Designing Computer Assisted Instruction Programs for Diabetic Patients:
How Can We Make Them Really Useful?
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ABSTRACT

Despite the increasing potential of computers for
educational use, experience shows that few Computer
Assisted Instruction (CAl) programs for patient education
have been accepted into routine use by health care
providers. A CAI program on hypoglycemia for insulin
dependent diabetics, which was developed by the authors
and has been widely used in Europe for over 6 years, is
described and is used to illustrate some specific difficulties
and possible solutions when using computers for patient
education. We hope to show that patients suffering from
a chronic disease, such as diabetes, require specific skills
which are very different in nature from the theoretic
knowledge they usually receive from different sources,
including health care providers. In order to be really
useful, a CAI program for patients must help them to
cope with their disease and take into account patients'
concerns, fears, and misconceptions as far as possible.
Far beyond a detailed knowledge of the domain, a deep
experience in patient education is mandatory to understand
patients' needs.

INTRODUCTION

The role of patient education in the management of
diabetes is now widely accepted [1.2]. However, it is also
well recognized that it is a difficult task to organize an
integrated health care plan in which the medical team
devotes equal emphasis to the biomedical and educational
aspects of treatment [3]. Computer Assisted Instruction
(CAI) has been proposed for several years in this field to
achieve one or more of three basic objectives [4.5.6]: a) to
save time, effort (and money), enabling existing staff to
train more patients; b) to provide a higher quality of
teaching, learning (and assessment); c) and to provide the
intellectual challenge necessary to force teachers to re-
examine their teaching objectives, methods, and materials.
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To date, however, only few CAI programs have been
accepted into routine use by health care providers. Why?
Today, a common answer is to say that the current
limitation of most existing CAI programs lies in their
inability to reach the appropriate level of "intelligence"
involved in the educational process.

Artificial Intelligence is undoubtedly bringing new
hopes to this issue, but still, most projects have done
more to reveal problems than to fulfill promises [7]. We
have developed a CAI program on hypoglycemia for
insulin dependent diabetic patients (IDD) that we have
been using for over six years [8.9.10.11] " This program
has been translated into six different languages and is now
quite widely used in Europe. This paper briefly describes
the program itself and discuss some specific aspects of
patient education that can help a CAI program to leave the
laboratory and be put into use.

CAI PROGRAM ON HYPOGLYCEMIA
a) Goals. Experience in the field of patient education
constantly shows how difficult it is to systematically
teach patients, despite the use of structured education
programs [12]. Information is more likely to be given to

~ highly motivated patients or following a crisis. [13]

Moreover, the information patients receive tends to
concentrate on physiopathology, at the expense of the
presentation of clinical situations which the patient is
likely to encounter and is capable of understanding. The
flow of information tends to be unidirectional [14] : the
medical team is seldom aware of a given patient's level of
knowledge or attitudes, and hence ill equipped to detect his
mistakes and deal with them appropriately and effectively.
This lack of feed-back is not conducive to reaching
concerted objectives within the team. Even if some feed-
back may take place, it is usually not passed on to the
other team members, so that the medical team is
frequently ill informed about the overall knowledge of a



patient and even more so about the knowledge of a group
of patients. Our computer assisted instruction program on
hypoglycemia was therefore planned to meet the following
objectives :

1° to provide a systematic teaching tool which is
sufficiently flexible to take into account the specific needs
of each patient and which can also be used by his family,

2° to give the medical team a means for assessing the
knowledge and attitudes of patients and their families
providing a printout showing the mistakes that patients
make in their day to day life with diabetes.

b) Hardware. This CAI program runs on any Apple
Macintosh computer. This system was chosen for its user
friendliness, excellent screen definition and for its easy
access to patients and health care professionals. The
program was optimized and it's data were compressed so
that a hard disk is not necessary to use the program. The
patients' answers are automatically stored on a magnetic
disk. Approximately 1000 patients can be filed on a
double-sided 3"1/2 floppy disk (800 kilobytes). The
keyboard is necessary to introduce patient's identification
details. A numeric keypad, a mouse, a graphic tablet, a
touch-screen or a conventional keyboard may be used to
complete the rest of the program. A printer is required to
obtain permanent copies of summaries, interpretation,
graphs and statistical analysis.

c) Software. The course was written with a specially
designed authoring program which was itself written in
"C" language. A full description of this authoring
program is beyond the scope of this paper. Details have
been described elsewhere [8]. Its basic features are a
mouse-based screen editor and an object-oriented
authoring-language which allows a controlled flow of the
courseware in a non-procedural way.

d) Courseware. The CAI program on hypoglycemia is
built up using explanations, pictures, questions and
comments covering the following 6 sections :

1. Definitions.

2. Patients personal signs and symptoms.

3. Causes (nutrition, insulin, physical activity,
schedule).

4. Prevention.

5. Treatment.

6. Specific situations (driving a car, travelling,
passing exams, important meetings, etc.).

The questions included in the program pursue several
goals such as: a) assessing the patient's baseline
knowledge, b) collecting information about his personal
history, treatment, symptoms, and attitudes towards
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hypoglycemia, c) evaluating his understanding and
assimilation of the explanations given by the program, d)
problem solving exercises, etc. For each answer, the
patient immediately receives specific explanations and
commentaries which can also vary with the answers to
previous questions. For example, the program won't give
the same advice to a patient on one or two daily injections
of intermediate-acting insulin as it would to a patient on
multiple daily injections of regular insulin. Also, the
program will progress differently according to the patient's
answers. Therefore, patients do not all answer the same
questions. From a total of 120 questions, about 60 are
routinely put to all patients and an average of 20 others
are selectively asked according to criteria such as patient's
history, basic knowledge, attitudes, etc. For the most
important questions, the patients not only have to give an
answer but they also have to express the degree of
confidence for their answer on a scale of 1 to 3. This is
important for three reasons: first, it is necessary to prevent
the patients from guessing the answer, particularly when
answering multiple choice questions. Secondly, patients
can't put their knowledge into practice unless they are
reasonably confident about it. Thirdly, it may reveal the
patient's strong beliefs in common misconceptions [15].
It is important to be able to detect and report such
misconceptions to the medical team.

The average time to complete the program is about 1
hour. It is possible to interrupt at the end of each of the 6
sections, re-entering it where left off or redoing a section
if this is desired.

e) Printout. Directly after finishing the program each
patient receives a printed summary of the mistakes he
made. This printout enables the patient to take home a
written document containing all the points which he
should remember. The health care team receive a copy of
the patient's printout, and systematically rediscusses all
the difficulties with the patient. A copy is also included
in the patient's file. The printout is divided into 2
sections. The first part (10-30 lines) evaluates and
comments the patient's personal risk of experiencing
hypoglycemia. It is based on certain answers concerning
patient's history (signs and symptoms), his capability of
preventing hypoglycemia from occurring, his manner of
treating them should they occur (e.g.: patient without
carbohydrate on him, without glucagon, family not trained
for glucagon use, etc.) and by assessing the patient's
knowledge about food (food exchange, quick acting
carbohydrate etc.). This part of the printout is a plain text
which is dynamically generated by the computer.

The second part of the printout examines questions
the patient answered incorrectly. This part is technically
much simpler than the first one and makes use of simple



canned text. Each incorrectly answered question is
commented by an explanation 1-3 lines in length.

f) Evaluation. The program has been tested for it's
acceptability by patients and health care providers [8l and a
comparative study has been performed by an independent
team [10). In summary, it has been shown that quite a
large part (36%) of patients are initially not keen to use a
computer for learning. After using the program, more
than 85% were favorable to this technique. The
comparative study has shown that the CAI program was
much more efficient than conventional group teaching.
The average increase of knowledge in the computer group
was 62% against 13% in the other group. However, no
change was found in attitudes or behavior (e.g.: carrying
sugar, eating snacks, etc...) in either groups, suggesting
that neither technique was sufficient by itself to change
patients' motivations. However, motivated patients from
the computer group were more likely to take adequate
preventive actions than in the other group.

DISCUSSION

The creation of a CAI program is a long and difficult
procedure. The difficulty of producing good-quality
material has sometimes left a sense of uncertainty or even
disillusion among users as well as designers. The mixed
results of numerous CAI programs have often been
interpreted by designers as a consequence of purely
technical obstacles, offering new hopes in new
technologies [7]. In fact, we must admit that little
attention has been paid to crucial practical issues which
can certainly explain why so many promising systems are
disregarded by their end-users. It seems that most systems
have been laboratory experiments primarily intended to
demonstrate feasibility, rather than being truly designed to
be used in a day to day practice.

Designing CAI programs for patients is obviously an
interdisciplinary approach where at least three different
fields — medicine, education and computer science, are
equally involved and need to work together. A number of
existing CAI programs have failed just because one of
these three fields was not duly taken into consideration.
But more importantly, the difference between an
interdisciplinary and a multidisciplinary team is frequently
misunderstood. An interdisciplinary team is not a mere
association of experts with various specialities who have
come together for the occasion. In order to be successful,
an overlap of skills between all members is essential. For
example, the simple inclusion of a specialist of the
domain and a specialist in education will not be enough if
they do not have a lot of experience in patient education.
Moreover, close teamwork with continual contact with the
real world is a necessity.
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Medical aspects. As far as patient education is
concerned, we have observed that a frequent cause of
failure in a number of CAI programs was a poor analysis
of the medical objectives. If most physicians can easily
define long-term objectives (ex.: to improve the metabolic
control, to prevent long-term complications, etc...), very
few seem able to set small, short-term, realistic goals that
the patients can really reach. As a result, patient
education is often limited to teaching physiopathology of
diabetes, or even biochemistry, rather than cover clinical
situations that the patients are going to face in their daily
lives. In our experience, the most difficult part of the
process was to set up an inventory of relevant factors than
can really help the patients. If a CAI program is really
intended to be used, it also must be useful from the
patients' point of view. Far beyond a detailed knowledge
of the domain, a deep experience in patient education is
still mandatory to understand patients' needs.

Educational aspects. Many health care providers
think that "teaching can hardly be learnt" or that "I know,
therefore I can teach". Patient education has in some
instances been equated with patient information. Much of
this suggests that patient education focuses on knowledge.
However, if one of the purposes of patient education is to
increase the patients' compliance and therapeutic
effectiveness, then it is reasonable to assume that the
process must involve more than giving information to a
passive patient [16]. At least, patients must be able to
use their knowledge. This implies that the knowledge
must not only be understandable, but also usable. A way
to achieve this is to define educational goals in terms of
actions that the patients will have to do [17.18,19]  For
example, one should avoid defining goals like "the patient
must know" or "the patient must understand", but instead
try to say "the patient must be able to choose food
containing fast absorbed carbohydrate", or "the patient
must enumerate 3 precautions to take when travelling or
driving a car".

Since Piaget [20] it is commonly recognized that
education is an active process involving the learner as a
mutual participant. However, this doesn't mean that the
students have to "discover" the knowledge all by
themselves. In recent years, we have seen an explosion of
"hypermedia” technologies, where students are allowed to
"browse" an often large amount of data on a computer.
This approach can be compared as a group of children left
by themselves in a museum. It offers only the
opportunity of education. But there is no guarantee that
the students will learn anything [21].

A further difficulty resides in finding the balance
between complexity and simplicity, even if the software
tools allow for different levels of difficulty for each



particular patient. If they are too simple, too meager, the
programs would be of limited use. If too complex, the
programs would only benefit "€lite" patients who are
already often advantaged by traditional teaching methods.
Most of the CAI program for patients we have seen could
be classified in the latter category. Elitism may be
acceptable at school level, however it is contradictory to
the aims of patient education. A CAI program intended
for patients should be accessible to all of them. Therefore
such programs should be designed considering patients'
individual needs and abilities as far as possible.

Computer aspects. Among the many causes that can
prevent a computer program from being used in a daily
practice, the lack of user-friendliness is certainly among
the top few. All too often, systems have been designed
without performing any feasibility study with the end
users (in our case, the patients and the medical team).

In our experience, a preliminary study with 50
diabetics has shown us that the use of open-ended
questions was definitely unrealistic with patients: it was
clearly too difficult for most of them to give an answer by
using a keyboard. The mouse also had to be discarded
since only two patients among the 50 who were tested
knew how to use this device. Our purpose was obviously
not to teach patients to use a mouse and we considered
that the time needed to learn even the most elementary
skills (10 - 15 minutes in the best cases) was still too
long in relation to the time needed to complete the
program. It was therefore decided to use multiple-choice
questions, allowing answers to be given through a
numeric keypad. Keypads were considered much more
familiar to patients as they look like those found on most
telephones. Our preliminary study also included 16
different ways of presenting questions or explanations on
the screen and to solicit patients' answer. It became
rapidly apparent that most patients were unable to
understand the metaphors commonly used on most
window-based systems, such as overlaying windows,
buttons, check-box, icons or pull-down menus, etc. Even
a very simple interface such as a teletype-like display was
problematic for a number of patients. Many of them
didn't pay attention when a new item appeared on the
screen and were indefinitely waiting to see something to
happen on the screen. Other patients were mistakenly
thinking that the screen had changed and read twice the
same information without even being aware of it. After
several trials, we placed a cartoon figure in the left border
of the screen to "present" the information or the questions
(Fig 1). When the patient gives his answer, the figure
moves to the bottom of the screen where a second window
appears for asking the degree of confidence (Fig 2) or for
displaying a comment to the answer (Fig 3). We observed
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that no more patients read the wrong part of the screen
with this method.

The risk of hypoglycemia is greater

at certain times of day than at others...
In order to avoid hypoglycemia,

when is the best time to mow the lawn?

[l Before a meal.
Within an hour after a meal.
El 3 to 4 hours after a meal.

K 1t doesn't matter.
1 don't know.

Fig 1: Question

The risk of hypoglycemia is greater

at certain times of day than at others...
In order to avoid hypoglycemia,

when is the best time {o mow the lawn?

Kl Before a meal.

2| Within an hour after a meal.

E 3 to 4 hours after a meal.
1t doesn't matter.
B 1 don't know.

Do you feel sure about your answer?

I very sure
(more than 80%)

Fairly sure
(between 40%-80%)

H Not at all sure
(less than 40%)

Fig. 2: Degree of confidence

The risk of hypoglycemia is greater

at certain times of day than at others...
In order to avoid hypoglycemia,

when is the best time 1o mow the lawn?

il Before a meal.

2| Within an hour after a meal.

H 3 to 4 hours after a meal.

It doesn't matter.
i ! don't know.

Enactly...

The risk of hypoglycemia is least
within an hour after a meal...

Fig. 3: Comment

The experience we have made by using our program
for over six years shows that it is not only able to address
patients' concerns about diabetes, providing answers to
some routine questions, but also to stimulate additional
questions from the patients. On the other hand, the
information collected by the printout can expose gaps in
the patients' knowledge and attitudes which till then had
gone unnoticed. These two features are very appreciated
by the medical team and the patients and probably explain



much of the program's success. Also, it becomes
apparent that information collected through anamnestic
questions which are usually asked by the physician are
rarely transmitted to the other members of the medical
team. Similarly, observations made by the dietician
concerning patients' errors rarely reach the physicians or
the nurses. The printout serves as a concrete mediator
between the different team members, the patient and his
family and appears to be an excellent means for improving
the communication flow concerning concerted objectives.
From the patients' point of view, the CAI program is
considered as an extension of the health professional, not
as a replacement for contact with the professional. This
keeps us convinced that CAI programs are valuable only
to the extent that they facilitate communication between
patient and health professional and not insofar as they can
replace interaction.

References

1 Miller LV, Goldstein J: More Efficient Care of
Diabetic Patients in a County Hospital Setting.
N Engl J Med 286:1388-1391, 1972.

2 Davidson J-K, Alogna M, Goldsmith M, Riley T:
Assessment of Program Effectiveness at Grady
Memorial Hospital. In: Report of the National
Commission on Diabetes to Congress of U.S.
(DHEW Publ. n° NIH 76-1018, Washington DC).
US Govern, Print. Office, 3 part 5, 227-249, 1976.

3 Assal J-P, Miihlhauser I, Pernet A, Jorgens V, Berger
M: Patient Education as the Basis for Diabetes Care
in Clinical Practice and Research. Diabetologia
28:602-612, 1985.

4 Houziaux M-O. L'enseignement Assisté par
Ordinateur, un Intrus ? In: Marche Romane 1982;
32(1):17-28.

5 Wise P, Farrant S: Computer-Assisted Learning and
Assessment in Diabetic Education. Diabetes
Education, Baksi A, Hide DW, Giles G (Eds).
Chichester: Wiley, 101-110, 1984.

6 Houziaux M-O, Godart C, Scheen-Lavigne M, et al.
Une Expérience d'Enseignement Assisté par
Ordinateur Chez des Patients Diabétiques Insulino-
Dépendants. Scientia Paedagogica Experimentalis
1978; XV(2):215-247.

7 Wenger E: Artificial Intelligence and Tutoring
Systems. Kaufmann M (Ed), Los Altos, 1987.

Juge C: Prévention et Traitement des Hypoglycémies.

>N

219

10

11

12

13

14

15

16

17

18

19

20

21

Programme d'Enseignement Assisté par Ordinateur:
son Role dans le Dossier Médical et ses
Caractéristiques dans la Formation des Diabétiques
Insulino-Traités. Thesis N° 8096, Geneva, 1988.

Assal J-P, Juge C. Hypoglycémies chez le Diabétique
Insulino-Traité: la Place de I'Ordinateur dans la
Formation du Malade et la Compliance de I'Equipe
Soignante dans la Prévention des Hypoglycémies.
Diabete & Metabolisme 1988;14:394-406.

Clavel S, Juge C, Orgiazzi J, Assal J-P:
Comparaison d'un Enseignement Assisté par
Ordinateur sur les Hypoglycémies avec un Cours en
Groupe. Diabéte et Métabolisme, 16:2, 1990.

Juge C, Assal J-P. Enseignement Assisté par
Ordinateur pour Patients Diabétiques: Un moyen
d'Evaluer les Prestations de 'Equipe Soignante.
Schweiz Med Wschr 1990;120:Suppl. 32/1.

Assal J-P, Lion S: Difficulties Encountered with
Patient Education in European Diabetic Centers. In:
Diabetes Education : How to Improve Patient
Education. Excerpta Medica, Elsevier Science Publ,
New York, 1983.

Assal J-P. A Global, Integrated Approach to
Diabetes: A Challenge for More Efficient Therapy.
In: Davidson JK, ed. Clinical Diabetes Mellitus.
2nd ed. New York: Thieme Medical Publishers, Inc.,
1991: 703-716.

Gfeller R, Assal J-P: Le Vécu du Malade Diabétique.
In: Folia Psychopratica, N° 10. Basel: Hoffmann-La
Roche & Cie, 1979.

Rosenstock IM, Strecher VJ, Becker MH. Social
Learning Theory and the Health Belief Model. Health
Education Quarterly 1988;15(2):175-183.

Falvo D R: Effective Patient Education: A Guide to
Increased Compliance. Aspen Ed., Rockville, 1985.

Mager RF. Preparing Instructional Objectives. 2nd
ed. Fearon Publ., Lear Siegler Education Division,
1962.

Guilbert JJ. Educational Handbook for Health
Personnel. (2nd ed.) Geneva: World Health
Organization, (Ed.), 2nd ed., 1982.

Hameline D. Les Objectifs Pédagogiques en
Formation Initiale et en Formation Continue.
Editions ESF, Paris: 1979.

Piaget J: Ou va I'Education ? Denoél/Gouthier, Paris,
1972.

Steinberg ER. Teaching Computers to Teach.
London: Lawrence Erlbaum Associates, 1984.



