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Abstract

Clinical practice guidelines provide a means to enhance physician performance. This
investigation was undertaken in an attempt to understand the nature of impact of guideline
use on physician performance. We investigated the impact of (a) algorithmic-based and (b)
text-based practice guidelines on clinical decision making by physicians at varying levels of
expertise. Data were collected using clinical scenarios and a think-aloud paradigm, both
with (primed) and without (spontaneous) the use of the guidelines. The two guidelines used
in the study were management of diabetes and screening for thyroid disease.

The results show that guidelines were used as reminders for both experts and non-experts.
Guidelines acted as an educational tool for non-experts by assisting in knowledge
reorganization, particularly for the non-experts. Text and algorithmic guideline formats
were both useful to physician performance depending on the purpose of use—solving
clinical problems or learning.

These results provide insights into how guidelines can be fine-tuned for different users and
for different purposes. Empirical research, coupled with design principles from the
cognitive sciences can form an essential component of guideline design and development.
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1 Introduction

Each day physicians must make informed, accurate decisions concerning patient care—a
task that requires processing reams of information while simultaneously selecting relevant
pieces of evidence to support decisions. This is a formidable challenge considering that the
body of medical knowledge is in a state of constant growth and revision [1, 2]. Clinical
guidelines are meant to help manage this "information overload” and provide up-to-date,
scientifically valid information to aid the practitioner in making more efficient and effective
clinical decisions [3]. Furthermore, guidelines can serve to reduce inappropriate and/or
ineffective practices while encouraging effective practices, improving quality, and reducing
costs of health care [3-6]. However, the outlook for the potential impact of clinical
guidelines as positive is threatened by practitioners’ unwillingness to make use of them [3-
7]. This noncompliance is puzzling because guidelines can enhance physician performance,
as some research has indicated [3, 8]. In this paper we report on two laboratory-based
studies of interpretation and use of clinical guidelines by physicians. In particular, we
investigate clinical decision making as a function of expertise.

2 Expertise and Guideline Utilization

The cognitive study of expertise provides the theoretical framework that sheds light on
understanding clinical guideline interpretation and use. Cognitive research on expertise has
examined the differences between experts and novices in a variety of domains ranging from
physics to social sciences [9, 10]. It has been estimated that it takes approximately ten years
of deliberate practice to reach the level of an expert [11, 12]. In the domain of medicine,
differences between expert physicians (e.g., domain specialists, such as endocrinologists or
cardiologists solving clinical problems that fall within their specialty), subexperts (e.g.,
general practitioners or specialists working on problems outside their specific domain of
expertise), intermediates (e.g., residents in training) and novices (e.g., medical students)
have been reported in a number of publications [13, 14]. In this paper, we will be using the
term "expert" to refer to any domain specialists working within his or her field of
specialization, and the term "non-expert" to refer to any subexpert, intermediate, or novice
as defined above.

Expertise research shows that there are fundamental differences in comprehension, problem
solving, and decision making as a function of expertise [9, 10, 15]. There are at least five
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characteristics that differentiate experts from non-experts. First, it has been shown that
experts and non-experts use different patterns of reasoning. In routine problems, experts use
a data-driven pattern of reasoning where the problem data lead to the hypothesis. In
contrast, non-experts use a hypothesis-driven form of reasoning where the hypothesis
guides data collection and interpretation [16]. Second, experts and non-expert differ in the
organization of their knowledge base. The expert has a more highly organized knowledge
base, which allows them to partition the problem into manageable “chunks.” In contrast,
although non-experts may possess a large knowledge base, it is not well organized. As a
result, they often generate many hypotheses that are unrelated to the problem. Third, this
difference in the knowledge base accounts for their patterns of reasoning and the types of
errors they generally make. Typically, non-experts make errors of commission because of
their inability to discriminate relevant from irrelevant information. Experts, on the other
hand, make errors of omission because of overconfidence, or as a result of skipping steps in
problem solving [17]. Fourth, they differ in how they approach a clinical problem. During
problem solving experts typically generate a small set of relevant hypotheses at a high level
of abstraction that they can quickly narrow down to the most accurate one. Furthermore,
experts attack a problem using rules of thumb that allow them to find an approximately
correct solution in a timely fashion. Non-experts do not have these rules of thumb to guide
their problem solving and therefore take longer to reach the solution [13, 18]. Fifth, in
practical settings, experts interpret case evidence based on their clinical experience rather
than on the available scientific evidence alone. This allows them to be more flexible in
responding to the individual patient’s characteristics. Non-experts do not have the same
scope of experience and practical knowledge, and therefore they rely more heavily on
available scientific evidence which may reduce their flexibility in dealing with unique or
novel cases [19].

In the literature on the use of CPGs there is no mention of expertise as a factor in
determining the use of guidelines in clinical practice. Ineffective dissemination of
guidelines [3], the relevance of guidelines to the care of specific patients [6, 20, 21], and the
substantive nature of guideline information [4, 22] are more frequently cited as factors
related to the use of guidelines by physicians. Cognitive research on expertise may provide
an important clue to explain why some physicians are more responsive to using guidelines
than others. Cognitive studies [13, 14] have shown that experts solve problems in diagnosis
and management based primarily on their own vast experience, and that unlike non-experts,
they rarely rely on scientific studies to support their decisions, especially if these studies are
contrary to their personal experience. Expertise may also play a role in the physician's
ability to comprehend and use a guideline because of how guidelines are written.
Guidelines are generally written by a team of experts in the medical area covered by the
guideline. Since experts approach the guideline with a more highly organized knowledge
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base, as writers, they may inadvertently expect the reader to have the same knowledge base,
and be able to make the inferences required to fully comprehend the guideline. A non-
expert may not be able to correctly make these inferences, leading to errors or frustration
[13, 23]. This evidence leads us to the hypotheses that (1) experts may avoid guidelines
because they find that they do not add anything to their practice, and (2) non-experts, may
use them inaccurately, if at all.

3 Evidence and Experience in Guideline Use

One of the ways that CPGs are being promoted is through the growing reliance on
evidence-based medicine (considered as a fundamental basis for the development of CPGs).
The general tenet of this approach is that medical practice can be optimized and
standardized by integrating clinical expertise with the best available scientific evidence [2,
24]. The assumption here is that practitioners will incorporate the latest available evidence
into their practice, and that this information is sufficient for improving clinical
performance.

The availability of the evidence, however, may not be enough. Indeed, another factor likely
affecting the use of CPGs, which is seldom mentioned, is the format of guideline
presentation [1]. Research in cognition has demonstrated that various forms of presentation
of information have different effects on cognition, where they serve the purpose of aiding
the organization of problem solving activity [25] and facilitate the making of inferences
[26]. In the medical domain, it has been documented that the way different forms of data
presentation (e.g., different algorithmic representations) may lead to the making of different
decisions [27, 28]. It becomes important then to investigate how the different modalities of
information presentation affect the interpretation and use of CPGs. Guidelines are typically
presented in text and algorithmic forms. Text guidelines consist of the description of a
procedure together with supporting information for the procedure, usually in the form of
scientific evidence from clinical studies. The algorithmic guidelines are presented as
algorithms depicting the procedure to follow and the conditions of applicability of each
procedure.

Our approach to research is based on the theoretical and methodological framework
provided by cognitive science [29], which looks at the psychological processes underlying
performance in a variety of tasks. Much of its emphasis is on providing a detailed
characterization of the perceptual and cognitive processes that lead to observable behavior
[30]. In particular, our approach has been to investigate how individuals comprehend
information, solve problems, and make decisions in the fields of medicine. In general there
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are two main aims of this type of research: (a) to identify invariances in human cognitive
processing [31]; that is, characteristics of cognition that remain stable across all people; and
(b) to characterize individual variability in cognitive processing, most notably along the
expertise continuum [32]. In any of these cases, the focus is on the detailed characterization
of cognition, via the study of individuals, rather than on the study of typical characteristics
of groups or populations. This research involves the collection and analysis of a few, but
lengthy think-aloud protocols from physicians—sometimes a single subject [33], often 3 or
4 subjects [34]—while solving and explaining clinical problems. From such detailed
studies, theories are constructed, often in the form of computer models, that are then put to
the test by comparing human performance with that of the model [35, 36]. To the extent to
which a match can be found between the model’s output and human performance, there is
support for the underlying model. The aim of such matching is not to draw generalizations
to the population, but rather to characterize in detail the cognitive processes used when
completing a task and to provide evidence for or against the cognitive processes
hypothesized in the model.

Consistent with the goals of qualitative cognitive research, our aim in the studies reported
here is to understand the impact of text and algorithmic guidelines on clinical decision
making and problem solving by identifying the cognitive processes used in guideline-based
decisions. Like most guidelines, these are directed at general practitioners, who are usually
the first and frequently the principal medical contact point for most patients. We will
investigate how people at different levels of expertise (general practitioners, internists, and
endocrine specialists) solve problems without and with the aid of guidelines.

To pursue this aim, we describe two separate but related studies, both of which attempt to
characterize the cognitive processes underlying guideline-supported clinical decision
making by endocrine specialists, internists, and general practitioners. The two studies use a
similar procedure, whereby the subjects are asked to evaluate a patient scenario both before
and after having seen the guideline. The key difference between the studies is that one used
a text-based guideline, whereas the other used an algorithmic guideline. We hypothesize
that clinical guidelines in text form are difficult to use during practice because of the
detailed processing required for written texts [37]. In contrast to written guidelines,
algorithmic guidelines help organize the information and allow the problem-solver to
proceed with an efficient search of the problem at hand. Theoretically, algorithmic
representations of a clinical practice guideline could organize all of the relevant information
into a manageable form, and therefore would aid in decision making.
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4 Study 1: Investigation of Algorithmic Guidelines

In this study, we examined the use of a clinical guideline in algorithmic form by physicians
at different levels of expertise. The study was conducted in two parts. In the first part the
subjects were asked to read a problem scenario, solve the problem and provide
recommendations for treatment without outside support, assistance, or manipulation from
the experimenters (without making use of the guideline). This is called spontaneous
problem solving (or free reasoning). This first part provides a baseline for comparison. The
second part involved directing the subjects towards a specific solution through cued
knowledge, using the clinical guideline. This is called primed problem solving (or primed
reasoning). Generally, algorithms are generated from written guidelines. As a result,
algorithms tend to be one step removed from the written text and do not provide evidentiary
support for the recommendations. However, they are also easier to use at the time of care
[38], given that they can be glanced over rapidly. Despite the fact that these algorithms are
designed to be used together with the written guideline, practitioners often look for fast and
easy ways of extracting guideline information, which algorithms provide. Specifically,
physicians look for tables, charts, and algorithms to quickly assist their decision-making
[38]. In this study we looked at how algorithms were represented and used in the
management of a patient problem without the support of the text-based guideline.

4.1 Methods

4.1.1 Subjects

A cohort of six subjects, three general practitioners (GPs) and three endocrinologists
(ENDOs), participated in this study. All three GPs were working in private practice in the
city of Montreal, Canada, at the time of this study. Their clinical experience ranged
between 6 and 18 years of practice after medical training. All three ENDOs were affiliated
with McGill teaching hospitals, where they had regular part-time practices in the hospital
setting and conducted research on various aspects of endocrine disorders.

4.1.2 Materials

An algorithmic representation of a clinical guideline for thyroid screening in women over
50 years old was used. The algorithm is part of the official guideline developed by the
American College of Physicians-American Society of Internal Medicine (ACP-ASIM) and
is based on the text form of the guideline [39]. The algorithm is available at the ACP-ASIM
web site: http://www.acponline.org/ceap/algorithm.htm.
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A patient scenario was developed in collaboration with the physician co-author of the
paper. The scenario represents a typical screening case for thyroid disorder in women over
50 years old. It describes the case of a 52-year-old woman who had symptoms of excess
hair loss, weight gain of 10 pounds, stress, and complained of fatigue. The symptoms in the
problem are all representative of the thyroid dysfunction of hypothyroidism. The patient
scenario is described below:

A 52-year-old female patient consults with you with complaints of
fatigue, weight gain of 10 Ibs. and excess hair loss during the past three
months. She got divorced recently and has been under stress. The patient
also states that her mother is known to have an underactive thyroid gland.
Thus, she considers that her complaints must be due to her gland. How
would you investigate this case?

4.1.3 Procedure

Subjects were asked to read through the scenario of hypothyroidism and to think aloud
while they went through it. They were then requested to make recommendations for patient
management (without having seen the algorithm). Next, they were asked to read the
algorithm for thyroid screening, to examine the patient scenario for a second time, and to
update their decisions regarding the management of the patient, based on their reading of
the algorithm. The subjects’ verbalizations were audiotaped and later transcribed for
analysis.

4.1.4 Data Analysis

Each subjects' protocol was transcribed and analyzed using formal methods of discourse
and protocol analysis [Patel, 1995 #2011; Patel, in press #5379]. The transcription was
segmented into clauses where each of the concepts and the relations among the concepts
used were identified. Procedural networks were then constructed by associating the
concepts together into graphical structures that specify the steps in the procedure. Each
graph consists of a non-empty set of nodes and a set of links connecting such nodes [40].
Nodes may represent clinical findings, hypotheses, or steps in a procedure, whereas links
represent directed connections between nodes. Such networks convey two types of
information: conceptual (i.e., the concepts used to solve a problem) and structural (i.e., how
the concepts relate to one another), and thus provides a picture of the whole procedural
representation. The reader is referred to other publications [Patel, 1995 #2011; Patel, in
press #5379] for detailed explanation of our methods.

8
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In addition, the subjects’ responses were coded into the following three categories:

(1) Accuracy of diagnoses. An accurate diagnosis was coded only when the subject gave
the correct diagnosis of hypothyroidism, otherwise it was considered inaccurate. We
analyzed diagnostic accuracy as a way to provide validity to the scenario and to
approach the natural conditions of physicians’ practice.

(2) Number of tests requested. These were subdivided into those tests that were directly
relevant and those that were irrelevant to thyroid dysfunction. Directly relevant tests
were those which, based on the guideline and expert opinion, were deemed necessary
for diagnosing hypothyroidism. Tests that were not deemed critical for hypothyroidism
were coded as non-relevant tests.

(3) Steps skipped or added to the guideline. These were analyzed only for the primed phase
and were coded whenever the physician introduced or failed to mention a step that
appeared in the guideline.

4.2 Results

4.2.1 Spontaneous Problem Solving

Diagnostic Accuracy: Subjects were initially asked to evaluate the scenario prior to having
seen the algorithm and to provide the diagnosis for the case. All subjects eventually
generated the correct diagnosis of hypothyroidism. However, GPs entertained more
hypotheses before giving the correct diagnosis. As presented in Table I, the GPs generated
differential diagnostic hypotheses that were not directly related to hypothyroidism, namely
depression and connective tissue disease. In contrast, the ENDOs generated single
hypotheses, with one expert, who provided the specific nature of hypothyroidism, namely
Hashimoto's thyroiditis. This demonstrates the intermediate effect, which shows that
intermediates (non-specialists) often generate hypotheses that are not directly relevant to
the disease.

Information Requested: Without the guideline, GPs requested more information about the
patient (they asked 4-11 questions) than did the experts (0-7 questions). Many of the GPs

9
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questions were not directly relevant to thyroid dysfunction (e.g., questions about depression
or divorce). Furthermore, as seen in figure 1, GPs requested a greater number of tests (from
4-10) than the ENDOs did. Of these tests, only 45% were specific to thyroid dysfunction.
Experts, in turn, asked for fewer tests (2-5), ninety percent of which were specific to
thyroid dysfunction.

4.2.2 Primed Problem Solving

When the physicians were asked to evaluate the problem using the guideline, their
performance differed markedly from using the problem scenario alone. GPs reduced the
number of tests ordered, as compared with spontaneous problem solving (from an average
of 6 to 2). Of the tests requested during primed problem solving, 95% were relevant to the
correct diagnosis of thyroid disease, as can be observed in Figure 1. In contrast, there was
no change in the number of tests requested by the ENDOs when compared with the
spontaneous problem solving. In both cases, they requested an average of 4 tests.

With the help of the algorithm, the GPs followed the procedure outlined in the algorithm
more closely than the ENDOs, adding on average of only one extra step to the guideline
and skipping one step. In contrast, ENDOs added an average of seven steps and skipped an
average of three steps. The modifications made by the ENDOs dealt with treatment, drug
administration, dosage of medication, and patient follow-up.

4.2.3 Analysis of two protocols

As an illustration of the problem solving by the GPs and the ENDOs, we present the
semantic networks generated from two physicians' response protocols. Figure 2 presents the
network generated from GP#1.

The figure shows that this physician did not focus on the underlying problem, he ordered
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tests not directly related to the disease, such as gynecological and breast exams. The
information he requested which is related to the disease does not seem to be in any specific
order or pattern. This suggests that without the algorithm, this physician had difficulty in
organizing the information. This physician first reviewed general information about the
patient, including a great deal of medical history. As much of this information was not
directly related to thyroid disease (although nevertheless important for the physician to
cover), this resulted in the GP ordering many more tests than necessary. In total the
physician ordered seven tests. This number is much higher than the two tests recommended
in the algorithm. This number is consistent with that of the other GPs, who on average
ordered six tests.

When the algorithm was used, GP#1's reasoning became more focused and structured, and
the tests followed the precise order outlined in the algorithm. Overall, GPs reduced the
number of tests, to an average of 2.5 tests. Figure 3 presents the network derived from
GP#1’s primed protocol, which followed almost identically the procedure in the algorithm
(two out of the three GPs were found to follow the algorithm almost exactly). This suggests
that the algorithm influenced the knowledge used and deployed in the task. Also, with the
use of the algorithm the GPs were able to recognize immediately the symptoms of a
possible thyroid problem, whereas without the algorithm they considered many alternative
hypotheses before reaching that conclusion.

The semantic representation of one of the endocrine specialist shows a different pattern of
results. When no algorithm was provided, the ENDOs generated parsimonious explanations
and requested, on average, fewer tests (4.3), and followed the order prescribed in the
algorithm (e.g., THS Elevated—>FT4 Decreased-> Treat), as illustrated in the semantic
network representation generated from the protocol of ENDO#2, given in Figure 4.

In this case, the ENDO produced a very focused explanation of thyroid screening, ordering
only relevant tests. Overall, the ENDOSs’ reasoning did not change very much with the
addition of the algorithm, the core ideas and organization remained the same. However,
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with the use of the algorithm, the ENDOs were able to express more ideas as illustrated in
Figure 5 (ENDO#2).

The algorithm can be seen as a reminder tool for the expert, whereas it is more useful for
the GPs as a means to fill in gaps in knowledge and that as an aid in organizing their
knowledge.

Compare for a moment, Figure 3 (GP primed protocol) to Figure 4 (ENDO spontaneous
protocol). Notice that with the support of the algorithm the GP's protocol looks a lot more
like an expert's, as compared to the GP's spontaneous problem solving, figure 2. However,
there are still a few fundamental differences that the algorithm did not reduce. The GP still
considered hyperthyroidism as a possibility, whereas the ENDO did not. Although this may
suggest a more thorough review of the problem on the GP's part, in the rest of the protocol
the GP seemed content to take things at face value, whereas the ENDO shows a lot more
concern in checking before diagnosing. In both of these figures, it is shown that the subjects
immediately requested a TSH test. However when the test was assumed to come out
normal, the ENDO still wanted to look at the pituitary, whereas the GP limited himself to
say that there was no thyroid problem. When the results of the test were assumed to be
high, the GP recommended either treating the patient immediately or doing a T4 test. The
ENDO, on the other hand, expressed the need to do a T3 test and a T4 test, and then test for
antibodies, before diagnosing hypothyroidism and providing treatment. The GP would
diagnose hypothyroidism when the T4 test is low, without any further testing.

These findings can be explained by taking a closer look at the algorithm. The GPs followed
the algorithm almost exactly, including the consideration of hyperthyroidism. The extra
tests the ENDO requested are not in the algorithm. Perhaps this shows the non-expert's
inability to adapt the rigid guidelines to a specific patient. In this study we have a case
where the experts do not even consider hyperthyroidism, and the non-expert's consider it
simply because it is in the guideline.

4.3 Discussion

In summary, this study explored expertise-related differences in diagnostic reasoning
between general practitioners and endocrine specialists when explaining a clinical case
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without and with the help of an algorithmic CPG. Examination of the findings show clear
qualitative and quantitative differences between the GPs and ENDOs. Consistent with
previous research [13, 14], the number of initial diagnostic hypotheses generated during
spontaneous reasoning was higher for the GPs than for the ENDOs. Research has
consistently demonstrated that whereas experts generate a few selected and related
hypotheses to account for a clinical case, non-experts typically generate a larger number of
either related, or unrelated hypotheses [13]. The GPs accounted for the case findings by
linking them to specific hypotheses. They seemed to have followed a strategy of " when in
doubt gather as much information as possible,” and this resulted in the generation of
relevant as well as irrelevant information. In contrast, the use of the algorithmic guideline
appears to have had a large impact on the GPs’ reasoning with the clinical scenario. The
CPG helped them focus on the relevant information by reducing the number of tests
requested, the number of questions asked, and the number of elements in the physical
examination. This reduction decreases cognitive load on memory.

Based on our results and the preceding discussion, we can list some recommendations to
improve acceptance of guidelines among physicians: Guidelines should be adapted to the
user's depth of knowledge. This study showed that the ENDOSs used the algorithm as a
reminder tool, therefore they may only require a guideline that outlines the main steps in a
diagnostic or treatment procedure. On the other hand, the GPs used the algorithm to fill in
gaps in their knowledge and to help organize the information so they may require a
guideline which provides a greater level of detail. Standardization could be fostered by
matching the user’s level of expertise and range of experience to the granularity of the
guideline. To test this approach, one could explore which form of representation lends itself
to quick use. A guideline may be represented differently to various users. However, more
straightforward guidelines with less detail up front could be designed for all physicians.
Details should be provided at various levels of granularity underlying the overt features
such that guidelines are equally usable for generalists as well as for specialists. The best
way to present a guideline with different levels of granularity may be to have an electronic
guideline which is integrated into the EMR (electronic medical record), this way the
physician can choose to look at as little or as much detail as needed. Also, as “reminders”
may be necessary during problem solving, these additional details can be accessed when
needed. Although in this study all subjects were able to accurately assess the clinical
scenario with the use of the algorithm, another way to ensure that details are provided when
needed would be to ensure that a text is always provided with an algorithm. In the next
study we present findings which indicate that it is beneficial to provide an algorithm with a
text-based guideline because of the time constraints that physicians face when dealing with
a patient.
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5 Study 2: Investigation of Text-based Guidelines

This study examines the effect of a text-based guideline on the clinical reasoning of
practitioners at two levels of expertise. As with the previous study, we focus on the
understanding of the guideline, as well as on the reasoning strategies employed in making
decisions about a patient both with and without the algorithm. The goal of priming in this
study was to investigate if and how the guideline affects the subject's reasoning and
problem solving. Since the amount and quality of a physician’s experience seem to play an
important role in clinical performance, we also investigate the effect of the guideline on
reasoning processes as a function of expertise. Considering the reported differences in the
reasoning patterns of experts and non-experts, it cannot be expected that guidelines will
have the same effect on physicians at various kinds and levels of expertise. Therefore the
consideration of expertise is a very important facet of the study.

5.1 Methods

5.1.1 Subjects

The sample consisted of six subjects. Subjects selected were personal acquaintances of the
senior author, where the recruitment paid particular attention to a balance of domain
specialists, internists and general practitioners. No particular incentives were provided for
participation, except for the challenge of the task. The subjects were two general
practitioners (GPs), two internists, and two endocrinologists (ENDOs). The
endocrinologists were experts (specialists)in the area of diabetes. The GPs worked in a
university clinic and they were 35-40 years of age. The internists and the endocrinologists
worked in a university hospital. The internists were 45-50 years of age, and the
endocrinologists were 50-55 years of age. The GPs had the least number of years of
experience, while the endocrinologists had the most.

5.1.2 Materials

The materials for the study involved the clinical guideline entitled the “1998 Clinical
practice guidelines for the management of diabetes in Canada” and a patient scenario,
which presented a short clinical case problem. The CPG was developed by the Canadian
Medical Association, and it is available at
http://www.cma.ca/cmaj/vol-159/issue-8/diabetescpg/index.htm. We used a guideline for
the management of Diabetes Mellitus for several reasons. First, diabetes mellitus is a
condition that virtually all practitioners have seen, yet a much higher level of knowledge is
required of specialists treating this condition. Second, the guideline was of recent
publication and therefore offered new and updated management recommendations. Third,

14
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this guideline is widely available to physicians in Canada. Finally, its text-based form is
relatively short and therefore suitable for research purposes (i.e., it takes relatively little
time to go through).

The short patient scenario, involving the description of a patient with diabetes mellitus and
risk of cardiovascular disease, was developed by the physician co-author, and was verified
by two other specialists in the area of diabetes. This scenario was based on actual clinical
cases. The scenario is as follows:

A 46-year-old male executive requests a complete physical examination to
determine his health status and, in particular, his risk of cardiovascular
disease. He is overweight, has a family history of type 2 diabetes, smokes a
pack of cigarettes a day and complains of fatigue.

5.1.3 Procedure

The materials were presented in three parts. The first part involved spontaneous, free
problem solving. The subject was given only the patient case scenario and was asked to
explain the case, assess the risk for diabetes and cardiovascular disease, and provide a
detailed treatment and management plan. The second part involved primed problem
solving. The subjects were asked to revise their evaluation of the patient, including the
management plan, based on the information presented in the guideline. The third part
involved presenting the subjects with a set of specific recommendations, which are part of
the original CPG. The subjects were asked to integrate these recommendations into their
evaluation and management plan. Finally, they were given a 5-point Likert scale (1 - not
useful to 5 - very useful), which asked them to rate the extent to which they found the
guideline useful.

All subjects were asked to think-aloud while explaining their evaluation of the problem.
Subjects were permitted to speak for as long as they felt necessary and when they stopped
verbalizing the researcher prompted them to continue [41]. Their explanations were
audiotaped. All subjects’ protocols were later transcribed verbatim for analysis.

5.1.4 Data Analysis

As in Study 1, the transcripts of the generated verbal responses were analyzed using the
techniques of discourse and protocol analysis [Patel, in press #5379]. The data represented
in the networks were analyzed for (1) the nature and types of concepts and relationships
generated by the subjects while explaining the clinical problem (spontaneous problem
solving); (2) the nature of their reasoning including the hypotheses generated for making

15
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decisions, including procedures in the guideline; and (3) the updating of their explanations
of the patient problem after the guideline was introduced (primed problem solving). This
allowed for the identification and comparison of the procedures specified in the guideline
with those generated by the subjects.

5.2 Results

5.2.1 Spontaneous Problem Solving

During spontaneous problem solving, we found that there was an increase in the number of
concepts generated (requests and procedural steps) as a function of expertise. The GPs
generated an average of 19.5 concepts, while the Internists generated a mean of 33 concepts
and the ENDOs, a mean of 50 concepts. A qualitative evaluation of these concepts indicates
that GPs and Internists generated generic information about the patient condition. This is in
contrast to the experts who generated far more specific information. For example, whereas
the GPs recommended "weight loss,” the ENDOs recommend checking for "weight
distribution™ and "waist circumference,” before any dietary changes are implemented. In
the guideline, data about the age of the patient (45 years of age)” is identified as the age at
which all people should begin periodic screening for diabetes. Although all the subjects
suggested screening for diabetes, only the ENDOs considered the age of the patient as a
clinically significant factor.

In terms of diagnostic hypotheses, we observed that the internists generated more diverse
hypotheses than either the ENDOs or the GPs. Internists generated an average of five
hypotheses, whereas the GPs generated two and the both ENDOs generated one hypothesis.
If we consider the internists as intermediates between the GPs and the ENDOs, this finding
can be interpreted as an instance of the “intermediate effect.” This refers to an apparent
decrement in performance by intermediates when compared to novices and experts [42].
Such an effect has been observed in many studies of expertise [19, 43, 44]. This decline in
performance occurs because intermediates (in this case, the Internists) typically possess a
great deal of information, but this information is not yet organized in an efficient way (as
compared to the domain expert). The consequence of this is that when solving a given
problem, many relevant and irrelevant hypotheses are activated in long-term memory,
leading to difficulty in separating the two types of information.

5.2.2 Primed Problem Solving

The effect of the guideline on reasoning patterns varied across subjects. First, one internist
used the guideline to a greater extent than the other subjects. For this subject, the guideline
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was effective in focusing his attention on the recommended procedures. Second, for both
the internists and the GPs, the guideline served mainly as a reminder for procedures that
were not readily accessible during spontaneous problem solving. The guideline allowed
them to state the specific tests that they would request, and in particular, it appears that they
used the guideline as a reference for determining diagnostic criteria and blood sugar levels.
Figure 6 shows the network of a GP, which is characteristic of the rest of the GPs and
internists.

Third, neither the GPs nor the internists recommended doing anything differently than what
was advised in the guideline, although both internists said that they would not necessarily
follow the guideline word for word. Fourth, only the endocrinologists gave reasons for not
following some of the guideline recommendations, although for the most part they were in
agreement with the guideline advice. For example, one ENDO disregarded a guideline
procedure that recommended “foot examinations annually” on the basis that, in his
experience, they are not typically done because of the time they take to perform the
procedure. This subject also commented that he was typically more aggressive in screening
and prescribing oral anti-hyperglycemic medications, and that he did it earlier than
recommended by the guideline, because in his experience, this was more effective in the
management of the patient. Overall, the guideline provided little benefit to this expert.
However, for another ENDO, it was used as a reminding device and as an organization tool.
This is illustrated on Figure 7.

5.2.3 Physicians’ Evaluation of the Guideline

Despite the potential usefulness of the guideline, if only as a reminder tool, most subjects
found that it failed to meet their need of timely delivery. Both GPs commented that they
would read the entire guideline, although this would be dependent on time constraints. One
GP declared that he would make decisions about patient management for this patient based
on his experience and common sense. He further stated that he would go home to read the
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guideline when he had the time. Both internists remarked that they would not read the
guideline entirely, but instead would look for a chart, or an algorithm that could give them
quick and easy access to the information. Both the GPs and the internists perceived
guidelines to be useful as memory aids, but said that typically guidelines reflect ideal
patients and are difficult to use effectively with specific patients. On their part, the ENDOs
said that they found the guideline to be very useful although neither one felt that it adds
much to their clinical practice, one ENDO said that he would skip or change a
recommendation if his clinical experience indicated that this would be a reasonable step.

When the subjects were asked to rate the usefulness of the guidelines, one GP and both
endocrinologists found them to be very useful (gave a rating of 5); one internist consider it
useful (gave a rating of 4) and the other was unsure about its usefulness (i.e., gave a rating
of 3). One GP did not rate the guideline usefulness, but he comments that unless he had
plenty of time to read over the guideline it could not be used with a given patient. However,
he did find the tables and recommendations useful. It is interesting to note, however, that
the usefulness of the guideline that we have observed did not necessarily reflect the ratings
given by the subjects. For example, an internist— who made great use of the guideline and
whose reasoning became more focused during primed problem solving—gave the guideline
a rating of 3, the lowest rating given. In contrast, an endocrinologist who did not appear to
make any use out of the guideline gave it the highest possible rating.

5.3 Discussion

In summary, the study presented an investigation of the problem solving process of a
clinical case by general practitioners, internists, and endocrinologists during both
spontaneous and primed problem solving. The results during spontaneous problem solving
show that all subjects seemed to rely on their experience. However, GPs and internists
appeared to be less precise in their explanation of the problem. They tended to give use
generic terms (such as "blood-work™) when no guideline was given and more specific terms
(such as "fasting glucose™) when the guideline was provided. This may reflect a lack of
knowledge on the part of the physician or it may emphasize the role the guideline plays as a
reminding tool. Did the physician not know which test to order or could he not remember
the name of the test? The ENDOs, in contrast, were more precise in their explanation
during spontaneous problem solving. They gave specific names to the procedures or
management steps needed for problem solution.

During primed problem solving, the subjects differed more markedly. Whereas the GPs
attempted to follow the CPG very closely, the internists were willing to depart from it. One
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ENDO did depart from the guideline whenever he felt necessary and added his own reasons
to follow a different path. Reasons for both groups to depart from the recommendations
were all based on practical clinical experience. However, only in the ENDO's protocol did
experiential knowledge take precedence over what should be done based on the
recommendations, the internists were still willing to put trust in the guideline and change
their views accordingly. In this study the guideline did not appear to change how experts
approached a clinical case. However, it did appear to be useful as a reminder tool. The GPs
and internists tended to use and see the guideline as a knowledge source and a memory
tool.

The results can be explained in light of prior research. In actual practice, research suggests
that physicians do not use CPGs at point of care because these are very time consuming to
go through and unsuitable for just-in-time use [Shahar, 1998 #4529]. When they are used, it
is probably when the physician has time to review the case, before or after patient
interviews. When they are used they can have a beneficial effect on decision making by
acting as reminders of procedures that may have been forgotten or ignored, despite the
physicians’ evaluation on the lack of usefulness of the CPG. However, the fact that
typically guidelines are time-consuming to read, make the development of new forms of
guidelines that are readily accessible a necessity. Current CPGs impose limits to when and
how guidelines are read, but the inclusion of CPGs as part of decision-support systems or
instructional systems may be a way to overcome such limitations [45, 46].

The subjects of this study expressed a desire to see guidelines that provide faster access to
pertinent information. Many guidelines are accompanied by algorithms, which represent
practice recommendations in a diagrammatic form. This makes them easier to read in a
short period of time and extract prescribed recommendations at once [38]. A potential
drawback is that because of the condensed nature of the algorithms, they are often rigid
[47] and cannot provide all the information present in text-based guidelines, which may be
needed by non-expert physicians. Also, they may be seen as ambiguous because there is no
room for explanation of counter-intuitive advice. There seem to be promising attempts to
remedy this situation [48].

6 General Discussion and Implications

Our studies suggest that practice guidelines, either in text or diagrammatic form present
some problems for both general practitioners and experts alike. Guidelines seem to serve
different functions for the two groups of people, depending on the prior knowledge.
Reliance on experience makes expert physicians more confident about their decisions and
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not easily affected by the use of CPGs. Expert decision-making and behavior is difficult to
change because experts have established ways of approaching and solving problems which,
in their experience, have been successful in the past. The finding that experts performance
did not change after reviewing the case with the guideline may be t he result of their
reliance on what they know. They have developed explanations of how things should be
done, which have been validated over a long period of practice. In fact, expert practitioners
tend to rely on a heuristic of explanatory sufficiency. That is, they work through the
solution of a problem until a good-enough solution is found, rather than attempting to reach
a “perfect” solution. Experts may generate explanations for a patient problem only to the
extent to which they are satisfactory (“good enough” explanations). In other words, experts
are “satisficers” not “maximizers.” However, this requires possessing knowledge of when a
satisfactory solution has been achieved, something that probably requires a great deal of
experience. This characteristic of experts was first identified by Herbert Simon in his study
of decision making in organizations [49]. In general, decision-makers do not try to provide
a perfect solution to a problem or maximize personal gains in making decisions, but rather
they typically settle for “good-enough” solutions only. In medicine, the same phenomenon
occurs, when physicians generate explanations that satisfactory and not necessarily optimal.
They will generate an explanation that matches what they habitually know from practice.
However, it is this reliance on experience that contributes to the addition and skipping of
steps. This may sometimes lead to errors of omission [16].

One goal of clinical guidelines is to standardize clinical practice. This would result in the
non-expert performing in a similar way to the expert. However, to reach the same level,
non-expert would need a different type of support from guidelines than the type of support
that an expert would find useful. This requires adaptation of guidelines to the specific level
of expertise of the user. Guideline delivery forms that are dynamically generated and
adaptable to the specific expertise level of the user may be more effective. Neither text-
based nor diagrammatic forms alone could serve this adaptive function. For clinical
practice guidelines to be successfully used, either as decision making or as educational
tools, they need to be included in decision support systems (e.g., EMR) or instructional
systems that help focus the non-expert physician on relevant information or remind the
expert physician of important steps. In this way, patients could receive the best care in a
timely manner. Newly acquired knowledge must be fully integrated into existing
knowledge structures before changes in practice habits can be seen. The problem is that
whenever new information is introduced into a stable system, it often creates confusion,
because integration involves more than concatenating additions to previous knowledge.
Integration of knowledge requires a change in the conceptual structure of the (knowledge)
system. This re-structuring requires time and cognitive effort, as well as an environment in
which to learn—all of which are currently lacking in the lifestyle of the medical
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practitioner. It would be an interesting question to ask under what conditions physicians
learn from using guidelines. Since GPs are required to take continuing medical education
courses, guidelines can be turned into useful continuing education tools that remain useful
during their clinical practice. Similarly, with residents and medical students, guidelines can
be incorporated in their training program as a part of the electronic medical record or
decision support systems.
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Without Algorithm With Algorithm Without Algorithm With Algorithm
GPs ENDOs

Figure 1. Total number of tests (critical and less relevant) requested by general practitioners
(GPs) and endocrinologists (ENDOs) during spontaneous and primed problem solving
situations. Critical tests are defined as those, which were deemed necessary for diagnosing
hypothyroidism.
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Figure 2. Schematic representation of a representative protocol of a general practitioner’s
(GP#1) reasoning during spontaneous problem solving. The top portion presents the history
information and the bottom portion gives the physical examination and laboratory tests
requested. Nodes represent concepts and arrows represent the relationships among
concepts.
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Figure 3. Schematic representation of a protocol of a general practitioner's (GP#1)
reasoning when revising the clinical scenario of a patient with the help of the algorithm
during primed problem solving. Boxes with heavy border indicate information that appears
in the algorithm. Grey boxes indicate new information generated in the primed protocol that
was not in the spontaneous protocol. Double arrows represent further reasoning by the
subject not included in the figure.
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Figure 4. Schematic representation of a protocol by an endocrinologist (ENDO#2) during
spontaneous problem solving.
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reasoning when revising the clinical scenario of a patient with the help of the algorithm
during primed problem solving.



