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The instructional method of problem-based learning (PBL) has continued to grow in
popularity among educators at all levels despite a lack of definitive empirical support for its use.
To date, research findings documenting positive outcomes associated with PBL have been
largely insufficient in addressing many of the concerns raised by critics of the method.
Specifically, many of the studies in problem-based learning to this point have involved an
absence of experimental control and/or the presence of significant methodological flaws, both of
which have drawn the criticism that the collective body of research related to the efficacy of PBL
suffers from a general lack of validity (Colliver, 2000; Savery, 2006).
The current study involved a component analysis of problem-based learning conducted in
an authentic learning environment. This research sought to answer the following questions:
What is the influence of positive interdependence within groups on student performance in PBL?
What is the influence of the social aspect of group work on student performance in PBL? What
is the influence of PBL instructional designs on the development of skills needed for successful
collaboration?
A crossed, within-subjects design was used to compare the academic performance of
students across three experimental conditions within the context of three sections of an
undergraduate Educational Psychology course. The three conditions included PBL-Positive
ii

Interdependence, PBL-High Positive Interdependence, and PBL-Independent. The instructor,
course content, instructional time, and course materials were controlled to ensure consistency
across the three sections.
The results of the current study suggest that the collaborative aspect of PBL is essential to
the success of students engaged in this form of instruction. Additionally, the findings of the
current study suggest that student success in collaborative learning environments may rely on the
existence of adequate structure to scaffold the students’ development of skills related to the
collaborative process. The findings of the current study confirm that PBL is most effective when
implemented in its purest form, and that problem-based instructional designs without a
collaborative component cannot be considered as a pedagogically equivalent alternative to
problem-based learning as it is commonly defined.
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CHAPTER I
INTRODUCTION
…the central problems with American education are not pedagogical or organizational or
social or cultural in nature but are fundamentally political. That is, the problem is not that
we do not know how to make schools better but that we are fighting among ourselves
about what goals schools should pursue. (Labaree, 1997, p.40)
Despite a vast amount of research focusing on the development and identification of
pedagogical “best practices” within the field of education, there continues to be a significant
amount of debate among educational researchers as to how the curriculum in American schools
should be designed and implemented. Specifically, a great deal of theory development and
experimental research has sought to advance current beliefs related to which instructional
outcomes are of utmost importance, how these outcomes should be measured, and how we
should teach in order to encourage students to meet related objectives. Several researchers have
often proposed different, and in some cases, conflicting arguments as to which forms of
instruction are most appropriate in nurturing the most desirable student outcomes. One such
debate exists between proponents of Problem-based Learning (Schmidt, Loyens, Van Gog, &
Paas, 2006; Hmelo-Silver, Duncan, & Chinn, 2006), and those that support a more structured and
direct approach to learning informed by Cognitive Load Theory (Kirschner, Sweller, & Clark,
2006).
While instructional methods utilizing a Problem-based Learning (PBL) approach can
vary across several dimensions of their design, PBL generally involves empowering students to
take ownership of their education through their engagement with ill-defined problems (Barrows,
1986). In PBL, the problem is typically presented in the form of a case that requires students to
collaborate with peers in order to consider multiple avenues of approach towards the formulation
of a viable solution. Positive instructional outcomes associated with PBL include: flexible
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knowledge, problem solving skills, skills of self-directed learning, skills for effective
collaboration, and intrinsic motivation (Hmelo-Silver, 2004).
Cognitive load theory (CLT) suggests that individuals have a finite capacity relative to
their ability to engage in problem solving (Sweller, 1988). Proponents of this perspective argue
that the presence of factors that are extraneous to the acquisition of academic content can result
in an increased cognitive load representing a barrier to successful learning (Kirschner et al.,
2006; Sweller, Kirschner, & Clark, 2007). These researchers maintain that providing students
with worked examples that explicitly demonstrate the correct path toward a problem solution
ultimately results in positive learning outcomes by lessening the cognitive load required to
process the information (Kirschner et al., 2006). From this perspective the development and
rehearsal of skills related to collaboration, self-directed learning, and the application of
knowledge to novel situations is considered extraneous to the central task of the acquisition and
retention of fact-based academic content (Sweller et al., 2007).
The fundamental disagreement between the proponents of problem-based learning and
cognitive load theory relate to whether PBL is an effective means of instruction that is
compatible with the cognitive structures of human learners. This debate seems to be due at least
in part to a lack of consensus as to which educational outcomes are the most important to
promote, as well as a narrow focus on juxtaposing only the most extreme examples of instruction
informed by either perspective (Kuhn, 2007; Loyens & Gijbels, 2008). Proponents of instruction
informed by CLT are primarily interested in measuring concrete domain-specific outcomes via
traditional academic assessment while proponents of PBL are interested in promoting a variety
of skills within the realms of higher order thinking, social interaction, and self-directed learning
(SDL), in addition to outcomes related to the acquisition of domain-specific content. In PBL,
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there is never one route to a single correct solution, whereas instructional strategies informed by
CLT emphasize the importance of worked examples.
Advocates of instruction derived from CLT (Kirschner et al., 2006) argue that several of
the fundamental characteristics of problem-based learning, and other instructional strategies that
they collectively refer to as “minimally guided”, render the approaches ineffective and
incompatible with human cognitive architecture. Several recent studies have produced findings
that suggest that in addition to encouraging the development of skills related to life-long
learning, PBL results in outcomes related to domain-specific knowledge that are comparable or
superior to those achieved via a traditional lecture/discussion instructional format (Beachey,
2007; Capon & Kuhn, 2004; Kaufman & Mann, 1999; McParland, Noble, & Livingston, 2004;
Schmidt, Vermeulen, & van der Molen, 2006; Pease & Kuhn, 2010; Wirkala & Kuhn, 2011;
Yadav, Subedi, Lundeberg, & Bunting, 2011). While there is empirical support for the use of
problem-based learning as an alternative to traditional models of direct instruction, there has
been little research analyzing the specific components of PBL in order to determine those that
are essential for achieving successful outcomes.
The current study sought to contribute to the collective understanding of how problembased learning achieves its effects by addressing the specific concern raised by Sweller,
Kirschner and Clark (2007) that the collaboration among members of a group that occurs during
student-centered instructional designs like PBL “imposes costs in terms of cognitive load”
(p.117) that can often function as an impediment to learning. This was accomplished via an
examination of the influence of collaboration among members of small groups within PBL
instructional designs towards the achievement of successful learning outcomes. An investigation
as to whether the benefits of collaboration outweigh the costs associated with the adoption of
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collaborative instruction is justified given the significant amount of resources that must be
committed to the successful implementation of instructional designs of this type in comparison to
more traditional teacher-directed forms of learning.
The current study builds upon a line of recent experimental research that has focused on
the comparison of outcomes attained via the use of a PBL model of instruction to those that
result from more traditional instructor-directed models (Bahar-Ozvaris, Cetin, Turan, & Peters,
2006; Beachey, 2007; Capon & Kuhn, 2004; Kaufman & Mann, 1999; McParland et al., 2004;
Rideout et al., 2002; Pease & Kuhn, 2010; Schmidt et al., 2006; van Gog, Kester, & Paas, 2011;
Wirkala & Kuhn, 2011; Yadav et al., 2011). In addition to comparing the outcomes of PBL to
those resulting from other instructional methods, two of these studies (Pease & Kuhn, 2010;
Wirkala & Kuhn, 2011), also conducted a component analysis related to the identification of the
aspects of PBL that result in successful learning. The findings of both of these studies suggested
that the social component of PBL is not essential to ensure successful learning outcomes among
participants. The potential implications of these findings could be transformational in relation to
the way in which educational researchers and practitioners define and implement problem-based
learning.
The studies by Pease and Kuhn (2010) and Wirkala and Kuhn (2011) provide the model
on which the methodology for the present study is based. Similar to these previous two studies,
the current study sought to conduct a thorough component analysis of PBL in an authentic
learning environment while maintaining strict experimental control. The present study expanded
upon the previous research by strictly adhering to the definition of PBL offered by both Pease
and Kuhn (2010) and Wirkala and Kuhn (2011) in that it will involve students engaging a
problem “without preparatory study in the subject matter” (pgs.58/1157 respectively).
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Additionally, the design of the current study extended previous research in that it allowed
for an investigation of the implications of incorporating the principles of social interdependence
theory within the design of learning environments that involve collaboration among group
members in order to examine the influence of varying degrees of positive interdependence within
small groups on learning outcomes. This portion of the investigation was accomplished through
the implementation of a “team assessment”, a strategy designed to promote a high degree of
positive interdependence among members of small groups during PBL.
Lastly, the current study differed from previous research in the methods that were utilized
for the collection and analysis of data towards the documentation of variability that existed in
student performance across experimental conditions. Previous studies involving a component
analysis of PBL (Pease & Kuhn, 2010; Wirkala & Kuhn, 2011) were limited to an examination
of student performance on individual assessments following PBL instruction as a means of data
collection for quantitative analysis. Like the previous studies, the present research also involved
a quantitative analysis of participant performance on individual assessments designed to measure
the outcomes resulting from the three experimental conditions. However, the current study
builds upon previous research in that it also included an examination of the artifacts that
participants produced during the problem solution phases for each experimental condition as a
means of documenting any variability in student performance that was due to the influence of the
independent variable “instructional design”.
In addition to a statistical analysis related to the existence and source of variance that
may occur between student performance during the three experimental conditions, the current
research involved data collection to allow for future analyses following the mixed-method model
demonstrated in Hmelo-Silver (2000). This will involve an in-depth examination of the social
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artifacts that students produced during the problem solution phase for each condition. The
student discussion that occurred during the experimental conditions involving group work will be
examined via a qualitative discourse analysis aimed to identify indicators of the existence of
high-quality collaboration, the acquisition of skills related to flexible learning and/or selfdirection, or any other potential benefits of collaboration during problem-based learning that are
not well-accounted for via traditional forms of assessment.
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CHAPTER II
LITERATURE REVIEW
Origins of Problem-based Learning
PBL arose within institutions of medical education as an alternative to traditional didactic
instructional methods in order to address concerns that this type of teaching contributed to the
development of passive students without the capacity to engage in problem solving or critical
thinking (Williams, 1992). Problem-based learning was first developed by the faculty of Health
Sciences at McMaster University, a Canadian school of medicine, around 1965. The original
model for PBL was inspired by the practice of using case studies as the basis for instruction in
legal education (Schmidt, 1993). Approximately four years later, problem-based learning was
adopted as the primary means of instruction at McMaster and the institution admitted the first
group of medical students to be trained primarily via a PBL method (Barrows & Tamblyn, 1980;
Schmidt, van der Molen, te Winkel, & Wijnen, 2009).
Since its conception at McMaster, PBL has been widely adopted by many institutions of
medical education throughout several countries to the extent that some researchers have
described the phenomenon as “a small revolution in the medical education community” (Norman
& Schmidt, 1992, p. 557). Additionally, the prevalence of PBL in educational environments in
general has expanded way beyond medical education across numerous disciplines, grade/age
levels, and academic domains (Albanese, 2000; Savery, 2006; Schmidt et al., 2009).
Problem-based Learning Defined
From its inception PBL has never been intended to be a “cookie cutter” pedagogy
complete with step-by-step instructions. A good PBL curriculum should be dynamic, complex,
and ever-evolving much like the real-world problems the strategy is meant to approximate. The
widespread popularity and prevalence of problem-based learning across disciplines and domains
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has resulted in many variations, misapplications, and misconceptions (Maudsley, 1999; Savery,
2006). While “problem-based learning does not refer to a specific educational method”
(Barrows, 1986, p.481), there remains a common understanding of the fundamental components
that should be included. In general, problem-based learning is a student-centered instructional
design in which individuals work collaboratively to direct their own learning while solving a
complex problem that has more than one possible solution (Hmelo-Silver, 2004). The specific
defining characteristics of PBL include that students go into the problem “cold” in that they are
not given any prior exposure to academic content that is directly relevant for devising a viable
problem solution, students must take ownership of their own learning, the problem format used
during instruction must approximate real-world situations in that there are many plausible
solutions, and the instructional design must involve collaboration among students as a means of
replicating how problems are typically addressed in many contexts across professional
disciplines (Hmelo-Silver, 2004; Savery, 2006).
Students in PBL environments are not able to fulfill the requirements of the instructional
task simply by relying on prior knowledge as is typical in most forms of instructor-centered
learning. Since the problem is not presented in explicit form, the students must first identify the
salient aspects of the information provided by the instructor in order to define what the problem
actually is. Then students must come to a conclusion related to the type of knowledge that will
be required to address the problem and identify potential sources of this knowledge. From this
point, students must continue to manage their own learning in coming to a consensus with the
other members of their group as to how to best address the problem of interest given the
information gained from their chosen sources (Hmelo & Evensen, 2000; Hmelo-Silver, 2004;
Savery, 2006; Schmidt et al., 2009).
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The Instructor as a Facilitator in PBL
The role of the instructor in a PBL environment is not to be the sole source of knowledge
in the classroom. Instead, the successful implementation of PBL requires that the instructor
assume the role of a facilitator or tutor whose purpose is to guide students through the learning
process. When preparing instructors to direct teacher-centered approaches it is common for the
emphasis to be on nurturing the prospective instructor’s acquisition of expertise in the particular
content area to be taught. Although content area expertise remains important for the facilitator of
PBL environments, it is not the most important characteristic that they must possess. This is
nicely summed by Hmelo-Silver & Barrows (2006) by the statement that “In PBL the facilitator
is an expert learner, able to model good strategies for learning and thinking, rather than provide
expertise in a particular content” (p.24).
While students do not typically acquire content-specific expertise directly from the PBL
facilitator, it is still important for the facilitator to have expertise in the targeted content area in
order to aid students in appropriately managing their own learning. A facilitator that possesses
expertise in both the processes of learning and in the content area of interest is able to effectively
recognize when it is most appropriate to provide support and in what form. This dual expertise
also allows a facilitator to recognize when it would be most beneficial for students to work
without instructor guidance. One of the primary goals of the expert PBL facilitator should be to
gradually fade their involvement in the learning process while scaffolding the abilities of their
students to manage their own learning. This results in a gradual shift of the responsibility for
learning from the facilitator to the individual students (Hmelo-Silver & Barrows, 2006).
In addition to having expertise related to the specific content area of interest and the
nature of individual and collaborative learning processes, a master-facilitator of problem-based
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learning environments must be intimately familiar with the primary learning outcomes that PBL
is inherently suited to promote. Ideally, students participating in PBL become knowledgeable in
a particular discipline while simultaneously acquiring effective problem-solving skills, the ability
to self-direct their own learning, the ability to contribute to collaborative groups, and the
motivation to learn for the enjoyment of doing so (Hmelo-Silver, 2004).
Theoretical Framework Underlying PBL
Constructivist theories of learning provide the foundation for all problem-based learning
environments. The term constructivism is very broad in scope in that it has come to have many
meanings and refers to numerous instructional methods depending on the philosophical
perspective from which it is being described. Regardless of philosophical perspective, the
foundation of constructivist theories of learning is that they refer to the ways in which people are
active agents in constructing meaning through their interaction with their environment (Loyens
& Gijbels, 2008).
Cognitive-constructivist theories suggest that the manner in which PBL achieves its
goals is through encouraging students to form flexible mental models of their world by activating
prior knowledge and comparing what is known to new models proposed via collaborative
engagement towards achieving a problem solution (Schmidt, et al., 2009). While discussion and
collaboration among students is important from cognitive views of problem-based learning, the
emphasis is largely placed upon the activation and elaboration of individual students’ prior
knowledge in order to “build a context-sensitive cognitive structure of the processes, principles
or mechanisms underlying the visible phenomena” (Schmidt, 1993, p.428). From this
perspective, group discussion of the problem in PBL serves as a means of supporting this
primary goal.
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Social-constructivist theories suggest that learning involves the development of
knowledge through a process of interaction, negotiation, and collaboration between individuals
in their environment (Palincsar, 1998). From the social-constructivist view, learning in PBL
environments involves many processes that parallel those described by cognitive-constructivists,
such as the development of task representations (Goldman, 1991), and the refinement and
utilization of skills related to higher order thinking (Palincsar, 1998). However, from this
perspective the emphasis in PBL is placed primarily on the interactions between individuals as a
means of achieving a collective understanding of the nature of the problem and its possible
solutions. The social-constructivist perspective is a departure from traditional models of learning
and teaching that focus on the acquisition and retention of fact-based information and situate the
locus of knowledge building within the individual to one that focuses on more complex higherorder educational outcomes. Social-constructivist theories propose that these outcomes, related
to an individual learner’s ability to demonstrate flexibility, reasoning, and problem solving, are
achieved via the collective knowledge “construction” that results from the interactions between
individuals and between individuals and their environments (Palincsar, 1998).
In addition to contemporary theories of learning grounded within constructivism, the
basis for the emphasis on meaningful problems in PBL can be attributed to the experiential
educational theory and philosophy of John Dewey (Gijbels, Dochy, Van den Bossche, & Segers,
2005; Hmelo-Silver, 2004; Schmidt, 1993). Dewey (1938) suggests that:
…every experience should do something to prepare a person for later experiences of a
deeper and more expansive quality…But it is a mistake to suppose that the mere
acquisition of a certain amount of arithmetic, geography, history, etc., which is taught and
studied because it may be useful at some time in the future, has this effect, and it is a
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mistake to suppose that the acquisition of skills in reading and figuring will automatically
constitute preparation for their right and effective use under conditions very unlike those
in which they were acquired…Anything which can be called a study, whether arithmetic,
history, geography, or one of the natural sciences, must be derived from materials which
at the outset fall within the scope of ordinary life-experience (p.33)
Dewey’s philosophy supports the argument made by proponents of PBL (Hmelo-Silver, 2004;
Kuhn, 2007) that instruction should be situated within real-world contexts and that educators
should aspire towards outcomes beyond the acquisition of rigid domain-specific knowledge for
their students.
Cooperative Learning and Collaborative Learning Defined
While the terms “Cooperative” and “Collaborative” are often used interchangeably in
educational literature to refer to instructional arrangements requiring that students work together
to achieve some collective outcome, there are important distinctions between the two methods.
Panitz (1997) provides a clear definition for each term, which serves to highlight these
distinctions:
Cooperation is a structure of interaction designed to facilitate the accomplishment of a
specific end product or goal through people working together in groups. Collaboration is
a philosophy of interaction and personal lifestyle where individuals are responsible for
their actions, including learning, and respect the abilities and contributions of their peers.
(p.1)
The primary operational distinction between cooperative learning and collaborative learning in a
classroom environment relates to the degree to which a teacher imposes structure upon their
students during instruction (Brufee, 1995). Specifically, in cooperative learning environments
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“the teacher maintains complete control of the class, even though the students work in groups to
accomplish a goal of the course”, while in collaborative learning environments “groups would
assume almost total responsibility for answering the question” (Panitz, 1997, p.1). For example,
in a cooperative learning model the instructor might provide students with a specific task or
question, and assign specific readings that provide the information students will need in order to
work in small groups toward the completion of some well-defined objective. Alternatively, a
facilitator of collaborative learning might provide students with a narrative case and then expect
the students to be responsible for identifying/defining the actual problem, searching for and
identifying appropriate sources of information, coming to a consensus within their groups about
how to best address the problem, and collectively determining the most appropriate format for
their finished product.
Despite the distinctions between the two approaches, Bruffee (1995) contends that they
are not mutually exclusive in that “collaborative learning is designed to pick up where
cooperative learning leaves off” (p.6). He argues that both approaches share the underlying
principle of “helping students learn by working together on substantive issues” (p.1), and that it
is the emphasis that each of the methods place on various outcomes that make them different
(Brufee, 1995). From this perspective, students’ engagement in cooperative learning
instructional designs can serve as a vehicle for scaffolding the competencies required to
successfully navigate collaborative learning designs.
Cooperative Learning and Social Interdependence Theory
Social interdependence theory suggests that when individual outcomes are tethered to the
performance of other individuals and to that of a collective group it produces increases in overall
productivity and generally higher achievement is observed (Johnson & Johnson, 2009). Positive
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interdependence is said to exist when the success of the individual members of a group are
dependent on the success of the group as a whole and the success of the group as a whole is
dependent on the efforts of its individual members. Cooperative instructional designs
incorporating positive interdependence have been shown to result in a number of desirable
outcomes including increased motivation, an exchange of resources, and the development of
mutual trust and responsibility among group members (Johnson & Johnson, 2009). Successful
cooperative learning environments rely heavily on the existence of positive interdependence
within their instructional designs.
Instructional designs incorporating the use of small groups that do not involve some
feature requiring the simultaneous success of both the individual students and the collective
group can foster several undesirable outcomes. When there is nothing in place to encourage
student accountability for individual performance it is not uncommon for off-task behavior or
excessive amounts of irrelevant socialization to occur during group work (Gillies & Boyle,
2010). Another common undesirable outcome of a lack of positive interdependence within
groups is commonly referred to as social loafing or the “free rider” effect. This occurs when
members of a group do not contribute an equitable amount of effort to meeting the group’s
objectives and instead rely on other group members to carry a greater load in order to
compensate (Kohn, 1992; O’Donnell, 1994; Yamane, 1996). In general, successful cooperative
learning occurs when individuals work together in small groups at a level of performance that is
greater than that which could have been achieved by any of the group’s individual members
working alone (D.W. Johnson, 1992; D.W. Johnson & Johnson, 1999, 2009).
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Collaborative Learning
The mission of collaborative learning is larger in scope than that of cooperative learning
in that does not place emphasis on the completion of a single objective or assignment within a
single educational or social context. Panitz (1997) explains that collaborative learning is:
a personal philosophy, not just a classroom technique…it suggests a way of dealing with
people which respects and highlights individual group members’ abilities and
contributions…CL practitioners apply this philosophy in the classroom, at committee
meetings, with community groups, within their families and generally as a way of living
with and dealing with other people. (p.4)
In the classroom, collaborative learning designs seek to encourage student development across
several dimensions by shifting the locus of control from the teacher to the students and by
engaging the students with open-ended tasks that do not have only one right answer.
Specifically, students are largely expected to direct their own learning in collaborative
classrooms by determining what it is that they should be learning, from what source, and how
best to use the knowledge that they acquire, all while engaging in a constructive meaningmaking that takes place in a social context.
It is important to note that simply working within a group does not constitute true
collaborative learning. High-quality collaborative learning environments involve all members of
the group being actively engaged in the mission of their group, each member of the team
contributing towards the achievement of the group’s collective objectives to an equitable degree,
each student actively regulating their own learning as well as the learning of their fellow group
members, and the maintenance of an atmosphere of shared respect. The degree to which the
functioning of students working in small groups during collaborative learning designs varies
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across these dimensions of performance ultimately determines the quality of overall
collaboration within a group.
Specific Goals of PBL Defined
Flexible knowledge.
The concept of acquiring flexible knowledge refers to an individual’s ability to develop a
versatile understanding of a specific topic grounded within a deeper comprehension of peripheral
and underlying principles within a particular discipline. When flexible knowledge is the desired
outcome, instruction should not be designed specifically to foster student performance on any
one particular outcome or assessment. Instead, learners that have acquired flexible knowledge in
relation to a particular area of study are able to apply what they have learned in a number of
academic and functional contexts. This is in direct opposition to the typical teacher-centered
model of education where the design of instruction begins with a particular assessment and
works backwards in order to ensure that students gain only that factual content knowledge that is
specific to the form of examination being used.
Problem-solving/critical thinking skills.
The second goal of PBL is the nurturing of the skills required for becoming a competent
problem solver. Being able to recognize salient aspects of a problem and determine and plan the
learning actions that are required to obtain a solution are inherent in PBL learning formats.
Being that the problem is the starting point in PBL, students are encouraged to develop problemsolving techniques such as metacognitive monitoring and various reasoning skills related
specifically to critical thinking from the very beginning of instruction.
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Self-directed learning.
The individual learning processes involved in SDL include the identification of what
should be learned, how it should be learned, and the selection and critical evaluation of various
sources of relevant information (Loyens, Magda, & Rikers, 2008). There is significant overlap
between the component processes of SDL in PBL environments described by Hmelo-Silver
(2004) and those that are thought to occur during successful self-regulated learning (SRL)
(Loyens et al., 2008; Zimmerman, 1989, 2002, 2008; Zimmerman & Lebeau, 2000). The shared
defining factor of both concepts is that learners are responsible for and have control of their own
learning.
While similar, SDL and SRL are not identical. Self-directed learning can refer to both the
design characteristics of the educational environment and to specific student characteristics,
while self-regulated learning refers specifically to student characteristics. SDL can involve SRL,
but SRL does not have to involve SDL. For example, the source of a particular instructional task
is not a defining factor of SRL. Learners can still implement SRL in educational environments
that are largely teacher-centered and assessment focused. In this way SRL can be considered a
component of effective SDL in PBL.
Skills of collaboration.
Successful collaborative learning occurs when individuals work together in small groups
at a level of performance that is greater than that which could have been achieved by any of the
group’s individual members working alone (Brufee, 1995). Skills related to successful
collaboration include the ability to resolve conflicts in a constructive manner, getting to know
and trust the capabilities of others in a group, accepting and supporting other group member’s
strengths and limitations, and promoting positive relationships through shared respect.
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Additionally, the degree to which individuals in small collaborative groups co-regulate each
other’s learning has been identified as a potential contributor to successful collaborative groups
(Rogat & Linnenbrink-Garcia, 2011; Järvelä & Järvenoja, 2011; Volet, et al., 2009).
Intrinsic motivation.
Several aspects of PBL are conducive to the development of student’s intrinsic
motivation to learn. The nature of problems typically used in PBL instructional designs tend to
be meaningful in that they are applicable to real life situations in some way. Working with
meaningful problems tends to be more engaging then other forms of passive learning.
Additionally, a defining characteristic of SDL is that there is strong emphasis on the
development of intrinsic motivation to learn. Students derive high levels of intrinsic motivation
to learn when they have the opportunity to determine what and how they will learn.
Is PBL an Effective Form of Instruction?
Over the past two decades, the degree to which there exists empirical evidence that
problem-based learning represents an effective form of instruction, often in comparison with
traditional teacher-directed forms of learning, has been the focus of several research studies
(Bahar-Ozvaris et al., 2006; Beachy, 2007; Capon & Kuhn, 2004; Hmelo, 1998; Schmidt et al.,
1996; Kaufman & Mann, 1999; Krain, 2010; Loyens, Rikers, & Schmidt, 2006; McParland et al.,
2004; Miller, 1997; Pease & Kuhn, 2011; Rideout et al., 2002; Schmidt et al., 2006; Wirkala &
Kuhn, 2011; Yadav et al., 2011 ), review articles (Albanese, 2000; Berkson, 1993; Colliver,
2000; Hmelo-Silver, 2004; Kirschner et al., 2006; Maudsley, 1999; Norman & Schmidt, 1992;
Sanson-Fisher & Lynagh, 2005), meta-analyses (Albanese & Mitchell, 1993; Dochy, Segers, van
den Bossche, & Gijbels, 2003; Gijbels et al., 2005; Newman, 2003; Schmidt et al., 2009;
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Vernon & Blake, 1993; Walker & Leary, 2009), and a meta-synthesis of the meta-analyses
(Strobel & van Barneveld, 2009).
While problem-based learning has continued to grow in popularity among practitioners
during this time (Schmidt et al., 2009), the findings of individual research studies and metaanalyses evaluating its effectiveness as an instructional practice have been largely inconsistent
(Strobel & van Barneveld, 2009). These inconsistent findings may be due in part to the absence
of a common, interdisciplinary definition for the term “problem-based learning” which has taken
on a number of different, often contradictory, meanings as practitioners in various disciplines
attempt to adapt the approach for their particular domain (Maudsley, 1999; Newman, 2005;
Strobel & van Barneveld, 2009).
In addition to differences in how researchers have defined PBL in these studies, there
were also significant variations related to the specific learning outcomes that were measured, the
nature and design of the assessment strategies that were employed, and consequently, how
“effective instruction” was ultimately defined. In addition to these variations across studies,
several researchers (Albanese & Mitchell, 1993; Berkson, 1993; Vernon & Blake, 1993) have
described the challenge of evaluating problem-based learning as an effective strategy in that
“The outcome variables that are often the most highly valued, and best exemplify the special
features of PBL, are often complex, multidimensional, and difficult to measure” (Vernon &
Blake, 1993, p.560).
Research Reviews Related to the Effectiveness of PBL
The meta-analysis conducted by Albanese & Mitchell (1993) summarized the results of
ten research studies that compared the outcomes of medical education programs that had adopted
a PBL approach to other conventional medical education programs. The findings of the analysis
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suggested that while PBL was often perceived as being more nurturing and enjoyable by students
and faculty, and that PBL graduates perform as well or better on clinical examinations, the
majority of the studies that were reviewed found that students taught using a problem-based
learning approach did not perform as well on standardized tests of basic science knowledge in
comparison to their counterparts taught using more conventional instructional methods. In light
of these findings, the authors raise the concern that “standardized examinations have been
criticized for providing only a measure of the examinee’s ability to recognize the correct answer
from a limited list of potentially correct answers…such measures do not assess the study
approaches aimed at the deep learning that PBL promotes” (p.56).
Berkson (1993) provided a narrative literature review of ten studies examining the
effectiveness of PBL in comparison to more traditional forms of instruction. While the findings
of the review suggested that it was unlikely that the curriculum would have adverse effects on
the development of students in programs using problem-based learning as the primary
instructional technique, the author suggested that the resources required to teach using a PBL
model were not worth the effort. Specifically, Berkson (1993) concluded that “The graduate of
PBL is not distinguishable from his or her traditional counterpart. The experience of PBL can be
stressful for student and faculty. And implementation of PBL may be unrealistically costly”
(p.585).
The stated purpose of Vernon & Blake (1993) was to synthesize all available research
evaluating PBL in comparison to more traditional methods of medical education from 1970
through 1992. In total, the meta-analysis involved 35 studies across 19 medical schools. The
outcome of the analysis largely supported the findings of Albanese & Mitchell (1993) in that the
authors reported that problem-based learning resulted in superior affect among faculty and
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students, better student attendance, more self-directed learning, and a greater emphasis placed on
deep understanding of content and less emphasis on memorizing. However, as in Albanese &
Mitchell (1993), Vernon & Blake (1993) also reported that “traditional teaching methods were
generally associated with higher scores on tests of basic science knowledge” (p.557).
In a review of the three aforementioned articles (Albanese & Mitchell, 1993; Berkson
1993; Vernon & Blake, 1993), in addition to eight subsequent individual research studies
published between 1992 and 1998, Colliver (2000) concluded that there is “no convincing
evidence for the effectiveness of PBL in fostering the acquisition of basic knowledge and clinical
skills” (p.261). The author bases this conclusion on the argument that in all cases where
researchers did report benefits related to the use of a PBL instructional format over more
traditional designs, the effect sizes were not adequate enough to warrant doing so. Colliver
(2000) further asserts that any variation in performance between students in the two different
instructional arrangements can be “easily accounted for by pre-existing differences” (p.261)
based upon evidence that the students who select PBL are generally better students.
Additionally, Colliver (2000) suggests that the theory underlying PBL and its related research is:
weak; its theoretical concepts are imprecise, lacking explicit descriptions of their
interrelationships and of their relationships with observables, such as interventions and
outcomes…the basic research is contrived and ad hoc, using manipulations that seem to
ensure the expected results, regardless of the theory. (p.264)
While Colliver (2000) emphasizes the inadequacy of research findings in support of PBL in
comparison to the benefits alleged by proponents of the method, the author does recognize that
the literature suggests that problem-based learning is often perceived as “a more challenging,
motivating, and enjoyable way to learn” (p.259).
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Two companion articles published in response to Colliver (2000) (Albanese, 2000;
Norman & Schmidt, 2000) challenge his statements related to the weakness of the theory and
research supporting the use of problem-based learning. The authors of both articles contend that
even if there are no significant differences in domain-specific outcomes between problem-based
learning and traditional forms of instruction that the benefits of PBL related to providing a more
challenging, motivating, and enjoyable learning environment for both faculty and students
provides ample justification for its use. While the authors concede that “PBL does not result in
dramatic differences in cognitive outcomes” and that “PBL has been oversold by its advocates,
promising enormous benefits and largely ignoring the associated resource costs” (p.721),
Norman & Schmidt (2000) argue that:
the small effects and inconclusive findings derived from research on PBL result, not from
the inadequacy of the theory and its basis in the laboratory, but from the futility of
conducting research on interventions which, like PBL, are inadequately grounded in
theory, in real environments, which are so complex and multifactorial, with so many
unforeseen interacting forces, using outcomes so distant from the learning setting, that
any predicted effects would inevitably be diffused by myriad unexplained variables…the
fact that any significant effects have been observed is evidence of the effectiveness of
PBL. (p.722)
The findings of Albanese (2000) concur with the observation made by Colliver (2000)
that the theoretical basis for PBL provided solely by contextual learning theory is weak, and he
provides four additional theoretical frameworks, information-processing theory, cooperative
learning, self-determination theory, and control theory, which offer further explanation related to
the effectiveness of problem-based learning. Additionally, Albanese (2000) suggests that
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cooperative learning (CL) may function as the “active ingredient” in PBL environments. This
supposition, summed by the statement “Perhaps one of the reasons for the ambiguous results
from evaluations of PBL is the presence/absence of CL” (p. 734), was the impetus for the initial
conceptualization of the current study.
The meta-analysis conducted by Dochy et al., (2003) that examined 43 studies, all
conducted in a natural educational environment, was the first systematic review to consider
research beyond the field of medical education in order to evaluate the evidence related to the
effectiveness of PBL (Gijbels et al, 2005). Their results confirmed those of prior analyses
(Albanese & Mitchell, 1993; Vernon & Blake, 1993) in that student performance related to the
demonstration of their acquisition of domain-specific knowledge favored a more traditional
instructional approach. However, findings also suggested that students educated using PBL
demonstrated a superior aptitude for the application of knowledge and that this was largely
dependent on the quality of the assessment methods that were used in a particular study relevant
to their ability to account for these types of ability. Additionally, while the results of the review
suggested that students acquired less knowledge during PBL in comparison to traditional
instructional formats, it also suggested that students in PBL retained more of what they have
learned for extended periods of time.
In a systematic review and meta-analysis Newman (2003) evaluated 91 articles cited by
previous reviews in an effort to identify sources of high quality evidence for the effectiveness of
PBL. To this end, a set of inclusion criteria were developed and applied in order to rule out
those studies that should be excluded from the meta-analysis. These criteria required that all
included studies must have involved participants in post-secondary education programs, must
have utilized a randomized controlled trial, controlled clinical trial, a controlled before and after
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study, or an interrupted time series experimental design, and that the studies must have involved
the objective measurement of student performance. Of the 91 studies that were identified only
12 met the inclusion criteria utilized by the research team. Despite the limited pool of high
quality research relevant to the effectiveness of PBL as defined by the study’s set of inclusion
criteria, the findings of Newman (2003) were consistent with those of previous reviews.
Specifically, the author reported that student performance on knowledge related outcomes tended
to favor traditional environments, while students and instructors preferred PBL.
In a detailed review of the fundamental characteristics of problem-based learning and the
existing evidence related to its effectiveness, Hmelo-Silver (2004) concludes that “PBL offers
the potential to help students become reflective and flexible thinkers who can use knowledge to
take action” (p. 261). In response to the discrepant findings of several meta-analyses examining
the outcomes related to knowledge resulting from PBL in comparison to knowledge obtained as
a result of traditional methods, Hmelo-Silver (2004) states that “Although multiple choice tests
measure knowledge, they may not get at the type of extensive and flexible knowledge aligned
with the goals of PBL” (p.249). While Hmelo-Silver (2004) provides several examples of
strong evidence for the use of PBL, the author recognizes that empirical support remains limited
by a lack of research involving strong experimental control and a gap in the literature related to
the contributions of motivation and collaboration to the outcomes that result from PBL.
The meta-analysis conducted by Gijbels et al. (2005) involved an examination of
outcomes reported from 40 research studies that focused on the effectiveness of PBL in the
context of the types of assessments that were used by the individual studies as a means of
assessing the compatibility of their findings with the fundamental goals of problem-based
learning. This study sought to address the concerns raised by previous reviews (Albanese &

25

Mitchell, 1993; Hmelo-Silver, 2004) that the detection of all positive outcomes that are
characteristic of PBL environments via traditional methods of assessment is unlikely. It also
aimed to investigate the supposition that “a valid assessment system would evaluate students’
problem-solving competencies in an assessment environment that is congruent with the PBL
environment” (Gijbels et al., 2005, p.32).
Gijbels et al. (2005) conducted their analysis by investigating the influence of assessment
format as the primary independent variable in the study. For the purpose of analysis, the
assessment format used in each study was categorized via the use of a “theory-based model of
the cognitive components of problem-solving” (p.33) derived from Sugrue (1995). Using this
model, the authors coded each assessment format based upon which of the three levels of the
knowledge structure was measured. Assignment to the level 1 category corresponded with
assessment formats that measured a students’ mastery of concepts as evidenced by their ability to
select or recognize examples with correct attributes and explain why the examples are correct
representations. Level 2 assessment formats measured student performance related to the
construct of principles by their ability to identify similar problems and select, generate, and/or
explain predictions or solutions. Assessment formats categorized as being at level 3 of the
knowledge structure focused on the degree to which participants demonstrated aptitude within
the construct of application conditions and procedures defined as the ability to select, perform,
and explain correct task-specific procedures.
Gijbels et al. (2005) found that the “effect of PBL differs according to the levels of the
knowledge structure being measured” and that “PBL had the most positive effects when the focal
constructs being assessed were at the level of understanding the principles that link concepts”
(p.45), which was categorized as level two in the analysis. No negative findings were identified
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linking the outcomes of PBL to assessments categorized as measuring performance at the third
level of the knowledge structure in the analysis. The researchers also reported that students
performed at least as well as students in traditional formats on assessments coded at level 1.
From these findings, in reference to the effects of PBL on student performance, Gijbels et al.
(2005) concluded, “students’ path toward expertise has been accelerated” (p.45). Additionally,
the authors stated, “it is clear that the method of assessment has an important influence on the
reported effects of PBL” (p.47).
In a brief review of the existing literature concerning PBL, Sanson-Fisher and Lynagh
(2005) provide commentary related to the possible reasons for the vast and rapid expansion of
problem-based learning throughout the medical education field and beyond, despite the statement
that “empirical data do not strongly support claims that PBL leads to advantageous educational
outcomes” (p.259). The authors suggest that the wide adoption of PBL in medical education is
due in part to a change in how the community at large views the medical profession as being
more accepting of a democratic approach to patient care. In this modern model of medicine
described by Sanson-Fisher and Lynagh (2005), the patient is more willing and able to voice
complaints, get multiple professional opinions, and make direct demands of their medical
providers. In this way, the authors suggest that problem-based learning prepares medical
students for this type of professional climate in that “PBL is seen as more democratic and
humanistic: the individual’s voice is valued and students are no longer silent receptors of
knowledge from their superiors” (p.259).
Sanson-Fisher and Lynagh (2005) argue that the wide adoption of problem-based
learning is also due to strong evidence that students enjoy, and are more enthusiastic about,
learning in a PBL environment in comparison to traditional educational formats. Furthermore,
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the authors suggest that in addition to PBL actually being more enjoyable for students, it also
appears more enjoyable in comparison to traditional learning formats that expect students to
assume a very passive role. Its desirable appearance, in addition to its having a “high face
validity” (p.260) in that it appears to approximate the types of processes a medical (or any other)
professional may have to engage in, has contributed significantly to the willingness of educators
and practitioners to accept PBL (Sanson-Fisher & Lynagh, 2005).
In a review of the literature related to several “pedagogically equivalent” (p.75)
instructional approaches that they refer to frequently as “minimally guided”, Kirschner et al.
(2006) argue that instructional designs utilizing a high degree of instructor guidance and worked
examples are superior to those that are more inquiry-based and student centered. They suggest
that there is a strong base of evidence against the use of constructivist-informed instructional
methods dating from the mid-1950’s that has either been largely ignored or circumvented by
proponents of “minimally guided” instruction by occasionally representing equivalent
pedagogical techniques under new names when the currently popular “minimally guided”
approach is discredited. The authors state that several instructional approaches were created this
way in that “this pattern produced discovery learning, which gave way to experiential learning,
which gave way to problem-based and inquiry learning, which now gives way to constructivist
instructional techniques” (p.79). The genealogy of problem-based learning presented by
Kirschner et al. (2006) does not align with several other accounts of PBL’s initial conception and
development (Barrows & Tamblyn, 1980; Schmidt, 1993; Schmidt et al., 2009; Williams, 1992).
The primary argument proposed by Kirschner et al. (2006) is that these “minimally
guided” approaches ignore the constructs of human cognitive architecture and are “likely to be
ineffective” (p.76). Specifically, the authors suggest that these instructional approaches are
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incompatible with both information-processing theory and cognitive load theory in that the
techniques require the allotment of substantial cognitive resources on behalf of the learner in
order to process and acquire new knowledge. In contrast, the authors state that instructional
approaches that provide structure through the presentation of worked examples serve to lighten
the cognitive load needed to process, acquire, and retain new knowledge and are consequently
superior to the group of strategies, including PBL, which they refer to as “minimally guided”.
The commentary related to problem-based learning provided by Kirschner et al. (2006)
evoked a response on behalf of proponents of PBL instructional methods in the form of three
companion articles (Hmelo-Silver et al., 2007; Kuhn, 2007; Schmidt et al., 2007) published in a
single issue of the same journal a year following the original article. The issue also included a
reply to the response articles on behalf of proponents of CLT (Sweller et al., 2007). In general,
proponents of PBL disagree with the conclusions offered by Kirschner et al. (2006) in that they
argue that PBL does not constitute minimally guided instruction (Hmelo-Silver et al., 2007;
Schmidt et al., 2007), that PBL is compatible with cognitive theories of learning including CLT
(Schmidt et al., 2007), that the supposition that PBL does not work at all or is inferior to more
structured approaches is not well supported in the existing literature (Hmelo-Silver et al., 2007),
and that the “one or the other/right or wrong” tone of the stance taken by Kirschner et al. (2006)
does not account for the complexity of learning environments or the outcomes that they aim to
encourage (Hmelo-Silver et al., 2007; Kuhn, 2007).
Schmidt et al. (2007) attribute the “incorrect” (p.95) classification of PBL as unguided or
minimally guided made by Kirschner et al. (2006) to their confusing the ultimate goal of student
independence with there being no guidance or minimal guidance during problem-based learning.
They argue that PBL is not minimally guided in that students receive various levels of support
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both prior to, and during PBL instruction in the forms of training in group collaboration skills
and tutor facilitation provided through a variety of methods. Additionally, Schmidt et al. suggest
that assigning complex tasks to groups allows for a decrease in the cognitive load that is required
to address the task via the dispersal of the load across group members. This is accomplished via
PBL by activating the prior knowledge of individual group members and encouraging them to
contribute their expertise towards the collective outcomes of the group via collaborative
discussion.
Like Schmidt et al. (2007), Hmelo-Silver et al. (2007) disagree with the claim made by
Kirschner et al. (2006) that PBL should be categorized as a “minimally guided” instructional
approach. They argue that problem-based learning can involve a high degree of structure and
guidance via multiple channels depending on the nature of the instructional climate. Further, the
authors suggest that the instructional practices advocated for by Kirschner et al. are nearly
indistinguishable from many of the techniques used to scaffold student learning and ultimately
decrease cognitive load in PBL environments. The authors challenge the narrow scope of the
literature provided as evidence for the failure of PBL by Kirschner et al. and they describe
several empirical studies that support the use of problem-based learning as an effective mode of
instruction. Hmelo-Silver et al. conclude that addressing the question of how we should teach is
a complex endeavor that involves the consideration of many factors including specific
educational contexts and the life-long outcomes that we would aspire to for learners in any
environment.
In building upon the conclusion of Hmelo-Silver et al. (2007), Kuhn (2007) argues that
the concerns of Kirschner et al. “…are misplaced and that the most pressing concern facing
educators and challenge to educational reformers is not in fact how to teach students but rather
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what to teach them” (p.110). She proposes that in the context of our current culture, which is
rapidly evolving, that the task of predicting what students will need to know for success later in
life is an impossible one. She argues that this provides ample justification to focus instruction on
equipping students with the skills of inquiry rather than just spoon-feeding them the outcomes.
In this light, Kuhn contends that it is not appropriate to identify which teaching method is “right
or wrong” as Kirschner et al. (2006) appears to propose. In contrast, she suggests, “…there is a
place for both direct instruction and student-directed inquiry” that there is a “need to contemplate
instructional methods within the broader context of instructional goals” (p.112).
In their reply to the three companion response articles in the same issue, Sweller et al.
(2007) uphold that:
There is no theoretical reason to suppose or empirical evidence to support the notion that
constructivist teaching procedures based on the manner in which humans acquire
biologically primary information will be effective in acquiring the biologically secondary
information required by the citizens of an intellectually advanced society. (p.121)
Much of this conclusion seems to be due to a continued misinterpretation of the fundamental
characteristics of problem-based learning as they are reviewed in the current research.
Specifically, the suggestion made by Sweller et al. (2007) that the emphasis on skills of selfdirected learning in PBL equates with a de-emphasis on instructional guidance is not supported
by any of the sources referenced in the current review.
In response to the proposition that collaborative discussion within small groups serves to
decrease cognitive load during PBL made by Schmidt et al. (2007), Sweller et al. state that
“Cooperation or collaboration…imposes costs in terms of cognitive load in that the coordination
and execution of communication and interaction in groups is, in itself, often a cognitively taxing
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experience” (p.117). Despite the clear description of the tactics used in PBL prior to instruction
in order to provide students with training to support their ability to demonstrate skills of
collaboration provided by Schmidt et al. (2007), Sweller et al. suggest “While we may want
students to learn to cooperate and collaborate, why not teach those skills separately in a guided
fashion” (p.117). This fundamental disagreement between proponents of PBL and those that
advocate for the use of worked examples related to the contribution of collaboration during
problem-based learning contributed to the framework for the primary investigation in the current
study.
In reference to the thorough description of scaffolding techniques that are common to
PBL provided by Hmelo-Silver et al. (2007), Sweller et al. suggest that “the only scaffolds they
seem to ignore are providing learners with a problem and a problem-solving procedure that can
be used for generating this solution” (p.117). This too, seems to be the result of a
misinterpretation of the fundamental characteristics of PBL. The suggestion to provide a single
problem-solving procedure negates the attributes of a problem well suited for PBL instruction in
that it would not likely be “…complex, ill-structured, and open-ended” (Hmelo-Silver, 2004, p.
244).
Sweller et al. (2007) question the existence of several of the skills that Hmelo-Silver et al.
(2007) identify as being outcomes of PBL. In reference to the process of sense making during
problem solving or to the acquisition of flexible learning skills they argue that the associated
processes are “…rarely if ever described, let alone taught” (p.118). In response to the number of
studies cited by Hmelo-Silver et al. in support of PBL as an effective teaching method, Sweller et
al. state that “all seem fatally flawed” and are “…almost useless in determining effective
instructional procedures” (p.118). The authors suggest that the only experimental design of any
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worth is one where only one variable is altered at a time. This suggestion seems to ignore the
commentary of many educational researchers (Albanese & Mitchell, 1993) related to the
complexity of learning environments and the learners that inhabit them.
Sweller et al. state that the response made by Kuhn (2007) “presents a point of view with
which we very strongly disagree” (p.119). Despite the non-confrontational, non-proselytizing
tone of Kuhn (2007), Sweller et al. insist that her perspective is radical and appear to take great
liberties in selectively highlighting small portions of her writing to confirm this. For example
Sweller et al. (2007) states, “Kuhn (2007) believes we should deemphasize the teaching of
scientific theories and findings in favor of learning the methods of science. She suggests we
should consider, ‘…whether to teach knowledge at all’ (p.110). Rather we should ‘teach…the
skills of knowledge acquisition’ (p.110)” (p.119).
Strobel & Barnevald (2009) conducted a meta-synthesis of eight prior meta-analyses and
systematic reviews (Albanese & Mitchell, 1993; Berkson, 1993; Colliver, 2000; Dochy et al.,
2003; Gijbels et al., 2005; Kalaian, Mullan, & Kasim, 1999; Newman, 2003; Vernon & Blake,
1993) related to the effectiveness of problem-based learning in an attempt to identify variation in
the studies to explain the discrepancy between their findings. They concluded that the
inconsistency in the findings of previous reviews stemmed from whether researchers tended to
focus on long-term retention of knowledge, which appears to favor PBL, or short-term retention,
a goal that favored traditional forms of instruction. The authors confirmed the findings of
several of the aforementioned studies that both students and instructors favored a PBL approach
over traditional methods. Strobel & Barnevald (2009) concluded, “PBL is significantly more
effective than traditional instruction to train competent and skilled practitioners and to promote
long-term retention of knowledge” (p.55).
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Walker and Leary (2009) conducted a meta-analysis of 82 studies in a further attempt to
account for the continued disagreement of findings from research aimed at assessing the
effectiveness of problem-based learning. The authors expanded upon the model provided by
Gijbels et al. (2005) in that they sought to develop categories to code the individual studies in
order to detect any variation that may be due to differences in the design of the instructional
environment, the academic or professional discipline, the problem type, or the format of
assessment. The codes for instructional type were largely based upon the taxonomy of PBL as
described by Barrows (1986) and included the codes lecture-based cases, case-based lecture, case
method, modified case-based, problem-based, and closed-loop problem-based. Problem type
codes were developed from the eleven problem types provided by Jonassen (2000). These
included logical, algorithmic, story, rule using, decision making, trouble-shooting, diagnosissolution, strategic performance, case analysis, and dilemma. The authors utilized the three levels
of assessment types as originally included in Gijbels et al. (2005), which included the codes
concept, principle, and application.
The researchers found that outcomes varied significantly across disciplines. Studies
within teacher education reported the most favorable outcomes related to PBL while studies
within the disciplines of engineering and science reported the least favorable outcomes related to
PBL. The results of the analysis in relation to assessment level departed from the findings of
Gijbels et al. (2005) in that they identified the largest effects on application assessments (level 3)
and found statistically significant positive effects in favor of PBL in relation to all three
assessment types. Analyses related to problem type and PBL method were relatively
inconclusive given the large representation of medical education diagnosis-solution problems
and lack of detail in many studies related to the specific design of instruction. In light of their
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findings, Walker and Leary (2009) concluded “Across all of the analyses run, PBL students
either did as well as or better than their lecture-based counterparts” (p.24).
In an effort to control for the many variations of PBL models across institutions and
disciplines that may contribute to the discrepancies in findings of previous analyses (Gijbels et
al., 2005; Walker & Leary,2009), Schmidt et al. (2009) conducted a meta-analysis of 270
curricular comparisons involving PBL instruction at a single medical school in the Netherlands.
They compared several dimensions of performance outcomes of the students and the PBL
program as a whole to those of seven other “conventional” medical schools in the Netherlands
that do not utilize a PBL model. The authors state that in addition to controlling for variations in
instructional design or implementation across institutions that utilize PBL, the design of the
analysis was especially strong in terms of experimental validity in that all Dutch medical
students are admitted to medical schools via a centralized “weighted lottery” based upon their
achievement on a national entrance examination. This process inadvertently results in a balanced
population of students in terms of their age, gender, socioeconomic status, and motivation across
institutions. This serves to level the variance that can exist between individual students that could
ultimately influence institutional performance outcomes.
Schmidt et al. (2009) found that the average student enrolled in the PBL curriculum
demonstrated interpersonal skills that were superior to 92% of the students enrolled in a more
conventional curriculum. In light of these results the authors concluded that “…collaborating in
small tutorial groups indeed facilitates the acquisition of such skills” (p.237). Additionally, the
average PBL student outperformed 79% of their conventional counterparts on measures of
practical medical skills. On measures related to institutional performance, the PBL program
outperformed the conventional institutions in every dimension examined in the analysis.
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Average PBL student ratings related to their perceptions of the quality of their instructional
program surpassed 75% of those provided by conventional students, the average student in the
PBL program graduated faster than 70% of conventional student, and the PBL program retained
approximately 12% more students on average over a ten year period.
Much smaller differences in favor of the PBL program were reported in relation to the
students’ acquisition of medical knowledge and diagnostic reasoning. Specifically, the authors
found that PBL students fared 3% better than the average conventional student in their
acquisition of medical knowledge and 5% better than the average conventional student in the
area of diagnostic reasoning. In response to the critiques made by Kirschner et al. (2006) related
to the ineffectiveness of PBL as an instructional method, Schmidt et al. (2009) conclude that the
findings of their analysis “…do not support their hypothesis” (p. 238). They state that “There is
no indication in our findings that students in a problem-based curriculum learn less content
knowledge” and that “PBL seems to promote, more than conventional education does, the
development of professional skills…in ways preferred by students…in a more effective and
efficient way” (p.238).
Origins of the Current Study
The primary aims of the current research have been shaped by several studies that have
preceded it. These studies have raised questions related to whether cooperative learning is the
“active ingredient” in PBL (Albanese, 2000), whether PBL encourages students to become
effective collaborators (Hmelo-Silver, 2004), if collaboration during PBL represents an
impediment to learning (Sweller et al., 2007), or if collaboration is a necessary component of
PBL at all (Bahar-Ozvaris et al., 2006; Pease & Kuhn, 2010; Wirkala & Kuhn, 2011). The
experimental design of the proposed research has also been inspired by several prior studies that
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have employed a within-subjects arrangement in order to examine the outcomes of PBL
instruction compared to instructional techniques using a more traditional lecture/discussion
format (Capon & Kuhn, 2004; Pease & Kuhn, 2010; Wirkala & Kuhn, 2011; Yadav et al., 2011).
The study by Bahar-Ozvaris et al. (2006) sought to assess the hypothesis that cooperative
learning is the “active ingredient” in PBL instruction put forth by Albanese (2000). They
compared the performance of students in a traditional lecture/discussion instructional format to
those in PBL with a cooperative component. The authors accomplished this via the
implementation of a between-subjects parallel-groups research design in which they used
statistical analysis to assess the significance of variance between the control groups (traditional
lecture/discussion) and experimental groups (PBL). They found that the students in the PBL
condition gained significantly more domain-specific knowledge as measured by an individual
assessment and that achievement was greatest in groups that reported the highest quality of
cooperation.
The study by Capon and Kuhn (2004) was conducted within two sections of a graduatelevel business course in an executive MBA program. The purpose of the study was to compare
outcomes related to student performance on written assessments following each of two separate
instructional strategies. The instructional strategies of interest were a traditional
lecture/discussion (LD) method and problem-based learning. The researchers identified two
topics that were typically addressed in the course that were independent of one another and
amenable to both PBL and LD instructional formats. They systematically varied the form of
instruction that was delivered so that the instruction received by participants in each section was
crossed with those in the other. In other terms, the study by Capon and Kuhn (2004) represented
a crossed 2 X 2 design as depicted in Table 1.
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Table 1
Overview of the research design utilized by Capon and Kuhn (2004)
Group
Topic 1
Topic 2
Class 1
PBL
LD
Class 2
LD
PBL

Table 1 is only an approximation of the systematic manipulations of the instructional design by
Capon and Kuhn (2004) in that the researchers in the study do not provide detail as to the order
in which the sections received the various treatments.
There is little known about the quality of the group interactions during the PBL
conditions as Capon and Kuhn (2004) state that “these groups were not facilitated or
monitored…no specific data are available regarding what occurred during this group activity”
(p.66). The chi-square test (Χ2) was used to evaluate the differences between student
performance following the two instructional methods. There is no discussion of why this method
of hypothesis testing was utilized and there is little discussion of the magnitude of the results.
The authors found that participants demonstrated greater amounts of understanding or integration
of new information into their pervious conceptions as a result of PBL when compared to the
outcomes related to the LD method of instruction. The study by Capon and Kuhn (2004) makes
an important contribution to the literature supporting the use of PBL, despite its limitations, in
that it established a method of conducting research on the effects of problem-based learning in a
natural environment while maintaining strict experimental control.
The research conducted by Pease and Kuhn (2010) involved two separate, related studies
which took place over two years with undergraduate physics students at a university in Lima,
Peru. The first study sought to replicate the findings of Capon and Kuhn (2004) by examining
the differences in student performance in two different treatment conditions through the use of a
crossed 2 X 2 within-subjects design. The researchers compared the performance of students in
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two separate sections of a physics class taught by the same instructor. The independent variable
in this study was the manipulation of two levels of instructional format (Problem-based learning
or Lecture/Discussion).
The researchers identified two fundamental, distinct concepts “of equivalent complexity”
(Pease & Kuhn, 2010, p.61) that were typically taught in the course in order to use as a vehicle to
systematically manipulate the two instructional formats in a consistent manner across the two
sections.

Both sections spent seven hours devoted to instruction related to the first concept,

electromagnetic field, during the first and second weeks of the course. Section 1 received
instruction related to this concept via the lecture/discussion method and section 2 received
instruction related to the concept via PBL. The instructional strategies were then crossed in the
third and fourth weeks during the presentation of content related to the second concept
gravitational field so that section 1 received instruction in this topic via PBL and section 2 was
taught using the LD method. Table 2 provides an illustration of the experimental design used in
study 1.

Table 2
Overview of the research design utilized in study 1 by Pease and Kuhn (2010)
Group
Topic 1
Topic 2
Section 1
LD
PBL
Section 2
PBL
LD
The researchers measured students’ learning of the concepts by assessing their
comprehension and application of the course content. Their comprehension of domain-specific
knowledge was assessed via three written examinations following weeks 2, 4, and 12. These
examinations consisted of open-ended questions in the format of a case. The researchers assessed
students’ ability to apply what they had learned via the administration of two examinations
during weeks 9 and 16. The application examinations consisted of two open-ended questions
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requiring students to explain a scenario, which required the use of the content taught in the
course in previous weeks.
The study by Pease and Kuhn (2010) utilized Χ2 as a means of determining whether their
findings were statistically significant. The chi-square test is used when the research question
only requires a binomial (two possible outcomes) explanation. A detailed discussion as to why
the researchers chose to use chi-square as a means of hypothesis testing in lieu of other more
sensitive statistical tests is absent from the article. Pease and Kuhn (2010) reported that
“Examination of individual patterns shows that in both classes, the majority of the students
performed better on the concept learned via PBL than on the concept learned via lecture” (p.71).
Building upon the findings of the first study that PBL was superior to LD in relation to
student performance on assessments of comprehension and application, the second study
reported in Pease and Kuhn (2010) sought to identify the specific components of PBL that
resulted in the aforementioned desired results. Specifically, the second study sought to examine
the role of two of the social components of the PBL treatment used in the first study. The two
social components that were identified consisted of the distribution of cognitive load among
group members and the collaboration among students to solve the actual problem that is
presented. The researchers assessed the contribution of each of these factors in the second study
by implementing a second 2 X 2 crossed within-subjects experimental design where the
independent variable was the level of collaboration present during the instruction. The second
study took place one year after the first and occurred within the same course with the same
instructor and covered the same content. The manipulation of the treatment conditions and
timeline associated with the assessments were also identical to those utilized in study 1. Table 3
provides an illustration of study 2.
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Table 3
Overview of the research design utilized in study 2 by Pease and Kuhn (2010)
Group
Topic 1
Topic 2
Section 3
PBL-Individual
PBL-Teams
Section 4
PBL-Teams
PBL-Individual
The researchers reported that there was not a significant difference between the
performance of participants as a result of the manipulation of the two instructional designs of
interest suggesting that the social component of PBL may not be necessary for its success. The
authors offered further support for this statement by reporting that a comparison of student
performance during the PBL-teams condition during study 2 (shared workload absent) was not
significantly different from that of the PBL condition in study 1 (shared workload present). As
in study 1 the chi-square statistic was utilized as a means of theory testing.
While the study by Pease and Kuhn (2010) is important in that it further demonstrates a
viable method for conducting PBL research in a natural educational environment while
maintaining strict experimental control, it is not without flaws. The primary purpose of both
studies reported in this article was to examine the effects of various forms of problem-based
learning. However, the instructional designs utilized in the research conducted by Pease and
Kuhn (2010) does not appear to involve PBL in its purest form. Pease and Kuhn (2010) states
that “a primary defining feature of PBL is the contextualization of learning in a problem
presented to students without any preparatory study in the subject matter” (p.58), this is
problematic in that students in the study under review were each assigned reading which
“introduced the concept, illustrating it with examples” (p.62), prior to participating in PBL
instruction. Additionally, Pease and Kuhn (2010) states that the process of gathering and sharing
information on behalf of the participants in the studies were “…structured by the instructor’s
selection of articles for students to read, as well as formulation of the problem to be addressed”
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(p.63). This high degree of instructor influence and constraint may not be ideal for students’
realization of the fundamental goals of PBL related to the development of skills related to SDL.
The researchers stated that the two topics targeted for instruction in the study were “of
equivalent complexity” (Pease & Kuhn, 2010, p.61). However, the authors’ do not provide any
basis for this conclusion. Additionally, the research design does not account for any variability
in student performance that may have been due to differences in instructional content.
The treatment conditions incorporating various forms of “PBL” in the studies by Pease
and Kuhn (2010) do not adequately account for the implications of social interdependence theory
in the design of learning environments where successful collaboration among group members is
a goal. Furthermore, there is no attempt to examine the influence of the quality of collaboration
in small groups on student performance. The design of the assessment methods used in the
study, and the authors’ conclusions resulting from an examination of student performance on the
assessments, do not represent the perspective that the development of the requisite skills for
collaboration is a worthwhile instructional outcome in its own right. A thorough evaluation of
the implications of the findings that the social aspect of PBL may not be necessary for its
success, as reported by Pease and Kuhn (2010), is challenging given that it may first be
necessary to address the question: Can an instructional design without a collaborative aspect still
be considered PBL?
The study by Wirkala and Kuhn (2011) builds upon prior research (Capon & Kuhn, 2004;
Pease & Kuhn, 2010) in that it involved the examination of learning outcomes related to various
forms of PBL in comparison to a more traditional lecture/discussion instructional design. The
research by Wirkala and Kuhn (2011) is similar to the prior studies (Capon & Kuhn, 2004; Pease
& Kuhn, 2010) in that it endeavored to examine the specific short-term outcomes related to
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student learning following PBL in a natural classroom environment using a crossed withinsubjects design. The study extends the previous research in that it incorporates a more elaborate
experimental design that compares the outcomes related to three factors simultaneously where
both Capon and Kuhn (2004) and Pease and Kuhn (2010) only compared two treatment factors at
a time. Another distinction between previous research in this field and the study by Wirkala and
Kuhn (2011) is that the research was conducted with sixth-grade students in a public school.
Similar to previous research, Wirkala and Kuhn (2011) stated that the two topics targeted
for instruction in the study “were chosen to be equivalent in difficulty and equally unfamiliar to
students” (p.1161). However, unlike the previous studies, the authors based their conclusions
related to the equivalence of the two topics on the performance of participants on a written
assessment of comprehension given prior to the students receiving any form of instruction
related to the two topics. The researchers found that very few students were able to provide even
a very basic definition for the topics on the comprehension assessment, an outcome which was
interpreted to support the equivalency of the two topics (Wirkala & Kuhn, 2011, p. 1173).
Conceptually, the research design of Wirkala and Kuhn (2011) is a more efficient
adaptation of the design used by Pease and Kuhn (2010) extended to a new educational context.
Both studies sought to compare the outcomes resulting from PBL environments that included a
collaborative component to those that did not involve collaboration. Additionally, both studies
compared the outcomes that resulted from two PBL arrangements to those that resulted from
traditional lecture/discussion. Pease and Kuhn (2010) accomplished these comparisons over a
two-year period in two separate studies with four separate classes of students, whereas the study
by Wirkala and Kuhn (2011) made their comparisons between the three factors of interest over
approximately six months with three separate classes of students. The design of the study by
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Wirkala and Kuhn (2011) represents a 2 X 3 Latin-square experimental design illustrated by
Table 4.
Table 4
Overview of the research design utilized by Wirkala and Kuhn (2011)
Group
Topic 1
Topic 2
Class 1
PBL-Individual
PBL-Teams
Class 2
PBL-Team
LD
Class 3
LD
PBL-Individual

In addition to utilizing a more efficient design than previous studies, the data collection
and statistical analysis utilized in the study was more refined. Wirkala and Kuhn (2011) is the
first of the studies under review to make comparisons both within and between subjects through
the use of multiple statistical tests including a t-test, the chi-square statistic, and the Wilcoxen
rank-sum test. The authors found that student performance in response to both of the two forms
of “PBL” (team & independent) was not significantly different. Additionally, the study by
Wirkala and Kuhn (2011) confirmed the earlier findings of both Capon and Kuhn (2004), and
Pease and Kuhn (2010) in demonstrating that learning outcomes related to the comprehension
and application of content were superior following instruction utilizing PBL in comparison to a
lecture/discussion method.
Although the study by Wirkala and Kuhn (2011) represents a clear evolution in
experimental research in the field of problem-based learning, it also shares many of the flaws
existing in prior studies in this field (Pease & Kuhn, 2010). While the strategy used by Wirkala
and Kuhn (2011) to establish the equivalence of the topics targeted for instruction is an
improvement from the methods used in Pease and Kuhn (2010), it is not without flaws. The
assumption that the two topics targeted for instruction in Wirkala and Kuhn (2011) were
equivalent in terms of their complexity was based on the outcome that participant performance
on a comprehension assessment at baseline was similar across the two topics. However, the
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participant performance was similar in that very few students were able to provide even a very
basic definition for the topics. The logic that students’ inability to respond on assessment
targeting content for which they have no prior exposure can be interpreted as reliable evidence of
topic equivalence is flawed, as this outcome may be achieved by asking students to explain any
two topics of equivalent or varying difficulty that the students have had no prior exposure to.
Another concern is related to the absence of consideration regarding the essential
components of successful PBL and collaboration within the research design of Wirkala and
Kuhn (2011). Similar to Pease and Kuhn (2010) the study by Wirkala and Kuhn (2011) does not
account for the implications of social interdependence theory in relation to instructional designs
involving group collaboration. Specifically, there does not appear to be any aspect of the
instructional design meant to encourage any degree of positive interdependence within the PBLteam conditions. This observation is supported by the authors’ statements that “teams relied on
one or two members to do most of the work, with the rest relaxing and saying little…teams
showed varying levels of collaboration” (Wirkala & Kuhn, 2011, p.1164). Clearly, based on the
authors’ commentary, not all of the groups in the study actually engaged in a form of
collaboration as it is commonly defined.
Neither study (Pease & Kuhn, 2010; Wirkala & Kuhn, 2011) appears to have provided
students with training related to group collaboration skills prior to PBL instruction. It has been
suggested that this type of training is important in that it can support the existence of high quality
collaboration among group members in PBL (Schmidt et al., 2006). While the findings of
Wirkala and Kuhn (2011) that suggest that collaboration may not be required for success in PBL
is in agreement with those of Pease and Kuhn (2010), the authors still do not address the
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fundamental question of whether instructional designs without collaboration can even be
considered problem-based learning by definition.
Wirkala and Kuhn (2011) reported that students had “a total of 2 hours” (p.1160) over
three class sessions to complete the PBL activity from start to finish. It is highly improbable that
this represented a sufficient amount of time spent on each concept utilizing PBL instruction in its
“best practice form” (p.1159). The researchers also reported that 20 of the 120 minutes allotted
to each PBL condition was spent providing students with a condensed version of the lecture
given in the LD condition. This appears to be in direct contrast with the authors’stated
assumption that in PBL students should “engage the problem ‘cold’, without being introduced to
relevant concepts” (p.1164). Additionally, the inclusion of a teacher-directed lecture during the
“PBL” treatment conditions appears to be an irreconcilable confound in relation to the authors’
ability to isolate the influence of the various levels of the independent variable “instructional
design”. Consequently, the authors’ findings related to the effectiveness of one level of the
independent variable in comparison to another must be interpreted with caution.
The 2 X 3 single Latin-square design utilized in the study by Wirkala and Kuhn (2011)
lacked adequate balance to ensure that the researchers could properly account for any carryover
or period effects that could have been present. It is not possible to achieve a balanced Latinsquare in an experimental design examining three treatments without the use of multiple squares.
Although it is sometimes necessary to use partially balanced crossover designs when participant
resources are scarce, this should only be done in a way that does not overlook a treatment
contrast of interest, or if it is assumed that there will be no carryover or period effects related to
the research design.
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While the aforementioned concerns raise several questions related to the reliability of the
findings of Pease and Kuhn (2010) and Wirkala and Kuhn (2011) in relation to the contribution
of collaboration to outcomes resulting from PBL, the studies offer clear examples of the utility of
using a within-subjects crossed design to evaluate the efficacy of PBL in real educational
environments. The current study adds to the literature in the area of problem-based learning by
addressing the limitations of the prior studies by improving upon the quality of the conceptual
framework, the instructional designs, the assessments, and the analyses that were utilized in the
previous research.
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CHAPTER III
METHOD
Participants
Participants were 47 undergraduate students at a large research-intensive public
university. Participants consisted of a mix of pre-service teachers and education minors enrolled
in three separate sections of an introductory course in educational psychology. The sections
were taught by the same instructor over two academic semesters within the same calendar year.
One of the sections was taught during the spring semester and two additional sections were
taught concurrently the following academic year in the fall. The total number of students
enrolled in each section varied from 17 in the spring section, to 24 in the first fall section and 27
in the second fall section. While 50 of 68 total students opted to participate in the study yielding
a 74% rate of participation, the data for three of the participants had to be dropped from the study
due to their absence from course meetings.
Course
The course within which the research was conducted is a required 3-credit class entitled
“Educational Psychology: Principles of Classroom Learning”. The course is intended to
introduce students to many of the prominent theoretical perspectives related to the nature of
learning and a number of the pedagogical practices common to practitioners within the field of
education. It is typical for a dozen sections of the course, facilitated by several instructors, to be
offered each semester. While the fundamental course content is consistent across sections, the
instructional methods and materials that are utilized in each section of the course can vary based
upon the preference of individual instructors.
The current study was conducted in three separate sections of the educational psychology
course over two semesters. The instructional format for the course was listed as “mixed
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methods” within the description provided at the time of registration and students received an
email immediately following their enrollment providing a general overview of the various types
of instruction that they would encounter in the section. This was done to afford students the
option of taking an alternate section of the course that utilized a more traditional
lecture/discussion format as the primary means of instruction.
Instructor.
The instructor for the sections of the course within which the current study occurred was
also the primary investigator for the research. In an effort to minimize potential risk related to
any bias or coercion that existed from this arrangement the instructor remained blind to the
identities of the students in the course that had given consent to participate in the study until the
final grades for the course were assigned. This was accomplished through the enlistment of a
research assistant who collected the consent forms from students at the outset of the course and
maintained them under lock and key until the completion of the semester.
Design
The design of the current study was inspired by previous research conducted within the
field of PBL in the contexts of an undergraduate science course taught at a university in Peru
(Pease & Kuhn, 2010) and a 6th grade class taught at an alternative middle school in New York
City (Wirkala & Kuhn, 2011). As in the prior studies, the current study utilized a within-subjects
design as a means of examining the effects of the independent variable “instructional format”.
Three levels of the independent variable (PBL-Positive Interdependence vs. PBL-High Positive
Interdependence vs. PBL-Independent) were manipulated across three sections of an
undergraduate educational psychology course in order to achieve a partially balanced Latin-
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square design allowing for a thorough statistical analysis of any carryover that may exist from
one experimental condition to the next.
Although it is typically considered by many researchers to be the gold standard in terms
of experimental control, the use of between-subjects parallel-groups research designs in an
applied field such as education can be problematic in terms of the limited opportunity that these
designs afford in generalizing findings from a laboratory to more natural settings such as a
classroom environment. In this context, crossover designs evaluated within-subjects represent a
viable alternative to other more contrived models of experimentation. Beyond the obvious
limitations of parallel group design related to external validity, it is often challenging to conduct
randomized trials in educational environments without disrupting the typical student classroom
experience and ultimately confounding instructional outcomes.
By eliminating the need to form contrived groupings and to isolate participants to a single
treatment, the crossover design makes it possible to conduct strict experimental research within a
classroom environment while ensuring a high level of external validity. This in addition to the
fact that crossover designs typically require roughly half the number of participants to achieve
the same strength as a parallel group trial (Elbourne et al., 2002), make them a viable option for
researchers interested in examining the practice of collaborative learning. Two recently
published experimental studies within the field of Problem-based learning (Pease & Kuhn, 2010;
Wirkala & Kuhn, 2011), have utilized variations of the within-subjects crossover experimental
design as a means of examining the role of collaboration in PBL instruction. These studies
represent clear examples of the utility of these types of experimental designs for the study of
collaborative learning in natural environments.
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Research Questions
The current study involved an in-depth examination of the contributions of social context
and collaboration within PBL instructional designs to student performance. The study sought to
address the following guiding questions:
1) What is the influence of a high degree of positive interdependence within PBL groups on
student performance compared to the performance of students engaged in group work
during PBL that does not involve a high degree of positive interdependence?
a. Is positive interdependence an essential component of the PBL method?
b. To what degree does the quality of collaboration among group members effect
individual and collective group performance?
c. Is team assessment a viable method for encouraging high-quality collaboration
within small groups in PBL?
2) What is the influence of the social aspect of group work on student performance in PBL
compared to PBL instruction requiring individual problem solving without peer
interaction?
a. Is the social aspect of group work an essential component of the PBL method?
b. To what degree does the social component of group work in PBL result in an
increased cognitive load and a reduction in overall performance for individual
students?
3) What is the influence of PBL instructional designs on the development of skills needed
for successful collaboration?
a. Is the examination of the contribution of collaboration in PBL to outcomes related
to the acquisition domain-specific knowledge justified?
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b. Should the development of the necessary skills for collaboration and the
opportunity to obtain practice using these skills be viewed as a legitimate and
important instructional outcome independent of other academic performancebased measures of successful learning?
Experimental Conditions
The current study involved the assignment of all participants to three experimental
conditions within a natural instructional setting ensuring a high degree of external validity. The
order of condition presentation was randomly assigned within the constraints of a partially
balanced design. Table 5 outlines the various manipulations of instructional format within the
design across the three sections of the course:
Table 5
Overview of the research design utilized in the current study
Group
Topic 1
Topic 2
Section 1
PBL-Positive Interdependence
PBL-High Positive Interdependence
Section 2
PBL-Independent
PBL-Positive Interdependence
Section 3
PBL-High Positive Interdependence
PBL-Independent

Topic 3
PBL-Independent
PBL-High Positive Interdependence
PBL-Positive Interdependence

Duration of Instruction
In accordance with the recommendations of Schmidt (2007), a 3-hour class session was
dedicated to providing students with specific training related to the skills necessary for
collaboration and PBL in general during the second week of the course prior to their being
engaging in PBL instruction. This training involved an instructor-directed group discussion of
scholarly articles related to PBL and collaborative learning and exposure to a practice problem,
which the students were encouraged to solve in small groups. Students were given the majority
of two consecutive 180-minute class meetings, one week apart, to engage in PBL for each of the
three key concepts. The 5.5 hours spent on each instructional target during each of the three
experimental conditions resulted in 16.5 total hours of PBL instruction across six class meetings
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overall. The last thirty minutes of the course meetings during the fourth, sixth, and eighth weeks
of the semester were dedicated to the administration of written comprehension assessments.
Targeted Instructional Content
Content related to three distinct theoretical perspectives, which are typically targeted for
instruction in the course, were selected as the key topics in the current investigation. The
specific instructional content that was targeted pertained to behavioral learning theory (BLT),
cognitive theories of learning (CTL), and social-constructivist learning theory (SCLT). The
content related to each of these three perspectives is considered introductory in that students do
not need prerequisite instruction or knowledge related to any one of the three topics in order to
understand any other. While the three key topics are independent of one another and can be
taught in any order, they were presented in the same sequence across the three sections of the
Educational Psychology course during the current study. This allowed the researcher to vary the
order of the experimental conditions across the three key topics as a means of controlling for any
difference in student performance that could be attributed to variations between the three topics.
Behavioral learning theory was always the first key topic targeted in the third and fourth
weeks of the course, followed by cognitive theories of learning in the fifth and sixth weeks, and
social-constructivist learning theory in the seventh and eighth weeks. General definitions for the
three key topics that were targeted for instruction are provided in Table 6.
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Table 6
Overview of the key topics targeted for instruction in the current study
Key Topic
Definition
A perspective that suggests that learning occurs as a direct
Behavioral Learning Theory (BLT)
result of the influence of environmental stimuli on individual
behavior.

Cognitive Theories of Learning (CTL)

A perspective that suggests that learning is the outcome of an
individual’s perception of environmental stimuli based largely
upon their prior experience or preexisting conceptions.

Social-Constructivist Learning Theory (SCLT)

A perspective that suggests that learning results from the
continual interactions that occur between individuals and their
social world.

PBL Problems
The practice problem used in training during the second week of the course, in addition to
the three problems that were used as the foundation for PBL instruction related to the three key
topics, were designed to approximate real-world situations that educators in different contexts
could potentially encounter. The case presented to introduce the practice problem during the
second week of class described a scenario requiring students to assume the role of a parent
planning a trip to a large metropolitan zoo for their 10-year old twin boys. The case specified
that their plan should be based upon the premise that they want their children to have a rich
educational experience at the zoo beyond the mere memorization of facts related to the animals
that they would see. Instead, the students were encouraged to use concepts related to Bloom’s
Taxonomy in order to create an itinerary of activities that the children will participate in before,
during, and after their trip to the zoo to ensure that they were engaged in higher-order learning.
The case used to introduce the problem related to the first key topic, behavioral learning
theory, described a scenario requiring students to assume the role of a recent graduate from a
university-based teacher preparation program responding to an advertisement for an employment
opportunity at a private elementary school. The case, which consisted of a mock job
advertisement from a newspaper and a letter from the school to prospective applicants, explains
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that the “Burrhus Frederick School” is an institution where they “strongly believe that learning is
best defined as the acquisition of various measurable and observable responses, skills, or
abilities, academic or otherwise, as a direct result of environmental influence”. The letter directs
prospective applicants to submit a 3-5 page plan of instruction outlining their educational
philosophy in order to be considered for the open position.
The case corresponding to the second key topic, cognitive theories of learning, described
a scenario requiring students to assume the role of a college student majoring in education that
was interested in becoming an SAT tutor in order to earn extra income. The case was presented
in the format of a job posting from an online social media site and an email from the mother of a
high school student seeking to hire a tutor. In the email, Nancy Coding explains that her search
for a tutor is not limited to finding someone who can just facilitate study sessions for her son
Charlie, but that she is also interested in hiring someone that can develop a detailed study plan
that she would be able to use to help Charlie when the tutor is not around. In her email, Nancy
requests that the students create a draft of a detailed study plan for Charlie prior to meeting her
for an interview.
The final case that students are given to initiate PBL instruction related to socialconstructivist learning theory describes a scenario requiring students to assume the role of the
coordinator of a summer camp that exists in their local neighborhood who is charged with
developing a community outreach program for the campers to take part in. The case specified
that the camp is run by the local municipality’s community center which has a strong
commitment to ensuring that stakeholders of the community are socially aware and are highly
educated related to the characteristics that contribute to being a good citizen. The case format
consisted of a narrative outlining the mission of the community center and its underlying
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principles and a memo sent from the director of the center outlining the requirements of the
community outreach program that the coordinator must create.
Procedure
During the first course meeting students were provided with a physical copy of the course
syllabus and a detailed description of the research study complete with consent forms. The
primary instructor for the course answered any questions that students had related to the course
syllabus, basic requirements, the research study, or any other topic related to the coursework.
The primary instructor for the course, who was also the principal investigator in the current
study, left the room while students completed the consent form for the study. The research
assistant for the study remained in the classroom while students completed the consent form to
address any additional questions that students had and to collect the consent forms when the
students had finished. Once all consent forms had been collected, the research assistant
maintained them under lock and key to ensure that the principal investigator for the study
remained blind to the participant status of individual students. This was done in an effort to limit
the risk of coercion that could exist from the principal investigator having dual roles as a
researcher and the instructor of record for the coursework in the study.
The last 30 minutes of the first course meeting for each section was allotted for students
to take a pre-test related to the three key topics that would be targeted for instruction during the
PBL sessions. The pre-test consisted of three open-ended questions designed to assess students’
prior knowledge of the three key topics and related concepts. Students’ performance on the pretest was used to encourage the formation of groups that were heterogeneous regarding the level
of prior knowledge that group members had related to the three key topics whenever it was
possible. It was only possible to utilize the pre-test results in organizing the student groups when
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student performance on the assessment provided evidence of prior knowledge related to any of
the three key topics. The majority of participants in the current study were unable to provide
even a basic definition for any of the three key topics on the pretest. Ten of the fifty participants
(20%) in the current study demonstrated a level of prior knowledge on the pretest that justified
assigning them to different groups.
Students were assigned to teams of four by the research assistant for the study based on
their status as a participant in the research and their performance on the pre-test if applicable.
This was done in a way to ensure that the majority of groups were homogeneous related to the
group members’ participant status and heterogeneous related to their pre-test performance when
possible. Beyond the use of participant status and pre-test performance, students were randomly
assigned to their teams. The principal investigator remained blind to the identities of those
students that gave consent to participate in the study throughout the research.
All students in the course received specific training related to the PBL process and
collaborative learning prior to their participation in PBL instruction (Schmidt, 2007).
Specifically, students were assigned to read two articles related to PBL (Savery, 2006; Newman,
2005), one article related to cooperative learning (Johnson & Johnson, 1992), reflect on all three
articles in an online blog portal that was viewable by all students in the course, and comment on
at least two of their classmates’ blogs between the first and second class meeting. The first 45
minutes of the second class meeting was allotted for an instructor-guided lecture/discussion of
the three articles and the blog entries. During this time the instructor provided a general lecture
related to PBL and cooperative learning and then answered any specific questions that students
raised related to either topic. During the next 45 minutes of the second course meeting the
students read a brief article related to the characteristics that contribute to successful groups
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during PBL instruction (Azer, 2004), and participated in a second instructor-guided
lecture/discussion related to the examination of the components that result in successful
outcomes during student-centered instructional designs.
Following a brief break, students were given their group assignments and were asked to
relocate within the classroom so that they were seated with the other members of their team.
Students were then informed that they would be working within their assigned teams during four
of the next six class meetings that would follow and each student was given physical copies of
the sample problem presented in case form in addition to the corresponding problem
identification and information gathering worksheet. After approximately half of the work
session had elapsed the students were given problem solution worksheets, which would typically
be provided during the second and final work session of a PBL condition. Both the primary
instructor and research assistant continuously monitored the groups during the practice session to
provide scaffolding as needed and to address any questions or issues related to the PBL process.
The last 15 minutes of the second class session was reserved for a brief recap of the practice PBL
session. This consisted of a whole-class instructor-guided discussion of the PBL process and the
types of strategies that students could utilize in future PBL sessions to increase their likelihood
of success (Schmidt, 2007).
The first formal PBL condition began during the third week of the course. Each of the
three PBL conditions consisted of two work sessions that were separated by one week. The first
work session in a PBL condition was 3 hours in duration and the second was 2.5 hours in
duration, for a total of 5.5 hours of PBL instruction allotted for each key topic in the course. The
final 30 minutes of the second class meeting of a PBL condition was utilized for the
administration of a comprehension assessment. The primary instructor and the research
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assistant served as the facilitators/tutors during all PBL sessions. Every student in the course
was provided with a physical copy of the problem presented in case form at the beginning of
each PBL condition. Additionally, students were given a new set of worksheets at the outset of
every work session, which served to provide scaffolding in the absence of the facilitators.
PBL Conditions
The three PBL conditions (PBL-Positive Interdependence, PBL-High Positive
Interdependence, and PBL-Independent) were varied across sections of the educational
psychology course to ensure that each PBL condition occurred during instruction related to each
of the three key topics for the course (see table 5, p.47). This was done in an effort to isolate any
treatment effects that could have been due to differences in the content related to each of the
three key topics. Additionally, this design accounted for any carryover that could have occurred
from one PBL condition to the next.
PBL-Positive Interdependence.
The PBL-Positive Interdependence condition (PBL-PI) involved students being asked to
work in small groups to collectively address a problem presented in case format. Each small
group was expected to submit a single problem solution, and each individual student was
expected to take an evaluation of their comprehension of domain-specific content related to the
formulation of the problem solution. While there was a degree of positive interdependence
embedded in the instructional design through the requirement related to the submission of a
collective problem solution for a shared grade, there was no other feature of the instructional
arrangement in the PBL-PI condition that was meant to foster a high degree of positive
interdependence among group members. Specifically, while students were instructed to work

59

together in order to devise a collective problem solution, there was no additional aspect of the
instructional design that motivated individual students to contribute equitably in doing so.
PBL-High Positive Interdependence.
Like in the PBL-PI condition, students in the PBL-High Positive Interdependence
condition (PBL-High PI) were required to work in small groups to solve a problem presented in
case format. Additionally, just as in the PBL-PI condition, the PBL-High PI condition required
that each small group submit a single, collective problem solution and that each student take an
individual comprehension assessment related to domain-specific content relevant to the problem
solution. In contrast to the PBL-PI condition, the PBL-High PI condition involved a
comprehension assessment that utilized an evaluation strategy designed to encourage a high
degree of positive interdependence among group members in the form of a “team assessment”.
A team assessment provides educators with the opportunity to simultaneously maintain
individual student accountability and encourage proactive collaboration among students within
small group instruction. In a team assessment, each member of a collaborative group is given an
assessment that they are to complete individually. Following the assessment, a shared score or
grade is devised by averaging all of the individual performance scores from the members of a
group. This arrangement ensures a balance between an individual group member’s need for
personal success and their obligation to ensure the success of all of the other members of their
group.
PBL-Independent.
During the PBL-Independent condition (PBL-I) students were required to work
individually to solve a problem presented in case format. While students did not interact with
their classmates at all during the PBL-I condition, they were able to interact with either of the
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PBL tutors upon their request. Each student was required to submit an individual problem
solution and take an individual comprehension assessment related to the domain-specific content
that was required to devise the problem solution.
Written Assessments of Learning
Student performance was assessed within the three broad categories of knowledge
described by Gijbels et al. (2005). These three categories, or levels 1-3, correspond to students’
mastery of concepts, principles, and their ability to apply knowledge. The primary focus of PBL
is not on the development of static, domain-specific knowledge. Consequently, the primary
emphasis in the current study was to assess student performance at levels 2 and 3 (Gijbels et al.,
2005), as measured by their ability to demonstrate an understanding of the principles associated
with the course content and in the application of those principles to address a novel situation or
problem.
To this end, students were required to submit a formal problem solution and take a
written comprehension examination immediately following the conclusion of each of the three
PBL conditions during weeks 4, 6, and 8 of the course. In addition to the problem solution
responses and the comprehension assessments, students were given a two-part final examination
at the conclusion of the course. The first part of the final examination required that students
submit a response to a novel problem presented in case form that necessitated the application of
content related to each of the three key topics targeted for instruction during the 3 PBL
conditions in week 14 of the course. The second part of the final required that students respond
to multiple-choice items related to the key topics.

61

Problem solutions.
Students’ ability to demonstrate their understanding of principles related to key topics
and their ability to apply this knowledge in devising a solution to a novel problem was measured
via the analysis of the artifacts of PBL instruction. Participants were required to submit a 3-5
page account of the solution that they composed during each of the three PBL conditions. All
students were provided with a set of “problem solution worksheets” at the outset of the second
work session for each PBL condition. While these worksheets provided a model structure for a
written problem solution, the students were not required to follow any specific form or format in
devising their written response to the problems. It was clearly communicated by the PBL tutors
that the worksheets existed merely as a guide and students were advised that they could use
whatever format that they deemed most appropriate to convey their solution to the problem.
Comprehension assessments.
In addition to an analysis of the artifacts of PBL instruction, participant performance
related to level 2 knowledge (Gijbels et al., 2005), was evaluated through the administration of
three written comprehension assessments, corresponding to each of the three key topics, which
were designed to detect the depth of students’ understanding related to course content.
Comprehension examination questions were open-ended and required students to identify,
define, and explain as many concepts related to the corresponding key topic as possible. The
questions did not include any specific cues to concepts that were related to key topics. For
example, the comprehension assessment corresponding to behavioral learning theory directed
students to: Describe behavioral learning theory. Identify, define, and explain as many specific
concepts related to this perspective as possible and discuss how they might influence the
acquisition of knowledge. Students had 30 minutes to complete each comprehension assessment
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at the end of the class meetings on the 4th, 6th, and 8th weeks of the course immediately following
their submission of the written problem solution that was due for that day. Students did not have
access to notes or any other outside source during the comprehension assessments.
Take-home final examination.
The “take-home” final examination consisted of the presentation of a novel problem in
case form which was relevant to all three of the key topics targeted across the three PBL
conditions.1 The problem presented in case form was posted on the online portal for the
educational psychology course following the class meeting during the 13th week of the semester.
The case required that students assume the role of an educational consultant charged with
advising a school board as to the way that their school district should approach instruction. It
provided the perspectives of three separate groups of parents, with conflicting opinions as to how
the school should teach their children. The three parent perspectives corresponded to the three
key topics targeted for instruction via PBL during weeks 3 through 8 of the course. The case
required that students compare and contrast the three parent perspectives and discuss the virtues
and shortcomings of each as a means of guiding the board towards a decision.
The take-home examination required that students submit an individual response to the
case outlining their proposed problem solution prior to the following course meeting which
provided them with approximately one week to complete their response. This examination was
used to assess students’ performance in the context of knowledge levels 2 and 3, understanding
of principles and application of knowledge to a novel situation, respectively (Gijbels et al.,
2005). Students were allowed to use whatever resources that they deemed most appropriate to

1

The case used to initiate the take-home final examination in the course was originally written for use in another
section of the educational psychology course by Dr. Cindy Hmelo-Silver.
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complete the exam and there were no specific requirements related to the form or format needed
to complete the task.
In-class final examination.
The second part of the final examination was administered in the classroom during the
fifteenth week of the course. This part of the exam aimed to assess student knowledge in the
context of level 1, mastery of concepts (Gijbels et al., 2005). The exam was cumulative in that it
consisted of fifty multiple-choice items covering all of the content related to the course. Twentyseven of the fifty items on the examination corresponded to the three key topics targeted for
instruction during the PBL conditions. Students were given 3 hours to complete the exam
individually and did not have access to notes or any other outside sources.
Qualitative Measures of Performance
In addition to collecting data related to student performance via the physical artifacts
resulting from PBL instruction and written assessments, data was collected to allow for an
analysis of small group discussion during the experimental conditions involving group work.
The data for this analysis was collected by strategically placing several digital audio/video
recorders throughout the classroom. While a complete qualitative analysis of these data is
outside the scope if the current study, the collection of these data will allow for student discourse
to be transcribed and examined in an effort to further document the outcomes resulting from
exposure to the various PBL formats. Additionally, these data will be utilized in an inductive
analysis aiming to identify the behavioral, social, and performance indicators that correspond
with various levels of quality related to collaboration. This will be crucial to the development of
a clear definition of “high-quality” collaboration.
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Research Survey
Students were given a written research survey during the 14th week of the educational
psychology course. The survey was voluntary and student responses were kept anonymous. The
survey was distributed immediately preceding the in-class final exam for the course. The
primary instructor for the course left the room while students completed the survey. The survey
included questions meant to gauge the students’ preferences related to the various forms of
instruction that they encountered throughout the course, whether they preferred to work in
groups or individually, and whether they believed that there were benefits associated with their
participation in PBL instruction beyond the acquisition of knowledge related to domain-specific
content.
Analysis
The overall variance of student performance on the comprehension assessments, problem
solutions, and final examinations were analyzed across conditions using several one-way
repeated measures analyses of variance tests at the .05 alpha level of statistical significance. The
one-factor repeated measures ANOVA was utilized to determine the degree to which the
independent variables “instructional design”, “section/sequence”, and “period/topic” each
contributed to variability in participant performance across the four primary sources of data in
the current study. The between-subjects variables “section/sequence” referred to the section of
the educational psychology course for which a subject was enrolled and the sequence of the
presentation of the three levels of the independent variable “instructional design” to which the
subject was exposed. The individual effects of these variables could not be isolated as the
sequence of presentation of the independent variable was nested within the variable “section”
(see table 5 p.51). The within-subjects variables “period/topic” referred to the three periods of
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experimental conditions inherent in the research design of the current research and the three key
topics targeted for instruction during the periods. The individual effects of these variables could
not be isolated, as the sequence of the presentation of the key topics was not varied across the
sections in the course (see table 5 p.51).
In addition to the omnibus test of statistical significance, the current study involved three
additional a priori statistical contrasts. Three simple contrasts were conducted to evaluate any
variance that existed between student performance during the PBL-PI condition as compared to
the PBL-High PI condition, the PBL independent condition as compared to the PBL-PI
condition, and the PBL-Independent condition as compared to the PBL-High PI condition.
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CHAPTER IV
RESULTS
A research team of two independent scorers coded all of the data using a set of scoring
rubrics for each data source in order to encourage a high degree of reliability related to the
findings of the current study. The research team consisted of the principal investigator and
another trained doctoral student who served as a research assistant for the study.
Coding Reliability
The two scorers were blind to the participants’ identity, the experimental conditions
associated with specific responses, and the scoring of the other member of the team during all
coding. Cohen’s Kappa with linear weighting (Cohen, 1968) was used to assess the extent of
agreement between the two scorers’ coding of participant performance. According to Viera &
Garrett (2005), the Kappa statistic is:
based on the difference between how much agreement is actually present (“observed”
agreement) compared to how much agreement would be expected to be present by chance
alone… Kappa is a measure of this difference, standardized to lie on a -1 to 1 scale,
where 1 is perfect agreement, 0 is exactly what would be expected by chance, and
negative values indicate agreement less than chance. (p. 361)
Table 7 provides a guide for the interpretation of the Kappa statistic at various values.
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Table 7
Interpretation of Kappa
Kappa
Agreement
Less than chance agreement
<0
.01-.20
.21-.40
.41-.60

Slight agreement
Fair agreement
Moderate agreement

Substantial agreement
.61-.80
Almost perfect agreement
.81-.99
Note . Adapted from “Understanding interobserver agreement: The kappa statistic”, by A. J. Viera & J.
M. Garrett, 2005, Family Medicine , 37(5), 360-363.

An analysis of the agreement between the scorers’ coding of participant performance on
the comprehension assessments in the current study yielded a value for Cohen’s Kappa = .73. An
analysis of the agreement between the scorers’ coding of participant performance on the problem
solutions in the current study yielded a value for Cohen’s Kappa = .83. An analysis of the
agreement between the scorers’ coding of participant performance on the take-home final
examinations in the current study yielded a value for Cohen’s Kappa = .84. Table 8 provides
further detail related to the degree of agreement that was observed across data sources between
the two scorers in the current study.
Table 8
Agreement between scorers across data sources
Data Source
Total # of Scores
Comprehension Assessments
571
Problem Solutions
666
Take-home Final
588

Agreement Expected due to Chance
119
145
134

Frequency of Agreement
324
352
352

Weighted Kappa
0.73
0.83
0.84

Statistical Analysis
The primary research questions in the current study were addressed via four separate
analyses of the variance (ANOVA) that existed between participant performance on written
assessments and problem solutions and three additional planned simple contrasts examining the
significance of variance between the three levels of the independent variable “instructional
design” for each source of data in the study. Additionally, analyses were conducted to examine
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the influence of the nuisance variables “section/sequence” and “position/topic”. The variable
“section” referred to the section of course for which a participant was enrolled, “sequence”
referred to the sequence in which the three experimental conditions were presented, “position”
referred to the order of presentation of a particular condition, and “topic” referred to the key
topic that was targeted during each condition. All analyses were conducted using one-way
repeated measures ANOVA at the .05 alpha level of statistical significance.
Coding for Comprehension Assessments
A hierarchical coding system was employed to evaluate the complexity of participant
responses on the comprehension assessments that corresponded to each of the three key topics in
the course. The coding system involved scoring participant responses related to the four primary
concepts for each of the three key course topics using an ordinal scale of six levels of
complexity. For each primary concept a student identified in their response, a score was
assigned in order to denote the complexity of the students’ explanation based on the scale
outlined in Table 9.
Table 9
Coding system: Levels of complexity
Level
Characteristic
Fails to mention primary concept.
0
No Mention

Description

1

Identification

Identifies primary concept without providing an accurate definition.

2

Basic Definition

Provides only a vague or very basic definition.

3

Elaborated Definition

Provides basic definition and elaborates on definition.

4

Basic Explanation

Provides basic definition, elaborates on definition and provides basic explanation.

5

Elaborated Explanation

Provides basic definition, elaborates on definition, provides basic explanation and
elaborates on explanation. An elaborated explanation includes evidence of a greater
depth of understanding related to a single concept.

6

Application

Provides basic definition, elaborates on definition, provides basic explanation and
elaborates on explanation. Evidence of application involves a description related to
how information can be applied towards the implementation of a specific strategy in
a practical context.
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The coding levels were cumulative in that a response that was coded as meeting the criteria for a
particular level of complexity must have satisfied the criteria for all of the levels of complexity
lower than that particular level. Specifically, in order for a response to be scored as meeting the
criteria for level seven, it must also have met the criterion for levels 1-6.
Tables 10-12 provide specific exemplars of student responses for each of the four
primary concepts across the three key course topics at each of the six levels of complexity.
These tables were provided to each of the members of the research team as a reference to be used
as a means of encouraging greater consistency across scorers. The sample responses contained in
the tables were selected from data collected during a separate pilot phase of the current study in
an effort to avoid influencing the coding of the research team.
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Sample student responses and coding: Key topic 1
Level 1:
Identification

Level 2:
Basic definition

Behavioral Learning Theory

Behavioral Learning
theory is a theory based
on how different
methods can influence
behavior and ultimately
learning.

Behavioral learning
theory emphasizes the
relationship between the
environment and
behavior.

Reinforcement

Primary Concepts

Complexity of Response
Level 3:
Level 4:
Elaborated definition
Basic explanation

Level 5:
Elaborated explanation

Level 6:
Application

In behavioral learning
theory, the environment
directly influences an
individual's behavior.
Learning can be
explained either by
operant or classical
conditioning.

Classical conditioning
explains how an
unconditioned stimulus
can be paired with a
neutral stimulus in order
to lead to a conditioned
response. Operant
conditioning states that
behavior is respondent
to consequences.

In operant conditioning,
learning occurs through
the law of effect.
Behaviors that are
followed by good
consequences increase
and behaviors that are
followed by bad
consequences decrease
through reinforcement,
punishment, and shaping.

So the goal of a teacher
who believes in
behvaioralism is to
create an environment
that will encourage his
students to learn as
much as possible.

Another theory that
Reinforcement
follows behavioral
increases behavior.
learning theory is one
that uses reinforcement.

There are two types of
reinforcement, positive
and negative
reinforcement.

Reinforcement is a
consequence that
increases the likelihood
that a particular
behavior will occur
more frequently in the
future.

Positive reinforcement
involves the addition of a
stimulus that increases
behavior. Negative
reinforcement involves
the removal of a
stimulus that increases
behavior.

An example of negative
reinforcement is taking
away homework for
students that get an "A"
on an exam.

Punishment

Punishment is another Punishment decreases
aspect of behavioralism. behavior.

There are two types of Punishment is a
punishment, positive and consequence that
negative punishment.
decreases the likelihood
that a particular
behavior will occur less
frequently in the future.

Positive punishment
involves the addition of a
stimulus that decreases
behavior. Negative
punishment involves the
removal of a stimulus
that decreases behavior.

An example of negative
punishment would be
giving a student a "time
out" from recess to
decrease calling out.

Shaping

Shaping is often the
Using reinforcement to Selectively reinforcing
repetitive response to a gradually get a student students in steps or
child's behavior.
to the right outcome.
stages to eventually
reach a desired
behavior.

In shaping the student is
expected to do more and
more of the task in order
to get reinforcement as
time goes on.

A teacher could use a
dotted line that they
would gradually fade
while providing
reinforcement at each
step in order to teach a
child to write their
name.

When something is too
hard for a student to do
at first it can be broken
down into smaller steps
to help them learn how
to do it through the use
of reinforcment.
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Sample student responses and coding: Key topic 2

Primary Concepts

Level 1:
Identification

Level 2:
Basic definition

Complexity of Response
Level 3:
Level 4:
Elaborated definition Basic explanation

Level 5:
Elaborated explanation

Level 6:
Application

Cognitive Theories of Learning

Cognitive learning
theory is a theory of
psychology that
attempts to describe
human behavior by
understanding thought
process.

Cogntiive learning
theory emphasizes the
relationship between
the environment and
individuals

It is the way that the
individual perceives,
interprets, and learns
from the environment.

An Individual's prior
knowledge and
experience influence
how they interpret
stimuli from the
environment.

Prior knowledge influences
the way that environmental
stimuli are processed in order
to create internal
representations of the stimuli
in memory. This way
learning can occur through
aquiring new knowledge or
by modifying existing
knowledge based on
experiences.

The cognitive theories
of learning can help
explain how students in
a class can arrive at
different conclusions
even though they have
been in the same
lecture.

Information Processing Model

There are many
specific models that fall
under cognitive learning
theory but one of the
more well known is
information processing
model.

The information
processing model
depicts how we
process information in
our memory.

It depicts the various
levels/stages of
memory that new
information goes
through.

Information gathered
from the environment
passes through
sensory memory and
short term memory
before being stored
in LTM.

The various memory systems
differ in depth and
complexity. Sensory
information enters the
sensory memory and then
into short term memory.
Both of these are of limited
capacity and are temporary
storage. The information can
only "survive" if active
processing occurs and it
makes its way into long term
memory.

If what we are studying
or trying to learn
doesn't make it into our
short term memory and
then into our long term
memory then it will be
gone forever. The only
way that information
can be stored in LTM
and retrieved for later
use is through
continuous encoding,
maintenance, and
rehearsal.

Memory

Memory is a big part of Memory refers to the
cognitve theories of
storage of information
learning.
in the brain.

There are different
types of memory
storage and different
types of memories
stored in LTM.

The type of memory
is based on an
individual's
experience.
Declarative is
memory of the
"what", episodic is
memory of an event
or time period,
semantic is memory
of verbal speech,
procedural is
memory of "how".

Encoding is the way in which
the mind organizes the
information it receives.
Sucessful encoding relies on
organization, practice, and
elaboration. Chunking,
mnemonics, and elaborative
rehearsal can facilitate this.

If a student is having
trouble remembering
vocab words than they
can use the strategy of
chunking to consolidate
the like words to make
them easier to
remember.

Mnemonics

Mnemonics can help
with remembering.

Can involve several
strategies including
acronyms, the
keyword strategy, or
the loci method.

Mnemonics involve
giving meaning to
things without
meaning to help
remember.

Acronyms involve coming up
with a word where each
letter stands for something
that needs to be remembered.

Acronyms like "Roy-Gbiv" can be used to
remember information
like the fundamental
colors.

Strategies to aid in
memory.
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Table 12
Sample student responses and coding: Key topic 3

Primary Concepts
Social-Constructivist
Learning Theory

Level 1:
Identification
Social constructivist
theories are when
learning comes
from the
environment.

Collaboration/
Collaborative
Collaborative Learning learning is when
students work in
groups.

Level 2:
Basic definition

Complexity of Response
Level 3:
Level 4:
Elaborated definition
Basic explanation

Level 5:
Elaborated explanation

Level 6:
Application

Emphasizes the
relationship between
the individual and
social interaction.

The learning process
is dialectical between
an indivdiual and their
social environment.

Describes how
individuals construct
knowledge through
interactions with their
social environment. It
requires that the learner
be an active participant
in the learning process.

Learning can occur
through an individual's
interpretation of and
participation in their social
environment. Instruction
based on this theory is
often student-centered
and involves authentic
tasks.

The teacher should not
be the primary source
of knowledge in the
classroom.

An instructional design
that encourages
students to learn from
each other and
contribute equally to
the learning process.

When students work
together to achieve an
outcome that is
greater than what
they could have
accomplished
individually.

Every member of the
group must contribute
to the success of the
group as a whole or
every member of the
group will fail.

Positive interdependence
refers to an aspect of the
instructional design that
ensures that every student
must succeed in order for
the group to achieve
success as a whole. This
results in a state of
collective efficacy where
the group is able to
accomplish more together
than any one member of
the group would have
been able to accomplish
alone.

PBL involves working
in small groups to solve
an ill-defined problem
that does not have only
one right answer.

The zone of proximal
development exists
between what the
student already knows
and what they are not
ready to learn.

A student is working in
their zone of proximal
development when they
are given just enough
support to complete a
task at a level of
difficulty that requires
the student to work at
their capacity but still
be able to be
successful.

If a task is too difficult the
student may become
frustrated and not be able
to learn, if it is too easy
they will still not learn.
Students can "be in the
zone" if the task is just
hard enough but not too
hard for them to
complete.

In problem-based
designs allow students
to work together and
help each other to stay
in their zone of
proximal development
in accomplishing tasks
that they would not be
able to do alone.

This allows the learner
to complete a task that
they otherwise would
not have been able to
complete on their own.

Scaffolding involves the
gradual reduction of
support from the guide so
that the learner can
ultimately complete the
task independently.

A teacher can provide
a student with a topic
sentence to start an
essay.

Zone of Proximal
Development

Another important When a student is
theory is the zone of performing at the
proximal
optimal level.
development.

Scaffolding

Another way to
learn is through
scaffolding.

Support given to a
Giving just enough
learner from a more support so that they
experienced individual. are able to complete
the task.

Results of Comprehension Assessments
The overall analysis of variance of the comprehension assessment scores revealed that the
effect of the independent variable “instructional design” was significant F(2,92)= 13.63, p =
.001, and that the interaction between the variables “section/sequence” and “instructional design”
was not significant F(2,92)= .342, p = .71. The means, standard error, and confidence intervals
for the three levels of “instructional design” are provided in Table 13.
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Table 13
Comprehension assessment scores
Instruction
Mean
PBL-PI
PBL-High PI
PBL-Independent

17.199
18.492
13.887

Std. Error
0.702
0.642
0.867

95% Confidence Interval
Lower Bound Upper Bound
15.785
18.613
17.197
19.786
12.139
15.635

Figure 1. Means of comprehension assessment scores across the three levels of “instructional
design”.
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22
21
20
19

Mean

18

Section 1

17

Section 2

16

Section 3

15
14
13
12
PBL-PI

PBL-High PI

PBL-Ind

Figure 2. Means of comprehension assessment scores by section across the three levels of
“instructional design”.
In addition to a statistically significant main effect of the variable instructional design, the
planned comparisons of the individual levels of the independent variable suggested that the
outcomes of each of the experimental conditions varied to a statistically significant degree from
all others. Specifically, the scores associated with subject performance during the PBL-PI
condition varied from those obtained during the PBL-High PI condition to a statistically
significant degree at the .05 alpha level (p = .04); and both conditions involving students
working in groups varied from those obtained during the PBL-Independent condition to
statistically significant degree at the .001 alpha level (PBL-PI vs. Independent, p = .001; PBLHigh PI vs. Independent, p < .001). The outcomes of the a priori comparisons of the means of
subject scores on the three comprehension assessments during each of the three experimental
conditions are outlined in Table 14.
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Table 14
Outcomes of a priori contrasts of comprehesion assessment scores
Instruction (I)
Instruction (J) Mean Difference (I-J) Std. Error
PBL-PI

PBL-High PI

PBL-Independent

Sig.

95% Confidence Interval for Difference
Lower Bound
Upper Bound
-2.563
-0.022

PBL-High PI

-1.293*

0.630

0.046

PBL-Ind

3.312**

0.897

0.001

1.504

5.120

PBL-PI

1.293*

0.630

0.046

0.022

2.563

PBL-Ind

4.605**

0.907

0.000

2.777

6.433

PBL-PI

-3.312**

0.897

0.001

-5.120

-1.504

-4.605**

0.907

0.000

-6.433

-2.777

PBL-High PI
Note . *p < .05. **p < .01.

Following all planned comparisons, the data related to the comprehension assessment
scores were arranged to allow for an examination of the influence of the variables
“position/topic” on participant performance. An examination of the means of participant
performance scores organized by period provided information related to any potential practice
effects that may have occurred or the influence of the topic that was targeted during each period
across the three sections. Practice effects consist of subject performance increasing over time as
a result of repeated exposures to a specific form of treatment or instruction. This can be
problematic in the interpretation of data as these effects may result in the false perception that a
particular treatment provided in later periods of a within-subjects design is more effective than it
actually is.
While the counterbalanced design of the current study renders the influence of the
nuisance variables “position/topic” irrelevant in the interpretation of any treatment effects, this
analysis was conducted in the interest of demonstrating the likelihood of these types of effects in
order to assess the validity of previous research that did not benefit from a counterbalanced
design. In the current study, it would be expected that the presence of significant practice effects
would result in a gradual increase in subject performance following repeated exposure to PBL
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instruction with performance being lowest during the first period and highest in the third period
of instruction. The outcome of this examination is depicted by Table 15 and Figure 3.
Table 15
Means of comprehension assessment scores arranged by position/topic
95% Confidence Interval
Position/Topic
Mean
Std. Error
Lower Bound
Upper Bound
1.Behavioral Learning Theory
17.036
0.583
15.878
18.194
2.Cognitive Theories of Learning

18.498

0.583

17.340

19.656

3.Social-Constructivist Learning Theory

13.700

0.583

12.542

14.858

Figure 3. Means of comprehension assessment scores across the three levels of “position/topic”.
These data suggest that subject scores were not influenced by practice effects to a significant
degree. Instead, the low means of scores during the third period of instruction during the current
study suggest a significant influence of the variable “topic”.
Coding for Problem Solutions
A two-tiered hierarchical coding system was employed to evaluate the complexity and
overall quality of the problem solution essays that subjects submitted in class immediately
following each of the three periods of PBL instruction. The first tier of the coding system was
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identical to that which was used to code the comprehension assessments (see Table 9, p.68). The
first tier was designed to gauge the complexity of participant responses related to the four
primary concepts for each of the three key course topics using an ordinal scale of six levels of
complexity. Each primary concept that a student or group identified in their response was
assigned a score in order to denote the complexity of the students’ explanation based on the scale
outlined in Table 9 (p.68).
The second tier used to score the problem solutions was designed to measure the overall
quality of a response across the five dimensions: 1. Theme, 2. Application of Theory, 3.Response
Addresses the Problem, 4. Practicality of the Proposed Solution, and 5. Clarity of the Writing.
Scorers assigned a rating on a scale of 0-3 for each of these dimensions of quality. A description
of each level corresponding to the dimensions of related to the overall quality of problems
solutions is depicted in Table 16.
Table 16
Problem solution scoring tier 2.
Category
Theme of response

Level 0
Response has no thesis.

Application of theory

Little or no use of
psychological theory to
justify response.

Overall Quality of Response
Level 1
Level 2
Level 3
Response does not have a Response has a thesis but Response has a clear
clear thesis.
does not remain consistent direction/topic/thesis
throughout.
supported by relevant
literature.
Appropriate/correct
application of
psychological theory is
minimal.

Minor errors in the
application of
psychological theory to
justify response.

Demonstrates appropriate
use of psychological
theory to justify response.

Response addresses the problem The problem is not
addressed by the
proposed solution.

The stated problem is
Some aspects of the
largely unaddressed by the problem are not
proposed solution.
addressed in full.

Practicality of the plan

There are no specific
recommendations for a
viable solution or the
proposed solution is not
practical or pedagogically
sound.

There are major limitations There are minor limitations The proposed
regarding the utility of the regarding the utility of the solution/instructional plan
proposed solution.
proposed solution.
is logistically/pedagogically
sound.

Clarity of the writing

Incomplete sentences,
grammatical and spelling
errors throughout the
response. Writing is
awkward and largely
unclear.

Response has several
grammatical errors,
inconsistent sentence
structure, spelling errors,
or writing is unclear at
times.

Response contains a few
grammatical or spelling
errors.

The response thoroughly
addresses all aspects of
the problem.

Response is clearly written
with no grammatical or
spelling errors.
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Results of Problem Solutions
The overall analysis of variance of the problem solution scores revealed that the effect of
the independent variable “instructional design” was significant F(2,92)= 17.60, p < .001, and that
the interaction between the variables “section/sequence” and “instructional design” was also
significant F(2,92)= 3.68, p = .033. The means, standard error, and confidence intervals for the
three levels of “instructional design” are provided in Table 17.
Table 17
Problem solution scores
Instruction

Mean

Std. Error

PBL-PI
PBL-High PI
PBL-Independent

35.603
33.145
30.970

0.377
0.898
1.185

95% Confidence Interval
Lower Bound Upper Bound
34.844
36.362
31.335
34.955
28.581
33.359

Figure 4. Means of problem solution scores across the three levels of “instructional design”
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Figure 5. Means of problem solution scores by section across the three levels of “instructional
design”
In addition to a statistically significant main effect of the variable instructional design,
two of the three planned comparisons of the individual levels of the independent variable
suggested statistically significant variance between scores. Specifically, the scores associated
with participant performance during the PBL-PI condition varied in comparison to those
obtained during both the PBL-High PI condition (p = .01), and the PBL-Independent condition
(p < .01) to a statistically significant degree at the .05 alpha level. The outcomes of the a priori
comparisons of the means of participant scores on the three problem solutions during each of the
three experimental conditions are outlined in Table 18.
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Table 18
Outcomes of a priori contrasts of problem solution scores
Instruction (I)
Instruction (J) Mean Difference (I-J) Std. Error
PBL-PI

PBL-High PI

PBL-Independent

95% Confidence Interval for Difference
Lower Bound
Upper Bound
0.529
4.386

Sig.

PBL-High PI

2.458*

0.957

0.014

PBL-Ind

4.633**

1.104

0.000

2.408

6.858

PBL-PI

-2.458*

0.957

0.014

-4.386

-0.529

PBL-Ind

2.175

1.673

0.200

-1.196

5.546

PBL-PI

-4.633**

1.104

0.000

-6.858

-2.408

-2.175

1.673

0.200

-5.546

1.196

PBL-High PI
Note . *p < .05. **p < .01.

Following all planned comparisons, the data related to the problem solution scores were
arranged to allow for an examination of the influence of the variables “position/topic” on subject
performance. An examination of the means of participant performance scores organized by
period provided information related to any potential practice effects that may have occurred or
the influence of the topic that was targeted during each period across the three sections. The
examination of these data suggested that repeated exposure to PBL instructional designs resulted
in participants producing higher-quality problem solutions across experimental conditions. The
outcome of this examination is depicted by Table 19 and Figure 6.
Table 19
Means of problem solution scores arranged by position/topic
Position/Topic
Mean
Std. Error

95% Confidence Interval
Lower Bound
Upper Bound
28.967
33.587

1.Behavioral Learning Theory

31.277

1.148

2.Cognitive Theories of Learning

33.000

0.934

31.120

34.880

3.Social-Constructivist Learning Theory

35.128

1.084

32.945

37.310
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Figure 6. Means of problem solution scores across the three levels of “position/topic”
Scoring of In-class Final Examination
Twenty-seven of the fifty multiple-choice questions that comprised the in-class final
examination for the course related to the three key topics targeted during the experimental
conditions in the current study. After the final examinations were scored for accuracy, the scores
corresponding to the twenty-seven questions related to the three key topics were isolated for
further analysis. This consisted of grouping the questions by topic and devising a score for each
group of questions based upon the percentage of accuracy of a subject’s responses. Specifically,
each participant yielded three separate scores that were based on their performance within each
group of questions corresponding to each of the three key topics.
Results of In-class Final Examination
The overall analysis of variance of the in-class final examination scores revealed that the
effect of the independent variable “instructional design” was not significant F(2,92)= .017, p =
.896, and that the interaction between the variables “section/sequence” and “instructional design”
was significant F(2,92)= 11.785, p < .001. The means, standard error, and confidence intervals
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for the three levels of “instructional design” are provided in Table 20.
Table 20
In-class final examination scores.
Instruction
Mean
Std. Error
PBL-PI
PBL-High PI
PBL-Independent

72.787
74.158
72.451

2.682
2.661
2.340

95% Confidence Interval
Lower Bound Upper Bound
67.383
78.191
68.796
79.520
67.734
77.168

Figure 7. Means of in-class final examination scores across the three levels of “instructional
design”
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Figure 8. Means of in-class final examination scores by section across the three levels of
“instructional design”
Following all planned comparisons, the data related to the in-class final examination
scores were arranged to allow for an examination of the influence of the variables
“position/topic” on subject performance. An examination of the means of subject performance
scores organized by period provided information related to any influence of the topic that was
targeted during each period across the three sections. The outcome of this examination is
depicted by Table 21 and Figure 9.
Table 21
Means of in-class final examination scores arranged by position/topic
95% Confidence Interval
Position/Topic
Mean
Std. Error
Lower Bound
Upper Bound
1.Behavioral Learning Theory
74.698
2.718
69.221
80.175
2.Cognitive Theories of Learning

63.914

2.732

58.408

69.419

3.Social-Constructivist Learning Theory

80.784

2.213

76.324

85.244
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Figure 9. Means of in-class final examination scores across the three levels of “position/topic”
Coding for Take-home Final Examination
The coding system that was used to score the take-home final examinations was identical
to that which was used to code the comprehension assessments and to the first tier of the coding
system for the problem solutions (see Table 9, p.68). This system was used to gauge the
complexity of subject responses related to the four primary concepts for each of the three key
course topics using an ordinal scale of six levels of complexity. The final examination problem
required subjects to apply what they had learned during each of the three PBL conditions.
Consequently, each subject’s take-home final examination yielded three separate scores
corresponding to the complexity of their response related to the three key topics.
Results of Take-home Final Examination
The overall analysis of variance of the take-home final examination scores revealed that
the effect of the independent variable “instructional design” was significant F(2,92)= 13.16, p =
.001, and that the interaction between the variables “section/sequence” and “instructional design”
was also significant F(2,92)= 7.13, p = .002. The means, standard error, and confidence
intervals for the three levels of “instructional design” are provided in Table 22.
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Table 22
Take-home final examination scores
Instruction
Mean
Std. Error
PBL-PI
PBL-High PI
PBL-Independent

15.877
14.696
13.129

0.753
0.981
0.768

95% Confidence Interval
Lower Bound Upper Bound
14.368
17.407
12.718
16.674
11.580
14.678

Figure 10. Means of take-home final examination scores across the three levels of “instructional
design”

Figure 11. Means of take-home final examination scores by section across the three levels of
“instructional design”
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In addition to a statistically significant main effect of the variable instructional design,
one of the three planned comparisons of the individual levels of the independent variable
suggested statistically significant variance between scores. Specifically, the scores associated
with participant performance during the PBL-PI condition varied in comparison to those
obtained during the PBL-Independent condition (p = .001) to a statistically significant degree at
the .001 alpha level. The outcomes of the a priori comparisons of the means of participant scores
on the three problem solutions during each of the three experimental conditions are outlined in
Table 23.
Table 23
Outcomes of a priori contrasts of take-home examination scores
Instruction (I)
Instruction (J) Mean Difference (I-J) Std. Error
PBL-High PI

PBL-PI

PBL-High PI

PBL-Independent

Sig.

95% Confidence Interval for Difference
Lower Bound
Upper Bound
0.488
2.871

1.919

0.833

0.160

PBL-Ind

2.758**

0.760

0.001

1.225

4.292

PBL-PI

-1.919

0.833

0.160

-2.871

0.488

PBL-Ind

1.567

0.958

0.109

-0.365

3.500

PBL-PI

-2.758**

0.760

0.001

-4.292

-1.225

-1.567

0.958

0.109

-3.500

0.365

PBL-High PI
Note . *p < .05. **p < .01.

Following all planned comparisons, the data related to the take-home examination scores
were arranged to allow for an examination of the influence of the variables “position/topic” on
subject performance. An examination of the means of subject performance scores organized by
period provided information related to any influence of the topic that was targeted during each
period across the three sections. The outcome of this examination is depicted by Table 24 and
Figure 12.
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Table 24
Means of take-home examination scores arranged by position/topic
Position/Topic
Mean
Std. Error

95% Confidence Interval
Lower Bound
Upper Bound
14.442
17.774

1.Behavioral Learning Theory

16.108

0.826

2.Cognitive Theories of Learning

14.898

0.853

13.177

16.619

3.Social-Constructivist Learning Theory

12.707

0.842

11.009

14.404

17
16.5

16

Mean

15.5
15
14.5
14
13.5
13
12.5
12
1

2

3

Position

Figure 12. Means of take-home final examination scores across the three levels of
“position/topic”
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CHAPTER V
DISCUSSION
Purpose of the Current Study
The primary purpose of the current study was to extend the findings of previous research
in the field of problem-based learning that have been interpreted as demonstrating that
“collaboration is not one of the essential components of PBL” (Wirkala & Kuhn, 2011, p.1182).
This objective has been accomplished through the current research by improving upon several of
the flaws related to the theoretical framework, experimental design, and statistical analysis that
were utilized in the implementation of the previous studies. In doing so, the current study also
provides evidence that these design flaws may have contributed significantly to the outcomes
reported by the researchers in the prior studies. In addition to addressing issues related to a lack
of experimental control in the previous research, the current study improved upon the existing
research in that it examined the effectiveness of PBL in its purest form in accordance with the
defining characteristics provided by Hmelo-Silver (2004). Lastly, the current study contributes
to the existing field of research on PBL by providing a model for understanding the mechanisms
underlying the facilitation of successful collaborative learning environments through the
application of social interdependence theory (Slavin, 1996) as a framework for the design of
effective collaborative instruction.
Like previous studies (Capon & Kuhn, 2004; Pease & Kuhn, 2010; Wirkala & Kuhn,
2011), the current research sought to identify the components of PBL that contribute to its
success by executing a research design with “strict experimental control” in a natural classroom
environment. While it is crucial that educational researchers continue to strive to conduct
rigorous experimentation as a means of empirically validating various instructional arrangements
in order to identify the “best practice” pedagogies for various educational contexts, it is
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important to note that classrooms are very complex environments that are not easily controlled.
As a result, many researchers in the learning sciences have questioned the utility of attempting to
control factors within the classroom for the purpose of experimentation, suggesting that this
practice may not approximate “real” classroom environments (Norman & Schmidt, 2000). These
researchers argue that creating a contrived and controlled environment in order to empirically
validate instructional techniques undermines the fundamental purpose of conducting research to
inform real classroom practice (Norman & Schmidt, 2000). Further, given the dynamic nature of
teaching and learning in a classroom environment, it is unlikely that research conducted in a real
classroom environment could ever be said to have “strict experimental control”. While the design
of the current study does not meet the commonly agreed upon definition for “strict experimental
control”, involving experimentation conducted in a controlled environment allowing for the
manipulation of a single variable at a time, there were several factors that were carefully
controlled including the instructor, the instructional content, instructional materials, and the time
spent on instruction in order to ensure consistency across participants in the current study.
Additionally, the two tutors employed several strategies during the PBL conditions
involving a social component to ensure that the conditions were facilitated consistently across
the three sections of the course. These strategies included the tutors’ use of a list of acceptable
PBL facilitation techniques, a system for time allocation, planned observation, and regular
meetings for debriefing. The list of acceptable PBL facilitation techniques that was used by the
PBL tutors in the current study was adapted from Hmelo-Silver and Barrows (2006) and
included the use of open-ended and metacognitive questioning, pushing for explanations,
revoicing, summarizing, generating/evaluating hypothesis, mapping between clues and
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hypotheses, checking that the written documents represent the group consensus, creating learning
issues, and encouraging the construction of visual representations (p. 28).
The two tutors closely monitored the amount of time spent supporting each small group
to ensure that they were equitable in the time spent with each team. Towards this end, the tutors
systematically rotated from one group to another every ten minutes throughout the PBL sessions.
The completion of planned observations involved each of the tutors monitoring the other while
they provided support to a group at least once per PBL session. The tutors met for debriefing
after every PBL session which involved the tutors sharing the results of their observations,
providing feedback, and discussing their perceptions of the PBL process, individual group
progress, and progress of the section as a whole compared to other sections. Further analysis of
the audio/video data that was collected in the current research is required to provide additional
evidence that the PBL tutors were unbiased in their delivery of support across groups and
sections.
The study conducted by Wirkala and Kuhn (2011) employed a crossed 3X2 Latin-square
design in order to assess the influence of the independent variable “instructional design” on
subject performance (see Table 4, p.43). This limited the type of statistical analysis that could be
conducted because the design did not allow every subject to be exposed to all levels of the
independent variable, as is typical in repeated measures designs. Additionally, the researchers
adopted the assumption that the two topics that they had targeted for instruction during the two
periods of the study were “equivalent in difficulty” (Wirkala & Kuhn, 2011, p.1161) without
conducting any form of statistical analysis following the collection of data in order to confirm
this assumption. This arrangement made it impossible to account for any variance in
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performance scores that was due to carryover (practice effects), position effects, or betweensubjects error.
The current study addressed this limitation by employing a crossed 3X3 Latin-square
experimental design which made it possible to account for any carryover, position effects, or
between-subjects variability by exposing every subject to all three levels of the independent
variable “instructional design”. Specifically, the arrangement of the current study allowed for
nuisance variables related to practice effects, carryover, and between-subjects variability to be
counterbalanced as a means of negating the influence of these factors on the independent
variable “instructional design”. In addition to controlling for the influence of nuisance variables,
the design of the current research allowed for an in-depth examination of the potential
contribution of practice effects or differences between instructional topics in within-subjects
designs that do not involve the counterbalancing of confounding variables. These examinations
demonstrated that differences in the content of instruction had a clear impact on subject scores.
This outcome raises questions related to the validity of the assumptions made in relation to the
equivalence of topic difficulty in previous studies in the field of PBL (Pease & Kuhn, 2010;
Wirkala & Kuhn, 2011).
Pease and Kuhn (2010) states that “a primary defining feature of PBL is the
contextualization of learning in a problem presented to students without any preparatory study in
the subject matter” (p.58). However, the researchers in the study assigned each participant
reading which “introduced the concept, illustrating it with examples” (p.62), prior to
participating in PBL instruction. Additionally, Pease and Kuhn (2010) states that the process of
gathering and sharing information on behalf of the participants in the studies were “…structured
by the instructor’s selection of articles for students to read, as well as formulation of the problem
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to be addressed” (p.63). While Wirkala and Kuhn (2011) states that students should “engage the
problem ‘cold’, without being introduced to relevant concepts” (p.1164), the researchers in the
study reported that 20 of the 120 minutes allotted to each PBL condition was spent providing
students with a condensed version of the lecture that was given in the lecture/discussion (LD)
condition. Wirkala and Kuhn (2011) states that “students learned about the relevant concepts via
a condensed, 20-minute lecture…this lecture covered the concepts and theories pertinent to the
topic” (p.1164-1165), and that “PBL students were provided the same essential information as
LD students”.
These aspects of the “PBL” environments in the previous studies do not account for
several of the fundamental goals of PBL instruction. Specifically, students engaged in PBL
“must have the responsibility for their own learning” (Savery, 2006, p.12). PBL environments
should encourage the development of skills related to SDL by ensuring that “the tutor supports
the process and expects learners to make their thinking clear, but the tutor does not provide
information related to the problem—that is the responsibility of the learners” (Savery, 2006,
p.16). The current study addressed the aforementioned limitations of the previous research by
evaluating the outcomes of PBL in its purest form in ensuring that there were no aspects of the
instructional design that involved preparatory exposure to the domain-specific content required
to solve the problem. In addition, the primary investigator and research assistant served as guides
and facilitators of the PBL process throughout the learning process and were never positioned to
be the primary source of information in the classroom.
Successful collaborative learning environments involve all members of the group being
actively engaged in the task at hand, each member of the team contributing towards the
achievement of the group’s collective objectives to an equitable degree, each student actively
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regulating their own learning as well as the learning of their fellow group members, and the
maintenance of an atmosphere of shared respect (Hmelo-Silver, 2004). The study by Wirkala
and Kuhn (2011) did not involve an instructional design that was meant to encourage any of the
aforementioned desirable conditions for successful collaboration during the PBL-team condition.
Further, the authors’ state that “teams relied on one or two members to do most of the work, with
the rest relaxing and saying little…teams showed varying levels of collaboration” (Wirkala &
Kuhn, 2011, p.1164).
Given that the instructional format utilized by Wirkala and Kuhn (2011) during the
experimental condition meant to assess the contribution of the social component of PBL does not
appear to meet the commonly accepted definition of a “collaborative” learning environment, the
researchers’ findings related to the lack of distinction between the outcomes resulting from the
PBL-team condition as compared to the PBL-independent condition are not surprising, and must
be interpreted with caution. Specifically, the authors’ conclusion that “collaboration is not one
of the essential components of PBL” (p.1182), does not appear to be supported by their findings.
The existence of the aforementioned questions related to whether instruction provided in the
study by Wirkala and Kuhn (2011) during the PBL-team condition constituted true
“collaborative learning” or whether the instruction was not collaborative in nature and merely
involved students being arranged in small groups to conduct work, supports the need for further
experimentation in this area before final conclusions can be drawn related to the role of
collaboration in PBL.
The current study addressed these limitations of the previous research by employing
instructional designs incorporating varying degrees of positive interdependence among group
members during the PBL conditions involving a social component. This was accomplished in
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the PBL-PI condition by requiring each small group of students to work together to devise a
written problem solution for a collective grade and take an individual comprehension assessment
that required an understanding of the content required to solve the problem during PBL. While
the instructional arrangement during the PBL-PI condition provided some degree of positive
interdependence, the existence of interdependence was exclusive to the task of devising a single
written problem solution that was representative of the collective consensus of the group for a
shared grade. Alternatively, the PBL-High PI condition involved the existence of positive
interdependence related to both the construction of a written problem solution that was
representative of the consensus of all group members for a shared grade and in the delivery of a
shared grade for students’ comprehension assessment performance which was devised by
averaging the grades of the students in each small group.
Theoretically, the instructional arrangements involving positive interdependence should
have resulted in learning environments that explicitly motivated students to collaborate and
generate work that represented the collective consensus of all group members. While further
analysis of the student discourse that was generated during each of the PBL conditions involving
a social component must be conducted in order to provide confirmation that this was in fact the
case, the aforementioned instructional arrangements utilized in the current study generated
outcomes that are in direct conflict with the findings of both Pease and Kuhn (2010) and Wirkala
and Kuhn (2011). Specifically, the participants’ performance scores were significantly higher
during the PBL conditions including a social component compared to the PBL independent
condition for three of the four primary sources of data in the current study. It is also important to
note that while the results were not statistically significant, the participants’ performance scores
resulting from the PBL-High PI condition were also the highest for the fourth source of data.
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Summary of Results
A comparison between the performance scores obtained during the two experimental
conditions involving the social component of PBL (PBL-PI & PBL-High PI) and the
experimental condition without a social component (PBL-Independent) demonstrated that there
was a statistically significant difference between the outcomes of these different instructional
arrangements on three of the four primary sources of data in the current study. Specifically,
statistical analyses demonstrated that participant scores on the comprehension assessments,
problem solutions, and take-home final examinations that resulted from students’ engagement
with PBL instruction that involved a social component were significantly higher as compared to
the scores on these three measures that resulted from the participants’ engagement with the
instruction during the PBL-Independent condition. Additionally, while the participant scores
resulting from the three experimental conditions were not significantly different on the in-class
final examination, participant scores resulting from instruction during the PBL-High PI condition
were the highest as compared to the scores resulting from instruction during the other two
experimental conditions. Contrary to the findings of Pease and Kuhn (2010) and Wirkala and
Kuhn (2011), the results of the current study suggest that the collaborative aspect of PBL may
indeed be one of the components of the technique that are essential to the success of students
engaged in this form of instruction.
In addition to examining the role of collaboration in the success of students during PBL,
the current study examined the influence of varying the degree of positive interdependence
inherent in the two PBL conditions that included a social component. The difference in the
means of the participant scores resulting from the PBL-PI condition as compared to the PBLHigh PI condition was not statistically significant on the two primary sources of data that were
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implemented in the last two weeks of the course. Specifically, the participant scores obtained
from their performance on the take-home and in-class final examinations, related to the content
that was taught during the two PBL conditions involving a social component, did not vary to a
statistically significant degree. However, the difference between the means of participant scores
related to their performance on the comprehension assessments and the written problem solutions
resulting from the two PBL conditions that involved a social component did vary to a statistically
significant degree. Specifically, participant scores obtained via the written comprehension
assessments resulting from the PBL- High PI condition were significantly higher than those
obtained during the PBL-PI condition. On the contrary, participant scores obtained via the
written problem solutions resulting from the PBL- High PI condition were significantly lower
than those obtained during the PBL-PI condition.
Lastly, it is important to note that statistical analysis demonstrated a significant effect for
the interaction between the factors “section” and “instructional design” for three of the four
primary sources of data in the current study. Specifically, the interaction term was statistically
significant for the scores resulting from the problem solutions, and both final examinations. This
outcome could be due to the influence of a number of factors including differences in the
sequence of presentation of the different PBL conditions across the sections of the course,
individual differences between students, or differences related to the instructor, instructional
content, and the instructional environment. While there were several factors that were carefully
controlled in the current study, further analysis of the audio/video data that was collected in the
is required to provide additional evidence that the instructor, the instructional content,
instructional materials, and the time spent on instruction was consistent across participants.
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Interpretation of Results
While the results of the current study related to the analysis of participant performance on
the four primary sources of data provide a compelling argument for the benefits of adopting a
model of PBL instruction that includes a social component to prepare students to be able to
provide complex explanations about the academic content to which they have been exposed and
apply this content to novel situations, it is important to note that these should not be the only
outcomes that are assessed in exploring the overall merits of PBL in its purest form. In judging
whether PBL including a social component is an effective means of instruction it is crucial to
consider all of the desirable outcomes that this type of instructional arrangement aims to
encourage beyond the acquisition of a complex understanding of domain-specific content. It is
through this lens that it becomes evident that the conclusions made in the study by Pease and
Kuhn (2010) that “social collaboration is not essential to PBL (p.79), and those by Wirkala and
Kuhn (2011) that “collaboration is not one of the essential components of PBL” (p.1182) seem to
stem from a misunderstanding of the fundamental purpose of adopting a PBL approach.
In both of these previous studies, the researchers found that student performance resulting
from PBL including a social component was not significantly different from student performance
resulting from PBL without a social component. The researchers interpreted these results to
suggest that collaboration does not contribute to the success of the PBL instructional method.
While it has been demonstrated that “…collaborating in small tutorial groups indeed facilitates
the acquisition of such skills” (Schmidt et al., 2009, p.237), the conclusions drawn by Pease and
Kuhn (2010) and Wirkala and Kuhn (2011) fail to consider that the development of skills related
to collaboration is a worthwhile goal for students to pursue in its own right. This failure to
consider collaboration as a primary instructional outcome is contrary to the recommendations of
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proponents of the PBL method who provide that “Collaboration is essential. In the world after
school most learners will find themselves in jobs where they need to share information and work
productively with others. PBL provides a format for the development of these essential skills”
(Savery, 2006, p.13).
The conclusion made by the researchers in the studies by Pease and Kuhn (2010) and by
Wirkala and Kuhn (2011) that the lack of difference in student performance during a PBL
condition with a social component as compared to a PBL condition without a social component
is evidence that demonstrates the lack of contribution of collaboration to the success of the PBL
instructional method are in direct conflict with the interpretation of similar results made by
several other researchers concerning the effectiveness of PBL (Albanese, 2000; Norman &
Schmidt, 2000; Schmidt et al., 2009). These researchers have argued that even if there are no
significant differences in domain-specific outcomes between problem-based learning and more
traditional forms of instruction that the additional benefits associated with the adoption of PBL
beyond the acquisition of static knowledge support its use as an effective form of instruction
(Hmelo-Silver et al., 2007). From this perspective, the results of the studies by Pease and Kuhn
(2010) and Wirkala and Kuhn (2011) could be interpreted to suggest that while the social
component of PBL did not appear to accelerate the acquisition of domain-specific content
knowledge, it did nothing to impede it while also providing students with the added benefit of
acquiring skills of collaboration.
While there are many variations of PBL currently in use (Maudsley, 1999), many
educational researchers would contend that in order for an instructional approach to be
considered PBL it must include a collaborative component (Barrows, 1986; Hmelo-Silver, 2004;
Savery, 2006). There continues to be many unanswered questions surrounding the potential
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benefits of the collaborative component in PBL and the role that collaboration plays in the
success of students in PBL environments. Despite the existence of unanswered questions
surrounding the specific mechanisms by which collaboration contributes to the success of PBL, it
is certain that students solving ill-defined problems in case format in a collaborative small-group
format is not pedagogically equivalent to students solving ill-defined problems in case format
independently. It is not possible to subtract out the collaborative aspect of PBL without also
influencing other aspects of the instructional design thought to contribute to its effectiveness.
For instance, the removal of the social component of PBL has a transformational effect
on the role of the teacher or facilitator during PBL instruction. According to Hmelo-Silver and
Barrows (2006):
In PBL the facilitator is an expert learner, able to model good strategies for learning and
thinking, rather than providing expertise in specific content. This role is critical, as the
facilitator must continually monitor the discussion, selecting and implementing
appropriate strategies as needed. As students become more experienced with PBL,
facilitators can fade their scaffolding until finally the learners adopt much of their
questioning role. Student learning occurs as students collaboratively engage in
constructive processing. (p.24)
When students are engaged in active collaboration, the facilitator can survey group progress from
any location in the classroom that is within audible range of the group’s discussion without
interrupting the collaborative process. Without active collaboration between students, the teacher
is unable to act as a facilitator of constructive processing because they are no longer able to
monitor student progress through passive observation. This renders the teacher powerless to
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determine when students are in need of support and the type of support that would best scaffold
their learning.
In PBL environments that include a collaborative component, the facilitator can initiate
interaction with groups of students for the purpose of supporting their learning through a number
of strategies including asking open-ended questions, pushing for explanations, revoicing,
summarizing, and generating/evaluating hypotheses (Hmelo-Silver & Barrows, 2006).
Interaction between students and their teacher within instructional designs that do not involve a
collaborative component are often student-initiated. These interactions occur when a student
recognizes that they are stuck and in need of assistance. This aspect of independent “PBL” is
problematic in that a student must first recognize that they are not on the right track towards
solving the problem at hand in order to realize that they are in need of support from their teacher.
Due to the ill-defined nature of problems in PBL, it is possible for students to pursue information
provided in the initial case that is erroneous to the derivation of a viable problem solution. This
can result in situations where students are under the impression that they are making progress in
solving the problem when in reality they are hopelessly astray.
While there are a number of alternate strategies that instructors could adopt to ensure that
students receive adequate support during independent forms of learning, none of them provide
the instructor with the means to provide support that is identical or equivalent to that which can
be provided during collaborative forms of learning in PBL. This fundamental difference related
to the role of the instructor in collaborative and independent instructional designs is unavoidable
given the social nature of cognitive apprenticeship. Being that the subtraction of the social
component from PBL method results in an instructional arrangement that is unrecognizable in
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comparison to PBL in its purest form, it is evident that PBL without the collaborative component
is not a form of “PBL” at all.
The comparison of participant scores resulting from their performance on the
comprehension assessments following the two PBL conditions involving a social component
demonstrated that participants performed significantly better during the PBL-High PI condition
as compared to their performance on the comprehension assessments following the PBL-PI
condition. One explanation for this outcome is that the comprehension assessments used in the
current study were designed to measure the acquisition of knowledge related to a complex
understanding of domain specific content surrounding the three key topics that were targeted for
instruction. Given that the increased structure typically associated with cooperative learning
environments is best suited to “accomplish a specific goal or develop an end product which is
usually content specific” (Panitz, 1997, p.5), it is not surprising that the PBL condition that
involved the greatest amount of teacher-imposed structure in the current study also produced the
best performance outcomes on the assessment designed to measure students’ level of
comprehension related to the domain-specific content acquired through their engagement with
PBL instruction.
The comparison of participant scores resulting from their performance on the problem
solutions during the two PBL conditions involving a social component demonstrated that
participants performed significantly better during the PBL-PI condition as compared to their
performance on problem solutions during the PBL-High PI condition. While group outcomes
varied depending on the quality of their collaboration, the groups tended to devise problem
solutions that more complex, creative, well-written, and clearly linked to the requirements of the
problem during the PBL-PI condition as compared to the solutions resulting from the PBL-High
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PI condition. For example, the explanation of cognitive learning theory that was provided in a
problem solution resulting from the PBL-High PI condition by a group that struggled with the
collaborative aspect of PBL was “I believe that the most effective study plan for Charlie
incorporates many aspects of the Cognitive Learning Theory because this theory acknowledges
how the environment affects and forms the mind” (see Appendix J p. 159). This explanation is
vague, lacks detail, and does little to demonstrate the students’ understanding of cognitive
learning theory. In contrast, the explanation of cognitive learning theory that was provided in a
problem solution resulting from the PBL-PI condition by a group that exceled throughout the
collaborative aspect of PBL was “The cognitive learning theory is the relationship between the
individual and the individual’s perception of the environment. Everyone interprets information
differently because of their prior life experience. As a result, everyone learns differently” (see
Appendix K p.161). This explanation specifically describes the mechanism by which learning
occurs according to cognitive learning theory and provides evidence that the students have a
clear understanding of this concept.
These results could be interpreted as supporting the concern raised by Sweller, Kirschner,
and Clark (2007) that collaboration in student-centered instructional designs like PBL “imposes
costs in terms of cognitive load” (p.117). From this perspective, it is possible to explain the
significantly lower problem solution scores that resulted from the PBL-High PI condition in the
current study in terms of the finite nature of cognitive load. If the degree of collaboration
between group members has an influence on the amount of cognitive load that students’
experience as a result of their collaborative effort, then it can be inferred that as the quality of
collaboration increases cognitive load also increases. If a student’s capacity for cognitive load is
finite, than tasks that draw a large cognitive load may interfere with the student’s ability to
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perform multiple tasks at once. In this way, the significantly lower problem solution scores
resulting from the PBL-High PI condition in the current study may be indicative of a significant
increase in the rigor and quality of collaboration among students working in small groups.
The written problem solutions utilized in the current study are only an approximation of
the outcomes of collaborative engagement among students working in small groups during the
PBL conditions involving a social component. The composition of an essay explaining a
collaborative group’s collective solution to an ill-defined problem can be viewed as being a
secondary outcome to the actual collaboration that occurs in real-time during this process. Thus,
as the quality of collaboration goes up, cognitive load also goes up and students’ capacity to
complete academic tasks peripheral to the actual development of a problem solution may be
impaired. It is important to note that while it is hypothesized that a higher degree of positive
interdependence could result in higher quality collaboration, further analysis of student discourse
that occurred during the experimental conditions involving a social component in current study is
necessary to confirm this relationship. This further analysis (while outside the scope of this
dissertation) will be one of the primary focuses of future research involving a qualitative
discourse analysis of the audio and video data that was collected during the current research.
An alternative explanation for the lower problem solution scores acquired during the
PBL-High PI condition could be that the increase in structure and individual accountability
provided by the instructional arrangement may have undermined the collaborative process
resulting in groups developing less complex solutions to the problems. According to Brufee
(1995):
The major disadvantage of cooperative learning is that in guaranteeing accountability, it
risks maintaining authority relations within each small working group and in the class as
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a whole that replicate the authority relations of traditional education…cooperativelearning pedagogy tends to undercut collaborative learning’s aim to shift the locus of
authority from the teacher to student groups. (p.5)
From this perspective, the results of the current study suggest that while it may be important to
embed some aspects of positive interdependence into the design of collaborative learning
environments as a means of scaffolding the development the skills necessary for high-quality
collaboration, there may be a tipping point at which too much teacher-imposed structure actually
jeopardizes the positive outcomes of the collaborative process.
The findings of the current study have vast implications for the design of PBL
environments across academic disciplines and levels. Specifically, the findings suggest that the
key ingredient to ensuring student success in collaborative learning environments may rest on
providing an appropriate degree of structure to scaffold student development of skills related to
the collaborative process. It is hypothesized that this would be particularly important when
introducing students to collaborative forms of learning for the first time. However, it is also
important that educators match the level of structure that is embedded in collaborative designs to
the learning outcomes that they wish their students to achieve. For instance, in the current study
a higher degree of positive interdependence embedded within the instructional design resulted in
superior performance scores on written assessments designed to measure the depth of students’
comprehension of domain-specific content and lower scores resulting from the students’
performance on the problem solution tasks. Based on these outcomes, it is important for
practitioners in education to attempt to strike a balance between providing students with the
support they need in order to be successful during the collaborative process, and avoid providing
too much support inadvertently undermining the benefits of collaboration.
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Limitations and Directions for Future Research
While there were several aspects of the design of the current study that were meant to
foster experimental control within a “real” classroom environment, research conducted in these
types of settings are highly contextualized due to the dynamic nature of teaching and learning.
Additionally, as is typical of the majority of research conducted within authentic educational
settings, the participants in the current study did not constitute a randomized sample. These
factors potentially undermine the degree to which the findings of the current study are
generalizable to other learning environments and students at various levels.
Additionally, there are limitations related to the primary instructor for the educational
psychology course also being the principle investigator in the current study. While every effort
was made to ensure that the behavior of the instructor was consistent across the three sections of
the course and the experimental conditions involving PBL with a social component, further
analysis of the data that were collected via multiple audio/visual recording devices is required to
confirm that the instructor did not unconsciously favor any one of the sections of the course or
instructional arrangements over any of the others. Future research could minimize this limitation
by ensuring that the principle investigator does not also serve as the primary facilitator of
instruction. Additionally, these concerns could be addressed even further by only providing the
facilitators of PBL with the information required to implement instruction, but not briefing them
on the purpose of the research until after all data has been collected.
Despite there being several different sources of data for analysis in the current study, the
examination of participant performance on the comprehension assessments, two final
examinations, and written problem solutions did not provide a direct means of evaluating the
benefits resulting from PBL beyond the acquisition of domain-specific content. While the
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findings of the current study support the inference that that the PBL arrangements including a
social component contributed to students’ development of skills beyond the acquisition of
content-based knowledge, there is not adequate evidence to support specific conclusions related
to the degree to which students were encouraged to develop skills such as “epistemic practices,
self-directed learning, and collaboration that are not measured on achievement tests but are
important for being lifelong learners and citizens in a knowledge society” (Hmelo-Silver et al.,
2007, p.105).
Further research is required towards the identification and measurement of learning
outcomes that result from collaborative PBL instruction that are not well captured via traditional
assessment formats. Specifically, it is crucial that future studies aim to document the outcomes
that result from students’ engagement in PBL that includes a social component regarding the
development of skills related to collaboration, self-direction, and flexible knowledge. Additional
research should also focus on methods for increasing the degree and quality of collaboration that
occurs among members of small groups during PBL and examining the associated costs and
benefits of doing so. This research should also seek to identify indicators of high-quality
collaboration as a means of understanding the discrepant findings of research regarding the
effectiveness of PBL instructional designs.
Additional research is required to fully understand the relationship that exists between the
degree and amount of structure that is embedded in collaborative learning designs and the
outcomes that result. The current study explored this relationship by examining the performance
of students during and following their exposure to collaborative learning with varying degrees of
positive interdependence. Future studies should endeavor to identify and examine other ways of
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achieving a balance between encouraging individual accountability without undermining the
collaborative process within PBL environments.
Conclusions and Implications of the Current Research
One of the most fundamental obligations of any society is to prepare its adolescents and
young adults to lead productive and prosperous lives as adults. This means preparing all
young people with a solid enough foundation of literacy, numeracy, and thinking skills
for responsible citizenship, career development, and lifelong learning…The American
system for preparing young people to lead productive and prosperous lives as adults is
clearly badly broken. Millions of young adults now arrive at their mid-20s without a
college degree and/or a route to a viable job. (Symonds, Schwartz, & Ferguson, 2011,
p.1)
Despite the unprecedented expansion of colleges and universities and a clear alignment of
the relationship between secondary and higher education within the United States, America is yet
to realize a national system of education that meets the demands of all students regardless of
their future goals. The combination of a “college preparation for all” mentality and the
commoditization of education have resulted in devalued credentials for few and employment for
fewer. The 60% of the US population that are unable to gain admission to higher education
(Symonds, et al., 2011) and the 19% of young Americans that are currently unemployed (Aud,
KewalRamani, & Frohlich, 2011) are often left with “rigorous academic training” to show for
their 12+ years spent in classrooms via compulsory education, and none of the skills that would
actually get them a job or lead to a better life. According to a report released by the Graduate
School of Education at Harvard University, “The percentages of teens and young adults who are
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working are now at the lowest levels recorded since the end of the 1930s Depression” (Symonds,
et al., 2011, p.5).
The Pathways to Prosperity Report suggests that “Our current system places far too
much emphasis on a single pathway to success: attending and graduating from a four-year
college”. Given that only approximately 30% of students actually earn a bachelor’s degree by
age 27, it is a narrow pathway indeed (Symonds, et al., 2011). In our modern world of
technological advancement and globalization, it has become increasingly difficult to anticipate
the specific academic content that will be of most use in preparing students for success in the
decades to come (Kuhn, 2007). This, in addition to the aforementioned concerns related to the
outcomes that result from the current system of US education, have driven some to suggest that
“we are now at a point at which we should focus attention on what it is that students may be
motivated to learn and why they wish to do so” (Kuhn, 2007, p.112) and that “the only
defensible answer to the question of what we want schools to accomplish is that they should
teach students to use their minds well, in school and beyond” (Kuhn, 2007, p.110).
Research focusing on evaluating the effectiveness of instructional designs that involve
the development of skills best suited to prepare learners for success in a rapidly changing world
is timely given the urgency with which many stakeholders in US education are calling for a
reevaluation of the objectives of the institutions serving our students. Instructional designs that
promote skills related to critical thinking, problem solving, collaboration, and self-direction in
additional to encouraging students to acquire flexible knowledge about specific content via the
approximation of real-world situations are well-positioned to meet these needs.
The current study contributes to the mission of identifying the educational practices that
are best suited to accomplish the goal of preparing students to for successful outcomes in life by
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examining the aspects of problem-based learning that contribute to its effectiveness. This type of
research is essential, as it is imperative that educators at all levels choose to implement
instructional strategies that are empirically based. Ideally, the outcomes reported in the current
study will provide some degree of clarity and direction as to the instructional methods that
constitute educational “best practice” in the implementation of PBL instruction.
The findings of the current study suggest that the collaborative aspect is an indispensable
component of PBL and that it is crucial to the success of students engaged in this type of
instruction. This has vast implications for the way that the design of PBL curriculum and
instruction should be approached across academic disciplines. Specifically, the findings of the
current study confirm that PBL is most effective when implemented in its purest form, and that
problem-based instructional designs without a collaborative component cannot be considered as
a pedagogically equivalent alternative to problem-based learning as it is commonly defined.
Additionally, the findings of the current study suggest that in order to encourage the success of
their students in PBL environments, educators must match the degree of structure that is
embedded in the instructional design to the outcomes that they view as being most important.
Lastly, the current study provides a model for practitioners in utilizing the framework provided
by social interdependence theory as a means of providing the scaffolding necessary to encourage
high-quality collaboration among students working in small groups during PBL.
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