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Abstract
Introduction

Problem Based Learning is an approach to teaching and learning that has been designed using
theory and research evidence about the nature of learning and of professional expertise and has
been widely adopted. The advocates of Problem Based Learning claim many advantages for
the approach. However it is often unclear what is meant by the term, and claims appear to be
based on anecdotal evidence or small scale evaluative studies. There appear to be few reports
of the use of Problem Based Learning in continuing professional education.

Methods

This report analyses a Problem Based Learning curriculum and evaluates its effectiveness in a
continuing education programme for nurses in England. Using a randomised experimental
design the learning outcomes of students who followed a ‘traditional' curriculum were
compared with the students who followed a Problem Based Learning curriculum in the same
educational programme. The programme lasted one academic year and was undertaken on a
part time basis. Five ‘teachers’ participated in the study all of whom were volunteers. The two
teachers who facilitated the experimental Problem Based Learning groups undertook various
staff development activities to prepare for their role as facilitators. The students were qualified
nurses from five NHS hospitals who applied to take the programme during the study period.
Thirty five students were allocated to the experimental (PBL) curriculum of whom 20
subsequently completed. Thirty four students were allocated to the control (SGL) curriculum
of whom 31 subsequently completed. The students had no previous experience of Problem
Based Learning.

Data Collection and analysis

A wide range of student outcomes were investigated using a variety of existing and new
research instruments. Data on the process of curriculum development, programme delivery,
students and teacher response were collected using non participant observation, teacher diaries,
and researcher field notes. Qualitative data were analysed using the Framework method.
Descriptive and Inferential Statistical analysis was carried out using SPSS. Analysis followed an
estimation approach. Standardised effect sizes (d) with 95% confidence intervals were calculated
to estimate the difference in outcomes between students in the experimental (PBL) and control
(SGL) curricula.

Results

Students and teachers found it difficult to adapt and come to terms with the Problem Based
Learning approach. It was apparent that Problem Based Learning did not meet the students
normative expectations of ‘teaching and learning’. Problem Based Learning appeared to cause
the students great anxiety which lead to tensions between the teachers and students in the
experimental (PBL) curriculum. This is reflected in the differences in student satisfaction
indicators between the two curricula which all favoured the control (SGL) curriculum. Other
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results showed that students in the control (SGL) curriculum were more likely to perceive that
the educational programme had changed their practice. A greater proportion of students in the
experimental (PBL) curriculum did not meet the threshold score indicating readiness for self-
directed learning after completing the programme. The results exclude important statistically
significant differences in impact between the two programmes on changes in approaches to
learning, managers rating of performance, changes outside work, likelihood of taking on a
teaching task in the workplace and on changing jobs.

Discussion and conclusion

The mixed results from this study appear to contradict those obtained in some other studies of
Problem Based Learning. The results are consistent with other studies using experimental
designs. Different forms of Problem Based Learning may produce different results, and quality
iof implementation may also be an important factor. However, if such ‘local’ factors are
important then it suggests that the context and culture in which Problem Based Learning is
implemented is at least as important as the approach itself. The study found strong evidence of
student dissatisfaction and of a disjunction between Professional, Student expectations and
Problem Based Learning practice. It is argued that Problem Based Learning theory and
practice lacks an adequate conceptualisation of the relationship between the different
conceptions of teaching and learning held by different stakeholder groups in continuing
professional education. Within the discourse of Problem Based Learning it appears to be taken
for granted that everyone shares the principles, aims and values that underpin the approach i.e.
there is a lack of recognition that pedagogy is a site for struggle between a number of
competing discourses.
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Preface: About this report

This is a report of a research study that aims to make a contribution to answering the question
‘What forms of Problem Based Learning result in what outcomes for which students in which
contexts?' It does so through evaluating the impact of a particular form of Problem Based
Learning on a wide range of learning outcomes in a University run continuing education
programme for nurses in England. What then can the reader hope to learn from this report?
In the introduction to their report of a review on Teaching and Learning in the College
Classroom, William Mckeachie and his colleagues addressed this question (Mckeachie et al,
1986). They argued that teachers should not expect to learn about entirely new ways of
teaching or expect the broad generalisations that are the province of educational theorists.
Similarly they should not expect to learn about the best way of teaching. Instead they point to a
number of possible contributions that research may make. First is a more precise determination
of the limits of generalisations. Second is disproof of faulty maxims and third is a better
understanding of the way in which successful teaching strategies work. To which could be
added a better understanding of why particular strategies do not appear to work in particular
settings. Finally they argue that research affects the way we think about teaching and learning and

in particular why and how we do what we do.

The report is divided into three parts. Part | sets the background for the project. A general
overview of Problem Based Learning is given along with the methodological approach and
methods used in the study. The design and implementation of the experimental (Problem
Based Learning) and control (Small Group Learning) curricula are given in Part 1. This part of
the report seeks to ensure that there is no 'black box' of unknown practices at the heart of the
study. A model of the ‘inner teaching and learning environment’ is used as a conceptual
framework for this process. In an effort to integrate discussion of theory and practice, a
detailed account of the theoretical basis of the constituent parts of Problem Based Learning is
given alongside the description of their application in this study. Part 11 also includes analysis of
the context of the study and of the responses of teachers and students. Part 1l contains the

results, discussion and conclusions.
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Problem Based Learning for continuing professional education:
An exploration of the method and its effectiveness.

Introduction: The context, continuing professional education in healthcare

The improvement of health care quality requires continuing professional development amongst
nurses and other health care professionals (Department of Health, 1999; Department of Health,
2001). Many references have been made to the importance and value of continuing professional
education (CPE) for professional development and it is estimated that in the UK alone the
National Health Service spends approximately £1billion per year on Continuing Professional
Development (Brown et al, 2002). However, little evidence exists as to the actual impact that
continuing education has on nurses ability to deliver higher standards of care (Barriball et al,
1992; Waddell, 1991; Wood, 1998). Research on the effectiveness of Continuing Professional
Education across the health disciplines have raised questions about the effectiveness of these
efforts concluding that the distribution of educational materials and formal Continuing
Professional Education alone are ineffective strategies (Davis et al, 1999; NHS Centre for
Reviews & Dissemination, 1999). This may in part be due to the pervasiveness of the ‘update’
model of Continuing Professional Education. In this model Professionals are removed from
the workplace to a Higher Education institution for their knowledge to be ‘updated’ by an

‘expert’ in their respective field (Nowlen, 1988).

Problem Based Learning an alternative model for continuing professional education?

Problem Based Learning offers an alternative philosophy and method for Continuing
Professional Education. It has been introduced into education in many professional fields
including medicine, nursing, dentistry, social work, management, engineering and architecture.
In its modern guise Problem Based Learning started to become a feature of educational
programmes during the 1960's. Since then there has been a steady growth in the number of
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programmes and institutions that have adopted Problem Based Learning around the world.
The rise in the reported use of Problem Based Learning in medical education since its adoption
by the new medical school at McMaster University in 1969, has been unsurpassed (Johnson &
Finucane, 2000). By 1995 there were reports of the widespread use of Problem Based Learning
in the USA, from Europe, The Middle East, The Far East and Australia (Bligh, 1995). It is not
clear how many medical schools in the UK currently use a variant of Problem Based Learning
but it is thought to be at least ten. It is not clear when or where Problem Based Learning first
began to be used in Nursing Education programmes. Its adoption in Nursing Education
appears to mirror the global reach of Problem Based Learning in Medical education, with
reports of the use of Problem Based in nursing programmes emanating from Canada (Rideout
et al, 2002), Australia (Alavi, 1995), the USA (White et al, 1999), the UK (Biley, 1999), China
(Zhang & Zhang, 2000) and Egypt (Habib et al, 1999) to list but a few. However, it is not
always clear what exactly is being done in the name of Problem Based Learning (Maudsley,
1999; Newman, 2003). There are also a growing number of references in the literature to
‘adapted’ or ‘Hybrid' Problem Based Learning courses and courses called 'Enquiry’ or ‘'Inquiry’
Based learning which are apparently based on but not the same as Problem Based Learning

(Cleverley, 2003; Margetson, 1998; Savin-Baden, 2000b).

This transformation has been encouraged by an almost evangelical movement that has
published of a wealth of anecdotal material extolling the virtues of Problem Based Learning
(Wilkie, 2000). Problem Based Learning has been endorsed by a variety of national and
international organizations. These include the Association American Medical Colleges (Muller,
1984), the World Federation of Medical Education (Walton & Matthews, 1989), The World
Health Organization (World Health Organization, 1993), the World Bank (World Bank, 1993)
and the English National Board for Nursing Midwifery and Health Visiting (English National
Board, 1994). In recent years the advantages that are claimed for Problem Based Learning have
become part of the generally articulated outcomes for education at all levels (Hmelo &

Evenson, 2000).
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What is not Problem Based Learning ?

There is no single unanimous position about the theoretical basis for, or practice of, Problem
Based Learning. There is not even agreement about whether there is or should be one type of
Problem Based Learning or many variants (Engel, 1991, Savin-Baden, 2000b). The wide
dissemination of Problem Based Learning has 'de facto' spawned many variations (Barrows,
2000a). Maudsley (1999) argues that the label Problem Based Learning is often borrowed for
prestige or subversion, adorning many narrowly focused single subject courses within traditional
curricula that do not use Problem Based Learning at all. This claim would seem to be
supported by the findings of a review of the curricula of American Medical Schools that
claimed to use Problem Based Learning. This found that Problem Based Learning was being
used as a generic category which included almost any teaching approach (Myers Kelson &

Distlehorst, 2000).

An important distinction at the heart of Problem Based Learning is that with problem solving
learning.  Bereiter and Scardamalia (2000) distinguish between PBL (uppercase) and pbl
(lowercase). Lowercase pbl refers to an indefinite range of educational approaches that give
problems a central place in the learning activity. Whereas practitioners of 'PBL' uppercase tend
to adhere to the structures and procedures first systematised by Howard Barrows (1986).
Central to this system is a conception of learning as an integrated process of cognitive,
metacognitive and personal development. The use of the term 'Problem’ as in ‘Problem Based
Learning’ does not therefore imply a foundationalist view of knowledge and learning
(Margetson, 1993). The implication of foundationalism appears to be one of the main reasons
why a number of nursing programmes have adopted the term 'Enquiry’ or 'Inquiry’ Based
Learning (see for example Cleverley, 2003). Howard Barrows argues that a more accurate title
for the model he and his collaborators developed might be “student-centered, problem based,
inquiry-based, integrated, collaborative, reiterative, learning (Barrows, 2000b). However the label

Problem Based Learning has stuck. This uppercase 'PBL" was the focus of this research.
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Figurel.1 Summary of the key features and conceptual basis of Problem Based Learning
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An overview of key concepts in the theory and practice of Problem Based Learning

It is important to distinguish the particular model of Problem Based Learning on offer in a
programme. The model of Problem Based Learning used in this study is described in detail in
part 11 of the report. Even within 'PBL' there is variation in the way that Problem Based
Learning is theorised, described and practised. However, it is possible to identify what appear
to be the key features of curricula that use Problem Based Learning and the concepts that
underpin them. The philosophical and theoretical underpinnings of Problem Based Learning
were not explicit in the early Problem Based Learning literature (Rideout & Carpio, 2001).
Howard Barrows, a pioneer of Problem Based Learning, explains that the he and the other
developers of the original the McMaster Problem Based Learning curriculum had no
background in educational psychology or cognitive science. They just thought that learning in
small groups through the use of clinical problems would make medical education more

interesting and relevant for their students (Barrows, 2000a).

The key features and the concepts that underpin the approach are summarised in figure 1.1
above. The solid blocks at the centre summarise the key features, the grey shaded blocks the
concepts underpinning each feature and the clear boxes the theoretical basis of the concepts.
Each of the key features is discussed in more detail in Part 1l of the report. It is not the
intention here to give a detailed account of the concepts and theories that underpin Problem
Based Learning as the focus of the study is the approach itself rather than its underpinning
theory. The development of Problem Based Learning in medical education appears to have
been heavily influenced by Cognitive Science (Norman & Schmidt, 1992; Schmidt & Moust,
2000; Schmidt, 1983; Schmidt, 1993). But as Problem Based Learning has expanded into other
disciplines interpretation of Problem Based Learning has expanded to include educational
theories that emphasise other aspects teaching and learning such as participation (Dewey, 1938),

Reflection (Schon, 1987) and the communal social construction of learning (Vygotsky, 1978).
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All these ‘theories’ can be considered to be examples of constructivism whether social, cognitive

or both (Tynjala, 1999).

Walton and Matthews (1989) argue that Problem Based Learning is to be understood as a
general educational strategy rather than merely a teaching approach. They highlight three broad
areas of differentiation between Problem Based Learning and the ‘traditional' subject centered
approaches (see box 1.1). Engel (1991) also focuses on curriculum design as a major area of
difference. He describes the essential characteristics of problem-based curricula as cumulative
(repeatedly reintroducing material at increasing depth), integrated (de-emphasising separate
subjects), progressive (developing as students adapt) and consistent (supporting curricula aims
through all its facets). Savin-Baden (2000b) identified five models of Problem Based Learning in
operation in different curricula. She argues that the important differentiation is the way that
knowledge, learning and the role of the student are conceptualised and manifest in the

curriculum.

Box 1.1 Areas of differentiation between Problem Based Learning and Traditional
Curricula (Walton & Matthews, 1989)

Curricula Organisation: Around problems rather than disciplines, integrated, emphasis on
cognitive skills as well as knowledge.

Learning environment: use of small groups, tutorial instruction, active learning, student
centered, independent study, use of relevant 'problems'.

Outcomes: Focus on skills development and motivation, abilities for life long learning

The aims of Problem Based Learning

Dolmans and Schmidt (2000) give the aim of Problem Based Learning as helping students to
develop rich cognitive models of the problems presented to them. Bailey and colleagues (2003)
emphasise enhancing enculturation into clinical community of practice as an aim of Problem
based Learning. Engel (1991) argues that where Problem Based Learning is adopted in
professional education one of the aims is to assist students towards achieving a specific set of

competencies, that will be important to them throughout their professional life, irrespective of
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the profession in which they will come to practice. These are summarised in Box 1.2 along

with other concepts/ skills developed by Problem Based Learning identified by Woods (1995).

Box 1.2 'Skills' that Problem Based Learning develops (Engel, 1991; Woods, 1995)

Awareness (active Personal learning preference - Defining real problems (goals, mission,
listening) vision)
Problem solving - Learning skills (Laws, - Look back and extending
theories, concepts etc.) experience(recognising fundamentals in a
given situation)
Strategy (planning) - Creativity - Decision making
Stress management - Time management - Group & chair person skills
Managing change - Interpersonal skills - Coping creatively with conflict
= reasoning critically and = adopting a more universal =  practising empathy, appreciating the other
creatively or holistic approach person’s point of view
=  collaborating - ldentifying own strengths and weaknesses and undertaking appropriate
productively in groups or remediation (self-directed learning)
teams
Self assessment - Obtaining criteria - Self - directed life time learning

Evidence about the effectiveness of Problem Based Learning

Problem Based Learning has arguably been one of the most scrutinised innovations in
professional education (Maudsley, 1999). A simple illustration of this is that a search of the
MEDLINE bibliographic database on-line via the PUBMED interface using the search terms
‘Problem Based Learning’ in Winter 200273 yielded a reference list of over 1000 citations. The
literature on Problem Based Learning is spread over many different journals, books and
databases and many subjects and disciplines. A brief search using the terms Problem Based
Learning produced 804 ‘hits’ on the Science Citation Index, and 384 in the Social Science
Citation Indext. Woodward (1997) points out that empirical evidence that supports the
theories that underpin Problem Based Learning is not the same as empirical evidence to support
the claim that it produces practitioners with consistently high levels of performance that are
maintained throughout their professional career. Block and Moore (1994) argue that despite the
fact that many useful studies of problem Based Learning exist, selection bias and the absence of

control groups limit tie conclusions that can be drawn. Colliver (2000) re-ignited the debate

1 February 2003 via WWW using Ovid interface
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about the effectiveness of Problem Based Learning, and by implication the methods that should
be used to investigate it, by arguing that many studies have erroneously claimed effects for
Problem Based Learning when it was more likely that the effects were due to selection and

philosophy of care differences.

In order to make the task of reviewing this literature more manageable this review of the
evidence was initially confined to 'reviews' of the effectiveness of Problem Based Learning.
There have been at least five ‘reviews’ of Problem Based Learning that have attempted to
provide evidence about the conditions and contexts in which Problem Based Learning is more
effective than other @ucational strategies. A major limitation of these reviews is that they
include, with one or two exceptions, only studies of Problem Based Learning in the education
of health professionals. Three of the reviews were published in the same journal in the ame
year (Albanese & Mitchell, 1993; Berkson, 1993; Vernon D.T & Blake, 1993). These three
reviews, which are perhaps the most well known, are difficult to interpret due to the lack of
clarity about the review methods used and apparent differences in approach between the
reviews. The reviews include primary studies with different designs and of differing quality
(Wolf, 1993). Of the citations identified by the review authors as providing ‘evidence’ about
Problem Based Learning only eight appear in all three reviews, whereas 49 citations appear in

only one out of the three.

The criteria for inclusion of studies in a ‘Meta-analysis’ of Problem Based Learning carried out
by Van Den Bossche and colleagues (2000) are explicit. However the study design and quality
criteria applied to the primary studies appear to be fairly minimal, raising the possibility that
studies with significant weaknesses in terms of bias minimisation have been included in the
review. The authors recognised the risk of bias in the location of studies and described, by the
standards of most reviews, a reasonably comprehensive search strategy. However the search

included only a limited number of Bibliographic Databases (not including MEDLINE) and the
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search strategy only a limited number of terms and would therefore also appear to be

inadequate in these respects (Egger & Smith, 1998).

Smits and colleagues (2002) carried out a review of the effectiveness of Problem Based
Learning in continuing medical education. Their explicit search strategy included a wide range of
bibliographic databases but it appears that limited attempts were made to locate the so-called
‘grey’ literature. This review adopted strict methodological inclusion criteria by including only
randomised and controlled trials. Whilst this will have reduced the risk of bias in the individual
studies (Cook & Campbell, 1979) it may also have meant that potentially useful studies of

Problem Based Learning using other designs were excluded.

The reviews all provide only limited descriptive information about the educational interventions
that are called Problem Based Learning or the interventions to which the Problem Based
Learning is compared. Unsurprisingly the reviews referred to above came to differing
conclusions. Vernon and Blake (1993) concluded "results generally support the superiority of the
Problem Based Learning approach over more traditional academic methods"”. Albanese and
Mitchell (1993) whilst acknowledging the weaknesses of the research literature concluded that
Problem Based Learning was more nurturing and enjoyable and that Problem Based Learning
graduates performed as well and sometimes better on clinical examinations and faculty
evaluations. However, they also concluded that Problem Based Learning graduates showed
potentially important gaps in their cognitive knowledge base, did not demonstrate expert
reasoning patterns, and that Problem Based Learning was very costly. Berkson (1993) was
unequivocal in her conclusion that "the graduate of Problem Based Learning is not
distinguishable from his or her traditional counterpart”. She further argued that the experience
of Problem Based Learning can be stressful for the student and faculty and implementation
may be unrealistically costly. The two more recent reviews also came to differing conclusions.
Van Den Bossche and colleagues (2000) concluded that Problem Based Learning had a positive

robust effect on the skills of students but a negative non-robust effect on knowledge. The
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review by Smits and colleagues (2002) concluded that there was no consistent evidence that
Problem Based Learning is superior to other educational strategies in improving doctors
knowledge and performance. The reviews themselves therefore provide contradictory evidence

about the effects of different kinds of Problem Based Learning in different learning contexts.

Educational theorists and researchers do not agree about the purpose and design of evaluative
studies. This is mirrored within Problem Based Learning. Whilst experimental designs have
been used there is disagreement about their value even within medical education (Johnson &
Finucane, 2000; Torgerson, 2002). There are also disciplinary differences with apparently very
few experimental studies of Problem Based Learning outside medical education. A more
detailed consideration of this issue is given in the discussion of the rational for and design of this
study in part Il of the report. To obtain a clearer picture of what high quality research studies
indicated about the effectiveness of Problem Based Learning, a research project involving
secondary data analysis in the form of a 'review of reviews' was carried out as part of the
Project on the Effectiveness of Problem Based Learning (Newman, 2003). Readers are advised
to refer to the study report2 for details of the methods and results of this study only a summary

is given here.

Of the 90 studies identified as providing evidence of the effectiveness of Problem Based
Learning in the five reviews referred to above, only 15 met the inclusion criteria for the ‘review
of reviews'. Three of these studies did not include any data in the reports seen. Not all of the
outcomes reported in the 15 studies met the quality criteria. The details of the results of the
included studies are discussed in a comparison with the results from this study in the discussion
section of the report (part I11) only a brief overview is given here. The results regarding
cognitive development as measured by assessment of one kind or another varied. Of the 39
outcomes reported 16 favoured Problem Based Learning and 23 the control group. A pilot

meta-analysis carried out as part of the review arrived at a mean effect size estimate of d = -0.3

2 Report available from the project website http://www.hebes.mdx.ac.uk/teaching/Research/PEPBL/index.htm
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i.e. in favour of the control group. However, this result should be treated with cution as the

outcomes included are not independent (Hedges, 2003).

Only three of the included studies reported data that can be interpreted as measures of
‘improvements in practice’. One study appeared to show that Problem Based Learning
students held more desirable attitudes towards practice (Moore et al, 1994). Of the seven
outcomes reported in a study of Problem Based Learning in a nursing programme two
favoured the Problem Based Learning group (Lewis & Tamblyn, 1987). In a study of the use
of Problem Based Learning to improve General Practice consultation skills only one outcome
measure from nine favoured Problem Based Learning (Grol et al, 1989). Two of the
included studies assessed changes in student learning styles and appeared to suggest that
Problem Based Learning had a favourable impact on student learning styles (Coles, 1985;
Moore et al, 1994). Whilst student satisfaction was reported in many of the studies considered in
the review, in only one study did the measurement of this outcome meet the inclusion criteria.
In this study, students in the Problem Based Learning curriculum appeared to rate their

programme more highly (Moore et al, 1994).

In addition to the reviews highlighted above effort was also made to identify studies of the
effectiveness of Problem Based Learning in nursing education and/or continuing education that
were not included in the above reviews. The findings of the identified studies are discussed in

detail in part 111 of the report in a comparison with the findings from this study.
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Study design and methods

Study research question and methodological approach

The study can be located under the broad heading of evaluation research. The broad aim of
evaluative studies of Problem Based Learning will be to find out what kinds of Problem Based
Learning produce what learning outcomes for which students in which contexts and to ascertain
the relative advantages offered by adopting the Problem Based Learning approach compared
with any other. The research question in this study was 'Does the use of a Problem Based
Learning curriculum in a continuing nursing education programme result in higher levels of
student's attainment when compared to a ‘traditional’ curriculum?. The question is thus one

about a cause and effect relationship.

In her extensive study of the history and sociology of the pursuit of ‘knowing’ Oakley (2000)
notes that experimental methods are largely rejected by social science today whereas they were
once ‘the’ apparatus espoused by social scientists for investigating cause and effect relationships
between social phenomena. It is often supposed that experimental methods are the preserve
of the so called ‘natural’ sciences. However as Oakley (2000) points out prospective
experimental studies have had a long, if chequered and often misunderstood history in social
research. The SPECTR database (Social, Psychological and Educational Controlled Trials
Register), an offshoot of the Cochrane initiative, contained over 10,500 randomised trials in

2000, identified with comparatively little resource and effort (Petrosino et al. 2000).

Oakley (2000) argues that criticism and rejection of the experimental approach in Social Science
can be viewed as part of the ongoing ‘paradigm’ wars (i.e. between ‘quantitative’ and
‘qualitative’ approaches) that have been a feature of social science theorising since the advent of
the discipline itself. The relative influence of any one set of arguments has varied over time,

between disciplines and between countries but she suggests that three overlapping themes can
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be discerned from the various critiques. One theme involves the positioning of different
occupational groups around different perspectives on knowing and ways of knowing. A
common component of such appeals is the rhetorical appeal to the ‘special’ ‘person-centred’
and/or ‘complex’ nature of the specific discipline. A second theme concentrates on the
unscientific and unethical ways in which experimental studies have been carried out in the past,
including the lack of consent and information given to participants. Thirdly cultural standards
about masculinity and femininity have infused the framing of techniques of knowing. Science
and its goal of objectivity through experiments are viewed as reciprocally linked to patriarchal

structures that oppress women and other excluded groups.

These three themes can be seen in the list of specific criticisms of randomised experimental
designs in social research summarised by Boruch (1997). That they are unfeasible in the real
world; that they are expensive and time consuming; that other methods such as quasi-
experimental designs and modelling will give the answer just as well; that randomisation is
impossible/unethical; that such designs ignore other useful data; that results ignore differences
of outcome within the experimental group; that they are one shot affairs that provide no useful
information about how to improve the programmes being evaluated; that the results lack
generalisability.  Examples of all of the above critiques are common in Education (see for
example Hammersley 2000) Nursing (see for example (Blomfield & Hardy 2000) and also the
Problem Based Learning literature (Norman & Schmidt 2000, Dolmans 2003, Farrow &

Norman 2003, Norman 2003).

The claim that education is more ‘complex’ than any other area of social science does not
receive universal support (National Research Council 2002). Even if it were the case the
education is more complex this would seem to suggest a greater need for randomised
experiments when evaluating effectiveness rather than a wholesale rejection of the approach.
Whilst uncontrolled, unethical experiments are clearly not justifiable these are not the same thing

as well done, controlled experiments where, as in this case, the participants are required to give
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their informed consent to participation in a study approved by a suitably constituted ethics
committee.  There does not appear to be good reason to view any particular research
approach as more feminine, more ethical and thus more person centred for all research
methods are intrusive to some degree and involve selection in one way or another (Oakley
2000). Research is difficult, expensive and time consuming, whichever methods are used. As
the list of studies on the SPECTR database demonstrates randomised experiments in education

are feasible.

Concerns about feasibility may disguise the collective misunderstanding of researchers, funders
and participants about the operation of ‘chance’ in all kinds of research, and the ways in which
various different methods minimise the effects of certain kinds of ‘chance’ and quantify others.
There are certainly some situations in which randomised experimental designs are unethical
and/or impossible (McKee et al. 2000; Thomson et al 2004). However, there does not seem
to be a general rule that can be applied in all circumstances, rather the arguments need to be

considered in relation to the specific research question and social setting of any investigation.

Arguments that experimental designs are not efficient i.e. do not make full or good use of the
data appear to be more about the conduct of the research rather than specifically of the design
itself. Again this criticism could apply to any research study that was not well conducted
and/or was conducted with limited resources. The methods and conduct of this study are
described in detail below and it is argued that the results demonstrate that full use of both
guantitative and qualitative data was made to provide useful information about Problem Based

Learning for researchers, policy makers and practitioners.

Claims that other research methods can provide the answer just as well can only be tested
through empirical study. There is substantial empirical evidence that randomised experimental
designs provide more conservative estimates of effect than observational or quasi experimental

studies (Shultz et al 1995, Boruch 1997, Mckee et al 2000). Commentators such as Norman
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(2003) and Dolmans (2003) argue that ‘modelling’ is a more efficient method of investigating
the effectiveness of interventions such as Problem Based Learning because the variation
between students within any particular programme is greater than the variance between
students in different programmes. As Colliver (2003) has pointed out educationalists seem
remarkably reluctant to draw the obvious conclusion from such results i.e. that the different
programmes are not having differential effects. Quite aside from this point, it is difficult to
respond to this claim as ‘modelling’ can and does mean quite different forms of analysis ranging
from ‘simple’ linear regression to complex multi-level simultaneous equation modelling. One of
the main limitations of this approach is whichever form of ‘modelling’ is used the analysis
remains correlational and thus suggests only the possibility that that the observed relationship
maybe causal (Wolfe 1985). The way in which the randomised experimental design used in this
study meets the requirements for the attribution of ‘causality’ and attempts to control the

various threats to validity is discussed in detail in the next section.

Research design

The most common form of causal explanation is based on four principles (Blaikie, 2000):

There is a temporal order in which cause must precede effect

There is association that requires that the two events occur together

There is elimination of alternatives in order to be able to claim that the effect was due to
the specified intervention and not something else.

Causal relationships are made sense of in terms of broader theoretical ideas or assumptions.

In the context of this study the broader social scientific concept of causal mechanism as a set of
conditions that when taken together produce an effect informs interpretation of the data (Selltiz
et al, 1976). The section below that reports the design and methods used in the study
demonstrates how the first three of these principles were met. The search for the broader
meaning of these answers will include linking the data to that from other studies of Problem

Based Learning.
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The first three of these principles are primarily issues of internal validity and as such are
'managed’ through the selection of the research design and the management of the research
process. All possible threats to internal and external validity cannot be controlled in any one
study, complex educational programs are implemented differently in various settings and are
influenced by a host of political and social contexts. For these reasons smaller studies aimed at
minimising bias (internal validity concerns) and random error (statistical validity concerns) are
valuable in new or innovative educational programmes (such as Problem Based Learning)
(Benson & Michael, 1982). The threats to the validity of studies identified by Cook and
Campbell (1979) are given in columns one and two of tables 1.1 to 1.4. The third column in
the tables summarises how the study design attempted to minimise each 'threat’. Not all threats
to validity can be controlled in a single study. External validity in particular in particular is

difficult to establish. This issue is discussed further in PART I11 of the report.

A randomised experimental research design was used. Evaluations of study designs have
demonstrated that the well designed and executed randomised experiment is superior to any
other design at minimising bias and random error and thus is considered most useful to
demonstrate programme impact (Boruch & Wortman, 1979). The experiment is a particularly
efficacious design for causal inference. Random assignment creates treatment groups that are
initially comparable (in a probabilistic sense) on all subject attributes. It can then be reasonably
be concluded that any final outcome differences are due to treatment effects alone, assuming
that other possible threats to validity have been controlled (Tate, 1982). The pragmatic trial
design used meant that the environment in which the experiment was conducted was kept as
close as possible to normal educational practice. There is no placebo or sham intervention and
all students who took the programme were included in the evaluation (Torgerson & Torgerson,

2001).
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Tablel.1: Threats to statistical conclusion validity (after Cook & Campbell, 1979)

Threats

Features

Study response

a) Low statistical
power

b) Violated
statistical
assumptions

c) Error rate

d) Reliability of
measures

e) Reliability of
treatment

f) Random
irrelevancies in
setting

g) Random
heterogeneity of
respondents

Type Il error increases when alpha is set low
and sample is small

All assumptions must be known and tested

Increases unless adjustments are made with the
number of mean differences possible to test on
multiple dependent variables

Low reliability indicates high standard errors

Treatment needs to be implemented in the

same way person, site time

Environmental effects which may cause or
interact with treatment effects.

Certain characteristics in subjects may be
correlated with dependent variables

Sample size calculation done using a=0.05 b=80%
for an Effect size d=1.

Selection of appropriate statistical tests for analysis.
Testing of data prior to analysis

Phase 11 exploratory trial

Use instruments with established reliability, measure
reliability in new instruments, use of repeated
measures, use of multiple measures for single
outcome

Small study, limited number of teachers, teachers
involved in design of curriculum and study.
Observation of teaching sessions.

Students in different classrooms each session.

Randomisation to treatment groups post-hoc analysis
of covariance

The disadvantage of the pragmatic trial approach is that there is greater variation making it

harder to detect small effects. A number of modifications of the simple two group

experimental design were considered to help offset this including ‘matching subjects’ (Robson,

1993), ‘repeated measure’ or ‘cross over’ designs (Louis et al, 1984), ‘Single subject (A/B)’

designs (Robson, 1993) and the ‘two group pre and post — test’ design (Robson, 1993).

However the way that recruitment to the programmes was organised meant that it was not

possible to obtain any data about the participants prior to them starting the programmes. It was

also felt unacceptable to ask students to complete any kind of assessment at the beginning of the

programme.

Given the part-time nature and short duration of the programme it was felt

unlikely that the requirements for adequate duration of intervention and washout period

required for crossover or single subject designs could be met (Senn, 1993).
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Table 1.2: Threats to construct validity (after Cook & Campbell, 1979)

Threat

Features

Study response

a) Inadequate explication of
the constructs

b) Mono-operation bias

¢) Mono-method bias

d) Hypothesis guessing

e) Evaluation apprehension
f) Experimenter expectancies
g) Confounding levels of

construct

h) Interaction of different
treatments

i) Interaction of testing and
treatment

j) Restricted generalizability

Poor definition of the constructs

Measurement of single dependent variable

Measure dependent variable in one way

Subjects try to guess researchers hypothesis and act in
a way that they think the researcher wants them to
act

Faking well to make results look good

Experimenter may bias study by their expectations

when entering into and during study

All levels of construct are not fully implemented
along a continuum .

Subjects are part of other treatments rather than of
intended one.

Testing may facilitate or inhibit treatment influences

The extent to which a construct can be generalized
from one study to another

Detailed description of PBL as
planned and as delivered

Multiple outcomes, multiple
measures of each outcome

As above

Use of standardised ‘objective’
outcome measures’

Multiple outcome measures and

assessments

Blind assessment of outcomes by
external independent observer

Regular observation of teaching
delivery throughout programme

Randomisation
4 Group design not possible no
pre-test

"Thick' description of sample,
intervention and control

Table 1.3: Threats to external validity (after Cook & Campbell, 1979)

Threat

Features

Study response

a) Interaction of selection
and treatment

b) Interaction of setting and
treatment

c) Interaction of history and
treatment

Ability to generalise the treatment to
persons beyond the group studied

Ability to generalise to other settings
beyond the one studied hospital,
Ability to generalise the treatment to
other times beyond the one studied

Sample from 5 different NHS trusts, different
grades etc. — describe baseline characteristics.

Experimental design, nurses from more than one
Sample at various points in post registration

career. Unlikely that study will coincide with any
other specific event that may affect outcomes
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Table 1.4: Threats to Internal validity (after Cook & Campbell, 1979)

Threats

Features

Study response

a) History

b) Maturation

c) Testing

d) Instrumentation

e) Statistical regression

f) Selection

g) Mortality

h) Interaction of
selection with
maturation, history &
Testing

i) Ambiguity about
direction of causality

j) diffusion Zimitation of
treatment

k) Compensatory
equalisation of treatment

[) Demoralisation of
respondents

Event external to treatment which may affect
dependent variable

Biological and psychological changes in subjects which
will affect their responses

Effects of pre-test may alter responses on post-test
regardless of treatment

Changes in instrumentation, raters or observers
Extreme scores tend to move to middle on post-testing
regardless of treatment

Differences in subjects prior to treatment

Differential loss of subjects during study

Other characteristic of subjects mistaken for treatment
effect on post-testing, differential effects in selection
factors

In studies conducted at one point in time, problem
inferring direction of causality

Treatment group share the conditions of their treatment
with each other

It is decided that everyone in experimental or
comparison group receive the treatment that provides
desirable goods and services

Members of the group not receiving the treatment
perceive they are inferior and give up

Experimental design with random
allocation

Experimental design with random
allocation

2 group post test design
Use of same instruments and
observers throughout study

Random allocation not selection
based on pre-test

Random allocation — baseline
comparison of groups

Intention to treat analysis

Random allocation

Randomisation

Classes scheduled on different days -
students from different workplaces

Different teachers in control and
experimental groups

Motivations for both groups are to
pass and gain certificate. Both
groups treated identically in research
terms. Emphasise that no approach
is 'better'

Evaluating a complex intervention

As the design of the study progressed it became apparent that evidential claims about Problem

Based Learning lacked both methodological and conceptual clarity (Colliver, 2000; Maudsley,

1999). Furthermore, Problem Based Learning can be considered to be a complex intervention

and thus subject to the specific difficulties in defining, developing, documenting and

reproducing all such interventions. The Medical Research Council (MRC) framework for the

design and evaluation of complex interventions to improve health (Campbell et al, 2000), is

equally applicable to complex interventions in other fields such as education. The framework
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utilises a sequential phased approach to the development of randomised trials of complex
interventions. Using this framework this study can be considered a phase Il exploratory trial. A
phase Il exploratory trial is concerned with defining the control intervention, estimating the size

of the effect, identifying and piloting various outcomes and outcome measures.

Whilst the distinction between exploratory and definitive trials provides a useful framework for
study design, in practice the boundaries between an exploratory (phase 1) trial and a definitive
(phase 1) trial are blurred. In this study effect sizes and outcomes were identified prior to the
study and thus are amenable to hypothesis testing. However given the notable difficulties in
measuring the impact of education (Van Der Vleuten, 1996) and the lack of valid reliable
instruments in Problem Based Learning, few of the instruments used in the study have been
used in studies of the effectiveness of Problem Based Learning before. This practical blurring of
the boundaries also highlights the conceptual blur between the two phases. Given the variety of
educational contexts it is questionable whether there could be & definitive trial of Problem
Based Learning. It maybe that there will need to be definitive trials of Problem Based Learning

in different education contexts of which Continuing Professional Education (CPE) is one.

Sample size

A detailed analysis of the beliefs, values and other relevant characteristics of the teachers and
students who participated in the study are given in part 1l of the report. Sample size
calculations were undertaken to estimate the sample size required to achieve a particular level
statistical power and precision (Du Florey, 1993). The sample size required depends on four
factors: Variance of the variable being studied; size of the effect of interest; Level of
Significance; Power of the test. The choice of the level of significance and acceptable power are
matters of convention (Altman, 1991). Generally speaking the larger the sample the smaller the

effect size that can be detected. However, the question of what effect size is ‘important’ i.e. is
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likely to be indicative of a ‘real’ change in outcome for a reasonable number of students is

controversial.

The traditional approach to calculating effect size uses a measure of the mean divided by the
standard deviation which gives a measure of effect size denoted by the use of the character ‘d’
(Coe, 2002). Researchers in education and other fields continue to debate the practical
significance of an effect size. A general recommended guideline across disciplines is that d=0.2
(small effect), d=0.50 (moderate effect), and d=0.80 (large effect) (Cohen, 1988). Given the
problems of measurement error, non-response and the fact that the instruments are measuring
latent variables it could reasonably be argued small or even moderate effects could be
accounted for by such study artefacts (Gorard et al, 2002). At the other extreme it has been
argued that an effect size of d=2.0 should be required where wholesale curriculum and
organisational change is implied (Bloom, 1984). Colliver (2000) argued that d=1.0 should be the
minimum size of effect required to justify the considerable change that Problem Based Learning

requires.

A variety of sources could be used to supply the data required for sample size calculations. In
the absence of any robust data from studies of Problem Based Learning with this particular
professional group, marks obtained by students for assignments carried out for the same
programme in previous years was used. These course assignments were marked using the
standard University wide 20-point scale. Using records from previous courses details of
assessment scores for the three course modules for 30 students were obtained. Students for
whom all three-module scores could not be found were excluded. The mean score for the 90

modules was 8 with a standard deviation of 4.1
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Table 1.5: Previous module assessment results by assessment category

University score | N Score % | Cumulative category | Cum %
Category Category

1-3 14 | CA3 15.6 CAC4 100
4-7 30 | CA3 333 CAC3 84.5
8-12 35 | CA2 38.9 CAC2 51.2
13-20 11 | CAl 12.3 CAC1 12.3

There are numerous formulas for the calculation of sample size. The method selected depends
on the desired level of precision required in the estimate, the size of the groups being
compared, and the type of outcome measures being used. A specific formula for calculating
sample sizes for ordered categorical data was used. The formula and calculations used in this
study are given in box 1.3. The method uses the odds ratio to specify the effect size or
proportion expected in each category. The odds ratio is the chance of a subject being in a given
category or lower in one group compared with the other. The odds ratio was calculated from

the previous course results.

If the number of categories is large it is difficult to postulate the number of people who would
fall in a given category. For the purpose of sample size calculation there is little increase in
power (and thus reduction in the number of subjects required) to be gained by increasing the
number of categories beyond five (Campbell et al, 1995). The university 20-point scale was
aggregated into five sub categories based on the assessment criteria. Given the very small
proportion of previous assessment results that fell into the clear failure category (17-20) the

lower two categories of results were combined.

Table 1.6; Expected actual and cumulative proportions for effect size d = 1.0 (based on
previous assessment scores

University score N Actual Actual % Cumulative Cumulative %
Category category Category
1-3 14 CB4 32 CBC4 100
4-7 30 CB3 38 CBC3 68
8-12 35 CB2 234 CBC2 30
13-20 11 CB1 6.6 CBC1 6.6
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The figures used the calculations in box 1.3 are based on identifying an effect size of d=1.0
(51%) reduction in categories one two and three (Mean of previous results = 8 standard
deviation = 4.1 i.e. approx. 51%). CA = observed category CB = expected category. Table 1.6
shows the expected proportions in each category for an effect size of d=1.0 Using this
approach the estimated sample size required to detect an effect size of d=1.0 with a power of
80% and 95% significance was 23 per group. It should be noted that that such a figure
provides an ‘estimate’. Such estimates are heavily dependent on the assumptions made to select
the data that is used in their calculation. Post — Hoc power analysis i.e. based on the final sample

size for each outcome was also carried out.
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Box 1.3: Sample size calculations for the study (Campbell et al, 1995)

If the effect size is specified as an odds ratio:
N=6(z1-a/2)+z1-b2/(logOR)2/[1-(S)i=1kPi-3]

For a 2 sided a =0.05 then z1-(a/2) = 1.96
For b =0.2 then z1-b = 0.84

K = Number of categories

Pi = mean proportion in each category

Step 1- Odds ratio for each category

CALl
OR ={CA1/(1-CA1)} /{CB1/(1-CB1)}
OR ={0.123/(1-0.123)} /{0.0615/(1-0.0615)}

OR ={0.123/0.877} /{0.0615/0.9385}
OR =0.14/0.07
OR =2

Step 2 Calculate the expected cumulative %

CBC1 = CAC1/{CAC1+OR (1-CAC1)} where CBC
= expected cumulative category.

CBC1

CBC1 = 0.123/{0.123+2 (1-0.123)}
CBCL = 0.123/{2.123 * 0.877}
CBC1 = 0.123/1.86

CBC1 = 0.066

Step 3: Calculate the value of (1-{ S} p3)

Where Pi = mean actual % in each category =
(CA+CB)/2

Pil- 0.09 = (0.123 + 0.066)/2
Pi2- 0.31 = (0.389 + 0.234)/2
Pi3- 0.36 = (0.333 + 0.38)/2
Pid- 0.24 = (0.156 +0.32)/2

Step 4. Apply sample size numerator and correction factor

CA?2

OR ={CA2/(1-CA2)} /{CB2/(1-CB2)}
OR ={0.512 /0.488} /{0.261/0.739}
OR= 1.049/0.353

OR=2.97

CA3

OR ={CA3/(1-CA3)} /{CB3/(1-CB3)}
OR ={0.845/0.155} /{0.431/0.569}
OR =5.45/0.76

OR =7.17

CBC2

CBC2 = 0.512/{0.512+2.97 (1-0.512)}
CBC2 = 0.512/ 3.482* 0.488

CBC2 =0512/17

CBC2=0.30

CBC3

CBC3 = 0.845/{0.845+7.17 (1-0.845)}
CBC3 = 0.845/ 8.015%0.155

CBC3 = 0.845/1.24

CBC3 =068

1-{ S} p3 =1- (0.093+0.313+0.363+0.243)

1-{ S} p3 =1- (0.0007+0.0298+0.0466+0.0138)
1-{S}p3=1- 0.09

1-{S}p3=0.91

The numerator used for calculating the sample size is taken from table I11 in the paper by Campbell et al.
Using the average odds ratio (4.04), for an 80% power and two sided 5% significance the numerator = 24.5.

24.5*0.91 = 22 per group.

Applying the correction factor used when there are less than 5 categories (1.067) gives a total of 23 per group.

35




Recruitment and randomisation procedure

The ethics committee of the department concerned approved the study design and protocol.
Students applied for the programme in the usual manner over a period of several months. After
students had applied for the programme they were contacted by the Principal Investigator who
met with them to explain the research. Written information was also provided. Participants were
allocated to either the experimental (PBL) or control (SGL) curriculum group after they had
signed a consent form to participate in the study. It was also necessary to inform participants
which group they had been randomised to as early as possible in order to facilitate their release
from the workplace on the gopropriate days. To ensure that the size of the intervention and
control groups were reasonably matched a block randomisation procedure (using blocks of 10)

stratified by programme (i.e. medical /surgical) was used.

A unique study number was generated for each participant in the study. The Principal
Investigator placed these numbers into sealed opaque envelope. The numbers were allocated to
either the experimental (PBL) curriculum or the control (SGL) curriculum using the ‘Random’
function in Microsoft Excel as described in Box 1.4 below. The Principal Investigator offered
each participant a choice of sealed envelopes. The number inside the envelope was unknown to
either the Principal Investigator or the participant. The candidate opened the sealed envelope to
reveal their identity number that was then checked against the randomisation list and the student

informed which group they had been allocated to.

Box 1.4 Microsoft Excel randomisation procedure

1. In the first column of a worksheet sheet 20 cases were listed in the following sequence, PBL,
SGL, PBL, SGL......

2. In the second column a number corresponding to the block was placed in each cell. The
first 10 cases were labelled block 1 and the second 10 cases block 2

3. In the third column a random number was generated in each cell using the RAND()
function. This inserts a random number between Oand 1 in each cell.

4. The fourth column contains the identity number that is unique to each case.

5. The first column is then sorted in ascending order by block and random number. The
numerical order of the fourth column remained unchanged. Thus each identity number is
randomly allocated to either the experimental or control groups.
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Selection of outcome measures and instrumentation

Cervero’s (1988) framework for te evaluation of continuing education for professionals was
used as an initial guide the selection of appropriate outcome measures and instrumentation for
the study (see box 1.5). The category 'Impact of the application of learning' refers to so-called
‘second order’ effects. In the context of this study this refers to whether there are measurable
improvements in patient outcomes as a result of nurses undertaking a continuing nursing

education programme. Measurement of such effects was beyond the scope of this study.

Box 1.5: Framework for the evaluation of continuing professional education (Cervero, 1988)
- Programme design and implementation

Learner participation

Learner satisfaction

Learner knowledge, skills and attitudes

Application of learning after the programme

Impact of application of learning (second order effects— e.g. improvements in the health of patients)

Despite the extensive literature on assessment of professional competence there is little consensus
about what exactly should be measured let alone how it should be measured (Van Der Vleuten,
1996). An important aspect of Problem Based Learning philosophy is the recognition of the fact
that assessment has a major impact on learning. However, there is not a consensus on either the
outcomes or methods of measurement that should to be used to evaluate the effects of Problem
Based Learning on student knowledge, skills and attitudes. A range of student capabilities under

this heading can be identified in the Problem Based Learning literature.

Given the methodological approach of the study and the limited time and resources available
effort was made to identify existing sensitive, valid and reliable outcomes and instruments for
which high levels of response could be obtained. The setting of the experiment i.e. as a
pragmatic trial in a ‘real world’ education setting provided an additional set of constraints. Any
research measurement needed to place as little burden on the students and teachers as possible
and not to divert students from learning. It was therefore agreed that it would be unreasonable

and impractical to require students to undertake any additional form of summative testing or
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assessment. The selection and use of measurement tools for the study involved a trade off
between reliability, validity, educational impact, acceptability and cost which are discussed in detail

below.

Reliability of assessment instruments

The key problem identified in research on outcome assessment is the variability of candidate
performance on even very similar cognitive tasks. This occurs whatever the competence being
measured and whatever response format is used (with the possible exception of Multiple Choice
Questions containing a large sample of items), suggesting that assessments containing a small
sample of items e.g. essays, produce unstable or unreliable scores (Van Der Vleuten, 1996). Van
Der Vleuten (1996) argues that the practical consequences of this are that the sample size of test
items should be sufficiently large and the test designed such that the affect of variability on the
precision of the instrument is minimised. Where possible each group of outcomes investigated

in the study were measured using a variety of indicators and instruments.

Validity of assessment instruments

The assessment of validity i.e. that tests measure what they are required to measure, requires the
identification of good criteria or standards. In most areas of professional competence good
criteria and perfect standards do not exist (Van Der Vleuten, 1996). Problem Based Learning is
no exception. A recent evaluation of the Problem Based BSc Nursing programme at McMaster
University in Canada included use of ‘The California Critical Thinking Skills Test’ (CCTST)
(Facione, 1990), Personal communication Professor Liz Rideout- McMaster University). The CCTST is
based on the consensus view of the critical thinker produced by the American Philosophical
Association and has undergone extensive testing by the authors (Howell Adams et al, 1996). The

California Critical Thinking Disposition Inventory (CCTDI) is a separate but related test of the
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disposition to think critically. The CCTDI is based on the argument that the critical thinker also
has a particular characterological profile, which disposes them b think critically (Facione et al,
1995), and has also undergone rigorous testing (Facione et al, 1994). Numerous criticisms have
been made of both the CCTST and the CCTDI but they are probably as useful as any other

standardised critical thinking test (Howell Adams et al, 1996).

However, the main problem of all such tests lies in the way that critical thinking is conceptualised
independently of context. Fisher and Scriven (1997) argue that critical thinking is underpinned by
informal logic, and is thus context dependent. Problem Based Learning is based on principles
derived from cognitive psychology i.e. that knowledge is structured in semantic networks.
Problem Based Learning scenarios create a semantic structure for the learning of knowledge
which is similar to the semantic structure in which the knowledge will be applied thus enabling
the recall of required knowledge (Gijselaers, 1996). It would therefore seem inappropriate to use

context free critical thinking tests to measure outcomes achieved by Problem Based Learning.

Another ‘validity’ issue in relation to Problem Based Learning is the shared view amongst
Problem Based Learning advocates that assessment drives learning. However, the consequences
of this view are interpreted differently. Some writers suggest that both the response format and
the content of the test must be appropriate to Problem Based Learning (Marks-Maran & Gail
Thomas, 2000). Others argue that response format is of less consequence than content and test-
design (Norman, 1991). The Multiple-Choice Question format was introduced to cope with the
increased logistical demand for educational testing and to provide reliable assessment of student
performance. Multiple Choice Questions have often been rejected for use in Problem Based
Learning programmes for various reasons including the belief that they are only suitable to
measure lower levels of taxonomic cognitive functioning (Van Der Vleuten, 1996). However
others argue that there is no reason why Multiple Choice Questions cannot be used in Problem
Based Learning assessment as the key issue is the quality of the design and administration of the
test rather than the method itself (Swanson et al, 1991). The 'Progress test' (Arnold & Willoughby,

1990), used with slight variation in the Problem Based Learning programmes in a number of
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Medical Schools including McMaster (Canada)(Blake et al, 1996), uses the Multiple Choice

Question Format.

A number of assessment formats are claimed to provide a more valid measure of the learning
developed by Problem Based Learning programmes. Modified Essay Questions (MEQ) have
been used to assess Problem Based Learning in both clinical and pre-clinical courses. It is argued
that the properly designed evolving Modified Essay Question opens up possibilities for
exercising ‘intelligent guessing’ that mirrors the realities of clinical work and can thus measure
abilities and attitudes that other assessment methods cannot (Knox, 1980). Although the reliability
of the Modified Essay Question method has been established (Feletti, 1980), caution has been
expressed about its misuse and over use in Problem Based Learning programmes (Feletti &
Smith, 1986). Studies have also suggested that the Modified Essay Question measures nothing
different from the Multiple Choice Question (Norman, 1989). Modified Essay Questions are
used as part of the assessment programme on the BSc Nursing Programmes at Thames Valley
University and the University of Dundee which both use Problem Based Learning (Marks-Maran
& Gail Thomas, 2000; Wilkie, 2000). However, the reliability of these Modified Essay Questions

has not been established. This and practical constraints prevented their use in this study.

The Triple Jump Exercise is a learning process measure widely used as an assessment tool in
Problem Based Learning programmes (Painvin et al, 1979). The Triple Jump Exercise consists
of three steps (jumps.) A structured oral examination based on one or more patient problems, a
time limited study assignment in relation to the patient problems in the first oral and a repeat oral
examination in which the quality of self — learning around the assigned topic is assessed. The
Triple Jump Exercise is currently used in a number of Problem Based Learning programmes
around the world, including the Problem-based BSc Nursing programme at McMaster
University in Canada. The Triple Jump Exercise is a very time consuming, costly method of
assessment with poor measurement characteristics (Blake et al, 1995). These factors combined

with practical constraints prevented the use of the Triple Jump Exercise in this study.
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Study evaluation framework

In order to further improve the validity of the outcomes and instrumentation used a summary of

the claims made for Problem Based Learning produced by Engel (1991) was also used to guide

the selection of appropriate outcome measures and instruments.

However the group of

measures and instruments eventually used did not fall neatly into either Engel's or Cerveros’

categories. This is a reflection of both the conceptual and practical difficulties of assessment in

this area.

The student assignments for example could be argued to assess, cognitive,

metacognitive, personal and propositional skills and knowledge. The final list of outcomes and

instruments and the revised evaluation framework shown are shown in table 1.7 below. ‘Study

contexts, participants, curriculum theory and practice’ are described in Part 11 of the report.

Table 1.7: Evaluation framework and summary of outcome measures and instrumentation

Cervero Category

Programme design and
implementation

Learner participation
Learner/teacher
satisfaction

Learner Outcomes

Application of learning
after the programme

PEPBL Evaluation
framework

Study contexts,
participants, curriculum
theory and practice
(Described in Part 11 of
report)

Learner/teacher
satisfaction

Skills, personal and
propositional knowledge

Approaches to learning

Measure

Tutor record of session content and activity
Interaction analysis

Non participant observation

Tutor records of student attendance activity
Interaction analysis

Student study workload (self reported)

Course Evaluation Questionnaire
Observations

Teachers Diaries

Nominal Group Technique

Drop-out rates

Exit Interviews

Students Follow-up questionnaire
Follow-up questionnaire of students
Follow-up questionnaire of students’
managers

Assignments x 3

Approaches to Study Inventory (ASSIST)
Self-Directed Learning Readiness Scale
Group work video assessment
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Framework Category Learner satisfaction

It is often claimed that Problem Based Learning leads to increased levels of learner satisfaction or
that students like Problem Based Learning (Wilkie, 2000). This would seem to be an important
outcome both for its own sake and because of an imputed link between enjoyment, motivation
and performance (Mckeachie et al, 1986). There are a number of ways of conceptualising
enjoyment and satisfaction in an educational context and therefore a ‘basket of indicators’
approach was adopted. In this approach the same outcome is ‘measured’ using a variety of
approaches/ instruments. The satisfaction scales included in the follow-up survey are discussed

in the section on the follow-up survey.

Learner satisfaction - Course Experience Questionnaire

The Course Experience Questionnaire (CEQ) (Ramsden, 1992) is based on empirical and
theoretical work on the quality of teaching in higher education. Students are asked to rate the
quality of their programme using questions with a five point likert scale. The assessment contains
five scales; teaching, goals, workload, assessment and student independence. The Course
Experience Questionnaire was tested in 50 Australian education institutions on 4500 students
cross a range of disciplines and was found to discriminate between teaching styles and quality
within and between different subject areas (Ramsden, 1992). The use of the Course Experience
Questionnaire is now compulsory in Australian Higher Education Institutions (Long & Johnson,
1997). The Course Experience Questionnaire was also used to evaluate student satisfaction on
the Problem Based Learning Programmes in the Health Science Faculty at Griffith University in
Brisbane (Margetson, 1995). The Course Experience Questionnaire has been updated several
times. One reason for using the original version of the Course Experience Questionnaire is that
the scale ‘Emphasis on independence’ (which appears very relevant to evaluations of Problem
Based Learning) has been dropped from more recent versions of the scale now n widespread

use.
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Learner satisfaction — Nominal Group Techniques

There are a variety of Nominal Group Techniques (NGT) that can be used for problem
identification (Delbecq & Van den Ven, 1971). The approach used in the study was a variation of
the RAND form of Nominal Group technique (Black et al, 1998). The instructions given to
students are shown in box 1.6. The Nominal Group technique was undertaken on the final day
of each group's programme. The instructions were given to the students by the Principal
Investigator. The Principal Investigator and the teacher left the classroom until the students had
completed the exercise. After the students had completed the exercise the lists generated by the

students were discussed with them to gain greater clarification.

Box1.6: Instructions for Nominal Group Technique

=

List five things that you have enjoyed about the programme

List five things that you found difficult on or about the programme

3. After all the group has completed parts one & two compile a group list using the items
highlighted by each individual eliminating any duplications

4. Each member of the group has five points to award to the things that they enjoyed most
from the group list. You can allocate the points in any way that you choose. For example
you could allocate all points to one item or three points to one and two to another or one
point to each of five different items. You do not have to give the points to the items that
you chose originally, if you feel that there are other items on the group list that are more
important.

5. Each member of the group has five points to award to the things that they enjoyed least
from the group list (five = least enjoyable). You can allocate the points in any way that you
choose. For example you could allocate all points to one item or three points to one and
two to another or one point to each of five different items. You do not have to give the
points to the items that you chose originally, if you feel that there are other items on the
group list that are more important.

6. Add up the points on the list to arrive at five best and five worst things on the course. From

the perspective of the group

N

Learner satisfaction — Telephone exit interviews

Telephone exit interviews were carried out with al students who discontinued the programme
for whatever reason. The interview schedule was designed specifically for this study. Students

were contacted as soon as the Principal Investigator became aware that they had left the
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programme. The period of time between the students last teaching session and when they were
contacted varied as it was often not confirmed for some weeks that a student had actually quit
the programme as opposed to just being absent. The Principal Investigator contacted the student
to arrange a convenient time for the telephone interview. During the interview the Principal
Investigator made note of the student's responses and wrote up the interview immediately after
the interview was complete. Analysis of the exit interviews was @rried out by the Principal
Investigator and comprised of reviewing the completed exit interview schedules to identify areas

of commonality and difference in the students' accounts.

Framework category Skills, Personal and Propositional Knowledge - assignments

The written assessment methods currently used in both programmes use the free response
format (see box 1.7). With their emphasis on self selection of topic, self-directed information
searching and presentation of data in a clear focussed manner, written assignments are viewed as
a relevant evaluation method within the Problem Based Learning approach (Rideout, 2001).
They are widely used in assessment programmes on Problem Based Learning courses (Marks-
Maran & Gail Thomas, 2000). The assignments ae discussed in more detail in part 11 of the
report. The pre-existing course assignments were congruent with the aims of Problem Based
Learning and had the advantage that the students would be motivated to complete the
assignments well given that they are a programme requirement. It was therefore decided that
students’ assignment scores should be used as one of the outcome measures for the research

study.

Box 1.7: Written assessments used on advanced diploma programme
Literature review and seminar presentation;

Care study and supporting essay;
Learning contract and reflective account

However, the poor intra and inter observer reliability of marker evaluations of free response
assessments are well documented (Biggs, 1999; Brown et al, 1997; Swanson et al, 1991; Van Der
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Vleuten, 1996). Analysis of available data on assignment scores from previous years of the
participating programme reveal a skewed distribution towards the higher end of the marking
scale which did not match the teachers verbal accounts of the performance of previous students
(see table 1.8). It can be argued that the cause of these validity and reliability problems is the
tutors marking rather than anything inherent in the method itself (Swanson et al, 1991). The
provision of simple potocols to structure and score examinations has been demonstrated to

significantly improve reliability as compared to free judgement (Verma et al, 1997).

Table 1.8: Module assessment scores obtained on previous A24 & A25 programmes.

Grades % (N=90 modules*)
1-3 15.6
4-7 333
8-12 389

13-16 6.7

17-20 5.6

*30 participants x 3 modules analysed. Grade 1 highest.

Minimising observer bias — External, independent blind marking

There is evidence that unblinded outcome assessment, particularly for subjective outcomes (such
as used here), is demonstrably associated with bias (Prescott et al, 1998). The assignment scores
used for the research were therefore generated independently from the marks given by the
programme teachers to meet the programme assessment requirements. Three nurse teachers
from other UK universities were recruited to mark the assignments for the purpose of the
research grade. Each marker was a nurse educator and had experience of teaching and marking
in pre and post registration programmes. The markers had no previous connection with either
Middlesex University or any member of the teaching or research team in the study. The markers
were paid the standard University external examiner fee. The scripts were anonymized by
removal of all identification except a student number, and sent to the external examiner by post
for marking. The marking for research purposes was therefore carried out by independent

experts, ‘blind’ to the allocation status of the students.
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Improving the reliability and validity of the expert marking

Despite agreement that marking protocols are useful there are huge variations in the types of
protocol used and disagreement about the nature of the criteria that should be included.
According to Biggs (1999) tis is partly due to different views about ‘learning’ and assessment
and also because of the dominance in Higher Education of the norm referenced approach to
assessment. He argues that this often results in marking protocols that do not reflect what it is the
‘teaching’ is trying to achieve, either through omission or through the use of an analytic approach
in which the big picture of performance is somehow lost in the detailed criteria. Detailed criteria
have been shown to yield more to low level learning i.e. students can obtain high marks even
though only lower level learning has been demonstrated. They also fail to improve reliability due
to their difficulty in use (Brown et al, 1997). However, more detailed criteria can be useful for

research purposes, but only to the extent that markers will actually use them.

The purpose of the programme assignments is to measure the extent to which a student has
achieved the objectives or learning outcomes of the programme. The aim for the new protocols
was firstly to ensure that what is marked reflects the programme objectives i.e. is valid. With
respect to this point it should be noted that it was not the intention to develop new or different
criteria that did not reflect the course objectives or the information that students were given. This
would be of questionable validity. Secondly, to improve reliability i.e. the likelihood that the
same person would make the same judgement about the same performance on two different
occasions (intra-observer reliability) and different judges would make the same judgement about

the same performance on the same occasion (inter-observer reliability).

In relation to validity the issue is to ensure that understanding is defined in ways that do justice to
the topic/ content taught and level of study as exemplified in the in programme objectives
(Biggs, 1999). The SOLO taxonomy provides a general framework for structuring levels of
understanding. It is based on the study of student outcomes in a variety of academic content

areas which demonstrated that as students grow the outcomes of their learning display similar
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stages of increased structural complexity. Levels of understanding can be described as verbs in
ascending order of cognitive complexity that parallel the SOLO taxonomy (see figl.2) (Biggs,

1999).

Figure 1.2: The SOLO taxonomy and hierarchy of verbs that indicate increasing cognitive complexity

Theorise
Generalise
Hypothesise
Reflect

Compare/ Contrast
Explain causes

Analyse
Relate
Apply
Describe
List

Combine
Identify
Do simple procedure

Misses point

Prestructural Unistructural Multistructural Relational Extended
abstract
QUANTITATIVE PHASE QUALITATIVE PHASE

An analysis of the programme objectives and assignment information given to students (see part
Il of the project report) identified that most of the verbs used are firmly in the relational stage of
the taxonomy extending in some parts to the extended abstract level. The purpose of the
assessments as stated in the student handbook is given as “to reveal the student’s ability to
synthesise and evaluate the theoretical issues of each of the modules and to facilitate student’s
exploration of their value system which underpins their professional practice”. The requirement
for this level of understanding is congruent with the final year undergraduate, status of the
programme. The marking protocol improves reliability by identifying clearly and unambiguously
what the marker should be looking for in terms of level of understanding displayed in the
students writing and how these components should be weighted when considering the overall

mark allocated.

The new marking protocols were based on existing standard models. The qualitative description
of each category was modified to reflect the SOLO taxonomy and the specific requirements of

the assignments in particular the relation of theory to practice. Two sets of columns of qualitative
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criteria were used. Criteria derived from Brown et al (1997) use categories that in some cases are
as wide as 30%. The criteria developed by Johnson (1993) are given in bands of 10%. These
were added where appropriate to assist markers in the process of finer grading within the wider
bands. Guidelines on the process of marking were also provided (see box 1.8) to minimise halo

and systematic order effects (Biggs, 1999; Brown et al, 1997).

Box 1.8: Marking process recommendations for external markers (from Biggs, 1999;
Brown et al, 1997)

Mark intensively until you have the criteria fixed in your head, then you can mark reliably a
few questions at a time between other tasks

At the beginning of each marking session (if there has been a gap since the previous session)
re mark a few scripts

Grade coarsely at first (qualitatively) by skim reading all the scripts and place in piles
according to criterion categories. Then re-read with the criteria and mind to give quantitative
value. Be prepared to change scripts at the borderlines of each category

Shuffle the scripts between first and second readings
Use the whole range of grades between 0 and 100%

The marking protocols for each assignment are different from each other in that each protocol
has some subject specific examples of areas of knowledge. This level of difference does not
reflect a difference in the level of understanding or type of knowledge assessed. The literature
review marking protocol is more substantially different. The structure of the assignment is such
that the functional knowledge is assessed separately from the declarative knowledge and the
learning outcomes include uni and multi-structural outcomes. The written part of the assignment
is therefore almost solely concerned with assessing declarative knowledge. Both the second and

third assignments have only one part in which the emphasis is on assessing functional knowledge.

Framework category Skills, Personal and Propositional Knowledge — Groupwork
assessment

The goal of practising empathy was considered as part of the goal of collaborating productively
in groups. Problem Based Learning places great emphasis on group or teamwork. It is argued

that the process of collaboration improves the effectiveness of learning and the effectiveness of
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the individual in future collaborative settings (Myers Kelson & Distlehorst, 2000). The claim that
Problem Based Learning improves group work skills and that this improvement produces
measurable increases in learning and thinking and later on in patient care appears to be an
assumption that requires further testing by research (Thomas, 1997). Given the importance
attached to group work in the Problem Based Learning literature, there appears to be a deficit of

summative studies of group performance in the Problem Based Learning literature.

An attempt was therefore made to assess this aspect of student performance using video
assessment of each group undertaking a series of problem solving tasks. The studio facility used
was based on one of the University sites. The video assessment was carried out on the last day
of each groups programme. The groups were informed in advance that the exercise was being
conducted. On the day each group was taken into the studio facility. The group sat in a semi-
circle around a small desk. A flip chart and pens were made available. The audio-visual
technicians provided a briefing on the technical aspects of the recording process and visual and
sound checks were undertaken. The Principal Investigator gave a briefing and instructions to each
group. ldentical instructions were given on each occasion. The Principal Investigator watched the
groups from the studio control room and interrupted groups only if they violated any of the
rules laid down for each problem solving exercise. The video was recorded onto a master tape
using one fixed and two roving cameras. The Principal Investigator and control technician
selected shots from the live feed. The master tape was then edited onto a VHS tape showing

each group performance in full.

The problem solving exercises were compiled from problem solving texts. The exercises were
selected to provide a mixture of paper based and physical problems that were not directly
related to the participants workplace. The problems also varied in the extent to which they
required logical, practical and/or spacial awareness. It should be noted that the exercises were
not designed specifically to test problem solving ability but rather to stimulate the group to use its

collective skills/ knowledge/ abilities to solve the problems i.e. to perform as a group. The
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exercises were not formulated as clinical ‘scenarios’ or triggers in order to minimise cueing
advantage to Problem Based Learning groups.

The task of evaluating how well a team or group functions could be viewed as a simple task of
measuring how effective a group is at achieving the objectives that it is set. However the real
world is rarely as simple as this as groups are dynamic, tasks vary in complexity and groups work
in different and complex contexts. The literature on group work assessment has therefore
focused on identifying the kinds of activities/ characteristics/behaviours/ attitudes which
individuals in groups and groups themselves need to develop to perform successfully in complex
settings. Developments in measurement have proceeded alongside the identification of these

characteristics.

Attempts were made to identify tools that could be used to measure how effective a group is at
working together both in the Problem Based Learning literature and more widely in the literature
on group work. Both in the Problem Based Learning and wider group work literature the
majority of instruments identified were primarily for the use of group members themselves in
the process of evaluating group performance for formative purposes. Examples include the
‘Group Enrichment Task’ (Woods, 1995), the ‘Small Group Teaching Evaluation’ used at
McMaster University (Jaques, 1990), the "Team Orientation and Behaviour Inventory' (Goodstein
et al, 1983), and the 'The Interpersonal Perception Scale (IPS) (Patton et al, 1989). However, a

small number of summative assessment instruments were identified.

The Tutotest is a standardised instrument designed to assess the skills and attitudes of medical
students working in tutorials in a problem-based curriculum. The test was developed at
Universite de Sherbrooke Faculty of Medicine (Canada) and has reported data on reliability and
validity (Herbert & Bravo, 1996). The instrument consists of 44 items in four domains
‘Effectiveness in Group’, ‘Communication and Leadership skills’, ’Scientific Curiosity’ and
‘Respect for Colleagues’. However the test is designed to measure individual rather than group
performance, requires approximately 24 hours of observation for a group of 6-8 students and

requires multiple observations to achieve a reasonable level of reliability.
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The Faculty of Medicine and Health Sciences, Newcastle University, Australia developed an
observational assessment tool that is used both formatively and summatively to assess group
process and group reasoning (Rolfe & Murphy L, 1994). The instrument is used to observe
group performance during a specific group task and is carried out in two stages. The instrument
consists of 22 criteria in three domains. No data is reported on reliability and or validity and
contact with the authors confirms that no subsequent evaluation of the instrument has been
carried out (I Rolfe personal communication November 2001). Each criterion is specified as a pair. The
first behaviour is that which is considered appropriate, the second that which is considered
inappropriate. The instrument also offers the possibility of assessing other outcomes of interest
specifically ‘Dealing with problems and making reasoned decisions in unfamiliar situations' and
‘Reasoning critically and creatively’. The nature of the assessment task set in the video exercise
meant that it would not have been possible to make judgements about all the criteria on the
original instrument. Therefore a revised version was produced for this study (items in the

instrument are given in box 3.7).

Two independent ‘experts’ carried out the assessment of the video footage using the instrument.
One was a social scientist with experience of group observation techniques. The other was a
professional training consultant whose training activity included providing training on
team/group work. Neither had any experience of Problem Based Learning. The assessors were
provided with an edited VHS video to analyze ‘at home’ independently of each other. Groups
were identified on the video with a number. The assessors were therefore ‘blind’ to the allocation

status (i.e. experiment or control) of each group.

With hindsight it seemed likely that exercises with multiple solutions and which may involve the
making of value judgements were more likely to provoke behaviour that revealed a groups
capabilities at working together. It was also unrealistic to require assessors to analyse more than
10 hours of video footage. It was therefore decided to focus the analysis only on the problem

solving tasks that appeared to provoke the most discussion/ non- consensual debate amongst the
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groups. The Principal Investigator reviewed all the video footage and three problems were
identified in this category, “The bomb scare’, ‘The line problem’, and ‘Build a bridge’. In the year
two videos because the groups had been set a time limit for completion of all the exercises and
these three problems were completed in approximately 15 minutes. They were therefore
included on the assessors edited video in their entirety. No time limit was given to the first year
groups and therefore they took longer to complete the exercises. In order to bring the length of
video footage for these groups down to roughly the equivalent of the year two groups the video

footage of these problems was edited to remove excess periods of silence or inactivity.

Framework category 'Approaches to Learning’ - ASSIST

There are a variety of ways in which capabilities for self —directed learning can be conceptualised
and measured. Two instruments were used in the study. The short version of ASSIST
(Approaches and Study Skill Inventory for Students) will be discussed in this section. The Self
Directed Learning Readiness Scale (SDLRS) was administered as part of the follow-up
questionnaire and is discussed in the next section. ASSIST is based on a set of concepts that
have emerged over a substantial period of time concerning student motivation, study methods,
approaches to learning and learning strategies. ASSIST is a development of an earlier instrument
the Approaches to Study Inventory (ASI). Both the ASI and ASSIST underwent extensive
development and testing and have reported high levels of internal reliability across different
student contexts. Relationships with academic performance are also fairly consistent with positive
correlation normally found with the strategic approach and negative correlation's with both
surface and apathetic approaches (Entwistle et al, 2000