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Introduction

Validation is an important stage in developing computerized Systems, including
decision support Systems (DSS) and expert Systems (ES). It can be described äs
comparing the Computer System with the observed world. Measurement of the validity
of any System, however, is a difficult issue. Especially ES are difficult to validate äs
they use symbolic problem-solving techniques and heuristics to produce conclusions.
This may partially explain the scarcity of published validation methods for ES.

In this paper, general validation concepts and the validation procedure used for two
DSS-ES applications are presented and discussed. Both applications are part of the
CHESS (Computerized JHerd .Evaluation System forJSows) Computer System (Huirne,
1990). The first application is an economic DSS-ES to identify and analyze strengths
and weaknesses in the management of an individual swine breeding enterprise
(CHESS-IFA: CHESS-]ndividual£arm Analysis). The second application is an econo-
mic DSS-ES to support sow replacement decisions (CHESS-RO: CHESS-Beplacement
.Qptimization). This System calculates an economic index which makes it possible to
rank sows within the herd on future profitability. Attention is focused on developing a
methodology for validating the Systems by means of a field test. Finally, validation
results obtained are described and discussed.

General concepts of validation

In validating any System, attention should be focused on that part of the real world
which is represented (McCarl, 1984). It is not necessary to reflect the'real world
perfectly, but it is essential to abstract reality such that it is adequate for the system's
anticipated use.

Naylor and Finger (1967) developed a three-stage validation concept: (1) a rationalist
stage of ensuring that assumptions are in accordance with the theory, experience and
relevant general knowledge, (2) an empirical stage in which the model's assumptions
are subjected to empirical testing where possible, and (3) a positive stage of compa-
ring input-output transformations generated by the System to those in the real world.
The first two stages are referred to äs "internal validation", and the last stage äs
"external validation". Internal validation can thus be described äs ensuring that the
n'ght answer, decision or recommendation is provided by the correct method, and that
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each equation or part of the System has a logical basis, uses correct parameters and
is correctly written.

A System can also be validated externally by comparing its performance against the
performance of the real world, in which the System is considered äs a "black box"
(Taylor, 1983). Because Systems are usually unable to reproduce or predict the entire
real environment, external validity must conclude whether the use of the System is
appropriate for the observed and expected errors. Information should be produced
that enables the user of the System to conclude whether to accept or reject the
system's solution or recommendation. This may include a sensitivity analysis in which
the values of the parameters used in the System are systematically varied over some
ränge of interest to determine whether and how the solution or recommendation
changes. External validation corresponds with the third stage of the validation concept
of Naylor and Finger.

In relation to validating ES, Gaschnig et al. (1983) note that besides the validity of the
answers with respect to reality, the speed and efficiency with which the correct
answers are provided are also important. In those situations where a comparison with
reality is impossible agreement with current expert opinion should be used.

Validation of the Computer System CHESS

Two applications of the above-described validation technique are presented. The first
application is validation of CHESS-IFA: an economic DSS-ES to identify and analyze
strengths and weaknesses in the management of an individual swine breeding farm.
To determine these strengths and weaknesses, CHESS-IFA incorporates the following
three types of analysis (Huirne et al., 1992): (1) trend analysis, comparing actual herd
performance against predictions based on a herd's historical data, (2) comparative
analysis, comparing actual herd performance with average performance of similar
herds, and (3) comparative trend analysis, comparing the historical development of
herd performance against the average development of performance of similar herds.
CHESS-IFA consists of both a DSS and three ES, used in a modular manner in which
the Output of the DSS is used äs input to the ES. The DSS identifies and assesses the
importance of relevant deviations between the performance and Standards. The ES at-
tempt to find the strengths and weaknesses in the management of the herd by combi-
ning and evaluating the previously identified deviations.

All components of the System have been validated internally by a multi-disciplinary
advisory group and externally by a sensitivity analysis. Furthermore, a field test of the
system äs a whole with ten randomly selected sow-farms has been carried out to gain
insight into the quality of the System compared to two domain experts. The field test
was performed äs follows. First, the experts made an individual farm analysis of the
ten farms, using farm data provided by their information System and other information
available. The experts were asked to analyze each farm using their usual protocol and
taking the same amount of time. After the ten farms were analyzed by both experts,
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they were analyzed by CHESS-IFA. Finally, the results of the analyses of the ten farms
were compared with each other and with the results of CHESS-IFA.

It is difficult to compare and present results of CHESS-IFA since the ES Output
consists of text pages written in a natural language. However, each conclusion is
associated with a so-called certainty factor (CF) — a number between -1.00 and +1.00
that indicates CHESS' certainty or confidence in the validity of a conclusion. A CF of
+ 1.00 means that CHESS is in absolute agreement with the conclusion, while a CF
of -1.00 means that the System absolutely disagrees with the conclusion. If a CF
equals 0 (zero), CHESS neither agrees or disagrees with the conclusion. The experts
were also asked to express their conclusions with an associated CF. The conclusions
and corresponding CF were used to compare the results of the experts and CHESS-
IFA. CF-values of all conclusions were divided into three classes: CF-values which
equaled 0 (zero) were placed in class A, CF-values with an absolute value greater
than 0.01 and less than 0.35 in class B, and absolute CF-values greater than or equal
to 0.35 in class C. Percent test agreement between CHESS and experts is defined äs
percent CF-values with the same sign, classified into the same classes ((A,A), (B,B)
and (C,C)). Major results are presented in Table 1.

Table 1: Comparison of CHESS-IFA farm analysis results with the analysis of
the experts

class* j

A !
CHESS-IFA B j

c !

n j

Experts

A B

398** 35
139 84
83 60

620 179

C j n

1 j 434
15 j 238
25 j 168

41 j 840

class A: no pos. (strengths) or neg. (weaknesses) conclusion
class B: pos. and neg. conclusions with low certainty (0 <
class C: pos. and neg. conclusions with high certainty ( CF

s CF = 0)
CF < 0.35)
> 0.35)

numbers refer to the total number of conclusions in each class

As shown in Table 1, the field test resulted in a test agreement between CHESS-IFA
and experts of about 60% ((398+84+25)/840). The percent mis-classification error
turned out to be 4% ((35+1)/840). So, the domain knowledge has successfully been
incorporated into the computerized DSS-ES.

The second application is validation of CHESS-RO: an economic DSS-ES to support
sow replacement decisions. The ES was designed on the personal Computer for the
economic optimization of sow replacement decisions. The ES focuses on qualitative
characteristics of a sow, including lameness and leg weakness, mothering characteris-
tics, and mammary quality. The ES is coupled with a stochastic dynamic programming
model (DP-model), which determines the economically-optimal replacement policy
based on productive and reproductive sow performance. The reasoning process of
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the ES is focused on three major elements: (1) clinical sow deviations, (2) deviations
in number of pigs weaned per litter, in relation to (3) deviations in uniformity of the
litter. Deviations of the first type always result in the advice to replace the sow with a
replacement gilt. After deviations of the second and/or third type have been found,
they are weighted economically by the ES. Using the results of the DP-model, the ES
caiculates an economic index which makes it possible to rank sows within the herd on
future profitability. Therefore, the index can be used äs a management guide in culling
decisions.

After internal validation, external validation was done with 30 different sow scenarios.
External validation was divided into two major parts: (1) both the System and two
domain experts assessed the relative value (index) of the 30 sows, and (2) the 30
sows were ranked on a scale of 1 (extremely bad) to 30 (extremely good) both by the
CHESS-RO and the experts. The first part refers to the qualitative sow characteristics
only and not to the productive and reproductive performance of the sow. Consequent-
ly, for the first part only the ES was used. To facilitate comparison, the assessments
were divided into six classes. Sows with clinical deviations were placed into class "re-
place". Furthermore, deviations in qualitative sow characteristics with an economic
impact of less than Dfl. -40 were placed into class "very bad", with an economic
impact between Dfl. -40 and -15 into class "bad", between Dfl. -15 and +15 into class
"average", between Dfl. +15 and +40 into class "good", and finally deviations with an
economic impact greater than Dfl. +40 into class "very good". The percent test
agreement between CHESS and the experts can be defined äs percent assessments
classified into the same classes.

In the second part, the ranking was based on the entire sow performance, including
qualitative, productive and reproductive characteristics. So, both the DSS (i.e., DP-
model) and the ES were used. These 30 scenarios were presented independently to
the experts äs a blind test to obtain their assessments and rankings. The rankings
were tested using the Spearman's rank correlation coefficient (H0: the observations
are independent, which means that the rank correlation coefficient is zero).

Table 2: Comparison of the results of CHESS-RO and the two domain experts

Classi-

of CHESS

replace
very bad
bad
average
good
very good

TOTAL

Combined classif ication of experts

replace

10*
2
I
0
0
0

13

very bad

1
10
3
0
0
0

14

bad

0
0
5
0
0
0

5

average

0
0
1
2
2
4

9

good

1
0
0
0
8
5

14

very good

0
0
0
0
0
5

5

TOTAL

12
12
10
2
10
14

60

* numbers refer to the total number of sows classified in each category
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A summary of the validation results of the first part is provided in Table 2. Percent test
agreement between the System and the experts in the first major part was about 67%
(Table 2). The rankings of the second part were tested using the Spearman's rank
correlation coefficient. Spearman's rank correlation coefficient rs was 0.69 between
CHESS-RO and expert 1, and 0.82 between CHESS-RO and expert 2. The distribution
of rs approaches a normal curve with a zero mean and a variance equal to 0.0345.
This means that the result was that the null hypothesis (the rankings are independent)
was rejected (p < 0.001) and that the alternative hypothesis that the rankings made
by CHESS-RO and the experts are not independent was accepted. So, the outcome
of the second part was that the DSS-ES has not been proven invalid.

Discussion and outlook

It is hard to define a "gold Standard" against which the performance of an ES can be
compared. Hardly any literature can be found to check the knowledge incorporated
into the ES. Therefore, CHESS was validated against answers of domain experts.
Some of these experts were also used for knowledge acquisition. From a methodolo-
gical point of view using "totally new" experts would have been better, but not possible
for practical reasons. Moreover, a problem of the validation method was that experts
disagreed on certain details. It is also possible that both ES and the experts are
wrong. The latter may occur even in the expert's area of expertise. A final note with
respect to the validation procedure is the measure "percent test agreement". This
measure calls "near misses" and "far misses" equally bad, which may be a disadvan-
tage. Further validation, therefore, is necessary in a (large) field test using more sows
of different farms to gain insight into the behavior of the System on a larger scale
before it can be used in practice.

Systems which operate outside a controlled environment are subject to dynamics of
their environment. The CHESS-IFA and CHESS-RO are no exceptions. Expertise, for
instance, äs represented by rules of thumb and heuristics varies over time. Although
CHESS was structured to minimize its sensitivity to such variations, it is obvious that
it requires modifications so its ES will continue to be an acceptable representation of
the expert. Furthermore, äs use of DSS and ES will increase in future, it is essential to
further-develop and use scientifically sound methods for validating their performance.
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