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TAKeNAKA (Takeshi), Nisuikoorr (Hiroshi), NisHino (Nariaki), W ATANABE
(Kentaro), « Reconception des systémes de services fondée sur la satisfaction
des employés, la satisfaction des clients et la productivité du travail »

RisumE — Cette étude utilise des indicateurs normalisés de satisfaction des
employés (SE), de satisfaction des clients (SC) et de productivité pour évaluer
les services existants et pour identifier les écosysteémes de services qui réalisent
simultanément des valeurs appropriées pour les clients, les employés et les
fournisseurs de services. Tout d’abord, les résultats sont obtenus en utilisant
des SE et SC standardisés a partir de la comparaison des industries et des
entreprises. Ensuite, un modele théorique de service est construit d’'un point
de vue de théorie des jeux selon une analyse empirique des données. Sur la
base de ce modele de service, une simulation informatique est réalisée pour
tester les modeles de service possibles qui ont été reconcus en termes de
structure salariale.

Mots-cLés — satisfaction des employés, systéme de service, simulation,
structure salariale, ingénierie du service

TakeNAKA (Takeshi), NisuHikoor: (Hiroshi), NisHiNO (Nariaki), W ATANABE
(Kentaro), « Re-design of service systems based on employee satisfaction,
customer satisfaction and labour productivity »

AsstrACT — This study uses standardized indicators of employee satisfaction
(ES), customer satisfaction (CS), and productivity to assess existing services
and to identify service eco-systems that simultaneously realize appropriate
values for customers, employees, and service providers. First, results are
obtained using standardized ES and CS from comparison of industries and
companies. Then a theoretical service model is constructed from a game
theoretic viewpoint according to empirical analysis of data. Based on the
service model, a computer simulation is conducted to test possible service
models that have been redesigned in terms of pay structure.

KEeyworps — employee satisfaction, service system, simulation, pay structure,
service engineering
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INTRODUCTION

Improved productivity of the service sector, which employs many
workers and which accounts for a great part of GDP, has been a crucially
important objective for over a decade in many mature economies under-
going rapid change in economic structures. Earlier studies of Japan have
revealed lower labour productivity and lower total factor productivity
of the service sector than those of other countries such as the United
States (Morikawa, 2007). Additionally, some service sector difficulties,
such as lower investment in information and technology (Fukao, 2015)
and long working hours (Morikawa, 2010), have been indicated as factors
contributing to low productivity. Based on results of those earlier economic
studies, the Japanese government has cast productivity improvement of
service sectors as the most important issue from the mid-2000s to the
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present. Nevertheless, it remains difhicult for service industries to adopt
or even identify the most effective modes of operation for their businesses.

Productivity improvement is often discussed as a positive change
in output (value or profit) per unit of input (cost and labour). Roughly
speaking, along with growth of chain-store operation systems, the scale
of retail and restaurant companies has developed in the 1970s and
1980s in developed countries. High productivity was achieved through
improvement of input efficiency based on scale merits. Additionally,
well-standardized and efficient service provision systems and low prices
for customers have been sources of competitiveness. However, in subse-
quent decades, severe worldwide price competition depressed company
profitability. What is worse, such competition often depressed labour
productivity and quality of services. Specifically in the case of Japan,
restaurant industries have been adversely affected during this decade by
severe labour shortages. It has become increasingly difhicult to maintain
service quality. Moreover, workers of younger generations tend to dislike
working for service industries such as the restaurant industry because
of their bad reputations of job conditions and high employee turnover
rates. Accordingly, major Japanese restaurant chains have recently
become interested in introducing new technologies including robotics,
food-processing machines, or self-check-out systems to maintain their
levels of service with fewer employees. Although automation might
be desirable for jobs that should not necessarily be done by humans,
employee skills and motivation to work are expected to constitute the
basis of high service quality and high customer satisfaction. Additionally,
increasing costs of labour and natural resources compel restaurant
companies to shift to high-value-added business models. Therefore,
strategies of service productivity improvement should be reconsidered
from pursuing efficiency to enhancing the value of services provided
by employees. Nevertheless, it is often difficult for service companies
to predict how a change in the business model will affect customer and
employee satisfaction and how productivity will be changed.

Given that background, we have tackled various difhiculties related
to service productivity improvement to support service industries from
a service engineering viewpoint. Service engineering, an inter-discipli-
nary research field developed especially in Japan from the early 2000s,
aims to realize service ecosystems to create value (Watanabe ez /., 2016;
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Watanabe, Mochimaru, 2017; Ueda ez 4/., 2017) through observation,
analysis, design, and application of services. Analysis of service systems
using quantitative and computational approaches is done widely in
service engineering. Service value should be evaluated in terms of social
aspects and multiple perspectives such as customer satisfaction, employee
satisfaction, efficiency, and profitability (Takenaka, Nishino, 2017).
Figure 1 presents value aspects from important stakeholders (customer,
employee, company (management) and society) and their representative
key performance indicators. Although this figure might be an oversim-
plification, this representation has often been examined in service studies
exploring the services triangle or the service marketing triangle (Kotler, 1994,
2008). Moreover, the service—profit chain proposed by Heskett ez al. (1997,
2008) is a well-known model showing that increased employee satisfaction
(ES) positively affects consumer satisfaction (CS), and eventually improves
company profitability. Many researchers have tried to verify the service—
profit chain theory using quantitative data (Chi, Gursoy, 2009; Hogreve
et al., 2017). In addition, the value of services should be evaluated from
the perspective of sustainable development goals (SDGs) such as gender
equality (goal 5), decent work, economic growth (goal 8) and responsible
consumption and production (goal 12) (World Health Organization,
2015). Recently, many companies have begun to realize that addressing
SDGs can be expected to improve customer and employee engagement.

Company
Major KPI: Profitability

Major KPI:
Sustainability
SDGs
Employees Customers
Major KPI: ES Major KPI: CS

FIG. 1 — Services triangle and representative key performance indicators (KPI).
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Nevertheless, establishing common and standardized numerical indica-
tors to evaluate various aspects of services is often difficult. Additionally,
building a computational model based on analysis of relationships among
different indicators requires collection of data on a large scale across
companies or industries. For this purpose, we have developed indicators
of CS and ES in collaboration with a research company.

Given that background, this paper presents efforts at standardizing
ES and CS indicators. Results of analyses of company performance using
those indicators and management indexes are presented. Then, a the-
oretical service model is constructed from a game theoretic viewpoint
considering employee, customer and company players. Finally, simulation
results are shown. They illustrate the effects of human resource strategies
considering the pay structure for service management.

1. DEVELOPMENT OF STANDARDIZED
EVALUATION INDICATORS FOR SERVICES

Through more than four years of collaboration in a research project
involving MS & Consulting Co. Ltd. and the National institute of
Advanced Industrial Science and Technology (AIST), we have strived
to develop a standardized survey method of ES and CS and evaluation
criteria. The former is a major marketing consulting firm in Japan,
conducting over 200,000 mystery shopper research cases per year. In
all, they have conducted over 1 million employee satisfaction surveys.
Mystery shopper programs and employee satisfaction surveys are usually
customized according to client needs. However, they have also designed
some questions for evaluating performance among different companies
in the same business categories or among different service industries.
Through research collaboration with AIST, MS & Consulting Co.
Ltd. have developed common and standardized methods of CS and ES
surveys. This paper introduces those survey methods along with some
examples of analyses conducted for ES and CS using those indicators.

Another important indicator to evaluate services is profitability
or productivity from a management viewpoint. We have collected
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management data such as sales, profitability, labour cost, and labour
productivity, along with further collaboration with restaurant and retail
companies. Using those data, we have also examined relations among
ES, CS, and profitability. Nevertheless, it is often difficult to compare
those management indicators among companies with different business
models. This paper presents a case of a Japanese apparel company that
shows a positive relation between the ES level of apparel shops and
year-on-year sales (Nishikoori ez /., 2018).

1.1. EMPLOYEE SATISFACTION SURVEY
AND STANDARDIZED INDICATORS

This section introduces the ES survey method, based on earlier stud-
ies (Nishikoori ez a/., 2018), which we developed using data of 96,600
employees. Questionnaire items for ES surveys were designed originally
by MS & Consulting Co. Ltd. based on some eatlier studies of employees’
job satisfaction, including “servant leadership theory” originally proposed
by Greenleaf (Greenleaf, 2002; Parris, Peachey, 2013), Herzberg’s two-fac-
tor theory of work motivation (Herzberg er 4/.,1959), and psychological
ownership theories (Heskett, 2008). They used about 45 questionnaire
items as common items with some items added depending on the survey.
However, it was necessary to reconstruct questionnaire items to standardize
ES survey methods from statistical viewpoints and from universality of
questionnaire items. Although ES survey methods of many types exist,
they sometimes ask about different aspects of employee satisfaction. For
example, in a single survey, employees might evaluate their satisfaction
on different aspects such as satisfaction with leaders, teamwork, team
members, job conditions, or the perceived worth of their own jobs.
Therefore, authors have tested questionnaire items statistically based
on a psychological scale development method. Through trial-and-error
adjustment, we reduced the number of questionnaire items so that they
could be categorized into some important and different categories with
good universality. At present, we use 36 questionnaire items as common
questions. For this method, we categorized questions into two groups
in advance related to the satisfaction with the work environment and
satisfaction with work itself (Tables 1 and 2). Then those questions were
categorized into five groups related to Leadership, Team hospitality, Team
capability, Job autonomy, and Job Satisfaction.
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TAB. 1 — Results of factor analysis using questions for work environment
evaluation: n = 96 600, 128 companies, factorization (ML, Kaiser, Promax).

Factor Questions Factor 1 | Factor 2 | Factor 3 o
Factor 1 Trust 0.907 0| -0.072 | 0945
(Leadership) | Clear vision 0853 -0051 003
Empathy for vision 0.833 0.009 -0.015
Effective advice 0.833 0.032 | -0.043
Consistency of words and 0.823 | -0.051 0.052
action
Careful listening 0.794 |  0.064 | -0.083
Clear plans 0.786 | -0.048 0.102
Interest in members 0.71 0.116 | -0.067
Communication 0.662 | -0.051 0.15
Factor 2 | Mutual care for -0.069 0.963 -0.15 | 0.872
(Team co-workers
hospitality) | Awareness of co-workers’ -0.064 0.738 0.14
growth
Hospitality for customers -0.043 0.719 0.071
Personal relationships 0.116 0.671 | -0.073
Sharing vision 0.145 0.514 0.21
Factor 3 | Capability of performance | -0.051 -0.01 0.896 | 0.879
(Team | Apility to accomplish 20062 0003 0.889
capability)
Proactive expression 0.12 0.267 0.399
Benchmarking 0.186 0.162 0.393
Frequency of meetings 0.219 0.077 0.375
Environment to enhance 0.172 0.304 0.322
good points
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TAB. 2 — Results of factor analysis using questions for job satisfaction evaluation:
n = 96 600, 128 companies, factorization (ML, Kaiser, Promax).

Factor Factor 1 | Factor 2 a
Factor 1 Working is worthwhile 0.839 0.036 | 0906
(Job satisfaction) | gepce of belonging 0.807 -0.08
Intention of recommendation 0.737 -0.029
Physical and mental health 0.725 | -0.073
Sense of achievement 0.648 0.181
Appropriate assessment 0.506 0.166
Sense of growth 0.438 0.34
Pride in one’s own job 0.424 0.408
Motivation for improvement 0.389 0.255
Factor 2 Sense of influence -0.035 0.78 | 0.853
(Job autonomy) | genee of meaningfulness 0.046 0.743
Sense of responsibility 0.035 0.71
Sense of decision-making 0 0.649
Proposals for improvement -0.052 0.533
Sense of customer satisfaction 0.188 0.53
Clear division of roles 0.106 0.495

Figure 2 shows normalized scores (Z score) of Bartlett scores of five
factors according to some business categories. The score is calculated
using 96 600 employee data. Comparison among industries reveals overall
tendencies in ES indicators. In this case, restaurant-chain companies,
for example, have high scores in all five aspects of ES. Actually, this
result was helpful for the Japanese restaurant industry group, which
had been concerned about unwarranted rumours related to working
conditions. We were specifically concerned about low ES levels of
drugstores, supermarkets, hair salons, and business hotels because those
industries were fundamentally appreciated by consumers in Japan for
convenience. Although details are not presented herein, the results of
mystery shopper programs for the same companies of retail companies
sometimes show high CS levels. Those gaps between higher CS and
lower ES might reflect long-term instability of service systems.
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FIG. 2 — Employee satisfaction with service industries
shown by number of employees.

1.2. CUSTOMER SATISFACTION INDICATORS ACQUIRED
THROUGH MYSTERY SHOPPER PROGRAMS

Customer satisfaction has been investigated intensively in consumer
and marketing studies (Hennig-Thurau, Klee, 1997). Some indicators
are already used as standards in many countries. The Swedish Customer
Satisfaction barometer, for example, is the first common indicator
to measure more than 30 industries in Sweden (Fornell, 1992). The
American Customer Satisfaction Index might be the most well-known
index (Fornell, 1996). The method has been applied to many countries
for large-scale surveys of customer satisfaction, even in Asian countries
such as Japan, Korea and Singapore. Although the definition and rela-
tion between satisfaction and loyalty still presents difficulties (Dick
and Basu, 1994), some key questionnaire items are commonly used to
evaluate customer loyalty. For example, intentions for repeat purchase
or intentions of recommendation to others are widely used indexes that
represent customer loyalty to services.
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Apart from questionnaire survey methods of customer satisfaction
targeting general consumers, mystery shopping (or mystery shopper
programs) has also become popular in marketing research to assess
service quality and some aspects of customer satisfaction (Wilson,
2001). In Japan, mystery shopper programs are popular as marketing
research to improve service quality in many service industries includ-
ing restaurants, retail outlets, beauty salons, amusement parks, and
gas stations. By mystery shopping, well-trained mystery guests visit a
shop and report details of services using a pre-designed checklist that
includes required items to keep service qualities that the company
specified. Additionally, mystery guests are often asked about their
satisfaction using some questionnaire items including satisfaction with
food quality, atmosphere, hospitality, price and intention of a repeat
purchase or recommendation to others.

As described above, MS & Consulting Co. Ltd. conducts over 200,000
mystery shopper research cases per year in Japan. We have strived to
standardize CS and have calculated the average and standard deviation
of results for all results of mystery shopping. Through those efforts to
normalize scores of CS using some different indicators, one can compare
performance among different shops of a single company or among
companies in the same industry.

Figure 3 presents an example comparing performances of three res-
taurant companies of CS using mystery shopping. The mystery shopping
surveys are conducted 69, 342, and 77 times, respectively, for the shops
of restaurant companies A, B, and C. The averaged scores were used
to denote companies’ performance. The Z score is calculated using all
mystery shopping results on restaurants for a certain period. Through
such comparisons, companies were able to ascertain their strong and
weak points in business.
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FIG. 3 — Comparison of CS using Z scores for three restaurant stores.

1.3. RELATION BETWEEN CS AND ES

Some companies that have conducted mystery shopping surveys
also conduct ES surveys for their employees. Table 3 shows relations
between CS and ES for 48 restaurant companies from October 2016
through September 2017. Although the numbers of mystery shopping
surveys and employee satisfaction surveys vary among companies, an
average of 832 employees were surveyed for employee satisfaction and
588 mystery shopping surveys were conducted for each company. Table
3 shows some CS items that are correlated significantly with ES factors.
Especially, “Job autonomy” correlates significantly with three CS items:
“Intention to recommend”, “Satisfaction with food”, and “Satisfaction
with hospitality”. This result suggests that autonomous and confident
employees could enhance CS. This also supports the service-profit chain
theory (Heskett, 2008). Furthermore, “Satisfaction with hospitality”
correlates with three factors: “Job satisfaction”, “Team hospitality”, and
“Job autonomy”. Especially, “Job satisfaction” which is strongly related to
employee loyalty to the company as shown in Table 2 could be enhanced
by CS. These results suggest not only that high ES enhances CS, but
also that high CS enhances ES. Based on those findings, we propose a
theoretical service model constructed from a game theoretic viewpoint,
in which an employee player can acquire some sort of satisfaction from
CS in addition to salary as described in the next section.
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Figure 4 shows a plot of the normalized score of Job satisfaction (ES)
and Satisfaction with hospitality by company (CS). Overall, significant
correlation was found between these two indicators, as shown in Table
3, but some outliers are also observed. Results might show that ES is
not connected to CS and vice versa. Through such analyses, individual
companies can also learn about their service models.

TAB. 3 — Correlation coefficient matrix showing ES and CS
in 48 restaurant companies (¥, p<0.03; **, p<0.01).

10%

Leadership Team Team Job Job
capability | hospitality | autonomy | satisfaction
Intendion to | ¢ 0.06 0.27 0.28 0.22
repeat
Incencion to | 5, 0.1 0.28 0.34% 0.26
recommend
Satisfaction
* *
with food 0.34 0.24 0.15 0.32 0.19
Satisfaction
with 0.28 0.07 0.39% 0.37% 0.40%%
hospitality
100%
90%
@ 80% .
E 70%
é 60% °
E 50%
2 . R
é 20% R 1 - .
;‘%) 30% e . °.
g 20% . : e o ‘.‘ . ’ :

0%
-0.8 -0.6

-0.4 -0.2

0 0.2 0.4
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Z score of Job satisfaction factor score

FIG. 4 — Plot of Z score of job satisfaction and ratio of strong satisfaction by company.
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1.4. RELATION BETWEEN ES AND PROFITABILITY

As Heskett ez a/l. (1997, 2008) pointed out for service—profit chain
theory, many service companies that provide customer service such as
restaurants or retail shops have clear awareness that ES engenders higher
CS, which in turn engenders higher profits. Many studies have examined
how increasing customer satisfaction can stimulate future consumption
or increase willing-to-pay premium prices, which in turn can increase the
profitability of service firms (Mittal, Kamakura, 2001; Andersen ez /.,
1994). However, it is often difficult to find a direct relation between the
level of employee satisfaction and profitability among different companies
because business models vary according to companies, even in the same
business category. For, example, Yee ez 2/. (2008) used data of 206 service
shops in Hong Kong to present empirical evidence that ES plays a signifi-
cant role in enhancing the operational performance of organizations in the
high-contact service sector. In the study, they asked the shop persons to
assess their shop’s profitability relative to industry norms using subjective
evaluation. Although that is one effective means of comparing profitabil-
ity among companies, more quantitative means of assessing the relation
between ES and profitability are desired from a management perspective.

One effective means of clarifying relations between ES and profitability
is to make comparisons between stores of the same service company.
For services with strong customer touch points, such as apparel shops,
the level of employee satisfaction was found to have a strong effect on
sales. Therefore, we investigated the case of a Japanese apparel company
which operates 825 shops in Japan (Nishikoori ez a/., 2018).

As for ES, earlier empirical studies of service-profit chain (Yee ez
al., 2008, 2010) have specifically examined employee loyalty, which
refers to a service employee’s feeling of attachment to the employer
organization (McCarthy, 1997). Among the indicators of ES presented
in section 1.1, “worthwhileness of working”, “sense of belonging” and
“intention of recommendation” are included as job satisfaction factors.
These questions are also closely related to employee loyalty. Therefore,
we defined “employee loyalty level” by the normalized score of those
three questions.

We divided the 825 shops into five groups based on “employee loy-
alty level”™ Top 10% employee loyalty level as Rank-S; the next 20%
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as Rank-A; the next 40% as Rank-B; the next 20% as Rank-C; and
the bottom 10% as Rank-D. Table 4 presents an example of results
reflecting the relation between the employee loyalty rank of apparel
shops and year-on-year sales. Results show that sales of rank S shops
increased the most among all ranks. We also found that sales of rank D
shops did not increase compared to those of other groups. Certainly, the
apparel shop sales are influenced by product popularity, but all shops
of the same company sell almost identical goods. For that reason, the
relationships with customers and skills to recommend attractive clothes
are important points related to improved sales.

Whereas analyses using year-over-year sales per store are insufficient,
we are interested in identifying how increasing an individual’s ES can
contribute to enhancement of labour productivity. In future studies,
we would like to clarify details of the relation between productivity or
value added by each employee and CS and ES using more detailed data.
Through such analyses, we aim to build a computable model of the
service system. The next section proposes a generalized service system
considering CS, ES, and profitability based on the empirical findings
presented above.

TAB. 4 — Year-on-year sales at an apparel company for respective loyalty ranks.

Employee loyalty Rank | Year-on-year sales
(2018/03)
Rank S +13.6%
Rank A +8.6%
Rank B +9.1%
Rank C +9.4%
Rank D +4.1%
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2. MODEL FORMULATION
AS A GENERALIZED SERVICE SYSTEM

This section presents a proposal of a theoretical service model
constructed from a game theoretic viewpoint according to empirical
data of CS, ES, and profitability. As described in the previous section,
employees and customers share mutual relations. For that reason, we
use the idea of game theory, treating interdependent decision-making
situations mathematically. Then, based on findings presented in the
previous section, we construct a simplified model formulated within the
game theory framework comprising players of three kinds: managers,
employees, and customers. Details of the model are explained in the
following subsections.

2.1. FORMULATION OF A SERVICE

To formulate a service, we make the fundamental assumption that
a service is defined by some key factors which can dictate its quality
and customer satisfaction. For example, in the restaurant industry, fac-
tors such as food quality, server hospitality, and restaurant atmosphere
can strongly affect the entire service quality and customer satisfaction
related to consumption of the service. According to this idea, we express
one service as a tuple of some factors such as (1,73, ... ), wherein we
designate 1; as a “resource” as a generalized notion. In the model, the
resources are supposed to be decision variables determined by a manager
player or an employee player.

Now, we generally formulate a service S as

S = (Tl,Tz,-"Tk) € Rl X RZ X "'XRk = R,

where R represents a Cartesian product of each resource set R;. Herein k
denotes the number of resources. Additionally, to express the same service,

we occasionally use another form as well: S = (S, Sg). It signifies, for
instance, that resources are separated into the manager’s side and employee’s

sideas Sy = (ry,+++,7;) € Sy and Sg = (Ti41, k) € Sg.
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2.2. MANAGER PLAYER (COMPANY PLAYER)

The model has multiple manager players who independently run
a business supplying some service to the market. The set of manager
players is M. For convenience, a service business that a manager player
m € M runs is simply called service business m. Each manager player
makes decisions about managerial issues to maximize profit. For sim-
plicity, we assume that each decides a service price p € R and employee
pay w € R and the resources of service sy, € Sy;. Then the manager
m payoff function is defined as

T (0, W,5) = D Qo (5w S5, P) = Em (W, )

where Q,,(+) and ¢, (+) respectively signify the number of service
users and the total cost for running the service business. Therein,
Qn(Sm, SEsP) represents a demand function under which a service
(sm,Sg) is provided at price p , which is the aggregation of respective
customer player’s decisions. As described later (subsection 2.4), a customer
is defined as a player who makes a decision of whether to consume a
service, or not. Therefore, Q,,(+) represents the sum of customers who
decide to consume the service.

2.3. EMPLOYEE PLAYER

The model has multiple employee players, each of whom works in
a service business. An employee player provides a service directly to a
customer. The set of employee players in service business m is defined
as E,, . Each employee player makes decisions about the resources of
service sg to maximize the employee’s own benefit. This decision of
selecting Sg € Sg can represent an effort to acquire skill and knowledge
through employee education or by other means. That effort incurs some
sort of cost.

The payoff function of an employee player e € E,,, in service busi-
ness m € M is

me'(sg) = ESg" (W™, CSe" (sm, 5g)) — ce"(Sg),
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where ESJ*(+) stands for the employee satisfaction of employee e, w™
expresses the pay that manager m has decided to give the employee,
and c} represents the cost. Also, CSZ*(+) stands for the total customer
satisfaction felt by customers to whom employee e has provided a service.
As one might infer, CSI*(+) is a function of § = (Sp, Sg)-

The most characteristic point of this model is that an employee can
acquire some sort of satisfaction from CS in addition to salary. Based on
empirical analysis of ES as introduced in the previous section, a feeling
of job meaningfulness or a sense of customer satisfaction can enhance
an important point of ES: job autonomy. Although service—profit chain
theory emphasizes the influence of ES on CS, the model explicitly
includes the fact that CS can also enhance ES.

2.4. CUSTOMER PLAYER

Multiple customer players exist in the model. The set of customer
players is C. The role of customer players is simply to enjoy a service by
paying a service price. However, because of “heterogeneity” as a charac-
teristic of services, customer satisfaction varies depending on the service
context. To address that feature, we formulate customer satisfaction of
a customer player ¢ € C as a sort of real-valued function.

CS:RXE-R

Therein, E stands for the set of all employee players. That is,
E = Unem Em- Accordingly, CS,. above can represent a service context,
meaning that even if the same service is provided, a different employee can
alter its context. Therefore, the satisfaction can differ. Furthermore, this
mapping of CS, differs depending on customers, so that subscript ¢ € C
is assigned. This differentiation also represents an aspect of heterogeneity.

For the model, we assume that each player chooses a service business
m from its set M, or that a player does not consume any service. Or
rather, for some situations, each player might directly choose an employee
e € E,,, in service business m as a service provider. Thereby, we define
the payoff function of a customer player ¢ € C as shown below.

7.(e) = {CSC(S, e) —p,  (if consuming a service)
e 0, (if no consumption)
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Formally, when choosing a service business m without provider
designation, its service provider e would be determined on a service
operation basis. In that case, 7 (c) is replaced by m.(c(m)), wherein

c(m) represents a mapping of ¢: M — E . To maximize the payoff
function, a customer player ¢ € C chooses a service business m, or an
employee e directly.

A model structure overview is presented in Figure 5. Our study
addresses this triangle diagram as a service system.

=

| Objective:

+ To maximize the profit from
this business

) Decision variables:

/'« Service price, employee pay,

— !
/. service resources, etc.
Manager” | -
- - (Company)
'y ™
| Objective: \
« To maximize histher Objective:
own payoff such as « To maximize hisfher
ploy . . . Employes pay + Paying a service payoff such as customer
Decision variables: + Employee education, atc. price satisfaction

« Service resources, Decision variables:
. ete J i « Service choice and use
\'7\ T-.’ —
Employee | Pmlklng 2 ey Customer
service

F1G. 5 — Model overview.

3. COMPUTER SIMULATION OF SERVICE SYSTEMS:
REDESIGNING THE PAY STRUCTURE

This section presents description of our conduct of a numerical
simulation with our model, specifically setting up parameters to
replicate an empirical situation of the restaurant service business.
Particularly, this simulation addresses issues of re-designing a pay
structure for employees. In the retail industry, various pay structures
aside from fixed wage systems such as incentive compensation or bonus
programs have been introduced to motivate sales personnel to provide
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enhanced customer services. Incentive compensation has been studied
in economics and management accounting in terms of agency theory
(Basu, 1985). However, earlier studies mainly examined the structure
of compensation contracts for top executives. Banker ¢z 2/. (1996) spe-
cifically examine frontline workers of a retail company, and report on
a field test of the multi-period incentive effects of a performance-based
compensation plan for sales. They reported that the plan implementa-
tion is associated with increases in sales that persist and increase over
time with a statistical model. However, the mechanism considering
the service system, which includes employees, customers, and firms,
was not modelled in their study.

Gratuity systems, especially appearing in restaurant businesses, have
been discussed mainly from a hospitality management perspective. Lynn
and McCal (2016) report that tipping is affected predominantly by social
expectations, server attractiveness, server friendliness, and customer
mood. Service quality and cost considerations appear to exert only weak
effects on tipping. Although gratuity systems have not been studied
from a service system viewpoint, they represent a possible mechanism
to enhance the total profit of a service system.

Against that backdrop, we prepare and compare pay structures of four
kinds in the simulation: fixed pay, sales-proportional pay, CS-proportional
pay, and gratuity by customers.

3.1. PARAMETER SETTING

This subsection explains parameters used in the simulation, which
are arranged to reflect a situation of restaurant service business.

3.1.1. Resources

In the simulation, we selected representative resources of three
kinds, as shown in Table 5, which can represent fundamental factors
in a restaurant service business. Therefore, a service is expressed by
s = (11,12, 713). Herein, r; and r, are determined by a manager player
and r3 by an employee player.
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TAB. 5 — Explanation of resources.

Variable | Meaning Who Explanation
decides?
1 Food quality | Manager Represents a level of food quality, defined

as a real number R, € [50,200]. If high,
a customer is likely to obtain a high CS.

T, In-store Manager Represents a level of in-store atmos-
atmosphere phere, which is affected by interiors,
etc. It is defined as a real number

R, € [50,200]. If high, a customer is
likely to obtain a high CS.

3 Hospitality | Employee Represents a level of hospitality that an
employee player provides to a custo-
mer. It is defined as a real number

R3 € [50,200]. If high, a customer is
likely to obtain a high CS.

3.1.2. Restaurant player (manager player)

We herein designate a manager player as a “restaurant player”. For
the simulation, we assume that two restaurant players exist. When
a restaurant player chooses (W,1y,13), as a cost function, the player
incurs its cost as

Cnw,r, ) = f+wn+anY, +an

>

where f signifies the fixed cost, Y, represents the sales, and a; and a;
respectively denote the coefficients. Employee pay w™, which we assume
with pay structures of four kinds, is explained in section 3.2. Fixed cost
at the first term includes basic expenditures such as electricity and gas.
The third term represents variable costs such as ingredient expenditures.
The last term is also a sort of cost depending on 15, which stands for
investment expenditures for equipment, in-store interiors, etc.
Parameters related to the cost function are set as shown in Table
6. Those values are set with consideration of empirical data in chain
restaurant stores provided by a company collaborating with our study.
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TAB. 6 — Parameters related to restaurant players.

# of restaurants |M| =2
Fixed cost /= 10,000

Cost coefficient for 7, a; =03
Cost coefhcient for 15, a, =0.2

3.1.3.Employee player

For this simulation, we assume for simplicity that only two employee
players exist at each restaurant. Then, as shown in section 2.3, each
employee player has its own ESJ'(w™, CSZ"), which is a function of
pay and customer satisfaction. Here, for a case in which service s is
provided, the function is set as

ESgl(Wm: ngn | S) = ,Blwm + .32 Zcec(e) CSC(S' 6’)’

where w™ represents the pay for employee e and C(e) denotes the
subset of the customer set C(e) € C to whom employee player ¢ pro-
vides a service. In addition, B; and B, are coefficients. Here, we assume
employee players of two types, for whom the coefficients differ. The
parameters are presented in Table 7. Type 1 signifies an employee who
feels satisfaction evenly from pay and CS. A Type 2 employee does not
feel satisfaction from CS. Especially for Type 2, it expresses the situation
of kitchen staff because, generally in chain restaurant shops, they have
no chance to have direct contact with customers. this simulation has
one employee player for each type in each restaurant.

Next, the employee cost is simply set up as a linear function
c™(r3) = Bar3, where B signifies a coefficient. This cost function means
that an employee player requires some effort at service hospitality to
customers. That is to say, greater effort is necessary as the hospitality
level increases.
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TAB. 7 — Parameters related to employee players.

Type 1 Type 2
Coefhcient for pay T1 =10 T2 = 1.0
Coefhcient for CS T1 = 1.0 12 = 0.0
Cost coefhicient B; = 1.0
# of employees in restaurants 1 and 2 |E,| = |E,| =2

3.1.4. Customer player

We set up 200 customer players in the simulation. As explained
already in section 2.4, the customer players respectively have different
CS.(s,e). For simplicity, we assume that the difference of serving
employees does not affect customer satisfaction, but that the difference
of service resources does affect it. Then, in a case where restaurant and
employee players choose s = (1q,7,,73) as resources, the customer
player’s CS is assumed as

CSc(1y,12,13) = Y111 + V212 + V373,

where V1, Y2, and V3 respectively represent coefhicients. For customers of
different types, these coefficients vary similarly to employee satisfaction
types. Table 8 presents relevant details.

TAB. 8 — Parameters related to customer players.

Type A Type B Type C
Coeflicient for resource 17 ¥ =1.0 yIB = 0.0 yT¢ =0.0
Coefficient for resource T, | Y234 = 0.7 yiB =0.2 yr¢ =0.1
Coefhcient for resource 13 ¥4 =05 vIB =0.1 yI¢ =04
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3.2. PAY STRUCTURES OF FOUR KINDS

In most cases today, Japanese chain restaurants adopt a fixed pay
system for employees and part-time workers: the pay amount is constant
and is unaffected by employee performance. However, a trend toward
reconsideration of such a fixed pay structure exists in the restaurant
industry of Japan. Although it might not be realistic in some cases, the
following four structures are used for the simulation.

3.2.1. Pay structure 1: Fixed pay (current)

Pay for an employee is fixed. Therefore, each employee obtains the
same amount of money no matter how many customers to whom they
provide a service. Thereby, the pay that an employee player e in service
business m receives is described simply as shown below.

wgt = wit

In the simulation, the restaurant players choose the constant value
independently.

3.2.2. Pay structure 2: Sales-proportional pay

The amount of pay for an employee is determined as proportional
to the restaurant sales. Formally, the sales goal is set. The pay increases
only if the restaurant player’s sales exceed the goal value. Its formula is

i = wit + a;(Yy — G), (Y > G)
e - Wf, (Ym < G),

where Y, signifies restaurant m sales, G represents the goal, and ay is
a coefhicient. If the sale is less than the goal, then the pay is equal to
that given in the case of fixed pay.

3.2.3. Pay structure 3: CS-proportional pay

The pay amount is proportional to customer satisfaction. We define
its formula as
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wg't = we' + agCSg"

where CS* represents the total amount of customer satisfaction that
the employee player ¢ can bring about. In addition, a.s is a coefficient.

In fact, this pay structure might be unrealistic in practice because it
is generally difhcult to quantify the magnitude of customer satisfaction
that each employee induces. In this pay structure, however, employees
are expected to be motivated to behave in a manner that increases
customer satisfaction.

3.2.4. Pay structure 4: Gratuity

Gratuities are used in no industry in Japan. Nevertheless, we consider
this pay structure as an alternative. According to this pay structure, in
addition to fixed pay, an employee can obtain additional pay directly
from customers as a gratuity. The formula of employee payoft function
can be described as shown below.

gt = Pywr + B, Z CSc(s,e) — Pars + Z te

ceC(e) ceC(e)

Therein, t_denotes the amount of gratuity that a customer player ¢ pays.
The last term is added independently of employee pay. Consequently, we
regard pay from gratuity as different from ordinary pay. Comparing the
case of CS-proportional pay, this pay structure can motivate employees
with no additional restaurant expense.

Because a customer player tips a service provider (employee player),
we re-define the customer player’s payoff function as shown below.

T, = (1 — ag)nc

Therein, « signifies the ratio expressing how much gratuity they pay.
As the formula above shows, the amount depends on the customer
payoff magnitude.

The parameters are presented in Table 9. We compare the performance
of service systems under the following four respective pay structures.
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TAB. 9 — Parameters related to pay structure settings.

Coefhicient of sales-proportional pay a; =03
Coefhicient of CS-proportional pay ag = 0.1
Gratuity ratio ag =0.5

3.3. DECISION-MAKING FLOW IN SIMULATION

Within the formulation presented in section 2, we run a forward
simulation in which each player makes decision in a sequential manner.
Figure 6 presents the decision flow of the respective players.

| Start ]

I

Step =1

!

1. Generate consumer players with a type

3. Employee decisions
I Step = Step + 1
4. Consumer decisions

5. Calculation of each player’s payoff

2. Manager decisions

Yes

Step < MaxStep

)

F1G. 6 — Decision flow of players in simulation.
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As presented in Figure 6, the respective players choose their deci-
sions on a step-wise and best-response basis: under the assumption that
other players keep the same decision in the previous step, each player
seeks the best response to maximize the payoff function. Of course, in
the same step, players can observe and use information about earlier
decisions than self.

However, because it is a forward decision-making process, it is not
guaranteed that it always reaches Nash equilibrium. Only for customer
players, are their decisions very simple: the task is to choose a service
from several service businesses or not, so that rational decisions are
possible. Accordingly, in simulation, 200 new customer players are
added at the beginning of each step, each of whom is assigned a type
A, B, or C with probability 1/3.

3.4. SIMULATION RESULTS

In the simulation, we simply modelled each player game-theoreti-
cally as taking a best response given other players” observed decisions.
Simulation results are presented in Tables 10a and 10b. Results rep-
resented in the tables were averaged by data during 100 periods after

convergence to the average. We separate 73 into two values, 77+ and

t32, for the respective employee types.

The results demonstrate that the gratuity pay system outperforms
others, presenting the highest social surplus. In a gratuity case, because
customer players give additional payments in addition to the service
price, the payoft is presumed to be reduced. However, contrary to expec-
tations, the customer benefit becomes larger. Furthermore, interestingly,
except for the fixed-pay case, 12 presents high values. Intuitively,
because Type 2 employees do not care about customer satisfaction, it
is natural to infer that rJ? is small, as in the case of a fixed pay struc-
ture. However, in those three cases, Type 2 employees chose high 712
because of incentivized pay structures. Results imply that such pay
structures can bring about good effects for employees who do not care
about service hospitality.
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TaB. 10a — Simulation results: average resource values.

Fixed Sales- CS-proportional |  Gratuity
proportional
Food quality ry 120 120 110 124
Atmosphere 1, 54 83 90 29
Type 1 employer’s 193 188 191 190
hospitality 74 *
Type 2 employer’s 50 182 191 190
hospitality 742

TAB. 10b — Simulation results: average payoft.

Fixed Sales- CS-proportional Gratuity
proportional
Restaurant Mo, -11,652 16,222 7,810 24,797
Employee T, 24,268 30,550 32,982 40,978
Customer 1T, 8,012 16,070 12,633 19,555
Social surplus 20,628 62,842 53,426 85,330

3.5. DISCUSSION

Although the simulation model results presented above portray only a
simplified perspective of services, they suggest the possibility of improv-
ing actual service, spurring companies to rethink their business models
using observable indicators acquired in their services. It is often difhicult
for service company managers to change their business models or internal
rules because they worry about whether a new business model will work
or not. From an academic viewpoint, although researchers should demon-
strate possibilities of enhancing productivity of services with a new service
system, it is often difficult to present the probability of a proposed model
because many aspects of service systems must be assessed or simulated
simultaneously. Computational models of service systems based on game
theory and actual data can be useful to elucidate mechanisms of complex
service systems and to create new and more sustainable service systems.
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CONCLUSIONS

This paper introduces a method of assessing service systems using
standardized indicators representing some important aspects of computer
simulation and services: CS, ES and profitability. Although our efforts
at standardizing indicators related to ES, CS, and profitability are still
underway, quantitative and computational approaches to elucidating
service systems must be regarded as increasingly important for service
research. Service industries are adversely affected by many factors,
but they are expected to seek new strategies to enhance productivity
considering value for consumers and employees in a sustainable fashion.

As described in this paper, the first data analysis ascertained impor-
tant factors in CS as well as in ES. Additionally, the correlated relation
among CS, ES, and profitability are clarified. Based on those findings,
a game-theoretic model that captures a service system structure was
constructed. With the model, numerical simulation compared four
kinds of employee pay structures. As a result, although operating under
a specific parameter set, we found an interesting result, implying that
an incentivized pay structure such as that with gratuities can not only
increase company profits, but also result in enhancement of the employee’s
provided degree of hospitality. Even for a Type 2 employee, who is mod-
elled as a player caring little for hospitality, the hospitality level might be
enhanced. This is an important implication in face-to-face type service
industries such as the restaurant industries because it can invoke some
sort of value co-creation situation between customers and employees.

Another interesting implication was identified through numerical
simulation. The fixed pay structure case presents negative profit under
a specific parameter set that we use. However, under the same param-
eter set, other pay structures demonstrated positive profit because the
amount of pay is determined as proportional to an employee’s individual
performance. That finding in turns implies that if no employee provides
high levels of hospitality, it leads to low demand for the service, which
might pose a severe difhculty. The simulation reveals that even under
a harsh environment with low demand, an appropriate pay structure
might be sufhcient to cope with such difhculties.
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Recently, digital technologies are changing existing business mod-
els of services such as banking, transportation, e-commerce, and other
customer services (Vail, 2019). However, traditional and labour-inten-
sive service industries represented by restaurants, hotels, and nursing
care services continue to struggle with diverse issues such as labour
shortages, high labour costs, and increasing costs of food and natural
resources. Those industries are important not only for the economy
but also for maintaining the quality of life of local people. Therefore,
many service companies are attempting to alter their business models to
more value-added or sustainable ones. Accordingly, labour productivity
and re-design of services and jobs considering employee and customer
satisfaction are drawing considerable attention again.

Future studies must be undertaken through strong partnership with
service companies to explore more concrete examples of the redesign
of services based on multiple indicators and more realistic methods of
using computational models.
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