
The Journal of Engineering Education· July 1994 

ROLE OF EXPERT SYSTEMS 

BY HEMANT SOOD 

INTRODUCTION aspects of decision making still remain 
with humans and so justification of an 

Our industry and economy, our answer is an important part of a systems 
health and safety, depend on experts, or output. At the present time, expert 
more accurately, on knowledge. 1n systcmsarcuscdtoaiddecision-making, 
knowledge lies power power to and not to take the full responsibility 
inform, to decide and to control. There for it. Perhaps in all domains, this seems 
arc now attempts being made to produce desirable . Expert systems should, 
intelligent machines endowed with therefore, be viewed as tools, for use by 
large amounts of knowledge, together humans. 
with kn owledge handling facilities. If Main Features of Expert Systems 
knowledge is contained within The two main features of expert 
compu te rs, then it becomes a systen1s which distinguish them from 
commodity \·vhich can be sold. The ordinary computer programmes are that 
importance of knowledge as a reso urce, they: 
inspires people to build expert systems. i) use Heuristics 
An expert system could be defined as : ii) arc data driven, and not procedure 

"An exper t system is a programme driven. 
which has a wide base of knowledge in a Experts do not merely follow a set 
restricted domain and uses complex of rules. They have insight into 
inferenti ;d reasoning to perform tasks problems and are able to use their 
which a humiln expert could do." professional judgement. Experts 

In a prac ticill context, one of the generally usc heuristics rather than 
important features of an expert system algorithms. In an algorithm, a goal is 
is the capability of explanation. In the assumed, and a series of steps carried 
same way that a humiln expert should be out which leads to that goal. Brain 
able to explain his conclusion and problems require a solution which is 
reaso ning, an expert system should be 'adequate' and not necessary the 
capable of concise or detailed al~swer. Expertise includes the abi lity to 
explanations. Apart from this being one choose a best pa th from various 
of the characteristcs of experts, there possibilities, using the best stimuli from 
are other reasons why explanation is several avai lable. The process involves 
important. The legal, ethical or moral weighing up the potential outcome of 
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effective tcachers ? 
(3) What is the nature of tasks of an 

engineering educator; whom are 
they training and for what tasks? 

(4) What level of competence does he/ 
she have in his/ her own speciality? 

(5) What are the teachers ' own 
perceptions about the kind of 
professional trnining they need to 
be more effective in the ir role? 
Answers to th ese questions will 

provide a good ba sis for adeq uate 
curriculum design providing 
appropriate knowledge, skills and 
attitudes to the engineering teacher. 

The other questions rel a te to the 
contents of the training programme and 
the modus operandi (or conducting it. 
Some of these may be as follovvs (9). 
1. Why is the training programme 

needed? 
2. What is the focus of the training? 
3. Who a re to be trained? 
4. What will be the duration of 

training? 
5. How a nd where and by whom w ill 

the trnining be conducted? 
6. Why, how and by w hom wi ll the 

progrnmme effectiveness be 
evaluated? 

Designing training for wholesome 
developmen t of professio nnl engineer­
ing teachers invo lves putting togethe r 
sequences of learn in g experiences­
traini ng modules - in re la ti on to the 
objectives of the programme. 

Some of the clements of such a 
programme arc given below. This li s t is 
neither ordered sequentia ll y nor 
comple te, but is ba sed on author'S own 
assessment of the need as an 
engineerin g teacher of long stand ing 
a nd as a tra ine r for Wholesome 
Dc velopment of People (WDP) in 

. 

industry, Public Sector Organiza tions, 
a nd educationa l institutions, using 
principles of HRD and eastern 
paradigms (10). 
-Basic Principles of teaching and 

learning. Andragogy. 
Learning as a life long process. 

-Learning and Deeper Integrating 
Principle (DIP). Flow state teaching. 
Wholesome learning. 

-Curriculum design 
--Ed ucati o n technology 
-Instructional design and method . 

Experientia l techniques, med ia a nd 
materials development. 

-Academic Leadership . Multi­
disciplinary team project. 

-Management of Professional 
Engineering Ins titutions. Compe­
tencies in Management. Research 
Management. 

-Continuing eng ineering education; 
Wholesome profeSSional develop­
ment; Time Mnnagement; Self­

Development; Stress Manage- ment 
and Meditation . 

-Quality in Professional Education; 
values a nd vision. Infra- structure. 
Howto assess qu ality ?TheExcellent 
Teacher. Professiona l ethics. 

-Management Development for 
Engineering Teachers. TQM; HRD; 
Team Bu ilding; interpersonal ski lls; 
communication skill s; decision 
making etc. 

-Creative thinking, Innovation and 
Research methodology. 

-Human Management Skills. Dealing 
wit h student problems. 
Evaluating students. 
Entrepreneursh'p; Teacher/ 
Researcher as a Consultant and his 
role. 
Presentl y there exists no 
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comprehensive educational programme 
to develop the engineering educator for 
the above rnix of objectives. There is a 
dire need to set up a system of formal 
education in this area. Besides such 
formal education, continuing education 
and non-formal development will be 
needed to supplement teachers' own 
efforts. Self directed development is, 
what ultimately distinguishes the 
excellent, highly motivated teachers 
from the rest. 

The formal programme could be a 
two- semester full- time courses 
conducted in a few chosen in s titutions 
like the T.T.T.I.'s, where the 
infrastructure has been buil t over the 
years for such work. Faculty should 
include re SO llrse persons from the 
Industry, HRD professionals, and 
Professors from National Institutes of 
Eduction etc. The training programme 
has to be flexible so that it can develop 
creativity and innovation amongst 
participants who should be from 
different disciplines of engineering, and 
encouraged to work on a joint project 
during the ir formal training. A rigorous 
aptitudc' test of the p a rticipants is 
recommen~kd before selection for 
formal training. It is desirable that only 
those with aptitude for teaching/ 
research be selected. 

ACTION: 
The All India Council of 

Technical Education (AICTE) , the 
Institution of Engineers (India) and the 
Indian Society for Technical Education 
(ISTE) can make a beginning in 
instituting such a programme. In the 
meanwhile, it is open to others in the 
NCO sector to take up the challenge 
and begin a part time programme for 
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motivated teachers who have a deep 
inner urge to develop themselves . This 
would go a long way to meet a deeply 
felt need. 
CONCLUSION 

A two se mester programme for 
professional training of engineering 
teachers has been discussed in the 
paper. The objectives of such a 
programme and course contents have 
been spel t ou t . I t is recommended tha t 
a part time training programme be 
instituted by a professional NCO for the 
benefit of teachers after discussion of 
this preliminary programme with them. 
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different pnths and comparing them with 
the goal; those which seem to lead to 
states near the goal are considered to 
be worth pursuing. I f a pron1ising path 
leads to a dead- end then it may be 
necessary to go back, or back -track, and 
try a different alternative. Such 

I
KnOWledge If--_-'-I ___ -li Inference ) 

I3ase J L Mechanism 

I 
Iinput lOut put I 

Interface 

User supplies facts, answers qUetions and 
receive advice and answers. 

methods arc inspired guesses, or rules 
of thun1b, ca\1ed heuristics. 

STRVCTVR~OFANEXPERTSYSTEM 

Knowledge from the Expert 
The model of basic elements of an 

expert system comprises of the 
following: 
1) The knowledge base, which con tnins 

a representation of the knowledge 
that is required. 

2) The inference ll1echanism, which is 
the means by which this knowledge 
is handled. 

3) The input/ output interface, which 
enables the user to supply facts and 
data, and enables the system to ask 
questions or supply advice and 
explanation. 

APPLICATIONS OF EXPERT SYSTEM 
Expert systems huve been developed 

for the tasks like: interpretation of 
laws or rules, diagnosis of illness of 
fault diagnosis, debugging, corrosion 
analysis, design and planning. Some of 
the well known systems arc given 
below: 

1) DENDRAL: It interprets mass 
spectrographs, to determine a 
molecules structure and also its 
atomic constituents. 

2) MYCIN: A very famous system 
which diagnosis meningitis 
and blood infections and 
recommends treatment. 

3) PROSPECTOR: This is used in 
prospecting for mineral ore; it 
helps to identify pro'bable sites for 
good deposites. 

4) PROGRAMMER'S APPRENTICE: 
Assists programmers in the tasks of 
software construction and 
debugging. 

5) TAXMAN: A system to interpret 
tax laws and suggest arrangements 
that can be chosen to meet financial 
objections. 

PROBLEMS OF USING EXPERT 
SYSTEMS 

The tone of this paper has been 
fnirly optimistic nbout the potential of 
expert systems. However, there arc 
number of areas which need 
consideration if a system is to be useful 
which include: 

Choice of domain: 
Some problems are too complex to 

be served by expert systems. If experts 
disagree, or a specialists in the domain s 
not available then the domain is 
unsuitable . Similarly, so too are 
problems which tuke a long time to 
solve, where there are many 
interactions or there is a lot of 
dependence on special relationships, 
procedures or commonsense concepts. 
Acceptability: 

Not everyone wants to rely on a 
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compu ter or even use one; some people 
have a resistance to their u se and 
would prefer to d ea l with human 
experts . Even the experts are sometimes 
scepti ca l about expert sys tems . This is 
trll e eve n when the sys te m s are 
performing well and in ngreemet with 
th e experts, since they feci th a t the 
programmes cannot be usi ng the sa me 
so rts of reasoning as they do. 
Uncertainty: 

Mu ch of data hnndl ed by experts is 
uncertain and data nlay be mi ss ing. 
The way in which expert sys tems 
handle uncertainty tends to be ra ther 
(1dhoc. In fact, thi s has resulted in severe 
criticism of the \\I(1Y in w hi ch prob(1bility 
theory has been u sed and the apparent 
dismissal o f other we ll - es tabli shed 
techniques. 
Updating: 

Domains where the knowledge is 
chan g in g frequently are no t we ll 
Sll i ted to exper t sys tem developmen t. The 
knowledge base wi ll need updating if 
the expert system is to retai nits expertise. 
The faci liti es for upd a ting knowledge 
bases could be improved. 
Limitations: 

A hum an expe rt k nows his 
limitati ons. As ye t expert sys tems do 
not perform very well in this respec t. 
They tend always to produce an answer 
and thu s there is a ge nera l tendency to 
over diagnose. This can be problematic 
and it shoul d be stressed tha t they are 
most se nsib ly used as tools to ass is t 
ra ther than to replace. 
Testing: 

Many ' traditional' compute r 
sys tem are put into operation wi th out 
being fully tes ted . 'Bugs' are o ften found 
on sit e while the programmes nre in 
ope rat io n . Testing an expert system 
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prese nts real problems. De velopers are 
not always s ure about how systems 
should beha ve and so they cannot tes t 
them thoroughly . I t is not easy to 
define the path s throu gh an expert 
sys te m progra mme, and it is v(..'ry 
difficu lt to tes t for completeness or 
correctness . This is especially serious 
in app lications where high risk is 
in vo lved. Tes tin g a nd m ai ntaining a 
system becomes increasingly difficult 
w hen the size of th e sys tem is 
increa singly difficult when the size of 
the system is increa sed . 
Behaviour: 

Although th e aim of an expert 
system is th a t it should imitate a 
huma n expert, there arc very few 
which nc tuall y do this'. Dialogues a rc 
usu nll y directed by the programme 
and exp lana ti ons ca n often be difficult 
to understand . Consu lta ti ons tend to be 
programme dri ven and not use r driven, 
a nd the user often has to suffer 
unn ecessa ry ex planatio n or output to 
obtain an a ns we r. 
Knowledge acquisition: 

All the knowledge must be 
acquired befo re it can be represen ted, 
and it is thi s area which is res tricting 
expert sys tems developmen t at present. 

ADVANTAGES OF USING EXPERT 
SYSTEMS 

The variou s advantages o f usin g 
exper t sys tems arc as und er : 
Availabilty 
Exper ts arc not born . They have to be 
trained and then practi se. It generally 
takes over five years fo r so meone to 
acquire exper ti se in a particular a rea. 
The facts g iven in books arc o nly a 
skeleton for knowledge. T he practi tioner 
learns from years of experience of 
dea ling with different cases a nd 



The Journal of Engineering Education - July 1994 

learning patterns and principles which 
really arc heuristics or guidelines. These 
a rc seldon1 documented. Decl'HJ tive 
knowedge, or the facts is relatively 
easy to acquire; the procedurJI 
knowledge, or how to usc those facts, 
is far more complex. 
Consistency: 

Even the best human expert can 
have an off day, wen he is not feeling 
well. Hecan mJke mistakes or may forgot 
an important point. With a good expert 
system, mistakes will be rare, but 
nonetheless they will occur. A 
programme is consistent. Provided thJt 
it is correctly formulated then it will be 
consistent ly correct. Apart from 
hardware fnilures, there is no reason 
why a programme should lose 
information or behJve oddly. Once a 
programme is right, it is right 
consistently. The problem in developng 
expert systems is getting the problem 
'right' and having the confidence that it 
is right and ready for usc. 

Comprehensiveness: 
It is very difficult to get the joint 

opinion of more than one expert, and to 
get a group of experts to discuss a case 
and reach a concensus opinion, is 
almost impossible. An expert CJn only 
dra w upon his own knowledge and 
experience. Wi th a computer system, 
there is no reason why an expert 
system should not encapsulate the 
knowledge of more than one expert, so 
that its decision making is at least as 
good as any of the individual 
con tribu tors. 

Alternatively, expert systems could 
consult with each other and offer 
several options. Much of this remains 
in the future, and represents our 
optimistic view when compared with 
achievements to date, but some systems 
have been developed which contains 
knowledge from more than one source. 

CONCLUSION: 
Expert and other knowledge- based 

systems arc usuaIly composed of 
atlcast a knowledge base, an inference 
engine and some form of user interface. 
The knowledge base, whic h is separate 
from the interFJce and control 
components, contains the expert 
kowledge coded in some form such as 
production rules, networks of frames or 
other representation scheme. The 
acquisition of expert knowledge for 
knowledge based systems remains one 
of the mai n bottlenecks in building 
them. This has led to a new discipline 
called knowledge engineering. 
Knowledge engineers build systems 
by e liciting knowledge from experts, 
coding that knowledge in an 
appropriate form, validating the 
knowledge and ultimately constructing 
a system using a variety of building 
tools . 
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