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ABSTRACT

In this paper, the appropriate level and role of neural network-based
methodologies in the development and use of expert systems for medical image
interpretation is investigated as technical, organizational, and social issues
become intertwined. The notion of the information life cycle is applied to
highlight ethical issues during the acquisition, processing and storage, dissem-
ination and use of clinical information. These issues are further analyzed from a
stakeholder perspective to accentuate the role of human agents in avoiding
ethical risks. Relevant stakeholders, other than the key participants—namely
system developers and medical users—are identified. The results of this
analysis indicate that each stage of the development and use of a neural expert
system entails ethical issues. Significantly, the responsibility for medical
image interpretation is affected by contextual factors and should be shared
amongst the main stakeholders. These conclusions are useful for the stake-
holder groups that are conscious of their obligation to behave ethically and
for researchers who wish to investigate further the ethical implications of

artificial intelligence use in medicine.
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1. INTRODUCTION

The use of intelligent information systems in health care increasingly
provides opportunities to both facilitate and enhance the work of medical
experts and ultimately to improve the efficiency and quality of medical care
(Aleksander & Morton 1991; Furundzic et al., 1998; Ifeachor & Rosen 1994;
Lane et al., 1996). At the same time, the debate about the appropriate level
and the role of information systems that assist in medical diagnosis has
become more complex as technical, organizational and social issues become
intertwined (Anderson, 1997; Baase, 1997; Kushniruk & Patel, 1998; Ridderikhoff
& van Herk, 1999).

Advances in neural networks have opened the way for the establishment
of systems that are able to learn complex associations by example (Haykin,
1994). The growing number of projects that employ neural networks in image
interpretation expert systems makes it necessary to examine neural networks’
development and use in this context. It is acknowledged that the appropriate
use of the neural expert system methodologies in medical image interpretation
could be very effective to provide rapid identification and diagnosis in real
time (Ifeachor & Rosen, 1994; Hanka et al., 1996; Innocent et al., 1997; Karkanis
et al., 2000, Phee et al., 1998; Zhu & Yan, 1997).

Research in neural expert systems to date remains centered on techno-
logical issues and most is application driven. Previous research and experfence
suggests, however, that the successful implementation of information systems
(for example, Anderson, 1997; Pouloudi, 1999)—and decision support systems
in particular (for example, Ridderikhoff & van Herk, 1999)—in the area of
healthcare relies on the successful integration of the technology with the
organizational and social context within which it is applied. In this paper, we
argue that the successful implementation of neural expert systems for medical
image interpretation also relies not only on their technical feasibility and
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effectiveness but also on organizational and social aspects. The aim of the
paper is, then, to study the ethical issues that may arise from their application
in this area as clinical information is acquired, processed, used, and exchanged
among professionals. Ethical issues are critical in healthcare applications
because such issues ultimately reflect the quality of care that is provided.
Following an introduction to the use of neural networks in medical image
interpretation in the next section, the paper focuses on the broader ethical
implications of the use of neural expert systems in this area, including issues of
interpretation, coordination between the technology and the human expert,
validation of results, and professional responsibilities. These issues are
presented for different stages of the development and use of a neural network-
based expert system. The paper concludes with a more general discussion on the
responsibilities of the human experts for the ethical use of intelligent systems.

2. NEURAL EXPERT SYSTEMS IN MEDICAL IMAGE INTERPRETATION

A neural network is a massively parallel distributed processor that has a
natural propensity for storing experiential knowledge and making it available
for use (Haykin, 1994;2). Neural networks are modeled on the general
features of biological networks and are created through hundreds or
thousands of artificial neurons that are connected in a manner similar to the
brain’s neurons (Rumelhart & McClelland, 1986). The function of an
artificial neuron is to multiply each input by a respective weight, then to sum
all its inputs, and finally to determine its output according to this summation.
The weights for all inputs are adjusted during the training process until the
network exhibits the desired behavior. These final weights represent the
knowledge in the network. The training process constitutes the main difference
between neural and conventional computing, as the former uses examples to
produce its own internal structure or programming in terms of neurons and
interneuron connection weights, whereas the latter requires explicit instructions
in the form of a computer program.

Neural network-based systems exhibit the following features that make

them useful in practical applications, such as medical image processing.

453



Vol. 10, No. 5-6, 2000 Neural Expert Systems in Medical
Image Interpretation

e They resemble the brain in that knowledge is acquired through a learning
process and is stored in the interneuron connection strengths known as
synaptic weights.

e They can learn from examples about the relations between input and output
data, even when these relations are not explicitly prescribed. Thus, such
systems are useful in situations in which associations between inputs and
outputs are required or rules are unknown and difficult to explain or to
formulate.

e They do not need any assumptions that are established on the statistical
distributions underlying the input data and can adapt to changes in the
environment through learning to improve their performance.

e They have good generalization ability—for example they can deal with
previously unencountered situations

e They exhibit robustness for imprecision and uncertainty in comparison
with traditional artificial intelligence methodologies and fault tolerance
because of their parallel distributed processing.

Neural networks have been increasingly used in medicine and especially
in the development of neural expert systems for intelligent medical image
interpretation (Ifeachor & Rosen, 1994; Hanka et al., 1996; Innocent et al., 1997;
Karkanis et al., 2000, Phee et al., 1998; Zhu & Yan, 1997). In most cases, the
development of such systems is considered an attempt to emulate the doctor’s
expertise in the identification of malignant regions in minimally invasive
imaging procedures (for example, computed tomography, ultrasonography,
endoscopy, confocal microscopy, computed radiography, or magnetic resonance
imaging). The objective is to increase the expert’s ability to identify cancer
regions while decreasing the need for intervention and maintaining the ability
for accurate diagnosis. Furthermore, it may be possible to examine a larger
area, studying living tissue in vivo—possibly at a distance (Delaney et al.,
1998)—and thus minimize the shortcomings of biopsies, such as a limited
number of tissue samples, a delay in diagnosis, and discomfort for the patient.
The need for more effective methods of early detection—such as those that
computer assisted medical diagnosis systems aim to provide—is obvious.

In technical terms, the problem in automatic image interpretation is to
associate sets of pixels (structures) in an image with the unknown objects that
are present in the scene from which the image has been drawn. The difficulty
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increases when several objects of different kinds, related by a set of spatial-
temporal relations, are present in the observed scene. In medical practice,
endoscopic approaches and other minimally invasive techniques (for example,
computed tomography and magnetic resonance imaging) are now permitting
visualization of previously inaccessible regions of the body. In diagnostic
endoscopy, the medical expert, based on a distributed percept of local changes,
interprets the physical surface properties of the tissue—such as the roughness
or the smoothness, the regularity, and the shape—to detect abnormalities.
Adjacent surfaces showing different surface properties are distinguished on
the basis of the texture differences. It is important to note, however, the vast
difficulties in physical attributes of the organs. For example, in colonoscopy,
no two colons are alike. Even within the same colon, one section may have
very different characteristics from another. This fact introduces severe limita-
tions in the use of computer-assisted endoscopy for interpreting colonoscopic
images (Kwoh, 1995). Given a medical image, the ‘true’ features associated
with the physical surface properties of the tissue are not exactly known to the
image-interpretation system developer. Usually, one or more feature-
extraction models (Looney, 1997) are used to provide values for each feature’s
parameters. The findings are then used to infer the correct interpretation. On
this same task of interpretation on the basis of local changes on the properties
of the tissue under examination, the performance of human perception is
considered outstanding. Furthermore, medical experts have the ability to
either add or remove components from an image to give meaning to what they
see. Medical experts can also adapt to changes to the extent that even a
distorted image can be recognized.

Neural network methodologies present some human-like qualities, such
as learning from experience, generalization, and handling uncertainty and
ambiguity in distorted or noisy images. Thus, such methods provide human
experts with significant assistance in medical diagnosis (Innocent et al., 1997,
Karkanis et al., 2000; Phee et al., 1998; Zhu & Yan, 1997). From an ethical
perspective, however, the interaction of the medical expert with the medical
image interpretation neural expert system presents a number of challenges
that may lead to ethical dilemmas for both the clinician and the neural network-

based system developer. These are presented in detail in the next section.
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3. EMERGENT ISSUES IN THE DEVELOPMENT AND USE OF MEDICAL
IMAGE INTERPRETATION SYSTEMS

The development and use of neural expert system-based medical image
interpretation applications, similar to other information technologies, can be
considered to follow a series of stages that correspond to an information life
cycle presented in Mason et al. (1995) as a sequence of functions through
which information is handled: acquisition, processing, storage, dissemination,
and wuse. This life cycle is important to our discussion of ethical issues because
each stage may lead stakeholders to “an ethical crossroads” (ibid., p. 7). The
following discussion highlights the challenges that are presented to both
developers and users of medical image interpretation systems as clinical
information is processed or exchanged at each stage and explains how such

challenges can result in important ethical issues.

3.1 Acquiring Information

Knowledge acquisition is one of the key problem areas in artificial
intelligence applications because of the difficulties in expert selection and the
elicitation of the expert’s knowledge. These difficulties are as follows:

o difficulty in finding an expert who is willing or available to participate in
the knowledge acquisition process;

o difficulty in finding the relevant parts for a particular problem solving
activity from the wealth of expert knowledge available; and

e problems of expert bias, and so on (Bolger, 1995; Gaines & Boose, 1988;

Firlej & Hellens, 1991; Hart, 1986; Whitley et al., 1992).

Neural expert systems have relative advantages in relation to other
intelligent systems at this stage of the information life cycle because they can
handle incomplete information and provide reasoning under uncertainty
(approximate reasoning) (Kasabov, 1996). Also, they do not require the
formulation of expertise in a rule form as in rule-based systems (Dreyfus,
1987). Nevertheless, neural expert systems still present several challenges for
knowledge acquisition, as outlined in the following paragraphs. Challenges have
an impact on the effectiveness and reliability of neural expert systems; thus,
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challenges signify ethical implications for any decisions that are made at this
stage using such systems.

The selection of experts remains problematic in neural network applica-
tions. This problem relates to the difficulty of finding available experts that
are recognized in the field as knowledgeable. Often intelligent systems’
developers assume human expertise to be ‘the ideal’ and do not question the
suggestions of the experts and, similarly, clinicians also seem to have high
confidence in their decisions (Carroll, 1994; Ridderikhoff & van Herk, 1999).
In practice, however, there may be alternative views on expertise—a result of
expertise being a socially constructed and historically situated variable
(Agnew et al., 1995; Stein, 1992; Whitley, 1995). Also, experts often behave
as ‘stakeholders’—that is as parties whose behavior may be shaped by their
interests and political roles in the knowledge acquisition process (Pouloudi,
1997). The choice of influential experts may therefore be difficult but is likely
to have a positive influence in the final acceptance of the system as it increases
the confidence of other users in it.

At the same time, elicitation and articulation of the expert’s knowledge
creates further challenges for the developer as well as for the expert. First, it
is important that the developer understands the application context (for
example, in the case of medical imaging, the features of an image that are
relevant for diagnosis). In neural expert systems imaging applications, the
main challenge of knowledge acquisition is the selection of appropriate
examples. Examples are critical for accurate and suitable representation of
knowledge, particularly because the expert is called to select representative
images or regions in images, based on previous experience. The main danger
here lies in missing important information about conditions that may have to
be recorded. Another serious problem is the inability of the clinician to
express competence in a metric or language that is meaningful to the
researcher (Bolger, 1995), namely, in a form that can be represented and
processed by a neural network (Kasabov, 1996). Overconfidence in the
decision parameters as defined by previous cases may be misleading if such
parameters prevent retraining the network when necessary. The participants in
the process and future users will have to be aware of these limitations. The
problem is that the impact of selecting the appropriate decision parameters (or
their absence) can rarely be anticipated a priori.
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Further problems may be encountered in cases for which no previous
experience in the interpretation of medical images has been accrued. Such
limitations, inherent in the historical context, may be due to a lack of
previously interpreted images—as in the case of the use of new imaging
technologies—or in cases, especially for cancer diagnosis, in which no
histological confirmation is available for the images of, possibly, malignant
areas used for training the network (for example Hanka, 1996). Such problems
ultimately reflect on the effective use of the medical image interpretation
system and hence signify ethical dilemmas about its adoption for its users.

3.2 Processing and Storing Information

The development and training of the neural expert system involves
e the selection of appropriate network architectures, training methods, and

features;

o the development of appropriate representations for the network input and
output information; and

s the preparation of the training, testing, and validation data.

The latter rely on the human experts (both the developer and the user), who

are responsible for the quality of the data, to avoid data inconsistencies and to

cover all the possible cases.

Algorithms have been developed to increase the speed of the training
process by computing the best direction in which to proceed to reach an error
minimum in the weight space—that is, increasing the effectiveness of the
neural system (Magoulas et al,, 1997; 1999). The nature of the data may
indicate the type of the training that is likely to be most appropriate for the
given problem. When the outputs associated with given inputs are well
known, supervised learning may be used. In this case, a set of inputs with
their corresponding correct outputs, which are known from past experience, is
required for teaching the network how to respond. As mentioned in the
previous stage, however, the historical context may also be limiting.
Uncertain classifications of inputs, in contrast, usually require unsupervised
learning to discover correlations in the data. Clearly, a domain expert must
examine and interpret the categories—and perhaps recommend training the
network again—to obtain a different, more suitable, number of categories.
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Similarly, the resulting outputs will have to be inspected by experts to provide
interpretations of their meanings. The importance of selecting appropriate
experts becomes evident once more, as the expert will influence the reliability
of the recommendations for retraining the neural system and consequently
improving its effectiveness.

The key problematic issue in the use of neural system methods in a
medical image interpretation system, however, is that how the results are
obtained is unclear. Most neural systems suffer from the opaqueness of their
learned associations. In medical applications, this black box nature (Kasabov,
1996) may make clinicians reluctant to use a neural expert system, no matter
how great the claims made for its performance, creating ethical dilemmas for
users during this stage too. Thus, there is a need to enhance neural network-
based systems with explanation capabilities. At the same time, there are also
certain potential disadvantages of automatic explanation generation. That a
medical expert be able to check through the generated explanations is
essential, as these should not vary in unpredictable ways and should not be
seen to take up the role of the clinician—for example by adding information
to the patient’s record—so that the human expert maintains control over the

system’s use.

3.3 Disseminating Information

In disseminating information, it is important that developers are aware of
the limitations of the system as well as of their importance in the context of
use. Thus in image interpretation, the overall accuracy of the neural expert
system is not a sufficient measure of its performance (Karkanis et al., 2000).
For example, when discriminating amongst normal and cancer regions in
endoscopic images, misinterpreting a cancer region as normal (false negative)
is more critical than misinterpreting a normal region as cancerous (false
positive). Developers should be able to understand such limitations and to
convey them accurately to the users.

The importance of user involvement becomes evident once more, primarily
because it facilitates the communication between the ‘experts of development’
and the ‘experts of the context’ and can help deal with resistance to change
phenomena (see next section). Developers often fulfill their obligation to take
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into account the experts’ perspectives not only in acquiring knowledge but
also by inviting them to participate in pilot implementations. These, however,
may be less effective if participants have different values and norms (Wagner,
1994), different assumptions about the purposes and intended consequences
of the systems (Yuthas & Dillard, 1999), or if different user groups present
different agendas once the system is in place (Pouloudi, 1999).

Given the importance of medical image interpretation applications, the
developer has an obligation to make the results of innovative research known.
Nevertheless, on the one hand, ensuring that the information reaches all
relevant stakeholders is difficult. On the other hand, neural network experts
often rely on the use of heuristic techniques that identify their work, are part
of their expertise, and which, consequently, the experts are unwilling to make
public.

3.4 Using Information

The ethical implications stemming from the challenges that were
described in the previous stages become evident at the stage at which the
output—namely, the result of the medical image interpretation system—is
available. Most problems at this stage relate to human-system interaction, but
are rooted in the confidence of the users and developers in dealing with the
problems that were experienced during the previous stages and presented in
the previous sections.

An important issue in the implementation and hence the use of the
information capabilities of the systems is resistance to change—one of the
most widely referenced ‘problems’ in the implementation of computer
applications since Markus’ (1983) seminal paper. The use of information
technologies depends on political, economic, and social factors (Bloomfield,
1997; Mumford, 1987; Walsham, 1993). Resistance is important in this respect
because it is the defense mechanism of expert users against systems that may
be unreliable. In such cases, users have a moral obligation to identify
unreliable systems as such and to refrain from relying on them for their
judgment. In fact, many clinical experts distrust or disregard the output of
intelligent technologies that seem to challenge human thinking and the human
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need to be in control of the technology (Beerel, 1989; Ridderikhoff & van
Herk, 1999).

At the same time, particularly in medical applications, resistance phenomena
can create ethical problems if the use of intelligent technology is likely to
improve health care provision. For example, doctors are still reported to be
hesitant in using intelligent systems (Essex, 1994). There are several reasons:
doctors’ professional pride, overconfidence in their own clinical judgment
(Ridderikhoff & van Herk, 1999), a lack of familiarity with the system (cf.
Kushniruk & Patel, 1998), and a high sense of responsibility and account-
ability in case of error.

Indeed, human experts are expected to “compensate for the deficiencies
of the artifacts in such a way that the social group continues to function as
before” (Collins, 1990) and, therefore, should not become over reliant on
technology (Dreyfus & Dreyfus, 1986). There are also organizational reasons
for the doctors’ resistance to technology, such as the interference of the
systems with the way that physicians organize their work, interact with
colleagues, and approach patient care (Anderson, 1997).

Finally, with the system in use, it is the responsibility of the user to
evaluate the interpretations of the system. Users (medical experts) must be
aware of any limitations to reaching appropriate decisions. Thus, users in this
respect have a right and a responsibility to collaborate with developers in
evaluating and understanding the limitations of the system. Furthermore, users
should be responsible for conveying any limitations in diagnosis accurately to
their ‘customers’—in this case the patients. Depending on the social and
cultural context, doctors either may or may not have an obligation to inform
the patient, directly or indirectly, of the diagnosis and the potential error rate

using this system.
4. ETHICAL ISSUES AS STAKEHOLDER ISSUES

Medical information is vital for the diagnosis and treatment of patients,
and therefore the ethical issues presented during its life cycle are critical. The

previous section illustrated some of the issues that developers and medical
users face during the development and use of neural expert systems for
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practices or with other systems. For example, research evidence concerning
the organizational and contextual issues related to the integration of new
technologies into hospital information systems has been published (Anderson,
1997; Kurihara et al., 1999; Pouloudi, 1999). The successful integration of
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