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Abstract This design-based research study is aimed at two goals: (1) developing a
feasible case-based instructional model that could enhance college students’ ill-structured
problem solving abilities, while (2) implementing the model to improve teacher education
students’ real-world problem solving abilities to deal with dilemmas faced by practicing
teachers in elementary classrooms. To achieve these goals, an online case-based learning
environment for classroom management problem solving (CBL-CMPS) was developed
based on Jonassen’s (in: Reigeluth (ed.) Instructional-Design Theories and Models: A New
Paradigm of Instructional Theory, 1999) constructivist learning environment model and
the general process of ill-structured problem solving (1997). Two successive studies, in
which the effectiveness of the CBL-CMPS was tested while the CBL-CMPS was revised,
showed that the individual components of the CBL-CMPS promoted ill-structured problem
solving abilities respectively, and that the CBL-CMPS as a whole learning environment
was effective to a degree for the transfer of learning in ill-structured problem solving. The
potential, challenge, and implications of the CBL-CMPS are discussed.
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Introduction

During the last decade, the complex, uncertain, and dynamic natures of real-world problem
solving have interested cognitive psychologists (e.g., Sinnott 1989; Voss et al. 1991), applied
psychologists (e.g., Zsambok and Klein 1997), educational psychologists (e.g., Spiro et al.
1996), and instructional technologists (e.g., Jonassen 1997; Shin et al. 2003). This stream of
research allows us to understand the differences in nature between well-structured problems,
often used in classrooms (Spiro et al. 1992), and ill-structured problems, faced in the real
world. One of the essential findings from previous studies is that well- and ill-structured
problem solving activities require different kinds of skills and abilities (e.g., Schraw et al.
1995). Thus, a successful well-structured problem solving performance in class does not
guarantee success in solving ill-structured real-world problems.

Helping college students develop as professionals who are able to deal with real-world
problems in complex and dynamic situations, and who can make reasoned and reflective
decisions, is one of the essential goals for higher education. In spite of the importance of
promoting students’ ill-structured problem solving abilities in higher education, creating
such a learning environment is a challenging task for many instructors. One reason why
this may be so challenging could be the lack of research-based information and feasible
resources available to instructors as they redesign their teaching methods in ways that will
enhance their students’ ill-structured problem solving abilities. Only a few conceptual or
research-based instructional design models (e.g., Jonassen 1997, 1999; Schwartz et al.
1999; van Merrienboer et al. 2002) or specific instructional strategies, such as question
prompting (e.g., Ge and Land 2003), for facilitating ill-structured problem solving are
available. More research on instructional design models and implementation models for
enhancing ill-structured problem solving skills in the college context is needed to address
these issues. In this study, scaffolding of ill-structured problem solving processes was
explicitly integrated into an adaptation of Jonassen’s (1999) constructivist learning envi-
ronment model to develop a case-based instructional model that is aimed at enhancing ill-
structured problem solving skills.

Our project was initiated by incorporating the needs of both (a) filling a gap between
college classroom learning and real-world problem solving, and (b) creating feasible
design and implementation models for improving college students’ real-world problem
solving abilities. Two specific goals of this study were (1) to develop and refine a feasible
case-based instructional model that could enhance college students’ ill-structured problem
solving abilities, and (2) to apply the model to improve prospective teachers’ real-world
problem solving abilities in dealing with dilemmas faced by practicing teachers in ele-
mentary classrooms. By aiming at theoretical and pragmatic goals and employing iterative
cycles of design and implementation of the intervention in real settings, we consider our
overall approach to be design-based research (The Design-Based Research Collective
2003; Wang and Hannafin 2005). To highlight the ongoing process of the evolution of our
intervention, in this particular paper we would like to focus exclusively on the quantitative
data from the learning outcomes, which has been one of the primary references in making
our design decisions.

First, we discuss the nature of ill-structured problem solving within the context of
classroom management. Second, we explain the instructional design framework that has
guided us in developing an online case-based learning environment for classroom man-
agement problem solving (CBL-CMPS) and its interface. Third, we report on two
successive studies implemented in teacher education courses. Finally, we conclude with a
general discussion and the implications of the project.
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Instructional design framework
Solving ill-structured problems

Many problems encountered every day in our professional lives pose uncertainties in
various ways, including the complexity of the problem context; multiple and, often
conflicting, perspectives among different stakeholders; diverse solutions or no solu-
tion; and multiple criteria for solution evaluation. These are the general features of ill-
structured problems (Jonassen 1997, 2000; Kitchener 1983; Shin et al. 2003; Wood
1983). The complexity of the problems, the existence of conflicting perspectives, and
the potential for multiple solutions do not merely make the problems more sophis-
ticated. Rather, these features change the nature of the problems. Thus, ill-structured
problem solving demands different sets of skills and attitudes that may not be nec-
essary conditions for solving well-structured problems that have clear goals and
known rules to apply to solve the problems (Jonassen 1997; Schraw et al. 1995; Shin
et al. 2003).

Domain knowledge and justification skills are known as the major factors that predict
success in solving not only well-structured problems but also ill-structured problems
(Schraw et al. 1995; Shin et al. 2003). However, there are other factors that may not play
critical roles in solving well-structured problems but will in solving ill-structured prob-
lems. For example, problem solvers’ epistemic beliefs or interpersonal communication
skills may not be related to solving well-structured problems, but these skills play critical
roles in the process of solving ill-structured problems (Harrington et al. 1996; Meacham
and Emont 1989; Perry 1968/1999; Schraw et al. 1995). Although not many empirical
studies have been conducted in this area, problem-solving researchers agree on several
essential skills or factors which influence the general performance of solving ill-structured
problems. These skills or factors include the following:

e epistemological beliefs—respecting and incorporating multiple perspectives and ques-
tioning one’s beliefs and knowledge (Harrington et al. 1996; Perry 1968/1999; Schraw
et al. 1995),

e metacognition—planning and monitoring solutions and processes (Brown et al. 1983;
Shin et al. 2003),

e justification/argumentation skills—reconciling conflicting interpretations and solutions
with sound arguments (Cho and Jonassen 2002; Jonassen 1997; Shin et al. 2003; Voss
et al. 1991), and

e domain knowledge (Bransford 1993; Chi et al. 1988; Shin, et al. 2003).

Different models demonstrating essential activities and general processes for solving ill-
structured problems have been proposed (see Fig. 1). For example, Sinnott (1989)
identified five main activities involved in the dialectic processes of ill-structured problem
solving: “processes to construct problem space; processes to choose and generate
solutions; monitors; memories; and noncognitive elements” (p. 80). Voss (1988)
highlighted recursive interactions between a problem solving structure and a reasoning
structure. He discovered three main components—problem representation, solution, and
evaluation—under the problem solving structure. Problem representation, along with the
development of an argument to support it, was emphasized in his model (Voss, et al.
1991). Jonassen (1997) articulated seven general steps for solving ill-structured problems:
articulating problem space and contextual constraints; identifying and clarifying alternative
opinions, positions, and perspectives of stakeholders; generating possible problem
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Fig. 1 Ill-structured problem solving models and the CBL-CMPS model

solutions; assessing the viability of alternative solutions by constructing arguments;
articulating personal beliefs; monitoring the problem space and solution options;
implementing and monitoring the solution; and adapting the solution.
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To guide further development of a feasible instructional model for case-based learning,
we adapted Jonassen’s model (1997) for ill-structured problem solving into five essential
steps with the accompanying abilities necessary for solving ill-structured problems: (1)
understanding situations and contexts where multiple problems may exist, (2) identifying
problems by considering multiple perspectives held by different stakeholders, (3) gener-
ating possible solutions, (4) choosing appropriate solutions along with a rationale, and (5)
implementing and evaluating the solutions. The five steps become the foundation for
designing the CBL-CMPS, which is described in the CBL-CMPS model section. We
believe that considering multiple perspectives from different stakeholders and generating
solutions based on a sound justification while reconciling conflicting perspectives from
different stakeholders may be essential skills and abilities that students need to learn in
order to solve ill-structured problems. It is important to note that although the afore-
mentioned models for ill-structured problem solving seem to be represented here as a linear
process to a certain degree (see Fig. 1), all of these models—including ours—consider
ill-structured problem solving as a dialectic and recursive process.

Classroom management as ill-structured problems

Traditional discourse on classroom management tends to focus on “the smooth flow of learning
activities as well as daily routines” (Grant and Gillette 2006, p. 99). In order to achieve this goal,
classroom management is often reduced to a set of techniques for disciplining individual
children’s misbehavior (Doyle 1986). Ayers (2001) argued that this limited view of classroom
management leads teachers to see teaching as both a linear process (i.e., classroom management
should precede teaching) and a discrete act (i.e., classroom management is separated from the
whole of teaching). He pointed out that the commonsense discourse on classroom management
centers on manipulating and controlling children rather than on seeing teaching as “intellectual
and ethical work™ (p. xii). He claimed: “There are a lot of quiet, passive classrooms where not
much learning is taking place, and others where children’s hearts, souls, and minds are being
silently destroyed in the name of good management” (p. 11).

In addition, the focus on a set of techniques for disciplining children’s behavior as if
they are panaceas may prevent teachers from understanding how teaching is a “contextual,
local, and situated” act that demands “subtle judgments and agonizing decisions”
(Shulman 1992, p. 28). The techniques-oriented discourse and approach to classroom
management oversimplifies the issue by assuming that everything about classroom
management is a well-structured problem.

However, what appears to be a simple and straightforward problem can be also seen as a
complex challenge that requires thoughtful consideration for various stakeholders and for
the different aspects involved in the problem. For example, consider the case described in
Fig. 2. This situation demonstrates how a seemingly simple problem (e.g., how to arrange
children’s desks to prevent interruptions during classroom instruction) can indeed be a
complex, ill-structured problem when the teacher frames the problem from multiple
perspectives and considers various solutions and their consequences.

A design model for a case-based learning environment
Case-based learning

Promoting ill-structured problem solving skills is not an easy task. Although direct
instruction (e.g., lectures) may be effective in facilitating well-structured problem solving
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d

Suppose that a 3"-grade teacher named Jane is trying to change the arrangement of children’s
desks in her classroom. She feels the need for this change as she has noticed that two boys, Brian and
Kevin, constantly talk and interrupt the class instruction. As a teacher who believes that students should
be quiet for the smooth flow of instruction, Jane sees what Brian and Kevin do as misbehavior that needs
to be disciplined and decides to separate them by moving their desks apart as a punishment. If Jane wants
to put the priority on building a classroom community by promoting collaboration among students,
however, this could be a challenging situation. Jane knows that Brian was held back last year and that
Kevin is one of the very few children with whom Brian interacts in her classroom. She might feel that
separating the two boys does not solve the problem and might even hurt Brian, who already has difficulty
in adjusting to school life. Jane, however, also worries about the other students, including Kevin, whose
learning might be compromised if interactions between Kevin and Brian are not relevant to class activities
and thus are distracting to the other students. She is aware that some children’s parents may well be
concerned about this situation, although Brian’s mother is thankful that her son has made a good friend.
Jane keeps thinking about what kind of grouping and classroom setting will help her class to be a caring
community where everybody involved can benefit.

Fig. 2 A classroom management case as an ill-structured problem

skills (e.g., domain knowledge), decontextualized domain knowledge isolated from
authentic situations and experience has been always questioned for facilitating ill-struc-
tured problems skills (Spiro et al. 1992; Whitehead 1929/1967). Beyond the domain
knowledge about concepts, principles, models, and theories, which could be constructed
through direct instruction, successful ill-structured problem solvers should be able to
identify and interpret important situational cues, and should be able to apply (or modify)
appropriate principles to a particular situation (Johnson 1988) through experience (Erics-
son 2003). It also has been suggested that ill-structured problem solving often relies on
case-based reasoning by applying one’s prior experience (Hernandez-Serrano and Jonassen
2003; Schank 1999) because ill-structured problems are often context-dependent (Voss
1987). Thus, ill-structured problem solving skills might be constructed through experience
in solving authentic, ill-structured problems (Bransford 1993). To this end, case-based
instruction seems to be one of the most effective pedagogical approaches to ill-structured
problem solving skills because it provides richer contexts for framing problems and
facilitates experience-based knowledge construction (Williams 1992).

In teacher education, many researchers and educators have recently advocated case-
based instruction as an effective method for helping preservice (and even inservice)
teachers develop a sense of social and ethical responsibility, understand the contextually
situatedness of teaching, and facilitate epistemological growth, by engaging preservice
teachers in critical thinking and analytical reflections (Harrington et al. 1996; Lundeberg
et al. 1999; Merseth 1996; Shulman 1992; Tippins et al. 2002). Recent instructional
models and technology-enhanced practices provide richer and more meaningful case-based
learning environments where students can construct active knowledge and build successful
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problem solving skills (e.g., Cognition and Technology Group at Vanderbilt 1993; Harris
et al. 2005; Hernandez-Serrano and Jonassen 2003; Jonassen and Hernandez-Serrano
2002; Spiro et al. 1992).

The case-base learning for classroom management problem solving (CBL-CMPS) model

While there are a variety of ways to organize learning activities around cases in case-based
learning, the CBL-CMPS model was created based on the adapted model of Jonassen’s
(1997) ill-structured problem solving process, discussed in the previous section, and a
modified model of Jonassen’s (1999) constructive learning environment design. The for-
mer guided us to identify what kinds of problem solving activities need to be facilitated,
whereas the latter identified what kinds of learning resources need to be arranged and in
which ways. To illustrate this modified constructive learning environment model within the
framework of the CBL-CMPS, Fig. 1 is provided. As shown at the bottom of Fig. 1, Case
Problems are the central component of the CBL-CMPS model. All of the learning activities
are anchored to these case problems. Because different stakeholders can identify different
problems in the same case, the next meaningful learning resources are Multiple Perspec-
tives where students are exposed to diverse perspectives. In ill-structured problems,
multiple solutions exist depending on the problems identified and the perspectives chosen.
Thus, the next layer is the Experts’ Multiple Solutions, where students can see different
solutions, solution steps, and the possible consequences of the solutions suggested by
experts. Finally, the literature (i.e., general theories, principles, and other information)
related to the given case problems are provided to students in the Theories and Literature
layer so they can apply what they read to their problem solving process. All of these
resources are situated within the traditional college classroom where students interact with
their peers and instructor for the problem solving activities.

In this modified Jonassen’s (1999) model, the ill-structured problem solving process is
applied to articulate the interface design scheme and learning activities. As shown in
Fig. 1, the learning resources are provided through each stage in order to facilitate the
essential process and the skills of ill-structured problem solving. Although each stage
facilitates different skills required for ill-structured problem solving, students experience
three cycles of the iterative process of whole problem solving throughout the stages, and
this process deepens their problem solving skills.

A sample screen of the actual interface is presented in Fig. 3. In Stage 1, as shown in
Figs. 2 and 3, real-world problems are presented and individual students are asked to
identify problems and generate solutions. Most case problems provided were collected
from practicing teachers and developed as an audio dramatic story. In this first stage, only
the problem part of the case is presented. The purpose of this stage is to engage students in
the ill-structured problems and to have them try to solve the problems on their own.

Stages 2 and 3 are intended to expose students to multiple stakeholders’ perspectives on
the problems and to experts’ different ideas for solutions. In Stage 2, Analyzing Problems,
multiple opinions about what the problems are in the given case are presented by different
stakeholders, including three principals, one parent, and three experienced teachers.
Students are then asked to listen to all of the different perspectives and to refine their initial
thoughts about the problems in the given case. The purpose of this stage is to encourage
students to consider and incorporate diverse perspectives while identifying the problems in
the given case. Likewise, in Stage 3, multiple solutions about the given case are provided
by the three experienced teachers, and students are asked to refine their initial ideas for
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Fig. 3 Sample screen of the CBL-CMPS: Stage 1

solutions. The purpose of this stage is to help students to explore diverse solutions and to

justify the best solutions among their choices with a rationale.

In Stage 4, students are provided with readings that are relevant to the given case.
Students are asked to finalize the problems they have identified and the solutions they have
generated in the given case. The purpose of this stage is to facilitate students in applying
what they have read, such as theories and principles, to the process of identifying problems,

generating solutions, and justifying their positions.

Finally, in Stage 5, students are provided with the solution part of the case, which
contains how the case was originally concluded by the practicing teacher who shared the
dilemma. Also, comments on the conclusion of the case provided by the multiple
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stakeholders are presented to students. After reviewing the comments provided, students
are asked to make their own comments on the case conclusion and reflect on the lessons
they have learned from the given case.

We believe that this environment will deeply engage students in an ill-structured
problem solving experience and will facilitate learning some of the essential skills and
processes necessary for solving ill-structured problems. However, we suspect that
engaging students in ill-structured problem solving itself is not a sufficient condition for
them to build successful ill-structured problem solving skills. In addition, students may
engage in learning and problem solving activities differently as they are exposed to the new
learning environment that affords different learning activities and interactions (Gibson
1986; Young et al. 1999). We expect that a variety of scaffoldings and more explicit
guidance, plus different instructional strategies, need to be embedded within this case-
based learning environment in order for students to build successful ill-structured and
complex problem solving skills (Ge and Land 2004; Land 2000; van Merrienboer et al.
2003). In order to develop better strategies, we need to have a clear understanding of how
students interact with the new case-based learning environment. Thus, we stopped further
development at this point, and we implemented this environment in a teacher education
course in order to understand how these learning environments influence students’ learning
activities and what kind of additional scaffolding or instructional strategies need to be
embedded to make the learning environment more effective. In the following sections, we
present two successive studies exploring two implementations of the CBL-CMPS. Then we
discuss the implications of our studies and suggestions for future research.

Study 1: the first implementation

The purpose of Study 1 was to test the effectiveness of the CBL-CMPS on ill-structured
problem solving abilities, to understand how students interact with the initial version of the
CBL-CMPS, and to make further revisions to the CBL-CMPS based on the study results.
This study was guided by the following two major questions:

1. Do the learning activities and the given learning resources in each stage of the CBL-
CMPS improve students’ ill-structured problem solving skills during their case
activity? By testing the gain effects on students’ problem solving performance with
supports provided throughout each stage, we can diagnose each stage of the CBL-
CMPS for further development.

2. Does the overall learning experience with the CBL-CMPS improve students’ ill-
structured problem solving skills in a transfer test? This question tests students’
independent problem solving performance without any guidance. Thus, this provides
information about the overall effectiveness of the CBL-CMPS.

Method

Research design

To answer the two research questions, a single-group repeated-measures design was
employed. For the first question (a learning gain test in each stage), students’ written

answers (problem identification and solution generation) in response to each case problem
were collected three times at different stages (Stage 1, Stages 2 & 3, and Stage 4) during
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the exploration of each case. Students participated in the exploration of two cases during
this study (2 cases X 3 times). For the second question (a learning transfer test), a pretest
and posttest on a case problem were implemented before and after the review of two cases.
The dependent variables consisted of the seven sub-skills of ill-structured problems solving
as explained in the “Measures” section.

Participants

The CBL-CMPS was implemented for 3 weeks in a required undergraduate teacher edu-
cation course taught by the second author for students who were second-semester juniors in
the Spring Semester of 2005. The class had a cluster of 30 students enrolled in the early
childhood education program at a large state-funded university in the southern United
States. All 30 students were females in their early 20s. Except for one Filipino-American,
the other 29 students were Caucasian-Americans. Among the 30 students, we received
consent letters from 23 students who allowed us to use their case responses for our research
(n = 23). All of the CBL-CMPS activities were part of the regular course assignments
(15% of their final grade).

Materials and measures

We collected real classroom stories from interviews with local schoolteachers and case-
books (e.g., Shulman and Mesa-Bains 1990). We then selected and dramatized dilemmas
related to the issues of a challenging child, conflicts with parents, rewards, homework, and
instructional and grouping strategies. In this study, two of the cases, related to a chal-
lenging child and to conflicts with parents, were used for students’ case-based learning
activities in the online CBL-CMPS environment. Throughout the stages of the CBL-
CMPS, students were asked to answer two major questions: (1) what do you think are the
problems in the given case situation, and why do you think so? (problem identification);
and (2) what are the solutions to the problems, and why do you think so? (solution
generation). Students’ written responses to the open-ended questions submitted online were
the nature of their problem-solving data used for the gain test. For the transfer test, another
dilemma, related to instructional and grouping strategies, with the same two questions
(problem identification and solution generation) was used for collecting students’ problem
solving data before and after the CBL-CMPS intervention.

In order to analyze the written responses that the students generated for the given ill-
structured problems, seven sub-skills were identified as dependent variables (see Table 1).

Rubrics developed by the authors were used to assess the quality of each sub-area
(scale: 0—4 points). Two trained raters (doctoral candidates) evaluated the blind data
independently. Students’ answers that were rated with gaps (one or greater points) between
the two raters were identified and discussed by the raters before they reevaluated the
answers independently. The inter-rater reliabilities (Pearson r) for each of the dependent
variables for the two different cases and the pretest and posttest ranged between .651 and
.878. The average of the correlations calculated based on Fisher’s Z transformation was
.764. The average score between the two raters was used for the final data set.

Procedure

Before implementing the CBL-CMPS, the students received an orientation session on how
to use the CBL-CMPS for case activities in class. The students then completed an online
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Table 1 The seven sub-skills of ill-structured problem solving

Ill-structured problem
solving skill

Rationale

In problem identification
Multiple perspectives

Justification

Critical thinking

Linking to theory

In solution generation

Solution and justification

Critical thinking
Linking to theory

Considering and incorporating diverse perspectives while assessing situations
and identifying problems is one of the essential parts in the process of
successful ill-structured problem solving (Jonassen 1997; Schraw et al. 1995;
Shin et al. 2003). It is important for the future teachers to have open minds
(Dewey 1933; Zeichner and Liston 1996), listen to other stakeholders’
opinions, reconcile conflicting perspectives, and incorporate diverse
perspectives while identifying more fundamental problems existing in the
situation.

Justification skills—developing a sound argument for one’s claim (Toulmin et al.
1984)-are one of the strongest predictors for successful ill-structured problem
solving (Jonassen 1997; Shin et al. 2003). Because there are multiple ways to
address the problems in the same situation, it is important for problem solvers
to validate their perspective with reasoned argument. Future teachers should
be able to open their minds to multiple perspectives. However, it is also
important for them to be able to move “beyond relativism to reasoned and
committed thoughtfulness” (Harrington et al. 1996, p. 26).

While identifying problems and generating solutions, it is important for problem
solvers to ask critical questions about their assumptions, perspectives,
knowledge, and the prevailing practices and beliefs among those in their
profession. At the same time, successful problem solvers should carefully
assess the consequences of their practices at personal, professional, and social
levels (Schraw et al. 1995; Zeichner and Liston 1996).

Domain-specific knowledge plays an important role in solving both well- and
ill-structured problems (Bransford 1993; Chi et al. 1988; Schraw et al. 1995;
Shin et al. 2003). For the context-dependent, ill-structured problem, it is more
important for problem solvers to understand what they read (theories,
principles, etc) and apply the knowledge to particular problems.

Considering diverse ways of generating solutions and solution steps, evaluating
the potential consequences of the proposed solutions, and selecting feasible
solutions along with reasoned arguments are essential processes of ill-
structured problem solving (Sinnott 1989; Jonassen 1997; Voss et al. 1991).
The future teachers need to assess the consequences of their solutions and to
justify their solutions in connection to their moral and ethical responsibilities
(Harrington et al. 1996; Zeichner and Liston 1996).

The same as the critical thinking in problem identification.

The same as the linking to theory in problem identification.

pre-transfer test as homework. For the next four class sessions, the course focused on the
issue of classroom management. The class met twice a week for 1 h and 15 min per class
session. Throughout the four class sessions, the students studied two cases, related to a
challenging child and to conflicts with parents, by spending two class sessions per case. For
each case activity, the students were asked to complete Stages 1, 2, and 3 of the CBL-
CMPS online and to submit their responses to the questions (problem identification and
solution generation) posed at the end of each stage as a homework assignment. The
students then brought their writing with them for face-to-face class discussions conducted
in both small groups and the large group. Common procedures used for the small group
discussions were, first, to take turns sharing individual writing, and then to discuss similar
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and different ideas presented by the group members. Each of the small groups reported
their discussion results when debriefing in the large group, which focused on expanding the
small group discussions by identifying common ideas as well as exploring different per-
spectives. These small and large group discussions about the first three stages were done in
one class session. The students then checked out Stages 4 and/or 5 (one case did not have
Stage 5) for another homework assignment in the same way that they did for the previous
stages. The students brought their writing with them again to the following class discussion
session. After studying two cases in the same manner, the students were then requested to
revisit the pretest dilemma problem and revise their pretest essay online as homework. This
particular dilemma was not discussed in class at all, and the revised essay was considered
to be the posttest data.

Results and findings
Gain test: the effects of each stage in the CBL-CMPS on ill-structured problem solving

To diagnose the effect of each stage of the CBL-CMPS for further revision of the envi-
ronment, a two-way (2 cases X 3 times) within-subjects MANOVA was conducted
focusing on the Time main effect. The within-subjects factors were case activities with two
levels (1st and 2nd Case Problems) and time with three levels (Stage 1-baseline, Stages 2
& 3-reviewing multiple perspectives, and Stage 4-reviewing readings). The MANOVA
results showed that there is a significant Time main effect [4 = .03, F(14, 9) = 21.18,
p < .001, n2 = .97] meaning that students’ problem solving performances are significantly
different among the different stages of the CBL-CMPS across the case activities.

To determine the effect of each stage of the CBL-CMPS on each sub-skill of problem
solving, two-way (2 cases X 3 times) repeated-measures ANOVAs on each independent
variable were conducted as follow-up tests to the MANOVA (Green and Salkind 2005). To
control an inflated Type I error rate by using the Bonferroni method (Keppel and Wickens
2004), each ANOVA test was evaluated at the o level of .0071 (« = .05/7). To be free from
the sphericity assumption, we used the multivariate criterion of Wilks’s lambda (A1) and the
multivariate eta-squared (112) effect size. The descriptive statistics and the follow-up
ANOVA results for all seven dependent variables (0—4 scales) are presented in Table 2. As
shown in Table 2, the results revealed significant Time effects on all of the seven sub-skills
for ill-structured problem solving with large effect sizes based on Cohen’s guidelines
(1988).

Finally, follow-up repeated contrasts for the Time main effects were conducted to
determine how each stage of the CBL-CMPS affected each problem-solving sub-skill
differently across the case activities. To control for the familywise error rate across the two
repeated contrasts at the « level of .0071, the Holm’s sequential Bonferroni procedure was
applied (Green and Salkind 2005). Thus, the contrast result with the smaller p value
between the two contrasts was tested at the .0036 level (¢ = .0071/2), while the other
result was tested at the .0071 level (« = .0071/1). As shown in Table 2, the results of
follow-up repeated contrasts showed that a significant improvement in the students’ scores
on the seven sub-skills had been made from the baseline (Time 1) to reviewing multiple
perspectives (Time 2) and from Time 2 to reviewing the given readings (Time 3) at large
effect sizes with one exception. That is, the multiple perspectives scores in problem
identification from Time 2 (M = 2.43) to Time 3 (M = 2.5) was not significantly
improved [F(1, 22) = 7.97, p = .010, 112 = .27] at the « level of .0071 (o« = .0071/1) while
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statistically significant improvement on multiple perspectives scores in problem identifi-
cation [F(1, 22) = 50.29, p < .001, 112 = .70] had been made between Time 1 (M = 2.11,
baseline) and Time 2 (M = 2.43, after reviewing multiple perspectives resources). This
indicates that students’ major improvement in considering multiple stakeholders’ per-
spectives while identifying problems appeared after they were exposed to multiple
stakeholders’ perspectives on problems. In contrast, more salient improvement on linking
to theory in both problem identification and solution generation was made after students
reviewed the given readings (between Time 2 and Time 3). Other independent variables
seemed to be equally improved at each stage. Overall, these results imply that the indi-
vidual instructional treatments given in each stage facilitated the intended learning
outcomes across the case explorations.

Transfer test: the overall effects of the CBL-CMPS on ill-structured problem solving

The pretest and posttest data on a dilemma case were analyzed using a one-way repeated-
measures MANOVA in order to examine whether the students’ ill-structured problem
solving skills were transferred to a new case problem. The MANOVA results showed that
there is a significant Time main effect [4 = .27, F(7, 13) = 4.99, p = .006, 112 =.73]
meaning that students’ problem solving performances are significantly improved from the
pretest to the posttest.

To determine whether each of the seven sub-skills of ill-structured problem solving was
transferred to a new case problem, one-way repeated-measures ANOVAs on each
dependent variable were conducted as follow-up tests to the MANOVA. Each ANOVA
was tested at the .0071 level (¢ = .05/7) by applying the same Bonferroni method used in
the previous analysis. The results indicated that the students’ tendency to consider multiple
perspectives in problem identification was significantly improved from the pretest
(M = 2.07, SD = .30) to the posttest (M = 2.31, SD = .38), F(1, 19) = 13.70, p = .002,
n? = .42. However, justification, critical thinking, and linking to theory in problem iden-
tification did not show any statistically significant improvement from the pretest to the
posttest at the .0071 level. In contrast, two of the sub-skills solution generation showed a
statistically significant improvement: solution and justification [Mppegest = 2.31, SDpye.
est = -23; Mpostiest = 2.65, SDposuest = -28; F(1, 19) = 20.4, p < .001, 1° = .52] and
critical thinking [Mpetest = 2:17, SDbpretest = 245 Mposttest = 2-99,  SDposteest = -33;
F(1, 19) = 20.69, p < .001, 112 = .57]. Although linking to theory in solution generation
did not show a statistically significant improvement at our o level (Mppeese = 1.51,
SDpreest = -32; Mpogtest = 1.89, SDpogest = -72; F(1, 19) = 8.16, p = .01, n° = .57), we
noticed that the p-value was close to be significant.

Implications for the CBL-CMPS revision and the limitations of Study 1

Study 1 examined the effects of each instructional strategy provided in each stage of the
CBL-CMPS on ill-structured problem solving and the overall effects of the CBL-CMPS on
transfer in ill-structured problem solving. The results enabled us to identify four sub-areas
that did not show any statistically significant improvement on a transfer test: justification
and critical thinking in problem identification, and linking to theory in both problem
identification and solution generation. We took these areas into major consideration in our
revision (see Table 3 for a sample of the revision).
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Table 3 Example of the initial and revised guidelines for scaffolding ill-structured problem solving in the
CBL-CMPS

Initial guidelines (Study 1) Revised guidelines (Study 2)

Stage 2: Analyzing problems Stage 2: Analyzing problems

Goals: In this stage, you will analyze the case from Goals: In this stage, you will analyze the case from
diverse perspectives. You then will identify diverse perspectives. You then will identify
problems from your own perspective by carefully  problems from your own perspective by carefully
considering different stakeholders’ opinions. considering different stakeholders’ opinions.

Directions: Different stakeholders may have Directions: Each stakeholder’s view has
different expectations on how this problem should “constraints” that highlight certain aspects while
be solved. Review each of the following dismissing other aspects. In order to answer the
stakeholders’ opinions and answer the questions at ~ questions listed below, critically examine each
the bottom of this page. stakeholder’s perspective by considering that (a)

schooling and children’s learning occur in both
local and larger socio-historical contexts and (b)
taken-for-granted beliefs about and practices in
schooling need to be challenged.

[Audio interview files were provided: Multiple [The same audio files were provided]
perspectives from three administrators, three
experienced teachers, and two parents]

Question(s) Question(s)

1. Considering different stakeholders’ opinions, what 1. From the suggestions offered by administrators,
do you think is a problem (or problems) in this parents, and teachers, what aspects were
case and why? highlighted and what aspects were dismissed?

2. Considering these constraints of the multiple
stakeholders’ perspectives, how would you expand
your view of the problem(s) in this case? [Revisit
your original thoughts on the problem(s) discussed
on the Reviewing Problems Stage and re-frame the
problem(s).]

Study 1 results also indicated significant transfer effects in three sub-skills. However,
due to the limitation of the single-group pretest-posttest design, it was unclear whether the
significant effects were a result of the intervention or simply a result of test practice
or maturation effects. In order to address this limitation, we used a quasi-experimental
control-group design for the second study.

Study 2: the second implementation
The purpose of Study 2 was to confirm the gain effects of each stage found in Study 1 and

to determine the transfer effect of the revised CBL-CMPS using a more rigorous method.
The same research questions asked in Study 1 were used again for this study.

Method
Research design

The same single-group repeated design used in Study 1 was employed in order to confirm
the gain effects of each stage of the revised CBL-CMPS during the case activities (research
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question 1). Students participated in the exploration of three cases (3 cases X 3 times) in
Study 2. However, in order to determine the overall transfer effects of the revised CBL-
CMPS (research question 2) while controlling the effects of test practice and maturation, a
quasi-experimental pretest-posttest control-group design was employed.

Participants

The participants were 58 junior students from a total of 59 enrolled in either one of two
sections of the same required course in the Fall Semester of 2006. This course was offered
in the Early Childhood Education program at a large state-funded university in the southern
United States. One section (30 students) of the course taught by the second author used the
CBL-CMPS over the 3-week period (the treatment group) as part of regular course
activities (20% of the total grade) while the other section (29 students) taught by another
instructor did not use the CBL-CMPS (the control group) until we completed our data
collection. All 30 students in the treatment group (n = 30) submitted their consent letters
for us to use their case responses for our research. Except for one African-American male
and one African-American female, the other 28 students were Caucasian-American
females and the majority of the students were in their early 20s. Similarly, 28 students out
of the 29 in the control group (n = 28) submitted their consent letters. All were Caucasian-
Americans (1 male and 27 females) mostly in their early 20s. In order to tease out the
effects of maturation and test practice using a control group, both groups should be
equivalent in age, gender ratio, and cultural background (e.g., ethnicity and majors). We
found that these two groups were similar in these areas.

Treatment: the revised CBL-CMPS

Based on the results of Study 1, more explicit guidelines designed to facilitate the sub-
skills of ill-structured problem solving were provided in Stage 2 and Stage 3. Different
guidelines were given depending on the issue relevant to each case. Also, the questions
asked in each stage were slightly revised and additional guiding questions were added.
Table 3 shows examples of the initial and the revised guidelines.

Procedure

Treatment group. Before implementing the CBL-CMPS with the treatment group, the class
met at a computer lab for an orientation session. During this session, the authors explained
how to access the CBL-CMPS and the assignments for the case activities. Then, unlike
Study 1, the class had a 30-minute pretest session in the lab. During the pretest, the class
listened to a dilemma posed by a local schoolteacher, and the students individually wrote
and submitted their views of the problem(s) and possible solution(s) of the case online.
Students were allowed to review the transcript of the dilemma if needed while completing
their writing.

In the following six class sessions (1 h and 15 min per session) during a 3-week period,
the students studied three cases in the same manner that had been applied in Study 1. Two
of them were the same cases that had been used in Study 1, and the other was a newly-
added case related to a homework issue in Study 2. The arrangements of homework and
class activities for each case study were implemented in similar ways to those in Study 1.
After these six class sessions, the whole class met at the same computer lab again for a
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30-minute posttest. We asked the students to answer the same questions with the same
dilemma used in the pretest. Unlike Study 1, however, the students were not given their
pretest essay responses while completing their posttest essay, so the two tests could be
more independent in order to control test practice effects. The dilemma presented in the
tests was not previously discussed in class.

Control group. The class met in a computer lab for a 30-minute pretest. The same
pretest used in the treatment group was conducted in the control group. Three weeks after
the pretest, the class met in the same computer lab again for a 30-minute posttest. During
the 3 weeks, they were not given the CBL-CMPS treatment. Instead, the class dealt with
various topics related to organizing, planning, and developing instruction in early child-
hood classrooms by using the traditional lecture and discussion format.

Measures

The same seven dependent variables for ill-structured problem solving used in Study 1
were employed. The same two raters from Study 1 reviewed the blind data with the same
0—4 scale rubrics. The inter-rater reliabilities (Pearson r) for each of the dependent vari-
ables for the three different cases and the pretest and posttest ranged between .554 and
.922. The average of the correlations calculated based on Fisher’s Z transformation was
.790. The average scores between the two raters were used for the final data set.

Results and findings
Gain test: the effects of each stage in the CBL-CMPS on ill-structured problem solving

Aligning with Study 1, a two-way (3 cases X 3 times) within-subjects (treatment group)
MANOVA was conducted to evaluate the effect of each stage of the CBL-CMPS on ill-
structured problem solving during the exploration of the three cases. The MANOVA
results showed that there is a significant Time main effect [4 = .026, F(14, 16) = 49.69,
p < .001, * = .97] meaning that the students’ problem solving performances are signifi-
cantly different among the different stages of the CBL-CMPS across the case activities.

To determine the effect of the CBL-CMPS on each sub-skill of problem solving, two-
way (3 cases X 3 times) repeated-measures ANOVAs on each independent variable were
conducted with the same method used in Study 1. The descriptive statistics and ANOVA
results for all of the seven dependent variables (0—4 scales) are presented in Table 4. The
results were consistent with Study 1. Significant Time effects on all the seven sub-skills at
the .0071 level (o < .05/7) were obtained with large effect sizes (see also Fig. 4).

The follow-up repeated contrasts for the Time main effects also confirmed that there
was a statistically significant improvement on all seven sub-skills in each stage at the .0036
level (o < .0071/2) with large effect sizes (Cohen 1988). Most of the effect sizes obtained
in Study 2 are larger than those in Study 1, indicating the improvement of the revised CBL-
CMPS. These results confirmed that the individual instructional treatments given in each
stage facilitated all of the seven sub-skills of ill-structured problem solving across the case
explorations.

Transfer test: the overall effects of the CBL-CMPS on ill-structured problem solving

A one-way (treatment versus control) MANCOV A was used to test for differences between
groups, with the posttest scores as the dependent variables and the pretest scores as the
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Fig. 4 Problem-solving performance during case activities with the CBL-CMPS
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covariates. The results showed that there is a statistically significant difference between the
treatment group and the control group in problem solving [4 = .523, F(7, 38) = 4.95,
p <.001, 112 = 48], meaning that problem solving skills were transferred to a new case
problem.

To determine the transfer effect of the CBL-CMPs on each of the sub-skills of ill-
structured problem solving, follow-up ANCOVAs on each dependent variable were tested
at the .0071 (x = .05/7) level. The descriptive statistics are presented in Table 5. The
ANCOVA results revealed statistically significant differences (at the .0071 level) between
the treatment group and the control group in multiple perspective scores in problem
identification [F(1, 50) = 33.81, MSE = .15, p < .001, "pz = .40] and critical thinking
scores in problem identification [F(1, 50) = 10.27, MSE = .26, p = .002, np2 =.17]. As
found in Table 5, there were also practically noticeable, but not statistically significant (at
the .0071 level), differences between the two groups in justification scores in problem
identification [F(1, 50) = 4.82, MSE = .25, p = .033, np2 = .09], solution and justification
scores in solution generation [F(1, 50) = 5.60, MSE = .07, p = .022, np2 =.10], and
critical thinking scores in solution generation [F(1, 50) = 7.49, MSE = .07, p = .009,
np2 = .13]. However, the linking to theory scores in both problem identification and
solution generation did not show any noticeable difference between the two groups in spite
of the significant gain effects in the linking to theory during case activities. It could be
explained partially by the limitations of our rating system. Unlike the case exploration
situation where specific readings were given to the students, so that the reviewers clearly
knew what the students had read, no reading was given in the transfer test situation,

Table 5 Mean pretest and mean and adjusted mean posttest scores for the learning outcomes

Learning outcome Group n Pretest Posttest obtained Posttest adjusted

M SO M SD M

Problem identification

Multiple perspectives*** Control 26 1.88 38 1.55 40 1.55
Treatment 27 1.84 44 215 43 2.16
Justification* Control 26 1.83 .55 1.77 .56 1.79
Treatment 27 1.91 43 210 48 2.09
Critical thinking*** Control 26 134 48 117 37 1.18
Treatment 27 1.45 A48 1.64 .61 1.63
Linking to theory Control 26 1.20 .28 1.54 33 1.53
Treatment 27 130 .38 140 44 1.41
Solution generation
Solution and justification®*  Control 26 252 25 246 .26 2.44
Treatment 27 243 31  2.60 27 2.61
Critical thinking** Control 26 242 34 242 .29 2.40
Treatment 27  2.31 35 259 .29 2.60
Linking to theory Control 26 1.63 .61 1.97 .65 1.98
Treatment 27 1.80 64 212 .64 2.10

Note: Judgments were made on 0 to 4-point scales
*p <.05.%* p < .0l. *** p < .0071 (a« = .05/7)
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assuming that the students would use all of the literature that they had read previously in
this class as well as in other classes. Thus it was difficult to discriminate different levels of
students’ ability to apply certain literature to problem solving activities unless the students
explicitly indicated specific theories and principles in their responses.

Overall, these results indicated that two of the seven sub-skills gained during the CBL-
CMPS experience were transferred to a new case problem while three of the other sub-
skills showed positive potential for the transfer effects to some degree. To illustrate how
students’ answers were improved from the pretest to the posttest, a sample answer from the
problem identification written by one student is presented in Appendix A. We found that
the CBL-CMPS and its stages facilitated the college students in (a) considering multiple
perspectives, (b) critically reviewing situations and solutions in social and historical
contexts, (c) developing coherent arguments, and (d) applying theories to their arguments
to a certain degree while solving ill-structured problems.

General discussion

The two successive studies have allowed us to refine and improve the CBL-CMPS, to
understand the potential and the limitations of the current CBL-CMPS, and to articulate
further directions for our research and design. In this section, we explain important features
of the CBL-CMPS that account for its effectiveness, and we discuss the results from the
notions of the zone of proximal development (ZPD) and scaffolding. Finally, we conclude
with future directions for research and design, and the implications of this research for
college teaching and instructional design.

The CBL-CMPS model: real-world problems and graduated scaffolding and fading

An adapted model from Jonassen’s (1999) constructivist learning environment and the
general process of ill-structured problem solving (Jonassen 1997; Sinnott 1989; Voss et al.
1991) guided us in developing the CBL-CMPS model and its environment. Learning
resources and scaffolding in the CBL-CMPS were presented through the five stages. The
results indicated that this environment was effective in improving students’ ill-structured
problem solving abilities. We highlight two design considerations that may be most
accountable for these successful results.

Engaging learners in real-world case problems

Most learning environments designed to facilitate real-world problem solving place
questions, challenges, problems, cases, or projects in the center of the learning activities
(e.g., Jonassen 1999; Schwartz et al. 1999). These allow learners to have ownership of
their learning and to be deeply engaged in learning activities that result in meaningful
learning. For the development of the CBL-CMPS, ill-structured, real-world case problems
were collected from practicing teachers and placed in the center of the CBL-CMPS
environment (Jonassen 1999). These case problems hold complexity, uncertainty, and
dilemmas along with richer contexts. Thus, these cases motivate students to be engaged in
problem solving activities and to experience real-world situations. The richer contexts of
each case might play as a mental home or anchor where students could build and index
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their newly constructed knowledge in more meaningful ways (Bransford 1993; Schank
1999).

While the case problem itself seemed to play a significant role in the students’ initial
motivation, the engagement of deeper thought processes and learning occurred when they
were provided with different scaffolds and learning resources in the later stages of the
CBL-CMPS environment. This is our next important design consideration.

Increasing the learner’s role with graduated scaffolding and fading

Successful problem solvers deal with problems while accommodating multiple stake-
holders’ perspectives, integrating sound theories and principles, and examining taken-for-
granted practices and ideas. It is obvious that students are frustrated with significant
learning loads if they are asked to learn all the skills and attitudes simultaneously. In order
to facilitate meaningful learning of these complex skills with less burdensome learning
loads, we believed that students’ roles and responsibilities in solving problems need to be
smoothly increased by graduated scaffolding while retaining the complexity of the original
problems (Greenfield 1984; Puntambekar and Hiibscher 2005; Quintana et al. 2004; Wood
et al. 1976).

In the CBL-CMPS, each stage provided different scaffolding to facilitate one or more
aspects of problem solving abilities while asking students to perform a whole task at
their level. Due to the nature of ill-structured problems, there were neither right nor
wrong solutions, nor was there a clear ending point to the problem solving. Throughout
each stage, they were able to take on more responsibilities gradually while solving
problems by being scaffolded to open their eyes to see deeper levels of complexities and
different aspects of problems and problem solving activities. This phenomenon was
explained by the patterns of the students’ performances during case activities in both
Study 1 and Study 2. As shown in Fig. 4, for example, multiple perspectives, justifi-
cation, and critical thinking performances began to increase during stages 2 and 3 when
relevant scaffoldings and learning resources were provided. Yet more significant
improvements in the linking to theory performances occurred during stage 4 when rel-
evant learning resources were provided. Although in each stage we requested slightly
different activities (e.g., what was highlighted/dismissed among different perspectives?),
which may be considered as a way of changing the task (Quintana et al. 2004) in order
to facilitate the development of certain problem solving abilities in a whole task context,
their final task in each stage still remained the same (e.g., how would you reframe/solve
the problem based on the new insights you gained in this stage?). Through a repeated
cycle of activities in each stage with different cases, the students might be able to
internalize problem-solving abilities.

It is important to note that in this environment the students began by solving problems
without support. Then, different scaffoldings and resources to guide their problem
solving activities were provided during each stage. When the students moved to solve a
new case, they started again solving the given problem independently, which can be
considered fading, gradually removing the support, to some degree (Collins et al. 1989).
Although fading should occur gradually when students have internalized abilities to
complete tasks independently, this environment repeated pushing and pulling the support
regularly. We believe that these repeated cycles of giving and fading scaffolds in each
case may also promote students’ internalization of problem solving abilities (McNeill
et al. 2000).
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Potentials and challenges of the CBL-CMPS model
Limitations of the CBL-CMPS

Although the results of Study 2 indicate the effectiveness of the CBL-CMPS to a certain
degree, these results also demonstrate critical limitations of the environment with a 3-week
implementation. In the gain test, as shown in Table 4 and Fig. 4, the baseline scores in all
of the sub-areas for all three cases ranged between 1.25 and 2.33 at a 0—4 scale. The final
scores during case explorations ranged between 2.22 and 2.89. In a transfer test, where no
scaffolding was provided, the average scores of the control and treatment groups were 1.84
and 2.08 respectively. These scores indicate that students began with tendencies to simplify
the given situation and identify problems from a single perspective, mainly the teacher’s
perspective (e.g., Ben is a disruption to the other students in the class, see Appendix A).
Their arguments and critical thinking were lacking in both problem identification and
solution generation. Throughout the implementation, the students began to understand the
complexity of given situations and to acknowledge the possibility of different interpreta-
tions of problems from multiple perspectives. However, they were still not successful in
critically evaluating those multiple perspectives in relation to particular situations given to
them and in integrating the multiple perspectives with different weights into building their
own perspectives to approach the problems.

Further interpretation of the results

It would be meaningful to situate our results in two well-grounded epistemic development
models: Perry’s (1968/1999) intellectual and ethical development scheme and King and
Kitchener’s (1994) reflective judgment model. In fact, these two models guided us to
characterize different levels of ill-structured problem solving performances in our evalu-
ation rubric development. Perry’s original nine positions of epistemic development have
been categorized as four major stages through refinement (Moore 2002)—dualism (black-
and-white types of thinking and its variations), multiplicity (acknowledging uncertainty
and accepting multiple opinions), contextual relativism (acknowledging the importance of
contexts for meaning-making), and commitment within relativism (adding ethical and
moral responsibility and professional commitments to the contextual relativism). In this
scheme, our results indicate that the students seemed to begin at the late stage of dualism,
where they tended to simplify situations from a single perspective and identify misbe-
haviors as problems, and then they moved to the early stage of multiplicity, where they
tended to acknowledge multiple perspectives.

Likewise, in King and Kitchener’s (1994) reflective judgment model with three major stages
including pre-reflective, quasi-reflective, and reflective thinking, we suspect that the students
seemed to move from the late stage of pre-reflective to the early stage of quasi-reflective
thinking through the intervention. King and Kitchener’s study reported that the traditional
second-year college students usually were placed in the later stage of pre-reflective thinking.
Considering the fact that we implemented our innovation in the second-year traditional class
with a few exceptions, our results seemed to be aligned with their results to some degree.

A framework to conceptualize the challenges of the CBL-CMPS

In order to illuminate the potentials and challenges of the CBL-CMPS, we would like to take
Vygotsky’s notion of the ZPD, which is defined as “the distance between the actual
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Fig. 5 Scaffolded performances with the case-based learning for classroom management problem solving
(CBL-CMPS) environment

developmental level as determined by independent problem solving and the level of potential
development as determined through problem solving under adult guidance and in collabo-
ration with more capable peers” (Vygotsky 1978, p. 86). The individual’s ZPD is co-
constructed with more capable others based on the scaffolding that more capable others can
provide (Stone 1993). With the recent views of scaffolding that have been extended from
humans to artifacts (Puntambekar and Hiibscher 2005), we can possibly think of three levels
of performance that determine one’s ZPDs depending on the types of scaffolds: independent
level without scaffolds, scaffolded level with artifacts, and scaffolded level with human or a
combination of human and artifacts (see Bidel and Fisher 1992; Sherin et al. 2004). To
conceptualize our results with this framework, Fig. 5 was constructed based on the average
scores across all case activities and all levels of performance measures from Study 2.
Points A (Pprees) and E (Ppogyesy) indicate independent performance levels captured
during the transfer test. Point B indicates an initial performance level in the CBL-CMPS
Stage 1, Point C is a scaffolded performance level with artifacts (fixed guidelines and
resources facilitating multiple perspectives, justification skills, and critical thinking)
obtained at Stages 2 and 3, and finally Point D shows a maximum level of scaffolded
performance with artifacts (fixed guidelines and resources facilitating the application of
literature to problem solving) and human support (large and small group in-class discus-
sions facilitating multiple perspectives and critical thinking after Stages 2 and 3 activities)
obtained at Stage 4. While interacting with the CBL-CMPS, the students’ performances
had been improved by employing different scaffolds from Point B up to Point D through
Point C. Thus, the shadowed box created between Points B and D is the ZPD that was co-
constructed between the students and the CBL-CMPS environment with a 3-week
implementation. Ly, the distance between Pperest and Ppogyeest, 18 the transfer of learning that
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occurred as a result of the 3-week implementation, which explains the effectiveness of this
environment. Py, (Point D) is the maximum level of performance that appeared during
problem solving activities scaffolded with the CBL-CMPS. Then L,, the distance between
Ppostiest and Pyay, s identified as the ZPD constructed with the CBL-CMPS, but those skills
are not fully internalized. This zone nicely indicates the potential of the CBL-CMPS.
Likewise, Py indicates the target performance level we aimed for in our project. L3, the
distance between Py, and Prrypge;, thus is the further ZPD that should be extended from the
current ZPD, and this indicates the next challenge that the current CBL-CMPS environ-
ment is faced with.

Further directions for design and research

This conceptual graph in Fig. 5 immediately leads us to a question—whether L, (and even
L3) learning would occur by simply adding more cases to the current environment and
implementing it with a longer period, or whether L; (and even L,) learning requires
additional scaffolds or significant revision of the current environments. Thus, future studies
need to identify the relationship between the time of case learning experiences and the
development of students’ problem solving abilities with the current CBL-CMPS. If the
limitations of the CBL-CMPS with an extended time frame are identified, follow-up
studies should address what significant scaffolding and instructional strategies need to be
considered and how the current CBL-CMPS model and environment can be redesigned in
ways that will gradually promote students’ problem solving or thinking abilities within a
continuum of their development.

Implications for college teaching and instructional design

We conclude this paper by providing three implications. First, this CBL-CMPS is effective
for helping teacher education students who are in the dualism stage or pre-reflective stage
to move toward the multiplicity stage or quasi-reflective level. It is important to note that
the students were promoted from upper dualism to lower multiplicity after only a 3-week
implementation. This growth for college students would have required a longer period of
time, from several months to a year (King and Kitchener 1994). In addition, our inter-
vention was implemented in a regular classroom setting without requiring that significant
changes be made by the instructor; thus, this CBL-CMPS can be considered as an effective
tool and a feasible instructional model that can easily be used by other instructors.

Secondly, the CBL-CMPS model can be applied to teaching other disciplines that deal
with the dilemma type of ill-structured problems (see Jonassen 2000, for details about the
typology of problems) that generate conflicting perspectives, such as pollution dilemmas in
environmental science or embryonic stem cells research dilemmas in biomedical engi-
neering. Resolving these types of problems requires problem solvers to acknowledge,
reconcile, and incorporate multiple perspectives when building one’s problem space; to
develop reasoned arguments for justifying one’s position; and to apply scientific knowl-
edge to the problem solving. In fact, most ill-structured problems have similar
characteristics and require the aforementioned abilities. Thus, this model could also pro-
vide implications for other instructional design models promoting the abilities to deal with
different types of ill-structured problems.

Finally, for instructional design, this study suggests that in order to create appropriate
ZPDs with newly designed technology-enhanced learning environments, the iterative
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design-and-evaluation processes are necessary along with an incremental scaffolding
approach. To obtain the maximum benefits from the CBL-CMPS environment, we began
with minimal scaffoldings (or guidance) in the initial version of the CBL-CMPS (Study 1)
while increasing scaffoldings (or guidance) to construct appropriate ZPDs with the target
learners in the next iteration (Study 2). With this efficient approach, we can identify
minimum support levels that maximize students’ learning and independent performance at
their level. Unlike well-structured problems that have clear answers and the right proce-
dures for solutions, and for which we can identify skills to learn more explicitly, ill-
structured problems are more open and unclear in nature. Thus, new scaffolds and learning
resources for promoting the students’ ill-structured problem solving abilities will be dis-
covered as new needs emerge while the target audience takes unique, but relatively
common, routes in the development of their ability to deal with ill-structured problems
within this newly evolving learning environment.
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Appendix A

A sample of a student’s answer for the pretest and posttest from Study 2

Pretest—Question 1 (Problem identification)

The problem is that Ben is a disruption to the other students in the class. Ms. Williams does not know what
to do to solve this problem. Also, there are other students in the class with behavior problems, and this
causes even more of an issue in the classroom.

Average scores by two reviewers
(Multiple perspectives: 1, Justification: 1, Critical thinking 1, Linking to theory 1)
Posttest—Question 1 (Problem identification)

The problem that I see in this case is that Mrs. Williams teaching style and attitude towards Ben is not
working with the way that Ben learns. Ben is great at inventing things and working with his hands. He
also has a lot of energy. From the description, it sounds like Mrs. Williams does a lot of seated book work
in her class and she seems to have given up on Ben, saying that she had “no other option but to keep him
in her class.” I really believe that it is this type of teaching and thinking by Mrs. Williams that is causing
the problem in this case. Also, if the other students are making fun of Ben so much, then this classroom is
probably not a strong community of learners, but is a group of individual students coexisting in the same
classroom. It sounds as if Mrs. Williams has done little to try to build up a classroom environment in
which everyone is accepted, loved, and seen as a vital part of the class. Yes, Ben has problems relating
socially to the other students, and seems to have a lot of energy, but it sounds like, instead of looking
inwardly at what she could do to improve and attempting to make changes to help her students, she is
simply placing the blame on them and trying to get them labeled so they can be moved out of her
classroom.

Average scores by two reviewers
(Multiple perspectives: 2.75, Justification: 3.25, Critical thinking 2.25, Linking to theory 2.75)
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