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Abstract This study aimed to develop and validate a
problem-based learning environment inventory which
would help teachers and researchers to better understand
student views on problem-based learning environments.
The development of the inventory included the following
four steps: Item Formulation; Content Validation; Con-
struct Validation; Reliability Calculation. It has 23 items
allocated to four scales: (1) Student Interaction and Col-
laboration; (2) Teacher Support; (3) Student Responsibil-
ity; (4) Quality of Problem. Each learning environment
item had a factor loading of at least 0.40 with its own scale,
and less than 0.40 with all other scales. The results of the
factor analysis revealed that the four scales accounted for
the 53.72% of the total variance. The alpha reliability
coefficient for the four scales ranged from 0.80 to 0.92.
According to these findings, the Problem-based Learning
Environment Inventory is a valid and reliable instrument
that can be used in the field of education.
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Introduction

The purpose of this study is to describe the development of
an instrument for assessing undergraduate science student
perceptions on problem-based learning (PBL) environ-
ments in higher education. It is suggested that the devel-
opment of such an instrument will make an important
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contribution to PBL studies so that it can be implemented
in a wide range of domains. The development of Problem-
based Learning Environment Inventory (PBLEI) is also
expected to help teachers and researchers to better under-
stand general and particular student views on the PBL
process. Additionally, measures of PBL environments can
also assist curriculum developers in their attempt to change
and improve the curricula. Instruments that assess student
perceptions on the learning environment also contribute
towards effective learning environments. Therefore, it is
believed that the development of such an instrument will
help teachers, researchers and curriculum designers work-
ing with PBL to assess whether and what kind of PBL
is happening in any specific curriculum implementation.
Also, it would be useful for those evaluating or researching
PBL to help them understand/explain the ‘outcomes’ found
in their investigation and/or to assess the fidelity of
implementation. This article firstly starts with information
on PBL and the field of learning environments. Secondly,
the stages in the development of the PBLEI are described
in detail (namely, factorial validity and reliability). Lastly,
contributions of the study to research in PBL, science
education and learning environment were discussed.

What is Problem-Based Learning?

The researchers in the field of learning have long empha-
sized that acquiring thinking and problem solving skills are
primary objectives of education (Pellegrino et al. 2001). In
similar vein, Allan (1996) describes the aims of higher
education in terms of desired learning outcomes such as
subject-based, personal transferable, and generic cognitive
outcomes. With technology becoming more widespread
rapidly, societies need graduates who not only possess a
certain knowledge-base but also employ the skills to solve,



J Sci Educ Technol (2009) 18:560-569

561

analyse, synthesise, present and evaluate contemporary
problems. However, educational practices have been criti-
cised for not fostering such qualities. Research has shown
that students acquire the knowledge; however, they cannot
use it to solve complex daily life problems (Dahlgren et al.
1998). According to Tynjala (1999), the important chal-
lenge for today’s higher education is the development and
the implementation of instructional practices that integrate
subject-based knowledge with the personal-transferable
and generic cognitive skills. For this purpose, many edu-
cational approaches based on a constructivist view of
learning have been designed (e.g., Gijbels et al. 2006;
Gibson and Chase 2002; Johnson et al. 1994; Boud and
Feletti 1997). The aim of such designs is to lead to the
development and implementation of effective learning
environments which go together with the constructivist
theory of learning. Namely, students construct knowledge
and skills through interaction with the environment.

The pedagogical implications of the constructivist the-
ory of learning lead to the defining features of effective
learning environments as follows:

e Knowledge is not absolute, but is rather constructed by
the learner based on previous knowledge and overall
views of the world (Savin-Baden and Major 2004).

e Learning is the process of constructing knowledge
individually and in interaction with others.

e Problematic situations provide favorable conditions for
learning (Roth 1994).

e Learning occurs in a context and the understanding
about the context is part of what is learned.

e Assessment reflects an understanding of learning as a
multidimensional process and the learners’ develop-
ment from a novice to an expert practitioner (Mac-
Donald and Savin-Baden 2003).

e A teacher is a coach or a partner rather than a provider
of knowledge.

These characteristics are in accordance with the features
of new educational approaches such as problem-based
learning (PBL). Educational approaches based on the above-
mentioned principles enclose a curriculum that intends to
incorporate the pedagogical implications of constructivism.
They are designed to construct an effective learning envi-
ronment. Various researchers have described the charac-
teristics of PBL environments (Barrows 1986; Ward and
Lee 2002; Hmelo-Silver 2004). PBL is a powerful vehicle
for this, in which real-world problems become a context for
students to learn, in depth, what they need to know as well
as what they want to know (Checkly 1997). It aims to help
students develop higher order thinking skills and a sub-
stantial disciplinary knowledge base by placing students in
the active role of practitioners confronted with a complex

daily life problem (i.e., an ill-structured problem) that
reflects the real world (Senocak et al. 2007).

Problem-based learning was originally developed in
undergraduate college programs (Barrows and Tamblyn
1980) and later adapted for use in elementary and high
school settings (Chin and Chia 2005; Tarhan et al. 2008).
In PBL, students learn by solving problems and reflecting
on their experiences (Barrows and Tamblyn 1980). It helps
students become active learners by contextualizing learn-
ing in real-life problems and making students responsible
for their learning. In PBL, ill-structured problems act as
stimulus and focus for student activity and learning (Boud
and Feletti 1997). Problem solving is the process used to
solve a problem. Since problem-based learning starts with
an ill-structured problem to be solved, students working in
a PBL environment should be skilled in problem solving or
critical thinking. Gallagher et al. (1995) define an ill-
structured problem as a real-life problem that can be solved
in more than one way. Thus it should be presented without
all the necessary information to solve the ill-structured
problem. Ill-structured problems are those where (a) the
initial situation lack all the information necessary to
develop a solution, (b) there is no single right way to
approach the task of the problem-solving, (c) as new
information is gathered, the problem definition changes,
and (d) students will never be completely sure that they
have made the correct selection of solution options
(Gallagher et al. 1995; Greenwald 2000).

Hassan et al. (2004) state that PBL has several distinct
characteristics which may be identified and utilized in
designing a curriculum. These are: (a) Confidence prob-
lems to drive the curriculum—the problems do not test the
skills; they assist the development of the skills themselves.
(b) The problems are truly ill-structured—there is no single
solution. (c) Students solve the problems—the teacher is a
metacognitive coach or facilitator. (d) Students are only
given guidelines to approach the problems—there is no one
formula to approach any problem. (e) Authentic, perfor-
mance based assessment is used—this kind of assessment
is a seamless part and end of the instruction. Barrows
(1996) has similarly defined six fundamental characteris-
tics for PBL environments: First, learning needs to be
student-centred. Second, learning has to occur in small
student groups. Third, the teacher should act as a facilitator
or metacognitive coach in the learning process. Fourth, ill-
structured problems derived from daily-life events ought to
be encountered in the learning sequence, before any
information about target knowledge. Fifth, the problems
encountered should be used as a tool to achieve the
required knowledge and the problem-solving skills neces-
sary to eventually solve the problem. Final, new informa-
tion is acquired through self-directed learning.
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In PBL there is a shift in the roles of students and
teachers. The student, not the teacher, takes primary
responsibility for what is learned and how. The teacher is
as a facilitator or a metacognitive coach in contrast to the
“stage on the stage”, raising questions that challenge stu-
dent thinking and encourage self-directed learning so that
the search for meaning becomes a personal construction of
the learner. In PBL, teachers act as models, thinking aloud
with the students and practicing behavior they want to
instill in their students. They use questions that stimulate
students higher order thinking, like, “What is going on
here?”, “What do we need to know more about?” and
“What did we do during the problem that was effective?”.
In PBL, the teacher/facilitator is an expert learner, able to
model good strategies for learning and thinking, rather than
an expert in the content itself (Barrows 1996). Hmelo-
Silver (2004) emphasized that the facilitator directly sup-
ports several of the goals of PBL. S/he not only models the
problem solving and self-directed learning processes, but
also helps students learn how to collaborate. The under-
lying assumption here is that when facilitators support the
learning and collaboration processes, students are better
able to construct flexible knowledge for themselves.

One of the most characteristic features of PBL is small
group work. In order to enable students to successfully
solve ill-structured problems, they are put to work in col-
laborative groups where they can build on each others’
knowledge. Working in such groups also promotes learning
how to articulate and justify as one cannot work success-
fully in groups without being able both to understand
others and to make oneself clear to them. The teacher
working as a facilitator helps students to manage their
collaboration, to stay on track in solving problems, and to
reflect on their experiences in such a way that they learn
the broadest range of knowledge and skills that can be
learned from these experiences.

While many educators have emphasized the impact of
assessment on the learning process, there is little agreement
on methodologies for assessment among PBL advocates
(Boud and Feletti 1997). Specific instruments have been
proposed for use in problem-based environments, but few
complete, integrated systems have been presented. PBL
recognizes the validity of a differentiation of learning
outcomes, and students are free to choose and define their
own learning goals. Therefore, the relationship between the
learning goals and assessment methods has to be looser
than a conventional course (Savin-Baden and Wilkie
2004). For example, Savin-Baden (2004) stated that one of
the ways of doing this is to involve the students in the
assessment process.

Problem-based learning has become increasingly wide-
spread across all educational levels and areas of teaching,
from medical education, (i.e., Albanese and Mitchell 1993;
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Barrows 1986), nursing (i.e., Habib et al. 1999; Rideout
et al. 2002) pharmacy (i.e., Miller 2003), law (i.e., Driessen
and Van Der Vleuten 2000), engineering (i.e., Polonco
et al. 2004), to science education in recent years (i.e., West
1992; Gallagher et al. 1995; Peterson and Treagust 1998;
Ying 2003; Soderberg and Price 2003; Yuzhi 2003; Se-
nocak et al. 2007). As an instructional approach, PBL has
high potential in promoting inquiry in science classrooms.
However, there is inadequate research on what happens in
PBL environments.

Background of the Field of Learning Environments

The focus of the study is to develop a learning environment
instrument; therefore, it is essential that the learning
environment literature be examined to ensure that the
present study builds upon and extends research in the field.
In the last three decades or so, considerable interest has
been shown internationally in the study of learning envi-
ronments. The first learning environment instruments were
developed in the late 1960s and early 1970s (Walberg and
Anderson 1968a, b) The Learning Environment Inventory
(Walberg and Anderson 1968a) was developed to evaluate
student perceptions of their secondary physics classrooms.
Simultaneously, Moos began studying environments as
diverse as psychiatric hospitals, university residences,
conventional work sites, and correctional institutions. His
studies eventually led him to schools where he subse-
quently developed the Classroom Environment Scale
(Moos 1979; Moos and Trickett 1974). In the last 30 years,
there has been a significant number of research studies
focusing on the conceptualization, assessment and study of
student perceptions of the psychological and social char-
acteristics of the classroom learning environment (Fraser
and Walberg 1991), some of which are the Learning
Environment Inventory (Fraser et al. 1982), the Individu-
alized Classroom Environment Questionnaire (Rentoul and
Fraser 1979), the My Class Inventory (Fisher and Fraser
1981; Fraser et al. 1982) and the College and University
Classroom Environment Inventory (Fraser and Treagust
1986), the Constructivist Learning Environment Survey
(Taylor et al. 1993), the Science Laboratory Environment
Inventory (Fraser et al.1995), the Science Outdoor Learn-
ing Environment Inventory (Orion et al. 1997), the What Is
Happening In this Class? (Aldridge et al. 1999).

Fraser (2002a) states that learning environment research
instruments have been utilized in multiple countries, at
multiple educational levels, and in many subject areas.
These instruments have been used by “hundreds of
researchers, thousands of teachers, and millions of students
around the world” (Fraser 2002a, p. 7). In the learning
environment literature, the strongest tradition has been
investigating associations between students’ cognitive and
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affective learning outcomes and their perceptions of the
learning environment (Fraser 1998). Learning environ-
ments research has consistently demonstrated that, across
nations, languages, cultures, subject matter, and educa-
tional levels, there are consistent and appreciable associa-
tions between classroom environment perceptions and
student outcomes (Fraser 2002b). Often affective student
outcomes are considered integral in studies of educational
environments (Walker and Fraser 2005, p. 294). The results
of research in the field of learning environments show
that learning environment characteristics are important
in curriculum evaluation studies and can provide teachers
with useful information to improve their classroom
environment.

In parallel to the learning environment research, much
attention has been given to the development and use of
instruments to assess the science learning environments
from the perspective of the students (Fraser 1986, 1994;
Fraser and Walberg 1991; Hofstein et al. 1999; Tsai 2003;
Lang et al. 2005). Science educators have developed
instruments such as the Science Laboratory Environment
Inventory, the Science Outdoor Learning Environment
Inventory, and the Industrial Classroom learning Envi-
ronment Inventory to assess students’ or teachers’ percep-
tions about learning environments. These instruments have
been used by several researchers to examine associations
between student outcomes and student perceptions of the
learning environment in science classes. For example,
Wong and Fraser (1996) have used the Science Laboratory
Environment Inventory to investigate the relationship
between students’ perceptions and their attitudinal and
cognitive outcomes. They found that the attitudes of a
group of tenth grades towards chemistry were likely to be
enhanced in chemistry environments where laboratory
work was linked with the theory learned in non-laboratory
classes and where clear rules were provided. Hofstein et al.
(1999) conducted a study which focused on how learning
industrial chemistry case studies affects students’ percep-
tions of their classroom learning environment and their
interest in chemistry studies by using the Industrial
Classroom learning Environment Inventory. They found
that industrial chemistry case studies helped in providing
students with a relevant chemistry classroom learning
environment. It was also found that teachers who had
attended an intensive training workshop were the most
successful in presenting the relevance of chemistry in the
case studies. The learning environment researchers have
commonly suggested that the findings of this type studies
provide a better understanding of the students’ perceptions
on their existing and useful information for the teachers,
administrators and other stakeholders about aspects of the
learning environment that could lead to increase in stu-
dents’ attitudinal and achievement gains.

Although the field of learning environments research has
a long and illustrious history involving a variety of
instruments, there is limited study focusing on the devel-
opment of the PBLEI. This study is one of the first that
attempts to develop the PBLEI by using science student
perceptions in the undergraduate level PBL-based science
courses.

Method
Sample

The target population for this study was science students in
PBL classes at universities and colleges. The sample of the
study consisted of 387 undergraduate students enrolled the
PBL-based science courses from eleven classes during the
academic years 2007, 2008 and 2009. The participants
went through five consecutive stages during these courses.
In stage 1, the students were given an ill-structured prob-
lem state and told to carefully read it and were encouraged
to write their ideas about the problem. In stage 2, the stu-
dents identified learning issues related to the ill-structured
problem and organized them around three focus questions
using a ‘Need-to-Know’ worksheet. The questions were as
follows: (a) What do you know? (b) What do you need to
know? (¢) How can you find out what you need to know?
The students recorded their ideas and questions onto this
worksheet regularly as a group. In stage 3, the students
gathered data to answer their own questions. Some of the
students used the science laboratory to carry out their
investigations, some looked up information from print and
electronic resources using both library research and the
internet, and others consulted expert professionals. In stage
4, the students reported on what they had done, and pre-
pared a report for the presentation to the classroom. In
stage 5, each group gave a 5-10 min oral presentation on
what they had learned about their problem. The students
also submitted a group report which documented the
group’s findings and details of the inquiry process. The
lecturer evaluated the groups based on criteria related to
both the process and the products of the project work,
including the oral presentation. After the courses, the par-
ticipants were asked to complete the final version of
inventory based on their experiences involving PBL
activities in science courses as learners.

Stages in the Development of the Problem-Based
Learning Environment Inventory

The development of the PBLEI included the following

stages which are used commonly for developing learning
environment instruments (Fraser 1986; Jegede et al. 1998).
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These stages comprise identification of crucial learning
environment characteristics to cover Moos’ (1974) three
social organization dimensions; written items within the
learning environment characteristics; item analysis, vali-
dation and reliability procedures. Below the steps involved
in each stage are described:

Item formulation
Content validation
Construct validation
Reliability calculation

NS

Stage 1: Item Formulation

This stage included three steps that led to the identification
and development of the PBLEI. Firstly, an extensive
literature review of learning environments and PBL was
carefully examined. This crucial step was carried out to
identify the key characteristics of high-quality PBL envi-
ronments. The key characteristics of PBL environments
described in the literature (Schmidt 1983; Barrows 1986;
Norman and Schmidt 1992; Gallagher et al. 1995; Mac-
donald 2001; Ward and Lee 2002; Savin-Baden 2004)
include an ill-structured problem that is situated in real-life
contexts, a teacher acting as a metacognitive coach, stu-
dents working in collaboration, and student relevance on
acquisition of knowledge via their own effort (Grasel et al.
2001; Ward and Lee 2002; Mackenzie et al. 2003; Hendry
et al. 2003; Lindblom-Ylanne et al. 2003; Chin and Chia
2005; Savin-Baden and Major 2004; Spronken-Smith
2005). Secondly, many items were written by the author for
the PBLEI The written of these items was based on the
educational philosophy of PBL which includes students in
small groups deciding what they need to study in order to
solve the ill-structured problem, the problem relevant to
real-life situations that helps students to establish links
between theory and practice, teachers acting as coaches
and facilitators, students reflecting on the learning process,
teaching both a method of approach and an attitude towards
problem-solving as the key factors for meaningful learning
during PBL. Lastly, one science educator and one envi-
ronmental tutor examined the items and modified them as a
result of discussion and final agreement. Following this
step, the initial version of the PBLEI consisting of 52 items
was constituted.

Stage 2: Content Validation

For the purpose of content validation, a group of three
science educators, two lecturers, and one environmental
tutor who had experience in PBL were provided with a list
of 52 items. They were asked to assess the quality of each
of the items, check their classification in the PBLEI, and
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suggest necessary item revisions. After this procedure,
there was agreement on 28 items.

Stage 3: Construct Validation

The 28-item version of the PBLEI was administered to 387
undergraduate students who participated in PBL-based
science activities. In this study, the PBLEI was construct
validated using factor analysis which aimed at identifying
items whose removal would enhance the inventory factor
structure and internal consistency reliability analysis, to
determine the extent to which items within a scale mea-
sured the same construct as other items within that scale
(Crocker and Algina 1986). Before using factor analysis,
Kaiser Meyer Olkin Test (KMO) and Bartlett’s Test of
Sphericity were used to examine whether the sample data
was suitable for factor analaysis (Kaiser 1974; Bartlett
1954). The KMO values range from O to 1, with values
over 0.80 and 0.90 suggesting that the data is adequate for
factor analysis (Kaiser 1974). The Bartlett’s Test of
Sphericity should be significant (Bartlett 1954). The results
of KMO and Bartlett’s Test indicated that p = 0.00 and the
value of KMO was above 0.80. According to these find-
ings, it was possible to state that the sample data was
adequate for factor analysis. Then, the data was analyzed
with principal component analysis to explore the compo-
nent structure underlying the instrument. Two items were
omitted because they did not really examine the compo-
nents of the PBLI (Items 28 and 26). Three items that had
loadings on their a priori factors below 0.4 were eliminated
from the instrument (Items 18, 25 and 15). Thus, the final
inventory consisted of 23 items. Four factors were retained
and accounted for 53.72% of total variance. The results of
factor analysis were summarized in Table 1.

Following examination of each of the items in each
factor, it was concluded that each factor covered that a
different dimension of the problem-based learning envi-
ronment. Therefore, the factors were used as scales for
further analysis. Each scale was given a title reflecting its
general meaning. As seen Table 1, the Teacher Support
scale was developed with eight items and factor analysis
eliminated one item. In the Student Responsibility, seven
items were developed and only one was lost. The Student
Interaction and Collaboration scale was developed with six
items, no items were lost from original seven. Finally, the
scale of Quality of Problem was conceived with five items,
but one item was eliminated in factor analysis. In this way,
the final instrument with the four sub-scales consisted of 23
items.

Table 1, also, reports the percentage variance for each
scale, as well as the factor loadings for the remaining 23
items. The scale of Teacher Support accounted for the
highest proportion of variance among the items at 17.68%.
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Table 1 Explanatory factor analyses results for four-factor varimax
rotation

Factor loadings

Ttem F1 (TS) F2 (SR) F3 (SIC) F4 (QP)

S11 0.89

S17 0.87

S5 0.85

S18 -

S2 0.82

S8 0.80

S22 0.80

S3 0.76

S12 0.89

S13 0.72

S19 0.71

S20 0.68

S23 0.67

S25 -

S21 0.65

S16 0.88

S24 0.86

S1 0.73

S6 0.68

S7 0.59

S14 0.43

S15 -
S4 0.88
S9 0.88
S27 0.73
S10 0.70

% Variance 17.68 13.86 11.40 10.78

Factor loadings smaller than 0.40 have been omitted

TS Teacher support, SR Student responsibility, SIC Student interac-
tion and collaboration, QP Quality of problem

This was followed by the Student Responsibility scale

which explained an additional 13.86% of the variance.
These two scales almost accounted for half (53.72%) of the

Table 2 Descriptive information of the PBLEI’s scales

variance in the items within the PBLEIL. To a lesser degree,
the scale of Student Interaction and Collaboration
explained 11.40% of the variance, while the Quality of
Problem scale explained 10.78% among the variables. The
cumulative variance explained by all four PBLEI scales
was 53.72%. A brief description of the four scales is pre-
sented in Table 2, which contains the name of the scale, its
meaning, and a sample item each dimension.

Stage 4: Reliability Calculation

Estimates of the internal consistency reliability of the four
scales of the PBLEI were determined by calculating
Cronbach’s alpha reliability coefficient for the above
sample. This analysis aimed to determine the extent to
which items within a scale measure the same construct as
other items within that scale. Table 3 lists the number of
items of the scales together with the Cronbach alpha reli-
ability coefficient of the final version. The results in
Table 3 indicate that the internal consistency reliability
(coefficient alpha) ranged from 0.80 to 0.92 for the four
PBLEI scales. Using a generally-applied “rule-of-thumb”,
this range is considered to be acceptable to good (George
and Mallery 2001). Likewise, the alpha reliability for the
scale of Teacher Support (0.92) is considered ‘excellent’,
while reliabilities for scales of Quality of Problem (0.83),
Student Interaction and Collaboration (0.82), and Student
Responsibility (0.80) are considered ‘good’ using this rule-
of-thumb.

Table 3 Four-scales reliabilities

Scales Number of Cronbach’s
items alpha
Teacher support 7 0.92
Student responsibility 6 0.80
Student interaction and 6 0.82
collaboration
Quality of problem 4 0.83

Scales Description

Sample items

Teacher support (F1)
Student responsibility (F2)

Student interaction and
collaboration (F3)

knowledge

Quality of problem (F4)

ill-structured problem to be solved

Extent to which the teacher acts a facilitator or metacognitive coach
and supports several of the goals of PBL

Extent to which students take primary responsibility for what is
learned and how by solving ill-structured problems

Extent to which students are able to solve ill-structured problems, and
work in collaborative groups where they can build on each others’

Extent to which problems act as stimulus and PBL starts with an

The teacher directed us with some
metacognitive questions

I fulfilled the tasks given to me during
group work

1 collaborated with the other members
of my group

The problems we studied were about
everyday life
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Discussion

In this study, 23-item instrument to assess undergraduate
science student perceptions about PBL environments was
developed (see “Appendix”). This instrument (PBLEI)
consisted of four scales and 23 items with responses
recorded on a five-point format ranging from Always to
Never (5-Always, 1-Never). The maximum score that can
be received from the instrument is 115 and the minimum
score is 23.

The construct validity of the PBLEI was examined using
factor analysis with varimax rotation. Our sample of 387
students, according to Tabachnick and Fidell (2001), is
sufficiently large to allow meaningful factor analysis to
scrutinize the construct validity of the PBLEI. The results
of the factor analysis revealed the four scales structure of
the instrument which assessed Teacher Support, Student
Responsibility, Student Interaction and Collaboration, and
Quality of Problem. These scales agree with the relevant
literature on the key dimensions of PBL (Barrows 1986;
Boud and Feletti 1997; Bigelow 2004). The factor analysis
resulted in only one item from the Teacher Support, one
item from the Student Responsibility, and one item from
the Quality of Problem scale being omitted from further
analyses. This was based on the decision to exclude any
item that did not have a factor loading of 0.40 or greater on
its a priori scale and less than 0.40 on all other environment
scales. In the literature, 0.30 or higher is suggested for
items loadings (Lang et al. 2005; Martin-Dunlop and Fraser
2007). However, in the present study, in order to differ-
entiate among the scales of the instrument in this pre-
liminary development of the scale, a more conservative cut
off score for item loading (<0.40) has been selected. All
the items of the instrument combined accounted for
53.72% of the total variability in students’ PBLEI scores.
Though it may seem that about half of the variability is
unaccounted for, 53.72% explained variability is consid-
ered as sufficient variance explanation in social sciences
studies (Tabachnick and Fidell 2001; Buyukozturk 2002).
Because this study was preliminary, future studies with
larger sample size might show an increased accounted
variance. Overall, these results support the factorial valid-
ity of the PBLEI.

Alpha reliability coefficients for the four scales were
also examined. Analyses revealed that all of the coeffi-
cients were high enough to be considered adequate,
namely, all items lead to a higher alpha coefficient for the
overall scale reliability. The results of reliability for the
scales ranged from 0.80 to 0.92. The highest alpha coeffi-
cients were for Teacher Support, and Quality of Problem.
As a result, it can be said that reliability coefficients of the
scales exceed the value of 0.60, which is considered
acceptable for research purposes (Nunnally 1967). As a
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result, it can be said that the PBLEI consisting of 23 items
is a valid and reliable instrument to assess undergraduate
science student perceptions on PBL environments.

This study contributes to PBL research, science educa-
tion studies and learning environment research. First, in
terms of PBL research, although PBL is not new, there is
certainly a recent widespread acceptance of it, especially in
higher education (Gallagher et al. 1995; Driessen and Van
Der Vleuten 2000; Acar 2004; Spronken-Smith 2005; Se-
nocak et al. 2007; Chiriac 2008). In the light of the trend
towards the rapid expansion of problem-based education,
the appearance of this new instrument is timely. Also, it is
relatively easy to administer without requiring large
amounts of valuable classroom learning time. Second, in
terms of contributions toward science education studies,
the results of the research which used this instrument as
research tool can help teachers improve their instruction
and, as a consequence, increase students’ motivation to
learn science. Measure of PBL environment can also assist
curriculum developers in their attempt to change and
improve science curricula. Last, in terms of contributions
toward the field of learning environment research, the
PBLEI is designed to assess students’ perceptions of an
effective learning environment (namely, problem-based)
for which an instrument previously did not exist. Learning
environment researchers, teachers and education practitio-
ners seeking to develop high-quality problem-based envi-
ronment now have an instrument with which they can
measure what goes on in problem-based classes.

Appendix

See Table 4.

Table 4 Problem-based learning environment inventory

Scales Items

The teacher directed us with some
metacognitive questions

Teacher support

If T asked a question, the teacher gave me a
clue instead of the correct answer

The teacher encouraged us to use various
information sources

The teacher encouraged us to express our
ideas clearly

The teacher provided us with positive and
negative feedback on our proposals

The teacher asked us how we arrived at a
solution and what the steps in our thought
process were

The teacher considered my performance
during the problem solving process when
grading
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Table 4 continued

Scales Items

Student responsibility I fulfilled the tasks given to me during group

work

I made enough effort to reach various
information sources

There were times when I had to make my
own decisions

I played an important role in my own
learning

I evaluated the performance of my group
members and myself

When I came across something I didn’t
understand, first I consulted with a fellow
student then we consulted the teacher as a
group
Student interaction and I collaborated with the other members of my
collaboration group

I discussed my ideas with the other
members of my group

I shared my individual investigation results
with the other members of my group

I respected other’s ideas in my group

I participated in group work as much as
possible

We prepared a portfolio as a group in which
we collected different products of our
group work

Quality of problem The problems we studied were about

everyday life

The problems were easy enough to solve
without any serious difficulty

The problems were written in a
comprehensible language

The problems were of the kind for which
one can produce different solutions

The items in the inventory were ordered according to Table 1 (F1, F2,
F3 and F4)
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