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Evaluating Repairmen Performance of A Communication

Product Company

Student: Jin Fuh Chen Advisor: Fuh-Hwa Franklin Liu, Ph.D.

Department of Industrial Engineering and Management

National Chiao Tung University

Abstract

This research uses Data Envelopment Analysis' (DEA) to evaluate the performance of
Service/Repair technicians in a manufacturing firm which produces communication
equipment. Based on the data, this study demonstrates an improved and adjusted method.
Currently, the most common evaluation method used for Service/Repair technicians’
performance evaluation is the interactive performance-evaluation charts. In our research, we
not only adopted this evaluation methodology but also incorporated DEA methodology.
Using this combination, we are able to solve problems associated with subjective evaluation
and to achieve a more objective evaluation result. In believe our research will offer an
alternative to communication equipment firms in evaluating their Service/Repair personnel.
Ultimately, we would hope to extend this evaluation methodology into different industries
or companies with different organizational structures.

Keywords: Data envelopment analysis, Performance evaluation, Service/Repair technician’s
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1. Research Motive and Purpose

Advancements in communication technology led to rapid developments in
communication products. As more consumers become increasingly dependent upon
communication products, the quality of the after-sales technical service provided by the
communication product manufacturing companies has become a crucial competitive
advantage when seeking to rise above the crowd of competitors.

This research analyzes the Service/Repair technicians’ performances in a well-known
communication product manufacturing company in Taiwan. The requirements for a
technician are purely technical in nature, such as basic technical skills, working behavior,
technical analysis, etc. Therefore, it is inappropriate to use subjective standards to conduct
performance evaluations. The evaluation should combine subjective standards with
organizational needs, and transform these standards into a set of quantifiable performance
metrics. With this new set of quantifiable: performance metrics, DEA methodology in
advance wasn't given evaluate weight and’it could evaluate multiple input and output. It's
based on data collection and ‘ean't “produce the difference in dual-layer evaluating
performance. We can resolve the differences in the subjective measurements resulting from
a dual-layer evaluation process.

In today's communication industry, the life cycle of the communication product has been
shortened and the inventory level of service parts has steadily increased. Therefore, building
an objective, reasonable, efficient and effective Service/Repair performance evaluation is the
key to meeting customer demands and can drive Service/Repair technicians’ on force reduce
service parts inventory, strengthening company image, increasing product loyalty.

We used the CCR-I model and the Stepwise Total Ranking Method in the Data
Envelopment Analysis (Charnes, et al., 1978) to analyze the evaluation report and
performance ranking for Service/Repair technicians in 2003. This company could use our

findings to improve its service and repair technicians’ performance evaluations.



2. Literature Review

In 2003, the total production value of Taiwan’s communication industry was
approximately US$6.42 billion, a 19% growth from 2002. From year 2001 to 2002, the
output value had increased 3%. This consistent increase shows that the output value for the
communication product industry is experiencing a healthy and steady growth. Our research
target, the communication product manufacturing company Z, its total revenue in 2001 was
USS$109 million. In 2002 and 2003, the total revenue had grown 36% and 40%, respectively.
The forecast estimated revenue in 2004 is US$300 million. In 2003, Company Z was ranked
the eighth most internationally recognized Taiwanese company by Interbrand and Business
Week (Lu, Y.W, 2003). Company Z is also the only communication product manufacturing
company that ranks in the top 10 of internationally recognized Taiwanese brands, and is

considered the leader in their industry:

2.1 Performance evaluation literature review

There is much research literature on performanee evaluation methodology. Landy et al.
(1978) utilized Multiple Regression Analysis; or MRA, to discuss employee performance
evaluation. O’Brien (1986) used One Way ANOVA to analyze the influence of supervisors’
gender on employees’ performance. Rarick (1986) found Behaviorally Anchored Rating
Scale, or BARS, to be the most effective evaluation method. Johnnie (1998) applied his
Pearson Product Moment Correlation, or PPMC, to evaluate employee performance in the
baking industry, and Taylor (1998) used Analytic Hierarchy Process, or AHP, to further
discuss performance evaluation methodology. Currently, the majority of performance
evaluations mainly use statistics, mathematics, psychology, and behavior science to analyze
and score individual performances based on pre-set performance standards and the

corresponding scoring weight of each standard.



The common scaling systems used for individual performances are the Graphic Rating
Scales (GRS) proposed by Brown (1976), the Behaviorally Anchored Rating Scales (BARS)
proposed by Beatty and Schneider (1982), Employee Comparison Methods proposed by
Feldman (1981), Behavior Observation Scales (BOS) proposed by Carroll (1982), and
Performance Distribution Assessment proposed by Kane (1986). All of these methods,
however, have significant shortcomings. First, when performance indicators are not
completely quantified, it is difficult and inappropriate to use several of the above-mentioned
scaling methods. Secondly, using these types of performance indicators will cause
differences in evaluation results that are based purely on subjective judgment. Finally, since
evaluations are conducted on an annual or semiannual basis, there are no quick and effective
mechanisms to determine individual changes in performance and to monitor how these

performances deviate from organizational goals.



3. Research Methodology

3.1 Performance Measurement Indicator

“Customer Satisfaction” is the key measurement that Company Z used to evaluate the
repair and service technicians’ performance. It is an in-tangible index and hard to
quantitative evaluation, the result is tend to lead difference by individual perceive. Make
three quantitative indexes after discuss and interview with supervisor. Take the
organization’s objective and customer expectations into consideration transfers the internal
index “low service cost” as drive force to improve organization.

We confer with Company Z about adopting measurability and explainable behaviors
into it’s performance evaluations. We propose to divide the current measurement of
“Customer Satisfaction” into three main indices: “Service/Repair Quality Ratio”,
“Service/Repair Quantity”, and “Service/Repair Value”. As shown in Figure 1, each main
category contains three subcategories: “Service/Repair Overtime”, “Service/Repair Parts”,
and “Training Fees”. We describe how to utilize- each index or subcategory during

performance evaluations in Table I.
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Figure 1. Performance evaluation indicators



Table I Indicator significance

Measurement

Indicator

Definition and Explanation

Evaluation Method

1.Service/Repair
Quality Ratio
Symbol: Y,
Feature:

to-be-maximized

This measures the Service/Repair technicians’ service
quality and attitudes toward service quality. It evaluates
the work done on a product in order to focus technicians
on work quality and ensure the customer’s right to
proper service and repair work.

Wish to enhance personnel to respect quality by this

mechanism.

Test pass Qt’y (repaired) / Qt’y

(repaired)=Service Testing Rate

Service Testing Rate

-( customer complain * 0.5%)
=Service/Repair Quality Ratio
0.5% : average reject rate for

repaired product at 2003

2.Service/Repair
Quantity
Symbol: Y,
Feature:

to-be-maximized

This is the total number of Service/Repair works
performed by an individual in an average work unit.
Depending on the problems associated with the product
and the complexity of each product type, different circuit
measurements and teSting are needed: When problems
are resolved, the-numberlof Service/Repair tasks will
rise. Therefore;s measuring the® number of works
completed by a=Service/Repair technician will be an

important reference  indicator when . assessing their

performance.

The total completed works for
a particular month will be the

Service/Repair Quantity.

3.Service/Repair
Value
Symbol: Y;
Feature:

to-be-maximized

Under normal circumstances, this value prevents
Service/Repair technicians from delaying work on
products with higher complexity, resulting in customer
dissatisfaction. This value combines Service/Repair
Quantity and cost with the product models and the
Service/Repair levels required. Company Z will input a
price chart for the system to conduct calculations. New
products will be added to the price chart when the first
batch of new products’ mass production has been

completed.

Each individual Service/Repair
Quantity per model type * the
total dollar amount of each

repaired/serviced product.




4.Service/Repair
Overtime
Symbol: X;
Feature:

to-be-minimized

This controls operation cost and reflects a Service/

Repair technician’s efficiency. This measurement
evaluates an individual’s cooperativeness, capability, and
Service/Repair efficiency. Our research here focuses on
the overtime in hours for each individual Service/Repair

technician.

Due to the differences in each
individual’s  salary, it is
calculated by the total overtime
in order to

hours worked,

reduce large variations.

5.Repair/Service
Parts
Symbol: X,
Feature:

to-be-minimized

This controls material cost and reflects the technical
skills of each Service/Repair technician. The data in this
category can be used to control the material cost each
individual incurs, manage the parts inventory, and

resolve any problem associated with inventory parts.

The monthly total dollar

amount for the parts and

materials used by an individual.

6.Training Fees
Symbol: X3
Feature:

to-be-minimized

From the cost perspective, our research treats the time
a Service/Repair technician spends on training as an
expense. Since theseffects of fraining cannot be
immediately seenand are difficult to measure, we treat
training fees as an investment‘indicator. We can use this

indicator to monitor benefits- that-result«from technical

training.

The total monthly hours an
individual technician spends on
training * average hourly wage
of Service/Repair technicians =
the monthly training fees for

each individual.

3.2 DEA Application

Farrell (1957) first proposed the DEA method, which uses mathematics to calculate the

efficiency frontier by replacing the preset output function with non-preset output functions.

The efficient frontiers are used to evaluate each unit’s technical efficiency and price

efficiency.

Charnes, Cooper, and Rhodes (1978) proposed a new DEA model, the CCR model,

which expands on Farrell’s works and measures the output efficiency of a process that

incorporates multiple inputs and output modes at a fixed financial return. The

Service/Repair technician is termed the Decision Making Unit, or DMU, in our research.




DMU; refers to Service/Repair technician j. DMUy indicates rotating each technician to
being the main object. We considered multiple to-be-minimized indices (corresponding to
the input index in the CCR model) and to-be-maximized indices (corresponding to the

output index in the CCR model) and assigned unknown weight to each index as follows:

x;; represents the value of technician j at X; to-be-minimized index.
v, represents the value of technician j at Y, to-be-maximized index.
u, represents the weight of Y, index.

v; represents the weight of X; index.

We use DEA to find the best solution for u, and v;.

Virtual input for DMUy = v X, HvoXot. ..V Xk

Virtual output for DMUy = 1,y Hu, Yo t. . . FUY

The total score (P;) for technicianj is_calculateéd by the following formula:

YijXUp TYo; XUy +yz.xUs

XXV +X o) XV +X 3i XV3

P; =

The smaller the indicator value in the denominator (overtime, material parts, and
training fees), the larger the P; value is. These indicators are called to-be-minimized
indicators. The larger the indicator value in the numerator (Service/Repair Quality Ratio,
Service/Repair Parts, and Service/Repair Value), the bigger the P; value is. These indicators
are called maximized indicators.

DEA places the to-be-minimized (input) and to-be-maximized (output) criteria of each
unit currently under evaluation into a geometric space and looks for the boundary of this
space. Any unit that falls on the edge of the boundary is classified as achieving the most
efficient combination between input and output. The score indicator for this unit is 1. For
other units that fall on a specific point in this geometric space that is not the boundary, a

reference indicator point is given, and the indicators for these units must fall between 0 and

1. We use R to represent the set of Service/Repair technicians being evaluated. When



scoring DMU,_k is an element of the set R. According to the DEA-CCR model, we have the

following fractional mathematical program:

(FPy) (1

' ' '

up + u, + u
Max Pk:}’lk } Yok '2 Y3k '3

X1kVi T X2kVoy + X3¢V3

' ' 1
yijur +yz;us +ys3jus
' ' 1
X1jV1 + X2iV2 + X3jV3

Subject to <1 (VjeR)

Vi,V2,V3,Uj,Up,u3 2> €>0
€ Is an Archimedean infinitesimal value.,Under the FP, mode, we cannot find a
solution. Therefore, through mathematical transformation, we change this model into

linear program form. The conversion‘model is as follows:

(LPy) 2)

' 1 1

Max Pll _ YW +Y21}u2 + Y3xU3

1 ! '

Subjectto  X1kVi+X2kVa + X3k V3 =T

(Y1jur +y2juz +y3ju3) —(Xjvy + X2jva +X3;v3) < 0 (VjeR)

' ' ' ' ' '

Vi,Va,V3,U,Up,U3 2 e>0

'
U ur

Let u; = ,Up = Uz = sV = V2 = »V3 =
T T

Therefore, model (2) can be rewritten as model (3).



(LPy) (Linear primal ) 3)

Max Py = yjxu; +yocuo +y3cUs
Subject to X Vi + X Vo + X3 vy =1
(Yijur +y25u2 +y3juz)—(XqjVvy +X2ivy +X35v3) < 0 (VjeR)

Vi,Va2,V3,U;,Us,U3 2e>0

*

When we find the best solution of LPy as P, u; , u,, U3, v, , V5 , V3 , then the validity

of DMU;, is:

C YUy T Yol FH YUzt

X Vi *+X g Vo *+X 5, V3 #

Pk

When the denominator is equal.to 1, then Py = yigu, Ty, +ysls.
Xy.v; : Relative importance to otherindieators
yal, : u, indicates the contribution to-0"byy,.; the contribution is equal to y, u,"

The (LP,) model is transformed into its dual form (DLP,)
(DLPy) (Dual Linear Program) 4)

Min 0, —&(s; +s, +s5 +s;" +s," +5;")

Subjectto 0, x;, — Z X wi-s; =0,1=1~3
i R

Z YiiW; 'Sr+ VYo I =1~3
i R

0, Free,s; 0,i=1~3;s," 0,r=1~3;w; 0,jeR.

Where s; is the surplus of X, s,” is the shortfall of Y,, and w; is the weight assigned to



DMU;.

To solve program 4, we apply a two-step approach.

Step 1 — Solving program 5 to obtain the best Gk*

Min 0

Subject to kaik—z x;w;  0,i=1~3
iR

Z YiWi Yo T =1~3
j R

O Free,,w; 0,jeR
Step 2 — Obtaining the optimum slacks of the indices

Max Sy -+Sz- +S3- +S1+ +Sz+ 52 S3+

Subject to Z X;iW; 8, = 0, X i=1~3
iR

Z YiiW; _Sr+ VYo T =1~3
i R

S

;0 0,i=1~3;5" 0,r=1~3;w; 0,jeR.

()

(6)

Using the solver function in Microsoft Excel, we calculated the value of each DMUj in

set R.

10



4. Result and Analysis

4.1 Weighted Analysis for Service/Repair Technicians’ Performance

Table II shows the data of the year 2003 collected from the sixteen Service/Repair
technicians. Using the FPx and LPyx model and the solver function in Excel, one solve the
models of the dual model (LPy) and (FPy), (v,", V5, V3 , U , U3 , uy ). Table III depicts the
solutions of the 16 DMUs. For DMU,, v, =0.111, v, = 0.888, v, /v, =8. It indicates that it is
advantageous for DMU, to weight Index X, 8 times more than index X, in order to
maximize the ratio scale measure by equation (1). In another words, a reduction in index X,
has a bigger effect on efficiency than does a reduction in index X,. The analysis of the
relative weight for each indicator is shown in Table III. We find that “Service/Repair Parts”
has a higher significance compared to “Service/Repair Overtime” and “Training Fees”. We
also find that low expenses in fService/Repair Parts” will yield better Service/Repair
performance.

Table  depicts slack analysis. We confirmithat there are four technicians demonstrating
high performance — numbers 8, 11, 13 'and 14. The s, s, , s3, s;", s, s3+ values for these four
technicians are all zero and Gk*=1. Therefore, we identify these four technicians as having
high performance while the other technicians show mixed results of relatively lower
performance.

For example, as Reference sets of Table , DMU;, has two reference sets, i.e. DMUg and
DMU,;. When DMU, acts as the object, Wy = 0.623, W3 = 0.348; and other Wj*’s are all
equal to zero, DMUjg provides more reference weight for DMU, than DMU ;. Substitute the
optimal solutions into the inequalities of model (DLPg), DMU, they are expressed as
following program in Table

0.695%x;;=0.623xx;51+0.348%xx;,5+ s; ,1=1~3

y,1=0.623%y,¢+0.348%y ;s ", r=1~3

11



Table II Performance indicator value for 16 Repair technicians

Performance )] (D 1)) (0) (0) (O)
of Repair |[Overtime |Consumption |Training Fees | Quality [Production |Production
Personnel | Repair of Repair |of Technology| Ratio of | Volume of | Value

(hr) Material Transfer Repair Repair (10K NT$)
(1K NT$) (1K NT$) (%) (100 units)
1 654 82.68 24.00 92 29.32 30.04
2 658 69.87 15.80 94 37.51 38.41
3 548 71.49 16.80 95 32.00 29.55
4 529 79.88 19.00 95 45.26 45.22
5 577 82.31 18.50 92 32.20 28.54
6 457 78.65 19.00 96 40.11 31.54
7 534 61.88 12.00 92 36.86 30.23
8 401 59.77 11.50 94 31.40 40.44
9 423 64.84 12.50 97 28.87 25.65
10 720 85.97 22.00 91 32.10 28.25
11 380 70.49 17.70 91 40.05 42.28
12 609 68.92 17.50 94 43.89 38.55
13 589 58.20 13:50 96 36.70 41.34
14 556 63.14 12:50 98 44.20 36.52
15 550 69:97 16.80 91 35.55 39.96
16 635 83.37 22.00 95 43.33 45.36
Table 111 Solutions of FP, and LP,

k P, v, Vz* V3* u, uy u3*

1 0.695 0.111 0.888 0 0.696 0 0

2 0.834 0.195 0.805 0 0.670 0.165 0

3 0.833 0.108 0.892 0 0.834 0 0

4 0.936 0.196 0.804 0 0 0.504 0.432

5 0.711 0.152 0.848 0 0.586 0.126 0

6 0.899 0.358 0.642 0 0.498 0.402 0

7 0.961 0 0 1 0.824 0.137 0

8 1 0.852 0.088 0.060 0.800 0.088 0.112

9 0.977 0.964 0 0.036 0.977 0 0

10 0.657 0.117 0.883 0 0.657 0 0

11 1 0.804 0.103 0.093 0.772 0.111 0.117

12 0.933 0.245 0.755 0 0 0.532 0.401

13 1 0.289 0.680 0.031 0.053 0.463 0.484

14 1 0.155 0.740 0.105 0.540 0.298 0.162

15 0.860 0.247 0.753 0 0.111 0.381 0.368

16 0.853 0.219 0.781 0 0 0.450 0.404

12




Table  Solutions of DLP, model

k | 8 wg | wy | wps Wiy S1 S sy s | s | st
1 0.695 0.623 0 0.348 0 0 0 4.827 0 3.023 | 9.553
2 0.834 10.083 0 0.602 | 0.290 0 0 0.478 0 0 0.419
3 0.833 [0.717 0 0.287 0 0 0 1.877 0 1.063 |11.331
4 10.936 0 0.715 | 0.114 | 0.282 0 0 0.081 | 8.592 0 0

5 0.711 10.842 0 0.005 | 0.126 0 0 1.840 0 0 10.327
6 0.899 [0.220 | 0.766 0 0.057 0 0 0.290 0 0 11.836
7 10.960 |0.421 0 0 0.535 [46.805 | 0.505 0 0 0 6.334
8 1 1 0 0 0 0 0 0 0 0 0

9 0.977 10.980 | 0.053 0 0 0 1.017 0 0 4.043 |16.246
10 [0.657 |0.483 0 0.474 0 0 0 2.496 0 0.493 110.918
11 1 0 1 0 0 0 0 0 0 0 0
12 10.932 0 0.046 | 0.169 | 0.811 0 0 3.089 | 5.890 0 0
13 1 0 0 1 0 0 0 0 0 0 0
14 1 0 0 0 1 0 0 0 0 0 0
15 |0.859 {0.191 | 0.286 | 0.470 | 0.018 0 0 0.595 0 0 0
16 |0.852 0 0.496 | 0.454 | 0.154 0 0 1.930 | 8.806 0 0

4.2 Analysis of Technicians with High Efficiency

As an improvement reference, each!Setvice/Repair technician with relatively lower
performance was compared to techniciang™Wwith higher performance. For example, in Table
, the reference points for technician number’12 are technicians 11, 13, and 14. The target
of technician 12 to improvement:is the linear.combination of technicians 11, 13, and14 with
weights w;;, w;3, and w,, respectively. Based on this methodology, we can locate the areas
for improvement for technicians with lower performance. One could compute the total
frequency of DMUg, DMU,;, DMU,;, DMU,, are referred by the others are 9, 6, 9 and 8

times, respectively.

4.3 Performance Improvement Analysis

We used DEA on performance improvement analysis to reflect the data points
generated by Service/Repair technicians with low performance onto an efficient frontier
constituted by the data points generated from Service/Repair technicians with higher
performance. Based on these reflection points, we can pinpoint every Service/Repair
technician’s improvement areas in terms of each individual’s input and output. As shown in

Table V, for example, Service/Repair technician 1 demonstrated relatively poor performance.

There are several improvements that can be made on the input indicators for Service/Repair

technician 1 to increase performance: the Service/Repair overtime should be reduced from

13



654 hours to 454.9 hours, the Service/Repair parts should be reduced from NT$ 82.67

thousand to NT$ 57.50 thousand, and the training fee should be reduced from NT$ 24

thousand to NT$ 11.87 thousand. Using this method, a manager can discover which areas

the technicians need to improve upon and provide technical assistance and resources

according to the individual needs of each technician.

Table V Improvement reference table for technicians with lower performance

No. of FOI272125875 | PFEFSZES F| Noof FOl2FoZE7s| PRIERSTEST
Repair| £ 6| REE|12ECE | EER 8RS | Repuir| SE|REE[2ECSE| EEEEEERES
Man S E|1zZE @85 SFE28zc & Man S E|zZE g3 2 ST FEElzc &
ES 25| 25| 2| 22EpE=¢E Ee|Z2E2| 285 2| 2=28E=¢
o |22 = =8 @ s S s8> S o |8 & =& o s 8"”:._/@3
88| AUg| F 2 mlgg| ~T g g 2
I~ < =8 =X < 2.
Score =8 =8 = Score =g 2 =
] 654" 82.678 24 92 29.32  30.04 9 423  64.84 12.5 97 28.87  25.65
45491°  57.51 11.87 92 3234 3959 41336 6234 1222 97 3291 419
-199.09
0.695 © 2517 <1203 0 302 955 gg77 | 964 25 028 0 404 1625
-30.44%" -30.44%  -50.56% 0.00%  10.31% 31.80% -2.28% -3.85% -2.28% 0.00% 14.01% 63.34%
) 658 69.87 15.8 94 37.51 3841 0 720 85.974 22 91 32.1  28.25
549.02 58.3 12.7 94 37.51 38.83 47329  56.51 11.97 91 3259 39.17
-108.98  -11.57 -3.1 0 0 042 -246.71  -29.46 -10.03 0 049 10.92
0.834 -16.56 0.657 | -3427
% -16.56%  -19.59% 0.00% 0.00%., .1.09% % -34.27%  -45.61% 0.00% 1.54% 38.65%
3 548  71.489 16.8 95 B [ 20885 3 380 70.485 17.7 91 40.05 42.28
456.78 59.59 12.13 95 33.06 40.88 380 70.485 17.7 91 40.05 42.28
-91.22 -11.9 -4.67 0 1.06 .+ 11.33 0 0 0 0 0 0
0.833 -16.65 1
% -16.65%  -27.82% 0.00% 3.32% 38.35% 0.00%  0.00% 0.00% 0.00% 0.00% 0.00%
4 529  79.876 19 95 4526 452214 4o 609 68.921 17.5 94 43.89 38.55
495.38 74.8 17.71 103.59 45264522 568  64.28 13.23  99.89 43.89 38.55
0.936 -33.62 -5.08 -1.29  8.59 0 0.932 -41 -4.64 -427  5.89 0 0
) -6.36% -6.36% -6.78% 9.04% 0.00% 0.00%| -6.73% -6.73%  -2439% 6.27% 0.00% 0.00%
5 577 82.31 18.5 92 322 2854 13 589 58.201 13.5 96 36.7 41.34
410.7 58.59 11.33 92 322 38.87 589 58.201 13.5 96 36.7 41.34
-166.3  -23.72 =717 0 0 10.33 0 0 0 0 0 0
0.711 -28.82 1
% -28.82%  -38.77% 0.00% 0.00% 36.19% 0.00%  0.00% 0.00% 0.00% 0.00% 0.00%
p 457  78.651 19 96 40.11 31.54 " 556 63.138 12.5 98 442  36.52
411.1 70.75 16.8 96 40.11  43.38 556  63.138 12.5 98 442  36.52
-45.9 -7.9 =22 0 0 11.84 0 0 0 0 0 0
0.899 -10.04 1
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7 534  61.876 12 92 36.86  30.23 s 550  69.972 16.8 91 35.55 39.96
466.2 58.94 11.53 92 36.86  36.56 472.82  60.15 13.85 91 35.55 39.96
-67.8 -2.94 -0.47 0 0 6.33 -77.18 -9.82 -2.95 0 0 0
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1 0.852 -14.72
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a: performance value; b: projection value; c: difference; d: percentage
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5. Performance Scoring and Ranking

5.1 Stepwise Total Ranking Method

The Stepwise Total Ranking Method (STRM) removes DMUs with performance scores
equal to 1 from the set R, and then reevaluates and ranks the remaining DMUs in set R.
Therefore, after performing the first DEA, DMUs with higher performance are removed
from set R and the remaining DMUs with lower performance form a secondary efficient
frontier. Since the comparison made in the secondary efficient frontier is among DMUs with
lower performance, the DMUs that fall on this new efficient frontier (with a performance
ratio of 1) are the Service/Repair technicians with comparatively better performances in this

new set.

Repeating these steps, we can categorize.all DMUs into different efficient frontiers.
The DMU that falls on any of these efficient frontiers will have a performance ratio of 1 for
that particular efficient frontier. Sinceleach-efficient frontier is ranked relative to each other
in terms of performance, the DMUs ¢an be also‘ranked by the efficient frontier they are
located on. This method, however, still has certain limitations within DEA. When the
number of DMUs is less than twice the number of input and output variables, this is the end

of DEA. Therefore, the remaining unanalyzed DMUs are considered the worst performers.

From previous analysis, we found that technicians 8, 11, 13, and 14 have higher
performance. Yet, we wanted to understand the relative performance ranking among these
four technicians, and ranked them according to a methodology proposed by Andersen &

Petersen (1993), as shown in programs 7 and 8.
Min 0y (7)

Subjectto 0, xy — Z x;w;  0,1=1~3
i R,
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Z YW Yo T =1~3
i R,j=

Oy free, w;  0,jeR.

Max Sy -+52- +S3- +Sl+ +52+ + S3+

_ * .
Z Xijo +Si :ek Xiks 1 =1~3
J Rj=

Subject to

+
z Yrjwj Sy TV I =1~3
j R,j&

s; 0,i=1~3;s" 0,r=1~3; w;

i

5.2 Performance Evaluation and Ranking

(8)

0,jeR.

Let Set E be the set of high performatice technicians. Let Set R,={1, 2, ..., 16} be the

E,={7,9,4, 12,6, 15,2}.

set of technicians being evaluated for thefirst time. We used the Excel solver function to
solve equations 5 and 6. Then, we solved equations.7 and 8 to obtain the set of technicians
with high performance, E,={8, 11, 14, 13}. After eliminating the four technicians with the
highest performance, we constructed a new set to conduct a second evaluation. We let R,=
R;-E;,and R,={1,2,3,4,5,6,7,9, 10, 12, 15, 16} to represent the twelve technicians
being evaluated for the second time. After applying Excel to solve equations 7 and 8 again,

we obtained a second set composed of technicians with the second highest performance, or

We repeated the process again after eliminating the technicians with the highest and

performance to the lowest.
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second highest performances. We found the set that represented the technicians with the

lowest performance, or R;={16, 3, 5, 1, 10} where R;=R,-E,. Table VI shows the

performance evaluation scores for the sixteen Service/Repair technicians from the highest



Table VI shows Performance evaluation level and percentage of Service/Repair

technician's depend on Z Company request in 2003: S, A+, A, A- ,and B the percentage10%,
30%, 30%, 25%, and 5%.We will depend on the Table VI result and Z Company percentage
request allotted the performance level of Service/Repair technician's.

DMUg DMU|, gave performance level of “S”; DMU,,, DMU,; DMU,, DMU,, DMU,
obtain performance level of “A+”; DMU,;, DMU, DMU,5, DMU, obtain performance level
of “A”; DMU,;,, DMU; DMU;s, DMU; obtain performance level of “A-", and DMU,, obtain

performance level of “B”.

Table VI Service/Repair technicians’ evaluation and ranking

High Efficiency
Level Service/Repair
Personnel

Second High Efficiency Low Efficiency
Service/Repair Personnel Service/Repair Personnel

No. of

ServiceRepair | g 13 14 13| 7 9“4 M2-6 15 2|16 3 5 1 10
Personnel

Performance
Value of 1.26 1.25 1.16 1.09}1:251.2371T.19 1.08 1.08 1.01 1.00| 0.95 0.90 0.77 0.76 0.71
Service/Repair
Performance 1 2 3 4|5 6 7 8 9 10 11|12 13 14 15 16
Ranking

Table Service/Repair technician’s of Z Company evaluation level
Level by Z company | S A+ A A- B
Proper 1.6 4.8 4.8 4 0.8
Number (10%) (30%) (30%) (25%) (5%)
Evaluation Number 2 5 4 4 1

Our research also took into consideration the company’s corporate and organizational
goals. We converted measurement indicators into quantifiable numbers to objectively
evaluate the performances of the Service/Repair technicians. As long as the input indicators

are clear and unambiguous, using computer software, we can provide analysis and reference
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data for managers in a short period of time. This analysis report and reference data can
significantly improve and enhance the entire organization’s competitiveness. Since
Company Z had already installed an internal data collection system, it would not be difficult
to obtain these data. From the demonstration of our evaluation method, Company Z can
incorporate our method into its different departments to conduct performance evaluations

accordingly.

Company Z decided to adopt our evaluation method to evaluate its Service/Repair
technicians, beginning in 2004. It is also seeking to quantify other important performance
indicators such as innovation, teamwork, etc. It is planning to expand our method to its

R&D and engineering departments as well.
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6. Conclusion and Recommendation

In the communication product industry, rapid and effective performance evaluations
are a crucial factor for companies seeking to gain a competitive edge. We must select a
more appropriate performance evaluation method in order to form healthy interactions
within an organization and reduce conflicts, especially for personnel in organizations whose
evaluations are difficult to perform due to professional expertise, flexible actions, or
unsteady output. Data Envelopment Analysis (DEA) is a less controversial data analysis
method that utilizes mathematical operations. This analysis method only demonstrates the
evaluation of relative performances, so using this method to conduct performance

evaluations will verify the authenticity of the input data.

In our research, we successfully completed an assessment of company Z’s
Service/Repair technicians’ performance evaluations."Our method presents company Z with
additional evaluation alternatives and mdiréctly influences other engineering departments to
switch evaluation methods and/or to Teview the indicators. We hope that through this

research, we can contribute to other communication product companies as well.

In future Service/Repair technician performance evaluations, we can compare data
collected from two consecutive years, making the performance evaluations more accurate
and thorough. If we can quantify indicators such as innovation and teamwork and
incorporate them into our performance evaluation method, we will be able to grasp
continuous trends and data for further analysis. Furthermore, we can provide improved and

objective planning for future management of global Service/Repair personnel.
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