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ABSTRACT. Teaching and evaluating the process of discriminating
data collection as part of the skill of therapeutic problem solving is a dif-
ficult and complex task. The Interactive Patient is a Web-based, natural
language, multimedia computer-based patient simulation that was devel-
oped to provide the user the opportunity to formulate and apply data col-
lection strategies to a clinical case presentation. Similar to the actual
practitioner-patient encounter, the simulation does not limit the user to
preprogrammed choices in the process of data collection. The software
assigns a relative value to both the content and the order of data selec-
tion, providing the user with feedback about the effectiveness of the data
collection process. [Article copies available for a fee from The Haworth Doc-
ument Delivery Service: 1-800-HAWORTH. E-mail address: <docdelivery@
haworthpress.com> Website: <http://www.HaworthPress.com>  2003 by The
Haworth Press, Inc. All rights reserved.]
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BACKGROUND

Over the past 20 years, schools of pharmacy have increased the em-
phasis on clinical decision making in professional education programs.
Teaching students to identify pharmaceutical care problems, collect ap-
propriate data, accurately assess problems, and develop and provide ap-
propriate individual or population-based therapeutic interventions has
become the model for training students to become more accomplished
health care providers (1). A number of educational techniques have
been incorporated into professional curricula to enhance the ability of
students to develop and improve their problem-solving skills in thera-
peutic decision making. Among these techniques are case-based ap-
proaches to lectures, small-group problem-solving sessions, a variety of
experiential learning rotations, and preceptor-student patient audit ses-
sions. Despite the increased use of case-based learning as a tool to en-
hancing training in clinical problem solving, greater emphasis may be
placed on the content required to formulate an appropriate therapeutic
solution than on the problem-solving process necessary to apply the
prerequisite knowledge to the clinical situation presented.

DISCRIMINATING DATA COLLECTION

An important step in the process of clinical decision making in thera-
peutic problem solving is the identification of discriminating data. Dis-
criminating data may be defined as data which are both relevant and
necessary to the appropriate assessment of a therapeutic problem and to
the subsequent development of a reasonable plan. Depending on the
pharmacy practice environment, data available to pharmacy practitio-
ners may be relatively limited, such as in the typical community phar-
macy practice setting, or may be enriched as in the acute or chronic care
institutional setting. Irrespective of the practice setting, an accom-
plished health care practitioner addressing a therapeutic problem func-
tions most effectively when aware of the requisite subjective and
objective data essential to formulate an appropriate assessment and
therapeutic plan.
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Early in the experience of learning therapeutic problem-solving strat-
egies, students are likely to seek data that may in some way be related to
the problem being addressed but may be irrelevant to the ultimate
choice of therapeutic modality. The value of information ascribed to
collected data is highly dependent on prior beliefs and the state of the in-
formation/data collected. For example, a history of edema in a patient
with shortness of breath appears to be valuable and important data to
collect. However, if the examiner has already established a history of
heart failure, the value of edema data in the process of further data col-
lection associated with the task of problem definition drastically dimin-
ishes. Students must learn to understand how the expected value of
information from data being sought is altered by the established value
of previously known data and to adjust their approach to anamnesis ac-
cordingly. Teaching students the process of discriminating data collec-
tion may be incorporated into both disease module based therapeutics
courses and experiential learning clerkships.

At an early stage of academic experience in a pharmacy curriculum, a
student, faced with the decision of appropriate antihypertensive ther-
apy, may identify the patient’s gender and age, choose to ask a patient
about family history of hypertension, or ask about the duration of the
patient’s hypertension. Although such data may be relevant to the ques-
tion of risk assessment associated with the development of hypertension
or to the risk of developing hypertensive complications, it contributes
nothing to the therapeutic decision related to the choice of antihyper-
tensive agent in a patient with known hypertension. In similar fashion,
the process of determining the appropriate route of administration of a
diuretic agent in a patient with heart failure depends much more on the
student’s ability to identify data related to the severity of the patient’s
heart failure rather than on the duration or the etiology of the heart fail-
ure. Data related to the patient’s shortness of breath and pulmonary con-
gestion on physical examination become much more discriminating in
that decision than does the patient’s weight or amount of ankle edema.

Using data to alter the prior belief of the probability of a specific di-
agnosis is only beneficial if the probability itself is linked to a therapeu-
tic utility function. That is, not only is there little value in collecting data
related to a problem that will not be acted on, but it may be costly by us-
ing provider time and financial resources or by adding potentially harm-
ful diagnostic or therapeutic procedures. The skill of collecting data that
is discriminating to the specific question being addressed (e.g., the most
appropriate antihypertensive agent) plays a significant role in the ulti-
mate ability of the student to become efficient in the process of thera-
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peutic problem solving. Using traditional therapeutic problem solving
assessment techniques such as multiple choice or short answer assess-
ment exercises, however, does not easily allow the measurement of a
student’s ability to collect discriminating data during the problem-solv-
ing process. Computers, and especially simulated experiences, have
been identified as effective tools for stimulating interest and increasing
learning (2). A variety of computer-based patient case presentations
have been developed which allow students the opportunity to apply
clinical decision-making skills in simulated patient presentations (3-6).
Experienced clinicians organize existing knowledge into simplified
models so new knowledge can be easily understood as an example of an
earlier problem. Students have fewer models to recall and therefore
have to search extensively for solutions to the problems (7).

Computer-based patient simulations have several advantages in clin-
ical training compared to the use of actual patients. Simulations provide
users with the opportunity to acquire skills in patient evaluation and
management, provide the flexibility of learning at the convenience of
the user, and provide immediate feedback on performance–all while
eliminating risk to real patients. The complexity of the clinical simula-
tion can be altered to meet the educational background and level of
training of the user. Moreover, depending on the design of the simula-
tion, the problem-solving process of the user can be evaluated in addi-
tion to the outcomes assigned by the user (8). Simulations have been
validated in multiple health care related educational fields (9-11). Most
simulations use checklists of data that a student is expected to collect or
to avoid because of cost (risk to the patient, financial, time, etc.).

THE INTERACTIVE PATIENT II

The Interactive Patient II (http://162.129.72.40/ip2) is a Web-based,
natural language patient simulation that was developed as a model for
evaluating the diagnostic and problem-solving skills of medical stu-
dents and physicians (12). The software consists of relational databases
that allow the user to collect subjective and objective data using an
interface simulating a live patient encounter with a high degree of veri-
similitude. The terminology databases contain a large number of canon-
ical terms and phrases. Canonical phrases are synonyms for a word or a
group of words that a user might use in a question. Canonical terms in a
question are combined and compared to canonical phrases that are
linked in a unique fashion to clinical findings. The natural language pro-
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cessing allows the user to “ask” the patient any question by typing in the
question just as if it were being asked of a live patient: Do you have
pains in your chest? How many blocks can you walk before you get
short of breath? The software technology has been described previously
and recognizes “short of breath” as synonymous with “difficulty breath-
ing,” “short-winded,” etc. (13). The responses delivered to the user are
dependent on a programmed prioritization of the number of terms used
in the question: Do you have pain? Do you have chest pain? Do you
have chest pain when you walk? Have you ever had chest pain in the
past?

Compared to other clinical problem-solving scenarios that contain a
limited number of programmer predesigned questions from which the
student must choose, the natural language design of the Interactive Pa-
tient II gives the user the opportunity to ask whatever questions are
deemed appropriate and in the order deemed appropriate (Figure 1). In-
stead of being prompted, users have to develop their own line of ques-
tioning based on data already gathered. This design directly mimics the
real patient-provider interaction during which the choice of questions is
unlimited. The natural language design of the Interactive Patient pro-
vides a real-life scenario in which the user can phrase questions as if the
patient were being addressed directly (14). There are currently more
than 6,000 findings in the Interactive Patient II database. Because each
finding can be triggered in at least 5 to 10 separate ways, we estimate
that the Interactive Patient II “understands” approximately 50,000 ques-
tions.

Currently, the Interactive Patient II stores all of the user interactions
with the simulation in the order in which they occurred. Using a
Bayesian Belief Network of differential diagnoses and finding nodes,
we are developing a technique that uses posterior probabilities of differ-
ential diagnoses and utility functions (it is more beneficial to treat sepsis
than a cold) to determine the expected value of information of any re-
maining clinical finding. The student’s interaction with the case at any
given point will be compared to the best possible choices based on the
computed expected values of information. Using this technique, we will
not only be able to assign a numeric value to the student’s performance,
but will also be able to demonstrate to the student why a specific finding
(or set of findings) would have resulted in a better information yield at a
particular point of the interaction, based on the information instantiated
(data collected).

In addition to the ability of the Interactive Patient II simulation to al-
low the user to phrase questions in a manner similar to a real patient-cli-
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nician interaction, the simulation places a relative value on the order in
which questions are asked. Because questions already asked instantiate
data (the student already knows that the patient had recent chest pain),
prior beliefs are changed (it is now more likely that the patient has coro-
nary artery disease), and as a result, the expected value of information
for questions related to family history of coronary artery disease has
drastically diminished. In addition, the expected value of information
for the next question is always affected by the utility of treatment of the
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differential diagnoses. In a simulated hypertensive patient follow-up
visit, the value of a question related to the symptom of recent chest pain
or shortness of breath would be ranked higher than questions related to
the patient’s family history of hypertension or a patient’s remote chest
pain history. Likewise, user questions related to shortness of breath in a
patient with heart failure could be valued to a higher degree than ques-
tions related to dietary sodium indiscretion.

Increasing emphasis is being placed on patient assessment skills in
pharmacy curricula, in part related to the increasing opportunities for
pharmacists to practice in the ambulatory care setting (15). The Interac-
tive Patient II, a multimedia simulation, provides the user with the op-
portunity to collect physical examination data in a manner that closely
simulates the clinician-patient encounter. By selecting “exam” the user
is presented with various techniques via pull-down menus (inspection,
percussion, auscultation, etc.). The specific body site to which the tech-
nique is applied is identified by selection of the appropriate anatomical
site with the computer curser on a model body image map that can be ro-
tated or magnified, and the actual results of the examination technique
(heart sounds, lung sounds, photograph of the ankles, etc.) are provided
(Figure 2). Using this technique, heart, lung, and abdominal examina-
tion, for example, can be accomplished.

Alternatively, the natural language interface can be used to access
parts of the physical examination. For example, the question “May I ex-
amine your abdomen?” will result in the appropriate clinical finding.
The original Interactive Patient was designed for use by medical stu-
dents and physicians; therefore, interpretation of physical examination
data was left to the analysis of the user. Because the Interactive Patient
II is being designed for use by pharmacy students and pharmacists as
well as physicians, an “interpretation” is available to assist with physi-
cal examination findings if the user chooses to use such an option. For
example, if the pharmacy student user chooses to auscultate the pa-
tient’s lungs but is unsure of the sounds being produced, activating the
interpretation will display the results in written format (e.g., moist
crackles). Finally, laboratory (e.g., blood and urine chemistries) and im-
aging (e.g., x-rays, ultrasound results) data for the patient are available
through a series of pull-down menus created “on-the-fly” from the labo-
ratory or radiology items available in the database. Alternatively, the
user may also use the natural language interface to access the same in-
formation.

Ultimately, the Interactive Patient II simulation will allow the user to
develop an assessment and therapeutic plan for the problem presented
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by the simulated patient. Upon implementation, the individual user’s
assessment and therapeutic plan can be compared to results generated
by experts in the field and to the results of other users at similar or dif-
ferent levels of professional training. Because the Interactive Patient II
simulation is a Web-based multimedia patient scenario, comparison of
an individual student’s or group of students’ data collection and prob-
lem-solving process can be compared to individuals or groups of se-
lected students or professionals with access to the World Wide Web.
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DISCUSSION

Teaching pharmacy students therapeutic problem-solving skills is a
complex, time-consuming task that is undertaken longitudinally through
both didactic and experiential teaching in most pharmacy curricula.
Many health professional curricula contain disease module based courses
in therapeutics that both present the relevant clinical data and provide
students with opportunities to use the data presented in clinical prob-
lem-solving scenarios. In subsequent experiential courses, students are
expected to apply the material they have previously learned to actual
patient encounters. The expectation that students have not only learned
the factual information related to disease management but also possess
the skills required to extract relevant and discriminating data from both
patients and medical records in an efficient manner may be overesti-
mated given typical assessment tools used to measure such skills. A tra-
ditional method of evaluating the ability of students to efficiently
collect discriminating data and apply that data to therapeutic interven-
tions typically falls upon clinical preceptors who observe students in ac-
tual patient encounters. In early clinical experiential training, preceptors,
especially in the ambulatory care setting, may express frustration with
the extended length of time students take to obtain subjective and objec-
tive data during patient encounters. In addition to the naivety of students
in that environment, some of the delay may be associated with the inex-
perience of the student in “leading” the history taking, and additional
delay may be the result of extraneous data collection due to the stu-
dent’s lack of recognition of the critical data required in the encounter.
Ultimately, students may learn to become more efficient data collectors
through evaluation and critique offered by preceptors or by direct ob-
servation of preceptor technique. It would certainly be advantageous for
students to have an opportunity to increase their level of skill in discrim-
inating data collection prior to their exposure to real patients in the clini-
cal setting.

The Interactive Patient is an educational tool that gives students the
opportunity to learn the process of subjective and objective data collec-
tion in a controlled, but realistic, setting. Not only does the simulation
provide a method of assessing the ability of the user to collect data that
is discriminating in its relevance to therapeutic problems being pre-
sented, but it also allows for an assessment of the structure of the prob-
lem-solving process that the user has employed in the process of data
collection. In the heart failure case that has been developed for initial
testing, it would be appropriate for the user to ask about shortness of
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breath early in the process of data collection because the student with an
appropriate didactic background should understand the higher value of
data associated with symptoms of pulmonary congestion compared
with symptoms associated with peripheral edema. Given the ability of
the Interactive Patient simulation to “track” the process of data collec-
tion, the evaluator can also determine whether the appropriate subse-
quent questioning related to the degree of dyspnea (i.e., “How many
blocks can you walk before getting short of breath?”) was collected. In
this fashion, the structure of the user’s data collection can be analyzed.
Through feedback provided by an analysis of the user’s data collection
and assessment process, the student can learn the structure of an effi-
cient and effective data collection process that could later be employed
in the actual patient encounter. The Interactive Patient provides phar-
macy faculty with a unique tool that allows students’ process in dis-
criminating data collection to be evaluated and improved upon prior to
its implementation in the clinical setting.

CONCLUSION

The Interactive Patient II is a web-based, natural language patient
simulation that can be used as a tool to assist pharmacy students in the
process of learning effective and efficient methods of data collection
and assessment. As a result of the comprehensive subjective and objec-
tive database contained in the simulation, clinical therapeutic (and diag-
nostic) problems associated with most common acute and chronic
disease states can be developed and tested. Analysis of an individual
student’s or a group of students’ problem-solving processes can be
evaluated and compared to others with access to the World Wide Web.
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