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I. INTRODUCTION 
 
This paper discusses how to address zero undesirable 
outputs in data envelopment analysis (DEA). DEA 
has been widely used as a decision-making tool for 
assessing the relative performance of business 
operations. A growing body of researchhas focused 
on the desirable outputs of business operations and 
the occurrence of undesirable outputs [1, Chang et al., 
2]. Undesirable outputs appear in many areas 
[3].Traditional DEA models assume that zero 
undesirable outputs are only feasible when desirable 
outputs are not produced [4, 5]. 
Becausesomedesirable outputs are jointly produced 
with pollutant emissions [6, 7]. However, zero values, 
especially for undesirable outputs, could exist in 
certain situations. For instance, the process of 
business operation may generate occupational 
accidents[8-10]. Because the occurrence of accidents 
may be a random phenomenon (Beriha et al. 2011), 
the number of accidents might be zero over a 
particular period of time for some firms. 
This paper discusses various methods for treating 
zero undesirable outputs, based on the slack-based 
measure (SBM) proposed by Tone [11]. The 
nonradial SBM model is more suitable than the radial 
models for dealing with undesirable outputs [Chang 
et al.,6, 12, 13]. The occurrence of zero values in 
production factors is widely observed in many DEA 
applications [14]. If any one input is of value zero, 
Cooper et al. [15] stated that the ratio of the slack 
divided by the value of the input should be deleted 
from the objective function. Cooper et al. [15] and 
Tone and Tsutsui [16] also suggested that a zero 
value for desirable outputs should be replaced by 
small positive numbers.Sueyoshi and Goto [14]also 
discussed how to treat zero values in a data set using 
the property of translation invariance in the nonradial 
DEA model. Unfortunately, their approach does not 
work for the SBM model. In addition, zero values for 

undesirable outputs have received little attention in 
the DEA literature. 
 
II. THE SBM FRAMEWORK 
 
This paper assumed ndecision making units (DMUs) 
to be evaluated. Each DMU j(j = 1, …, n) has m 
inputs x (i = 1, …, m), produces p desirable outputs 
y  (r = 1,…, p) and q undesirable outputs y  (k = 
1,…,  q ).In this paper, the nonoriented overall 
efficiency ρ is defined by 

Minimize ρ

=
1−

1 + +

           (1) 

subject to 

λ x + s = x i = 1, … , m(1.1) 

λ y − s = y  r = 1, … , p (1.2) 

λ y + s = y k = 1, … , q    (1.3) 

λ ≥ 0, s ≥ 0, s ≥ 0, s ≥ 0             
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where s  is the slack in the ith input, s  in the rth 
desirable output and s  in the kth undesirable output. 
In this model, 0 < ρ∗ ≤ 1, and s∗ = 0 and ρ∗ = 1 are 
representative of DMU  with SBM efficiency. If 
x = 0 , then the term  was deleted from the 

objective function. If y = 0 , then we replaced it 

with a very small positive number so that the term  

plays a role of penalty. Hence, this model did not take 
into account zero undesirable output data for 
efficiency evaluation. 
 
To address y = 0, this paper used two methods. In 
method 1, this paper replaced it with a small positive 
number that is not counted in the efficiency because 
undesirable outputs have the same characteristic as 
inputs that are less favorable. In method 2, this paper 

deleted the term  in the objective function, where 

the term  is bounded by 1 via the constraint (1.3). 
 
III. AN EMPIRICAL STUDY OF TAIWAN’S 
MAJOR INDUSTRIAL SECTORS 
 
These input, desirable output and undesirable output 
variables have been used by Yeh [3] to measure the 
business operations performance of Taiwan’s major 
industrial sectors.Table 1 displays three inputs, a 
single desirable output and three undesirable outputs 
of 11 industrial sectors in Taiwan in 2013. The three 
types of industrial accidents(which include being 
wounded or ill, disability and death) were collected 
from the official statistics of the Ministry of Labour 
(http://statdb.mol.gov.tw/statis/). The other industrial 
variables were gathered from the Statistics 
Committee of Directorate General of Budget, 
Accounting and Statistics, Executive Yuan of Taiwan 
(http://ebas1.ebas.gov.tw).   
 
Table 1. Data on the three inputs, a single desirable output and 

three undesirable outputs 

 
 

IV. RESULTS AND DISCUSSION 
 
Table 1 shows that the Mining and Quarrying sector 
had a zero death rate in 2013. Thus, this paper uses 
the two methods to treat zero values for occupational 
injury rates (undesirable outputs). Their SBM 
efficiency scores ( ρ∗ ) are reported in Table 2.In 
method 1, the zero death rate in Mining &Quarrying 
sector is replaced by a very small positive number, 
e.g., 10– , 10–  and 10– . In method 2, the slack ratio 
index of death rate was deleted from the SBM 
efficiency scores of the Mining &Quarrying sector 
evaluations. This table shows that if the zero death 
rate is less than 10– in method 1, then its SBM 
efficiency score (ρ∗) for the two methods are almost 
the same. Therefore, there is no significant difference 
between the two methods. Furthermore, it was 
observed that either in method 1 or method 2, the 
SBM efficiency scores ofthe Arts, Entertainment & 
Recreation industry is the lowest. 
 

Table 2. Comparison of the two methods for treating zero 
undesirable outputs to measure efficiency scores 

 
 
This paper adoptsslack variable analysis to determine 
each industrial variableof the Arts, Entertainment 
&Recreation sector and the other inefficient industrial 
sectors (see Tables 3). The difference in the employee 
turnover rate for the Arts, Entertainment &Recreation 
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sector is 97.09%. This sector has the highest 
employee turnover rate and has often struggled to 
attract quality talent because of its relatively low 
wages. The number of jobs in this industry has grown 
significantly in Taiwan in the past few decades with 
the expansion of the recreation and tourism industry. 
However, most of these jobsare part-time or seasonal 
positions. Management in this industry should 
provide employees with more opportunities to obtain 
full-timepositions. Construction (94.57%) has the 
greatest difference in death rate. Previous studies also 
found that Taiwan's construction industry has a very 
high incidence of death [17-20]. It is important to 
provide effective safety training to ensure that all 
construction workers acknowledge and follow safety 
requirements when working in any potentially 
dangerous situations [19, 21, 22].The 
Accommodation &Food Services sector (91.41%) has 
the greatest difference in the rate of injury or illness. 
Workers in the restaurant industry generally incur 
injuries from slips and falls, lacerations, and 
punctures [23, 24]. Among them, Ll, et al. [25] 
showed that slips and falls are common in restaurant 
kitchens in Taiwan. Workers in the hotel industry 
incur injuries from lifting, bending, twisting and 
reaching [23]. Work-related musculoskeletal 
disorders such as lower back pain, fatigue, body ache 
and pain in the limbs are also common among hotel 
and restaurant workers in Taiwan [26]. Accident 
prevention can significantly reduce work-related 
illnesses and injuries in these industries (for details of 
specific prevention strategies, see the European 
Agency for Safety and Health at Work [27]). The 
Real Estate &Residential &Service sector (53.18%) 
has the greatest difference in the consumption of 
fixed capital.Moreover, the Professional, Scientific & 
Technical Services sector and the Human Health & 
Social Work Services sector should reduce the 
amount of overtime work performed by their 
employees. The overtime work can undermine 
employees’ safety awareness, which can lead to 
accidents. Adjusting the amount of overtime should 
be adopted to reduce accidents in these industrial 
sectors. 
 

Table 3. The different rates for each input, desirable output 
and undesirable output variable 

 

CONCLUSIONS 
 
This paper discusses two methods for handling zero 
undesirable outputs in the DEA and compares the 
resulting efficiency scores. This paper illustrates 
these methods using an empirical application to 
evaluate the business operations performance of 11 
industrial sectors in Taiwan. There is no significant 
difference between the two methods for treating zero 
undesirable outputs. Taiwan’s government should 
focus on designing improved production factors and 
safety regulations and adopting effective safety 
training for each separate industry, especially for the 
Arts, Entertainment & Recreation sector. These 
findings will help policymakers effectively improve 
their business operations performance based on the 
specific contexts of each industry. 
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