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ABSTRACT

THE EFFECT OF HYPOTHESIS GENERATION
AND VERBALIZATION ON CERTAIN ASPECTS
OF MEDICAL PROBLEM SOLVING

By
Sarah A. Sprafka

Thirty medical students going into their fourth year of medical
school were asked to solve three modified Patient Management Problems.
Subjects either were or were not constrained to think aloud during
problem solving. They were instructed to generate diagnostic
hypotheses early, to withold judgment about diagnosis until the end
of the problem, or were given no instructions about hypothesis
generation. Number of hypotheses generated, thoroughness of cue
acquisition, efficiency of cue acquisition, and accuracy of solution
were the dependent variables. Multivariate analysis of variance
revealed that instructions concerning hypothesis generation had no
effect on outcome. Subjects constrained to verbalize generated
significantly more hypotheses for one problem (Problem III) than
subjects without that constraint. Further, there was a significant
interaction effect of instructions concerning hypothesis generation
and constraint to verbalize on number of hypotheses generated for that
same problem.

In the interest of assessing the relation between certain aspects
of performance and outcome, subjects were reassigned to groups using

many (> 10) or few (< 10) hypotheses as one independent variable and
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early or late hypothesis generation as the other independent variable.
Dependent measures were thoroughness and efficiency of cue
acquisition, and accuracy of outcome. The interaction of early or
late hypothesis generation and many or few hypotheses affected
thoroughness on one problem (Problem I).

Subsequently two of the three problems were analyzed to determine
whether a different problem solving process had been used by subjects
who had high accuracy scores on those problems and subjects who had
low accuracy scores. It was found that on the one problem which had
a complex solution subjects who had low accuracy scores generated
but did not retain the elements of the complex solution. On the:
other problem it was found that subjects who received low accuracy
scores either did not generate or generated and dropped the correct
hypothesis. These subjects also generated a larger variety of
inaccurate hypotheses than subjects receiving higher accuracy scores.

The results of the three stages of analysis demonstrate that
instructions about hypothesis generation and constraint to verbalize
have little overall effect on performance. Furthermore, whether
subjects generate the first hypothesis early or late, or generate
many or few hypotheses makes little difference. Lastly, differences
in accuracy of solution can be tentatively attributed to different

causes for different problems.
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CHAPTER I
INTRODUCTION

Medical care is made up of many facets, one of which is diagnosis.
Medically defined, diagnosis is "the determination of the nature of the
case of disease" ( 1). The association of diagnosis exclusively with
disease is a questionable one. Therefore a looser, non-medical
definition seems more appropriate. More loosely defined, diagnosis is
"Ehg investigation or analysis of the cause or nature of a condition ...
or problem" ( 2). In order to diagnose a patient's condition or problem
a physician must go through an information gathering and processing
procedure, arriving finally at some sort of conclusion about his
patient's condition or problem.

Diagnosis as a cognitive activity may be studied in a number of
ways. Two major approaches)are: 1) the study of diagnosis as a
decision-making process, éhd 2) the study of diagnosis as a problem
solving process.’ A]fhough the two processes are closely linked in
practice, the terms "decision-making" and "problem solving" refer to
two distinct areas of research. Students of diagnosis as decision
making use a methodology which differs markedly from those who look at
it as problem solving. The emphasis for the decision-makers is more on
outcome than on process. The method of study depends much more on

mathematical models used as predictors or describers of outcome.
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Correlation models, regression models and probability models are
among the most popular.

Those who study diagnosis as problem solving, the present writer
included, place more emphasis on the process of arriving at a
diagnostic decision, whether tentative or not, than on the decision
itself. The method of study usually involves conducting experiments
much 1like the one reported below in the interest of ascertaining what
the essential elements of diagnostic problem solving are and what role

they play in the problem solving process.

The Problem

A number of ways of progressing from the beginning to the solution
of a diagnostic problem have been proposed. One way advocated by many
texts and teachers of medical diagnosis is to gather a large amount
of data according to a prescribed format, record this information and
then use it to arrive at a tentative differential diagnosis or list of
problems which will help determine what diagnostic tests should be
ordered and what management steps would be taken. This approach is
advocated by Lawrence Weed, for example (3,4). He feels that a complete
Data Base should be gathered on a patient before any further steps are
taken, except of course in cases of emergency. Weed offers criteria
for the establishment of a Data Base which would apply to almost all
patients who came to a given health care facility. The Data Base can
be elicited by paramedical personnel, thus saving the physician who will
see the patient a good deal of time and trouble. When presented with
the Data Base the physician can then select those cues which fit

together into potential problems and, when he sees the patient, can
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perhaps gather more data to enable him to formulate those problems
and make diagnostic and management decisions based on them.

Another way of approaching a diagnostic problem involves the
constant evaluation of information as it comes in. This, to a certain i
degree is the approach advocated by Morgan and Engel ( 5). Especially
in gathering information about the presenting complaint one should at
times let one's ideas about possible causes guide one's questioning.
Morgan and Engel emphasize the necessity of finding out about the
bodily location, chronology, setting, etc. of a patient's complaints.
Questions about these aspects can be triggered by considering possible
causes. These considerations can, for example, cause the physician
to elicit other symptoms the patient has not mentioned yet. They
can also help direct specific questions about aggravating and
alleviating factors which the patient might not have mentioned. Further,
on-going use of information to suggest possible causes can help direct
the physical examination.

Morgan and Engel do not place great emphasis on the use of
incoming information to guide inquiry. They appear to assume that
physicians do this during interviews as well as physical examinations,
and give examples of where this activity can be put to good use.

Although both of these approaches to gathering and using patient
information yield similar results, i.e. a preliminary differential
diagnosis, they arrive at this end via rather different routes. How,
then)does the physician use the information he gathers to solve a
diagnostic problem? It is felt that the essential reasoning

mechanism used to transform information into a diagnostic solution is
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the generation of diagnostic hypotheses and the evaluation of these
hypotheses in the 1ight of the information available. Thus the Weed
procedure and that advocated by Morgan and Engel have an essential
element in common: hypothesis generation. But this element plays
a different role in each approach to problem solving. On the one
hand establishing the Weed Data Base involves gathering information in
a prescribed order. Hypotheses are then generated based on a large
amount of data. The problem solver reasons from facts to hypotheses.
On the other hand, conducting an interview and physical examination
in the manner prescribed by Morgan and Engel may lead to the gathering
of different kinds of information in varying orders depending on
what possible causes the physician entertains and how he goes about
evaluating them. The problem solver in this case may reason either
from facts to hypotheses or vice-versa -- from hypotheses (possible
causes) to facts (gathered via specific questions about those causes).
The importance of the difference between these two approaches to
diagnostic problem solving is borne out by recent investigations ( 6)
which are finding that despite training in the fact-to-hypothesis
approach to diagnosis, many physicians seem to reason both from facts
to hypotheses and vice-versa as acknowledged by Morgan and Engel.
The result is a combination of the format procedure and an hypothesis
generating and testing procedure. Information is gathered partly
according to a memorized format and partly in the interest of testing
hypotheses. The actual solution to the problem is usually arrived at
by verification of one or more hypotheses generated along the way,

backed up by the elimination of others.



Questions To Be Investigated

Certain questions arise out of these observations. Should a
diagnostician be encouraged to generate hypotheses early in a problem;
should he be encouraged to reserve judgment; or should he simply be
permitted to find his own problem solving style? Would instruction to
use a format versus an early hypothesis generation approach have any
effect on the physician's performance, both as to his approach to the
problem as well as to the quality of his diagnosis? Independent of
instructions, does the early generation of a number of hypotheses lead
to a more or less accurate diagnostic formulation than the late
generation of as few as one hypothesis?

Recent investigations (6) have raised some questions about the
appropriate methodology for investigating hypothesis generation and
testing behavior. Those investigations used a thinking aloud procedure
as well as a stimulated recall to assess the physician's thinking as he
solved each problem. The authors of that study (6) felt that the
influence of thinking aloud on a physician's reasoning should be
investigated. The present study therefore included a thinking aloud
(verbalization) condition.

 Specifically, the study investigated the following questions:

1. Do instructions to use early vs. late hypotheses have any

effect on the diagnostician's approach to a diagnostic problem?

2. Do instructions to use one or the other of these approaches

have any effect on the quality of his diagnosis?
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Independent of instruction, is there any relationship between
the number of hypotheses, and the delay of their generation,
and the quality of a diagnostic workup?
Do instructions to verbalize during a problem have any effect
on the diagnostician's approach to the problem?
Do instructions to verbailze have any effect on the quality of

the diagnosis?



CHAPTER II
REVIEW OF LITERATURE

Two major areas of investigation are relevant. One has to do with
the difference in problem solving strategy being studied here; the
difference between generating and testing hypotheses during problem
solving, and generating hypotheses only after most of the information
relevant to the problem has been gathered. The second area of investi-
gation deals with the effect of verbalization on problem solving.

The issue of problem solving strategy has its roots in the
philosophy of science [see Kessel, 1969 (7) for a stimulating discussion
of this subject]. In its purest form the difference being studied here
has to do with the nature of so-called factual information and how this
information is treated by scientists. Francis Bacon, an early phil-
osopher of science (8) believed that facts should be treated as strictly
objective. Scientific investigation should proceed step-wise from
the observation of particulars to the creation of elementary axioms
from those observations. These axioms should then be used as the basis
for further experiments which would lead to the establishment of more
global axioms, thence to further experiments, and so on to the creation
of general principles. Bacon cautioned strongly against using a few
observed particulars as bases for creation of broad principles, and
then using these principles to direct new observations and the creation

of more elementary axioms. This approach to science implied the



interpretation of observations in the light of previously established
principles. In his opinion observations should in no way be colored
by the observer's predispositions. For him observed facts were the
ultimate arbiters of theory.

This strictly empirical approach to scientific investigation has
engendered a good deal of criticism. Fundamental questions arise as
to the relationship between facts which may be observed and the observer.
Is it not true that what is observed and how observations are interpreted
are strongly determined by the observer? 1Is it not also true that many
theories have been created on the basis of comparatively little
information, and perpetuated in the fact of contradictory observable
evidence?

Kessel (7) points out that the autonomy of observable facts is
highly questionable. Facts cannot be separated from the reasons for
gathering them. Scientific investigators' choices of problems to study
and their methods of gathering and interpreting information reflect
their own predispositions as well as the general predisposition of their
field of study. Kuhn notes (9) that the interpretation of facts may
change following a change in paradigm, i.e. a change in the intuitive
conception of the nature of things. It thus appears that scientific
investigation as practiced is not strictly empirical. Beyond that, it
may be that strict empiricism is impracticable.

The alternative to a strict facts-to-theory approach is one that in-
volves the generation of tentative formulations or hypotheses based on
small amounts of data and the subsequent testing of these hypotheses.
Hypothesis testing leads to the gathering of more data and the possible

generation of more hypotheses. As noted above, this seems to be the way
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scientific investigation is practiced. Two strong proponents of this
hypothetico-deductive approach are Popper (10) and Medawar (711).

Popper proposes that "... the work of a scientist consists in
putting forward and testing theories" (10, p. 31). He feels that the
goal of science is not to string facts together into generalizations,
but to justify certain generalizations with experience. Furthermore,
theories are not methodically built around facts. A lot of creativity
and Tuck goes into the creation of a theory. Only once it is created
can it be tested. Medawar criticizes the empirical approach for its
emphasis on facts without interpretation. A fact is not a fact unless
it is interpreted relevant to something, and that something is a
hypothesis or theory. Therefore, to gather facts without interpreting
them is 1ikely to be impossible. And if possible it is going to lead
to the unsystematic gathering of a lot of irrelevant information. He
proposes that scientific investigation should be a hypothetico-deductive
process. Hypotheses should be generated by whatever means (including
observations of phenomena, luck, and inventiveness) and then further
data should be gathered systematically in the interest of testing those
hypotheses. By testing, a hypothesis can be refuted or temporarily
accepted.

Diagnostic problem solving can never be equated with scientific
investigation. Yet fundamental elements are shared. In both domains
information is gathered and interpreted by humans. Hypotheses are
formed. The hypotheses may be tested and the results may lead to the
generation of new hypotheses as well as to the further confirmation or
disconfirmation of previously entertained hypotheses. Furthermore,

something akin to the strictly empirical approach to scientific



10

investigation is possible for the diagnostic problem solver. Infor-
mation may be gathered and recorded without being interpreted. After
a large amount of information has been gathered, sets of observations
may be grouped together leading to the generation of diagnostic
hypotheses.

The results of either of these approaches to diagnosis is usually
the same -- a correct diagnosis. Is one better than the other? A
better question would be, should one be used to the exclusion of the
other? Both approaches have their advantages and disadvantages as is
demonstrated by studies of problem solving discussed below.

Early investigation into approaches to problem solving was done
by Luchins and Luchins (12) in their work on set or Einstellung.
Subjects were given problems for which the discovery of a mathematical
formula was necessary to avoid a trial and error ‘approach. However once
the appropriate formula had been discovered and found to work on a
series of problems, the problems were modified by the experimenter with
the result that the subject could not apply the formula he had dis-
covered to the solution of one of the modified problems. Rather than
backing off and reformulating the problem, the subjects tended largely
to stick with their original equation and fail to solve that problem.
That they held to the original equation was evidenced by their using it
to solve two other modified problems which could have been solved more
neatly using a simpler equation. One may find a lesson herein. These
studies were designed specifically to test problem solving set. The set
which was established involved encouraging subjects to generate a

hypothesis about the appropriate formula for solution. Subsequently
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they had trouble changing this hypothesis, even though it made it more
difficult, even impossible in one case, to solve subsequent problems.

Similar findings are reported as the result of extensive invest-
igation by Wason and others (13). It was found that subjects given
the opportunity to generate a rule for a progression of numbers did so
quite readily. Unfortunately if they generated the wrong rule they
were unwilling or unable to change it or even to think of examples of
number progressions which might prove their rule incorrect. A number
of means were used to encourage subjects to invent counterexamples to
their rule or to invent a totally different rule. Some worked to a
certain extent, but none was totally successful. Wason concludes that
people in these and similar circumstances will tend to stick to a
conclusion even though erroneous, and will not entertain alternatives
or attempt to disprove their conclusion.

Medical diagnosis may be a circumstance similar to this. It is
possible that by generating hypotheses early on, a physician may not
truly test and attempt to falsify his hypotheses, but gather information
only in the interest of confirming them. As a matter of fact, this
phenomenon has been observed in recent investigations of diagnostic
reasoning. Elstein and Shulman (14) state that having formed a
hypothesis that a patient is hysterically i1l rather than afflicted
with an organic disease, one physician studied elicited cues which
would disconfirm this hypothesis by asking a set of rather routine
questions, but did not process these cues, i.e. did not apply them
to the disconfirmation of that hypothesis.

Returning once again to non-medical problem solving -- some of the

most extensive research in how subjects go about solving a restricted
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set of problems (the discovery of figural concepts) is that done by
Bruner and colleagues (15). Bruner's studies found that although
subjects used a number of strategies to discover a concept, the
strategy which worked best, i.e. produced the correct solution after
the fewest trials was labeled the "conservative focusing strategy" by
Bruner. This strategy involves finding an object which is a positive
instance of the concept in question, identifying all the elements of
that instance, and then picking successive objects which differ from
the positive instance in only one way and establishing which of these
are also positive instances of the concept. When all the necessary
positive instances have been identified (all the necessary information
has been gathered) the concept itself can be formulated. This type

of problem is then best solved by reasoning from individual pieces

of information to a higher order statement. The advantages of using
this approach for solving a restrictive problem of this type are
obvious -- once all of the necessary positive instances are identified,
the formation of the concept itself follows naturally. All elements
of the problem are mutually exclusive and exhaustive. Further, the
problems are content-free. The selective application of previously
learned information is not required to solve them. A1l information
necessary for solution is contained in the problem. The application
of this approach to the gathering and interpretation of data for a
diagnostic decision however, is inappropriate for three reasons. All
of the relevant symptoms which might serve to incontrovertibly establish
a diagnosis can never be found. The concept problem is amenable to an

exhaustive search, the diagnostic problem is not. Secondly, hypotheses
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to which symptoms may be applied are not mutually exclusive. Lastly,
the selective use of previously learned information plays a large
part in diagnostic problem solving.

Evidence presented thus far would lead one to believe that although
a hypothetico-deductive approach to diagnostic problem solving may be
attractive, it may also be a risky approach to take. Perhaps in
reality a more thorough approach is called for. However, investigations
described below will tend to indicate that human information processors
may have trouble proceeding in that manner. These studies of problem
solving and information processing have led to theories explaining
the organization of and restrictions on the human problem solving
mechanism.

Miller, Galanter and Pribram (16) propose that
although algorithms for problem solving are thorough and always lead
to the correct solution, people tend not to use them. Use of an
algorithm usually involves the recall of large amounts of relevant
information, and the human short term memory tends to become over-
loaded. Instead of algorithms, people employ heuristics, or what the
authors call Plans for problem solving. The Plan used by a given
individual to solve a given problem is also somewhat restricted by
human factors, since it is largely determined by that individual's
Image of the problem. The Image consists of what the problem solver
knows about the problem situation, e.g. the boundaries of its solution,
its essential elements, possible time factors, how good he is at
problems of this type,and so on. Different problem solvers may have

different Images of a problem and for that reason choose different Plans
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for its solution. In all events, if problem solving is going to take
place, the problem solver must have an Image of the problem as well
as a heuristic or Plan for solving it.

A more concise expression of the Miller, Galanter and Pribram
idea is given by Simon and Newell (17). Their theory of problem
solving posits that although very few characteristics of the human as
an information processer are constant over task and person, those
few are enough to determine that a task environment (problem) is
represented by the solver as a problem space. Problem solving then,
takes place in a problem space. The structure of the problem space is
determined by the nature of the task. And the set of steps, heuristics,
etc. used to solve the problem are determined by the structure of
the problem space. Once a problem is detected the problem solver
creates a space for that problem which contains some representation
of his goal, the relevant information he has, as well as some
strategies for gathering and using further information that will get
him to his goal without over loading short term memory. The problem
space then is a type of orientation of the problem solver. It is not
as specific as a theory to be tested but it does preclude the random
gathering of information without a referent.

A type of strategy might be that proposed by Bartlett in his
studies of sectional map reading (18). He calls solving sectional map
reading problems (how to get from point A to point B quite a ways away
by the shortest route possible?) problem solving in an open system. He
has found that map readers tend to explore along the line of greater

possibilities since the more possibilities you have to work with the
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more probable you are to find the right one, i.e. the shortest route to
your destination. Although sectional map reading does not present a
short term memory problem, still some sort of scheme for search must be
established at the outset. The preferred scheme seems to be a flexible
exploratory one rather than a binary search or some other more rigid
strategy.

Another scheme or strategy is the one proposed by Miller (19)
which we use to avoid over loading short term memory. He proposes that
as more and more information is gathered concerning the solution of a
broblem we need to group it together. The grouping is necessary because
the capacity of short term memory is on the order of 7 + 2 elements.

To avoid exceeding that 1imit a problem solver needs to "chunk"
(Miller's term) elements together which go together thus reducing the
memory load.

It appears that not only is the search for and use of information
for problem solving not random, it is highly organized and can be quite
selective. Facts, or particulars, are selected for observation based
on the problem solver's perception of the task.

The discussion thus far has focused on approaches to non-medical
problems. How do subjects approach problems concerned with medical
diagnosis? In his experiments with physicians, Kleinmuntz (20) found
that his subjects used one very useful strategy for gathering and
storing information. In a study where the subject was required to gather
pieces of information one at a time from a data bank, Kleinmuntz found
that subjects with more medical experience tended to start with general
questions and converge on a diagnosis using progressively more and more

specific questions. The types of questions asked were those which yielded
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the greatest amount of information (reduced ambiguity to the greatest
extent). The information which was stored was relevant to a specific
diagnostic hypothesis. Although a definite strategy is being used here,
it is a binary search strategy rather than a more flexible one such as a
hypothetico-deductive approach. If medical diagnosis can be considered
a search in an open system, using a rigid binary search strategy to solve
diagnostic problems tends to contradict Bartlett's findings. The
strategy used was very likely an artifcat of the experimental setting.
Subjects were constrained to asking "yes-no" questions, so the most
efficient strategy available was obviously the binary search.

Other authors have found strong evidence for hypothetico-
deductive reasoning in physicians. Price and Vlahcevic (21), both
physicians, speak from their own experience. They make an excellent
case for hypothetico-deductive reasoning in diagnosis. Their claim
is that physicians choose hypotheses and interpret the data they gather
in the light of those hypotheses. A diagnostic decision is arrived at
by combining the elimination of erroneous hypotheses with the tentative
confirmation of one or more appropriate hypotheses. They insist that
both of these elements must be present. An effort should be made to
find the diagnostic formulation which fits the greatest number of
symptoms. Not only must that diagnosis fit that set of symptoms, but
conversely all symptoms necessary to confirm that diagnosis must be
present. Furthermore, all other hypotheses which could fit that set of
symptoms must have been rejected.

In a similar vein Dudley (22) has observed that experienced
physicians are much more selective about their data gathering than

medical students. He sees the data gathered by physicians as being
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processed as it is gathered and lumped together into Boolean type nets
or lattices relevant to one or more hypotheses. The establishment
of these nets enables a physician's search to become more and more
specific and the possible hypotheses to be honed down to only one.

Studies to investigate these aspects of diagnostic reasoning
have been done by Sprosty (23) and Elstein et al. ( 6). Sprosty
studied history taking and accuracy of diagnosis in medical students.
He observed that those students who obtained the correct diagnosis
seemed to ask more and shorter questions. Furthermore, their questions
were more specific and it was apparent that more hypothesis testing
was being done by these students than by those who did not obtain
the correct diagnosis. Although Sprosty does not have a measure for
hypothesis generation, it is obvious that those students whom he found
gave good performances did generate and test hypotheses.

A recent study by Elstein et al. ( 6) has led to a preliminary A
theory of medical inquiry. The focus of this theory is hypothesis
generation. The authors found that physicians tend to generate
specific diagnostic hypotheses early in the workup, usually as the
result of some discrepant finding interpreted by the physician as
problematical. These hypotheses may be systematically tested and/or
further data may be gathered according to some routine the physician
has memorized. The data is then applied to the various hypotheses
in the interest of disconfirming some and tentatively confirming others.

Another recent study by Elstein et al. (30) demonstrates that
hypothetico-deductive thinking occurs in diagnostic problem solving
and that different strategies are used for different problems. This

study is a process analysis of four Patient Management Problems (35)
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completed by 15 physicians who participated in a larger study ( 6).
In each problem subjects were asked to generate diagnostic hypotheses
at various points throughout the problem. A1l subjects, as instructed,
~generated diagnostic hypotheses early in each problem. It was not
possible to assess whether specific items of information were selected
to test out those hypotheses. Thoroughness and efficiency of data
acquisition were evaluated, however, and some inferences may be made
from those scores about the effect of hypotheses on data acquisition
and utilization. In one problem for example, those subjects who
generated the correct hypothesis early in the problem needed less
total data to arrive at the correct solution than did those subjects
who did not generate the correct hypothesis until later. One may
infer from this that the correct hypothesis, generated early, was
guiding an efficient course of data acquisition. This phenomenon is
not uniform across problems, however. On another problem an attractive
but erroneous diagnostic hypothesis was presented at the outset of
the problem. This clearly had an effect on subjects' hypothesis
generation and data acquisition. In this problem all subjects who
arrived at a correct solution generated the correct hypotheses late
in the problem, perhaps due to the influence of the hypothesis suggested
at the outset. Those subjects who did not reach an accurate solution,
did not ever generate the correct solution, and restricted the scope
of their data acquisition. This appears to be an example of Luchins'
Einstellung effect (12) in which the early suggestion of one attractive
but erroneous hypothesis led to restricted data collection, failure to
generate the correct hypothesis, and failure to arrive at the correct

solution.
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These findings demonstrate that diagnostic problem solving is not
a straight-forward uniform process. Different approaches may be taken
to different problems, and success or failure may be achieved in . '*=
different ways.

In conclusion then, it appears that hypothetico-deductive
reasoning is not only justifiable as an approach to solving scientific
problems, it may also be justified as an approach to more practical
problems such as medical diagnosis. As information processors humans
tend to employ heuristics for gathering, storing and using information
relevant to different problems. One of the most productive of these
heuristics is the hypothetico-deductive one. However, use of this
heuristic exclusively may also be risky in that it restricts the amount
and type of data gathered. It therefore should be, and usually is
supplemented with other data gathering heuristics. The combination of
heuristics used may vary depending on the problem. The present study
did not investigate the other heuristics. They and other elements of
diagnostic problem solving are being studied elsewhere (e.g. 24, 25).

The second major element of the study concerns use of the
“thinking aloud" procedure to gather data and the resultant effects
of verbalization on problem solving. Thinking aloud was used as early
as 1917 when Claparede (26) studied the origin of hypotheses about
problem solutions. He describes the procedure as being useful since
it is neither retrospective nor introspective but gives a running
count of the problem solver's process. He found the drawbacks of
thinking aloud were that first of all it needs training, and even then
some subjects do not talk during the most interesting moments of their

problem solving. One reason for this may be that when one is thinking
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very hard he is not prone to verbalize. Furthermore, one thinks much
faster than he talks. We might infer from this that constraints to

think aloud may alter the course of thought as well as perhaps slow it
down. More recently Newell and Simon (27, 28), and Simon and Newell (17)
have relied heavily on the thinking-aloud technique to obtain information
about specific heuristics being used by subjects for solving problems.
Neisser (29) has criticized this procedure on the grounds that any
complex or multiple processing being done by a subject may be made to
appear sequential by the thinking aloud. Worse yet, thinking aloud may
cause a subject to use a sequential process where he would not do so
otherwise.

Elstein et al. (6) in their study of diagnostic reasoning used
thinking aloud to determine what processes physicians were using.

Since then McGuire (32) has expressed concern that thinking aloud may
not only make diagnosticians' thought processes appear more orderly
than they are, but may also cause their processes to be more orderly
than they would otherwise have been.

Little concrete evidence is available on the effects of thinking
aloud on problem solving. Gagne and Smith (33) built a thinking-aloud
condition into their study of children's ability to solve a problem
and to formulate a general rule for its solution. They found that
differences in accuracy of solution were attributable to verbalization.
Moreover those subjects who verbalized were able, after the fact, to
generate acceptable general rules for solution.

It appears then, that verbalization does have an affect on

problem solving, although perhaps not a detrimental one as Neisser fears.
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On the contrary the effect may be to enhance problem solving ability.

If this is so, the phenomonon clearly deserves further attention.



CHAPTER III
DESIGN OF THE STUDY

Hypotheses

The hypotheses relevant to this study fall into two major areas:
one concerning the effect of verbalization on problem solving; the
other concerning the effect of instructions on approach to problem, as
well as the effect of instructions and approach to the problem on
solution. A brief explanation of how the relevant hypotheses were
investigated (expanded in Procedures section below) will clarify the
meaning of each specific hypothesis.

Hypotheses relevant to verbalization were investigated by either
constraining subjects to verbalize during problem solution, or omitting
that constraint.

Hypotheses relevant to instructions and approach to problem were
investigated as follows. Subjects were first divided into three groups.
One (Group E) was instructed to generate hypotheses early in the problem;
another (Group L) was instructed to withold judgment about diagnoses
until all the information is in; a third (Group C) was given no
instructions about hypothesis generation. A1l subjects were given
identical problems to solve. The amount of information gathered before
generation of the first hypothesis and the numbér of hypotheses
generated by each subject were tabulated. Al1 subjects were scored on
the efficiency, thoroughness, and accuracy of their solution.

22
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Subsequently subjects were reassigned to groups based on their per-
formance. Those subjects who asked at least one question before
generating their first hypothesis were assigned to one group, those who
asked no questions before generating the first hypothesis to another
group. Similarly, those subjects who generated comparatively many
hypotheses were assigned to one group, those generating comparatively
few hypotheses to another. The degrees of cross-over from the original
Instructions groups to the after-the-fact performance groups were
assessed, and efficiency, thoroughness, and accuracy were recomputed
for the performance groups.

The reason for re-assignments was to assess the degree to which
subjects in the various Instructions groups followed the instructions
they were given. As stated earlier, humans as information processors
tend to select information based on their perception of the task, and to
store information temporarily in such a way as to avoid overloading
short term memory.

A non-medical example of this occurred in a well-known study done
by Frase in the area of prose learning (40). He organized sentences
about chess men and their attributes in three ways: according to names,
according to attributes and randomly. Subjects were asked to read the
group of sentences and try to recall as much as possible in a given
time. Amount and organization of the subjects' written efforts at
recall were evaluated. It was found that although subjects in the group
reading randomly organized sentences recalled less than those in the
other two groups, they tended to use the names of the chessmen as the
basis for organization of their recall. As a matter of fact, 30% of

those subjects whose reading passages were organized around attributes
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reorganized the sentences in their recall to a names organization.

The experimenter hypothesized that the tendency to organize recall

around the names of the chessmen might have been due to the fact that
such an organization required less memory than the attribute organization
or no organization at all.

The major heuristic used for medical problem solving which helps
one to avoid a memory overload is the generation of hypotheses to
which cues may be related as they emerge. Use of this heuristic is
shown in the reports of Price and Vlahcevic (21), Sprosty (23), and
Elstein et al. (6). These studies led one to believe that in spite of
instructions to the contrary, subjects might generate hypotheses
before all the information was in. As concerns other hypotheses stated
specifically below, studies cited earlier suggested that instructions
about hypothesis generation would have a selective effect on how early
in the problem hypotheses were generated as well as on how many
hypotheses were generated. Furthermore, these instructions would
have an effect on the thoroughness and efficiency of problem
solution as well as on accuracy. There is no concrete evidence as to
the effect of instructions to verbalize on earliness of hypothesis
generation or number of hypotheses generated. However, the
experimenter felt that concerns that verbalization helped to guide
thinking were legitimate. This was investigated. There is concrete
evidence (33) showing a positive effect of verbalization on accuracy
of solution. The specific hypotheses tested in this study are listed

below.
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Effect of instructions on efficiency, thoroughness, and accuracy

of performance

1.

Subjects instructed to generate hypotheses early will give a
more efficient, less thorough, and more accurate performance
than those instructed to withold judgment.

Subjects given no instructions about hypothesis generation will
show the same pattern as in #1 above.

Subjects constrained to verbalize will give a more accurate
solution than those without that constraint.

Instructions to verbalize will have no effect on the efficiency

or thoroughness of performance.

Effect of instructions on earliness of hypothesis generation

5.

Subjects instructed to generate hypotheses early will
generate hypotheses earlier than those instructed to withold
judgment.

Subjects given no instructions to generate hypotheses will
show a pattern similar to #5 above.

Instructions to verbalize will have no effect on how early

hypotheses are generated.

Effect of instructions on number of hypotheses generated

8.

10.

Subjects instructed to generate hypotheses early will generate
more hypotheses than those instructed to withold judgment.
Subjects given no instructions about hypothesis generation
will show a similar pattern to #8 above.

Instructions to verbalize will have no effect on the number

of hypotheses generated.
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Effect of performance (re: hypothesis generation) on efficiency,
thoroughness and accuracy
11. Subjects who generate hypotheses early will give more
efficient, less thorough, and more accurate performance
than those who generate hypotheses later.
12. Subjects who generate comparatively many hypotheses will give
a more efficient, less thorough, and more accurate performance
than those who generate comparatively few hypotheses.
13. Independence of earliness of hypothesis generation and number
of hypotheses generated: Earliness of hypothesis generation
and number of hypotheses generated will be statistically

independent.

Subjects
Subjects were 30 medical students going into their fourth year of
medical school. Fifteen of these subjects were randomly selected from
the Michigan State University College of Human Medicine, and 15 came
from the University of Michigan Medical School. This sample was
chosen because:
1. The materials used were deemed difficult enough to challenge
this group, but were not perceived to be too difficult for them.
2. These medical students were more accessible than, for example,
a group of physicians would be.
3. This group of students had similar backgrounds. They had
similar amounts of medical knowledge and had had similar
practical experiences. A more sophisticated group such as

physicians would have had a more divergent set of experiences.
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Since it has been found that medical students' information
gathering skills vary as they progress through a training
program (34), a group of students at different levels in
medical school would also be inappropriate.

4. This group was judged to be interested in the materials to
be used in the study since the problems resemble Part III of
the examination of the National Board of Medical Examiners
which some of these students would be taking within a year of

the study.

Procedures

A11 subjects were given a modified version of three Patient
Management Problems (PMP) developed by the Interdepartmental
Appraisal Committee of the University of I1linois College of Medicine.
The experimenter administered each problem individually to each
subject. After reading and checking the common instructions as well
as experimental group-specific instructions (see below), each subject
was asked to request information from that available. The information
was made available to the subject by a cue sheet containing numbered
items. As the subject requested information he recorded the number
identifying each item. The experimenter then handed that information,
printed on a file card, to the subject. A1l subjects, regardless of
group assignment were requested to record a differential diagnosis at
the end of each problem. A1l subjects did the three problems in the

same order.
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The independent variables manipulated were instructions concerning
hypothesis generation and verbalization. Each subject was assigned
to one of six groups as follows:

Group E-V (instructions to generate hypotheses early and
verbalize) -- Subjects in this group were instructed to generate
diagnostic hypotheses as early in the problem as possible and, if
they wish, to use these hypotheses to guide their data gathering.

' They were also stopped periodically during the problem and asked to
write down any diagnostic hypotheses they had at that point as well as
describe how and when those hypotheses were generated.

Group E-NV (instructions to generate hypotheses early but no
verbalization) -- Subjects in this group were instructed to generate
diagnostic hypotheses as early in the problem as possible, and, if
they wished, to use them to guide the course of their data gathering.
At the end of each problem each subject was asked to go back over the
problem orally with the experimenter and indicate what hypotheses were
generated and at what point in the problem generation accurred.

Group L-V (instructions to generate hypotheses only after all the
data are in and to verbalize) -- Subjects in this group were admonished
to withold judgment about diagnostic hypotheses until most or all of
the data were in. They were stopped periodically during the problem
and asked how they were coming along and what their thoughts were about
the data they had gathered up to that point.

Group L-NV (late generation, no verbalization) -- Subjects in this
group were similarly admonished to reserve judgment about diagnostic

hypotheses until the end of the problem. They were then asked to
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review the problem orally and comment on what their thoughts had been
about the progress of the problem at certain points.

Group C-V (no hypothesis generation instructions, verbalize) --
Subjects in this group were given no instructions concerning hypothesis
generation. They were simply stopped periodically and asked if they
had any idea as to where the problem was going or any other comments
on the problem up to that point.

Group C-NV (no hypothesis generation instructions, no verbal-
jzation) -- As in Group C-V above, subjects were given no instructions
about hypothesis generation. At the end of each problem subjects
were asked to review the problem orally with the experimenter. Review
questions emphasized where the subject thought that problem was going
at certain points.

The instructions which were read to each subject are contained

in Appendix A.

Description Of The Patient Management Problems And Modifications Made

For The Present Study

The Patient Management Problems (PMP) were developed over a
number of years by the Interdepartmental Appraisal Committee of the
University of I11inois College of Medicine. A recently published book,

Clinical Simulations (35) contains a large selection of the problems

developed to date. Each problem begins with a brief introduction
containing some information about the "patient", including the chief
complaint. A1l problems deal with a patient with some kind of ailment
requiring a physician's care. None are of the healthy recruit or

insurance physical variety. Having obtained the initial information,
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the task of the examinee (problem solver) is to gather more information
in the interest of diagnosing and/or managing the patient. The
particular subset of problems to be used in modified form for this
experiment consists of a booklet containing four problems (three will
be used). ' In this booklet is the introductory information and a list
of further types of information available. Accompanying the booklet is
a set of answer sheets and figures. The answer sheets contain the
answers to the "questions" the examinee may choose from the booklet.
The figures (blood smears, x-rays, etc.) are non-verbal answers to
questions in the booklet. To obtain an answer to a question the
examinee must rub out an opaque overlay covering that section of the
answer sheet corresponding to the question he asked. Correspondence is
achieved by numbering each possible question and each response. No
track is kept of the order in which an examinee requests information,
except for a record of the order in which certain sections of a problem
are done. What hypotheses may be governing his search is not determined
in the original version of the booklet. A special version developed
for the MSU Medical Inquiry Project asks the problem solver to list
the hypotheses he is considering at the end of each problem section.
The PMP's were developed as a result of early work done by
Rimoldi (36). Rimoldi's Test of Diagnostic Skills gives the subject
some initial information about the patient and asks the subject to
obtain further information to solve the problem. The solution is a
diagnosis of the patient's illness. Additional information is provided
on cards contained in a problem folder. On one side of each card is
printed the question the subject may wish to ask. History questions,

possible physical exam manipulations, and laboratory and other studies
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are included. On the reverse side of each card is printed the answer
to each question. A1l questions available for any one problem are
displayed for the subject at one time. The sequence of each subject's
choices is recorded by the experimenter. Scores on the Test of
Diagnostic Skills related to the number and usefulness of items
chosen; the order in which choices were made; and the accuracy of the
final diagnosis. Primary emphasis is placed on the utility of each
choice. Utility is defined in terms of the frequency with which each
item is chosen by the group taking the test. An item chosen by many
subjects has high utility. A high score is gained by choosing as few
high utility items as possible. Rimoldi claims (36) that the reasoning
of the subject as he reaches a diagnosis may be assessed via these
problems.

The PMP's differ from the Test of Diagnostic Skills in a number of
ways. First, PMP's are diagnosis and management problems, not just
diagnostic problems. Secondly, the format of the PMP offers the subject
a number of alternative,. and equally good routes through a problem.
Only one optimal route through a problem will result in a high score
on the Test of Diagnostic Skills. Thirdly, the number of options
available to a subject doing a PMP is usually greater than the Test of
Diagnostic Skills, thus reducing the effect of cueing. Lastly, and
most important, the PMP's are scored in such a way as to measure
something quite different from what is measured by the Test of
Diagnostic Skills. Items are weighted as to their value to the problem
solver. Strongly positive weights are given to those items which help
the subject to diagnose and manage his patient. In addition positive

weights are given to items which should be included in a thorough workup
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and conscientious management plan. Negative weights are assigned to
items which should not be chosen (e.g. because they may be costly to the
patient) and zero weights are assigned to items which are non-
contributory or simply distractors. The decision on assignment of
weights is made by a group of criterion physicians.

Subjects are scored for over-all competence in working up and
managing a patient (see 37). A proficiency score as well as an
efficiency score is calculated. In contrast to the Test of Diagnostic
Skills, strong emphasis is placed on proficiency, a kind of selective
thoroughness, and less emphasis is placed on efficiency, or reaching a
solution in the fewest possible steps. A high score is obtained by
choosing a reasonably large number of positively weighted items or by
doing a thorough workup (diagnosis as well as management) of the
patient. Distortions in performance due to cueing are greatly reduced
by offering a large number of options and making it difficult for the
subject to scan all available options at once.

PMP scores are calculated as follows:

Definition of terms:

Hg = Positively weighted items selected by S

hg = Negative and zero weighted items selected by S
MAX = Sum of all positive weights possible

Efficiency = THs
tHs + ths

Proficiency = © weights of Hg + £ weights of hg
MAX

Errors of Omission = MAX - ¢ weights of Hs
MAX

Errors of Commission = -I weights of hs
MAX
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The subject receives all of the above scores for his diagnostic
performance and his management performance. He also receives a score
for attack strategy by which he is rewarded for following an appropriate
sequence of sections and penalized for doing certain sections out of

order.

Reliability Of The PMP

Since the PMP is an unconventional (i.e. not multiple choice or
true-false) achievement test, estimates of its reliability cannot be
made by using standard methods such as the Spearman-Brown or the Kuder-
Richardson formulas. Thus alternative approaches must be developed (38).
For these purposes reliability cannot be considered strictly as the
vaccuracy with which a test measures something, reflecting a judgment
about how closely a subject's score on the test approximates his
true score. One must instead consider the purpose which estimations of
reliability serve, namely to show with what consistency a test
measures what it purports to measure.

Calculations of measurement consistency for the PMP have been
made in two areas: 1) consistency across different ways of scoring the
test, and 2) consistency across different but similar tests (38). In
the first instance two methods were used. First the standard weights of
items were changed to increase penalties for errors as well as to
increase reward for correctness. Spearman's rho was computed on tests of
the six medical specialties in the battery for the two systems of rating.
Rho ranged between .95 and .97. A more significant change in the scoring
procedure was to ask two groups of judges to independently assign

weights to each jtem (previous weights had been assigned by consensus
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of one group of judges). Subjects' scores were then recomputed using
the two new sets of weights. Correlations between scores using the
two sets of weights ranged from .92 to .95.

Consistency across different tests was assessed in a number of ways,
two of which were: 1) consistency across subtests, and 2) consistency
across problems in different disciplines. One estimation of consistency
across subtests was obtained by dividing a given problem into two
problems, each of which tested the same competence factors as were
tested in the original whole test. Correlations were then computed
between scores on the subtest and on the whole test for all disciplines
included in the battery. Average correlations ranged between .445 and
.912, a result which does not differ greatly from that obtained on
multiple choice tests. Consistency across problems in di<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>