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Abstract. Medical schools are increasingly looking to case-based formats such as problem-
based learning (PBL) for their medical students. However, the effects of PBL have not been
adequately assessed for an informed decision. An approach to assessment should consider
not just the knowledge outcomes expected of all students, but should be tailored to the
theoretical goals of PBL: clinical reasoning, integration of scientific and clinical knowledge,
and lifelong learning skills. This means that problem-solving processes as well as products
need to be measured. In addition, cognitive measures associated with expert performance can
be used to assess the extent to which PBL affects the development of expertise. In this study,
students taking an elective in PBL were compared with students taking other electives on a
realistic pathophysiological explanation task. The problem-solving protocols were examined
for coherence, use of science concepts, strategy use, and self-directed learning. The results
indicate that cognitive measures can be used to distinguish students who have participated in
PBL from their counterparts in terms of knowledge, reasoning, and learning strategies. This
suggests that such measures may play a meaningful role in assessment of student learning.
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Introduction

Medical schools are increasingly looking to case-based formats such as
problem-based learning (PBL) for their medical students. However, the effects
of PBL have not been adequately assessed for an informed decision about the
efficacy of this approach. In PBL, students learn about basic medical science
by solving patient cases and reflecting on those experiences. The goals of
PBL are (1) to integrate clinical and basic biomedical sciences; (2) to help the
students learn clinical reasoning; and (3) to help the students become lifelong

Notes: The second author is at the Vanderbilt University School of Medicine. The third
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learners (Barrows, 1985). The success of PBL in achieving these goals has
not been clearly demonstrated. The literature on the cognitive benefits of PBL
has shown mixed results (e.g., Albanese and Mitchell, 1993). For example,
on the National Board of Medical Examiners (NBME) Part I, a test of basic
science knowledge, PBL students tend to score lower than students in tra-
ditional curricula but students in a PBL curriculum tend to perform slightly
better on NBME tests of clinical reasoning. However, some of the traditional
measures (e.g., board scores) used in earlier studies of PBL may not have been
sufficiently sensitive to reveal cognitive effects such as changes in reasoning
and self-directed learning (SDL) strategies.

Several studies have used measures that deal more directly with the cog-
nitive effects that PBL has targeted. Patel, Groen, and Norman (1993) found
that, when compared with traditional medical students, students in a PBL
curriculum were more likely to use a hypothesis-driven reasoning strategy
in a pathophysiological explanation task but they were also likely to make
more errors. When students were asked to incorporate three passages of basic
science information into their clinical problem-solving, PBL students were
more likely to incorporate scientific information in their explanations.

Boshuizen, Schmidt, and Wassmer (1990) compared the performance of
preclinical students from a problem-based and traditional medical school on
a problem-solving task. This performance was also compared to biochemists
and internists. The subjects were asked to explain the relation between a bio-
chemical deficiency and a specific disease. The students from the traditional
curriculum and the internists took a memory-based approach and were less
accurate than the problem-based students and the biochemists. The latter two
groups were more likely to take an analytical approach.

The goal of the present study was to assess measures of specific cognitive
changes purported to be affected by the PBL curriculum. To accomplish this,
we gave learners a realistic reasoning task and examined problem-solving
processes, knowledge use (i.e., science concepts), and self-directed learning.
In particular, we replicated and extended the work of Patel et al. (1993)
regarding directionality of reasoning and examined additional measures of
problem-solving. We have also developed measures that examine the effects
of PBL on self-directed learning. The students’ problem-solving was assessed
by examining the reasoning strategies the students used and the coherence
of their explanations as they solved a problem. The accessibility of science
knowledge was assessed by coding the students’ explanations for the use of
science concepts. We were particularly interested in the students’ self-directed
learning strategies. These were examined by having the students assess their
learning needs and generate plans to address those needs (see the Methods
section for details).
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Developing approaches to assessment that examine thinking and learning
skills is particularly important as educational reforms, such as PBL, are imple-
mented (Goldman, Pellegrino, and Bransford, 1994). Traditional approaches
to assessment emphasize isolated conceptual knowledge rather than the open-
ended problems that physicians will face in practice. Assessments are needed
that make students’ thinking visible on complex tasks (Glaser and Silver,
1994). The product and process measures that we have used in this study
allow us to measure the degree to which the cognitive skills and knowledge
structures promoted in PBL curricula transfer to new, complex problems.
Traditional cognitive measures of problem-solving rely on verbal protocol
analysis, a technique that would be too cumbersome for large numbers of
individuals. Instead, paper-and-pencil techniques were used to obtain simi-
lar information about problem-solving and learning processes. In addition to
assessing complex thinking, this type of assessment may be useful in program
evaluation because it examines the effect of the educational reform in terms
of the goal of the reform rather than using extant criteria. Subsequent sections
of this paper discuss the theory and goals of PBL and the assessments that
were developed within that framework.

Theoretical Framework for PBL

PBL includes among its goals: 1) developing scientific understanding through
clinical cases, 2) developing clinical reasoning strategies, and 3) developing
self-directed learning strategies. Research and theorizing in cognitive psy-
chology provides evidence that supports some of the general goals of PBL
(Norman and Schmidt, 1992). Additionally, laboratory-based research sug-
gests that by anchoring instruction in authentic problem-solving contexts,
the knowledge, clinical reasoning processes, and SDL strategies learned
should be more readily transferred when that knowledge or strategy is needed
(e.g., Adams, Kasserman, Yearwood, Perfetto, Bransford, and Franks, 1988;
Williams, 1993; Needham and Begg, 1991). Reasons for the effectiveness of
PBL include the fact that the relevance of science as a tool for understand-
ing and solving medical problems should be more readily apparent (Brans-
ford, Franks, Vye, and Sherwood, 1989). Schmidt and colleagues (Schmidt,
DeVolder, De Grave, Moust, and Patel, 1989) have demonstrated that the
discussion of the case prior to learning serves to activate prior knowledge
and facilitates the processing of new information. In addition, the acquisi-
tion of examples that occurs during PBL may allow later problems to be
solved on the basis of similarity (Brooks, Norman, and Allen, 1991; Kolod-
ner, 1993). Finally, the active learning promoted in PBL should promote the
self-directed learning strategies and attitudes needed for lifelong learning
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(Bereiter and Scardamalia, 1989; Ng and Bereiter, 1991). The next section
of the paper deals with PBL effects on clinical reasoning and a subsequent
section will deal with self-directed learning.

PBL and Clinical Reasoning

In the current study, we examined whether PBL students achieve the rea-
soning goals with a novel clinical case. We assessed students’ reasoning and
integration of scientific information using paper-and-pencil instruments. We
accomplished this by evaluating: 1) directionality of reasoning, 2) coherence
of explanations, and 3) use of basic science information in explanations.

Reasoning can be examined by looking at how the data and hypotheses are
related to each other (see Figures 1a and 1b). For the purpose of this analysis,
we consider data to be individual signs and symptoms whereas hypotheses
reflect a more integrated cognitive structure characterized by a complex,
descriptive category that the data are associated with. Data-driven reasoning
involves reasoning from the data to a hypothesis whereas hypothesis-driven
reasoning involves using a hypothesis to explain the data. An example of a
data-driven reasoning statement is “If he has an elevated blood sugar, then
he must have diabetes.” “Because he has diabetes, he has an elevated blood
sugar” is an example of a hypothesis-driven reasoning statement.

Although data-driven reasoning is generally more characteristic of experts,
it is inappropriate for novices who have an insufficient knowledge base (Patel
and Kaufman, 1993). Recent work suggests that experts are likely to use
hypothesis-driven reasoning with complex or unfamilar problems (Elstein,
1994; Norman, Trott, Brooks, and Smith, 1994; Patel, Groen, and Arocha,
1990). Elstein suggests that experts use hypothesis-driven reasoning only after
data-driven reasoning has failed. Novices do not yet have good knowledge
of disease classification and the associated patterns of signs and symptoms
that are necessary for data-driven reasoning to be an effective strategy. In
PBL, students are taught to use hypothesis-driven reasoning to construct
explanations that account for all of the data. Hypothesis-driven reasoning
by novices is a learning mechanism that allows students to test how well
their explanation fits the problem being solved. Thus we predicted that the
PBL students would be more likely to use hypothesis-driven reasoning than
conventional (nonPBL) students because that is the strategy they were taught.
Prior research has demonstrated that traditional medical students were more
likely to use data-driven reasoning, although there is not a clear theoretical
basis for this result (Patel, Groen, and Norman, 1993). The current study
attempts to replicate the findings of Patel et al. (1993) regarding reasoning
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Figure 1a. Data-driven reasoning.

Figure 1b. Hypothesis-driven reasoning.

strategies. This study, however, uses a paper-and-pencil instrument rather
than verbal protocols.

The nature of hypothesis-driven reasoning allows students to learn to filter
relevant from irrelevant information (Patel and Kaufman, 1993). One expect-
ed result is a coherent explanation. Coherence of explanation can be assessed
by looking at the maximum number of relational operators chained together
in an explanation. For example, an explanation such as “because he is dia-
betic, he cannot metabolize carbohydrates so he must use ketone bodies for
energy causing a metabolic acidosis” which contains three relations but “he
has an acidosis which causes an increased respiratory rate” which contains
one relation. We expected that the PBL students would generate longer rea-
soning chains than nonPBL students. Schmidt and Boshuizen (1993) suggest
that developing this elaborated causal understanding of scientific mechanisms
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is an important first stage in the acquisition of cognitive skill in medicine.
Although these causal representations are later encapsulated under illness
scripts, these representations remain available for use when they are needed.
In a study of radiologists, a similar measure of coherence revealed an effect of
expertise (Lesgold, Rubinson, Feltovich, Glaser, Klopfer, and Wang, 1988).
Senior radiologists had longer reasoning chains indicative of more coher-
ent explanations than residents. This suggests that experts are doing more
inferential thinking and ending up with a more coherent representation of the
patient. Alternatively, novice’s explanations, with shorter reasoning chains,
suggest a more fragmented representation.

Because PBL students are learning basic science in the context of clin-
ical cases, it is reasonable to expect them to use this information in their
explanations. We can code explanations for concepts or facts from anatomy,
physiology, biochemistry, microbiology, or pathology. These provide evi-
dence that students are integrating basic science information. In the recent
study by Patel et al. (1993), PBL students were more likely to integrate
relevant basic science information into their think-aloud explanations.

PBL and Self-Directed Learning

Because SDL is one of the important goals of PBL, this study examined the
effect of PBL on self-directed learning (Hmelo, 1993). Self-directed learning
refers to setting and pursuing one’s own learning goals. Self-directed learning
has several components (Figure 2). First, learners must assess their own state
of knowledge relative to the problems they face. This involves metacognitive
knowledge. Students must consider not only what they do know, but where
their knowledge is deficient. Second, they must use this assessment to formu-
late these learning needs so they can efficiently meet these needs and make
use of appropriate resources. In order to do this, learners must determine
which of the knowledge deficiencies they have identified will be most fruitful
to pursue. This may include setting priorities. Their causal hypotheses should
influence how these deficiencies are prioritized. Third, they must develop and
implement a plan that satisfies these needs. This requires knowledge of what
learning resources are available and may involve remembering how helpful
these resources have been in the past. It may also involve asking others for
advice about resources. Finally, students need to integrate their new knowl-
edge into their problem solution. Learners also need to assess the extent that
their SDL activities have satisfied their learning and problem-solving goals.
This suggests that SDL is a dynamic process (consistent with the research by
Dolmans, 1994). In this study, we only directly examined the initial parts of
the SDL process.
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Figure 2. Self Directed learning model.

Some recent studies begin to describe the effects of PBL on SDL. Dolmans
(1994), in a series of studies, examined how student-generated learning issues
overlapped with the faculty-designed objectives and how those learning issues
subsequently guided further study. The first study collected information on
learning issues generated by 12 tutorial groups over 12 cases in a course
module. This study found that 64% of the faculty objectives were identified
by all the learning groups for a six-week course. Only 15% of the faculty-
designed objectives were not identified by any of the learning groups in the
study. Furthermore, students identified additional learning issues that were not
included in the faculty-designed objectives. The “unexpected” learning issues
were judged by faculty raters to be relevant and worthwhile. These learning
issues tended to be related to prior knowledge deficiencies or clinical topics.
They reflected personal interest and experience in the subject matter.

The influence of the learning issues on guiding subsequent learning activ-
ities was the subject of a second study. Dolmans (1994) found that what
students planned to do was not necessarily related to what they actually
did while pursuing independent study. She suggests that there is a complex
relationship between student-generated learning issues and the subsequent
activities and resources used. Some of the factors identified as influential
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include: the availability of relevant literature, the breadth of the learning
issues, motivation, self-assessment tests, and other examinations. In addition,
Dolmans’ results suggest that learning resource use may be a dynamic phe-
nomena and that, while perusing the literature, additional issues may arise
that receive the learners’ attention.

Blumberg and Michael (1991) provided indirect evidence to show that
a PBL curriculum has an impact on self-directed learning; PBL students
borrowed more materials from the library than conventional medical students.
This study did not distinguish between the kinds of materials the students in
different curricula borrowed. They did not evaluate the self-assessment of
learning needs or the generation of learning plans.

There is little empirical research that clearly defines the nature of good
self-directed learning strategies (Hmelo, 1993). In the earlier discussion, we
proposed that hypothesis-driven reasoning facilitates learning. When one has
a hypothesis, choosing to reason and search for information in a hypothesis-
driven manner may be more efficient than a search that is data-driven. A
search that proceeds by investigating the significance of isolated findings
may not effectively narrow the search space unless, of course, one hits on
the correct pathognomic finding to look up.1 In a recent paper by Bassok
and Holyoak (1993), a distinction is made between top-down and bottom-up
learning. Bottom-up learning refers to inductive learning by examples. Top-
down learning depends on prior knowledge of the domain coupled with active
learning strategies that allow the learner to make principled judgements about
the importance of features to the learner’s goals. Bottom-up learning requires
that students make generalizations from multiple examples. The learners do
not engage in deep analysis of principles and may end up knowing sets
of correlated features (including some that are irrelevant). To the extent
that top-down learning enables learners to successfully identify relevant but
nonobvious features of a problem, more flexible transfer will be promoted.
If the domain-knowledge is fragmented however, students may need to have
their attention directed to goal-relevant aspects. In problem-based learning,
the students are encouraged to think about the cases with the underlying
scientific principles in mind rather than just collecting sets of features. As
cases are connected to domain principles, the learner can begin to understand
how knowledge can be applied to solving problems (Chi, Bassok, Reimann,
Lewis, and Glaser, 1989). Self-directed learning that proceeds in a hypothesis-
driven manner (i.e., top-down) should lead to more flexible knowledge.

In this study, we examined whether PBL students can assess their learning
needs and develop a plan to address those needs. The learning needs (i.e.,
learning issues) fall into three categories: disease-driven, data-driven, and
basic-science issues. An example of a disease-driven learning issue is “com-
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plications of diabetes.” Disease-driven learning issues map onto hypothesis-
driven reasoning in that they indicate the students are researching hypoth-
esized disease mechanisms to try to account for the data. A basic-science
driven learning issue might be “acid-base physiology.” This also maps onto
hypothesis-driven reasoning because the subjects are using their knowledge
of scientific concepts to account for the data. An example of a data-driven
learning issue is “the significance of an elevated respiratory rate.” Data-
driven learning issues map onto data-driven reasoning because the individual
is researching the pattern of data in order to determine the causes. If the
students’ SDL strategies are consistent with their reasoning strategies, the
PBL students should generate more disease-driven and basic science learn-
ing issues whereas the nonPBL students should generate more data-driven
learning issues.

We might have predicted that given their experience, the PBL students
would be facile with choosing the learning resources for this task. However,
the nonPBL students also have considerable experience in writing papers and
using the library. We made no predictions about which group would use more
resources but we did expect them to use different resources. The learning
resources that the students used are categorized into basic science textbooks,
clinical textbooks (which include both medical texts and diagnostic manuals),
and use of expert consultants.

Methods

Subjects. Forty medical students participated in this study. Twenty students
had participated in an elective class in PBL; twenty students (the nonPBL
group) had taken a different elective. Within each condition, half the students
were in the first month of their second year of medical school and half the
students were three months into their first year of medical school. Each cohort
of students was also taking the same traditional core curriculum. The first year
PBL students had participated in the PBL elective for 10–12 weeks. Half of
the second-year students had taken 32 weeks of a PBL elective during their
first year of medical school. The students were paid for their participation in
this study.

Instruction. Instruction for the PBL elective consisted of a group of eight
medical students and a facilitator meeting for two hours, once each week.
The facilitator gave the students a small amount of information about the
patient case. The group’s task was to evaluate and define different aspects
of the problem and to gain insight into the underlying causes of the disease
process. This was done by questioning the facilitator, generating and evalu-
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ating hypotheses, and generating learning issues. Learning issues are topics
that the group has decided are relevant and which they needed to learn more
about. The group members would divide the learning issues and research
them, using both material resources (e.g., the library) and expert consultants.
During the next session, they then shared the information in an attempt to
explain the patient’s disease process.

Assessment Materials. The materials used in this study consist of a booklet
containing the case of a diabetic child, Billy Green. The complete text of
this case may be found in the Appendix. The case was presented sequentially
in four segments: presenting complaint, history, physical examination, and
laboratory data. After each segment, the students were asked to explain, in
writing, the underlying causal mechanisms that would account for the patient’s
problem. At the end of the case, the students were asked what they would
want to learn more about to better understand the case and how they would
go about meeting their learning needs. Each segment was on a separate page
of the booklet followed by a page with the questions.

Procedure. The subjects were tested in groups of 2 to 4 at a time. All subjects
completed the testing individually; they did not discuss the cases with each
other. The subjects were given the booklet containing the case and the ques-
tions about the case. They were told that their task would be to explain the
underlying causal mechanisms rather than to make a diagnosis. They were
also told that there would be additional questions at the end of the case and
that they were not to look ahead to subsequent portions of the case until they
had answered the questions for the portion of the case they were working on.
This took approximately one hour.

Coding procedures. The students’ written responses were coded for coherence
of explanation, reasoning strategies, use of science concepts, and self-directed
learning strategies.2 This section of the paper provides a detailed description
of how this coding was accomplished. Coding was conducted at the level
of the students’ hypothesis and the explanation that accompanied it (if any).
For example, subject 52, a first year PBL student gave the response shown
in Table 1 after receiving the physical examination information. This subject
had 2 explanations, one associated with the infection hypothesis and another
associated with the diabetes hypothesis, that were then coded for coherence
and the reasoning strategies that were used.

Coherence of explanation is assessed by the maximum number of relational
operators chained together in an explanation, averaged across the four sections
of the case. For example, an explanation such as “because he is diabetic, he
cannot metabolize carbohydrates so he must use ketone bodies for energy
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Table 1. Response of subject 52 after the physical examination section.

Hypothesis 1:
Infection

“1. infection-evidenced by palpable cervical lymph nodes and elevated
temperature.”

Hypothesis 2:
Diabetes/Diabetic
coma

“2. Diabetic coma accounts for deep sleep Stunted growth explained
by poor ability to control diabetes ! lacking energy for growth ???
fruity odor explained by ketosis which occurs when the body needs to
supply alternative energy source.”

causing metabolic acidosis” would be scored as containing 3 relations; but
“he has an acidosis that causes an increased respiratory rate” would be scored
as containing 1 relation. It is expected that as PBL students develop elaborated
causal models in the context of cases, they should develop more coherent
explanations. For the example shown in Table 1, the relation coded would
be evidenced giving that explanation a score of one. Coding the second
explanation is more complex as there are multiple relations in parallel. The
longest subchain was coded here so the explanation about stunted growth is
chosen and the relational operators coded would be explained and the arrow
that the subject drew. The arrow was interpreted as leading to. Thus, the
second explanation would be coded as a 2 for the maximum reasoning chain
measure.

Reasoning strategies were assessed for each section of the case and then
summed across the four sections. Four different types of strategies were
coded: hypothesis-driven reasoning, data-driven reasoning, other-relations,
and unjustified assertions. An explanation would be coded as Data-Driven
reasoning if the subjects explanation indicates reasoning from the data to
the hypothesis. This is also known as forward reasoning (Patel and Groen,
1986). For example, “the patient has a high blood sugar so this indicates he is
diabetic” would be coded as data-driven reasoning because the subject notes
that a particular symptom is indicative of a particular disease. Hypothesis-
driven reasoning refers to predictive or causal reasoning (this is also known as
backward reasoning). The subject uses the hypothesized processes to account
for the signs and symptoms such as the statement “he has diabetes so this
will cause the blood sugar to be elevated.” In the case of subject 52, the
statement about ketosis explaining the fruity odor would also be an example
of hypothesis-driven reasoning.

Although the two categories just discussed were the major strategies of
interest, in order to be exhaustive, two other categories were needed. There
were statements where the relationship between the data and the hypothe-
ses were not clear. These were coded as other relations. Generally these
statements indicated association, correlation, or secondary conditions. For
example, after receiving the physical exam information, subject 41 wrote
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“His diabetes could have been correlated with an immunodeficiency.” This
statement did not indicate that one condition caused the other, just that they
were associated. The final category was the unjustified assertions. These were
simply statements of hypotheses with no supporting explanations.

The use of science concepts was also coded from the subjects’ explanations.
This refers to statements that contain inferences drawing upon knowledge of
concepts or facts from anatomy, physiology, biochemistry, microbiology, or
pathology. An example of this category would be “because he cannot utilize
glucose for energy, his body is using ketones instead causing an excess of
ketoacids.” In this example, the subject is invoking relevant knowledge of
physiology to make an inference. Subject 52 makes a similar inference about
ketosis causing the patient’s fruity breath.

Recall that at the completion of the case, the students were to identify their
knowledge deficiencies and how they would go about addressing them. The
knowledge deficiencies or “learning issues” were classified as to whether they
were hypothesis-driven learning issues or data-driven learning issues. The
hypothesis-driven learning issues included those that were Disease-driven
and those that were Science-driven. Disease-driven learning issues are issues
pertaining to any aspect of a disease. Subject 52 provides some examples
of these: “More information on diabetic comas – symptoms, progression,
interaction between infection and diabetes.” Science-driven learning issues
are those which pertain to basic science mechanisms. These include state-
ments such as: “modes of bacterial v. viral infection – how to differentiate”
and “ketoacidosis and their effects on normal physiology.” In contrast, the
data-driven learning issues pertain to clinical findings (signs, symptoms, test
results), often isolated, without the context of the disease. Examples of these
include: “What does the fruity breath indicate, are cervical lymph nodes
usually palpable” and “cheesy exudate on his tongue – what does it signify.”

Finally, the students’ learning plans were assessed as to the nature of
the learning resources that were used. These resources were classified as
basic science textbooks if they referred to books about anatomy, physiology,
pathology, or other basic biomedical science. An examples of this is Robbin’s
Pathology. A textbook was classified as clinical if referred to applied medical
topics such as internal medicine or endocrinology. Students often referred
to such standard texts as Harrison’s Internal Medicine. Students often used
a combination of the two types of texts, referred to as a mixed strategy in
the results section. The students’ learning plans were coded for a variety of
other resources as well, such as expert consultations and journals. These other
resources did not distinguish between the groups and are not reported here.
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Results

The subjects’ reasoning strategies, coherence, use of science concepts, learn-
ing self-assessments (referred to as learning issues) and learning plans were
coded from the subjects’ written protocols. These problem solving protocols
were coded by a rater blind to conditions. A second blind rater independently
scored a randomly selected subset of 20% of the protocols (n=8). The two
raters agreed on 92% of the responses.

The students’ problem-solving was assessed by examining their reasoning
strategies and the coherence of their explanations. These data were analyzed
using a 2� 2 ANOVA with year in school and condition (i.e., PBL compared
with nonPBL) as between-subjects factors. The hypothesis tested was that
there would be a main effect of condition. In the absence of main effects,
simple effects tests were done to examine the effect of PBL for each cohort of
students. This was done because, a priori, we expected that the effect of PBL
may have been weak for the first year students and we expected larger effects
for the second year students. The self-directed learning data were analyzed
similarly, however due to the categorical nature of the variables, chi square
analyses were performed.

Problem-solving. With respect to the reasoning strategies, the results indi-
cated that PBL students were more likely to use hypothesis-driven reason-
ing in their explanations than nonPBL students, F(1,36)=15.59, p<0.001,
MSe=0.12 (Figure 3). In contrast, nonPBL students were more likely to use
data-driven reasoning strategies (F(1,36)=5.23, p<0.05, MSe=0.06). Second-
year nonPBL students were more likely than the second year PBL students to
use other relations in their reasoning (F(1,36)=6.17, p<0.05, MSe=0.05). This
suggests that, in general, the PBL students transferred the hypothesis-driven
reasoning strategies that they were taught. The second-year nonPBL students
appear to realize that there are relationships between data and hypotheses
but they do not make these relationships clear. The groups did not dif-
fer on the number of unjustified assertions they made (Overall mean=0.60,
F(1,36)=1.78, p>0.60).

By measuring the length of the students’ reasoning chains, differences in
the coherence of the explanations can be detected. With this measure, we
detected greater coherence in the PBL students’ explanations. The PBL stu-
dents generated longer reasoning chains than the nonPBL group as shown in
Figure 4 (F(1,36)=7.22, p<0.01, MSe=0.97). Finally, PBL students showed
a marginal trend toward using more basic science in their explanations how-
ever, this was a low frequency event (F(1,36)=3.09, p<0.10, MSe=0.20; see
Figure 5).
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Figure 3. Directionality of reasoning.

Figure 4. Maximum reasoning chain length.
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Figure 5. Use of basic science concepts.

Self-directed learning. With respect to the SDL strategies, our measures
revealed qualitative differences in the learning issues that PBL and nonPBL
students generated. The students’ learning issues were categorized into pat-
terns that included disease-driven or basic-science issues (combined to form
hypothesis-driven patterns) and those that included data-driven or mixed (a
combination of data-driven and hypothesis-driven) learning issues. The data-
driven and mixed categories were collapsed into a single category called
“includes data.” This was useful in discriminating the PBL from the nonPBL
students. The use of experts did not differ reliably across groups so this
resource was not used in comparing the patterns of learning plans. As shown
in Figure 6, the second-year PBL students generated exclusively hypothesis-
driven patterns of learning issues whereas only 60% of second-year nonPBL
students generated hypothesis – driven patterns of learning issues (�2(1)=5.0,
p<0.05). Of the second-year nonPBL students, 40% included data-driven or
mixed learning issues. For the first year students, the distribution of learning
issues did not differ significantly between the two groups but the first year
PBL students did show a trend toward more hypothesis-driven learning issues
than their nonPBL counterparts (�2(1)=0.83, p>0.05).

The PBL and nonPBL students generated different learning plans in a
manner that was consistent with their learning issues and reasoning strategies
(Figure 7). PBL students were more likely to use a combination of basic
science and clinical texts, whereas nonPBL students were more likely to use
exclusively clinical texts especially at the first year level (�2(1)=7.27, p<0.05
for the first year students;�2(1)=1.50, p>0.40 for the second year students). In
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Figure 6. Self-directed learning: Learning issues.

Figure 7. Self-directed learning: Learning plans.

fact, none of the first-year nonPBL students planned to use mixed resources.
Recall that clinical texts include not only general medicine textbooks but
diagnostic manuals as well. When the specific resources that students with
data-driven learning plans were examined, it was found that for the first year
nonPBL students, 40% of the resources in their plans were diagnostic texts
compared with 22% of the first year PBL students’ resources. So again, this
pattern is consistent with the reasoning strategies the students were using.
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Discussion

The measures used in this study revealed a significantly greater use of
hypothesis-driven reasoning in the PBL group. Moreover, we detected a
greater coherence in the PBL students’ explanations. Our measures revealed
qualitative differences in the learning issues and plans that PBL and nonPBL
students generated. These strategies were consistent with the reasoning strate-
gies that the students used. The hypothesis-driven learning strategies that the
PBL students use should lead to more flexible knowledge and problem-
solving. This is important because experts use hypothesis-driven reason-
ing strategies when confronted with a complex or atypical problem (Nor-
man, Trott, Brooks, and Smith, 1994; Patel, Groen, and Arocha, 1990). The
hypothesis-driven reasoning strategy that these students used may have served
the function of self-explanations as the students articulated the relationships
between the general principles of biomedical science to the specific case
(Chi et al., 1989; Patel and Kaufman, 1993). The current study found that
PBL instruction has distinct cognitive consequences early in the educational
process. PBL students developed learning strategies that should allow them
to continue to learn well beyond medical school. If these SDL strategies
persist, later professional development should continue to capitalize on these
strategies in both formal and informal ways.

An alternate explanation for these results is that they were due to self-
selection and preexisting differences. To deal with these limitations, additional
research is needed that uses a longitudinal design. In addition, to generalize
these results, further studies must use multiple cases and multiple sites, as
well as control for self-selection effects. A study in progress focuses on using
this methodology in a longitudinal study designed to compare the impact of
full-time PBL, elective PBL, and conventional curricula.

Assessment of problem-solving was accomplished using an authentic diag-
nostic task with measures based upon cognitive theories of expertise and learn-
ing. We have demonstrated that methods adapted from research in cognitive
science can be used to assess the products and processes of problem-solving
and learning. By using a paper-and pencil analog of verbal protocol analy-
sis, we have developed an assessment tool that allows cognitive measures
to be efficiently obtained. Evidence of construct validity of these measures
comes from two sources. First, students who have taken a full year of PBL
perform better than students who have only participated for a few months.
Second, these measures discriminate between PBL and nonPBL students.
More significantly, these measures demonstrate effects of PBL that are con-
sistent with its goals. This is important as the medical education community
decides whether to adopt a PBL approach. Prior studies have used traditional
measures to assess PBL and have found few robust effects. Given that no



404

strong differences between PBL and conventional students have been found
on traditional measures such as board scores, the question becomes what are
the more long-lasting effects that may not be captured by traditional mea-
sures. Glaser and Silver (1994) have called for new conceptualizations of
assessment that are informed by cognitive research on the nature of learning
and performance in complex intellectual domains such as medicine. Because
PBL is oriented toward complex curricular objectives, assessments need to
use open-ended questions that allow students to explain their solution, as we
have done here. In this study, we applied measures pertaining to the cognitive
changes that affect lifelong learning and clinical reasoning. Our findings are
important because they suggest that PBL may endow physicians with the
learning strategies necessary to stay informed in the face of rapid medical
advances and that the effects on these strategies are measurable.
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Notes

1. A pathognomic finding is a characteristic that is unique to a particular disease. The presence
of such a sign or symptom allows positive diagnosis of the disease.

2. Note that accuracy was not coded here because, in the second section of the case, the par-
ticipants were told the patient’s actual diagnosis. The students task, then was to understand
how the disease was manifesting itself.

Appendix: The Case Of Billy Green

History of Present Illness

Billy Green, an eleven year old boy, is brought into the Emergency Room at
3:00 PM. According to his mother’s advance telephone call, he is “passing
out just like he did before.” As Billy is wheeled into the Emergency Room,
you are told by the senior resident on call from the Department of Pediatrics
that Billy is an “old friend.” The nurse says she will order his old hospital
chart. As you start to examine Billy, his mother provides the following history.
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About 3 days ago, Billy developed a runny nose, sore throat, headache, and a
mild fever. There was some “flu” going around the family at that time. Billy’s
appetite has been poor since then, although he has been more thirsty than
usual. About 7:00 on the previous evening he developed stomach pain. This
was somewhat relieved by a light supper of soup and milk. However, about
45 minutes later he vomited his supper. He continued to vomit through the
evening and once or twice after midnight. He has not eaten anything today.
He last vomited about 10:00 a.m. He has become less and less responsive
over the past 20 hours. He seems to understand when his mother speaks to
him directly, and answers in single words or short phrases.

Past Medical History

Reveals that Billy has had the usual childhood illnesses. He has been known
to have diabetes for two years.

While you are talking with Billy’s mother, his chart arrives. This is the
seventh hospital admission for Billy since his diabetes was diagnosed two
years ago. His chart indicates the following:

Billy is the only male child in a family of five children. His father has little
contact with the family. His mother is very concerned about the health and
welfare of her children. Interviews with the dietician have shown that she
knows all the correct foods on his diet and how to make substitutions.

Billy has been described by the staff as cooperative and friendly, though
somewhat immature (he likes to play with baby toys on the ward). He is
a below-average student at school, which his mother attributes to frequent
absences due to illness.

On previous admissions, the staff noticed that it was difficult to control his
diabetes, even though Billy monitored his urine and gave himself injections
accurately, and could state which foods he was not allowed to eat. It was
ultimately discovered that Billy was befriending children on the ward who
were too sick to eat, and finishing their dinners for them.

Physical Examination

Billy is lethargic but relatively easily aroused. Between arousals he seems to
be in a “deep sleep”.

Vital Signs:
Blood pressure: 115/60 mm Hg

Pulse: 120 beats/minute – weak, rapid and regular
Respirations: 28 breaths/minute – rapid
Temperature: 100.2 degrees F (oral)
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Height: 52 inches (at the 5th percentile for his age)
Weight: 72 pounds (25th percentile)
Skin: Hot and dry.
Mouth: Lips and tongue are parched with a fruity odor to his breath.

A white cheesy exudate extends over the buccal mucosa, the
palate, and the pharynx. The exudate can be scraped off with a
tongue blade; the underlying mucosa is fiery red. A few small
cervical lymph nodes are palpable.

Laboratory Data

Serum Chemistry Profile:
Sodium: 134
Potassium: 4.8
Chloride: 108
C02 Total: 9
BUN: 32
Glucose: 404
Serum Acetone: Large at 1:4 dilution

Urinalysis:
Color: Yellow
Clarity: Clear
Specific Gravity: 1.030
pH: 5
Protein: 0
Sugar: 4+
Ketones: 2+
WBC: 1–2
RBC: 0–1
Epithelial Cells: 0
Occult Blood: Negative
Bacteria: Negative
Mucus: Negative
Crystals: Negative

Arterial Blood Gas Analysis:
pH: 7.21
PC02: 24 mmHg
P02: 102 mmHg
HC03: 9.3 mmol/L
TC02: 10 mmol/L
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