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Abstract

:

Numerous scholars have invested in the research of service innovation management, hoping to find a more objective and scientific service efficiency evaluation and management model so as to stride forward towards the goal of smart innovation management. In the service operating system, the multi-workstation service operation is one of the common service operation models. Some studies have pointed out: apart from a good service attitude, the service operation time of each workstation is a key factor which measures the performance of the workstation’s service operation. Therefore, this paper proposed a standardized concept with a service operation efficiency evaluation index. This index is not only convenient and easy-to-use, but it also has a one-to-one mathematical relationship with the performance achievement rate. Next, the radar evaluation chart was employed to evaluate the service efficiency of each workstation. First, according to the upper confidence limit and the required value of the index, the minimum value (MV) of the index estimator was derived and marked on each radar line; at the same time, all MVs were connected to form a control block. When the point estimate of the index does not fall into the control block of the radar chart, it represents that the service operation efficiency of the workstation has not reached the required level, so it needs to be improved. Because this model can directly compare the point estimate of the index with the MV, it can judge whether the service operation efficiency reaches the required level. In this way, the advantage of simple and easy-to-use point estimate can be maintained, and the risk of misjudgment caused by sampling errors can be reduced as well, which is helpful for the service industry to move towards the goal of intelligent innovation management. This method is not only applied to the performance evaluation of the multi-workstation service operation process but also applicable to the performance evaluations of other service operations.
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1. Introduction


With the gradual maturity of analysis technologies such as the Internet of things (IoT) and big data, smart innovation management has become the mainstream for enterprises to pursue sustainable operations. Many scholars have engaged in research on service innovation management in the hope of seeking a more objective and more scientific service efficiency evaluation and management model [1,2,3,4,5,6]. As noted by Chen et al. [7], owing to the improvement of customers’ financial status, they have expressed more concern about the service quality and demanded more value-added services, including service attitude and administrative efficiency. Many administrative operations and commercial service operation systems of government agencies and education mostly belong to the multi-workstation service operation process, such as various application procedures of various government agencies, admissions for freshmen and school-leaving procedures for undergraduates, bank loan operations and medical care process [7,8,9,10,11]. Therefore, we propose a performance evaluation model for the multi-workstation service operation process. Obviously, the service operation efficiency of each workstation will affect the overall service operation efficiency.



Based on the concept of Chen et al. [7], in addition to having a good service attitude, the service operation time of each workstation is a crucial factor in measuring the service operation efficiency of the workstation [12,13]. Lin et al. [14] stated that from the perspective of performance evaluation, the index is a unitless and easy-to-use evaluation and management tool that can concretely present organizational efficiency and provide a reference for improvement directions [15,16,17], in order to reduce the waste of management resources and time. As a result, this paper proposes a standardized concept with a service operation efficiency evaluation index to evaluate the service operation efficiency of each workstation. This index is not only convenient and easy-to-use, but it also has a one-to-one mathematical relationship with the performance achievement rate.



Many studies have indicated that since indicators have unknown parameters, they must be estimated by the sampled data. Although it is relatively simple and easy-to-use to evaluate the service efficiency of each workstation using the point estimate of the indicator, the point estimate will cause misjudgment due to sampling errors [18]. Accordingly, this study first derives the upper confidence limit of the service efficiency index for each workstation and calculates the minimum value (MV) of the index estimator based on the upper confidence limit and the required value of the index. Next, this study directly compares the point estimate of the index with the MV, so that we can determine whether the service operation efficiency has reached the required level. Thus, the benefit of simple and easy-to-use point estimate can be retained, and the risk of misjudgment resulting from sampling errors can be diminished.



Furthermore, a large number of studies have also suggested that the radar chart is a visual 2D plan, which is a practical graphical analysis and management tool with high readability and a wide range of applications, including engineering, education, management, etc. [19,20,21,22,23,24,25,26,27]. The radar chart can evaluate the performance of all workstations at the same time. Therefore, we can grasp the full picture and total performance of the entire multi-workstation system as well as find out the workstations that need to be improved in real time. Hence, this paper will use the radar chart to monitor and manage the service operation efficiency for each of the above-mentioned workstations. Each radar line is employed to evaluate the service operation efficiency of each workstation. First, all MV values of all radar lines are connected to form a control block. Next, the point estimate of the indicator is labeled on the corresponding radar line. Through the radar chart, it can be obviously seen at a glance whether the point estimate of each indicator falls into the control block of the radar chart. When the point estimate of the indicator falls into the control block of the radar chart, it means that the point estimate of the indicator is smaller than the MV, showing that the service operation efficiency of the workstation has not reached the required level, so it needs to be improved. In contrast, when the point estimates of all indicators do not fall into the radar chart control block, it means that the point estimates of all indicators are larger than the MV, demonstrating that the performance of the multi-workstation service operation process has reached the required level.



As noted above, the advantages of the novel service efficiency evaluation and management model include: (1) the method has a simple and easy-to-use point estimate which can be maintained, (2) this model can evaluate the performance of the multi-workstation service operation process as well as directly monitor whether the service operation efficiency of each workstation needs to be improved at the same time, (3) the risk of misjudgment caused by sampling errors can be reduced as well, (4) this model is helpful for the service industry to move towards the goal of intelligent innovation management, and (5) this method is not only applied to the performance evaluation of the multi-workstation service operation process but also applicable to the performance evaluations of other service operations.



The other sections of this paper are organized as follows. In Section 2, we propose a multi-workstation service efficiency index and discuss its characteristics. In Section 3, we derive the upper confidence limit of the service efficiency index based on Boole’s inequality and DeMorgan’s theorem. Subsequently, according to the upper confidence limit and the required value of the index, we deduce the MV of the index estimator. In Section 4, we employ a case study to construct a radar chart which evaluates the multi-workstation service operation efficiency and explain its application. Finally, we make conclusions in Section 5 and limitations and future research in Section 6.




2. Service Efficiency Index


Without loss of generality, this paper assumes that the service operation must go through the service process of w workstations to complete. As mentioned earlier, the service operation efficiency of each workstation will affect the overall service operation efficiency. Let




	
   X h    represent the service operation time of the hth workstation and;



	
   U h    represent the upper limit of the service operation time of the hth workstation.








Let random variable    Y h  =     X h   /   U h      , h = 1, …, w. The value of    U h    is usually determined by the self-regulation of the performance appraisal department or the operating unit. Then,    Y h    represents the relative service operation time of the hth workstation, and the upper limit of the relative service operation time is one. Suppose random variable    X h    is distributed as normal distribution with mean    μ h    and standard deviation    σ h   . Then, random variable    Y h    is distributed as normal distribution with mean    δ h    and standard deviation    γ h   , where    δ h  =    μ h   /   U h      and    γ h  =    σ h   /   U h     . The service efficiency index is denoted as follows:


    S  I h     =   1 −  δ h     γ h      



(1)




where we can call    δ h    related mean and    γ h    related standard deviation.



According to Chen et al. [7], when related mean    δ h    and related standard deviation    γ h    are smaller, the service time is stable and the efficiency is better for workstation h. Based on the above discussion, the larger the service efficiency index, the better it can indicate objective service efficiency. If the index value is zero, the job is finished on time. If it is a negative number, the job cannot be finished on time. If it is a positive number, the job has better service efficiency.



Furthermore, under the assumption of normality, there is a one-to-one mathematical relationship between service efficiency index    S  I h     and service accomplishment rate  p , which can be shown as follows:


  p =  p  {   Y h  ≤ 1  }   =  p  {  Z ≤   1 −  δ h     γ h     }   =  Φ  (   S  I h    )  ,   



(2)




where   Z =    (   Y h  −  δ h   )   /   γ h      is distributed as standard normal distribution denoted by   Z ~ N ( 0 , 1 )  . Let    S  I h     = z, then   Φ  ( z )  =    ∫  − ∞  z    (  1 /   2 π    )     e x p  (  −  z 2  / 2  )   d z    is the cumulative function of standard normal distribution. For example, when index    S  I h     = 3, then we can guarantee the service accomplishment rate   p = Φ  ( 3 )    = 99.865%. In Figure 1, the x-coordinate is index    S  I h    , and the y-coordinate is service accomplishment rate   p = Φ  ( 3 )    = 99.865%. Obviously, when the value of index    S  I h     is large, the value of service accomplishment rate  p  is also large.



Apparently, service efficiency index    S  I h     can not only measure the service efficiency of workstation h, but it also has a one-to-one mathematical relationship with the service accomplishment rate. Therefore, this paper will use the service efficiency index to propose a service efficiency evaluation model, which is to evaluate whether the service operation efficiency of each workstation can meet the required level and is used as a decision-making basis for improvement.




3. Upper Confidence Limit of Service Efficiency Index and Minimum Value


Let    Y  h , 1   , … ,  Y  h , j   , … ,  Y  h , n     be a random sample form   N  (   δ h  ,  γ h 2   )    with sample size n, then the maximum likelihood estimators (MLE) of    δ h    and    γ h    of the hth workstation can be obtained as follows:


    δ h ∗    =  1 n    ∑  j = 1  n    Y  h , j         and    γ h ∗   =     1 n    ∑  j = 1  n      (   Y  h , j   −  δ h ∗   )   2        



(3)







Therefore, the estimator of service efficiency index is indicated as follows:


    S  I h  ∗   =    1 −  δ h ∗     γ h ∗      



(4)







Under the assumption of normality, we let:


   T =    n   (   δ h ∗  −  δ h   )     γ h ∗        and   K =   n  γ h  ∗ 2      γ h 2    .   



(5)







Then, statistics  T  is distributed as t-distribution with n − 1 degree of freedom, denoted by   T ~  t  n − 1    . Furthermore, statistics  K  is distributed as chi-square distribution with n − 1 degree of freedom, denoted by   K ~  χ  n − 1  2   . To derive the    (  1 − α  )  × 100 %   upper confidence limit of service efficiency index    S  I h    , this paper defines two events as follows:


    L δ    =  {  T ≤  t   α /  2 ; n − 1      }    =  {   δ h  ≥  δ h ∗  −    t   α /  2 ; n − 1        n     γ h ∗   }    



(6)




and


   U γ  =  {  K ≤  χ    1 − α  / 2  ; N − m  2   }  =  {   γ h  ≥    n   χ    1 − α  / 2  ; n − 1  2       γ h ∗   }  ,  



(7)




where    χ  1 − α / 2 ; n − 1  2    is the lower   1 − α / 2   quintile of    χ  n − 1  2   . In fact,   p  (   L δ   )  =  p  (   U γ   )     = 1 −    α / 2    and   p  (   L δ C   )  =  p  (   U γ C   )   =   α / 2    . According to Boole’s inequality and DeMorgan’s theorem, we have   P  (   L δ  ∩  U γ   )  ≥ 1 −  p  (   L δ C   )   −  p  (   U γ C   )    = 1 − α   . Then


      p  {  T ≤  t   α /  2 ; N − m     , K ≤  χ  1 −  α / 2  ; N − m  2   }  = 1 − α      ⇒  p  {   δ h  ≥  δ h ∗  −  t   α /  2 ; n − 1        γ h ∗     n    ,  γ h  ≥    n   χ    1 − α  / 2  ; n − 1  2       γ h ∗   }  ≥ 1 − α      ⇒  p  {   δ h  ≥  δ h ∗  −  t   α /  2 ; n − 1        γ h ∗     n    ,  γ h  ≥    n   χ    1 − α  / 2  ; n − 1  2       γ h ∗   }  ≥ 1 − α      ⇒  p  {  1 −  δ h  ≤ 1 −  δ h ∗  +  t   α /  2 ; n − 1     ×  (     γ h ∗     n     )  ,  1   γ h    ≤  1   γ h ∗         χ  1 − α / 2 ; n − 1  2   n     }  ≥ 1 − α .      ⇒  p  {   S  I h   ≤  (   S  I h  ∗  +    t   α /  2 ; n − 1        n     )       χ  1 − α / 2 ; n − 1  2   n     }  ≥ 1 − α      



(8)







Therefore, the upper confidence limit of service efficiency index is:


   U  S  I h     =  (   S  I h  ∗  +    t   α /  2 ; n − 1        n     )       χ  1 − α / 2 ; n − 1  2   n      



(9)







To determining whether the service efficiency meets the required value for the hth workstation, we adopt the following:




	
Null hypothesis    H 0   :    S  I h   ≥ k  ;



	
Alternative hypothesis    H 1   :    S  I h   < k  .








Let    y  h 1   , … ,  y  h j   , … ,  y  h n     be the observed value of    Y  h 1   , … ,  Y  h j   , … ,  Y  h n     for the hth workstation, then the observed values of    S  I h  ∗    and   U  S  I h     are:


    S  I h 0  ∗   =    1 −  δ  h 0  ∗     γ  h 0  ∗        and   U  S  I h 0     =  (   S  I h 0  ∗  +    t   α /  2 ; n − 1        n     )       χ  1 − α / 2 ; n − 1  2   n    ,   



(10)




where


    δ  h 0  ∗    =  1 n    ∑  j = 1  n    y  h , j         and    γ  h 0  ∗    =    1 n    ∑  j = 1  n      (   y  h , j   −  δ  h 0  ∗   )   2      .   











If the upper confidence limit of the service efficiency index is used as a statistical test tool, it can be judged whether the service performance meets the requirements as long as the value of the upper confidence limit is greater than the required value of the index. Although the point estimate of the indicator is usually the most direct and easy-to-use, the disadvantage is that it will cause the risk of misjudgment due to sampling errors. Therefore, through the relationship that the value of the upper confidence limit is greater than the required value of the indicator, the point estimate converted to the indicator is greater than the MV value, which will help practical applications and at the same time will not lead to the risk of misjudgment due to sampling errors. Obviously, when   U  S  I h 0   ≥ k  , then


    (   S  I h 0  ∗  +    t   α /  2 ; n − 1        n     )       χ  1 − α / 2 ; n − 1  2   n     ≥ k  








equivalent to    S  I h 0  ∗  ≥   MV, where MV is the minimum value as follows:


  M V =     n   χ  1 − α / 2 ; n − 1  2      × k −    t   α /  2 ; n − 1        n    .   











Therefore, the statistical hypothesis testing rules are defined below:




	(1)

	
If    S  I h 0  ∗  ≥   MV, then do not reject    H 0    and conclude that    S  I h   ≥ k  .




	(2)

	
If    S  I h 0  ∗  <   MV, then reject    H 0    and conclude that    S  I h   < k  .









To sum up, the flowchart of the proposed model as shown in Figure 2.




4. A Case Study


As mentioned earlier, the set service operation must go through the service process of 5 workstations (w = 5) to complete. Assume there are n service operations and let    Y  h , j   =  y  h , j     for  h  = 1, 2, 3, 4, 5 and j = 1,2,…, n, then the random variable matrix of    [   Y  h , j    ]    and the observed value matrix    [   Y  h , j    ]    can be displayed as follows:


    (     Y  1 , 1   , … ,  Y  1 , j   , … ,  Y  1 , 100        Y  2 , 1   , … ,  Y  2 , j   , … ,  Y  2 , 100        Y  3 , 1   , … ,  Y  3 , j   , … ,  Y  3 , 100        Y  4 , 1   , … ,  Y  4 , j   , … ,  Y  4 , 100        Y  5 , 1   , … ,  Y  5 , j   , … ,  Y  5 , 100      )   =   (     y  1 , 1   , … ,  y  1 , j   , … ,  y  1 , 100        y  2 , 1   , … ,  y  2 , j   , … ,  y  2 , 100        y  3 , 1   , … ,  y  3 , j   , … ,  y  3 , 100        y  4 , 1   , … ,  y  4 , j   , … ,  y  4 , 100        y  5 , 1   , … ,  y  5 , j   , … ,  y  5 , 100      )   =   (    0.34 ,   0.33 ,   0.36 ,   … ,   0.33     0.30 ,   0.31 ,   0.29 ,   … ,   0.31     0.33 ,   0.32 ,   0.30 ,   … ,   0.32     0.39 ,   0.35 ,   0.37 ,   … ,   0.40     0.27 ,   0.30 ,   0.29 ,   … ,   0.28    )    











Therefore, the observed values of    S  I h  ∗    for  h  = 1, 2, 3, 4, 5 with sample size  n  = 100 and  α  = 0.05 are expressed as follows:


   S  I 10  ∗  =   1 −  δ  10  ∗     γ  10  ∗    =   1 − 0.35   0.128   = 5.08 ,  










   S  I 20  ∗  =   1 −  δ  20  ∗     γ  20  ∗    =   1 − 0.31   0.139   = 4.96 ,  










   S  I 30  ∗  =   1 −  δ  30  ∗     γ  30  ∗    =   1 − 0.32   0.135   = 5.04 ,  










   S  I 40  ∗  =   1 −  δ  40  ∗     γ  40  ∗    =   1 − 0.38   0.149   = 4.16 ,   and  










   S  I 50  ∗  =   1 −  δ  50  ∗     γ  50  ∗    =   1 − 0.29   0.139   = 5.11 .  











Then, calculate the MV as follows:


  M V =     100    χ  0.975 ; 99  2      × 5 −    t  0.025 ; 99       100     =      100   128.422     × 5 −   1.984   10    = 4.214 .  











Therefore, the statistical hypothesis testing rules are defined as follows:




	(1)

	
If    S  I h 0  ∗  ≥   MV, then do not reject    H 0    and conclude that    S  I h   ≥ k  .




	(2)

	
If    S  I h 0  ∗  <   MV, then reject    H 0    and conclude that    S  I h   < k  .









As mentioned earlier, this paper will then use the five-axis radar chart with five 72-degree equal angles to evaluate the service operation efficiency of five workstations. First, mark the points located at 4.214 units (MV = 4.214) away from the center of five axes and connect these five points to form a regular pentagon. This paper calls this regular pentagon an evaluation block. Next, the estimated values of the service efficiency indicators for the above-mentioned five workstations are labeled on the five axes, as shown in Figure 3 below:



According to the above statistical testing rules, the service efficiency of Workstations 1, 2, 3, and 5 all meets the requirement, whereas the service efficiency of Workstation 4 does not meet the requirement, so its improvement is needed. When the service operation efficiency of all workstations meets the requirements, it means that the multi-workstation service operation efficiency has reached the required performance level. Obviously, this method can evaluate the performance of five workstations in the case study at the same time, which is equivalent to grasping the total performance of all workstation systems. Moreover, this method can immediately discover that the performance of Workstation 4 is poor, so it needs to be improved. If only the total performance of the process is evaluated, it is possible that the performance of the other four workstations is relatively good and the poor performance of the Workstation 4 is unnoticed. Thus, the opportunity for improvement will be missed.




5. Conclusions


The efficiency evaluation model of the multi-workstation service operation process proposed by this paper is to evaluate the service operation efficiency of each workstation by means of the radar evaluation chart. The radar chart is a practical graphical analysis and management tool that can clearly see at a glance whether the point estimate of each indicator falls into the control block of the radar chart, so as to achieve the overall efficiency evaluation effect of multiple workstations. Additionally, the index value for each radar line represents the service operation efficiency of each workstation. In addition, the index is a unitless and easy-to-use evaluation and management tool that can concretely present the service operation efficiency of the workstation and provide a reference for improvement directions, in order to reduce the waste of management resources and time. After reviewing the multi-workstation service operation efficiency evaluation model proposed by this paper, we can list its advantages as follows:




	(1)

	
The service efficiency evaluation index of each workstation is not only convenient and easy-to-use, but it also has a one-to-one mathematical relationship with the performance achievement rate.




	(2)

	
The point estimate of the indicator can be directly compared with the MV to determine whether the service operation efficiency has reached the required level. In this way, the advantage of simple and easy-to-use point estimate can be maintained, and the risk of misjudgment due to sampling errors can be reduced.




	(3)

	
The MV is derived based on the upper confidence limit and the required value of the index, so it can reduce the risk of misjudgment caused by sampling errors.




	(4)

	
The proposed novel service efficiency evaluation and management model can evaluate the efficiency of the multi-workstation service operation process as well as can directly monitor whether the service operation efficiency of each workstation needs to be improved at the same time, which will help the service industry move towards the goal of intelligent innovation management.




	(5)

	
Compared with the model that only evaluates the overall performance of the process, the model proposed in this paper is relatively unlikely to miss opportunities for improvement. In addition to the performance evaluation of the multi-workstation service operation process, it is also applicable to the performance evaluations of other service operations.










6. Limitations and Future Research


The theoretical derivation of this study is to assume that the data is normally distributed. When the data is abnormally distributed, the error may be relatively large using this model. Therefore, abnormal distribution data can be explored in the future. In addition, the number of samples may be smaller in response to enterprises’ needs of quick responses. Furthermore, in the case of small samples, it is also an important issue to propose an accurate evaluation model.
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Figure 1. The relationship between service efficiency index and service accomplishment rate. 
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Figure 2. Flowchart of the service efficiency evaluation and management model. 
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Figure 3. Radar evaluation chart of service operation performance for multiple workstations. 
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