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Abstract

The field ofAl in Medicine (AIM) seems to have accepted that
decision support is, and will be, needed within most medical
domains. As society calls for cost-effectiveness, and human
expertise or expert guidance are not always available, decision
support systems (DSSs) are proposed as the solutions. These
s~lutions, however, do not necessarily correspond with the
basic needs oftheir targeted users. We will show this through a
review ofthe literature related to health care workers and the
various factors that have an influence on their performances.
Furthermore, we will use these empiricalfindings to argue that
the AIMcommunity must go beyond its decision support philos
ophy, whereby the gaps in human expertise are filled in by the
computer. In the future, joint emphasis must be placed on deci
sion support and the promotion towards independent and self
sufficient problem solving. In order to implement this paradigm
change, the AIM community will have to incorporate findings
from the research discipline ofAl in Education.
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Introduction

AIM emerged as a research field in response to several simulta
neous needs, opportunities and interests some thirty years ago.
There was an increased demand for high quality medical care at
the same time as the amount of medical knowledge seemed to

, explode [1]. If the outcome of AIM is measured in terms of
number of applications in commercial use, then the field has
been unsuccessful. On the other hand, AIM has contributed to
theoretical AI and cognitive science in several areas, including:
knowledge acquisition, knowledge representation, reasoning,
critiquing, explanation capabilities and insight into human cog
nitive processes in problem solving [2,3,4]. 'These scientific
achievements are, however, not enough as the future ofAIM is
dependent on the discipline demonstrating a positive impact on
health care [5]. ,

In this paper we will first present various directions proposed
within the ,AIM community for how to address the question of
practical success. These all address Szolovits' 15 year old

remark where he stated that the clinical acceptanceofAIM pro
grams depends on the establishment of the indispensability of
such programs [1]. This has later' been interpreted as the suc
cessful demonstration that health care professionals perform
better when assisted by decision support systems [3]. By pre
senting and discussing findings from a review of empirical
research that examines the relations between the health care
personnel's level ofknowledge andskills, their job satisfaction,'
and the quality of the health care they provide - we will argue
that the current philosophy of AIM research is founded on
incorrect premises. The health care system, as a whole, is better
off empowering the personnel to do a better job instead of giv
ing them powerful tools that solve their complex problems.
Information technology will play' an important role in this proc-

ess by a) the use ofAI based applications founded on established
educational theories and cognitive research methods. to directly
address medical education and training, b) an integration oftech
niques originated in this multi-disciplinary research into DSSs

, [6]. The latter of these processes, which we will focus on in this
paper, can be seen as a new interpretation of Szolovits' remark,
stated as: the successful demonstration that' health care profes
sionals perform,better when assisted by decision support sys
tems, and furthermore, that' they through the use of these
systems can develop the knowledge and skills required to
become independent self-sufficient problem solvers and deci-
sion makers. t .

The Aim of AIM Research

AIM applications are intended to address complex problem
solving especially targeting domains where human expertise is
not always available. The debate as to why the promises ofAIM
were never fulfilled is almost as old. as the history of the
research field itself. Whereas other areas of science, industry
and society have adopted the contributions of AIM and then
applied them to real problems with great success, the AIM com
munity is still examining itself and asking "where did we fail?",
and "where do we go now?" [2,3,4,5].

An important trend can be observed in the history of AI
research. Whereas the first generation of AI applications dealt
with pure problem solving, giving the users directions for what
to do, today's AI applications serve to advise the users rather
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Health Care Workers' Needs

The traditional AIM approach ofDSSs is not necessarily in cor
respondence with the basic needs of the health care workers. A
selective review of the literature related to health care workers
and their performance suggests that there are several issues that
should be considered when examining the needs ofmedical per
sonnel.
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than directly solve their problems. This paradigm change has personnel's attitudes towards job satisfaction identifies three
also occurred within the AIM community where these applica- variables that relate positively to job satisfaction: meaningful-
tions are referred to as expert systems and decision support sys- ness of work, responsibility for outcomes of work, and, knowl-
tems, respectively. More recently, research scientists within the edge about the results of one's work activities [11]. These
field have advocated for a new shift in the AIM research fmdings are supported in a study by Hackman and Oldham who
towards computerized guidelines [4,5]. This 'can be referred to found that individuals were most satisfied when they learn,
as the third generation ofAIM applications. Despite these para- have experienced responsibility for positive outcomes, and,
digm shifts, however, the development of AIM based applica- have performed well on tasks that they fmd meaningful [12]. In
tions are still motivated by a beliefthat health care professionals a related study which examined the effects of job-redesign for
will perform better when· assisted by these applications. medical laboratory personnel it was found that personnel find
Although the answers to.the problems might be given as colle- jobs more enriching when there is an increase in complexity and
gial advice, or guidelines, they still represent solutions to the challenge rather than when more of the same or lower level
ongoing problem-solving process. tasks are added [13].

Other studies report on a strong relationship between the health
care personnel's level ofknowledge and skills, their understand
ing of their job, their job satisfaction and the quality of the
health care they provide [14,151. The best health care is pro
vided by those with a high level of knowledge and skills - and
these same people are also the ones that feel most satisfied
about their work. The notion of feeling good about oneself in
what one is doing relates to Maslow's need for positive self
esteem [9].

A Need to Know

Slotnick [7] examined the relationship between Maslow's [8]
need hierarchy and how physicians learn to solve problems.
Maslow's need hierarchy consists of four levels: need for secu
rity (predictability); affiliation (feel valued as a member of a
group); self-esteem (feel good about oneself), and self-actuali
zation (maximize one's potential). Physicians must fulfill their
need for security because if they are uncertain about how to deal
with a clinical problem their insecurity could lead to ineffi
ciency. A physician wants to know what to expect and how a
patient will respond to therapy. In essence, physicians would
like to predict the outcome of their patient management. These
needs can only be addressed by learning the appropriate skills
for patient management. Similarly, medical students also feel
more secure when they know how to apply their basic science
knowledge to the real world.e

Perceived self-efficacy, defmed as people's judgments of their
capabilities to conduct certain actions required for specific per
formances, is another variable with a strong influence on the
quality of individual's performances in any domain [9]. Having
a positive judgment about-what one can do influences one's per
formance. A physician's 'need to know' and her degree of self
efficacyare strongly related. With the knowledge to predict the
outcome of a situation, she will also have a stronger judgment
ofher capabilities in within the very same situation.

Job Satisfaction Related to Knowledge and Skills

Another affective variable that has been studied in medical con
texts is that ofjob satisfaction. Dunn and Kaynard found a sig
nificant relationship between physician's attitudes pertaining to
job satisfaction and comfort level as it applied to managing crit
ical care patients and level of knowledge [10]. Essentially, job
satisfaction and comfort level increased as knowledge and skills
increased. This relationship supports the assumption that confi
dence and knowledge are intertwined. Another study ofmedical

The Positive Effects of Empowerment

When individuals are allowed to demonstrate what they know
and can do they are empowered. Empowerment, as used here,
refers to the ability to utilize and maximize one's potential. Rad
ice [16] found a relationship between nurses' sense ofempower
ment and their job satisfaction. Having some control over one's
environment can increase one's perceived self-efficacy. In a
study that examined the effects of cost-effective measures in
health care facilities, Fisher [17] found that nurses who were
aware of the necessity for cost effective measures and were
included in decisions regarding such measures, had better atti
tudes towards their work and were empowered to perform their
jobs more effectively. Similar findings are also reported by oth
ers [18]. In another study it was found that a more satisfied per
sonnel gives a better work environment which again results in .
better patient care [19]. Satisfaction was tied to participation in
the decision making process. Open lines of communication
regarding decision making results in higher satisfaction. Inclu
sion in the decision making process has a strong relationship to
empowerment.

Responding to the Needs

In summary, the reviewed literature tells us that the health care
systemcan best be improved' by maximizing the individual
health' care worker's potential. This can be achieved through
acknowledging the factors that have an impact on the health
care workers and their performance, knowledge, and skills.
These are: a feeling of security in what one is doing; high self
esteem; complex and challenging tasks that require a certain
degree of responsibility; satisfaction with one's work and per
formance; taking part in decision making; affiliation within a
group; self-efficacy; self-actualization, and; positive learning
outcome.

The reviewed literature is informative for designing appropriate
uses of technology in medicine. It is evident why DSSshave not
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successfully empowered health care workers. AI systems are
designed to solve complex cognitive problems for their users. In
so doing they also reduce some of the challenges in these same
tasks. There is the risk that users of such systems will not be as
personally engaged in the outcome ofthe problem and may lose
motivation, attention, and understanding of the problem resolu
tion. These effects are obstacles to empowering personnel on
the-job and could explain some of the resistance against AIM
applications. It is our contention that the health care system
would benefit more by empowering personnel rather than pro
viding them with canned solutions. Empowerment can increase
job satisfaction of health care workers and consequently
increase the quality ofpatient care.

Given the referenced literature and our discussion, an important
question that should be raised within the AIM community is
how can this field aid the medical personnel in an empower
ment process. We have previously addressed this question
through the use of AI techniques for education and training [6].
In the following we will focus on how to address the empower
ment pr<;>cess through the use ofDSSs.

DSSs and Education, the Past

For medical DSSs to gain any practical impact they will have to
address the needs oftheir users- and not only the isolated ques
tion of quality in decision support. In other words, the AIM
community must go beyond a decision support philosophy,
where gaps in human expertise are filled in by the computer.
Joint emphasis must be placed on decision support and the pro
motion towards independent and self..sufficient problem solv
ing. That is, although these applications are implemented to
replace missing expertise - primary consideration should be
given to the promotion of self-reflection and independent prob
lem solving and decision making.

Although educational aspects of DDSs were identified as -an
AIM research field two decades ago [20], little interest has been
paid to this area. Among the few exceptions are the well-known
projects ATTENDING [21] (pioneering work on critiquing
expert systems), GUIDON [22] and Iliad [23,24]. Several other
AIM applications, however, do claim that they can be used as
aids for education, instruction, or training. It is more or less,a
rule that. a paper describing an AIM application ends up with
the sentence: "In addition, application X can be used for train
ing". These educational claims are usually connected to the
availability of explanation facilities that can be accessed while
on a case. As long as traditional AIM systems are not in regular
use, these educational facilities are of no practical value. In
addition, the educational aspects of such applications must be
taken for what they were implemented to be .. a side product
with no foundation in educational theory. Finally, this method
of adopting AI to medical education seems to have completely
ignored the expe~iences of GUIDON.

GUInON adapted AI for medical education by building an
intelligent tutoring system using MYCIN's knowledge..base and
explanation mechanisms [22]. This method proved inefficient
since the,rules were hard to understand and remember, and fur
thermore, providing just the expert reasoning left no considera-

tion for a student who reasons in a different way [25].
Consequently MYCIN was reconfigured into NEOMYCIN and
GUIDON into GUIDON2 [22]. Through this reconfiguration it
was possible to establish a model of diagnostic thinking,where
several levels of clinical problem solving were identified sup..
porting other literature on levels of expertise [25,26].

Iliad is a DSS developed in the domain of internal medicine. It
provides the user with three different modes: consulting, critiq
uing, and, training. The latter aims at giving the user practice in
solving realistic diagnostic problems [23,24]. An interesting
idea addressed by this mode, is the use of multiple hypothesis
tables where the user can rank her different hypothesis related
to prior fmdings. These can later be compared to Iliad's own
hypothesis, or they can be compared during sub sequences of a
case, allowing for refinement in the hypothesis tables. Although
Iliad has been recognized as one out of a few AIM applications
that have made it out to the users, and thereby also as a schol..
arly example of how to implement AIM for educational and
training purposes, we fmd it necessary to raise some criticism
against the approaches taken in our search for the solutions of
tomorrow.

• Student problem solving vs. expert problem solving: As
numerous AIM projects have' done both before and after,
Iliad has forgotten the lessons learned from GUIDON.
One can not teach a medical student how to perform as
an expert. Furthermore, White and' Frederiksen showed
that expert problem solving knowledge to be learned
through a computer-based application, is best repre
sented as a series of models that capture the progression
from novice to expert reasoning [26].

• Educational theories: The Iliad training model is based
on research in the fields of cognitive psychology and
medical decision analysis [23]. Theories of medical
decision making are, however, not equal to theories of
instruction and learning. Applications addressing educa
tion and training should be based on the latter two as
well to ensure an effective learning outcome [6].

• Accuracy in knowledge: In a recent study, Murphy et aI.
report that Iliad had the correct diagnosis on its list in
only 45% ofthe cases and in its top six diagnosis in only
20% of the cases [24]. The quality of communicating
incorrect knowledge is questionable. In a DDS it is not
acceptable at all.

DSSs and Education, the Future

There is great potential for promoting learning from on..the..job
training where the actual job setting includes. the usage of a
DSS. In order for this process to be successful, it has to be
addressed from a theory based perspective. The design of edu
cational and training functionalities in a DSS has to be founded
on the combination ofcognitive task analysis (CTA) and educa
tional theories. By doing so, other important issues related to
adaptivity are also addressed.

eTA consists of several steps where the goal is to identify the
most difficult aspects of job performance in a specific domain
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and then study what differentiates the most competent from the
least competent individuals in terms of the types of goals, pre
requisite knowledge, actions, results and interpretations
involved in solving the task in question [27]. CTA provides the
designers' with the appropriate content knowledge that needs to
be modelled as well as the tools for establishing an appropriate
user model for the various types of performance skills. Once
proficiency levels are identified, benchmarks can be established
of appropriate performances and feedback that is adaptive to
these different levels ofproficiency can be designed.

In understanding how people learn, instruction and training can
be designed that optimizes learning in specific domains. There
are several educational theories [28] that may be appropriate for
DSSs. One example is the cognitive apprenticeship (CA) model
[29]. In a traditional apprenticeship the apprentice learns from
the master. Novices watch experts and learn from them through
their assistance. A CA model is more formalized than tradi
tional apprenticeship as it applies to cognitive skills as opposed
to physical skills. If we take medicine as an example, residents
learn from master physicians in an apprenticeship setting where
they learn skills in a contextualized manner. However, experts
often have difficulty articulating theirknowledge as it is com
piled into large chunks of information, resulting in an inability
to decompile it and explain how they get along while solving
tasks. The CA model gives a framework that helps in making
expert's explicit about their content knowledge. CTA methods
are used to identify competency in specific domains. Once the
content knowledge is understood there are specific instructional
methods that can be used to promote learning. Strategies at var
ious levels of complexity can be adapted to the leamer, and
novices can receive coaching or feedback when they do not
understand what they have observed. Novices are scaffolded
through the use of feedback that is designed to fit individual's
needs. Once users demonstrate that they can perform a task on
their own the scaffolding is faded. Novices must demonstrate
their understanding in some manner, either through perform
ance or articulation.

Adaptivity is another research issue mentioned but not ade
quately addressed by AIM researchers. Different users have dif
ferent needs and preferences with respect to how much
information to present, when to present it, and how to present it.
The practical effect ofthis is' that if someone feels that too much
time is wasted en.unnecessary information, or that it takes too
long time to get to the essential information, or the information
is. 'presente~ in ~. way that is .not understood -. then theywill
avoid ~s~g the 'application as it does' ri~t'" serve th~ir ··n~~ds.
Adaptivity plays a central role in our proposal for decision sup
port to empower the users towards independent problem solv
ers. A DSS that aims at an educational outcome must be able to
tailor its advice and instructional feedback to the individual user
needs. An obvious analogy here is the experienced specialist,
supervisor, and chief physician, who while conducting patient
rounds with residents, tailors her explanations, advice, feed
back, and questions to the resident's specific needs and previous
encountered cases. In doing so, she also continuously updates
her belief models of each of her staff. Within the walls of the

hospital the specialists are not only the experts who tell you the
answer, they are also the supervisors. Traditional AIM research
have forgotten to acknowledge this side of the specialist's
responsibilities.

The research discipline of AI in Education has recognized the
research issues discussed in this section and applied them with
success in other areas of diagnosis and troubleshooting [6]. One
classical example is SHERLOCK in the field of avionics trou
bleshooting. Trainees who spent 20-25 hours working with
SHERLOCK were as proficient in doing their job as technicians
who had been on the job 4 years or longer [30]. These remarka
ble fmdings are explained by SHERLOCK being based on a
combination of the cognitive apprenticeship model and a solid
cognitive task analysis.

Conclusions

AIM research has focused on developing computational tech
niques and applications that can assist health care professionals
in the processes of making diagnosis and treatment plans. We
have challenged this approach and argued that for the AIM
community to gain its long searched for practical success it will
have to put equal emphasis on quality in decision support and
empowerment of the users. The long term goal must be to
empower the users to become independentself-sufficient prob
lem solvers and decision makers within their disciplines. In this
way the question of quality in health care can be addressed
through a utilization and realization of the health care profes
sionals potential, thereby also recognizing their reported needs.
Furthermore, our proposed approach also recognizes the spe
cialist as a teacher or tutor. In addressing the educational
aspects of ~ DSS, the following requirements have to be ful
filled:

The design must be based on cognitive task analysis and
established theories of learning and instruction.

• Adaptivity must play a central role also in the decision
support process itself, making sure that interaction with
the DSS always gives an optimal learning outcome.

To meet these requirements which will cover issues such as:
connecting theory to practice, building on prior knowledge
experiences, self-reflection, adaptivity with respect to different
users' with different needs, dynamic assessment of these needs
that change over time for each user, different learner models,
complexity.ofproblem. solving, and, intelligent on-line. advice
givh1g'~ 'ilie)'AIM 'corrlmunfty will Have to look' outside its own
frontiers. Here we expect a closer co-operation with the
research field ofAI in Education [6].
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