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Abstract

The utilization of data envelopment anallysis models for assessing and ranking
organizational performance is on the rise. One of the important challenges of this model is
the diminishing of the decision-making unit’s precision when dealing with a multitude of
inputs and outputs. Hence, the aim of the present research was to develop a comprehensive
performance evaluation model while enhancing the resolution of decision-making units. To
this end, a balanced scorecard was used to identify comprehensive indicators. At the same
time, for the first time, two objective and subjective approaches based on factor analysis and
fuzz?/ inference system were used simultaneously to reduce indicators and improve the
resolution of decision-making units. This study used an explanatory-descriptive method and
was conducted as an applied-developmental research. The statistical population for
identifying performance evaluation indicators and developing fuzzy inference rules included
the experts of higher education institutions of Semnan city. Moreover, twenty-four higher
education institutions of Semnan city were selected for model testing. The researcher made
two questionnaires for the data collection. The validity of the questionnaires was confirmed
by content and construct validity, respectively. Also, the reliability of the questionnaires was
confirmed by Cronbach's alpha value and composite reliability of more than 0.7 respectively.
The main accomplishment of the research can be designing a unified model with objective
and subjective approaches to improve the resolution of decision units. In this regard, 26
indicators were identified and reduced to 8 structures by factor analysis. Also, the structures
were scored by relying on the designed fuzzy inference system. The results demonstrated a
significant improvement in the resolution of decision-making units when utilizing the
proposed model, in contrast to conventional models which are mostly based on objective and
subjective methods. As a result, the number of effective units in the proposed model
effectively reduced to 10. Additionally, the results of the Kruskal-Wallis test and the
calculation of the standard deviation of the efficiency scores revealed that the proposed
model with an average rating of 48.29 and a dispersion of 0.221 has a lower efficiency rating
and a greater dispersion as compered to other models. This finding serves as a confirmation
of the enhanced resolution achieved by the proposed model
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Figure 1: Steps of implementing the integrated performance appraisal model
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Table 6: Some rules developed for structures in the Mamdani rules database
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Figure 3: The value calculated for the financial input structure in DMU No. 3
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Table 7: Comparison of the results of the proposed model

oS peaiaaly DEA DEA DEA DEA DEA DEA
decision making unit Mean AHP PCA WPCA FIS-FA-BSC
DMU; 1 1 1 0.801 0.967 0.636
DMU;, 1 0.819 0.753 0.959 0.996 0.693
DMU, 1 1 1 1 1 1
DMU, 1 0.706 0.718 0.781 0.968 0.599
DMUs 1 1 1 1 1 1
DMUs 1 1 1 0.993 1 0.958
DMU; 1 1 1 1 1 1
DMUsg 1 1 1 1 1 1
DMUq 1 0.683 0.718 0.812 0.957 0.441
DMUy, 1 0.969 1 0.896 0.968 0.406
DMUy 1 1 1 1 1 1
DMUy, 1 1 1 1 1 1
DMUy;3 1 1 1 1 1 1
DMUy,4 1 1 1 1 1 1
DMUs 1 0.745 0.833 1 0.991 0.297
DMU16 1 0.901 0.948 0.939 0.971 0.446
DMUy; 1 0.814 0.695 0.968 0.989 0.584
DMUyg 1 1 1 0.698 0.938 0.754
DMUyg 1 1 1 1 0.996 1
DMUy 1 0.710 0.766 0.721 0.958 0.668
DMUy 1 1 0.683 1 1 0.834
DMU,, 1 1 0.926 1 1 0.682
DMUy; 1 1 1 1 1 1
DMUy, 1 1 1 0.726 0.947 0.644
RET
Average 1 0.931 0.918 0.929 0.985 0.780
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Table 8: Kruskal-Wallis test results

b Jos Maxi gy (nbe & Jao (o], 8505
models Number average rank  Efficiency score of the models
DEA/FA-FIS-BSC 24 48.29 & <8 24.449
chi square
DEA-PCA 24 68.40 @3l e
Degrees of freedom
DEA-WPCA 24 72.60 S yhlixe o 0.000
DEA-AHP 24 71.21 Significance level
DEA-Mean 24 75.00
DEA 24 99.50

3P Olaer gledl I tcwl +,00 51 2aS (A 0)leid) Jado 55 0dd duwls (g)bolize pdawes
&l Jo 0 2L A5, ke aSG) 4 as il e 0 0y A o b LS 4Sile
dlass dsldl )d Ll 00 dboul (g pin S @)a8 A Cunl jiaS Lie plo I e
ox &)l (Ro)led) Jgiz ) glis a5 <8)S 518 (qw)p 3y90 35 HL 5 LIy pencd sl
o
BliSw s oo 131,56 o 1,15 sbaasly slaxd dwglio : 4 Jgun
Table 9: Comparison of the number of working and inefficient units in different

models
LG e hjgel o LS e 550! Sluawhe
Inefficient higher education Effective higher education ®
LT R Jse
institutions institutions
o yd Slass Ao yd slaws models
Percent Number Percent Number
0% 0 100% 24 DEA
33% 8 67% 16 DEA-Mean
37.5% 9 62.5% 15 DEA-AHP
46% 11 54% 13 DEA-PCA
46% 11 54% 13 DEA-WPCA
48% 14 42% 10 DEA/FA-FIS-BSC

ledde ;500 4y Cans (ol Jo )3 ) slaasly sluas (1) Jodo Sllule & 4295 b
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Table 10: Dispersion coefficients of the models

b pea DEA DEA  DEA  DEA DEA
models Mean AHP  PCA  WPCA FA-FIS-BSC
Lxo Byl

e S 0 0112 0120 0105  0.02 0.221

standard deviation

oy 9o sl Jlo [0 4 Cand (ol Jo | Juols lpes j3 oid D] SaiSTy,
ol 04 uSxio (Y 0 )lows) IS5 53 5 dus Cjgo &

DEA AHP-DEA Mean-DEA F

2955 9 53959 AL S Jae )3 ()5 0505 (ST 1 USG

Figure 4: Performance score scatter in input and output reduction models
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