedge pressures on 

six items (Toth, 1998), an activity not, or rarely, performed in Australian and New 

Zealand PICUs. Similarly, knowledge relating to thyroid storm (crisis) is examined 

on one PEDS-BKAT4 item (Toth, 1998), a diagnosis which does not rate as 

frequently cared for by competent level PICU nurses in this study. 

6.3 Research Objective Two: Reliability 

Internal consistency reliability was calculated to examine the psychometric index of 

the PICU-NKST. Internal consistency reliability is most commonly used with 

cognitive measures which are concerned with the performance of a sample group 

of subjects across test items representing a variable of interest (Waltz, Strickland, 

& Lenz, 1991). As such, the internal consistency form of reliability is an index of the 

intercorrelations between test items and is considered a test of homogeneity (Field, 

2005). In this study, the measure of internal consistency employed to ascertain the 

reliability coefficient of the PICU-NKST was the KR-20 formula. This test yielded a 

value of .85 with a standard error of measurement of 4.3. The reliability coefficient 

.85 is high, particularly considering that .70 to .79 is the range preferred as 

acceptable for initial low-stakes test development (Axelson & Kreiter, 2009).  
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The KR20 formula for reliability is essentially an index of test item homogeneity. 

Thus, one would expect item-to-total score correlations to support the coefficient 

value obtained by exhibiting positive and, at least, modest correlation indices in a 

specialised knowledge and skills test. In this study, only 47 of the test items yielded 

item-to-total score correlations of .30 (moderate association) (Field, 2005) and 

higher. Traditionally, a test is considered better (ie. more reliable) the more 

homogenous the items (Field, 2005; Kehoe, 1995). Boyle and others however 

argue against the issue of item homogeneity, especially in a test measuring a 

breadth of knowledge and skills, such as the PICU-NKST (Boyle, 1991; Boyle, G., 

personal communication, June 7, 2011; Kline, 1986; McDonald, 1981). Boyle 

specifically argues that moderate to low item homogeneity is actually preferred if 

one is to ensure a broad coverage of the particular PICU nursing knowledge and 

skill constructs being measured (Boyle, 1991: Boyle, G., personal communication, 

June 7, 2011). In this study, removal of items with low item-total correlation would 

result in a reduction in the breadth of measurement and inadvertent disregard for 

the heterogeneity of PICU nursing practice. 

A test’s standard error of measurement (SEM) is also important and directly related 

to the reliability of a test. The SEM is the standard deviation of measurement errors 

that are associated with test scores from a particular group (Harvill, 1991); whereby 

the larger the SEM, the lower the reliability of the test and the less precision there 

is in the measures taken and scores obtained (Axelson & Kreiter, 2009). In this 

study, the SEM of the PICU-NKST scores was 4.2. Assuming a PICU nurses score 

on the PICU-NKST was 72.1 and the SEM was 4.2, there are nine out of ten 

chances (90%) that the nurse’s true score would fall between 65.2 and 79. Given 

that possible PICU-NKST scores range from 0 to 109, this 90% confidence interval 

is very small, and is a further reflection of the high reliability of the PICU-NKST. 

6.4 Research Objective Two: Item analysis 

Results obtained from the item analyses of the test also lend support to its validity. 

In this study, three measures of item analysis were employed: 1) discriminating 

power of the item; 2) item difficulty; and, 3) effectiveness of response choice 

distractors. 
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Discriminating power of an item is the degree to which it demarcates people who 

possess the construct of interest versus those who do not (Livingston, 2006). 

Evaluation of discrimination indices is important in that poor discriminatory items 

serve as a valuable signpost towards questions requiring attention and review. In 

this study, 99 of 109 indices of discriminating power were positive and ranged in 

value from .2 to .8 (possible range 0-1). Ten indices of discriminating power were 

negative, indicating that nurses who had overall lower scores performed better on 

the item than nurses who had overall higher scores on the test. Downing (2009) 

suggests that negatively discriminating test items add nothing to the measurement 

and may detract from some of the important psychometric characteristics of the 

overall test and reduce the validity of the test scores. As such, the ten items with 

negative discrimination indices will need to be revised or removed to support test 

integrity in future iterations of the PICU-NKST. One possibility for negative 

discrimination is the concept of guessing, whereby test-takers might take the risk to 

guess on items which are more difficult or ambiguous (Considine & Thomas, 2005). 

Further analysis of item performance across different nursing experience 

categories may be required to explore guessing in low- and high-scoring groups. 

Twenty-one items (19%) that had positive indices however, fell in the low to poor 

discrimination category (range 0-0.19). These items may be ambiguous or 

misleading, or have distractors that are too nearly correct. In reviewing these items 

for retention in the test it is also important to evaluate the corresponding item 

difficulty. This will be discussed below. The remaining 77 items met the minimum 

acceptable value of .20 or greater (Ebel & Frisbie, 1986; Tarrant & Ware, 2010) and 

will therefore be retained in the test. 

Item difficulty is an index of the percentage of people who correctly answer a test 

item (Livingston, 2006). The higher value, the easier the item is to answer; 

conversely, the lower the value, the more difficult an item is to answer correctly. In 

this study, item difficulty ranged from .08 to 1.00 (possible range .0 to 1.0) with item 

#66 (see example of item #66, Figure 7) obtaining the lowest indices (ie. the most 

difficult item to answer correctly). Both high and low test scorers answered this 

item incorrectly more so than any other test item, highlighting that perhaps 

organophosphate poisoning is not the most common type of poisoning seen in 



164 
Australian and New Zealand PICUs. In this item, the answer selected by most 

nurses was d) bradycardia, with the presumption that there was limited knowledge 

and understanding that atropine is used for its anticholinergic effects. Copious 

bronchial and gastric secretions are common symptoms of organophosphate 

poisoning and the purpose of atropine administration in this question would be to 

minimise respiratory compromise. However, with the lack of a documented heart 

rate, this question becomes ambiguous encouraging nurses to guess the correct 

answer. The importance in this question is the provision of treatment based on 

symptoms, not diagnosis. Therefore, a clearer description of the symptoms for this 

case is required. 

Figure 7. Example of Item 66.

In this study, 56 items were moderately difficult (.4 to .8). Knowing the difficulty of 

the items helps to avoid making a test so hard or so easy that it fails to provide 

much information about individual test takers. Also, an item that proves to be much 

harder or easier than anticipated may be flawed in some way. An unexpectedly 

hard item may be ambiguous, or an easy item may contain some kind of 

information that makes the correct answer apparent even to test takers who do not 

have the knowledge the item is intended to test. In making a judgement about 

whether an item is too easy however, the context of the test needs to be taken into 

consideration. Within the PICU-NKST and ICU orientation program context, for 

example, there may be some core knowledge and skills that everyone is expected 

to know and inclusion of the item will be important, regardless of its difficulty.  
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Though test items were individually evaluated for their index of difficulty, the mean 

difficulty level can also be used to evaluate the research objective. For this test, the 

mean level of difficulty was .66, which is within the .40 to .80 range deemed 

acceptable. Ghiselli, Campbell, and Zedeck (1981) state that it may be unrealistic 

to expect all items to achieve difficulty levels within this range. They indicate that a 

scale may be comprised of items that exemplify values above and below this 

determined range, but that an average of difficulty index may be used to evaluate 

the effectiveness of comprising an instrument with the appropriate level of difficulty. 

As such, while some test items were not within the moderate range of difficulty, the 

overall mean value of the test items was; and as such, indicates that the instrument 

in total represents a scale of measurement that is ‘not too easy’ and ‘not too hard’.  

In scrutinising items for retention within the test, the individual item’s difficulty and 

discrimination combined may provide the most useful information. Using 

Haladyna’s (1997) classification of items by performance (see Appendix J), Type 3 

(Difficulty: .6 to .9; Discrimination: < .2) and Type 5 (Difficulty: < .6; Discrimination: 

< .2) items would require significant review and modification before retention within 

the test. Using these criteria, 19 items in this study would require review. Whilst 

these recommendations are based on theory, they suggest that the most 

informative test items are those with moderate difficulty which discriminate highly. 

Importantly, 47 items in this study were classified as Type 2 (Difficulty: .6 to .9; 

Discrimination: > .2), which is typical of highly desirable items. 

The remaining 43 items discriminate to various degrees but are bordering on too 

hard or too easy. In this study, Type 1 (Difficulty: > .9; Discrimination: any value) 

and Type 4 (Difficulty: < .6; Discrimination: > .2) items are acceptable given the 

non-high stakes nature of the test, but it would be useful to review each item to 

ensure their maximum capacity to discriminate low scorers from high scorers. 

Downing (2009) suggests that whilst both item parameters are important, item 

discrimination however may be more important than difficulty. Providing that item 

stem and instructions to test-takers are effective, these items are useful to the 

overall test as they measure important content and enhance the content-related 

validity of the test scores.  
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An effective distracter is an incorrect response choice that low test scorers tend to 

select as opposed to high test scorers. Distractor performance was evaluated on 

three criteria. These included: 1) frequency of selection < 5%, 2) discrimination ≥ 0, 

and 3) frequency < 5% plus discrimination ≥ 0. Twenty-five percent of distractors 

(n=82) were chosen by less than five percent of nursing respondents and had poor 

discrimination. Whilst four-option MCQs remain popular in local low-stakes nursing 

tests, recent research has demonstrated that three-option items offer many 

advantages over four-option tests, including: less time required to construct items; 

less testing time required; difficulty index increases making items easier;  

improvements in discrimination indices; and increases in reliability (Rodriguez, 

2005; Tarrant & Ware, 2010). In this study, removing the least functioning distractor 

of each item may improve discrimination but not alter overall test reliability 

(Rodriguez, 2005; Tarrant & Ware, 2010). Further to this, a reduction in the 

average testing time of 90 minutes, by removal of the least functioning distractor, 

would prove beneficial in some instances where time constraints exist (Haladyna & 

Downing, 1993; Tarrant & Ware, 2010).  

6.5 Research Objective Three: Cognitive levels 

In addition to the inclusion of appropriate content domain within tests of knowledge 

and skill, evidence of particular cognitive processes must also be presented 

(American Educational Research Association, et al., 1999; Downing, 2006; 

Downing & Haladyna, 1997); particularly when the examination is intended to 

measure comprehension of complex concepts or the ability to apply understanding 

to solve problems (Haladyna, 1997). This is especially relevant in a professional 

discipline such as nursing, where clinicians are required to process large amounts 

of complex information and to act responsibly upon that information. In this study, 

experts determined that the PICU-NKST contained items addressing cognitive 

processes across four levels: recall (6.4%); understanding (45%); problem solving 

(39.4%); and critical thinking (9.2%).  

Ideally, test questions should be also be written to reflect the level of sophistication 

at which clinicians are expected to practice (Tarrant, et al., 2006); nurses who take 
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tests requiring rote recall (knowledge level) do not necessarily perform at levels 

requiring higher order thinking that is associated with functioning well in the clinical 

setting (Masters, et al., 2001; Tarrant, et al., 2006). Many authors advocate that 

test items should match the intended cognitive levels outlined in learning objectives 

(Morrison & Free, 2001; Morrison, et al., 2006; Su, et al., 2009). As many ICU 

orientation programs aim to develop and facilitate problem solving and critical 

thinking, then tests used for evaluating learning in these programs should 

accordingly address these cognitive levels. In this study, 48.6% of items in the 

PICU-NKST addressed high-order thinking. 

Masters, et al. (2001) examined the quality of 2913 MCQs in nursing textbook test 

banks (N=17) and found that 72% of test bank questions were written at 

knowledge and comprehension levels. Tarrant, et al. (2006) also examined the 

quality of 2770 MCQs in pre-registration and post-registration nursing courses in a 

Hong Kong university and found 91% of questions were written at the recall and 

comprehension level. Whilst it is not expected that these types of assessment 

should have all questions testing at the higher cognitive domains, unfortunately the 

literature does not provide any guidance as to the appropriate proportion of higher 

cognitive questions. Tarrant, et al. (2006) concluded that tests containing less than 

20% of higher order thinking items were difficult to justify, even in undergraduate 

programs. If the desired outcome of intensive care orientation programs is for 

nurses to utilise critical thinking skills to inform sound clinical judgements, then test 

questions written only at knowledge and comprehension levels may not be a valid 

assessment of PICU nurses’ learning. It follows then, that in a postgraduate PICU 

nursing orientation program, a measure of knowledge and skills, such as the PICU-

NKST, 50% of items addressing higher-order thinking is appropriate.  

It is often assumed that items measuring higher-order thinking are, by their very 

nature, more difficult than items measuring lower-order thinking (Crawford, 1968; 

Sousa, 2006). Sousa (2006) explains that complexity and difficulty, in fact, describe 

two very different mental operations. He describes complexity as “the thought 

processes that the brain uses to deal with information”, and lists Blooms Taxonomy 

as one way of describing these processes (Sousa, 2006, p. 258). In contrast, 
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difficulty is the “amount of effort that the learner must expend within a level of 

complexity to accomplish a learning objective (Sousa, 2006, p. 258). Accordingly, 

items evaluating knowledge and skills can become increasingly difficult without 

becoming more complex. In this study, there was no difference between PICU-

NKST scores on K1 (recall/understanding) and K2 items(problem solving/critical 

thinking, t(107) = -.471, p=.64. Similarly, there was no difference between mean 

item difficulty (t[107] = -.451, p=.65) and discrimination (t[107] = .11, p=.91) on K1 

and K2 items. These results confirm that the PICU-NKST items are measuring 

discrete cognitive processes, and have no connection with item difficulty. 

6.6 Research Objective Four: Construct validity 

The second type of validity that is important in test development is construct 

validity. Construct validity is the extent to which an instrument measures a 

theoretical attribute (Considine & Thomas, 2005). Indices of construct validity were 

established using known groups (ie. criterion groups) as these groups were 

hypothesised to attain higher scores of PICU nursing knowledge and skills. In this 

study, known groups included: 1) level of education (Diploma, Bachelor, 

Postgraduate Certificate, Postgraduate Diploma, Master or Higher), and 2) years of 

experience (nursing, PICU and other critical care). As predicted, subjects with 

higher levels of education scored significantly higher on the test (F(2,72) = 6.25, p 

= .00, r = .51). Interestingly the Bachelor of Nursing Group scored the lowest on 

the test (mean difference with Master’s prepared nurses 14.09 points), lower than 

nurses with a Diploma, which may reflect the generalist preparation received by 

graduate nurses in Australia and New Zealand since hospital based diploma 

programs have been discontinued.  A further explanation, despite small numbers, 

may relate to the possibility that the Diploma nurses had more years of experience 

(depending on individual states, diploma programs were discontinued as long as 

15 years ago). 

The shift in the 1990s from a traditional focus of acute inpatient nursing in hospital 

based programs to a generalist pre-registration tertiary program (including 

community and mental health nursing), has seen graduates less prepared to nurse 

in acute medical and surgical areas (Sutton & Arbon, 1994). This shift, coupled with 
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a global shortage of nurses, has seen the introduction of novice graduate nurses 

directly into speciality areas, such as critical care.  The graduate nurse represents 

the largest pool of available nurses to the profession and has forced academics 

and clinicians alike to re-evaluate educational requirements and practice 

expectations for graduate nurse programs in critical care (Sutton & Arbon, 1994).  

Construct validity was further confirmed with more experienced PICU nurses 

scoring significantly better on the knowledge and skills test than those with fewer 

years of experience (r = .543, p<.001). Several studies of nursing knowledge in 

intensive care have shown that nurses with more years of experience perform 

better on the BKAT (Lanford, 1989; Price, 1993; Santiano, Daffurn, & Lee, 1994; 

Toth & Ritchey, 1984). A regression analysis in the current study confirmed that 

nurses’ years of PICU experience makes the most significant contribution to a 

model of overall test scores (t(76) = 4.42, p < .001). These results are supported by 

Benner’s (1984) theory of expertise development whereby education and 

experience form the trajectory foundations for skill acquisition and expertise. The 

fact that PICU nurses’ years of experience had a stronger relationship with overall 

scores than other (ie. adult, emergency, neonatal) critical care experience confirms 

that the test measures a construct unique to PICU. In a unique exploratory study of 

115 randomly selected nurses, Roche, et al. (2009) found that years of experience 

in a specialty, compared to years of experience nursing, was significantly 

associated with expertise. Both McGaghie (1980) and Eraut (1994) argue that in 

describing professional knowledge, it needs to be unique and have discrete 

boundaries and the current study’s results support this. Manley and Garbett (2000) 

however, suggest that experience on its own does not result in expertise, but is 

founded on learning and processing from those experiences to develop 

subsequent practice. Similarly, in addition to undergraduate training, experience 

needs to be re-consolidated by further learning, and the role of postgraduate 

education in this learning is extremely important in the overall development of 

expertise. Hence, in a regression model, this study found that both PICU nursing 

experience (t[76] = 4.42, p < .001) and postgraduate education (t[76] = 2.02, p = 

.047) contribute significantly to overall PICU-NKST scores, with PICU nursing 

experience contributing the most variance (29.5%). This concept by Manley and 
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Garbett (2000) and the results of the current study confirm that in order for learning 

to be successful, it needs to occur in a community of practice where guidance 

through and participation and engagement in authentic activities crucial elements 

(Billett, 1996, 2002b; Lave & Wegner, 1991).  

In the development of the PEDS-BKAT4, Runton and Toth (1998) described how 

70% of the original questions from the BKAT4 (adult version) were used to form the 

paediatric version. These items were included as the items were felt to measure 

basic knowledge of critical care nursing of both adults and children (Runton & Toth, 

1998). In a validation study, Long, et al. (2012) found that Australian nurses scored 

significantly lower on the PEDS-BKAT4 compared to the mean reported by Runton 

and Toth (1998). Whilst Long, et al.’s (2012) study had a similar sample in regards 

to the range of experience (in years), none of the participating nurses had previous 

experience in other critical care areas, as was the case in Runton and Toth’s 

(1998) sample. That is, their only experience was in PICU. The large number of 

original adult BKAT4 items on the PEDS-BKAT4 may offer an explanation for the 

lower scores in Long et al.’s (2012) Australian and New Zealand sample, as it is 

argued there is a specific professional knowledge unique to PICU nursing care. 

6.7 Relationship of findings to conceptual framework  

The Model of Learning Evaluation: PICU Nursing Knowledge and Skills provided 

the conceptual framework for this study. Since the purpose of the PICU-NKST is to 

evaluate basic knowledge and skills (or according to the model, “canonical” 

knowledge and skills), it is imperative that a quality examination be used. 

According to the model, PICU nurses learn constantly through engaging in 

authentic everyday activities. In particular, the types of patients and nursing tasks 

are a key source of learning, and to this end the PICU-NKST was developed based 

on a practice analysis of: the most frequently cared for patients; and tasks most 

frequently attend to and considered most critical by competent level nurses (as 

defined by Benner, 1984).  

The model further proposes that a diverse variety of individual factors contribute to 

the overall development of canonical knowledge and skills. In this study, the factors 
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which appear to influence canonical knowledge and skills, as measured by the 

PICU-NKST, include experience and education. Level of mentoring or support was 

not measured in this study. 

6.8 Strengths and limitations 

This is the first study to develop an instrument assessing knowledge and skills 

using Downing and Haladyna’s (1997) model for item validity evidence as the 

organisational framework. This model provided a comprehensive and rigorous 

approach to item and overall development and may provide other researchers and 

educators with a useful framework for local test development. Conducting an 

empirical practice analysis was the first step in this process and provided grounds 

for generalisability of the test across Australia and New Zealand. The practice 

analysis provided a rigorous process and an accurate description of current PICU 

nursing practice in Australia and New Zealand upon which to base its test blueprint. 

This process was complemented with systematic procedures for collecting and 

combining ratings. Furthermore, the use of a statistical model accomplished 

objectives related to sound measurement practice. A practice analysis is commonly 

used for the assessment of competence through credentialing and licensure 

examination (Downing, 2006; Downing & Haladyna, 1997; Kane, 1992; Raymond, 

2002).  

A factor analysis was not used to support construct validity of the PICU-NKST as 

this study represented a pilot of test administration with a limited sample size. This 

sample size of 79 participants is smaller than the 10 to 20 participants per item 

sample size recommended in the psychometric testing literature for factor analysis 

(Costello & Osbourne, 2005; Floyd & Widaman, 1995). Through an item-

competency standard linkage activity, the PICU-NKST did demonstrate items which 

assessed across domains of the ACCCN Competency Standards, which have also 

shown difficulties with loading across several factors (Fisher, et al., 2005). Given 

the heterogeneous nature of PICU patient care problems and nursing activities, it 

may be difficult to reduce the domain to a handful of factors (other than those 

already identified by systems). 
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Whilst the PICU-NKST is not intended as a direct measure of PICU nursing 

competence, it does provide information about those aspects considered critical to 

the concept of competence, which are knowledge and skill. Accordingly, PICU-

NKST content is specific to Australia and New Zealand and represents the current 

dynamic nature of PICU nursing. Kane (1992) affirms this notion by explaining that 

mastery of knowledge and skills does not guarantee successful performance in 

practice, but major gaps in this mastery would presumably be a serious limitation in 

the practice of the profession. Furthermore, whilst the PICU-NKST would prove to 

be most informative with graduate nurse groups, the sample for psychometric 

testing of the PICU-NKST incorporated a broad range of PICU nursing experience. 

The inclusion of a wide range of nursing experiences did allow, however, the 

contrasting of characteristics of nurses with limited PICU exposure with the 

characteristics of nurses with the opposite state, that is, experience and further 

education. Given the absence of an instrument to assess knowledge and skill in 

this population, both the product and the process of developing the instrument 

have therefore represented a unique and critical advancement in PICU nursing 

education and assessment in Australia and New Zealand. 

The content domain for the test was assessed through a sample of PICU Nurse 

Educators. There was an assumption that the role of the nurse educator provided a 

good grounding in the educational principles and activities of competent level PICU 

nurses. These PICU nurse educators were drawn from each of the eight tertiary 

level PICUs in Australia and New Zealand and so should provide a comprehensive 

representation of PICU nursing practice across the region. Additionally, PICU 

nursing knowledge and skill test scores were examined in a small convenience 

sample of nurses (n=79), representing approximately 20% of the PICU nursing 

population in the region (total population unknown). Financial and staffing concerns 

at the time of the study prevented further recruitment to the sample. Downing 

(2009) recommends that approximately 100-200 participants are necessary for 

undertaking item analyses in high-stakes examinations, to establish small standard 

errors of the p-value and stable estimates of the item difficulty. Yet, given the 

constraints of clinical populations, item analysis is frequently performed with far 

fewer subjects (Ferketich, 1991). Nonetheless, S. Downing (personal 
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communication, January 5, 2012) further suggests that the minimum number for 

any kind of reasonable small standard error for item analyses would be 30. 

Therefore, the pilot sample of 79 participants provided sufficient information for 

informing item performance in a final operational test, however caution needs to be 

taken when deciding to discard items based on a single small sample test 

(Ferketich, 1991). Finally, the test in this study was developed to assess competent 

level practice. Whilst it could potentially be used across all expertise levels, nursing 

practice at an expert level would inform a practice analysis differently, and 

therefore new test blueprints would be required. The test in this study was 

developed as there was no other instrument to inform competent levels of PICU 

nursing practice in Australia and New Zealand.  

6.9 Implications for education, research and practice 

6.9.1 Education 

Given the nature of the PICU-NKST, the most considerable implications from this 

study are for nursing education. The PICU-NKST can now be used across varying 

educational contexts. Knowledge and skills of PICU nurses can now be measured 

pre and post short courses or orientation, and provide an evaluation of content 

adequacy, and knowledge and skill acquisition, at both the individual and group 

level. Inservice or in-house education can then be tailored to group/unit needs if 

content area weaknesses are identified by the PICU-NKST. Furthermore, subsets 

of the test (based around scenarios) could be used as a focus for inservice so that 

the entire PICU-NKST does not have to be administered. This is a particularly time 

efficient option in busy units where nurses do not have the time to complete a 

lengthy test, or where education is delivered in modules over longer periods. 

Evaluation of knowledge and skill acquisition is particularly important at the three to 

five years of experience mark where Davis (1972) identified a significant drop in 

the quality of nursing care decisions. Expanding on Davis’ (1972) research, a 

longitudinal study over five years could be an exploration of whether PICU nurses 

experienced peaks and troughs in their knowledge and skills over varying years of 

experience, and exploring reasons for this. Additionally, individual nurses can use 

the results of the PICU-NKST to focus their own professional development on 
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identified areas of weakness. This will be useful for guiding professional 

development throughout the year and its subsequent documentation on annual 

performance plans.  

The practice analysis results in this study can also inform curriculum requirements 

at the orientation and postgraduate tertiary level, with clinicians, not just 

academics, now defining practice and its educational requirements. National data 

on PICU-NKST scores can focus efforts towards developing and targeting national 

educational initiatives in any content areas identified as weak. Given that PICU 

nursing is a relatively small specialty within Australia and New Zealand, any efforts 

to consolidate the planning and delivery of educational activities across PICUs 

would be prudent. Given the cost of delivering specialised orientation programs, 

approximately US$30,000 per nurse (Friedman, et al., 2011), it is imperative that 

education programs demonstrate achievement of their core professional 

development outcomes. Evidence of knowledge and skill acquisition, using the 

PICU-NKST, can now be used to direct well needed funding into the support of 

graduate nurses in the intensive care environment through orientation programs. 

Furthermore, education programs need to demonstrate their cost efficiency, 

whereby the outcome of developing and retaining safe and competent practitioners 

outweighs the cost of implementing the program. The PICU-NKST now provides 

one way of demonstrating positive learning outcomes. 

The PICU-NKST holds importance in its potential to identify nurses who can recall 

facts but may not know how to use them. Whilst PICU nurses in this study, on 

average, performed equally as well on both K1 and K2 items, there will be a 

minority who have difficulty with higher-order thinking questions. Anecdotally and in 

the literature (Peitzman, Nieman, & Gracely, 1990), these types of learners do 

exist. Use of the PICU-NKST within an orientation program, or similar education 

program, may identify nurses with poor higher-order thinking, whereby assistance 

can be provided early in their PICU nursing education. The PICU-NKST also has 

potential to be developed into an on-line interactive multimedia test, making 

administration and scoring more efficient for busy nurse educators.  Simulations 
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can provide the basis of the scenarios, further enhancing the current multimedia 

elements of the PICU-NKST into interactive cues for problem-solving.  

The results of this study have made a significant contribution to the literature on 

workplace learning in nursing. Specifically, it supports and builds on the notion of 

evidence-based education, whereby nurse-centred, educator-evaluated and 

research-derived findings are incorporated into educational programs for nurses. 

Instead of decisions based on opinions and tradition, this research moves 

education towards an approach which includes the use of knowledge that is based 

on the outcomes that are measured, and their demonstrated effectiveness. 

6.9.2 Research 

The PICU-NKST has been demonstrated in this study to have strong validity for 

immediate use in its intended scenarios. However, there remain potential areas 

where the instrument itself can continue to be strengthened, and further data 

collected on its psychometric properties. There are several important implications 

for future research. Firstly, it would be useful to replicate the practice analysis in 

other countries in order to confirm or refute practice similarities. Secondly, trialling 

the PICU-NKST internationally, will provide an understanding of knowledge and 

skill levels between countries and specific areas of strengths and weaknesses. 

While there is an argument that nursing practice varies between continents, it 

would be particularly useful to gather further information on the PICU-NKST’s utility 

in areas considered similar in practice to Australia and New Zealand, namely the 

United Kingdom and Canada. These areas have shown similarities in critical care 

provision, structure, skill mix and staffing (Clarke et al., 2000; Rose, Goldsworthy, 

O'Brien Pallas, & Nelson, 2008) and would provide a sample size amenable to 

factor analysis. A larger sample size of approximately 1000 PICU nurses would 

allow for a factor analysis to be undertaken to identify any underlying constructs in 

the domain of paediatric intensive care knowledge and skills. Whilst the PICU-

NKST is not intended solely for orientation programs, further testing also needs to 

occur specifically in graduate nurse cohorts to ensure the tools continued reliability 

and validity in this group. 
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A practice analysis of nurse educators’ perceptions of competent level nursing 

practice, as undertaken in this study, could be complemented by an additional 

practice analysis of PICU registered nurses so as to further confirm the content 

validity of the PICU-NKST. Analysis of interest would include congruence of 

perceived and actual practice frequency. Furthermore, given the dynamic nature of 

intensive care nursing, continual monitoring of PICU nursing practice and updating 

of the PICU-NKST would be required. This study observed a congruence between 

nurse educator ratings and the ANZPICR annual report of patient care problems, 

however further validation is required of PICU nursing activities. A broader practice 

analysis of PICU nursing can include all levels of nursing practice (novice to 

expert), varying roles (education, research and management), and competency 

standards influencing practice. This would add to the knowledge about variations in 

practice relating to expertise by exploring several nursing roles and experience 

levels, and how nurses in each of these positions relate to competency standards 

at a practice level. 

Further research is warranted in the area of how PICU nurses actually make 

decisions regarding their clinical care, that is, how nurses use their knowledge and 

skills in practice. The PICU-NKST could provide the foundations for research using 

various methodologies and provide essential information for educators in where 

potential errors in judgement and decision making arise. Further validation of the 

PICU-NKST can be undertaken to establish the relationship between knowledge 

and skill acquisition, and critical thinking skills. Both the PICU-NKST and a critical 

thinking test can be implemented pre and post an education program, to determine 

if acquisition of knowledge and skills during that period is related to simultaneous 

gains in critical thinking skills. If knowledge, skills and higher order thinking are key 

professional development outcomes for ICU orientation programs, then evaluation 

of these is essential. Unfortunately, multiple simultaneous assessments of 

knowledge, critical thinking, and other numerous outcomes can be time consuming 

and costly. If the PICU-NKST has the ability to correlate well with critical thinking 

skills, then the time and cost of administrating critical thinking tests may well be 

negated. Further review and refinement of the PICU-NKST items need to be 

undertaken. Reduction of options on each MCQ from four to three distractors may 
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be warranted to address the issues highlighted, specifically item discrimination and 

testing time (Rodriguez, 2005; Tarrant & Ware, 2010). 

Whilst the Model of Learning Evaluation: PICU Nursing Knowledge and Skills 

detailed guidance and support as crucial to successful learning in the PICU 

environment, information about levels of guidance (eg. Amount of preceptoring, 

access to a mentor or clinical facilitator, one on one education with a senior nuses) 

was not collected in this study. Previously the research around workplace learning 

and the support and guidance provided in a community of practice has been 

qualitative in nature. Research with the PICU-NKST can prospectively explore 

types and amount of guidance, so that the relationship between guidance and 

learning can be quantitatively determined. Similarly, the relationship between 

PICU-NKST scores and PICU nursing activities (type and frequency) could be 

prospectively explored to further support the importance of frequent exposure to 

authentic activities in the Model of Learning Evaluation: PICU Nursing Knowledge 

and Skills. This research will be particularly useful in the context of orientation 

programs where the greatest growth in knowledge and skills is seen. In this case, 

pre and post evaluation of the PICU-NKST would be important to determine how 

exposure to activities and guidance influence overall scores. Further understanding 

of the link between knowledge and skill development, and clinical performance 

needs to be ascertained, as it is the understanding of this relationship that is 

essential to the development of nursing as a profession. Clinical simulation could 

offer a useful model to explore this relationship by providing standardised 

scenarios and objective evaluation of performance. 

6.9.3 Practice 

Finally, the PICU-NKST can offer a greater understanding of overall knowledge and 

skills levels of PICU nurses in Australia and New Zealand. This understanding can 

inform workforce planning of staffing and educational requirements, particularly in 

light of the recent critical care nurse shortages and graduate nurse placements in 

critical care. Moreover, PICU-NKST scores will give PICU nursing orientees and 

new staff more confidence in their practice. Scores can provide confidence in 

‘passing’ or demonstration of improvement. 
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Previously, higher levels of educational evaluation, such as change in practice and 

benefits to patients, have been unexplored due to the lack of reliable and valid 

indicators of the effect of educational interventions (Attree, 2006). Evaluation of 

knowledge and skill acquisition (Level 2; see Figure 1) is the foundation upon 

which all subsequent educational evaluations take place. With the ability to now 

reliably measure knowledge and skill acquisition in PICU nurses, higher 

evaluations of education application (Level 3) and impact (Level 4; see Figure 1) 

can occur. Whilst ICU orientation program recruitment and retention rates are 

important, the crucial question remains as to whether there are improvements in 

bedside care. 

Finally, it is the responsibility of the speciality of PICU nursing to take ownership of 

its canonical knowledge, and to monitor the knowledge and skills that inform its 

practice. This study contributes to the PICU body of knowledge and in doing so, 

provides accountability of PICU nursing practice to patients, families and the 

community. Approximately 500 nurses care for 9000 critically ill children across 

Australia and New Zealand each year. If education provided to nurses is effective, 

then the rate of adverse events and morbidity can potentially be reduced. In a 

healthcare environment increasingly motivated by a quality and safety agenda, 

demonstration of learning through the PICU-NKST can provide evidence towards 

accountability and reliability of care. Moreover, this study has provided a robust 

method by which other nursing specialties can interrogate their own unique body of 

knowledge and skills, further increasing evidence-based education and widening 

the accountability of care provided by nurses. 

6.10 Conclusion 

In summary, the objectives of this study were met, in that an instrument to measure 

PICU nursing knowledge and skills was developed. Content validity of this 

instrument was primarily informed from a practice analysis completed by PICU 

nurse educators, who were well positioned to understand the performance 

expectations and standards of competent level nursing practice. Pilot testing of the 

109 multiple-choice-question instrument demonstrated adequate item difficulty and 
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discrimination, and high reliability. With some modification to a few items to 

improve discrimination between low- and high-scorers, this instrument will provide 

educators and managers alike with an instrument to assist in the overall 

assessment of knowledge and skill acquisition, and curriculum and professional 

development learning objectives. This study makes a unique contribution to the 

education and evaluation of nursing practice within the paediatric intensive care 

environment, specifically in defining the key areas of knowledge and skills 

considered important to competent level PICU nursing practice. 



180 

Chapter 7 
Conclusions 

7.1 Introduction 

The purpose of this study was to develop a reliable and valid instrument to 

measure the knowledge and skills of paediatric intensive care nurses in Australia 

and New Zealand. The PICU-NKST was developed and evaluated using the Model 

of Item Validity Evidence (Downing & Haladyna, 1997) as the organisational 

framework. The organising framework subsequently guided the following research 

objectives and hypotheses. 

1. To identify major content domains of PICU nursing knowledge and skills 

considered important for competent level practice. 

2. To construct a reliable and valid multiple choice instrument to measure PICU 

nursing knowledge and skills; 

3. To (a) create the instrument consisting of items across all four cognitive 

levels (knowledge, understanding, problem solving, and critical thinking) and 

(b) compare scores and item performance across low and high order 

thinking questions; and 

4. To test the instrument’s construct validity by testing the following 

hypotheses: 

i. PICU nurses with postgraduate education will score significantly 

higher on the knowledge and skills test than PICU nurses without 

postgraduate education; and 

ii. There will be a strong positive relationship between PICU nurses’ 

years of experience and knowledge and skill test scores. 

In order for these objectives to be met, the methodology employed a practice 

analysis survey and psychometric testing of the PICU-NKST. Content considered 

important to a test measuring competent level PICU nursing practice was 

determined through a practice analysis. Nurse educators employed in each of the 

tertiary level PICUs in Australia and New Zealand participated in the practice 

analysis, as they were considered to have a thorough understanding of competent 
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level nursing practice needs and expectations. In keeping with the Model of PICU 

Nursing Knowledge and Skills (D'Costa & Schreck, 1984 in D'Costa, 1986), the 

practice analysis included an examination of patient care problems and nursing 

activities. Analysis of these two domains informed the development of a content-

by-process test plan outlining 19 scenarios from which to base test questions. Test 

questions were constructed and reviewed with reference to evidence based 

principles for effective item writing (Haladyna, et al., 2002) and varying cognitive 

levels (Haladyna, 1997). The final test (PICU-NKST) contained 109 multiple choice 

items. To further evaluate the psychometric properties, the PICU-NKST was 

administered to nurses employed in four PICUs in Australia and New Zealand. This 

chapter highlights the major findings of this study and outlines conclusions drawn 

from this research with suggestions for future direction. 

7.2 Research Objectives 

A change in the dynamics of nursing within specialty areas has further highlighted 

the need and importance of the evaluation of knowledge and skills in clinical 

practice. Paediatric intensive care nursing is one such specialty which is facing a 

changing workforce and the question of how best to educate graduate nurses to a 

level of safe competent practice within a defined period of time. Whilst the 

measurement of competence can be difficult, many would argue that a holistic 

approach to competence assessment is an appropriate approach (Gonczi, 1994; 

McMullan, et al., 2003; Redfern, et al., 2002). As such, varying forms of 

assessment are utilised to inform an overall decision of safe, competent practice. 

Several studies have examined the use of clinical performance appraisal tools 

(CPATs) (Gill, et al., 2006), objective structured clinical examinations (OSCEs) 

(Baid, 2011; Hanley & Higgins, 2005b) and portfolios (Hanley & Higgins, 2005b; 

McCready, 2007) for competence assessment. While these evaluation methods all 

contribute valuable information to competence assessment, they are inadequate or 

inappropriate if a broad range of knowledge and skills need to be assessed 

(Downing & Yudkowsky, 2009). Objective means of assessment, through MCQ 

tests, therefore offer a complementary approach to the evaluation of nursing 

practice. There has been limited attention in the literature however, to the 

examination of an objective instrument evaluating knowledge and skills considered 
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important to safe, competent PICU nursing practice. The following section outlines 

conclusions drawn from the current research in relation to each of the four 

objectives.  

7.2.1 Research Objective One: Content validity 

To identify major content domains of PICU nursing knowledge and skills 

considered important for competent level practice. 

The major content domains were identified using a practice analysis survey. This 

study is the first to report on competent level PICU nursing practice in Australia and 

New Zealand using a practice analysis method. Nurse Educators (N=15) in each 

PICU in Australia and New Zealand rated the percentage of time spent caring for 

patients whose diagnosis were groups in the Australian and New Zealand 

Paediatric Intensive Care Registry (ANZPICR) body system categories. They 

indicated that competent level PICU nurses spent over 50% of their time caring for 

respiratory (33.44%) and cardiac (20.56%) patients. The remaining time was 

allocated to the following body systems: miscellaneous 16.66%; neurological 

10.75%; injury 10.54%; gastrointestinal 4.78%; and renal 3.27%. Within each of 

these body systems, Nurse Educators also ranked the top three patient care 

problems and included, but is not limited to: transposition of the greater arteries, 

cardiac failure, bronchiolitis, pneumonia, burns, head trauma, renal failure, 

seizures, gastroenteritis, diabetic ketoacidosis, respiratory arrest and sepsis.  

Nurse Educators were also asked to rate the frequency and criticality of PICU 

nursing activities. Monitoring and maintaining clinical equipment for patient 

assessment and diagnosis were ranked as the most frequently performed nursing 

activities. Activities associated with cardiac and respiratory support were rated as 

the most critical. The number and breadth of patient care problems and activities 

identified in the practice analysis embodies the heterogeneous nature of paediatric 

intensive care nursing in Australia and New Zealand. Comparison of the practice 

analysis data, against the American Association of Critical Care Nurses (AACN) 

PICU test blueprint and the ANZPICR further validate these results. The current 

study employed a rigorous and recognised method for determining the essential 
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components for knowledge and skills, and as such, detailed the exposure to types 

of authentic tasks and patients whom competent level PICU nurses care for on a 

regular basis. These results support the Model of Learning Evaluation: PICU 

Nursing Knowledge and Skills, whereby repeated exposure to authentic everyday 

activities in the PICU community of practice enhances knowledge and skill 

acquisition, and is the foundations for its subsequent evaluation. 

7.2.2 Research Objective Two: Reliability and item analysis 

To construct a reliable and valid multiple choice instrument to measure PICU 

nursing knowledge and skills. 

A content-by-process test plan was developed incorporating the ratings from the 

patient care problems (content) and nursing activities (process). Mechanical 

ventilation was considered the most important nursing activity of competent level 

PICU nursing practice. Following a statistical combination of frequency and 

criticality ratings and expert review, mechanical ventilation contributed to almost 

20% (n=18) of items on the test plan. Activities also ranked as highly important 

were inotropic support, airway support and arterial blood pressure line 

management, contributing to a further 37 items on the test plan. Nineteen patient 

diagnoses were identified as most frequently cared for and were used to create 

scenarios within the test. This firmly establishes the content validity of the test 

blueprint which relate specifically to practices which are unique to PICU nursing 

within Australia and New Zealand.  

The PICU-NKST was developed using 19 patient scenarios to guide a total 109 

multiple choice questions. All cues available at the bedside for clinical decision 

making were provided within the questions, where appropriate. For example, 

pictures of bedside monitors with patient data, x-rays and arterial blood gas 

analyses were provided, even if a small proportion of that data was useful to derive 

the correct answer. This approach avoids auto-cueing the test-taker and emulates 

real-life practice whereby nurses are required to sort important and relevant data to 

make clinical decisions for their patients. Each multiple-choice item was developed 

using a framework for appropriate item writing (Haladyna, et al., 2002) and 
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addressed various cognitive levels (Haladyna, 1997). Once written, each item was 

evaluated for item writing flaws. Four experts identified 15 items with flaws, which 

were subsequently reviewed and corrected.  

Internal consistency using KR-20 was .85, with 47 of the 109 items expressing 

moderate item-total correlations or higher. A KR-20 value of .85 is high considering 

the early test development stage of the PICU-NKST. The large proportion of items 

with moderate or low item-total correlations are preferred when considering the 

context of PICU nursing knowledge and skill (Boyle, 1991; Boyle, G., personal 

communication, June 7, 2011; Kline, 1986; McDonald, 1981) and affirm the 

heterogeneous nature of PICU nursing practice and the subsequent appropriate 

breadth of measurement within the PICU-NKST. 

Item difficulty ranged from .08 (hard) to 1 (easy), with a mean item difficulty of .66 

(moderate). Fifty-two percent of items (n=57) had an item difficulty in the moderate 

range (0.4-0.8), representing an instrument that is adequately balanced in terms of 

difficulty (Ghiselli, et al., 1981). Ninety-one percent of items (n=99) had positive 

discrimination. The remaining ten items had negative discrimination indices, 

indicating that nurses who had overall lower scores performed better on the item 

than nurses who had higher overall scores. These items would need review and 

possible revision before inclusion in future versions of the PICU-NKST. An 

additional twenty-one items will need review as their discrimination was low to poor 

(range 0-.19), suggesting ambiguous or misleading wording, or wrong answer 

options that are too close to the correct answer. Seventy-seven items will be 

retained in the PICU-NKST as they reached an acceptable discrimination of .20 or 

greater (Ebel & Frisbie, 1986; Tarrant & Ware, 2010). 

Using Haladyna’s (1997) classification of item performance 47 items were 

considered as highly desirable (moderately difficult with high discrimination). Forty-

three items are acceptable but will need further monitoring to ensure their ongoing 

ability to discriminate well between low and high test scorers. Nineteen items will 

require review and modification before inclusion in future versions of the PICU-
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NKST, as they were either too hard or too easy, with a low discrimination 

(Haladyna, 1997).  

There were 327 distractors in total (three distractors per 109 items). Forty-two 

percent of distractors were functioning, indicating that they were selected by 

greater than 5% of test-takers and negatively discriminating (Rodriguez, 2005; 

Tarrant & Ware, 2010). There was an average of one functioning distractor per 

item. All PICU-NKST items would require review for their least functioning 

distractor to improve overall discrimination (Rodriguez, 2005; Tarrant & Ware, 

2010). Furthermore, a reduction in the number of answer options (ie. four options 

to three) would allow a shorter test administration time; a potential benefit when 

time constraints have already been identified in nursing (Kearney, 2011). 

7.2.3 Research Objective Three: Cognitive levels  

To create the instrument consisting of items across all four cognitive levels 

(knowledge, understanding, problem solving, and critical thinking). 

Each multiple-choice item was developed to address various cognitive levels 

(Haladyna, 1997). Experts rated each item across four cognitive domains and 

classified seven items at the recall level; 49 items at the understanding level; 43 

items at the problem solving level; and 10 items at the critical thinking level. 

Results in this study demonstrated that over half of the items were written at a 

higher order thinking level (problem solving or critical thinking), which is more 

appropriate for a test of PICU nursing knowledge and skills.  

There was no significant difference between nurses’ scores on low- and high-order 

thinking questions. Furthermore, there were no statistically significant differences 

between difficulty or discrimination indices on low- and high-order thinking 

questions, confirming that item complexity and item difficulty are two distinct mental 

operations in the PICU-NKST. These results further validate that the PICU-NKST 

has appropriate items measuring various levels of thinking and that if nurses were 

going to perform well on the test, they would perform well across both low- and 

high-order thinking items. Similarly, if a nurse performed poorly on the PICU-NKST, 
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they performed poorly across both low- and high-order thinking questions, 

confirming that the nurse must have access to knowledge about the subject matter 

on which the item is based if they are to successfully answer the question. This 

type of performance would be expected on items that are constructed well across 

the cognitive domains (Crawford, 1968). 

7.2.4 Research Objective Four: Construct validity  

To test the instrument’s construct validity by testing the following hypotheses: 

7.2.4.1 Research Hypothesis One 

PICU nurses with postgraduate education will score significantly higher on the 

knowledge and skills test than PICU nurses without postgraduate education. 

PICU nurses with higher levels of education (postgraduate diploma and masters 

level) were found to score significantly higher on the PICU-NKST than nurses with 

only undergraduate qualifications (p<.01). The group who held a bachelor of 

nursing as their highest qualification scored the lowest, potentially reflecting the 

large percentage of graduate nurses within the group and the generalist 

preparation received in undergraduate courses. Considering the reasons for the 

development of the PICU-NKST, these results support the need for ongoing 

evaluation of PICU nursing practice, particularly at the levels identified as novice, 

advanced beginner and competent (Benner, 1984). 

7.2.4.2 Research Hypothesis Two 

There will be a strong positive relationship between PICU nurses’ years of 

experience and knowledge and skill test scores. 

Building on the previous hypothesis, a significant relationship was found to exist 

between years of PICU experience and scores on the PICU-NKST (p<.001). Years 

of experience in other critical care areas, such as adult ICU, NICU and emergency, 

were also explored and found to have weaker relationships than PICU experience 

(p=.63), thereby confirming that the PICU-NKST measures a construct unique to 

PICU nursing practice. 
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A regression analysis was further undertaken to explore which of the 

aforementioned variables (postgraduate education and PICU experience) was a 

significant predictor of overall PICU-NKST scores. Both variables were found to be 

significantly related to PICU-NKST scores. The first was years of PICU experience 

as discussed in Hypothesis Two, contributing to the most variance in the model 

(29.5%). The second factor was highest educational attainment as discussed in 

Hypothesis One (explaining 3.7% of the variance in scores). The significant 

findings with these variables at both bivariate and multivariate level, confirm that 

experience in the PICU community of practice and completion of postgraduate 

education contribute to the successful acquisition of knowledge and skills, thus 

supporting the Model of Learning Evaluation: PICU Nursing Knowledge and Skills. 

Nurse Educator and Manager understanding of these important factors can assist 

in professional development opportunities and workforce planning.  

7.3 Future direction 

In order to support clinical practice and encourage further research in the 

evaluation of nursing practice in PICU the following recommendations arising from 

this study are proposed. 

7.3.1 Implications for education 

There are important and immediate ramifications of the development of the PICU-

NKST for education. Education for nurses at various levels will be influenced by 

this study. At an individual level, the PICU-NKST provides PICU nurses with useful 

information regarding their knowledge and skill areas of strength and weakness. 

Within specific units, the PICU-NKST will provide useful information for tailoring 

inservice and professional development offerings, also allowing educators to focus 

on areas of knowledge and skills requiring development within groups of nurses. 

Larger programs such as short courses and orientation programs that run over 

days or months, requiring evaluation of learning outcomes, will be able to benefit 

from utilising the PICU-NKST. Results from the practice analysis can now inform 

curriculum development within the PICU and at the tertiary level. On a larger scale, 

results from each PICU in Australia and New Zealand will now be able to inform 
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regional education initiatives, where content areas are identified as requiring 

development. Results from this study have contributed significantly to the literature 

on workplace learning, providing quantitative evidence of the importance of 

participation in authentic activities. 

7.3.2 Implications for research 

Several recommendations and implications can be drawn from the research 

findings. The PICU-NKST requires further review and refinement of test items to 

ensure improved discrimination between low- and high-scoring nurses. Removal of 

the least functioning distractor in each item will not only improve distractor 

performance per item, but may improve discrimination. Further testing needs to be 

undertaken, however PICU nursing numbers in Australia and New Zealand are 

small. Inclusion of countries with similar PICU nursing practice (eg. Canada and 

United Kingdom) will provide useful psychometric data and allow practice 

comparisons between countries. Larger sample sizes would also allow an 

exploratory factor analysis to be undertaken. 

Additional practice analyses may provide insightful information. A practice analysis 

of bedside PICU nurses could provide useful comparisons against the results from 

this study, where nurse educators provided information about competent level 

PICU nursing practice. Comparisons may also be drawn between various levels of 

nursing proficiency, that is, novice, competent and expert. PICU nursing practice 

could be further described by incorporating additional components of nursing 

practice into a practice analysis, such as roles or use of competency standards that 

guide local practice. 

Future research using the PICU-NKST shows potential in the areas of decision 

making, critical thinking and clinical performance. Exploration into how nurses 

make clinical decisions could inform approaches to clinical teaching and tailor 

education for individuals to improve clinical decision making. The relationship 

between critical thinking, and knowledge and skill acquisition needs to be 

investigated to determine whether critical thinking ability increases with PICU-

NKST scores. This is important as higher-order thinking is instrumental in the 
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development of a safe and competent practitioner. Of interest to many educators, 

nursing and medicine alike, is whether success on a test correlates with ‘good’ 

performance in the clinical setting. Studies examining PICU-NKST scores and the 

outcome of more subjective evaluations of clinical performance can provide useful 

information about curriculum and evaluation techniques and how they relate to 

patient care. 

7.3.3 Implications for practice 

Finally, the PICU-NKST has two major implications for nursing practice. Firstly, it 

can inform workforce planning by providing a greater understanding of overall 

knowledge and skills levels of PICU nurses. Secondly, it will provide a foundation 

for future education program evaluations at higher levels, including evaluations of 

behaviour change, benefits to patients, and its effect on organisations. Given the 

money and time invested in nursing education, evaluations of graduate orientation 

programs require demonstration of their efficacy at the bedside and beyond.  

Evidence of learning and professional growth can lead to improved patient 

outcomes. With 9000 patients in the care of Australian and New Zealand PICU 

nurses each year, the potential to improve safety and quality outcomes is 

immense. Therefore it is the responsibility of the profession to be accountable for 

the quality of education provided to nurses, particularly graduates, and ultimately 

the care provided to patients. In doing so, this study has defined a body of 

specialty practice in Australia and New Zealand that has never previously been 

documented, and as such, contributes a significant professional achievement. 

7.4 Summary 

In this study, a valid and reliable measure of paediatric intensive care nursing 

knowledge and skills was successfully developed and tested. This chapter has 

outlined the major findings from the study and drawn conclusions from the results 

of the research. This study describes for the first time competent level nursing 

practice in PICU. This provides baseline data for future study comparisons as the 

research method incorporated a practice analysis of competent level PICU nursing 
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practice. Domains within this practice analysis included 1) patient care problems 

and 2) nursing activities. 

The findings from the practice analysis informed the development of test blueprint: 

a content by process matrix of the most frequently cared for patient diagnoses and 

activities important to safe, competent PICU nursing practice. Over 50% of PICU 

nursing care is provided for respiratory and cardiac conditions. Mechanical 

ventilation contributed the most weight towards the nursing activities (18%), with 

arterial line management, airway support and inotropic support collectively  

contributing a further 34% to weightings. 

The PICU-NKST was developed from the test blueprint and included 109 multiple 

choice items stemming from 19 patient care scenarios. Items were developed 

according to evidence based guidelines for effective item writing and pitched at 

four different cognitive levels, approximately half of which were at the problem 

solving and critical thinking level. Items included information that would normally be 

available at the bedside for clinical decision making and included where 

appropriate: bedside patient monitor data and waveforms (heart rate, respiratory 

rate, invasive and non-invasive blood pressure, temperature, carbon dioxide levels, 

oxygen saturations, intracranial pressure, cerebral perfusion pressure, central 

venous pressure, left atrial pressure), chest x-rays, ventilator settings and arterial 

blood gas analysis. 

Pilot testing of the PICU-NKST to a sample of 79 PICU nurses in Australia and 

New Zealand revealed a mean score of 72.1 (SD=10.7). Kuder-Richardson 20 

reliability coefficient was .85, demonstrating high reliability. Construct validity was 

support by exploring scores between level of education, nursing position and years 

of experience. Scores were significantly higher in PICU nurses who had 

postgraduate level education (F=6.25; df=4,72; p=.00) and greater years of PICU 

experience (r=.54; p<.001). Scores were not found to be related to other critical 

care experience (that is, emergency or adult critical care areas), confirming that the 

PICU-NKST measures knowledge and skills which are specific to PICU nursing. 
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Years of experience in PICU and postgraduate education were found to be the 

most significant predictors of PICU nursing and knowledge scores. 

Item analysis provided results relating to discrimination, difficulty and distractors. 

The mean item difficulty was .66 (moderately difficult), with a range of .08 (difficult) 

to 1 (easy). Seventy-seven items had discrimination indices that were appropriate 

for a test under development (fair to excellent). Ten indices had negative 

discrimination. Examination of items considering both difficulty and discrimination 

revealed 47 items with ideal attributes; that is moderate difficulty and high 

discrimination. An additional 43 items are acceptable but will require ongoing 

monitoring of their ability to effectively discriminate. Nineteen items require 

significant review and modification before inclusion into any future version of the 

PICU-NKST, mostly due to suboptimal discrimination. Finally, distractor 

performance was average, with 42.5% of distractors functioning appropriately. 

Suggestions for further research and recommendations for clinical practice and 

education have been outlined and include amongst others, replication of the 

practice analysis in all paediatric intensive care nurses practising clinically in 

Australia and New Zealand. This will allow a comparison between nurse educator 

standards and expectations and those experienced by bedside clinicians. In the 

area of PICU-NKST review and modification, it is suggested that the least 

functioning distractor from each item be removed to improve distractor 

performance and discrimination. Several items will need further review to ensure 

positive discrimination between low- and high-scorers. Ongoing testing of the 

PICU-NKST is required and testing in areas with practice more aligned with 

Australia and New Zealand will provide useful psychometric data. Further testing 

within the field of nursing evaluation will add to the growing literature surrounding 

educational measurement, which aims to provide reliable and valid means to 

assessing safe, competent practice.  

This study has highlighted the importance of assessing and maintaining the quality 

of nursing education tests. This is especially important for nurses, for whom the 

tests are a large investment of time and money; for the specialty and profession, 
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for whom the tests are central not only to maintaining standards, but also, in the 

long term to increasing standards in quality of care provision, by ensuring adequate 

knowledge and skills. Central to this issue and most important of all are critically ill 

children and their families, for whom successful and effective care depends on the 

knowledge and skills of their intensive care nurses. This study has developed and 

tested an instrument, the PICU-NKST, which can be used by all PICUs in Australia 

and New Zealand to evaluate nursing knowledge and skill acquisition. This 

information is critical to ensure appropriate orientation and education, particularly 

for graduate nurses, and the development of safe and competent practitioners.  
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Appendix B 

SURVEY INTRODUCTION 

This survey is designed to elicit expert PICU nurses opinions about the 
appropriate levels of knowledge, skills and attributes of neophyte PICU 
nurses after one year’s employment in the PICU setting.  

The survey is divided into two sections that measure different aspects of PICU 
nursing practice, including: 

1. Patient care problems that describe the context of PICU practice, and 
2. PICU nursing activities 

  
Patient care problems are described in terms of the Australian and New 
Zealand Paediatric Intensive Care (ANZPIC) Registry diagnosis codes 
(Norton & Slater, 2004).  

The conceptual framework used to guide this study is Benner’s five stage 
model of developing novice, advanced beginner, competent, proficient, and 
expert clinicians (1984) as shown in the box below. According to Benner, 
each stage is associated with discrete capabilities and development through 
the stages is dependent on increasing clinical nursing experience. The 
objective of this survey is to identify items for paediatric critical care nurses 
functioning at competent levels of practice as defined by Benner. 

♦ Novice: Has no experience of a situation, thus uses text book rules which have been 
learned objectively with no contextual meaning to apply. 

♦ Advanced beginner: Is able to give a marginally acceptable performance – i.e. can 
perform a task as asked, but cannot think ahead, change course or prioritise. 

♦ Competent: Characterised by conscious deliberate planning, able to make long 
range plans, to be efficient and organised. 

♦ Proficient: Can see beyond the moment, taking in patients’ total needs and care. 

♦ Expert: Has an intuitive grasp – no longer needs to use analysis or rules. Is able to 
recognise patterns and quickly make decisions. 

(Benner, 1984) 
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Section 1 - Patient Care Problems 

Part A. Pages 3 and 4 contain lists of patient care problems organised within 7 
systems (ie. cardiovascular, neurological, respiratory, etc.). This list is based on the 
Australian and New Zealand Paediatric Intensive Care (ANZPIC) Registry diagnostic 
codes to describe the types of patient care problems that are unique to PICU 
practice. 

After reading the list on pages 3 and 4, please rate the approximate percentage of 
patients who fall into the following categories at your workplace.  
Note: Your responses should add up to 100%. 

System % of Work Time 

Cardiovascular       % 

Respiratory       % 

Injury       % 

Neurological       % 

Renal       % 

Gastrointestinal       % 

Miscellaneous       % 

Total 100 %

Part B. On the following pages (pages 3 and 4) are lists of patient care problems 
organised by system. For each system please rank the top three most frequently 
cared for patient problems in your workplace attended to by competent PICU nurses, 
by placing a “1” next to the most frequently cared for patient problem, followed by a 
“2” and then “3”.  

The following is an example: If head injuries are the most frequently treated patient 
care problem attended to by competent PICU nurses in the INJURY section, then 
place a “1” next to Trauma – Head. If immersions are the second most frequent, 
place a “2” next to Immersion (near drowning). 

INJURY (please rank top 3)
Anaphylaxis 2 Immersion (near drowning) 

3 Burns Ingestion 
Carbon monoxide poisoning Smoke inhalation 
Drug toxicity – iatrogenic Trauma – abdominal 
Electrocution Trauma – chest 
Envenomation Trauma – facial 
Hanging or strangulation 1 Trauma – head 
Hyperthermia Trauma – skeletal 
Hypothermia Trauma – spinal 
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Patient Care Problems Organised by System 
CARDIOVASCULAR (please rank top 3)

  Absent pulmonary valve   TAPVD 
  Anomalous coronary artery   Tetralogy of Fallot 
  Aortic insufficiency   Transposition of greater arteries (dTGA) 
  Aortic stenosis   Tricuspid atresia or stenosis 
  AP window   Tricuspid insufficiency 
  ASD   Truncus arteriosis 
  AV malformation   VSD 
  AVSD (AV canal)   Cardiac failure 
  Coarctation   Cardiac tumour 
  Cortriatriatum   Cardiomyopathy 
  Double outlet right ventricle   Dysrhythmia – supraventricular 
  Ebstein’s anomaly   Dysrhythmia – ventricular 
  Hypoplastic left heart syndrome   Endocarditis 
  Interrupted or hypoplastic aortic arch   Hypertension – pulmonary 
  LV outflow obstruction   Hypertension – systemic 
  Mitral insufficiency   Kawasaki’s disease 
  Mitral stenosis   Pericardial effusion or tamponade 
  PDA   Previous heart lung transplant 
  Pulmonary atresia or stenosis   Previous heart transplant 
  Pulmonary insufficiency   Vascular thrombosis 
  RV outflow obstruction   Vasculitis 
  Single ventricle 
    

RESPIRATORY (please rank top 3) 

  Choanal atresia or stenosis   Apnoea – central 
  Epiglottitis   ARDS 
  Foreign body – inhaled   Aspiration 
  Laryngotracheobronchitis (Croup)   Chylothorax 
  Obstructive sleep apnoea   Congenital diaphragmatic hernia 
  Pierre robin syndrome   Congenital lung anomaly 
  Retropharyngeal abcess   Cystic fibrosis 
  Subglottic haemangioma   Empyema 
  Subglottic stenosis   Hyaline membrane disease 
  Tracheitis   Hypoventilation – central 
  Vocal cord paresis   Lung abcess 
  Asthma   Meconium aspiration syndrome 
  Bronchiolitis   Pertussis syndrome 
  Chronic lung disease (includes BPD)   Pneumonia or pneumonitis 
  Malacia – trachea and/or bronchi   Previous lung transplant 
  Mediastinal mass   Pulmonary hypoplasia 
  Stenosis – trachea and /or bronchi   Pulmonary oedema 
  Tracheo-oesophageal fistula   Respiratory failure 
  Vascular ring   Transient tachypnoea of the newborn 
  Air leak syndrome 

  
INJURY (please rank top 3)

  Anaphylaxis   Immersion (near drowning) 
  Burns   Ingestion 
  Carbon monoxide poisoning   Smoke inhalation 
  Drug toxicity – iatrogenic   Trauma – abdominal 
  Electrocution   Trauma – chest 
  Envenomation   Trauma – facial 
  Hanging or strangulation   Trauma – head 
  Hyperthermia   Trauma – skeletal 
  Hypothermia   Trauma – spinal 
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NEUROLOGICAL (please rank top 3)

  Botulism   Hydrocephalus 
  Brain Abcess   Intracranial haemorrhage – Spontaneous 
  Brain AV Malformation   Intracranial hypertension (Raised ICP) 
  Brain Death   Meningitis 
  Brain infarction or stroke   Meningomyleocele or Spina Bifida 
  Brain tumour   Muscular dystrophy 
  Cerebral aneurysm   Myasthenia gravis 
  CSF shunt malfunction or Infection   Myopathy 
  Encephalitis   Neuropathy 
  Encephalopathy, Acute –  

Hypoxic Ischaemic 
  Seizures 

  Encephalopathy, Chronic Degenerative  
(eg. Leighs Syndrome) 

  Spinal cord lesion 

  Encephalopathy, Chronic Static 
 (eg. Cerebral Palsy) 

  Tetanus 

  Guillain Barre Syndrome   Venous sinus thrombosis 
RENAL (please rank top 3)

  Haemolytic uraemic syndrome   Renal failure – acute 
  Nephritic and/or Nephritic syndrome   Renal failure – chronic 
  Previous Renal transplant   Urinary tract infection 

GASTROINTESTINAL (please rank top 3)

  Biliary atresia   Neonatal jaundice 
  Bowel obstruction   Oesophageal atresia 
  Bowel perforation   Oesophageal foreign body 
  Colitis   Pancreatitis 
  Gastroenteritis   Peritonitis 
  Gastrointestinal haemorrhage   Portal hypertension 
  Gastroschisis or exomphalos   Previous liver transplant 
  Hepatitis   Pyloric stenosis 
  Hirschprung’s disease   Short gut syndrome 
  Intussusception   Ulcer – duodenal 
  Liver failure – acute   Ulcer – gastric or gastritis 
  Liver failure – chronic   Varices – oesophageal or gastric 
  Necrotising enterocolitis   Volvulus 

MISCELLANEOUS (please rank top 3)

  Acute life threatening event 
 (near miss SIDS) 

  Necrotising fascitis 

  Cardiac arrest   Neutropenia 
  Chromosomal abnormality   Organ donor 
  Coagulopathy   Pancytopenia 
  Craniosynostosis   Phaeochromocytoma 
  Dehydration   Prematurity 
  Dermatological disorder   Previous bone marrow transplant 
  Diabetes insipidus   Respiratory arrest 
  Diabetes mellitus with ketoacidosis   Scoliosis 
  Diabetes mellitus without ketoacidosis   Sepsis 
  Electrolyte disorder   Shock – cardiogenic 
  Endocrine disorder   Shock – hypovolaemic 
  Gas gangrene   Shock – septic 
  Haematological disorder   SIRS 
  Home ventilation patient   Solid neoplasm – malignant (not lymphoma) 
  Hypoglycaemia   Solid neoplasm – non malignant 
  ICU diagnostic monitoring – elective   Syndrome or malformation (not chromosomal) 
  ICU procedure (eg. CVL insertion)   Toxic shock syndrome 
  Immunodeficiency – congenital   Transplant – Bone Marrow 
  Immunosuppression – acquired   Tumor lysis syndrome 
  Inborn error of metabolism   Wound infection 
  Leukaemia or lymphoma 
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Section 2 –PICU Nursing Activities 

This section contains a list of activities that describe PICU nursing practice. However, 
some activities will not apply to your setting. This survey will examine only nursing 
specific activities of PICU nurses. For each activity, two questions are asked. 

QUESTION A – FREQUENCY: If the activity is performed in your work setting, how 
often do competent PICU nurses personally perform the activity? If the activity is 
never performed in your work setting (is not applicable to your type of nursing) then 
mark the oval in the column with the heading, “NEVER performed”, and go to the 
next activity item. If the activity is applicable to your work setting, mark the oval 
indicating the approximate frequency of performing the activity.: Mark “SD” if 
performed several times per day, “D” if performed about once per day, “W” if 
performed about once per week, “M” if performed about once per month, and “Y” if 
performed about once per year or less. 

QUESTION B – CRITICALITY: What is the criticality of performing the specified 
nursing activity? All activities are designed to help patients, but some activities are 
more important than others in regard to patient safety. Consider the criticality of each 
activity relative to other nursing activities performed and rate the criticality of each 
task to the well-being of patients. In other words, if the task is performed incorrectly 
(or not at all), what would be the risk of an adverse consequence such as injury or 
litigation? For each activity that is performed in your setting, mark the box 
corresponding to a criticality rating, from no risk of adverse consequences (NR) to a 
very high risk of adverse consequences (HR). 

The following is an example:
Consider the activity Perform cardiopulmonary resuscitation, in relation to a 
competent PICU nurse. 

• If competent PICU nurses perform this activity about once per month, mark 
the “M” box under the column labelled Frequency. 

• If you believe that this activity is highly critical to optimising outcomes for 
critically ill children (or there is a very high risk of adverse consequences if 
performed incorrectly or not at all), mark the “HR” box under the column 
labelled Criticality. 

Example: Response to Frequency and Criticality of a particular PICU nursing activity 

Very high risk of adverse consequences

Moderate risk of adverse consequence 

Slight risk of adverse consequences 
CRITICALITY 

No risk of adverse consequences 

Several times a day 

About once per day 

About once per week 
About once per month 

FREQUENCY 

About once per year or less 

Never Performed 

PICU NURSING ACTIVITY NP Y M W D SD NR SR MR HR 

Perform cardiopulmonary resuscitation ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
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Very high risk of adverse consequences 

Moderate risk of adverse consequence 
Slight risk of adverse consequences 

CRITICALITY 

No risk of adverse consequences 

Several times a day 
About once per day 
About once per week 

About once per month 

FREQUENCY 

About once per year or less 
Never Performed 

PICU NURSING ACTIVITY NP Y M W D SD NR SR MR HR 

Monitor and maintain continuous ECG

Perform 12-lead ECG 

Interpret 12-lead ECG 

Monitor and maintain non invasive haemodynamic and 
respiratory monitoring 

Perform head to toe physical assessment 

Monitor and maintain external pacemakers 

Monitor and maintain temporary pacemakers 

Monitor and maintain programmable pacemakers 

Monitor and maintain internal pacemakers 

Monitor and maintain automatic implantable cardioverter 
defibrillators (AICD) 

Administer phosphodiesterase inhibitors (eg. Amioderone, 
milrinone) 

Monitor and maintain patient on cardiac assist devices (eg 
IABP, RVAD, BVAD, LVAD) 

Perform cardiopulmonary resuscitation 

Maintain and monitor invasive arterial blood pressure line 

Interpret arterial blood gas analysis 

Maintain and monitor central venous pressure line 

Maintain and monitor pulmonary artery pressure line

Obtain and assess invasive cardiac output/index 
determination 

Maintain and monitor RA pressure line 

Maintain and monitor LA pressure line 

Monitor and maintain umbilical arterial and venous pressure 
monitoring 

Monitor and maintain CO2 devices  

Monitor and maintain a patient on nasal/facial CPAP/BIPAP 

Monitor and maintain a patient on conventional mechanical 
ventilation 

Monitor and maintain a patient on heliox 

Monitor and maintain a patient on nonconventional 
mechanical ventilation (eg. High frequency, jet/oscillating) 

Administer surfactant replacement therapy 

Monitor and maintain train of four (peripheral nerve 
stimulator) 
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Very high risk of adverse consequences 

Moderate risk of adverse consequence 
Slight risk of adverse consequences 

CRITICALITY 

No risk of adverse consequences 

Several times a day 
About once per day 
About once per week 

About once per month 

FREQUENCY 

About once per year or less 
Never Performed 
PICU NURSING ACTIVITY NP Y M W D SD NR SR MR HR 

Monitor and maintain a patient on Nitric Oxide 

Monitor and maintain a patient on ECMO 

Airway management (new trache, ETT) 

Assist with intubation of patient 

Perform tracheostomy care 

Perform or assist with retaping of endotracheal tube 

Monitor and maintain chest tubes 

Perform endotracheal suctioning 

Perform or assist with exchange transfusions 

Monitor and maintain patient under phototherapy 

Monitor and maintain patient having plasmapheresis 

Monitor and maintain patient with ICP monitoring 
devices insitu 

Monitor and maintain a patient undergoing ultrafiltration 

Monitor and maintain a patient receiving renal 
replacement therapies (CVHD, CVVHD) 

Monitor and maintain a patient receiving peritoneal 
dialysis 

Administer immunogobulin therapy 

Administer neuromuscular blocking agents 

Monitor and maintain a patient receiving neuromuscular 
blocking agents 

Administer intravenous analgesia and sedation 

Monitor and maintain a patient receiving analgesia and 
sedation 

Monitor and maintain a patient receiving inotropic 
support 

Monitor and maintain a patient receiving chemotherapy 

Monitor and maintain the weaning of a patient from 
ventilation 

Thank you for participating in this important PICU Practice Analysis Survey. The results of 
this Practice Analysis will assist in developing test specifications for a tool that measures 
competence in PICU neophyte nurses. 

s2566871
Text Box
Appendices C and D have been removed for copyright compliance
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Appendix E 

Royal Children's Hospital, Melbourne 

Principle Supervisor: Dr Mary Murray Student: Debbie Long 
Tel: (07) 3864 3886    Tel: (07) 3354 2276 / 0407 025 055 
Email: ms.murray@qut.edu.au  Email: deblong@powerup.com.au

I am a postgraduate student undertaking the Doctor of Philosophy (Nursing) program at the 
Queensland University of Technology. As part of my degree requirement, I am conducting a 
study that is concerned with Paediatric Intensive Care Nursing. The aim of the research is to 
examine the relationship between PICU nurses’ knowledge and their critical thinking 
abilities. Your involvement in this study may not directly benefit you but will hopefully 
increase our understanding of these issues. The risks associated with this study are 
minimal.  

As part of this study, I am undertaking a practice analysis. The purpose of this survey is to 
gain an opinion amongst paediatric critical care experts as to the appropriate levels of 
knowledge and skills of competent level PICU nurses. The survey contains two sections that 
measure different aspects of PICU nursing practice, including: 1) patient care problems that 
describe the context of PICU practice, and 2) PICU nursing activities. You will be asked to 
rate the approximate percentage of patients who fall into seven body systems categories at 
your workplace. In addition, you will be asked to rate how often competent level PICU 
nurses perform certain activities, and the criticality of performing the specified activity. It is 
anticipated that your participation in the survey will take no longer than one hour. 

Participation in this survey is entirely voluntary. You are free to withdraw consent before or 
during the survey rounds without comment or penalty. Under no circumstances will you be 
prejudiced as a result of your answers. The data will be used only for the purposes of this 
study. If you agree to participate in this study, please read and sign the attached consent 
form and post in the supplied reply-paid envelope. 

All information will remain strictly confidential. Questionnaires and personal information will 
be kept separate and a coding system will be used to ensure anonymity. The coding system 
will only be known to the researcher. 

If you have concerns about the study, and would like to speak to someone independent of 
the study, please contact Consumer Liaison, Clinical Support Services Team at the 
Executive Office, RCH Unit. Telephone 9345 5676 (Monday-Friday 9am-5pm). Additionally, 
if you have any queries please contact Debbie Long (h) (07) 3354 2276, (m) 0407 025 055 
or Mary Murray (w) (07) 3864 3886. If you have further concerns about the ethical conduct of 
this research please conduct the QUT Research Ethics Officer on (07) 3864 2340 or 
ethicscontact@qut.edu.au.

Nursing Knowledge and Critical Thinking

In Paediatric Critical Care 
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Royal Children's Hospital, Melbourne 

CONSENT FORM

Title of Project: 
An examination of nursing knowledge and critical thinking in paediatric intensive 
nursing practice in Australia and New Zealand. 

Principal Investigator(s): 
Ms Debbie Long, Dr Mary Murray 

RCH Sponsor: 
Ms Suzanne Hall 

I, ___________________________________ voluntarily consent to take part in 

this research project, which has been explained to me by 

_________________________. 

• I have received a Participant Information Sheet to keep and I believe I 
understand the purpose, extent and possible effects of my involvement 

• I have had the opportunity to ask questions and I am satisfied with the answers 
that I have received 

• I understand that the researcher has agreed not to reveal results of any 
information involving me, subject to legal requirements 

• If information about this project is published or presented in any public form, I 
understand that the researcher will not reveal my identity 

• I understand that if I refuse to consent to my participation, or if I withdraw 
myself from the study at any time without explanation, this will not affect my 
working relationship within the Paediatric Intensive Care Unit or the Royal 
Children’s Hospital, Melbourne. 

• I understand I will receive a copy of this consent form. 

SIGNATURE __________________________________Date ____________ 
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Appendix F 

ITEM WRITING CHECK 

ITEM NUMBER CONSTRUCT-IRRLEVANT VARIANCE LEVEL OF COGNITION

1

Not Flawed  

Flawed           

Guideline # __________________________

 Recall
 Understanding
 Problem Solving
 Critical Thinking

2

Not Flawed  

Flawed           

Guideline # __________________________

 Recall
 Understanding
 Problem Solving
 Critical Thinking

3

Not Flawed  

Flawed           

Guideline # __________________________

 Recall
 Understanding
 Problem Solving
 Critical Thinking

4

Not Flawed  

Flawed           

Guideline # __________________________

 Recall
 Understanding
 Problem Solving
 Critical Thinking

5

Not Flawed  

Flawed           

Guideline # __________________________

 Recall
 Understanding
 Problem Solving
 Critical Thinking

6

Not Flawed  

Flawed           

Guideline # __________________________

 Recall
 Understanding
 Problem Solving
 Critical Thinking

7

Not Flawed  

Flawed           

Guideline # __________________________

 Recall
 Understanding
 Problem Solving
 Critical Thinking

* Items 8-109 repeat Items 1-7 and have not been included. 
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Appendix G 

MULTIPLE-CHOICE ITEM WRITING GUIDELINES 

Content Concerns 
1. Every item should reflect specific content and a single specific mental behaviour, as called 

for in test specifications (two-way grid, test blueprint). 
2. Base each item on important content to learn; avoid trivial content. 
3. Use novel material to test higher level learning. Paraphrase textbook language or language 

used during instruction when used in a test item to avoid testing for simply recall. 
4. Keep the content of each item independent for content of other items on the test. 
5. Avoid over specific and over general content when writing MC items. 
6. Avoid opinion-based items. 
7. Avoid trick items. 
8. Keep vocabulary simple 

Formatting Concerns 
9. Use the question, completion, and best answer versions of the conventional MC, the 

alternate choice, true-false (TF), multiple true-false (MTF), matching, and the context-
dependent item and item set formats, but AVOID the complex MC (Type K) format. 

10. Format the item vertically instead of horizontally. 

Style Concerns 
11. Edit and proof items. 
12. Use correct grammar, punctuation, capitalisation, and spelling. 
13. Minimise the amount of reading in each item. 

Writing the Stem 
14. Ensure that the directions in the stem are very clear. 
15. Include the central idea in the stem instead of the choices. 
16. Avoid window dressing (excessive verbiage). 
17. Word the stem positively, avoid negatives such as NOT or EXCEPT. If negative words are 

used, use the word cautiously and always ensure that the word appears capitalised and 
boldface. 

Writing the Choices 
18. Develop as many effective choices as you can, but research suggests three is adequate. 
19. Make sure that only one of these choices is the right answer. 
20. Vary the location of the right answer according to the number of choices. 
21. Place choices in logical or numerical order. 
22. Keep choices independent; choices should not be overlapping. 
23. Keep choice homogenous in content and grammatical structure. 
24. Keep the length of choices about equal. 
25. None of the above should be used carefully 
26. Avoid All of the above
27. Phrase choices positively; avoid negatives such as NOT. 
28. Avoid giving clues to the right answer, such as

a. Specific determiners including always, never, completely, and absolutely. 
b. Clang associations, choices identical to or resembling words in the stem. 
c. Grammatical inconsistencies that cue the test-taker to the correct choice. 
d. Conspicuous correct choice. 
e. Pairs or triplets of options that clue the test-taker to the correct choice. 
f. Blatantly absurd, ridiculous options. 

29. Make all distractors plausible. 
30. Use typical errors of students to write your distractors. 
31. Use humour is it is compatible with the teacher and the learning environment. 
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Appendix H  

TYPES OF MENTAL BEHAVIOUR 

LEVEL OF 
COGNITION

DEFINITION EXAMPLE QUESTION

Recall Knowledge recall is defined as the 
remembering of previously learned 
material. This may involve the recall of a 
wide range of material, from specific facts 
to complete theories, but all that is required 
is the bringing to mind of the appropriate 
information.

Examples of learning objectives at this level 
are: know common terms, know specific 
facts, know methods and procedures, know 
basic concepts, know principles.

Simple recall of correct anatomy and 
physiology.

Non-Medical
What is a typical groth rate of the 
azalea?

Medical
Oxygenated blood returns from 
the lungs via four pulmonary veins 
to the:
a. Right atrium
b. Right ventricle
c. Left atrium
d. Left ventricle

Understanding
Understanding is defined as the ability to 
grasp the meaning of material. This may be 
shown by translating material from one 
form to another (words to numbers), by 
interpreting material (explaining or 
summarizing), and by estimating future 
trends (predicting consequences or 
effects). These learning outcomes go one 
step beyond the simple remembering of 
material, and represent the lowest level of 
understanding. 

Examples of learning objectives at this level 
are: understand facts and principles, 
interpret verbal material, interpret charts 
and graphs, translate verbal material to 
mathematical formulae, estimate the future 
consequences implied in data, justify 
methods and procedures. 

The knowledge of the cardiac defect must 
be recalled (knowledge), and one is tested 
for an understanding (comprehension) of 
the flow direction.

Non-Medical
What is distinctive about the 
azalea compared to other spring-
flowering shrubs?

Medical
Which of the following best 
describes the physiological blood 
flow in an AVSD?
a. There is increased blood flow 

only to the RA and RV 
because of the ASD and VSD

b. There is increased systemic 
blood flow, because the 
common AV valve allows flow 
to all chambers, with a 
preferential right-to-left shunt

c. There is no alteration in blood 
flow, because the common 
AV valve allows flow to all 
chambers

d. There is increased pulmonary 
blood flow, because the 
common AV valve allows flow 
to all chambers, with a 
preferential left-to-right shunt.
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LEVEL OF 
COGNITION

DEFINITION EXAMPLE QUESTION

Problem Solving
Problem solving is described as a 
set of mental steps leading to the 
realisation of a goal, usually an 
answer. It refers to the ability to 
break down material into its 
component parts so that its 
organisational structure may be 
understood. This may include: 
recognising a problem situation; 
defining a problem; the ability to 
comprehend, develop, and use 
concepts and generalisations; 
testing hypotheses and gathering 
data; revising hypotheses and 
testing revised or new 
hypotheses; and forming a 
conclusion. Learning outcomes 
here represent a higher 
intellectual level because they 
require an understanding of both 
the content and the structural form 
of the material. 

Examples of learning objectives at 
this level are: recognise unstated 
assumptions, recognises logical 
fallacies in reasoning, distinguish 
between facts and inferences, 
evaluate the relevancy of data, 
analyse the organisational 
structure of a work (art, music, 
writing). 

In order to answer this question, 
students must be able to recall 
knowledge about AVSD 
(knowledge) and understand the 
basis for the AV canal repair 
surgical procedure 
(comprehension). They must be 
able to apply this concept when 
information is supplied to them 
about postoperative recovery, and 
they must be able to analyse the 
given information in order to 
answer the question.

Non-Medical
Your azalea is planted in full shade 
under the eaves of your house. Leaves 
are yellowing, and the plant has shown 
little growth in 2 years. What is the best 
treatment for this problem?

Medical
Sarah is a 10 month-old, term infant 
with Down Syndrome and a complete 
atrioventricular septal defect (AVSD). 
Following repair of her AV canal, the 
anaesthetist reports that the 
cardiopulmonary bypass time was 115 
minutes, with a circulatory arrest time of 
55 minutes. How does this affect the 
postoperative nursing care?
a. There is no need for a deviation in 

care. The pump times are well 
within normal limits, and no 
changes are expected from a 
standard post-operative course.

b. The pump times are not important 
to a bedside nurse. They have 
some influence on the 
intraoperative care but do not affect 
the child’s post-operative status in 
any way.

c. The reported times are prolonged, 
and as a result, the nurse expects 
too see significant fluid shifts and 
haematologic abnormalities. The 
nurse must monitor for altered end-
organ function.

d. The reported times are 
dangerously prolonged. The nurse 
expects this child to experience 
severe neurological defects and 
warns parents of this potential.
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LEVEL OF 
COGNITION

DEFINITION EXAMPLE QUESTION

Critical Thinking Critical thinking has us reflecting, 
comparing, evaluating, and then 
making judgement. It may include: 
the ability to identify and formulate 
problems, as well as the ability to 
solve them; the ability to recognise 
and use inductive reasoning; the 
ability to draw reasonable 
conclusions from information 
found in various sources, whether 
written, spoken, tabular, or 
graphic, and to defend one’s 
conclusions rationally; the ability 
to comprehend, develop, and use 
concepts and generalisations; and 
the ability to distinguish between 
fact and opinion.

Examples of learning objectives at 
this level are: Identifying and 
challenging assumptions, 
exploring and imaging 
alternatives, reflective scepticism.

In order to answer this question, 
one is expected to make a value 
judgement or prediction on the 
content of the given text 
(knowledge of the subject matter 
is required), the meaning of the 
terminology used (comprehension/ 
understanding of the subject 
matter), and its structure (analysis 
of the answer for the correct order 
of events). 

Non-Medical
(Prediction) What happens if an Azalea 
receives a plant food high in alkaline 
and low in acid?
(Evaluation) Given highly acidic soil and 
an annual rainfall of about 40 inches, 
what is the most effective plant food for 
an azalea?

Medical
Twenty-four hours after surgery, 
Sarah’s breath sounds are course and 
her PaO2  is 85 mmHg, with an oxygen 
saturation of 92%. Her pulmonary artery 
pressures are 50/30 mmHg, and the 
systemic arterial pressures are 75/40 
mmHg. Her heart rate is 180 bpm, the 
right atrial pressure is 8 mmHg, and the 
left atrial pressure is 15 mmHg. Her 
urine output has decreased to 0.5 
ml/kg/hr. Her extremities are cool, with 
a 4 to 5 second capillary refill time. The 
nurse suspects:
a. Decreased cardiac output 

secondary to increased systemic 
vascular resistance.

b. Decreased left heart function 
secondary to complete heart block.

c. Right-sided overload secondary to 
tricuspid valve dysfunction.

d. Left-sided failure secondary to 
mitral valve dysfunction.
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Appendix I 

  

Principle Supervisor: Dr Jeanine Young   Student: Debbie Long 
Tel: (07) 3636 3777      Tel: 0407 025 055 
Email: jeanine_young@health.qld.gov.au  Email: da.long@student.qut.edu.au

I am a postgraduate student undertaking the Doctor of Philosophy (Nursing) program at 
the Queensland University of Technology. As part of my degree requirement, I am 
conducting a study that is concerned with Paediatric Intensive Care Nursing. The aim of 
the research is to develop and validate a tool which measures PICU nursing knowledge, 
skills and attributes. Your involvement in this study may not directly benefit you but will 
hopefully increase our understanding of these issues. The risks associated with this study 
are minimal. However, in the unlikely event that you are distressed in any way from this 
study you can contact QUT counselling services for assistance on (07) 3138 3488. 

If you agree to participate in this research, please complete the demographic details sheet 
and test attached. This test contains 109 items that measure competent level knowledge 
and skills in paediatric critical care nursing, and takes approximately 90 minutes to 
complete. The aim of this study is to evaluate the appropriateness of the items within the 
test. Once you have completed the test place your demographic information and answer 
sheets in the envelope provided. Seal the envelope and return it to your PICU’s Nurse 
Researcher or Educator. Your answers will remain anonymous. Should you wish to know 
your results, please contact me and quote your unique ID number. Your PICU will only be 
provided with the average result of all participants from your PICU and the Australian and 
New Zealand average. Your individual results will not be given to anyone else. 

Participation in this study is entirely voluntary. You are free to withdraw consent before or 
during the study without comment or penalty. Under no circumstances will you be 
prejudiced as a result of your answers. The data will be used only for the purposes of this 
study. Your return of the completed test indicates that you have consented to participate. 

All information will remain strictly confidential. Test results and personal information will be 
kept separate and a coding system will be used to ensure anonymity. The coding system 
will only be known to the researcher. 

After completing the test, please check you have filled in every question on the answer 
sheet. Thank you for your cooperation and for taking the time to participate. If you have 
any queries please contact Debbie Long (M) 0407 025 055 or Jeanine Young (W) 3636 
3777. If you have any concerns about the ethical conduct of this research please conduct 
the Research Ethics Officer on (07) 3138 2340 or ethicscontact@qut.edu.au. 

Evaluation of PICU Nursing

Knowledge, Skills and Attributes 
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Principle Supervisor: Dr Jeanine Young Student: Debbie Long 
Tel: (07) 3636 3777    Tel: 0407 025 055 
Email: jeanine_young@health.qld.gov.au Email: da.long@student.qut.edu.au

I am a postgraduate student undertaking the Doctor of Philosophy (Nursing) program at the 
Queensland University of Technology. As part of my degree requirement, I am conducting a 
study that is concerned with Paediatric Intensive Care Nursing. The aim of the research is to 
develop and validate a tool which measures PICU nursing knowledge, skills and attributes. 
Your involvement in this study may not directly benefit you but will hopefully increase our 
understanding of these issues. The risks associated with this study are minimal. However, in 
the unlikely event that you are distressed in any way from this study you can contact QUT 
counselling services for assistance on (07) 3864 3488. 

If you agree to participate in this research, please complete the demographic details sheet 
and test attached. This test contains 109 items that measure competent level knowledge 
and skills in paediatric critical care nursing, and takes approximately 90 minutes to complete. 
The aim of this study is to evaluate the appropriateness of the items within the test. Once 
you have completed the test place your demographic information and answer sheets in the 
envelope provided. Seal the envelope and return it to your PICU’s Nurse Researcher or 
Educator. Your answers will remain anonymous. Should you wish to know your results, 
please contact me and quote your unique ID number. Your PICU will only be provided with 
the average result of all participants from your PICU and the Australian and New Zealand 
average. Your individual results will not be given to anyone else. 

Participation in this study is entirely voluntary. You are free to withdraw consent before or 
during the study without comment or penalty. Under no circumstances will you be prejudiced 
as a result of your answers. The data will be used only for the purposes of this study. Your 
return of the completed test indicates that you have consented to participate. 

All information will remain strictly confidential. Test results and personal information will be 
kept separate and a coding system will be used to ensure anonymity. The coding system will 
only be known to the researcher. 

After completing the test, please check you have filled in every question on the answer 
sheet. Thank you for your cooperation and for taking the time to participate. If you have any 
queries please contact Debbie Long (M) 0407 025 055 or Jeanine Young (W) 3636 3777. If 
you have any concerns about the ethical conduct of this research please conduct the 
Research Ethics Officer on (07) 3864 2340 or ethicscontact@qut.edu.au.

  

Royal Children's Hospital, Melbourne 

Evaluation of PICU Nursing

Knowledge, Skills and Attributes
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Royal Children's Hospital, Melbourne 

________________________ 

CONSENT FORM

Title of Project: 
Assessing the reliability and validity of a tool developed to measure PICU nursing 
knowledge, skills and attributes. 

Principal Investigator(s): 
Ms Debbie Long, Dr Mary Murray 

RCH Sponsor: 
Ms Carmel del Zoppo 

I, ___________________________________ voluntarily consent to take part in 

this research project, which has been explained to me by 

_________________________. 

• I have received a Participant Information Sheet to keep and I believe I 
understand the purpose, extent and possible effects of my involvement 

• I have had the opportunity to ask questions and I am satisfied with the answers 
that I have received 

• I understand that the researcher has agreed not to reveal results of any 
information involving me, subject to legal requirements 

• If information about this project is published or presented in any public form, I 
understand that the researcher will not reveal my identity 

• I understand that if I refuse to consent to my participation, or if I withdraw 
myself from the study at any time without explanation, this will not effect my 
working relationship within the Paediatric Intensive Care Unit or the Royal 
Children’s Hospital, Melbourne. 

• I understand I will receive a copy of this consent form. 

SIGNATURE __________________________________Date ____________ 

WITNESS SIGNATURE _________________________ Date ____________ 
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Principle Supervisor: Dr Jeanine Young   Student: Debbie Long 
Tel: (07) 3636 3777      Tel: 0407 025 055 
Email: jeanine_young@health.qld.gov.au  Email: da.long@student.qut.edu.au

I am a postgraduate student undertaking the Doctor of Philosophy (Nursing) program at 
the Queensland University of Technology. As part of my degree requirement, I am 
conducting a study that is concerned with Paediatric Intensive Care Nursing. The aim of 
the research is to develop and validate a tool which measures PICU nursing knowledge, 
skills and attributes. Your involvement in this study may not directly benefit you but will 
hopefully increase our understanding of these issues. The risks associated with this study 
are minimal. However, in the unlikely event that you are distressed in any way from this 
study you can contact QUT counselling services for assistance on (07) 3864 3488. 

If you agree to participate in this research, please complete the demographic details sheet 
and test attached. This test contains 109 items that measure competent level knowledge 
and skills in paediatric critical care nursing, and takes approximately 90 minutes to 
complete. The aim of this study is to evaluate the appropriateness of the items within the 
test. Once you have completed the test place your demographic information and answer 
sheets in the envelope provided. Seal the envelope and return it to your PICU’s Nurse 
Researcher or Educator. Your answers will remain anonymous. Should you wish to know 
your results, please contact me and quote your unique ID number. Your PICU will only be 
provided with the average result of all participants from your PICU and the Australian and 
New Zealand average. Your individual results will not be given to anyone else. 

Participation in this study is entirely voluntary. You are free to withdraw consent before or 
during the study without comment or penalty. Under no circumstances will you be 
prejudiced as a result of your answers. The data will be used only for the purposes of this 
study. Your return of the completed test indicates that you have consented to participate. 

All information will remain strictly confidential. Test results and personal information will be 
kept separate and a coding system will be used to ensure anonymity. The coding system 
will only be known to the researcher. 

After completing the test, please check you have filled in every question on the answer 
sheet. Thank you for your cooperation and for taking the time to participate. If you have 
any queries please contact Debbie Long (M) 0407 025 055 or Jeanine Young (W) 3636 
3777. If you have any concerns about the ethical conduct of this research please conduct 
the Research Ethics Officer on (07) 3864 2340 or ethicscontact@qut.edu.au.

Evaluation of PICU Nursing

Knowledge, Skills and Attributes
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Principle Supervisor: Dr Mary Murray Student: Debbie Long 
Tel: (07) 3864 3886    Tel: (07) 3857 0769 / 0407 025 055 
Email: ms.murray@qut.edu.au  Email: da.long@qut.edu.au

I am a postgraduate student undertaking the Doctor of Philosophy (Nursing) program at 
the Queensland University of Technology. As part of my degree requirement, I am 
conducting a study that is concerned with Paediatric Intensive Care Nursing. The aim of 
the research is to develop and validate a tool which measures PICU nursing knowledge, 
skills and attributes. Your involvement in this study may not directly benefit you but will 
hopefully increase our understanding of these issues. The risks associated with this study 
are minimal. However, in the unlikely event that you are distressed in any way from this 
study you can contact Draga Jevtic, Staff Support Coordinator on (03) 9345 5169 or pager 
5169. 

If you agree to participate in this research, please complete the demographic details sheet 
and test attached. This test contains 109 items that measure competent level knowledge 
and skills in paediatric critical care nursing, and takes approximately 90 minutes to 
complete. The aim of this study is to evaluate the appropriateness of the items within the 
test. Once you have completed the test place your demographic information and answer 
sheets in the envelope provided. Seal the envelope and return it to your PICU’s Nurse 
Researcher or Educator. Your answers will remain anonymous. Should you wish to know 
your results, please contact me and quote your unique ID number. Your PICU will only be 
provided with the average result of all participants from your PICU and the Australian and 
New Zealand average. Your individual results will not be given to anyone else. 

Participation in this study is entirely voluntary. You are free to withdraw consent before or 
during the study without comment or penalty. Under no circumstances will you be 
prejudiced as a result of your answers. The data will be used only for the purposes of this 
study.  

All information will remain strictly confidential. Test results and personal information will be 
kept separate and a coding system will be used to ensure anonymity. The coding system 
will only be known to the researcher. 

After completing the test, please check you have filled in every question on the answer 
sheet. Thank you for your cooperation and for taking the time to participate. If you have 
concerns about the study, and would like to speak to someone independent of the study, 
please contact Consumer Liason, Clinical Support Services Team at the Executive Office, 
RCH Unit. Telephone 9345 5676 (Monday-Friday 9am-5pm). Additionally, if you have any 
queries please contact Debbie Long (h) (07) 3354 2276, (m) 0407 025 055 or Mary Murray 
(w) (07) 3864 3886. If you have further concerns about the ethical conduct of this research 
please conduct the QUT Research Ethics Officer on (07) 3864 2340 or 
ethicscontact@qut.edu.au.

Evaluation of PICU Nursing

Knowledge, Skills and Attributes 
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Appendix K 

Frequency and Criticality Descriptives

Frequency Criticality Importanc
e Index 

Importance 
Weighting 

Nursing Activity 

Mean SD Mea
n 

SD C
14.01

F 

1. Monitor and maintain continuous 
ECG 

10 0.00 2.2 0.94 627279.47 1.130651371

2. Perform 12-lead ECG 1.15 1.61 1.13 0.83 6.65 1.19943E-05

3. Interpret 12-lead ECG 0.50 1.29 1.00 0.82 0.50 9.06101E-07

4. Monitor and maintain non invasive 
haemodynamic and respiratory 
monitoring 

9.07 2.58 2.13 0.99 369471.96 0.665961509

5. Perform head to toe physical 
assessment 

8.67 0.01 2.20 0.94 543663.11 0.979935543

6. Monitor and maintain external 
pacemakers 

0.30 0.39 2.92 0.28 871835.79 1.571456395

7. Monitor and maintain temporary 
pacemakers 

1.64 3.42 2.92 0.28 5514117.6
0

9.939022322

8. Monitor and maintain 
programmable pacemakers 

0.17 0.35 3.00 0.00 812726.29 1.464913395

9. Monitor and maintain internal 
pacemakers 

0.04 0.09 2.20 1.30 2339.75 0.00421733

10. Monitor and maintain automatic 
implantable cardioverter defibrillators  

0.01 0.01 3.00 0.00 87.46 0.000157644

11. Administer phosphodiesterase 
inhibitors (eg. Amioderone, milrinone) 

1.49 2.65 2.73 0.46 1947566.0
4

3.51042609

12. Monitor and maintain patient on 
cardiac assist devices (eg IABP, 
RVAD, BVAD, LVAD) 

0.02 0.06 3.00 0.00 112717.40 0.203169536

13. Perform cardiopulmonary 
resuscitation 

0.22 0.24 2.87 0.35 571443.59 1.030008971

14. Maintain and monitor invasive 
arterial blood pressure line 

7.87 3.78 2.60 0.74 5125235.0
4

9.238073822

15. Interpret arterial blood gas 
analysis 

8.67 2.29 2.07 0.88 226464.72 0.408195476

16. Maintain and monitor central 
venous pressure line 

7.87 3.78 1.73 0.70 17478.21 0.031503914

17. Maintain and monitor pulmonary 
artery pressure line 

1.30 2.72 2.55 0.82 631393.53 1.138066843

18. Obtain and assess invasive 
cardiac output/index determination 

0.07 0.11 1.57 0.98 39.76 7.16692E-05

19. Maintain and monitor RA 
pressure line 

1.30 2.72 2.45 0.69 379136.51 0.683381554

20. Maintain and monitor LA pressure 
line 

0.75 1.27 2.73 0.47 959712.78 1.729851881

21. Monitor and maintain umbilical 
arterial and venous pressure 
monitoring 

0.14 0.12 2.62 0.65 99079.22 0.178587154

22. Monitor and maintain CO2 6.17 4.07 1.40 0.83 687.63 0.001239439



262 
Frequency and Criticality Descriptives

Frequency Criticality Importanc
e Index 

Importance 
Weighting 

Nursing Activity 

Mean SD Mea
n 

SD C
14.01

F 

devices  

23. Monitor and maintain a patient on 
nasal/facial CPAP/BIPAP 

1.82 2.76 1.80 0.68 6855.68 0.012357148

24. Monitor and maintain a patient on 
conventional mechanical ventilation 

8.13 3.38 2.80 0.41 14966030.
24

26.97579547

25. Monitor and maintain a patient on 
heliox 

0.02 0.06 1.83 0.75 113.59 0.000204747

26. Monitor and maintain a patient on 
nonconventional mechanical 
ventilation (eg. High frequency, 
jet/oscillating) 

0.30 0.30 2.85 0.38 697293.91 1.256850181

27. Administer surfactant 
replacement therapy 

0.01 0.01 2.00 0.63 132.02 0.000237954

28. Monitor and maintain train of four 
(peripheral nerve stimulator) 

0.11 0.26 1.14 0.90 0.68 1.23314E-06

29. Monitor and maintain a patient on 
Nitric Oxide 

0.56 1.25 2.60 0.74 361783.60 0.652103473

30. Monitor and maintain a patient on 
ECMO 

0.02 0.06 3.00 0.00 106428.44 0.191833897

31. Airway management (new trache, 
ETT) 

4.85 4.22 2.73 0.46 6367946.1
6

11.47802126

32. Assist with intubation of patient 1.28 1.55 2.40 0.74 272408.20 0.491007146

33. Perform tracheostomy care 2.97 3.98 1.93 0.70 30452.02 0.054888808

34. Perform or assist with retaping of 
endotracheal tube 

3.77 3.72 2.53 0.64 1705105.6
1

3.073398848

35. Monitor and maintain chest tubes 3.77 3.72 1.93 0.80 38646.78 0.069659594

36. Perform endotracheal suctioning 9.33 1.76 2.20 0.77 585458.75 1.055270844

37. Perform or assist with exchange 
transfusions 

0.01 0.01 2.33 0.82 1144.16 0.002062309

38. Monitor and maintain patient 
under phototherapy 

0.08 0.11 1.36 0.67 5.86 1.05607E-05

39. Monitor and maintain patient 
having plasmapheresis 

0.09 0.11 2.43 0.85 23555.89 0.042458749

40. Monitor and maintain patient with 
ICP monitoring devices insitu 

0.52 0.41 2.60 0.51 338329.23 0.609827721

41. Monitor and maintain a patient 
undergoing ultrafiltration 

0.17 0.26 2.82 0.40 346569.47 0.624680491

42. Monitor and maintain a patient 
receiving renal replacement therapies 

0.30 0.30 2.79 0.43 518438.94 0.934469772

43. Monitor and maintain a patient 
receiving peritoneal dialysis 

0.31 0.37 1.86 0.53 1791.39 0.003228922

44. Administer immunogobulin 
therapy 

0.07 0.10 1.67 0.49 84.69 0.000152655

45. Administer neuromuscular 
blocking agents 

3.45 3.80 2.07 0.70 90150.03 0.162492574
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Frequency and Criticality Descriptives

Frequency Criticality Importanc
e Index 

Importance 
Weighting 

Nursing Activity 

Mean SD Mea
n 

SD C
14.01

F 

46. Monitor and maintain a patient 
receiving neuromuscular blocking 
agents 

3.45 3.80 2.13 0.52 140589.00 0.253407216

47. Administer intravenous analgesia 
and sedation 

8.57 3.05 1.86 0.77 50073.03 0.090255045

48. Monitor and maintain a patient 
receiving analgesia and sedation 

8.67 2.96 1.80 0.68 32687.04 0.058917361

49. Monitor and maintain a patient 
receiving inotropic support 

5.42 4.56 2.80 0.41 9967232.9
8

17.96562174

50. Monitor and maintain a patient 
receiving chemotherapy 

0.18 0.26 1.71 0.61 335.08 0.000603974

51. Monitor and maintain the weaning 
of a patient from ventilation 

4.60 3.40 1.80 0.68 17351.51 0.031275549
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Appendix L 

Nursing Activity: Importance weightings  

Logarithms and calculation of criticality emphasis towards overall importance. 
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Variance of Criticality
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Task Number Weight*100 Task Number Weight*100 

1 1.130651371 27 0.000237954
2 1.19943E-05 28 1.23314E-06
 3 9.06101E-07 29 0.652103473
4 0.665961509 30 0.191833897
5 0.979935543 31 11.47802126
6 1.571456395 32 0.491007146
7 9.939022322 33 0.054888808
8 1.464913395 34 3.073398848
9 0.00421733 35 0.069659594
10 0.000157644 36 1.055270844
11 3.51042609 37 0.002062309
12 0.203169536 38 1.05607E-05
13 1.030008971 39 0.042458749
14 9.238073822 40 0.609827721
15 0.408195476 41 0.624680491
16 0.031503914 42 0.934469772
17 1.138066843 43 0.003228922
18 7.16692E-05 44 0.000152655
19 0.683381554 45 0.162492574
20 1.729851881 46 0.253407216
21 0.178587154 47 0.090255045
22 0.001239439 48 0.058917361
23 0.012357148 49 17.96562174
24 26.97579547 50 0.000603974
25 0.000204747 51 0.031275549
26 1.256850181

Total: 100

s2566871
Text Box
Appendix M has been removed as it develops a competency examination.
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Appendix N  

Reliability Statistics

  Cronbach's Alpha Cronbach's Alpha Based on Standardized Items N of Items 

.847 .842 108

Item-Total Statistics

Scale Mean if Item 
Deleted 

Scale Variance if 
Item Deleted 

Corrected Item-Total 
Correlation 

Squared 
Multiple 

Correlation 

Cronbach's 
Alpha if Item 

Deleted 

Item Number 70.2532 115.012 .006 . .848

r2 70.9114 113.774 .144 . .846

r3 70.7722 113.281 .164 . .846

r4 70.8354 113.626 .140 . .846

r9 70.4051 112.065 .300 . .844

r12 70.5190 109.817 .494 . .841

r29 70.5696 114.402 .049 . .848

r38 70.2152 113.248 .285 . .845

r41 70.3165 113.296 .200 . .846

r46 70.2658 113.967 .140 . .846

r48 70.5063 112.253 .258 . .845

r55 70.2405 113.595 .206 . .846

r62 70.1646 114.755 .080 . .847

r64 70.7848 114.094 .085 . .847

r66 71.0380 115.960 -.148 . .849

r67 70.9747 114.948 .015 . .848

r68 70.2658 113.480 .204 . .846

r69 70.2532 111.653 .462 . .843

r71 70.3924 111.985 .313 . .844

r87 70.1392 114.044 .329 . .845

r88 70.6835 111.681 .309 . .844

r93 70.5949 110.424 .426 . .842

r96 70.8481 114.951 .003 . .848

r100 70.2658 112.018 .396 . .843

r101 70.2911 112.209 .347 . .844

r102 70.4304 109.889 .517 . .841

r105 70.4937 111.638 .320 . .844

r107 70.2025 113.497 .263 . .845

r108 70.5190 109.355 .540 . .840

Warnings

Each of the following component variables has zero variance and is removed from the scale: r56. 
The determinant of the covariance matrix is zero or approximately zero. Statistics based on its inverse matrix cannot be 
computed and they are displayed as system missing values. 
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Scale Mean if Item 
Deleted 

Scale Variance if 
Item Deleted 

Corrected Item-Total 
Correlation 

Squared 
Multiple 

Correlation 

Cronbach's 
Alpha if Item 

Deleted 

r109 70.3418 111.715 .368 . .843

r8 70.3671 111.799 .345 . .844

r10 70.3797 111.854 .333 . .844

r18 70.3291 114.454 .063 . .847

r19 70.2405 114.211 .120 . .846

r21 70.3671 116.825 -.194 . .851

r23 70.3544 110.283 .521 . .841

r28 70.4177 112.041 .298 . .844

r33 70.5063 111.253 .355 . .843

r36 70.4430 111.481 .348 . .843

r37 70.2785 114.024 .127 . .846

r40 70.8481 113.951 .109 . .847

r43 70.1266 114.984 .076 . .847

r45 70.3544 112.129 .315 . .844

r47 71.0000 116.590 -.219 . .850

r52 70.3544 112.027 .326 . .844

r58 70.5696 114.659 .025 . .848

r61 70.4430 111.199 .377 . .843

r63 70.1392 114.968 .055 . .847

r65 70.7342 111.890 .295 . .844

r70 70.2911 115.004 .003 . .848

r74 70.1519 114.695 .109 . .846

r79 70.9494 113.433 .202 . .846

r89 70.5949 113.193 .162 . .846

r104 70.1519 113.746 .340 . .845

r106 70.2911 112.876 .264 . .845

r7 70.1646 113.729 .298 . .845

r14 70.1772 114.814 .058 . .847

r15 70.2152 113.761 .205 . .846

r16 70.3165 112.193 .329 . .844

r24 70.6456 112.309 .246 . .845

r25 70.3165 112.399 .305 . .844

r31 70.4557 114.149 .079 . .847

r32 70.2658 112.172 .376 . .844

r42 70.3165 113.681 .155 . .846

r49 70.4937 113.279 .160 . .846

r53 70.1772 115.019 .019 . .847

r59 70.4430 115.352 -.039 . .849

r73 70.1392 114.660 .146 . .846

r75 70.5949 111.834 .291 . .844
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Scale Mean if Item 
Deleted 

Scale Variance if 
Item Deleted 

Corrected Item-Total 
Correlation 

Squared 
Multiple 

Correlation 

Cronbach's 
Alpha if Item 

Deleted 

r78 70.5316 110.252 .449 . .842

r81 70.2152 113.376 .265 . .845

r83 70.2405 113.159 .268 . .845

r84 70.4684 115.509 -.054 . .849

r85 70.3797 113.828 .122 . .847

r86 70.1392 115.788 -.186 . .848

r90 70.4810 110.099 .476 . .841

r92 70.5696 113.684 .116 . .847

r95 70.5316 114.021 .086 . .847

r97 70.2278 111.999 .455 . .843

r5 70.5823 111.349 .338 . .843

r6 70.1899 114.951 .028 . .847

r11 70.1392 115.275 -.036 . .847

r13 70.4684 112.098 .279 . .844

r17 70.3671 114.953 .004 . .848

r20 70.7089 111.927 .288 . .844

r22 70.6709 112.660 .214 . .845

r26 70.2532 112.268 .378 . .844

r27 70.8101 115.361 -.040 . .849

r30 70.5696 111.684 .306 . .844

r34 70.2911 112.081 .363 . .844

r35 70.7595 116.288 -.129 . .850

r39 70.9494 114.946 .012 . .848

r44 70.3924 112.677 .240 . .845

r50 71.0253 115.512 -.067 . .848

r51 70.8101 113.540 .144 . .846

r54 70.3544 111.821 .349 . .844

r57 70.6203 116.495 -.144 . .851

r60 70.5823 113.734 .111 . .847

r72 70.4810 114.150 .077 . .847

r76 70.1266 114.779 .161 . .846

r77 70.2785 113.588 .183 . .846

r80 70.4557 114.456 .048 . .848

r82 70.6835 110.475 .425 . .842

r91 70.4177 110.836 .424 . .842

r94 70.6582 116.715 -.165 . .851

r98 70.6456 111.309 .341 . .843

r99 70.7215 110.434 .436 . .842

r103 70.4937 109.920 .490 . .841




