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ABSTRACT
Is Problem Based Learning Effective in Fostering the Development of Intellectual
Skills?
Elizabeth Jewett
How best to help students master the control of variables skill is a debated topic
among educators and psychologists. Contrasting theories as to how it develops parallel
contrasting ideas about how it should be taught. Recent studies relying on direct
instruction have shown that this approach to teaching the control of variables skill is not
successful for academically disadvantaged populations.
Problem Based Learning (PBL) is a method of instruction that holds promise in
this regard and is explored in the present work as a method for teaching the control of
variable skill. Recent empirical studies have proven its effectiveness with the learning
and application of declarative knowledge. A tightly controlled experiment was
conducted with 6th and 7th grade students. Students were randomly assigned to one of 4
conditions (team, individual, observer, control) following a pretest to determine skill
level. These groups varied in level of engagement and social interaction. Students who
solved the problem individually, in a team of three, or students that observed an
individual solver were compared to a control group. Students were presented with a
realistic problem involving causes of teen crime. Records from varying towns reported
variable levels and outcomes. Over three sessions students examined the records with the
objective of determining which variables did or did not make a difference to teen crime.
Following the PBL sessions students in all conditions were administered both immediate
and delayed assessments of skill..

Between 75 and 80% of students in the PBL individual and team conditions
successfully demonstrated use of the skill. Students who achieved the highest level on
both the causal and noncausal variables scored on average 41% higher on the posttest.
There was no difference between these two groups in acquisition of the skill. A
significant difference was found between the the PBL groups and the two remaining
groups (observer and control). Performance of these groups was not significantly
different and inferior to that of the PBL groups..
The implications of these findings are considered in a number of different
theoretical and applied contexts: a) enhancing students’ mastery of the control of
variables skill; (b) extending evidence of the effectiveness of a PBL method from
declarative to procedural knowledge; (c) active vs. vicarious learning, and (d) individual
vs. collaborative reasoning and problem solving.
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CHAPTER 1:
INTRODUCATION AND LITERATURE REVIEW
There has been a great deal of research conducted about the way to teach the control of
variables skill, a fundamental component of scientific thinking. An examination of how
people learn the control of variables skill suggests that necessary to deciding how the
skill should be taught is determining the model of the skill’s development and matching
that model to a method of teaching that could foster its development. Historically there
have existed two sides of an argument with respect to the development of the control of
variables skill (COV). On one side is the idea that COV is a procedure that can be taught
through direct instruction, (Klahr & Nigram 2004). On the other is the idea that that the
ability to understand and utilize the COV requires epistemological understanding of its
purpose and value (Dean & Kuhn 2007). If learning COV is a procedure alone, it makes
sense that direct instruction is sufficient and thus preferable. However, if COV is a skill
that entails deeper learning, then discovery learning may be preferable. The purpose of
the study presented here is not to compare whether one method or the other is better; this
has been done before (Dean & Kuhn, 2007). The goal of this study, rather, is to examine
whether a developmental model of acquisition of COV can provide insight into what
needs to develop and particularly to aspects where direct instruction has been less
successful. We examine if the Problem Based Learning (PBL) method that has shown
promise in the areas of content knowledge acquisition will be as successful when applied
to the development of an intellectual skill. We also explore how PBL achieves its effects
in this case.
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The Control of Variables Skill (COV)
The Control of Variables Skill as a procedure is very simple. It consists of keeping all
but one variable, the test variable, constant in an experiment designed to assess the effect
of the test variable. For example if one were interested in seeing which of two engines
has a faster start time, he or she would set up the experiment such that two trials were
run. In each trial the engine would be different, but variables such as car type, drive,
maximum speed traveled, and track configuration would remain the same in both trials.
This way, the difference between the two trials can be attributed to the engine.
From a logical standpoint, this skill is very simple. If more than one variable
varies, there is no way of concluding what made one outcome different from another.
However, difficulties in teaching this “simple” procedure point to the likelihood that the
ability to reason scientifically entails more than the application of such procedures.
Both direct instruction methods and discovery learning methods have been shown
to influence mastery of the COV skill. Students who receive direct instruction tend to
perform better than students who engage in discovery learning when discovery learning is
defined in a way that involves no teacher feedback or involvement and leaves students
with the task of organizing and determining the objective of the activity (Klahr & Nigram
2004). However, in the same task, when students receive guidance and feedback without
direct instruction, learning in a discovery-learning mode is found to be more general and
lasting over time (Dean & Kuhn, 2007). To the extent both models achieve results, it is
difficult to definitively state that one model is better or more effective than the other.
However, recent attempts to use the procedural, direct instruction model with students of
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lower academic proficiency and socioeconomic status have been less successful (Silar
2010, Silar 2013), suggesting that other methods may be needed.
In order to determine why results were less successful with this population of
students, Silar and collegues (2013) tested several hypotheses. The first hypothesis was
that students at the lower SES school possessed a lower level of metacognitive skills than
students in middle and upper SES schools, such that they were unable to separate their
prior knowledge of the experimental variables from the task at hand in order to think
about the variables in a different way than they already knew. An attempt was made to
bypass this prior belief interference by changing the names of the variables to fake
names. The idea was that if the names were made up, students would not have any prior
beliefs and would therefore not be disadvantaged by their weak metacognitive abilities.
This attempt was unsuccessful and no gains were made. It was determined that
metacognitive ability was not an explanation for the results.
A second idea was that students had a misconception of the goal of the
experiment. The two goals identified were science goals and engineering goals. A
science goal is analysis -- to find out by conducting a trial. An engineering goal is to
achieve an optimal outcome. The students who were able to master COV were those who
expressed a science goal as the objective of the experiment they set up. The students who
were not able to master COV did not express a science goal. Therefore, it was concluded
that there was a misconception on the part of the learners. The misconception being that
the goal of the experiment was not a science goal but rather an engineering goal.
The students who offered an engineering goal as the goal of their experiment
participated in a second experiment. The purpose of the experiment was to provide
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instruction that would get students to change their engineering goals to science goals. The
method of feedback was different for different groups. The first condition was a “no
feedback” condition, the second was a “science goal” condition and the third was a “both
goal” condition. In the science goal condition, students were reminded that the goal of
the experiment was to find out whether something makes a difference. Students in the
“both goal” condition were also reminded of the science goal of the experiment. They
were also reminded that they were not trying to see if something works better than
something else and were told not to assume that what they think will happen, will
happen. Although there were some gains in understanding, they were minimal.
Additionally no significant differences were found across groups.
From the perspective of the development of epistemological understanding the
same outcome would be viewed differently. From this perspective intellectual
development is influenced by “beliefs about knowing and knowledge”(Kuhn et al, 2000).
There exists a developmental sequence of four levels of epistemological understanding;
these levels are defined as 1) realist, 2) absolutist 3) multiplist and 4) evaluativist. One
question is, if what are described, as “misconceptions” in these experiments would be
explained differently through the lens of epistemological understanding? From the
epistemological perspective, the students in the preceding S.(2013) study did not have a
misconception of the question posed to them or how to solve it. Instead the students were
answering the question in a way that is correct (if not optimal) when answered from the
perspective of their level of understanding.
One might say that the experiments described above implicate epistemological
understanding. In the first study an attempt was made to address students’ metacognitive

5
awareness, by wiping the slate clean of preconceived notions. If the students know
nothing about the variables being tested, they would not have any prejudices about what
would happen and therefore would make an attempt to find out. However, although this
takes into consideration “knowing about what you know” it doesn’t address the
epistemological understanding of “knowing about what it means to know.”
The second study directly undertook the idea of changing what students know and
what they think they know when planning the experiment. However, from the
epistemological standpoint it makes sense as to why directly telling the students they are
wrong does not work. Although they may not protest the feedback that they are wrong,
students are doing the best thinking they can do with the understanding they have. Telling
them they are incorrect and restating the problem does not given students a reason to
change their thinking. In contrast students who are confronted with outcomes from those
that are different than what they expect may be more likely to revise their beliefs.
The question that remains then is whether or not a deeper level of change can
occur among students who have not yet developed the mature epistemological
understanding that dictates the seeking of justified conclusions in a framework of
alternatives and evidence? If low-SES underachieving students are guided through use of
the COV skill with consideration to their level of epistemological understanding, will the
skill develop?
The next question is whether PBL is a method well suited to the development of
an intellectual skill such as COV?
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Problem Based Learning (PBL)
The PBL method
In recent years, there has been a call for increased and improved research on Problem
Based Learning (PBL). PBL is a method of learning that emerged as a practical solution
to an educational challenge at one medical school (Norman & Schmidt 1992, Januszek &
Pearson 1999). However, given that for the first few decades of its existence, very little
research was conducted, questions regarding the method began to arise. Here we
examine PBL, its history, how it is implemented, and the educational theory behind it.
History
PBL was born at McMaster University in Canada (Januszek & Pearson 1999). Before the
implementation of the PBL curriculum medical students’ work was focused on
memorizing definitions, terminology, concepts, and answers to specific questions.
Professors at this university felt that this way of teaching was not giving the students the
practice they needed to become good doctors, the reason being that good doctors need to
be able to analyze unique and dynamic situations in order to diagnose patients. When
PBL was implemented in the college, student began to do just that. Students were
presented with medical records that they would then analyze and diagnose conditions and
design treatments (Barrows 2000)
Problem Based Learning Problems
One of the inconsistencies found with PBL is that there are many way to define a
problem. Varying definitions make it difficult to determine if a curriculum is actually
problem based (Kelson & Distlehorst 2000; Hmelo-Silver 2004). One of the most
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important characteristics of a PBL problem is that it is ill-structured. When a problem is
ill-structured there is no clear-cut solution. Students cannot apply a formula to the
question. PBL problems are based on observable phenomena on a topic that is familiar to
students. However, students do not receive a lesson on the problem beforehand and do
not have the knowledge readily at hand to solve it.
Learning occurs through the solving of the problem. Through attempting to solve
the problem, students gain the knowledge and skill needed to solve it. Students also
directly or indirectly gain a better understanding of their learning by identifying what
they need to know to solve the problem (Gallagher 1997, Reynolds 1997).
Given the problem is ill-structured and the answer is unknown, the role of the
teacher shifts. In more traditional classrooms, the teacher has the answer and it is the
student’s job to figure out what that answer may be. In the PBL classroom, the role of
the teacher is to facilitate the problem solving. The teacher works to help students solve
the problem by tracking student learning and helping them acquire new knowledge by
posing questions that will make them aware of what they are learning (Torp et al., 2002).
The change in the role of the teacher may be what has sparked the most criticism
of the PBL method. Direct instruction creates a perception of guidance. Therefore,
indirect instruction can be perceived as a lack of guidance. As a result some put PBL into
the category of minimally guided approaches, which have been criticized as giving
inconsistent feedback and ignoring human cognitive architecture (Kirchner, Sweller, &
Clark 2006). However, PBL does not belong in the category of minimally guided
approaches. Teachers, or coaches, scaffold student learning throughout the problem.

8
Teachers must also be able to respond to student questions and needs as they solve the
problem: this requires a different type of guidance.
Again, because there is no definite correct answer to the problem, a step-by-step
process to solving the problem cannot exist. However, there are certain common
approaches to the problem that help to guide students. For example, at the start of the
problem, students generate hypotheses. They also explore what they need in order to
solve the problem. As ideas are generated, students evaluate and revise them. During
this time, the teacher may ask students questions that will guide their discoveries.
Finally, when a problem solution is reached, students often reflect on the process
(Ranagachirt 1996)
Educational Theory underlying PBL
PBL is aligned with a constructivist theory of learning. Under the constructivist theory of
learning, the learner is an active participant in the process (Glassfield 1989). According
to Piaget (1969), learning is not the acquisition of information, but rather a change in
understanding that occurs when a person encounters new information. As such, learning
is not a reinforcement of that which is known, but an assimilation of conflicting
experience and information. This change is an internal process that is influenced by
active participation in the external world. Constructivist theory sees problem solving as
an essential part of learning. It is an active process of trial and error, and testing beliefs
(Brown et al 1996, Ackerman 1995). In PBL, students are given a problem that is
beyond their abilities. Therefore, they need to hold what they observe against that which
they think they know. When students see that what they believe and what they observe
are different, this process is stimulated.
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Collaborative Learning
A characteristic component of PBL is that students work in teams. The social aspect of
PBL has in fact been considered to be a critical factor in its success (Albanese 2000).
Like PBL, it appears that collaborative learning may be more enjoyable for students.
Studies have shown that working in teams raises academic and personal self-esteem,
fosters team cohesiveness, improves relationships between different races, and brings
students together (Aronson &Bridgeman, 1979; Johnson & Johnson 1993; Slavin 1980;
Springer et al., 1999).
There is evidence that beyond the social-emotional benefits of collaborative
learning, there may be a benefit to performance as well. A meta-analysis of collaborative
learning showed that learners in a cooperative and collaborative setting outperform
students in a competitive and individualistic setting. This difference included work on
ill-defined problems such as those in PBL (Johnson et al 1981; Lou et al 1996; Qin &
Johnson 1995; Slavin 1980). Additionally, teamwork is seen to be a way to motivate
students and to hold them accountable to their work (Cohen 1994). Students may also
feel more comfortable with peers and therefore more able to ask questions and share
ideas more freely than with adults. (Allen, Duch & Groh 1996).
There is reason to believe however, that the benefits of team learning are due to
access and interaction with others of greater ability. Studies have shown that it is the
lower and middle ability students that are benefiting from working in teams, as well as
the members of the team who are in more vulnerable social positions, such as minorities
younger students and lower income students (Aronson& Bridgeman 1997; Fawcett &
Gorton, 2005; Schachan & Fisher 2004). The present study takes place with students of
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low-SES and academic achievement. They are the very students who are thought to
benefit from collaborative learning.
Although previous studies of PBL have not found a difference in performance
between students who addressed the problem in a team and students who worked on it
individually (Pease & Kuhn 2010, Wirkala & Kuhn 2011), these studies involved the
acquisition of conceptual declarative knowledge. In the present study we will examine
whether the acquisition of a procedural skill changes the outcome. For example, it is
collaborative learning success (Slavin 1990). Perhaps the strategic contribution of the
team members will increase the overall performance of the team when the problem
involves the development of a skill.
Active Learning
Active learning is key to a constructivist theory of learning. Previous studies examined
the difference between students actively participating in a problem versus learning
through a lecture. These studies found that students that participated in PBL performed
better than students that participated in a lecture(Capon & Kuhn 2004, Pease and Kuhn
2010, Wirkala & Kuhn 2011). Therefore it appears that active participation in PBL is
more effective than more passive form of learning through lecture. However, although
one can conclude from these results that learning actively through PBL is better than
passively learning through a lecture, it does not give any information as two why it may
be better. Therefore, in this study we will examine the different types of active learning in
order to better understand “how” PBL achieves this effect.
Chi (2009) differentiates active learning from constructivist learning in that active
learning is characterized by doing something physically, while constructive learning is
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characterized by producing outputs. Engaging in an activity by focusing attention,
underlining text, or manipulating objects would be considered active learning. Engaging
in an activity by elaborating or explaining ideas, justifying responses, or generating
hypothesis is considered to be constructivist learning.
In the current study, we will examine different forms of engagement in the
problem. Specifically we will examine students that participate in active learning,
constructivist learning and collaborative learning. We will attempt to determine if there
is a difference between these different, yet often intertwined forms of learning.

Research on PBL
PBL began in the 1960s. However, until recently there was very little research conducted
on the method (Evensen & Hmelo, 2000). Although PBL may just seem to make sense,
such research is needed (Evensen & Hmelo, 2000) especially research that is empirically
rigorous (Colliver, 2000). Much of the PBL research that was conducted was not
addressed to students’ actual learning processes, but on the way in which the students
experienced the curriculum, and their perceived general benefits of participation
(Blumberg 2000; Hmelo & Lin 2000). A few studies raised the question of producing
better problem solving skills (Gallagher et al., 1992; Patel et al., 1991).
There are many ways to interpret PBL and many ways to implement it. Metaanalyses of PBL curricula have tried to compare results across inconsistent
implementations of PBL (Colliver 2000). These inconsistencies in PBL implementation
make it difficult to draw any clear conclusions about the method. Additionally, it is
difficult to interpret studies that take place in natural environments like schools without
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adequate effort to control variables. Students may not have been randomly selected for
the class, the teachers are different and the length of time spent on instruction may be
different (Albanese & Mitchell 1993).
PBL Research with Experimental Control
Recent empirical research has made an attempt to introduce experimental rigor. Each of
these studies took place in a natural setting. However, variables such as the time, student
selection and duration and form of instruction were controlled. Capon and Kuhn (2004)
conducted the first of three such studies at the Columbia University Business School.
MBA-executive students were randomly assigned to two groups. Each group was taught
two concepts [economic value to customers (EVC) and lifetime customer value to the
firm (LTV)], by the same instructor. Each group learned one concept via the PBL
method and the other concept via lecture/discussion. The goal was to compare
acquisition and later application of the concept. An initial assessment that cued students
by asking for concept definitions did not yield better performance in the PBL condition
over the lecture group. In fact, the lecture group performed slightly better than the PBL
group on this assessment. A second uncued assessment was given 6 weeks after the first.
This assessment sought to determine whether students would apply the concepts in a new
context. The students in the PBL group outperformed the students in the lecture group on
this assessment. The lecture group was also more likely to give a textbook definition of
the topic where as the PBL group was able to elaborate on the concepts more.
A study similar in design (Pease & Kuhn, 2010) was conducted with
undergraduates and involved physics concepts. Again, students were assigned to one of
two conditions. Each group received instruction via PBL for one of the two concepts and
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lecture method for the other. The same teacher taught the lessons for the same amount of
time. This study also examined the role of collaborative learning. Included were one
group of PBL students who worked in teams and one in which students addressed the
problem individually. Students in the PBL groups performed better than the students in
the lecture group. The group and individual PBL students, however, performed
equivalently.
A third study, by Wirkala and Kuhn (2011), was designed to see if the results
found with college students would be replicated among K-12 students. The topics were
social science topics: “groupthink” and “memory.” As in the two former studies,
students were assigned to a PBL group for one concept and lecture/discussion for the
other. The instructor and time were the same for all conditions. Students were given a
directly cued assessment and an indirectly cued assessment. In both cases, students in the
PBL group outperformed students in the lecture group. The team and individual PBL
conditions were equivalent in performance.
These three studies are informative because they are well controlled and took
place in a naturalistic setting. The present study is similarly a well-controlled study that
took place in a naturalistic setting. In contrast to the earlier studies involving declarative
knowledge however, the present study aims to determine whether PBL is effective when
teaching an intellectual skill, as opposed to declarative knowledge as in the earlier
studies. The current study will continue to examine PBL as a method of instruction. In
contrast to the previous studies, the students will be instructed in a procedural skill as
opposed to declarative knowledge. Additionally, unlike previous studies this study will
be conducted with academically and economically disadvantaged students.
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CHAPTER 2: METHOD
Participants
Participants were 6th and 7th grade students at a public charter middle and high school in
the Harlem area of New York City. The majority of students at this school were Hispanic
and African-American. Classes had an even distribution of girls and boys; 38 girls and
41 boys participated. Students were mostly of lower to lower-middle SES families, with
over 65% qualifying for free or reduced-price lunch. Over 50% of students have an IEP.
Each grade contained 3 classes. Students in all three classes were administered a
pretest to assess mastery of the control of variables skill. The total number of students to
whom the test was administered was 117. Of these, 77 were selected to participate in the
study. These were students whose pretest scores indicated they had not mastered the
control of variables skill.
Inclusion in the study was determined by evaluating the pretest results. The
exams were assessed holistically. Three of the four question types were examined in
order to determine inclusion (see table 2). If the students performed above 50% on each
of the different types, they were excluded from the study. (The story questions were not
included in the evaluation due to the high level of reading disabilities among the students.
It was difficult to separate the students’ reading ability from the students’ ability to
demonstrate the skill. For example if the student performed well in the less text heavy
sections but not the reading section, a decision to exclude the student could be based
more on their reading comprehension levels than there understanding of the COV skill.)
Nine students that initially qualified were excluded. A large Hurricane hit the
area causing school to be cancelled for a week, followed by a week of exceptionally low
attendance. Too much time passed between the sessions that took place before the
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hurricane and the sessions after the hurricane. Therefore, one team solving group
(consisting of three members), one individual solver, and one observer were dropped.
One student was dropped after 2 sessions due to disciplinary reasons. He was suspended
from school for a week (due to an incident unrelated to the study) causing too much time
to pass between sessions. His observer was dropped as a result. Another student was
dropped due to chronic absence. Her observer was also dropped. Finally, one student
was dropped from a group after the final session. She became sick and remained absent
for several weeks. There was a high number of students in the observer group dropped
due to absence. The reason for this was that it was difficult to capture the time for
student participation in the study. Therefore, if a solver was available and an observer
was unavailable, the study would continue. This was done to maximize the total N as
well as optimizing the time period of the intervention.
Design
Problem
The PBL problem was structured around asking students to help solve a real-world
problem. The topic of teen crime was chosen because it was a topic familiar to the
students and one to which they likely held prior beliefs. The cover story was designed to
help make the problem authentic and to engage students’ interest and motivation. It was
not a problem to be solved to satisfy school requirements, but one that needed to be
addressed in the real world.
Following presentation of an introductory cover story, the PBL problem asked
students to determine which of four dichotomous variables make or do not make a
difference to a measure of teen crime. The students were given records from 16 different
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fictional towns to examine, as the basis for their conclusion. The only way to come to a
well-reasoned conclusion to this problem was to use the records to make controlled
comparisons across cases. Although the town was fictional, the data were based on real
data.
Students worked on the problem over the course of three to four sessions. Each
session was approximately 30 minutes long. The interval between sessions was on
average 3 days, ranging from 1 to 5.
Conditions
Participants were randomly assigned to one of four conditions: Individual problem
solvers, team problem solvers, problem observers and control:
•

Control Group: This group took the pre- and posttests, but did not otherwise participate in
the study.

•

Individual-PBL: These participants worked one-on-one under the guidance of a coach
(the author) to solve the problem.

•

Team-PBL: Team problem solvers worked together as a group of three to solve the
problem, under the same nature and degree of guidance as the individual problem
solvers. The difference being that these students were asked to share answers and
thought with each other before sharing with the teacher.

•

Observers: These participants observed the activity of one of the participants in the
individual-PBL condition but made no contribution to the activity. These students took
notes on what the other students “did” and “found” They did not however manipulate the
materials.

Assessments
An identical written test on the control of variables skill was administered twice, as a
pretest and posttest. The pretest was administered approximately 4 weeks (range 1 week
to 2 months) prior to the intervention. The posttest took place 3 weeks after the final
intervention session. Additionally individual interviews were conducted by the author to
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assess students’ mastery of the control of variables at the end of the intervention, prior to
the written posttest.
Research Questions
The design permitted these questions to be addressed:
1) What is the effect of the PBL intervention on participants’ mastery of the Control of
Variables skill?
2) Are participants able to transfer skill gains to a pen-and-paper assessment involving
different content?
3) Do team problem solvers produce superior results to individual problem solvers?
4) Is observation of the problem solving activity as effective as participation in it?

Procedure
PBL Problem
Students were brought to a room at their school, outside of the regular classroom. Each
student participated in three sessions. The sessions were each approximately 30 minutes
in length. At the initial session, the author introduced herself as from the nearby
university and involved with a group that had been hired by a (fictional) town in upstate
New York in order to help address the teen crime problem the town was experiencing.
She informed the students that the town had been experiencing a rise in teen
crime. They had made attempts to lower the crime, but their attempts were not
successful. Therefore, they realized that in order to address the problem successfully,
they first needed to find out what makes a difference to teen crime. They had contacted
the university to help do this. A PowerPoint slide demonstration accompanied the
introduction (fig. 1). Students in the team-PBL and individual-PBL groups, spent a total
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Figure 1. PowerPoint Presentation
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of 105-120 minutes working on the problem. This took place over three sessions,
preceded by the introduction at session 1 and followed by the posttest interview at session
3. Students in the observer group spent approximately 105 minutes on the problem.
These students participated in the introduction and observed the 3, 30 minute sessions
while taking notes.
Problem Materials
Participants based their problem-solving activity on a set of 8 ! by 11 inch sheets the
coach introduced as records. The students were told these records had been collected and
that they could be of help in reaching the right conclusions. Each sheet represented the
record for a different town. (See Figure 2 for illustration.) The sheet indicated the town’s
status on four variables possibly related to teen crime. The four variables were teen
unemployment, poverty rate, population density, and school dropout rate. Students were
introduced to each of the variables, and the way they were represented. Vocabulary was
explained as needed. Table 1 indicates how the variables were defined.
Table 1
Variables and Definitions given to students.
Variable

Definition

Teen Unemployment

The number of students who want a
job but do not have a job.

Poverty

The number of people who do not
have enough money for their basic
needs

Population Density

How closely the people in an area live
to each other.

Drop Out Rate

The number of students who do not
stay in school.
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As shown in Figure 2, information about the four variables and the outcome variable
were displayed on the card. The rate of teen crime was displayed in the center of the
card. This rate was concealed with a flap of paper. In order to see the teen crime level
for a given town, a student would lift the flap. The four predictor variable were in the
four corners of the card. In the top left hand corner was teen unemployment. In the top
right hand corner was population density. Poverty rate was on the bottom left and
dropout rate was on the bottom right. (See Figure 2.)
Each variable was labeled with both words and an icon. In order to highlight the
level of each variable, the icon and word of the variable level was bolded and black, and
the word was circled. The information for the other levels appeared in grey (Figure 2).
The icon for teen unemployment was of a man holding a sign that reads “Needs Job.” For
the low level there was one person, for the high level there were several. For the poverty
rate variable, there was an icon of wallets. For each of the levels, there was the same
amount of wallets in the picture. However, as the levels went up, more wallets were
empty than the level before, demonstrating that high poverty means a high number of
people lacking sufficient money. For the population density variable, the icon had a
picture of people. For the high level, the people were all close together, for the medium,
they were less so, and for the low, they were spread apart. This was done to demonstrate
that population density refers to the proximity of people to one another.1 Finally for
dropout rate, there was a picture of desks. In the towns were the dropout rate was low,
the desks had students in almost all of the seats. In the town where dropout rate is high,
the desks were empty. Although there were three levels of the variable on the card, the
1

Note: If this experiment were to be replicated, it is advisable that the people be changed to
houses. This would better demonstrate that population density refers to how closely people live
to each other.
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records only included the low and high levels. This was done to make the problem
appear more authentic and yet simplify the problem structure.

Figure 2: Example of Town Record

There were 16 records in total. The records were designed so that every possible
combination of levels of variables were represented. The three causal (did make a
difference to the outcome) variables were Teen Unemployment, Population Density and
Dropout Rate. Poverty rate was the only noncausal (did not make a difference) variable.
When the level of a causal variable was high, the outcome was positioned so as to move
one level above low. For example, on the card in figure 2, Population Density and Drop
Out Rate are both on high. Therefore, the outcome is two levels above low.
Instructions
Instructions differed slightly by group. In the Team condition, following the general
problem introduction described above, the three students who made up the team were
asked to decide together which of the four factors they wanted to investigate first. Once
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they had decided, the author then instructed them: “I am going to be doing some work
over here, why don’t you all start to see if that thing does or does not make a difference.
If you have any questions let me know. Also, if you think you have found something, let
me know.” The set of 16 records was available for them to examine as they chose.
In the team condition, if an individual member of the group approached the author
saying that s/he had found something, the author asked the student to present it to the
group first to make sure everyone agreed. In the Individual condition, the student
similarly was asked to choose a factor to investigate first and given the same instruction
but with the reference to peers omitted.
Although initially the coach asked the students to find the answer to the
problem and to come to her when they had come to an agreement, this was not
followed throughout. It was done initially so that students were able to see that the
solving of the problem was their primary responsibility. However, when called
over, the coach worked in cooperation with the students asking them to think
aloud. In the case of the groups, the coach did step aside again in order to
encourage the students to work with each other and not her. However, once the
students called her over, she would again ask the students to think through the
problem aloud.
Among students in the two remaining conditions (observer and control)
only those in the observer condition participated in the intervention. A student
observer was present with each participant in the individual-PBL condition.
Students in the observer condition were told: “Your job is going to be similar to
that of a reporter or a secretary. You are not going to be solving the problem, but
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you are going to be reporting on how the problem was solved. Therefore, while
you watch ______________ work on the problem, you should be asking the
following questions: ‘What did s/he find?’; ‘How did s/he find this out?”
The roles of individual-PBL, and observer were assigned randomly. Two
students were brought from the classroom together. After the introduction, the
students’ names were put in a hat and one name was drawn. Next, the potential
roles were put in the hat and one job was drawn. The student whose name had
been drawn was assigned the role that had been drawn. This procedure was
followed to keep the assignment as random as possible, as well as to make it clear
to the students that they were chosen randomly for each role.
Problem Sessions
Students were not instructed on how to make use of the records. The only instruction
was that they work on one variable at a time in the order they chose. If the students
switched variables during the problem solving session, they were directed back to the
chosen factor. For example, if a student began to use the comparison made for the
targeted predictor variable to explain one of the other variable, then they were asked to
save that information for when that variable is tested, and to stay on the variable at hand.
The role of the coach was to act as a collaborator with the students without giving them
answers or direct instruction on the procedure. Given the cover story, students did not
assume that the coach knew the answer. If students asked to be told the answer, the
coach said she didn’t know.
When the Team-PBL solvers or the individual-PBL solver, claimed they had
reached a conclusion regarding the factor they were investigating, they presented their
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conclusion to the coach (author) along with the evidence they claimed supported their
conclusion. If the evidence students presented was inadequate to justify the conclusion,
(typically an uncontrolled comparison of two cases) it was the role of the coach to
heighten students’ recognition of the inadequacy of their evidence by suggesting
alternative explanations. For example, she said, “But couldn’t it be the ______ that’s
causing the different outcomes?” She would then ask the students to search for better
evidence, evidence that would prevent someone from arguing against what she just had
suggested (that an uncontrolled variable was in fact the cause of the difference). If
students had presented a controlled comparison, the coach made a similar sort of
countersuggestion (“Couldn’t it be ______ that’s causing the difference?”) but in this
case students were able to dismiss this countersuggestion by noting that the suggested
factor had in fact remained constant across the two cases and hence couldn’t have caused
the difference. At this point students moved on to investigation of another factor.
The number of variables investigated during a session varied. However, as stated,
the students were encouraged not to switch variables until an adequate answer for the first
variable was found. However, if a student was particularly frustrated with one variable,
they could move on and return to that variable after the others were investigated.
The time between PBL sessions varied. The majority of the problem took place
over a 7-8 day period. However, some of the students had three sessions over three days.
Other students had the three sessions over a 10-11 day period. No sessions took place on
the same day. All of the sessions were completed within 11 days.
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Post-PBL interview
The Post-PBL interview occurred at the end of the third session or during a fourth
session. This depended on the school schedule. The fourth session was completed as
close to the third session as possible. Students in the team-PBL and individual-PBL
conditions participated. All participants were interviewed individually and all interviews
were videotaped for later analysis. The student was asked to choose two variables, one
causal and one noncausal with respect to teen crime rate. The student was then asked to
show how they knew they were correct. Some of the students referred to cases they had
identified earlier and taken notes on, while other students found new cases from the set of
records. The only variable that did not make a difference was poverty rate. None of the
students interviewed chose a variable other than poverty rate as the noncausal variable for
the interview.
The questions asked the student to explain, produce evidence, and predict.
Students were not asked to discuss the variables in any particular order i.e., causal
before noncausal or vice versa.
The student was asked the following questions:
1. What thing (variable) are you looking at?
2. Does it make a difference?
3. How do you know?
4. What do you think would happen in this town(pointing to town with high level of
the variable) if (the variable) went down?
5. What do you think would happen in this town (point to town that has a low level of
the variable ) if (the variable) went up?
6. If someone in the town were to come to you and said: “We want to make a
program for X because we think it will make the teen crime in our town go down,”
what would you say?
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Students who did not present a controlled comparison as their justification were
asked more questions after answering, “How do you know…?” and before being asked
“What do you think would happen…?” These questions were designed to gain further
insight into the student’s understanding. As during the PBL sessions, if a student
presented a confounded experiment, they were asked “What if someone were to argue
that they don’t think that it was X that made a difference and that it was actually Y?”
What would you tell them? The students in the control and observation groups did not
participate in this interview.
Pretest and posttest assessment
All pre and posttesting was conducted not by the author/coach, but by a research assistant
who was also an employee at the school. Students were not informed of the relationship
between the PBL problem sessions and the pre- and posttest assessments. The pretest
was administered to students in their classroom. The questions were read aloud and an
assistant teacher was present to help the students if needed. Because students required
quite different lengths of time to complete the pretest, the school staff requested that the
posttest be administered in small groups in a room outside the classroom. These groups
averaged 5 students and ranged from groups of 2 students to 8 students, and students
were able to return to their classroom when they had finished. Although group size
varied, no students at either pretest or posttest was given individual assistance during the
paper-and-pencil administration.
The questions on the pretest fell into two 4 categories. These categories
were design, design justification, story problems and evaluation. (See table 2.)
The entire test appears in the appendix. The design, design justification and
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evaluation question were used to determine eligibility to participate in the study,
as noted earlier.
Table 2
Pre- and Posttest Question Types and Description
Problem Type

Question #s

Description

Design

1, 3, 5, 7

Students were presented a variable
and asked to choose the comparison
that would test whether that variable
made a difference.

Design Justification

2, 4, 6, 8

Students were asked why they chose
the variable they chose for the
preceding design question

Story Problems

9-11

Students were asked to read a short
story problem and respond to a
question about the characters’
experimental design.

Evaluation

12-16

Students were asked to evaluate a
design and to state whether the
experiment was well done. They were
also asked follow-up questions as to
the way to improve it.
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CHAPTER 3: RESULTS
Coding
Coding of Interview responses
Two variables were discussed during the interview. For each variable, a level of skill
mastery was assigned based on the ordinal scale shown in table X. Coding was based on
answers to the following interview questions with number three being the most
important:
1. What thing (variable) are you looking at?
2. Does it make a difference?
3. How do you know?
4. What do you think would happen in this town (pointing to town with high level of
the variable) if (the variable) went down?
5. What do you think would happen in this town (point to town that has a low level of
the variable ) if (the variable) went up?
6. If someone in the town were to come to you and say “We want to make a
program for X because we think it will make the teen crime in our town go down,”
what would you say?

Coding is ordinal; therefore, each level assumes mastery at the preceding levels. The
score represents the highest level the student achieved.
Students at level 0 do not utilize the information at hand and based their answers
on prior beliefs. Students at skill level 1 refer to the evidence, but typically only as an
illustration of their belief. Students at level 2 make the necessary comparison of two
cases but they do not choose cases that represent a controlled comparison, dismissing the
possibility that the other uncontrolled variables may have influenced the outcome. In
level 3, the level prior to full skill mastery, students recognize that other variables may
have contributed to the outcome, yet the comparison is not controlled. At levels 4 and 5,
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they base conclusions on controlled comparisons. In level 4, the students make
controlled comparisons, but are inconsistent in their claims about the evidence. In level 5
the students maintain their claims throughout the interview.
Table 3
Levels of Justification of Causal Inference
Code

Definition

Example(s)

0

Justified by belief
with no reference to
evidence

Drop Out Rate makes a difference because when you don’t go
to school you start to get bored and then you do bad things.

1

Justified by reference
to single case or
incorrect
interpretation of
multiple cases

If you look here (one case) you see that drop out rate is low and
teen crime is high so we know that drop out rate makes a
difference.
[How do you know it is drop out rate and not one of the other
things that also differs?]
Because when you drop out of school, you don’t have anything
to do, so you commit crimes.

2

3

4

Justified by
uncontrolled
comparison of cases
without recognition of
alternative
conclusions

Here, population density is low and teen crime is low. On this
card, population density is high, and teen crime is high.

Justified by
uncontrolled
comparison of cases
with recognition of
alternative
conclusions

If you look here, population density is low and teen crime is low.
On this card, population density is high, and teen crime is high.

Justified by controlled
comparison of cases
but with inconsistent
interpretation

Here, teen unemployment is low and on this one it is high, but
everything else is the same. Teen crime stays the same. So we
know that poverty rate makes a difference.

[How do you know it is population density and not one of these
other things that also differs?] There’s more people living near
each other here than here. And there is more teen crime in this
town than in this town.

[How do you know that it is population density and not
something else?] It could also be dropout rate because that is
going up too.

[What would happen in this town(town with high teen
unemployment) if teen unemployment went down?]
It would stay high because dropout rate and population density
are both high
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5

Justified by controlled
comparison of cases
with consistent
interpretation

If you look here, teen unemployment is low but here it is high,
and everything else is the same. Teen crime doesn’t change. So
poverty rate does not make a difference.
[What would happen if employment rate went up?] It would stay
the same because we know that it doesn’t make a difference.
[If one of the town leaders told you they were going to start a
program to change the teen unemployment rate to make teen
crime go down. would you think that was a good idea?] Yes, I
would say it would be a good idea.

Inconsistencies in the claims usually occurred when students were asked to make
a prediction about an outcome. In question four, students were asked to state what would
happen in a particular town if the crime rate were to either go up, or go down. From
observations of the inconsistent remarks, it appeared that students would counter their
own claim and defend it with a reason associated with the lower levels. This would
either take the form of a prior belief or of a justification that is misaligned with the
evidence presented. These inconsistencies occurred most often when students were
discussing a noncausal variable.
Table 4
Levels of Justification of Noncausal Inference.
Code

Definition

Example(s)

0

Justified by belief
with no reference to
evidence

Poverty makes a difference because when you are poor you
need things like food and clothes so you steal them.

1

Justified by reference
to single case or
incorrect
interpretation of
multiple cases .

If you look here (one case) you see that poverty is low and teen
crime is high so we know that poverty makes a difference.
[How do you know it is drop out rate and not one of the other
things that also differs?]
There’s more poverty here than here, so it makes a difference.
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2

3

4

5

Justified by
uncontrolled
comparison of cases
without recognition of
alternative
conclusions

Here, poverty is low and teen crime is low. On this card,
population density is high, and teen crime is high.

Justified by
uncontrolled
comparison of cases
with recognition of
alternative
conclusions

If you look here, population density is low and teen crime is low.
On this card, population density is high, and teen crime is high.

Justified by controlled
comparison of cases
but with inconsistent
interpretation

Here, poverty rate is low and on this one it is high, but
everything else is the same. Teen crime stays the same. So we
know that poverty rate does not make a difference.

Justified by controlled
comparison of cases
with consistent
interpretation

If you look here, poverty rate is low but here it is high, and
everything else is the same. Teen crime doesn’t change. So
poverty rate does not make a difference.

[How do you know it is population density and not one of these
other things that also differs?] Because when you are poor you
get hungry and you steal food.

[How do you know that it is population density and not
something else?] It could also be dropout rate because that is
going up too.

[What would happen if poverty rate went up?] Then crime would
go up.

[What would happen if poverty rate went up?] It would stay the
same because we know that it doesn’t make a difference.
[If one of the town leaders told you they were going to start a
program to change the poverty rate to make teen crime go
down. would you think that was a good idea?] No, it would not
be a good idea for teen crime. It would be good but not for teen
crime because teen crime doesn’t make a difference.

Coding of Pre/Post Test Answers
All items on the pre- and posttest were designed to measure the control of variables skill.
The test consisted of 16 items. The total possible score for the test is 17 since item 12 is
worth 2 points. The scale had a high level on internal consistency (.818)
The pre- and post-tests consisted mostly of objectively scored multiple-choice questions.
The exception was a series of study design questions (questions 11-13).
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Figure 3

Students were asked to look at two experiments and determine which was the best
setup to find out about how sunlight affects plant growth. The total points students could
receive for these three questions was 4, two points for question 12 and one each for the
other two questions. Students received one point for choosing the correct student
(Carmen) in question #11. Students received one point for question #13 by stating the
test variable of the experiment opposite of the one they chose in question #11. For
example, if they chose Michael they would receive one point for saying sunlight. If they
chose Carmen, they would receive one point for stating temperature.
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Question 12 allowed a total of two points. The points were assigned based on this
ordinal scale:
0

No relevant information.

1

Manipulates test variable or maintains non-test variable

2

Both manipulates the test variable and maintains the non-test variable.

More points were assigned to question #12 because of the difficulty of the
question and the opportunity it gave students to demonstrate their skills. There are two
essential parts to answering the question fully. The first is identifying the need to change
the test variable in order to see a difference. The second is to identify the essential need
of keeping the other variables the same.
Table 5
Coding Scheme for Question 12
Code

Definition

Examples

0

No relevant justification

I choose that
because he or she
makes more
sense.

I choose this set
up because it was
correct and in
order

I chose Carmen
because the
temperature of the
environment does
not affect the plant.
Only sunshine and
water does.

1

Uncontrolled
comparison

Because if there is
different amounts
of sunlight it will
be easier to see
the difference

“I chose Carmen
because by
Carmen giving the
plant different
amounts of
sunlight, you can
se how sunlight
affects plants.”

Because its about
the amount of
sunlight affects the
growth of sea plant
and Carmen has
different amounts
of Sunlight for
each plants

2

Controlled comparison

Because if you
wanted to find out
the amount of
sunlight
everything should
be the same
besides the
sunlight

I chose Carmen
setup because if
she put the same
water and
temperature but
different amount of
sunlight it will show
the best sport to
put the plan for
sunlight.

Because the
amount of water
she adds was the
same, the
temperature was
the same but the
amount of sunlight
was different that
show how Carmen
setup was the best
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Reliability of Coding.
The author was the primary coder for both the video interview and the pre/post tests.
There were two secondary coders, one for the videos and one for the pre/post tests. Both
coders were doctoral students with knowledge of the research. The videos were coded
across variables (25% in total). There was agreement between the raters in all but two
cases. Cohen’s K was computed to determine if there was agreement between the two
raters on the score of the video,. There was good agreement between the two raters.
K=.694 (95% CI, .394 to .994), p<.005.
A proportion of item 12 responses (30%) was coded across pre- and posttests.
Cohen’s K was computed to determine if there was agreement between the two raters on
the score of item 12 on the pre- and posttest. K=.736 (95% CI .562 to .908) p <.005.
Interview performance by condition
Only students in the team and individual conditions took part in the interview. Overall
these students’ progress in mastery of the control of variables skill was very good: 82%
of individual problem solvers (N= 18) and 75% of team problem solvers (N= 20),
displayed the highest level of achievement, Level 5, at the interview (see Table 9). Skill
appeared to be lower for interview responses regarding the noncausal variable than the
causal variable. For the noncausal variable, 50% of students achieved the highest level
(Level 5), in both the team and individual conditions.
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Table 6.
Interview Performance by Condition and Variable Type
Causal Variable

Noncausal Variable

Group

Individual

Team

Individual

Team

Level 0

0%

0%

0%

0%

Level 1

0%

0%

0%

0%

Level 2

6%

10%

6%

15%

Level 3

6%

15%

0%

10%

Level 4

6%

0%

44%

25%

Level 5

82%

75%

50%

50%

Note. Cells show % of students showing each level of performance

As a global measure of students’ mastery of the Control of Variables skill,
potential student performance was divided into two categories: 1.) Students who showed
mastery of the skill--Level 4 or 5 and 2.) Students who did not--Levels 0-3. Initial levels
of students could be estimated to be levels 0-3 (based on pretest performance). In order to
assess if there was a significant change in the proportion of students who were able to
demonstrate the skill before and after the PBL intervention, a McNemar change test was
performed. It showed that students made significant progress in mastery for both the
causal (p=.016) and noncausal variables (p=.031).
Two Mann-Whitney tests were performed separately for causal and noncausal
variables to determine if there were differences in interview performance between team
and individual problem solvers. Distributions of the skill levels for the causal variable
for the team-PBL versus individual-PBL were similar as assessed by visual inspection.
Median scores were not significantly different between team and individual groups
(U=163, z=-.698, p=.485). Distributions of the noncausal variable scores for team and
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individual problem solvers were also assessed by visual inspection. Median scores were
not significantly different (U=163.5, z=-.528, p=.597). Because there was no significant
difference between the individual-PBL and team-PBL for either causal or noncausal
variables, the two groups were combined into one.
In order to determine if there was a difference in skill level when a student was
reasoning about a noncausal variable versus a causal variable, a Wilcoxon Signed-rank
Test was performed. Of the 38 interview respondents, 14 participants’ scores differed
across the causal and noncausal variables. Scores of 13 participants were higher for the
causal variable than the noncausal variable. One student’s score was lower. A Wilcoxon
Signed-rank test indicated statistically significant higher median score when students
were responding regarding a causal variable than when responding regarding a noncausal variable, z=-2.67, p=.008.

Interview Performance by Variable Type
100%
90%

79%

80%
70%
60%

50%

50%
34%

40%
30%
20%
10%

11%
0% 0%

0% 0%

Level 0

Level 1

8%

5%

10%
3%

0%
Level 2

Non-Causal
Figure 4

Level 3

Causal

Level 4

Level 5

N=38
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Pre- and Posttest Performance
Descriptive statistics
The pretest and posttest were administered to the control group (N=15), the observation
group(N=14), the individual group (N=19) and the team group (N=20).
Pretest. The mean pretest scores ranged from 2.21(SD=1.578, SE=.553) for the
observation group to 3.85(SD+2.412, SE=.446) for the team solver group. The individual
solver group scored a mean of 3.32(SD=1.857, SE=.458). The control group scored a
mean of 3.20(SD=2.569, SE=.845) on the pretest. The control, individual-PBL and teamPBL groups had an identical median score of 3. The median for the observer group was
2.00.
The range of pretest scores was 1-6 for the control group, 0-6 for the observer
group, 1-7 for the individual solver group, and 0-9 for the team solver group. In order to
perform above chance, the students needed to score a 4.25. Approximately 25% of the
students in all groups scored below chance on the pretest. 24% of total students scored
above chance. 26%(4) of the control group, 26% (5) of the individual-PBL solvers,
30%(6) of the group-PBL solvers, and 7%(1) of the observers scored above chance on the
pretest.
Table 7
Descriptive Statistics by Condition on the Pretest
Standard
Error

Median

Range

# scoring
above
chance

2.569

.845

3.00

1-6

4

2.21

1.578

.553

2.00

0-6

1

19

3.32

1.857

.458

3.00

1-7

5

20

3.85

2.412

.446

3.00

0-9

6

Condition

N

Mean

Control

15

3.20

Observation

14

Individual
PBL
Team PBL

Standard
Deviation
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Posttest. The mean score for the posttest ranged from 3.20(SD=2.569, SE=.845)
for the control group to 8.80 (SD=4.360, SE=.751) for the team solver group. The
individual solver group scored an average of 8.32(SD=2.849, SE=.732). The observer
group scored an average of 3.43(SD=2.563, SE=.874) on the posttest. The median scores
for posttest stayed about the same in the observer group (3.00), decreased in the control
group (2.00) and increased for the individual-PBL group, (9.00) and team solver group
(9.50).
The range of scores on the posttest were 0-8 for the control group, 0-14 for the
team group, 3-13 for the individual group, and 0-9 for the observer group. Each of the
groups except for the control group showed an increase in students who performed above
chance. Overall, 26% (4) of the students in the control group, 85% (17) of the team-PBL
solvers, 89% (17) of the individual-PBL solvers and 35%(5) of the observers scored
above chance on the posttest.
Table 8
Descriptive Statistics on Posttest by Condition
Standard
Error

Median

Range

# scoring
above
chance

Group

N

Mean

Standard
Deviation

Control

15

3.20

2.569

.845

2.00

0-8

4

Observation

14

3.43

2.563

.874

3.00

0-9

5

Individual
PBL

19

8.32

2.849

.732

9.00

0-16

17

Team PBL

20

8.80

4.360

.751

9.50

3-13

17
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Pretest/Posttest Performance by Group

Figure 5

Assumptions
An initial assessment of the data showed that all of the assumptions of an ANOVA were
met. There were no outliers in the data as assessed by visual inspection of the boxplot for
1.5 box lengths from the edge of the box. Test scores were normally distributed for all
interventions for both the pretest and posttest as assess by Shapiro Wilk’s test (p>.05).
There was homogeneity of variances as assess by Levene’s test of homogeneity of
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variances (p>.05). There was homogeneity of covariance as assessed by Box’s test of
equality of covariance matrices (p=.109).
Pretest and Posttest Analysis
A mixed repeated measures analysis of variance was conducted with conditions as the
between-subjects factor and pre vs. posttest scores as the within-subjects factor.
Statistical significance was set at .05 alpha level. There was a statistically significant
interaction between test score and condition, F(64, 3)=12.861, p=.001, partial eta2 =.376.
Post Hoc Comparisons showed that there was no significant difference between the
Team PBL group and the Individual PBL group (M=.51, SE=.716, p=.892). There was no
significant difference between the observation group and the control group (M=.55,
SE=.830, p=.913).
There was a statistically significant difference between the Team PBL group and
the Control group (M=2.93, SE=.763, p=.001). There was a significant difference
between the individual PBL group and the control group (M=2.45, SE=.771, p=.012).
There was a significant difference between the Team PBL group and the observer group
(M=3.50, SE=.778, p=.001). There was a significant difference between the individual
group and the observation group (M=2.99, SE=.787, p=.002).

Skill Mastery and Performance on the Posttest.
In order to examine if students’ performance on the interview carried the skill into the
posttest, a comparison was made between the students who demonstrated the skill in the
interview and those who did not. Given that the observer and control groups did not
participate in the interview, these groups were formed from the individual solvers and the
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team solvers. Three clear groups emerged from the data. The first group (N=20) named
“Full Mastery” consisted of students that scored a “5” on both the causal and noncausal
variable. The second group (N=10), the “Partial Mastery” group consisted of students
that scored a “5” on the causal variable and a “4” on the noncausal variable. The final
group (N=8), the “No Mastery” group, consisted of students that did not demonstrate
mastery of the skill for either or the variables.
The mean pretest scores for the groups were as follows: No Mastery=2.88, Partial
Mastery=4.50, Full Mastery=3.75. There was not a significant difference in groups at the
pretest (F=.647, p=.587, partial "2=.03). The mean posttest scores for the groups were as
follows: No Master=4.88, Partial Mastery=7.5, Full Mastery=10.85.
A repeated measures ANOVA was performed to determine if there was a
difference between groups. There was a significant interaction between skill mastery and
test performance (F=7.515, p=.00, partial "2=.252). Post Hoc comparisons showed that
there was a significant difference between the full mastery group and the no mastery
group (M=3.125, SE=949, p=.006) There was no significant difference between the full
mastery group and the partial mastery group (M=1.00, SE=.879, p=.498). There was no
significant difference between the partial mastery group and the no mastery group
(M=2.125, SE=1.175, p=.200).
In order to determine if there was a difference between performance on the pretest
and performance on the posttest, the simple main effects were examined. There were
significant differences in pretest and posttest performance within the full mastery
(M=7.10, SE=.607, p=.000) and the partial mastery (M=3.00, SE=.577, p=.001). There
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was not a significant difference between pretest and posttest performance in the no
mastery group (M=2, SE=.866, p=.054).

Performance on Pre/Post Test
by Skill Mastery

Test Score

16

12

8

4

0

Pretest
Full

Posttest
Partial

None

Figure 6

Groups
In total there were 7 teams. (see table) In three of the teams all students demonstrated one
level of mastery (partial or full) of the skill during the interview. In three of the teams,
either one or two of the students demonstrated mastery of the skill. One team’s status
was inconclusive due to missing data. There were no teams in which none of the students
demonstrated mastery of the skill. There was at least one student in every team who
developed full mastery.
In the teams where all of the students demonstrated some level of mastery of the
skill during the interview, one of the teams had all students develop full mastery. Two of
the teams had one person demonstrate full mastery and two students demonstrate partial

43
mastery. One team had two students demonstrate full mastery and one student
demonstrate partial mastery.
In the teams where not all of the students demonstrated mastery, two teams had
two students demonstrate mastery, while one student did not. One team had one student
demonstrate mastery, while the other two did not. In all three of the teams in which all
students did not develop mastery, the student or students who did demonstrate mastery
demonstrated full mastery.
In general, the groups that had each student demonstrate some level of mastery
showed greater improvement on the posttest over the pretest than the groups where some
students did not develop mastery. The group in which all of the students demonstrated
full mastery showed the highest degree of improvement on the posttest.
Table 9
Performance on Interview by Team
Team
1

2

3

4

5

6

7

Student

Mastery

Pretest-Posttest

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

Unknown
Full
Partial
Full
Full
Full
Full
Partial
Partial
Full
No
No
Full
Full
No
Full
Partial
Partial
Full
No
No

Unknown
4
5
10
10
10
11
10
4
5
1
5
5
5
1
9
5
0
5
-1
2
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CHAPTER 4: DISCUSSION
The purpose of this study was to examine the effectiveness of fostering procedural
knowledge via the problem based learning (PBL) method with K-12 students, specifically
with academically disadvantaged, low-achieving students, among whom more traditional
instructional methods have been unsuccessful. In addition to determining if PBL is
effective in fostering development of the Control of Variable (COV) skill, the study also
examined elements of the method in order to gain insight into how PBL is effective.
The design of this study reflects its important strengths. A major strength is that
students participated within a familiar school setting, yet the design allowed for
consistency in setting, time and exposure to treatment. The instructor, content, problem
and interactions with the students were standardized across groups. Each participating
student was randomly assigned to a condition. The intervention itself took place outside
of the classroom. Therefore, potentially confounding variables were able to be controlled
in order to allow students to participate fully in the problem, while at the same time,
remaining in a school setting. Additionally, the pre- and posttests were administered to
the students by the school testing coordinator, reducing the risk of the students being
primed for the test. Each of these elements of the design added to the internal validity of
the experiment.

Summary of Results
A post-PBL interview and a pen-and paper delayed assessment, showed that PBL was
effective in fostering development of the COV skill. This result is consistent with other
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studies of PBL, which examined the efficacy of PBL in fostering declarative knowledge
of comprehension and application of concepts.
An examination of the student performance on the interview task demonstrates
that PBL was effective in fostering development of the COV skill. A significant
proportion of students were able to demonstrate mastery of the skill at the end of the
intervention. There was not a significant difference in performance between the teamPBL group and the individual-PBL group.
Comparisons between performance in students’ reasoning regarding a causal
variable and non-causal variable in the interview showed an intra-individual difference in
performance. Students performed better regarding the causal variable than the non-causal
variable. These results are consistent with past studies that examined the assimilation of
new evidence to prior beliefs.
Comparisons of the four intervention groups (control, observer, team-PBL,
individual-PBL) demonstrated differences between conditions. Students in the team-PBL
and individual-PBL groups performed significantly higher on the posttest than students in
the control and observer groups. There was not a difference in performance between the
individual-PBL and team-PBL conditions. There was not a difference in performance
between the control group and the observer groups.
Comparisons of within-subject performance on the interview and the posttest
yielded information about the development and application of the COV skill. The PBL
condition students participated in both the interview and the pencil and paper posttest.
When these students were divided into 3 groups based on skill mastery (full, partial, and
no) differences emerged. There was a significant interaction between mastery group and
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posttest performance. This difference was between the full mastery group and the no
mastery group. There was no significant difference between the full mastery group and
the partial mastery group. There was no significant difference between the partial
mastery group and the no mastery group.
A qualitative analysis of group performance showed that there was variance in the
number of students in the group who developed mastery and did not develop mastery.
The group in which all of the students developed full mastery demonstrated the most
growth on the posttest. Each of the groups had at least one student develop mastery. In
the two groups where only one of the students developed mastery, that student developed
full mastery.

Control of Variable as a Scientific Reasoning Skill
The effectiveness of PBL as a method for fostering the development of the COV skill
speaks both to PBL as a learning method as well as to the nature of the development of
scientific reasoning. The results indicate that situating the learning of the COV skill
within a problem gives students the opportunity to deeply engage in all aspects of
scientific reasoning. This engagement in the problem fosters the development of
scientific thinking skills. As the student practices these skills, development occurs and
the use of the COV skill emerges.
Cognitive scientists agree that the ability to think scientifically (i.e. coordinate
theories with evidence) does not emerge at one point in development, nor is it a single
skill to be learned, but rather a complex process that develops over time. (Klahr 2000,
Kuhn 2005). However, there is less agreement on how individual skills such as the COV
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skill are developed and/or learned. The decision to include the COV skill as a key part of
the Next Generation Science Standards throughout middle and high school, indicates that
the COV skill is central to scientific reasoning and the process of learning and utilizing
this skill, like scientific thinking, develops over time.
PBL allows for students to engage in each phase of scientific reasoning—inquiry,
analysis, inference, and argument. A studentʼs level of epistemological understanding
informs the extent to which they seek, read, explain and defend a comparison of data
through out these phases. A person operating from an evaluativist level of understanding
utilizes a controlled comparison of data as a means of participating in each phase of
scientific thinking. In this study we saw that even academically disadvantaged students,
when given the opportunity to practice seeking, reading, explaining and defending data,
within the context of a problem begin to demonstrate the ability to control variables. The
emergence of this skill indicates a change in understanding and greater ability to think
scientifically.
An interesting result from this study was that although most of the students
demonstrated the skill at the interview, the majority of the students still did not perform at
a level that would be considered passing by most classroom standards. An explanation
could be that the test was not an accurate measure of the ability. However, when the
students were separated into mastery groups based upon interview performance, the
written-test scores aligned with the interview performance groups. The students who did
not demonstrate any mastery on the interview had the lowest scores. The students who
demonstrated partial mastery on the interview scored higher than the no mastery group,
but lower than the full mastery group. The better the performance on the interview, the
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better the performance on the test. In other words, the better a student becomes at
demonstrating the COV skill, the better they perform on a more conventional test.
One of the major indicators from this study that COV develops in conjunction
with scientific thinking skills is the intra-subject variability in performance between the
causal variable and the noncausal variable. When faced with unexpected results, some of
the students were able to take the new information and assimilate it with what they
expected to see. Other students, in contrast, were unable to do this and when asked to
make predications about the variable, reverted back to their original belief. Some of the
students were able to use the information to inform their thinking, some were not. The
incorrect predictions made by students came after they had demonstrated a controlled
comparison and claimed the unexpected results to be the effect of the variable. They then
defended how they knew this to be true. However, moments later, these same students
made predictions counter to the evidence they had just presented.
These results are consistent with former studies (Kuhn, 2006). One theory as to
why this happens is that it is due to executive functioning. When a student is confronted
with information that is different from that which they already believe, this student must
be able to hold both of these thoughts in their mind in order to compare and evaluate
them. It is thought that students who are unable to do this are unable to allow two
conflicting thoughts to occupy the same space. Therefore, they revert to the opinion that
is already there (prior belief).
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Problem Based Learning as a Pedagogical Tool
Enjoyment
The results from this study, which examined PBL and the fostering of procedural
knowledge, were consistent with the results of previous studies that examined PBL and
declarative knowledge (Kuhn & Capon 2004, Pease & Kuhn 2010, Wirkala & Kuhn
2011) and found PBL to be effective for development of these forms of knowledge. PBL
is generally considered to be more enjoyable than traditional methods of teaching
(Schmidt 1992), and there are indeed several aspects of PBL that would appear to make it
more enjoyable. First, the students are not answering to the teacher as an authority
figure; they are working in collaboration with the instructor to find the answer. Secondly,
as opposed to a traditional homework assignment or a class project, the PBL problem in
its authenticity, implies real-world implications regarding solving the problem. Previous
studies on PBL involving declarative knowledge found it difficult to rule out enjoyment
in the participation of the PBL problem as an alternative explanation to learning through
PBL (Wirkala & Kuhn 2011). The claim was that PBL is more enjoyable and therefore,
more memorable for the students, which led to higher levels of retrieval and subsequently
better performance.
However, in the case of the procedural knowledge in this study, at no time were
students told the name of the COV skill, instructed in how to perform it, or given any
information about when it is used or the purpose of using it. This implies that for a
student to transfer this skill, memory alone would not be sufficient. In order to do so, a
student would need to also recognize that the new task was similar to the PBL problem,
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as well as apply the skill to the new situation. Therefore, the results of this study
demonstrate that memory alone is not the explanation of PBL’s effectiveness.
Active Learning
It was found in this study that students who participated in the PBL groups outperformed
students who observed the problem while taking notes. Although these results are not
consistent with vicarious learning theory (Bandura, Ross & Ross 1961), which states that
a person can learn a behavior by watching a behavior, they are consistent with other
studies on observational learning. Chi et al (2008) found that students who watched
tutorial sessions performed worse than students who participated in tutorial sessions. It
was also found that students who are able to select data in an attempt to answer a
question perform better than students who do not select information but attempt to make
sense of information that is selected by others (Markant 2014).
Collaborative Learning
Although teamwork is often seen as a defining element of PBL, the results in this study
were consistent with the results of previous studies (Pease & Kuhn 2010, Wirkala &
Kuhn 2011) that found that students who worked in teams did not outperform students
who worked individually. This result may be due to the structure of the intervention.
One of the benefits of group learning is that group members help to facilitate the learning
of other members (Cohen 1994). Chi (2008) found that the types of contributions a team
member makes to the team increases or decreases the number of correct contributions to
the solver of the problems. Asking a team member to provide a justification for an
answer had the largest effect on the increase of correct contributions to the problem.
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In this study the author facilitated the learning of both the team and individual
learners by repeatedly asking for justifications of responses. Perhaps if the students did
not work with a facilitator and were simply asked to solve the problem on their own,
there would be a difference between performance in groups and individual performance.
Implementation of PBL in Schools
One of the final questions to ask is whether the evidence presented in this study and
former studies is sufficient enough to choose problem-based learning over other forms of
instruction. PBL is more difficult to implement, manage, and design than other forms of
traditional instruction. Perhaps a focus on when and how to teach these skills in a more
traditional setting would be more efficient and effective in the long run. However, as
seen in previous studies, instruction that works for some students and populations does
not always work for others (Silar, 2010). Additionally, the results of this study
highlighted not only variability between subjects in ability, but also intra-subject
variability, consistent with other microgenetic research.
One of the major benefits of PBL is that it allows students of varying skill levels
to practice skills through solving a problem. It has been shown that students develop
through this practice at varying speeds and to varying degrees. The role of the teacher is
not to tell the students what they should know, but to assist them in solving the problem.
As seen in previous studies (Silar 2013), determining what a student is ready to be told
and what they still need to learn is not an easy task and misunderstanding between the
teacher and student may occur. PBL is helpful on this front for both teachers and
students. Firstly, students of varying abilities can benefit from engagement in the same
problem. Secondly, the way in which students attempt to solve the problem provides a
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great deal of information to the instructor as to how students are thinking. These two
elements, in turn, make PBL a more efficient method of teaching by improving
opportunities for students of varying levels to participate in the problem and providing
teachers with the information they need to foster students’ development.

Limitations
One limitation of this study was that the control group and the observer group did not
participate in the interview assessment, which might have yielded some insight. This was
done to prevent the observer group from participating in the manipulation of the materials
and explanation of their thinking so that their involvement in the problem remained as an
observer.
Another limitation is the relatively small sample size. The length of the PBL
sessions and the difficulty of coordinating with school schedules made finding
participants difficult. Therefore the numbers were limited to the number of students in
the 6th and 7th grades at this school. The small sample size limited the data mostly as it
pertained to the PBL groups. The number of groups was not large enough to
systematically study the differences in performance between groups. Further research
that examines the dynamics of the group in relation to performance would help to better
understand the role group dynamics takes in PBL.
Finally, there was a possible threat of selection for the observation group.
Although the selection of the observation group was done randomly by having the
students draw a name out of a hat, there were issues with attendance. Given that
approximately half of the students have IEPs at the study school, there were competing
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intervention programs being conducted at the school. Additionally, there is a very high
absentee rate at the school. Therefore, in order to meet with the students three times in a
7-10 day period, several attempts to schedule the sessions were needed. Given that the
individual solvers were not working in collaboration with the observer students, it was
possible to conduct the sessions without the observing student in attendance. Therefore,
when it appeared that rescheduling would lead to losing both the individual problem
solver and the observing participant, the individual was given the problem without the
observer. This led to a smaller N for the observer group than the other groups.

Next Steps
One of the implications of this study derives from the finding that PBL is
effective not only in developing the COV skill but in doing so among a historically
underperforming population, where past efforts have been of only limited success.
However, more research needs to be done on the implementation of PBL on a larger
classroom scale. Previous studies of PBL have implemented PBL in a classroom setting
and found it to be effective (Wirkala 2011). However, given the hands-on nature of this
study, it would be beneficial to observe this same problem in a larger classroom setting.
One might question feasibility in a traditional classroom. Would the students be able to
remain on task with a reduction of adult supervision? Would there be a difference in
performance of students in groups and individually in this setting?
Further research will help to improve the implementation of PBL in K-12 schools.
More study is needed to understand how PBL achieves its effects. By knowing the
elements of PBL that contribute to learning and those that don’t, the design of individual
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PBL problems could change, helping to design problems that are possible more effective
and easier to implement.
Furthermore, the COV, despite all of its challenges, is one of the more basic
intellectual skills involved in scientific reasoning. Would PBL be effective in helping to
develop more complex scientific thinking skills? If so, what would the nature of suitable
problems be? Given the success of the present effort, these seem questions worth
pursuing, especially for the disadvantaged populations of students whose engagement
with higher-order intellectual skills may be limited in more traditional instruction
contexts, if indeed they gain experience with such skills at all.
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APPENDIX A:

6FLHQWLILF,QYHVWLJDWLRQ

1DPHBBBBBBBBBBBBBBBBBB
'DWHBBBBBBBBBBBBBBBBBBB

3$573OHDVHDQVZHU3DUWTXHVWLRQVRQ\RXUPXOWLSOHFKRLFHDQVZHUVKHHW

$JURXSRIHQJLQHHUVZDQWVWRGHVLJQDUDFHFDUWKDWFDQGULYHDVIDVWDVSRVVLEOH7KH\FDQ
FKDQJHWKH
Ɣ 7$,/ 6KRUWRU/RQJ DQGWKH
Ɣ 723 1RWRSRU+DUGWRS 
,IWKHHQJLQHHUVZDQWWRILQGRXWZKHWKHUWKHOHQJWKRIWKH7$,/PDNHVDGLIIHUHQFH
ZKLFKVHWRIFDUVVKRXOGWKH\EXLOG" 3OHDVHEXEEOHWKHPXOWLSOHFKRLFHVKHHWZLWKWKHFRUUHFWOHWWHU 
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:K\GLG\RXFKRRVHWKDWVHWRIFDUV"
$ 7KHFDUVDUHGLIIHUHQWLQHYHU\ZD\
% 7KHFDUVDUHGLIIHUHQWLQHYHU\ZD\H[FHSWIRUWDLOOHQJWK
& 7KHFDUVDUHWKHVDPHLQHYHU\ZD\H[FHSWWDLOOHQJWK
' 7KHFDUVDUHWKHVDPHLQHYHU\ZD\
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FKDQJHWKH
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Ɣ 723 1RWRSRU+DUGWRS 
,IWKHHQJLQHHUVZDQWWRILQGRXWZKHWKHUWKHNLQGRI723PDNHVDGLIIHUHQFHZKLFKVHW
RIFDUVVKRXOGWKH\EXLOG" 3OHDVHEXEEOHWKHPXOWLSOHFKRLFHVKHHWZLWKWKHFRUUHFWOHWWHU 

:K\GLG\RXFKRRVHWKDWVHWRIFDUV"
$ 7KHFDUVDUHGLIIHUHQWLQHYHU\ZD\
% 7KHFDUVDUHGLIIHUHQWLQHYHU\ZD\H[FHSWIRUNLQGRIWRS
& 7KHFDUVDUHWKHVDPHLQHYHU\ZD\H[FHSWIRUNLQGRIWRS
' 7KHFDUVDUHWKHVDPHLQHYHU\ZD\
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$JURXSRIHQJLQHHUVZDQWVWRGHVLJQDQHZVSDFHVKXWWOHWKDWFDQIO\DVIDVWDVSRVVLEOH
7KH\FDQFKDQJHWKH
Ɣ 126( URXQGHGRUSRLQWHG WKH
Ɣ :,1*6 ORQJRUVKRUW DQGWKH
Ɣ 3$,17 OLJKWRUGDUN 
,IWKH\ZDQWWRILQGRXWZKHWKHUWKHOHQJWKRIWKH:,1*6PDNHVDGLIIHUHQFHZKLFKVHWRI
SODQHVVKRXOGWKH\EXLOG" 3OHDVHEXEEOHWKHPXOWLSOHFKRLFHVKHHWZLWKWKHFRUUHFWOHWWHU 
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:K\GLG\RXFKRRVHWKDWVHWRI6SDFH6KXWWOHV"
$ 7KHVKXWWOHVDUHGLIIHUHQWLQHYHU\ZD\
% 7KHVKXWWOHVDUHGLIIHUHQWLQHYHU\ZD\H[FHSWZLQJOHQJWK
& 7KHVKXWWOHVDUHWKHVDPHLQHYHU\ZD\H[FHSWZLQJOHQJWK
' )RUHDFKVKXWWOHZLQJOHQJWKDQGQRVHVKDSHILWZHOOWRJHWKHU
( 7KHERGLHVDUHELJHQRXJKWRKROGWKHZLQJV
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$JURXSRIHQJLQHHUVZDQWVWRGHVLJQDQHZVSDFHVKXWWOHWKDWFDQIO\DVIDVWDVSRVVLEOH
7KH\FDQFKDQJHWKH
Ɣ 126( URXQGHGRUSRLQWHG WKH
Ɣ :,1*6 ORQJRUVKRUW DQGWKH
Ɣ 3$,17 OLJKWRUGDUN 
,IWKH\ZDQWWRILQGRXWZKHWKHUWKHOHQJWKRIWKH126(VKDSHPDNHVDGLIIHUHQFHZKLFK
VHWRISODQHVVKRXOGWKH\EXLOG" 3OHDVHEXEEOHWKHPXOWLSOHFKRLFHVKHHWZLWKWKHFRUUHFWOHWWHU 
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:K\GLG\RXFKRRVHWKDWVHWRI6SDFH6KXWWOHV"
$ 7KHVKXWWOHVDUHGLIIHUHQWLQHYHU\ZD\
% 7KHVKXWWOHVDUHGLIIHUHQWLQHYHU\ZD\H[FHSWQRVHVKDSH
& 7KHVKXWWOHVDUHWKHVDPHLQHYHU\ZD\H[FHSWQRVHVKDSH
' )RUHDFKVKXWWOHQRVHVKDSHDQGZLQJOHQJWKILWZHOOWRJHWKHU
( 7KHERGLHVDUHWKHULJKWVL]HIRUWKHQRVHV
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$VWXGHQWVHWVXSDQH[SHULPHQWWRVHHZKLFKW\SHRIOLJKWKHOSVEHDQSODQWVJURZORQJHUEHDQV
+HSODFHVWZRLGHQWLFDOO\VL]HGEHDQSODQWVHHGOLQJVLQWZRGLIIHUHQWWUD\V+HSODQWVRQHVHHGOLQJ
LQVRLOWDNHQIURPKLVJDUGHQDQGRQHVHHGOLQJLQVRLOWDNHQIURPDILHOG+HSODFHVWKHPXQGHU
WZRGLIIHUHQWOLJKWVRQHEOXHDQGRQHUHG
:KLFKRIWKHVHLVDSRVVLEOHIODZWKDWZRXOGPDNHLWGLIILFXOWWRGUDZDFOHDUFRQFOXVLRQ"
$ WKHXVHRIVHHGOLQJV
% WKHXVHRIGLIIHUHQWOLJKWEXOEV
& WKHXVHRIGLIIHUHQWW\SHVRIVRLO
' WKHXVHRIWKHVDPHW\SHRISODQW

3DWKDVWZRNLQGVRISODQWIRRG4XLFNJURZDQG6XSHUJURZ:KDWZRXOGEHWKHEHVWZD\IRU
3DWWRILQGRXWZKLFKSODQWIRRGKHOSVDSDUWLFXODUW\SHRIKRXVHSODQWJURZWKHPRVW"
$ 3XWVRPH4XLFNJURZRQDSODQWLQWKHOLYLQJURRPSXWVRPH6XSHUJURZRQDSODQWRIWKH
VDPHW\SHLQWKHEHGURRPDQGVHHZKLFKRQHJURZVWKHPRVW
% )LQGRXWKRZPXFKHDFKNLQGRISODQWIRRGFRVWVEHFDXVHWKHPRUHH[SHQVLYHNLQGLV
SUREDEO\EHWWHUIRUJURZLQJSODQWV
& 3XWVRPH4XLFNJURZRQDIHZSODQWVSXWWKHVDPHDPRXQWRI6XSHUJURZRQDIHZRWKHU
SODQWVRIWKHVDPHW\SHSXWDOOWKHSODQWVLQWKHVDPHSODFHDQGVHHZKLFKJURXSRISODQWV
JURZVWKHPRVW
' /RRNDWWKHDGYHUWLVHPHQWVIRU4XLFNJURZORRNDWWKHDGYHUWLVHPHQWVIRU6XSHUJURZDQG
VHHZKLFKRQHVD\VLWKHOSVSODQWVJURZWKHPRVW
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3$573OHDVHDQVZHUWKHTXHVWLRQVLQ3$57RQWKLVWHVWSDSHU

7ZRVWXGHQWVLQYHVWLJDWHGWKHJURZWKRISHDSODQWV
(DFKVWXGHQWKDGWKUHHSRWV$OORIWKHSRWVFRQWDLQHGWKHVDPHW\SHDQGDPRXQWRIVRLO7KH\
SODQWHGSHDVHHGVLQHDFKSRW
7KHVWXGHQWVVHWXSWKHLULQYHVWLJDWLRQVDVVKRZQLQWKHWDEOHEHORZ

:KLFKVWXGHQWKDGWKHEHVWVHWXSWRILQGRXWKRZWKHDPRXQWRIVXQOLJKWDIIHFWVWKHJURZWKRI
SHDSODQWV" 3OHDVHFLUFOHWKHFRUUHFWQDPHEHORZ
0LFKDHO
&DUPHQ

([SODLQZK\\RXFKRVHWKLVVWXGHQW VVHWXS


:KDWGR\RXWKLQN\RXFRXOGOHDUQDERXWSODQWJURZWKIURPWKHVHWXSWKDW\RXGLGQRWFKRRVH"
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5DIDHOOLYHVQHDUDURDGDWWKHERWWRPRIDKLOO+LVSDUHQWVDUHFRQFHUQHGWKDWVRLOZLOOZDVKRII
WKHKLOODQGURFNVZLOOIDOORQWRWKHURDG
5DIDHOFRQGXFWVDQLQYHVWLJDWLRQWRILQGRXWLIJUDVVJURZLQJRQDKLOOVLGHZLOOKHOSVWRSVRLO
HURVLRQ
+HFROOHFWVWZRVDPSOHVRIWKHVDPHVL]HDQGW\SHRIVRLO2QHVDPSOHRIVRLOKDVJUDVV
JURZLQJRQLWDQGWKHRWKHUGRHVQRW+HSODFHVHDFKVDPSOHRIVRLOLQDVPDOOWUD\
)RUKLVLQYHVWLJDWLRQ5DIDHOSRXUVWKHVDPHDPRXQWRIZDWHURQWRERWKVDPSOHVRIVRLO+HXVHV
DODUJHWUD\WRFROOHFWZDWHUWKDWPD\IORZWKURXJKWKHVRLO
:KLFKSUDFWLFHVKRZVWKHEHVWZD\IRU5DIDHOWRVHWXSWKLVLQYHVWLJDWLRQ"
3OHDVHFLUFOHWKHFRUUHFWSLFWXUHEHORZ
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$IHZNLGVZKROLYHRQWKHVDPHEORFNDUHWU\LQJWRILJXUHRXWKRZWRPDNHWKHPRVWPRQH\IURP
WKHLUGULQNVWDQG7KH\GHFLGHWRUXQDWHVWWRVHHZKDWVHWXSZLOOKHOSWKHPPDNHWKHPRVW
PRQH\7KHWZRSLFWXUHVEHORZVKRZKRZWKH\WHVWHGZKHWKHURUQRWWKHDJHRIWKHFKLOG
VHOOLQJWKHGULQNVPDGHDGLIIHUHQFHLQKRZPXFKWKH\VHOO
/RRNFDUHIXOO\DWWKHSLFWXUHV(DFKRQHVKRZVDWLPHRIGD\ 0RUQLQJRU$IWHUQRRQ D
FKLOG 2OGHURU<RXQJHU DQGDGULQN ,FHG7HDRU/HPRQDGH 
'R\RXWKLQNWKLVLVDJRRGZD\WRILQGRXWZKHWKHUWKHDJHRIWKHFKLOG 2OGHURU
<RXQJHU PDNHVDGLIIHUHQFHLQKRZPXFKWKH\VHOO"
,I\RXWKLQNLWLVDJRRGZD\WKHQFLUFOHWKHZRUG³*RRG´EHORZ,I\RXWKLQNLWLVDEDG
ZD\FLUFOH³%DG´

*RRG
%DG

LI\RXFLUFOHG³%DG´FKDQJHWKHSLFWXUH V DERYHWRPDNHD*RRGFRPSDULVRQ
)RUH[DPSOH\RXPLJKWZDQWWRFKDQJHWKHDJHRIWKHVHOOHUWKHW\SHRIGULQNRUWKHWLPHRIGD\
LQRQHRUERWKRIWKHVHWXSV
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Appendix B:
Teen Crime Script
Hi my name is Beth Jewett and I am visiting you from Columbia University to ask you to
help us with a problem we are solving that involves people your age. I am here because a
town in Upstate New York has asked the University to help them improve upon the high
levels of teen crime in their community.
They came to the University after a program they tried did not work. They tried many
different things to decrease teen crime in the area. They tried making a curfew, giving the
students school uniforms, and even started many after-school programs. But they realized
after they spent hundreds of thousands of dollars on these programs, that they don’t
actually know what CAUSES teen crime. They had some good ideas, but they were really
just guessing. If they had researched this before, they would have saved a lot of money.
So this time, they are going to do some research so that they know what causes teen
crime before they start any new programs. They have asked us to help them figure out
what makes a difference in teen crime and they will use that information to help make a
new program.
We have decided to come to your school to ask you to help us, because we thought, who
better to study teen crime than teenagers. We think that you will have the insight and
understanding needed to determine what makes a difference and does not make a
difference to teen crime.
I have brought with me a set of records from different towns around the country to help
you find out what does make a difference and does not make a difference to teen crime.
(Distribute cards)
Let’s take a minute to look at the records as a group to figure out what kinds of things we
can learn from these cards.
(Review the cards as a group--make sure the students mention all important features
variables, outcomes, levels etc.)
So now that we have looked at the cards, let’s guess which of these things we think will
make a difference or not make a difference to teen crime.
(Give them the hypothesis chart and five minutes to do it as a group.)
As a group, decide which thing you are going to find out first.
(Give them “finding out” chart)
I am going to be doing some work over here, but don’t be afraid to interrupt if you have
any questions.
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Also, I have more cards that will help you find the information you need, so if there is
another card you want to see, let me know and I will find it for you.

