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Preface

The 5th International Conference on Serviceology (ICServ) was the latest in the
ongoing conference series, building on the success of four previous events held in
Tokyo, Japan (ICServ 2016), San Jose, CA, USA (ICServ 2015), Yokohama, Japan
(ICServ 2014), and AIST Tokyo Waterfront, Japan (ICServ 2013). Initiated by the
Society for Serviceology in Japan, it aims to build a community of researchers, aca-
demics, and industry leaders following a common goal: the (co)-creation of services in
a sustainable society.

This year’s event was held in Vienna, the capital and largest city of Austria, and the
primary center for culture, economics, and politics. ICServ 2017 was hosted by the
University of Vienna at the Faculty of Computer Science. The university, one of the
oldest and biggest in the German-speaking area, was founded in 1365 by Duke
Rudolph IV and has been the academic home of 15 Nobel Prize winners and many
leaders of academic and historical importance.

ICServ 2017 received a total of 75 submissions from 20 countries, around the world.
The Program Committee together with external reviewers contributed 225 reviews. As
a result, with a competitive acceptance rate of only 28%, 21 full papers were selected to
be included in these proceedings. The accepted papers can be classified under the main
areas of human-centered services, customer satisfaction, service innovation and mar-
keting, and service design. The research comprises case studies, strategies, risk anal-
ysis, reports, as well as prototypes, modeling methods, and tools. Consequently,
empirical research, behavioristic research, and design-science research contributions
were accepted.

The ICServ 2017 program also included keynotes, one podium discussion, four
special sessions, and one tutorial. Each special session addressed a specific topic related
to services and had between four to eight papers presented. The organizers of the special
sessions were responsible for attracting and reviewing submissions. Special Session 1,
“Meaningful Technology for Seniors,” was organized by Dr. Kentaro Watanabe (AIST,
Japan) and Prof. Marketta Niemela (VTT, Finland). It addressed the importance of
service providing technologies for elderly-care and elderly-nursing systems. Special
Session 2, entitled “Holistic Approach of Service Modeling,” was organized by
Prof. Yoshinori Hara (Kyoto University, Japan), Joaquin Iranzo (Atos, Spain), and
Prof. Dimitris Karagiannis (University of Vienna, Austria). This session included a set
of talks addressing holistic approaches in contrast to silo solutions towards service
modeling and service design. Prof. Patrik Strom (University of Gothenburg, Sweden)
and Dr. Mitsutaka Matsumoto (AIST, Japan) organized Special Session 3 entitled
“Services and Green Economy.” The presentations focused on environmental friendly
issues like recycling in correlation with services. “Design and Support Technology” was
Special Session 4, which was organized by Prof. Takashi Tanizaki (Kindai University,
Japan) and Prof. Nobutada Fuji (Kobe University, Japan). Key aspects of services for



customer satisfaction improvement in the food and tourism industry were addressed by
numerous papers.

ICServ 2017 would not have been possible without the involvement of a large
scientific community. We thank our authors for showing interest and being willing to
submit their work to ICServ 2017. We sincerely appreciate the valuable amount of time
and knowledge that the Program Committee members, members of four special sessions,
and supportive additional reviewers invested in carefully reviewing the submitted
papers. Furthermore, we would like to express our gratitude to the honorary general
conference chair, Prof. Shoji Yamamoto (Kwansei University, Kobe, Japan) and to the
Steering Committee chair, Prof. Tamio Arai (Shibaura Institute of Technology, Japan).
We also want to thank our industrial sponsors Fujitsu, Hilti, NEC, and ADOxx (www.
adoxx.org) as well as our affiliated communities, the Society for Serviceology (www.
serviceology.org) and the Open Models Laboratory (OMiLAB, www.omilab.org),
without which such an event would not have been possible. We are also very grateful to
the Springer team led by Alfred Hofmann for making the publication of these
proceedings possible.

Last but not least we like to thank the organization team for their hard work and
dedication in making ICServ 2017 a success. Our thanks go to Iulia Cristina Hatiegan,
Iulia Vaidian, Shihoko Murakami, Junko Kozakai, Eriko Nakashima, Simon Doppler,
Franz Staffel, and Elena Miron.

May 2017 Yoshinori Hara
Dimitris Karagiannis
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Analysing and Computing the Risk of Customer 
Integration for a Service Provider 

Wolfgang Seiringer

1 Institute of Software Technology and Interactive Systems,  
Vienna University of Technology, Vienna, Austria 

wolfgang.seiringer@gmail.com 

Abstract. 
The active customer participation during service co-production means risks and 
also chances for a service provider. Without knowledge about the risks, it is dif-
ficult for a service provider to benefit from customer integration. Risk factors of 
the mandatory customer integration are the active or passive role of the customer, 
quantity and quality of the provided resources and experience. In this paper we 
analyse the risk of customer integration and present a risk based approach to 
measure the potential loss for a service provider due to unexpected customer per-
formance. Our paper provides a detailed analysis of concepts related to customer 
integration and a risk based method suitable as extension for existing service per-
formance and costings methods. Such a costing method is Activity-Based Cost-
ing (ABC). 

Keywords: customer integration, risk based service costing, service production, 
service performance 

1 Introduction 

Up to a certain level customer integration is mandatory during service production to get 
the desired service outcome [1]. For a service provider customer integration means risks 
and chances. Shifting the workload to the customer is a chance to reduce the own costs, 
but unskilled and not motivated customers are an economic risk for service providers 
[2]. To participate in service production a customer must have the willingness and also 
the ability. The willingness can be expressed by a price reduction, which is possible 
when assembling furniture at home [3]. Without the required skills, the willingness, 
time and resources are not enough [4]. Customer participation can be defined “… as 
the degree of, consumers effort and involvement, both mental and physical, necessary 
to participate in production and delivery, of services.” [5]. Customer participation can 
be exploited to increase productivity, to add additional values, to reach new customers, 
to motivate customers and to intensify customer relationship [6], [4]. From another per-
spective customer participation predominantly means risks and uncertainties for a ser-
vice provider. Trying to isolate the own business activities from the customer is one 
possible reaction not to lose control over service production and consequently the ser-
vice quality [1].  
c© Springer International Publishing AG 2017
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In order to make a customer’s implications on service performance and costs man-
ageable, the risks and consequences of customer integration must be considered [3]. 
This will help service providers to decide when and which tasks should be isolated from 
the customer not to lose control over the service production and the associated costs. 
Also which actions and trainings can help to improve service experience for provider 
and customer [7]. 

The total service costs of a service are the result of the invested resources during co-
production of provider and customer. During service production, service provider and 
service customer are part of a service system. A service system can be characterized as 
a changing configuration of technologies and resources (including human resources) 
organized with the goal to jointly create the demanded service [8]. Both parties have to 
invest resources such as knowledge, information, technologies, experience, human re-
sources or infrastructure capabilities in the service system. To improve the efficiency 
of service systems, to create new services and to systematize service innovation, such 
service systems are addressed by service science [9], [10], [11]. Research results from 
service science are required to demonstrate the economic importance of services. Com-
pared to other economic sectors such as automotive or manufacturing, the service sector 
is often regarded as less productive [12]. Overall, however, the economic importance 
of the service sector constantly increases. Most employment growth, for example, orig-
inates in the service sector, and about 70% of the people in OECD countries are cur-
rently working in companies related to it [13]. Regarding the economic importance, the 
financial crisis, which started in 2007, and the ensuing economic crisis of the early 21st 
century showed, that the service sector can also experience economic problems [14], 
[15]. 

Since “… the customer is a coproducer of service …” [16], the concept of service-
dominant (S-D) logic additionally motivates investigations concerning performance 
measurements in service systems. Especially as the customer is regarded as an integral 
component of service co-production. In S-D logic, the most important resources of a 
service system are knowledge and competencies. The knowledge and competencies of 
a customer are of particular interest for service costing. Responding to individual levels 
of competencies and knowledge can be a competitive advantage and can help to com-
pute service costs more accurate. 

Cost analyses are performed by companies to achieve pre-defined goals of the cor-
porate strategy [17]. This requires solid information to support leadership decisions. In 
general, are companies analysing costs to gain higher margins compared to competitors 
by lowering production and distribution costs [18]. Two existing costing methods used 
for services costing are activity-based costing (ABC) and time-driven activity-based 
costing (TDABC) [19], [20]. However, neither ABC nor TDABC cover customer input 
and the associated uncertainties for service performance. The amount of required hu-
man resources, and time to produce a service, depends directly on a customer’s input 
and how efficient it can be integrated into service production. This implies that without 
their integration, a major cost-influencing factor is not being taken into account, which 
decreases the reliability and the value of service cost information. With our paper we 
also address the missing customer perspective in service costing. 

4 W. Seiringer



The concept of customer participation in the context of services and cost analysis is 
also investigated by other researchers. Several works have been published on this topic. 
In the thesis of [21], the relation of customer involvement to product complexity and 
production costs is examined based on interviews and a survey via e-mail. The research 
work in [22] examines customer engagement and tries to provide a concept to improve 
a customer framework based on the Total Economic Impact (TEI) methodology. A sur-
vey and interviews were used as input and to develop the proposed methodology. Cus-
tomer participation and the impact on customer satisfaction and quality of service de-
livery are investigated in [7]. 

The above considerations inspired us to analyse possible benefits and risks a service 
provider is confronted with during customer integration and the implications on service 
costing. A main target is to find customer input factors expressing the risk of customer 
input on service production which can be used as basis to add a customer perspective 
to service costing [23]. 

Customer participation is regarded as a key characteristic for sustain service man-
agement. Concrete risk factors can improve decision making in the context of service 
management. Thus, the selected research question and associated hypothesis is: Which 
customer associated risk factors influence service performance? Our hypothesis 
claims: Customer associated risk factors can help to make service performance more 
controllable. 

To answer the research question and hypothesis, we have defined a method to com-
pute a customer-risk factor. These risk factor should further on be the basis for a risk 
based costing approach. Such a costing approach can be used to integrate customer 
associated risks into service costing.  

The contribution of this paper will be an in-depth analysis of customer integration 
from provider’s perspective. A company can use our work to gain a deeper insight into 
the level of customer participation and its consequences to service performance and 
costs. Furthermore, a company can use the customer-risk factors to improve an organ-
ization’s strategy in terms of capacity and human resource planning.  

In this this article at first, literature dealing with customer involvement and service 
production is presented. Afterwards our method to compute a customer-risk factor is 
described. Finally, our results are discussed and conclusions are drawn to give an out-
look for subsequent research activities.  

2 Customer Integration during Service Production 

To benefit from customer integration a service company needs a clear understanding 
what services are and how they are produced and how the customer participates and 
has to be integrated. This is necessary not to lose control of service production and the 
outcome [24]. A service provider has to integrate a customer into service production. 
This is independent if we talk about end consumers or business consumers. During the 
production process a customer participates by providing input expressed by infor-
mation, effort, time, labour, property, knowledge, physically presence or physical pos-
sessions [1], [2], [25]. Customers are an inexpensive resource, as they are experts of 
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their own domain. Customer integration provides the chance to develop new services 
and to increase service performance [26]. But customer integration is also getting more 
difficult, as service providers have to offer more customizable services [25]. The com-
plexity of customer integration strongly depends on the active or passive role a cus-
tomer wants to obtain. Active customer participation can increase service productivity 
and also customer satisfaction [7].  

A distinction between customer involvement and customer participation is possible. 
Customer involvement describes how psychologically related a customer is to a service. 
It is argued, that a customer can be longer involved than actively participating in service 
production [4], [27]. In this paper we use these two concepts interchangeable as we are 
focused on the concept of customer integration during service production, independent 
if a customer participates or is involved. 

Compared to goods production, service production is characterized by the manda-
tory customer participation. Production in general means to create performance as it is 
done in manufacturing companies by finishing or extracting raw materials or also in 
service companies [28]. Service production is a customer-dominated process and de-
pends on customer input [3]. For effective service co-production three key factors are 
perceived clarity of the task, ability or competence and motivation [3]. All three factors 
will increase the likelihood for good service performance and a customer’s service ex-
perience. Customer integration usually takes place at the visible part of a service organ-
izations production system. The invisible part is represented by the management and 
support system which supplies the necessary resources for the visible part, where cus-
tomer integration takes place [29]. For service production customer input has a control 
function by defining the necessary production processes and business activities. Con-
sequently, this affects a provider’s service costs and it can also be argued that “… a 
customer wish to control the process of service production and delivery thus reduce 
risk and increasing revenue” [30]. 

For participating in a production process a customer can have different motivations 
and can occupy different roles with varying importance. Described motivations are an 
intrinsic motivation to actively influence service production [5], getting control over 
the situation, human contact, doing it oneself [23], try to control the efficiency of the 
process, control the efficacy of the outcome, emotional benefits, maximize the out-
come, psychological benefits, personal interaction, information exchange, affective 
commitment, unique experience, self-serving bias, encouragement of creative partici-
pation, self-efficacy or interaction fairness [4]. Personal interaction and information 
exchange have the “… highest relation with customer participation …” [30] and per-
sonal interaction is strongly related to the integrative nature of service production [30]. 
The integrative nature of service production forces a service provider to supply capacity 
also without a customer, which leads to an ongoing information exchange between the 
provider and customer. 
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2.1 Customer roles 

Possible roles for a customer are, the customer as the advocate, customer as the in-
novator, customer as the source of competences, customer as the human resource, cus-
tomer as the partial employee, customer as the productive resource, customer as a co-
producer, customer as an instructor, customer as promoter, customer as a human re-
source, customer as organizational consultant, the customer as contributor to quality, 
satisfaction and value, the customer as competitor to the service organization and cus-
tomer as auditor. A customer’s role should be clear to overcome problems during cus-
tomer integration and not to get into “…“blaming culture” where each side blame the 
other side for the problems that occur…” [1], [7], [26].  

2.2 Types and Levels of Customer Involvement 

Different levels of customer involvement (low, moderate and high) can be identified 
depending on the service type. On all three levels active participation of the customer 
is required. If only low level participation is required, only customer presence is re-
quired, because the service provider is doing all the work. The levels of customer in-
volvement has different consequences for the service provider. If a customer purchases 
a service for the first time, active participation can be higher compared to if the cus-
tomer has purchased a service several times in the past. Low customer involvement also 
means that the customer’s presence is only required during service delivery and that the 
process of service provision is highly standardized and not intended to be customizable. 
Customer involvement is moderate when customer input is required during the produc-
tion of a standardized service. A haircut or a full-service restaurant are B2C examples, 
for B2B examples are transportation and payroll services. Customer involvement is 
high when active customer participation is required during service production and the 
customer co-creates the outcome. High customer involvement is required when it is 
difficult to standardize a service. An example for the B2C area is personal training, for 
the B2B sector consulting is such a service. High customer involvement is also required 
in education and health services [1], [2], [7], [31].  

3 Risks of Customer Integration 

Customer integration can lead to problems during service production and is a source 
for uncertainty. When customers provide specifications, which are technically insuffi-
cient, and change often or claim additional price discounts, an undesired service output 
may be produced [2], [7]. Problems during customer integration can result in role con-
flicts when a customer’s expectations cannot be met by the service provider [2]. Draw-
backs of customer involvement are decreasing service performance and customer sat-
isfaction due to unskilled customers. Problems of customers to carry out their associ-
ated tasks which affects the motivation of the involved employees and can result in a 
useless service production output. This can lead to economic uncertainties for the whole 
service provider and increases customer contact frequency and the duration of the ser-
vice production process. Customer who actively participate in service production may 
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be less satisfied compare to passive customers [7]. An increasing customer participation 
requires also employees which are capable und flexible to react on changing customer 
involvement [3]. Reducing its own risk can be a reason for a customer to be an efficient 
co-producer [5]. 

Customer involvement during production can result in uncertainty between provider 
and customer in the areas of planning, integration and production. Provider as well as 
customer can be the source of these three elements of uncertainty [32]. Planning un-
certainty occurs on the provider’s side when the customer knows under which condi-
tions (location, time, quantity and quality) the external factors are necessary, but the 
provider does not know whether the customer is able to supply them. Integration un-
certainty relates to the existing knowledge of provider and customer of how to integrate 
the external factors into the process of service production. Integration uncertainty oc-
curs when the customer lacks the information under which conditions (location, time, 
quantity and quality) external factors are required. Production uncertainty depends on 
integration uncertainty and affects provider and customer. For the customer, production 
uncertainty is related to an uncertainty of the ability to create the required external fac-
tors. Internal production factors are required to create external production factors. The 
provider is confronted with an uncertainty regarding how these external factors must 
be combined with the own internal factors. Especially during the process of factor com-
bination in order to co-create the demanded service. 

The financial risk is related to the immateriality of services and the promised per-
formance (commitment). As a result, it is difficult to define an adequate ratio between 
price and performance or an adequate service cost calculation. For the customer, a 
promised service is associated with the uncertainty of making a profit or an unexpected 
deficit. For the service provider, the customer is one main source of financial uncer-
tainty. A customer’s direct impact on service production requires additional considera-
tions of which resources are required and which are affected by customer involvement. 
Apart from supplying sufficient personnel capacity, it can be necessary to invest into 
systems and machinery. The financial risk could be reduced by the usage of an exact 
service-oriented costing method. 

Physical risk occurs when the customer can suffer a physical damage because of 
service consumption. Examples are the use of public transportation, medical treatments 
or services related to sports. Psychological risk is mainly associated with the immate-
riality of services and can occur before, during or after consumption. If the customer 
expects negative consequences to his social environment, this is called social risk which 
occurs when the customer behaves differently to his/her habit in the selection and con-
sumption of service offerings. Visiting a political event of a prohibited party or a sect 
is associated with a social risk. 

The usually intangible service output and the inseparability of service production 
and consumption, complicates the tasks of quality check and error correction prior to 
service production. If a customer supplies an incomplete service specification, this 
complicates delivering the demanded service. One main reason for uncertainty during 
service production is the dependency on customer input [33].Until the customer pro-
vides the required input, it is difficult to exactly schedule the required resources. This 
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means capacity planning is also affected by the customer input, which increase perfor-
mance uncertainty for a service provider. Therefore, a service provider is additionally 
confronted with uncertainty in terms of capacity planning. 

4 An Approach for Customer Integration Risk Computation 

Customer integration means risks and chances for a service provider. To benefit from 
it the associated risk must be known. Consequently, the risk event we observe is cus-
tomer integration. 

Customer integration can be a long-lasting process with a varying customer input. 
Due to the nature of services a service provider is forced to integrate it into service 
production. Customer input is extreme heterogenic and often difficult to identify. This 
makes it difficult to measure its impact on service performance. Every customer input 
which must be integrated and handled by a service provider causes effort and is a po-
tential risk factor. Customers provide these input in tangible and intangible form. A 
tangible customer input is for example, the personal presence during a project meeting 
or a defect car with a flat tire, which needs a repair service in a garage. Intangible input 
is experience or information in form of a problem description.  

For approach development, we used the input of our above literature study and a 
detailed analysis of two different services. The first service was software engineering 
from a software company and the second was a maintenance service for medical de-
vices. From both companies, we got access to service related data and experienced em-
ployees were interviewed by us. From the data, we could derive the actual practice to 
store and operate with service related business data. Based on this input a detailed de-
scription of the service processes and the effects of customer integration could be cre-
ated.  

We have analysed the service from the customer integration perspective. This means, 
to select the relevant service activities, software engineering is viewed from the per-
spective of a service provider which is forced to integrate customer input during the 
process of software development. For our example, we have used the service activities 
requirements analysis, implementation, testing, deployment and maintenance. For each 
of these activities customer contact with different intensity is necessary and a varying 
importance of the input categories exist. For requirements engineering the experience 
and availability of domain experts have a high impact on service performance. During 
implementation, a customer’s IT infrastructure influences service performance. Be-
cause a bad infrastructure can increase implementation time. Also for testing the IT 
infrastructure and employees which are necessary for acceptance tests are important. 
For deployment and maintenance, the IT infrastructure has a high impact and for de-
ployment especially a customer’s experience.  

Our proposed approach consists of two steps. The first step is to estimate the Cus-
tomer Integration Level (CIL) and the second step is to use the CIL to determine the 
associated customer integration risk. In the following both steps are described in detail.  
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4.1 Step 1: Customer Integration Level (CIL) 

We could identify three general categories for customer input. These are co-produc-
tion (Co), resources (Re) and experience (Ex). These three categories are necessary to 
compute the Customer Integration Level (CIL). The calculated CIL value represents 
the quality of ,  and  and the positive or negative impact on service perfor-
mance. A high  implies a high input factor quality and potentially a lower risk dur-
ing customer integration and consequently on service performance. 

Co-production represents a customer’s varying presence (low, moderate, high) dur-
ing service production. With resources, the various tangible and intangible resources 
of a customer are meant, e.g. only information and/or physical presence. Finally, expe-
rience describes a customer’s experience with the demanded service. For a service pro-
vider, it makes a difference if a customer knows a service or not. These three categories 
are always present in a service scenario, while the importance and impact on service 
performance can vary between services.  

Each of the three input categories covers several risks a service provider is con-
fronted with. Co-production covers risk concerning the customer contact. Was a high 
number of customer contact necessary? How was the customer behaviour during the 
contact phase e.g. cooperative and motivated? Did the customer provide prompt an-
swers to questions? 

Resources covers risk of the committed resources like knowledge and technologies. 
Relevant questions from provider perspective are: Are the qualifications of the respon-
sible persons at the customer sufficient to perform the required tasks? Is the provided 
information detailed enough to solve the service tasks? 

Experience covers the risk an unexperienced customer may imply. For a service pro-
vider, this means to answer questions like: Is bad experience with that customer known 
from past service productions or business partners. How was the performance of the 
past service productions? 

4.1.1 CIL Computation 

To compute the Customer Integration Level (CIL) for an individual service , first the 
CIL for each service activity  of  must be computed. A service consists of one or 
several individual service activities. Service activities can be identified, as they are nec-
essary to produce an individual service, require customer input and provide output for 
subsequent service activities. The structure of service and service activities can be com-
pared to the concepts of business process and activities, which are know from Business 
Process Modelling (BPM). Splitting up a service into different service activities can 
increase the manageability of a service and shows which service activities are also re-
quired for other services. 

The  is computed by multiplying the three previously identified customer in-
put categories Co-Creation (Co), Resources (Re) and Experience (Ex) with the associ-
ated weighting factors ,  and . The weighting is used to consider service 
scenarios where the impact of the three input categories on service production is differ-
ent, compare to Equation 1. 
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To calculate the  for a service it is only necessary to sum up and compute the 
average of the  per sevice activity and if necessary to group it by customers, com-
pare to Equation 2. For the rating and numeric value computation of the input categories 
we decided to use three categories 1 for low quality and risky, 2 for moderate quality 
and an acceptable risk level and 3 for high quality and low risk potential. We applied 
this categorization with low, medium and high for  and . This type of clas-
sification, which can be compared to a Likert Scale, supports the understanding of our 
model and corresponds with the described levels of customer integration in our state of 
the art section. The usage of a more granular scaling is possible if it fits to the analysed 
service scenario. 

 

, ∗ ∗ ∗ ,  , ,∈ 1 , 2 , 3      1 

Equation 1: CIL computation for service activity  and customer Cust  

  , ∑ , ,      

Equation 2: CIL computation for a service S  and customer Cust  

4.2 Customer Risk Factor (Step 2) 

The second step in our model is to compute the concrete risk for customer integration. 
The computed customer integration risk ,  expresses the probability of hav-
ing problems during customer integration which leads to a loss for the service provider. 
The ,  is computed based on the previously determined ,  and is 
derived from predefined severity classes for each CIL level, compare to Equation 3 and 
Equation 4. The identified severity classes can subsequently be used for risk computa-
tions e.g. integrate , into cost or resource forecasting. This can be done by 
multiplying ,  with costs or ressources. Each severity class has a numeric 
boundary which represents the acceptable loss for this severity class e.g. 20% difference 
between forecasted and actual costs or capacity. We have used the severity classes in-
significant up to 20%, significant 60%, or severe 100%. Depending on the service sce-
nario other boundaries and severity classes are also possible. 

To identify the correct severity class for each , we currently use the max-
imum likelihood classification to have an insignificant, significant or severe loss with 
the given , . Where ,  is the maximum posteriori probability of ,  belonging to one of the three severety classes (insignificant, significant or 
severe). 
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, 1 0.2 .   , ,0.6 .   , ,1    , ,  

, , ,   ∈          

Equation 3: Risk computation for service activity  and customer Cust  

 

, ∑ ,   ,            

Equation 4: Risk computation for a complete service S  and customer Cust  

5 Conclusions 

For a service provider, it is vital to know which factors influence service perfor-
mance. We identified customer integration as one main source for uncertainty of service 
performance. Consequently, we analysed the concept und risks of customer integration 
during service production. To make the customer associated risks more controllable, 
we have presented an approach to compute a customer integration level and a provider’s 
risk during customer integration. Such a risk value can be integrated into service per-
formance measurement and especially into service cost management to get more relia-
ble service costs forecasts. With our approach at first, the Customer Integration Level 
(CIL) is computed to evaluate the quality of customer participation. The CIL is subse-
quently part of the Customer Risk Factor (CRF) which represents the risk level by the 
given CIL. At the moment, our approach is a model which requires a validation with 
actual business data and a benchmark with existing methods. Consequently, the next 
step of our research activities will be the evaluation with actual business data and to 
find out how exact our risked based cost forecasting performs. 
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Abstract.  In this paper, shift scheduling method to improve customer satis-
faction (CS), employee satisfaction (ES) and management satisfaction (MS) in 
service workplace where employees and robots collaborated is proposed. In 
service industry, it is important to introduce the labor force created as a result of 
operations efficiency improvement to the other business that creates added val-
ue. For this purpose, in recent years, it has been researched to introduce robots 
to service workplace. In restaurant business, it is necessary to improve CS, ES 
and MS together, because of increasing customers’ repeat and improving profit-
ability. Therefore we started to research mentioned at the beginning. Since there 
are a trade-off relationship among CS, ES and MS, it is required to make a bal-
anced plan. Therefore shift scheduling problem is modeled as multi-objective 
optimization problem so as to improve CS, MS, ES and formulated as a set 
cover problem. Finally, relationship of CS, ES, MS and method to create shift 
schedule to improve them are discussed based on numerical experiments. 

Keywords: shift scheduling, customer satisfaction, employee satisfaction, man-
agement satisfaction, set cover problem 

1 Introduction 

In order to improve service satisfaction, it is important to introduce the labor force 
created as a result of the efficiency of operations to the other business that creates 
added value. For this purpose, in recent years, it has been researched to introduce 
robots to service workplace, assign low-value-added tasks to robots, and assign high-
value-added tasks to employees. In addition to the above, restaurant business, increas-
ing customer repeat and improving profitability are required. In order to achieve this 
objective, it is necessary to improve CS, ES and MS together. Therefore, we have 

in Service Workplace where Employees and Robots 

c© Springer International Publishing AG 2017
Y. Hara and D. Karagiannis (Eds.): ICServ 2017, LNCS 10371, pp. 15–25, 2017.

15

DOI: 10.1007/978-3-319-61240-9_2



been researching a method to create shift scheduling that can improve CS, ES and MS 
in restaurants where employees and robots collaborate. Since these are in a trade-off 
relationship, it is required to make a balanced plan.  

As a preceding study, a method to solve this problem by modeling as a multi-
objective optimization problem that can improve ES and MS, and a solution method 
that balances both ES and MS was proposed, and its effectiveness was confirmed [1]. 
However, in this research, CS was expressed in constraint formulas, and research that 
can simultaneously improve CS, ES, and MS was not conducted. Therefore, we start-
ed to research a method which creates a shift schedule aiming at the above three im-
provements. 

In this paper, shift scheduling problems in service workplaces where employees 
and robots collaborated is modeled as multi-objective optimization problems so as to 
improve CS, ES, MS, it is formulated as set cover problem and relationship of them 
are discussed based on numerical experiments. 

2 Modeling of Shift Scheduling for Restaurant Employees 

Based on the results of discussions with eating and drinking establishments offering 
cuisine at reasonable prices, we make following modeling. 

1. Make employee type part-time, full-time, and manager. These and robots have dif-
ferent cost per hour. 

2. Classify work place of the restaurant into the front work with the contact operation 
of customers and the backyard work without that of customers.  

3. The work content of each task is two tasks, simple task and complicated task. Abil-
ity of employees shall be "Workable" or "Impossible to work" for each work place 
and work content. Robots can only work for simple task of backyard work and 
simple task of front work outside business hours. Assume the desire degree of em-
ployees for each day and time zone is to be "Work permitted", "Not work permit-
ted", "Desirably not to work". 

4. Set necessary capabilities for each work place and work content by time zone. 
5. Concepts for evaluation of CS, ES, and MS are as follows. 

CS improves as employees work for front work. It further improves if employ-
ees work for complicated task. 
ES improves as employees work for time zone, work place and work content of 
“Work permitted”. It declines as employees work for time zone, work place and 
content of “Desirably not to work”. 
MS declines as employees work hours increase. It improves as robots work 
hours increase, since managers want to operate many robots that are not costly 
for working. 

 In this model, based on time zone, work place and work content desired by each em-
ployee, those of employees and robots are determined so that CS, ES and MS will be 
the highest while satisfying minimum necessary capabilities and employee's "Not 
work permitted" time zone, work place and work content. 
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3 Formulation

This problem is formulated as set cover problem [2]. 

3.1 Set cover problem 

In the set covering problem, when a set M  and a subset group jS  of M  and a 
weight jc corresponding to jS  are given, subset families are selected so as to cover all 
elements of the set maximizing sum of weights jc  corresponding to jS . The formula-
tion is shown below. 

1. Notation 
M : Element set ( m,,,Mi 21 ) 

jS : Subset family of M ( n,,,Ni 21 ) 

j,ia : 1 if jS  covers element i, 0 otherwise 

jc : Weight corresponding to jS  

jx : 1 if jS  is a solution, 0 otherwise 
2. Formulation 

<Objective function> 

j
Nj

j xCMinimize  (1) 

Expression (1) shows minimization of sum of weights jc . 
<Constraint expression> 

Nj
jji Mixa ,, 1  (2) 

Expression (2) shows that one or more elements i  of the element set M must be cov-
ered. 

3.2 Shift scheduling method 

Before shift scheduling, it is made all work schedule patterns (i.e. subset family) that 
can be worked based on desired work plan of each employee. Shift scheduling is de-
termined by selecting from subset family so as to maximize total of CS, ES and MS 
satisfying constraints on the minimum necessary capability and employee's "Not work 
permitted" time zone, work place and work content. 
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3.3 Formulation of shift scheduling problem 

1. Notation 
m : Employee ( M,,,m 21 ) 
n : Robot ( N,,,n 21 ) 
d : Planning period (day) ( D,,,d 21 ) 
t : Planning period (hour) ( T,,,t 21 ) 
p : Work place ( backyard,frontp ) 
v : Work content ( dcomplicate,simplev ) 

maxT : Maximum working hours per day 

minT : Minimum working hours per day 

d,mg : Work schedule pattern ( mdd,m G,,,g 21 ) 
Work schedule pattern is made based on desired work plan of each employee 

t,g,d,m d,m
a : Desire degree of employees for time zone 

Desire degree of Employee m on day d , work schedule pattern d,mg  and 
time t  is as follows: 

"worktonotDesirably"
"permittedworkNot"

"permittedWork"
a t,g,d,m d,m

1
0
1

 

v,p,mC : Ability of employees 
Ability of employee m on work place p and work content v is as follows: 

"Workable"
"worktopossibleIm"

C v,p,m 1
0

 

min
v,p,t,dL : Necessary capabilities on work place p , work content v , day d and time t  

me : Unit price of employee m  
r : Unit price of robot 

v,p,mq : Desire degree of employees m on work place p and work content v  

v,p,t,d,mx : 0-1 integer variable which denotes whether employee m  works or not on 
day d , time t , work place p and work content v  

workNot
Work

x v,p,t,d,m 0
1

 

v,p,t,d,m
y : 0-1 integer variable which denotes whether robot n  works or not on 

day d , time t , work place p  and work content v  

workNot
Work

y v,p,t,d,m 0
1
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d,mg,d,mz : 0-1 integer variable which denotes whether employee m  select work 

schedule pattern d,mg or not on day d  

selectNot
Select

z
d,mg,d,m 0

1
 

2. Formulation 
<Objective function> 

1
MSESCSMaximize

 (3) 

Expression (3) shows the weighted sum of CS, ES and MS. CS, ES and MS is as fol-
lows:  

esssinbucloseis.b.c,esssinbustartis.b.s

xxCS
M

m

D

d

.b.c

.b.st
simple,fromt,d,mdcomplicate,front,d,m

1 1
3  (4) 

M

m

D

d

G

g

T

t

M

m

D

d

T

t
v,p,t,d,m

backyard

frontp

dcomplicate

simplev
v,p,mg,d,mt,g,d,m

d,m

d,m
d,md,m

xqzaES
1 1 1 1 1 1 1

 (5) 

M

m

d

d

T

t

yardback

frontp

N

n

D

d

T

t

backyard

frontp

dcomplicate

simplev
v,p,t,d,n

dcomplicate

simplev
v,p,t,d,mm ryxeMS

1 1 1 1 1 1
 (6) 

Expression (4) shows CS. If employee works for simple task of front work, CS im-
proves by 1, if he works for complicated task of front work, it improves by 3. Expres-
sion (5) shows ES.  If employee works on "Work permitted" time zone, ES improves 
by 1, if he works on "Desirably not to work" time zone, it declines by 1. If employee 
works on "Work permitted", work place and work content, ES improves by v,p,mq , if 
he works on "Desirably not to work" work place and work content, it declines by 

v,p,mq . Expression (6) shows MS. If employee m  works, MS decline by me . If robot 
works, MS improves by r . 
<Constraint expression> 

d,mz
d,m

d,m
d,m

G

g
g,d,m 1

1
 (7) 

t,d,mzax
d,m

d,m

d,m
d,m g,d,m

backyard

frontp

G

g
t,g,d,m

dcomplicate

simplev
v,p,t,d,m

1

2  (8) 

p,t,mLyx min
dcomplicate,p,t,d

N

n
dcomplicate,p,t,d,n

M

m
dcomplicate,p,t,d,m

11
 (9) 
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p,t,mLyx min
simple,p,t,d

N

n
simple,p,t,d,n

M

m
simple,p,t,d,m

11
 (10) 

v,p,mCifx
D

d
v,p,m

T

t
v,p,t,d,m

1 1
00  (11) 

backyard

frontp

dcomplicate

simplev
v,p,t,d,n t,d,ny 1  (12) 

N

n

D

d

T

t

backyard

frontp
dcomplicate,front,t,d,ny

1 1 1
0  (13) 

N

n

D

d

.b.c

.b.st
dcomplicate,front,t,d,ny

1 1
0  (14) 

d,m

T

t
maxt,g,d,mmin g,d.mTaT

d,m
1

2  (15) 

Expression (7) shows that each employee's work schedule pattern for each day is one 
or none. Expression (8) shows that each employee works for time zone of the selected 
work schedule pattern. Expression (9) and (10) shows that each complicated tasks and 
simple tasks requires more than minimum necessary capability. Expression (11) 
shows that employees cannot work for "Impossible to work" work place and "Impos-
sible to work" work content. Expression (12) shows that each robot's work schedule 
pattern for each day is one or none. Expression (13) shows that robots can’t work for 
complicated task. Expression (14) shows that the robot can’t work for simple task of 
front work during business hours. Expression (15) shows the maximum and minimum 
working hours for a day. 

4 Results of numerical experiment and discussion 

4.1 Numerical experiment condition 

Numerical experiments are conducted using parameters related to employees and 
robots shown in Tables 1 to 4. Employee No.1 to No.9 is part-time, No.10 to No.14 is 
full-time, and No.15 is manager. Each part-time has a high desire degree for simple 
tasks, each full-time and manager has a high desire degree for complicated tasks in 
Table 2. Each part time has a desire of time zone, each full-time and manager desires 
all time zones in Table 3. Employee 2 and employee 7 cannot work for complex task. 
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Table 1. Experiment setting  

 
 
 
 
 
 

Table 2. Parameter for employee and robot 

 
 
 
 

Table 3. Desired work plan of each employee 

 
 
 
 
 
 
 
 
 
 
 
 

Table 4. Necessary capabilities 

 
 
 
 

4.2 Results of numerical experiment and discussion 

Numerical experiments are conducted in which the coefficients of expression (3) are 
changed to increments of 0.01 within the range satisfying  +  +  = 1, and the 
relationship between CS, ES, and MS is discussed. Results of three robots cases are 
mainly discussed. 

As shown in Fig.1, the relationship between CS and ES stratifies according to MS. 
When MS is low to moderate, CS and ES are in a trade-off relationship. In order to 
raise CS, trade-offs with ES occur to select employees who do not want to work for 

the number ofemployees 15
the numberof robots 1 3

plan period (day) 1
plan period (time) 15

maximum working hours 3
minimum working hours 8

business hours 3 14

number cost/hour fron/simple front/complicated back/simple back/complicated
employee part-time 9 1 0 -1 1 -0.5

full time 5 1.5 -0.5 1 -1 0
manager 1 2.5 -0.5 1 -1 0

1 3 0.3

desire degree

robot

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 -1 -1 -1 -1 1 1 1 1 1 1 1 1 1 0 0
2 0 0 0 0 0 0 0 0 -1 -1 -1 1 1 1 1
3 1 1 1 1 -1 -1 -1 -1 1 1 1 1 1 0 0
4 0 0 0 1 1 1 1 1 -1 -1 -1 -1 -1 0 0
5 0 0 0 -1 -1 -1 -1 1 1 1 1 1 1 -1 -1
6 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 1 1 1 -1 -1 -1 -1 -1
8 1 1 1 1 1 -1 -1 -1 -1 -1 0 0 0 0 0
9 0 0 0 1 1 1 1 1 -1 -1 -1 -1 -1 0 0
10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
14 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

time zone of working hours
employee

work work
place content 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
front simple 1 1 1 2 2 2 2 2 2 2 2 2 2 1 1

complicated 1 1 1 2 2 2 2 2 2 2 2 2 2 1 1
back simple 2 2 2 2 3 3 2 2 2 2 3 3 2 2 2
yard complicated 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

time zone of working hours
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"Desirably not to work" time zone. When MS is high, CS is constant regardless of the 
ES's high or low, because it will be the minimum necessary capability of front work 
must be maintained. 

 
 
 
 
 
 
 
 
 
 

Fig. 1. Relationship between CS and ES 

As shown in Fig.2, the relationship between ES and MS stratifies according to CS. 
When CS is low, ES and MS are in a trade-off relationship with MS being high. The 
reason for this is that when the CS is low, employees' front work is decreased and MS 
improves. As CS goes up, employees' front work hours increase, so MS and ES are in 
a trade-offs relationship as ES declines. When CS is high, the work place is limited, 
so there is no trade-off between ES and MS, which is almost one point. 

 
 
 
 
 
 
 
 
 
 

Fig. 2. Relationship between ES and MS 

As shown in Fig.3, the relationship between CS and MS stratifies according to ES. 
When ES is low, CS and MS are in a trade-off relationship with MS being high. Full-
time and managers have a high degree of desire for complicated tasks of front work, 
and also have high degree of desire to work. Therefore, as CS increases, ES also in-
creases, so CS does not become high when ES is low. As the ES increases, the num-
ber of employees who desire front work increases, CS is a high value, MS is a low 
value, CS and MS are in a trade-off relationship. When the ES becomes high, since 
the work is limited to the time and places that employee’s desire, the trade-off rela-
tionship between CS and MS disappears and it becomes almost one point. 

 
 

MS 

CS 
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Fig. 3. Relationship between CS and MS 

Next, working hours of employees and robots ware disucussed in case of 
emphasizing CS, ES and MS, respectively. As shown in Table 5, in the case of CS 
emphasis, the total of working hours of employees is 86 hours. In order to improve 
CS, the most employees work for the front work. As shown in Table 6, in the case of 
ES emphasis, part-times work 16 hours for simple task of backyard work. In other 
words, part-times  work a lot for highly desire degree work. On the other hand, since 
part-times work on simple task of backyard work, work place of the robot was 
reduced. As a result, working hours of robots is 21 hours, which is the smallest 
compared with others. As shown in Table 6, in the case of MS emphasis, the total 
working hours of employees is 77 hours, which is the smallest as compared with 
others. In addition, the working hours of robots is 37 hours, which is the largest 
compared with others. Further more, the total time required for each work place and 
work content at each time in this experiment is 114 hours. In other words, this plan is 
created to operate with the necessary minimum capability. 

From above discussion, in the case of CS emphasis, many robots work to 
maximize CS, and the maximum number of employees work for complicated task of 
front work. In the case of ES emphasis, in order to make ES the highest, all 
employees don‘t work for “Desirably not to work” time zone, work place and work 
content. In the case of MS emphasis, in order to maximize MS, working hours of 
employee are the minimum of the range that satisfies the minimum required 
capability.  

Table 5. Working hours of employees and robots                                                           
(CS emphasis case; 010010980 .,.,. ) 

 
 
 
 
 

work work
place content part-time full-time manager total
front simple 22 0 0 22 3

complicated 19 37 8 64 0
back simple 1 0 0 1 33
yard complicated 27 3 0 30 0

89 40 8 117 36total

employee
robot

ES 
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Table 6. Working hours of employees and robots                                                           
(ES emphasis case; 010980010 .,.,. ) 

 
 
 
 
 
 

Table 7. Working hours of employees and robots                                                           
(MS emphasis case; 980010010 .,.,. ) 

 
 
 
 
 
 
Finally, the relationship between the number of robots and the objective function 

value is discussed. CS, ES and MS with the maximum objective function value in the 
case of one robot, two robots and three robots is shown in Table8. Total satisfaction  
improves as the number of robots increases. Among CS, ES and MS, CS is the most 
improved and its contribution to total satisfaction is high. Furthermore, MS also im-
proves, so that total satisfaction improves without increasing costs. Meanwhile, alt-
hough ES declines, it is not big. From above discussion, it is better to have many ro-
bots work so as to improve total satisfaction although ES declines. 

Table 8. CS,ES and MS with the maximum objective function 

 
 
 
 
 

5 Conclusions

In this research, shift scheduling method for service workplace where employees 
and robots collaborated is proposed. For above purpose, shift scheduling problem is 
modeled as multi-objective optimization problem so as to improve CS, MS, ES and 
formulated as set cover problem. Furthermore, the relationship of CS, ES, MS and the 
work scheduling plan with the highest satisfaction is disucussed by numerical 
experiments. As a result, the following is confirmed. 

work work
place content part-time full-time manager total
front simple 22 0 0 22 3

complicated 16 9 0 25 0
back simple 0 0 0 0 34
yard complicated 28 2 0 30 0

66 11 0 77 37total

employee
robot

work work
place content part-time full-time manager total
front simple 22 0 0 22 3

complicated 0 24 5 29 0
back simple 16 0 0 16 18
yard complicated 11 16 3 30 0

49 40 8 97 21total

employee
robot

1 2 3
CS 133.0 148.0 154.0
ES 127.5 125.5 124.5
MS -141.5 -127.0 -121.2

Total 119.0 146.5 157.3

category
The number of robots
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CS, ES, and MS have trade-off relationships and parts where there is no trade-off 
relationship. When MS is high, the ES declines low, and CS keeps required 
minimum capability. When ES is high, both MS and CS decline. When MS is high, 
MS decline and CS is moderate. 
Total satisfaction is improved by increasing the number of robots. 

In the future, we would like to apply this method to real restaurants and to do a 
demonstration experiment to improve satisfaction. 
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Abstract. Companies are currently forced to implement new production and 
marketing paradigms because modern markets are getting more and more 
saturated and commoditized. One of the trends is orientation to services. The 
paper investigates the problem of product-service system configuration in a 
customer-centered way and discusses how it has been solved. The paper shares 
the authors’ vision of required improvements in business processes and 
information systems at the considered company related to life cycle management 
for product-service system configurations. Though the research results are based 
on the analysis of one company, the presented work can give significant input to 
achieve benefits for component manufacturers that tend to become system 
vendors in general. 

Keywords: Product-service system, customer view, application view, 
information management, business process, information system 

1 Introduction 

Companies are currently forced to implement new production and marketing paradigms 
because modern markets are getting more and more saturated and commoditized [1, 2]. 
This equally applies to markets with long histories regarding type of products. There 
are many product manufacturers and vendors what results in extremely small rooms for 
new products. The markets are shrinking and companies striving for attracting and 
retaining customers see service provision as a new path towards profits and growth. As 
a result, they have to be very innovative in order to survive. 

One of the trends is orientation to services. This opens a completely new world of 
business models allowing companies to transform from product suppliers to service 
providers or even to virtual companies acting as brokers. For example, Rolls-Royce 
instead of selling aircraft engines now charges companies for hours that engines run 
and takes care of servicing the engines [3]. Another famous example is Uber, that does 
not only provides taxi services, but it does this without actually owning cars and acts 
c© Springer International Publishing AG 2017
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just as a connecting link between the taxi drivers and passengers. Timely changed 
business model can provide for a significant competitive advantage (e.g., the current 
capitalisation of Uber is about $68 billion, which is $20 billion higher than that of GM 
[4]).

Automation equipment production is not an exception. The carried out analysis of 
the business and information management processes related to an automation 
equipment producer shows that instead of offering separate products, the company now 
tends to offer complex products (which may consist of several other products), whole 
integrated systems and also software units using different services [5, 6]. Product-
Service Systems (PSS) assume orientation on combination of products and services 
(often supporting the products) instead of focusing only on products. This paradigm fits 
well automation equipment producers, for which tight relationships with customers are 
of high importance. These tight relationships enable the possibility to get valuable 
equipment usage statistics, analyse use cases and get direct customer’s feedback [7-9].

Besides the products themselves and services as standalone “products”, a good way 
to create additional customer value is to provide the customer with PSS configuration 
possibilities. Both physical and software components are not used individually but in a 
greater context at the customer’s site what means that integrated products, systems, and 
services as well as their valid combinations have to be considered all together. Running 
a set of components from an automation equipment manufacturer, for example, for the 
customer, it is of high value that the components do not fail. Service contracts for 
maintenance on a regular basis and maybe also on spare parts are only a few examples 
of how the product manufacturers can give added value to their customers.

The paper is based on the analysis and modification of the information management 
processes related to PSS configuration at the automation equipment producer Festo AG
& Co KG. Festo is a worldwide provider of automation technology for factory and 
process automation with wide assortments of products (more than 30 000 – 40 000 
products of approximately 700 types, with various configuration possibilities) ranging 
from simple products to complex systems (fig. 1).

Around the world, 61 Festo national companies and 250 regional offices in 176 
countries ensure that advice, service, delivery quality and reliability precisely meet 
customer needs in all global industrial regions. Today, more than 300,000 industrial 
customers in 200 industry segments worldwide rely on Festo’s problem-solving 
competency. It produces pneumatic and electronic automation equipment and products  

Fig. 1. Assortment range: from simple products to complex systems

Product System System
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for various process industries in 11 Global Production Centers and 28 National Service 
Centers.

The paper investigates the problem of PSS configuration information management 
in a customer-centered way and the way it has been solved. Implementing such an 
application-system view addresses the problem of designing the customer view on PSS 
selection, configuration and usage, i.e. defining customer’s experience by “talking in a 
customer-understandable language” and addressing his/her application problems.

The paper shares the vision of the authors of required improvements in business 
processes and information systems at the considered company related to life cycle 
management for PSS configurations. Though the research results are based on the 
analysis of one company, the presented work can give significant input to achieve 
benefits for component manufacturers that tend to become system vendors in general.

The remaining part of the paper is structured as follows. The next section presents 
some ideas regarding modularization and configuration of services. Then, the approach 
is described followed by the pilot case study. Main findings of the carried out research 
are discussed in sec. 5. Some summarizing remarks are presented in the Conclusion. 

2 Modularization And Configuration of Services 

The fist, obvious difference when talking about selling products and services is that a 
product can only be sold once. Of course, you can make a contract for a larger number 
of that one product from which the customer gets a few on a regular basis. However, 
each individual product is manufactured and sold once. Services, on the other hand, can 
be recurring and rather long lasting. Basically, there are two different types of services:

Point-of-sale (POS), which means that a service is a stand-alone product or is sold 
together with components or systems in a single quotation (as a PSS), and
Contracts, which are long-term services for components or systems that are already 
in place at a customer site. Such long-term services are typically based on 
maintenance, which lowers the customer’s risk of component or system failure. 
Maintenance contracts can also be agreed on for whole production environments, 
i.e. a running set of components and / or machines from potentially different vendors.

Next, there is a difference in how products and services are “produced”. For tangible 
products, there typically is a defined way of how they manufactured. There are 
machines available for manufacturing, there are work plans describing how it is done, 
and there is a defined outcome. This means that such products are always the same. The 
same resources are used and the production costs are exactly the same for all products 
of the same product variant [10, 11]. The production is customer-independent. For 
service fulfillment there also is a defined way of how the work should be done. 
However, the exact way of how it is fulfilled varies every time it is done, because the 
situation of customer greatly influences how the service is fulfilled, e.g. the customer 
location is important. The fulfillment is customer-specific. Additionally, if the service 
is part of a PSS, then it belongs to some components or systems. The service itself will 
be different depending on the relevant products, their age, their usage, and so on.
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These differences between product manufacturing and service fulfillment lead to 
different pricing strategies (fig. 2). For tangible products, the price is typically based 
on the production costs plus some margin. The price may also be country-specific, 
leading to a number of list prices, probably different because of currency rates or on the 
competition in the regarding countries. It is a rather new trend to use the value a product 
has for the customer as a source for pricing, e.g. leading to value-based pricing
strategies. Still, usually specific characteristics of customers are used to group them, 
not to identify a single customer. Such groups may be the location, the time or the type 
of device used for product search. For services, the individual customer is also put into 
a group of persons that are similar in the sense of a list of characteristics. Regarding a 
Pareto-optimal approach, this can be an efficient approach since some customers are 
really similar in their behavior. 

Car insurances are a good example of doing this: they group persons into groups 
based on their location and their history of previous accidents. However, when the car 
itself comes into play, the combination of customer and car is really individual.  

The same holds for components and systems that are installed and running on 
customer sites. How old is that system? How frequently is it used? All these factors 
make pricing for service offers really difficult. Next to the service tasks themselves, 
additional information about serviced products/systems, their usage and about the 
customer are needed for a good calculation. When a company deals with the same 
customers over longer periods, it is thus a good idea to collect information about the 
“installed base” and about the planned and current usage. When well motivated, 
customers will accept a price that is based on measuring their individual behavior.

Fig. 2. PSS configuration and pricing specifics

Configuration Model

Product Services

Configuration

Pricing

Portfolio Management

Customer Specifics:
Behavior, Location, …

Analysis
Business Intelligence

Database / Statistics

Offer

Order
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3 Approach 

The used gap analysis methodology was implemented through the following steps. 
First, the analysis of the current organisation of the information management was 
carried out. Then, the expert estimation of the company benchmark was done. Based 
on this, the comparison of the present and future business process and information 
management organisation was done resulting in creating corresponding process 
matrixes. This has made it possible to identify major gaps between the present and the 
future business organization, analyse these and define strategies to overcome these 
gaps. 

Research efforts in the area of information management show that information and 
knowledge needs of a particular employee depend on his/her tasks and responsibilities. 
Different stages of the product lifecycle management processes in the company are 
associated with different roles like product managers, sales personnel and even 
customers. The representatives of different roles have different needs when interacting 
with an application like a PSS configurator. Product managers or a sales 
representatives, for example, know about the products and are able to configure by 
deciding on technical facts. A customer, on the other hand, may not know about the 
technical details of the company’s products or even what kind of product he/she may 
use to solve his/her application problem. This is the reason why technical product 
details should be hidden from the customer under the application layer. 

3.1 Application view 

The complex PSS view comes from the application side. After defining the application 
area, configuration rules and constraints to the product are defined. They are followed 
by characteristics and product structure definition. Finally, the apps (software 
applications) enriching the product functionality or improving its reliability and 
maintenance are defined. The same applies to the sales stage.

As a result, implementing such application-constraints-system view addresses the 
problem of designing the customer view on product selection, configuration and 
processing (defining customer’s experience, “talking in a customer-understandable 
language”) [12, 13].

As it was already mentioned, based on the different complexity levels, the 
company’s products can be classified as simple discrete components, configurable 
products or system configurations. The major goals are reducing the effort in producing 
products and reducing the time-to-delivery to the customer. Both goals should be 
reached by having less engineering activity (ETO) but more products that can be 
assembled based on a pre-defined modular system (ATO). In this sense, it is intended 
to make use of the “economies of scale”. Products of different complexity require 
distinct handling in the process from request to delivery. Three levels of complexity are 
differentiated: 

PTO – pick to order: A product is order-neutrally pre-fabricated and sold as a 
discrete product. This means that no configuration is necessary to identify the correct 
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combination of components. The different combinations already exist and for the 
customer it is a selection process rather than a configuration process. No order-
specific production is required. 
ATO – assemble to order: The different components a product can be composed 
of are pre-fabricated but the correct combination of components is left open for order 
clearing process. The product itself is order-specifically produced from these 
existing components. 
ETO – engineer to order: A product is based on a known set of pre-fabricated 
components (like in the ATO scenario) but the specific customer need requires 
additional engineering activity. In this case new components need to be engineered, 
constructed and fabricated in order to fulfil a customer order and product the order-
specific product. 

Of course, the selection and configuration of these different types needs to be 
addressed accordingly. However, the customer should not be aware of this distinction. 
To the customer, the sales process should always “feel” the same.

As it was mentioned, different information needs of different roles (product 
managers, sales personnel, customers, etc.) are the reason to hide the technical product 
and service details under the application layer. In addition, the selection of the right 
product for solving the application problem can be based on a mapping between the 
application layer and a (hidden) technical product layer. In the optimal case, a customer 
does not notice whether he/she is selecting a discrete product, configuring a complex 
system, and so on.

As a result, the overall concept of customer-centric view on the products has been 
formulated as shown in fig. 3. It includes the introduced above new role of “System 
architect” responsible for the holistic view to the system and its configuration, 
description of its functionality and applications, and designing a customer view to it. 

3.2 Changes in information systems 

The changing requirements on business processes also induce changing requirements 
on information systems. 

In today’s world, most companies do product specification with word documents or 
similar approaches. These documents are handed over to construction. Construction 
hands over other data, e.g. technical characteristics via PDM systems or CAD files, to 
manufacturing, and so on. At the time a sales channel is set up for the new product, the 
initial data from product specification is lost. Thus, a new requirement for effectively 
setting up sales configurators and after-sales support is a continuous database. 
Knowledge about the product’s application domain should be formally acquired already 
in the early phases of new product development. In this case, the data is available 
whenever needed in later steps of the product lifecycle process. 

Application-Driven Product-Service System Configuration 31



Fig. 3. The shift from the product view to the application view

Typically, the new product development process is structured in several milestones, 
such as design approval, technical approval or sales approval. During the entire life 
cycle, different roles work on product-centred data: product managers, engineers, 
controllers, marketing, sales personnel, and so on. Thus, either the relevant product data 
needs to be handed over – and potentially transformed – from a phase of the life cycle 
to later phases, or there is a single information system with which all the different roles 
carry out their daily work; every role on their specific view on a portion of the product 
data. In both cases, one of the major benefits for all concerned roles would be a seamless 
integration of all product life cycle phases within a comprehensive workflow. 

A product-modelling environment must be capable of configuring modular product 
architecture. This means that using such an environment, it must be possible to reuse 
single product models in the scope of system configurations and assign product or 
system models to application knowledge. This requires the definition of well-formed 
product model interfaces to allow for modularity. Such interfaces enable a black-box 
approach, in which all products or modules implementing this interface can be chosen 
for the complex product / system; i.e. they become interchangeable. For the customer 
the complex details of product models on lower levels of the system architecture remain 
invisible. The customer decides based on the visible characteristics of the black-box. 

Finally yet importantly, it is also important to support multi-user activities on the 
different parts of product, system and application models without losing track of 
changes and implication that such changes have. 

System

Product
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Company’s internal view to 
the product / component 
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4 Pilot case study implementing the developed approach 

The developed approach has been verified on a pilot case for the Control cabinet 
product for selected customers. This is a complex product consisting of the cabinet itself 
housing a large number of different control elements, some of which are also complex 
products. Due to variety of components, its functionality is significantly defined by the 
software control system. Control cabinets are usually configured individually by 
company’s product managers based on the customer requirements since their 
configurations are tightly related to the equipment used by the customer.  

Before the change, the customer together with the product manager had to compile 
a large bill of materials by deciding individually for every single component, in order 
to get the control cabinet. The customer would not be able to do this alone without 
assistance of the company’s representative who is an expert in the product range. Now, 
with a holistic customer-centric view to the control cabinet as to a single complex 
product including corresponding apps and software services, it can be configured and 
ordered as one product by the customer usually without assistance. 

At the first stage, based on the demand history, the main requirements and 
components are defined at the market evaluation stage.  

Then, at the engineering stage the components, baseline configurations based on 
branch specific applications as well as possible constraints are defined. The result of 
this is a source data for creating a cabinet configurator tool that makes it possible for 
the customers to configure cabinets based on their requirements online. At this stage, 
such specific characteristics are taken into account as components used, characteristics 
and capabilities of the cabinet, as well as resulting lead time and price (fig. 4).

Fig. 4. Control cabinet configurator: an interface example 
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Fig. 5. Control cabinet: from online configuration to production 

Based on the customer-defined configuration the engineering data is generated in an 
automatic (in certain cases – semi-automatic) way, which is used for the production 
stage. As a result, the centralized production of cabinets is based on the automatically 
generated engineering file (fig. 5).

The new business process made it possible to reduce the time from configuration to 
delivery from several weeks to few days (depending on the required components). The 
product maintenance is also significantly simplified due to the system-based view. All 
the data about this product (not only separated components) is available and can be 
used for modification of its configuration on customer’s demand.

5 Findings 

As a summarization of the findings of the described work, the following main strategies 
of the servitization processes have been identified: 

1. Designing customer view on product selection, configuration and processing.  
There are different types of users, like product managers, sales personnel or 

customers. These users have different needs when interacting with an application like 
a product configurator. The customer view and the company’s internal view describe 
two contrary views addressing the intersection between the company’s product 
diversity and the customer’s individuality with a common goal: being able to guide a 
customer in selecting and configuring the right system for his/her application problem. 
At first sight, diversity and individuality seem to have a lot in common, but the goal 
behind each is rather distinct. It is important to analyse the customer’s context 
(especially for offering services): system usage, customer’s industry, who does the 
maintenance, country-specific regulations, etc.  
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2. Increasing system modularity / reusability in the context of PSS. 
The structure of product combinations and systems needs to modularized. 

Comparable modules have the key ability to be used in multiple configuration contexts. 
This concerns not only products and components, but also product combinations and 
whole PSSs assuming building a multilevel PSS configuration model. Thus, a general 
PSS model architecture needs to be set up. 

3. From business processes to IT and vice versa. 
Though it is reasonably considered that the changes of business processes are the 

driver to changes in the corresponding IT systems, the experience has shown that it is 
not always the case. Having defined a general strategy, the company can try to 
implement some pilot particular IT solutions to support existing business processes or 
parts of them. If such solutions turn out to be successful, they could be extended and 
will cause changes in the business processes.  

Besides the above strategies, some more particular findings with impacts on business 
processes and information systems can be identified as well.

The impacts on business processes include:
1. Aligning the business processes (improving interoperability and avoiding redundant 

tasks). When building a new configurator platform, it is important to align business 
processes like new PSS configuration together with the desired outcome. Doing so 
can help improving interoperability and avoiding redundant tasks e.g. in data 
maintenance.

2. Setting up sales and pricing strategies. While for tangible products, the price is 
typically based on the production costs plus some margin, pricing for services and 
PSS is difficult and requires development of new sales strategies.

The impacts on information systems include:
3. Homogenizing and standardizing master data (increasing master data quality; e.g. 

for being able to compare components, which are necessary to build partially defined 
combinations and PSSs). 

4. Implementing tool support for the changed processes (supporting the improved 
business processes).  

5. PSS needs to be defined. This includes data about components / machines, data about 
services, and about valid combinations of components and services.

6. Configuration of services needs additional knowledge sources. 
7. Statistics need to be recorded and interpreted.

Impacts 6 and 7 are tightly related. Since software services are dealing with 
information, one has to provide such optimized and up-to-date information in order for 
services to operate efficiently as well as collect usage information to use it for further 
improvements and optimization. For a hardware system, the customer can tune 
parameters individually based on the particular usage. For services, if an extensive 
usage statistics is collected, some specific parameters can be offered to the customers
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in order to improve their production processes. The statistics can also be used for 
improvement of the company products and PSS. For example, a strategy that brings 
companies and their customers in a closer collaboration is innovation democratisation 
[14] standing for involvement of customers into the process of creating new products 
and services. This makes it possible for companies to better meet the needs of their 
customers. 

6 Conclusions 

The paper is concentrated on improving customer’s experience in configuring and 
ordering for configurable PSS. The core idea is the change from the convenient for the 
company view of the products to the customer-friendly view from the system 
application perspective, which required an introduction of a new PLM role of “System 
architect”. The developed business process and supporting information systems made 
it possible to implement the scenario of the automated production of the customer-
configured control cabinet.

The presented work is an ongoing joint research, which is still in an intermediary 
step of implementation. So far, a pilot case for the control cabinet product has been 
implemented together with the CPQ (configure – price – quote) software vendor 
encoway GmbH. This configuration application is already in use for selected
customers. The future work will include achieving automated production of other 
customer-configured PSS. The research is based on the company Festo AG&Co KG, 
however, the results can give significant input to achieve benefits for component 
manufacturers that tend to become system vendors in general.
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Abstract. This paper presents the results of a study examining the nature of 
consumers’ emotional reactions following a significant service failure. In addi-
tion to measuring consumers’ feelings about the outcome that occurred (includ-
ing the remedy), the emotional response to the service provider and the emo-
tional response about the decision makers own choice to use that provider were 
captured separately. Consumers regretted their decision to use a provider if the 
provider only offers them compensation and not an apology when there was a 
delay in the service. Negative emotions focused toward the self and toward the 
provider played significant roles in the continuation intentions of the consum-
ers. Offering a small amount of compensation ($10) for a delay with an apology 
was as effective as offering a large amount of compensation ($350) without an 
apology. An apology was significantly related to all of the feelings and to the 
continuation behavior. The level of compensation, however, was only related to 
greater satisfaction and continuation intentions. The mediating role of these 
emotional responses on satisfaction and continuation intentions showed that the 
emotions experienced were important mediators of satisfaction with the han-
dling of the failure and with continuation intentions. 

Keywords: Emotional responses, Apology, Compensation, Service failure 

1 Introduction 

Much of the previous research on consumers’ responses to service failures has includ-
ed multiple measures of emotion but without specifying the focus of these emotions. 
Consumers may regret their decision to use the particular provider, be disappointed 
with the outcome, or be angry with the provider. If a participant is only asked how 
disappointed they are after a bad experience, without specifying the focus of that dis-
appointment, it is not possible to discern with whom the disappointment is directed. 
The purposes of this research are to examine 1) the emotional responses directed to 
the consumer, the provider and the outcome after a service failure and 2) consumers’ 
responses to remedies offered. 

and Recoveries 
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2 Literature 

Service recovery research has often examined restitution or compensation to the cus-
tomer who has experienced a service failure and the role that an apology may play in 
the recovery [1-3]. Wirtz and Mattila investigated a service delay in a restaurant and 
found that both a twenty percent discount and an apology were significantly related to 
satisfaction, though the interaction was not. An apology was also related to continua-
tion behaviors. Other researchers [4-6] have found that compensation was strongly 
related to customer satisfaction following a service failure. 

3 Methods 

3.1 Design 

This study used a mixed between subject design with two factors, compensation level 
($10, $100, or $350) and apology (yes or no).  Participants were randomly assigned to 
one of the six conditions.    

3.2 Participants 

Participants were recruited from Amazon Turk and responded to a solicitation that 
“asked them to read a service scenario (see Appendix) and respond to a set of ques-
tions indicating their reactions to the scenario.”  One hundred and fifty people partici-
pated in the study and were paid $0.50.  

3.3   Procedure 

Participants were told that this was a study investigating people’s responses to service 
encounters where the outcome is less than desirable.  Participants read the scenario 
and were asked to respond to all questions as if they were the person in the scenario.  
The scenario is in the Appendix. It had six versions – crossing the three levels of 
compensation with an apology or no apology.  The first question was a free response 
asking for the person’s thoughts and feelings about the scenario.  The next six 
measures were scaled questions in which the participant was asked to reveal their 
emotional reactions (both positive and negative) towards the provider, the outcome, 
and the decision they had made.  Having both free response and scaled questions pro-
vides multiple measures of the feelings.  Participants were then asked how satisfied 
they were with the way the airline handled the situation, for their likelihood of using 
the provider again and their likelihood of recommending the provider to a friend.  A 
second open-ended question was then asked what the airline should have done to 
make up for the delay.  Finally, participants were asked how much it would matter to 
you that the airline was delayed, since the perception of the severity of the delay may 
have differed across participants.     
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4 Measures 

4.1 Free response   
Participants were asked, “What thoughts and feelings would you be having if you 
were Sam (the person experiencing the airline delay)?”  Participants’ feelings and 
thoughts were coded by two people blind to the research hypotheses.  The responses 
relevant to these results are: regret, disappointment, and anger.  The coders also rec-
orded whether the thoughts were self, outcome or provider focused.  The intercoder 
correlation was no less than.88 percent on any of the categories and disagreements 
were resolved through discussion.  

4.2 Emotional response, satisfaction and continuation 

The scaled emotion measures consisted of items with either a positive or a negative 
valence for each of three foci - the self, the provider or the outcome.  Participants 
were asked to “Please put yourself in Sam’s place and indicate how well each of the 
following phrases describes the way you would feel.”  The positive valenced item of 
each question appears in parentheses. For each focus, the two items were added to-
gether, reverse coding the positive emotion.   The provider-focused emotions were 
“Angry (Happy) with the airline’.” The outcome-focused emotions were “Disappoint-
ed (Delighted) with what happened.”  The self-focused phrases were “Regretful about 
(Satisfied with) my decision to use this airline.”   These were answered on 5-point 
Likert scales anchored by “Describes Extremely Well (5)” and by “Describes Not 
Well At All (1).”   

Overall satisfaction was measured by asking respondents, “Please put yourself in 
Sam's place and indicate your responses if you experienced what Sam experienced. 
How satisfied are you with the way the airline handled the situation?” This was an-
swered on 5-point Likert scales anchored by “Extremely Satisfied (5)” and by “Not At 
All Satisfied (1).”   

Two measures of continuation intent were captured by asking the participants, 
“How likely would you be to use this airline again?” and “How likely are you to rec-
ommend this airline to your friends?” Continuation measures were answered on 5-
point Likert scales anchored by “Very Likely (5)” and by “Not At All Likely (1)” and 
summed.   

4.3 Service recovery 

Participants were also asked an open-ended question to explore how participants felt 
service providers should have responded.  Participants were asked, “What should the 
airline have done to make up for the delay?”  These comments were coded to indicate 
whether the comment was about compensation, apology, another remedy or nothing 
else.    
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4.4 Severity 

Finally, to determine the severity of the service failure, participants were asked, “How 
much would it matter to you that the airline was delayed?”  This was also answered 
on a 5-point Likert scale anchored by “Matters Extremely Much (5)” and by “Doesn’t 
Matter At All (1).” 

5 Results 
Scaled data were analyzed with an ANCOVA with the perception of the severity of 
the delay as a covariate and compensation level, apology and their interaction as be-
tween subject factors.  The means of the scaled dependent variables for each of the six 
apology by compensation conditions are given in Table 1. The measure of severity of 
the service failure was significant in all of the analyses, with the more severe the de-
lay was perceived to be, the more negative (or less positive) was the response.  Due to 
the zero/one nature of the free response data (1 if mentioned and 0 if not), the free 
response data were analyzed using a chi-square test.    

5.1 Emotions 

There was a significant effect of apology on provider-focused emotions (F(1,129) =
11.12, p <.005).  Neither the main effect of compensation (F(1,129) < 1) nor the interac-
tion of apology by compensation level (F(1,129) < 1) was significant.  At each level of 
compensation, the presence of an apology resulted in less negative emotions toward 
the airline, than when no apology was given.  There is no difference (F(1,129) = 2.14, p 
> .14) in the negative emotions toward the provider whether the consumer was of-
fered compensation of $10 with an apology rather than $350 with no apology.    

The results for the self-focused emotions are similar.  Participants felt significantly 
less negative self-focused emotions for having selected this airline (F(1,130) = 8.44, p <.
005) when an apology was given than when it was not.  Neither the main effect of 
compensation level (F(1,130 ) = 1.76, p > .15) nor the interaction of apology by compen-
sation level (F(1,130 ) < 1) was significant.  At every level of compensation, the self-
focused emotions were less negative when an apology was given than when it was 
not.  There is no difference (F(1,130) < 1) in the negative self-focused emotions whether 
the consumer was offered compensation of $10 with an apology or $350 without an 
apology.    

Examining the outcome-focused emotions, the effect of an apology is also signifi-
cant here (F(1,130) = 4.65, p < .05).  In addition, the main effect of compensation level 
(F(1,130) = 2.56, p <. 10) is marginally significant, with higher compensation associated 
with less negative emotions about the outcome.  The interaction of apology with 
compensation level (F(1,130) < 1) was not significant.  Again, there is no difference 
(F(1,130) < 1) in the negative outcome-focused emotions whether the consumer was 
offered compensation of $10 with an apology rather than $350 but with no apology.    

While the open-ended response show a pattern similar to the measured emotions, 
the average numbers of feelings expressed is quite small (.21 for self-focused feel-
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ings, .38 for provider-focused feelings and .46 for outcome-focused feelings) and 
were not analyzed.    

This study shows that an apology after a service delay has a major impact. Con-
sumers experience less negative feelings about the provider, about their decision to 
use that provider and about the outcome itself if they receive an apology.    

Do these feelings impact the customers’ satisfaction with the way the service pro-
vider handled the delay, the likelihood of using the provider again and recommending 
the provider to others?  These measures will be examined next.    

5.2 Satisfaction 

Both an apology (F(1,128) = 11.38, p < .001) and the level of compensation given 
(F(2,128) = 5.16, p < .01) had a significant impact on the satisfaction with the way the 
provider handled the service failure.  Compensation of $350 resulted in great satisfac-
tion than compensation of $100 or $10 (which were not different).  The presence of 
an apology resulted in a greater satisfaction for every level of compensation.  Again, 
there is not a significant difference in this evaluation (F(1,128) < 1) between those re-
ceiving $10 with an apology and those receiving $350, but no apology.

5.3 Continuation 

Perhaps even more important than the satisfaction with the way the airline handled the 
situation, is the whether or not the customer would use the airline again and recom-
mend it to others.  The presence of an apology (F(1,130) = 16.28, p < .0001) had a signif-
icant impact on the intentions of the customer to using the airline again and recom-
mend it to others.  The apology by compensation interaction was marginally signifi-
cant, though the positive continuation intentions were higher in the presence of an 
apology for all levels of compensation.  As with the other measures, those receiving 
an apology and the lowest compensation had intentions as positive as those receiving 
$350, but no apology.    

5.4 Mediation Analyses 

Another goal of this research was to examine the extent to which the emotions experi-
enced mediated the effects of compensation and an apology.  Table 2 contains the 
regression coefficients and model summaries for the mediation analyses.  To examine 
the extent to which the variously focused emotions mediate the effects of the apology 
and compensation on Satisfaction, the parallel multiple mediator model (Process 
model 4) of Hayes [7] was used.  The effect of apology on satisfaction was mediated 
by the emotional responses to the delay.  While only the provider-focused emotions 
had a significant direct effect on satisfaction, the total effect of apology on satisfaction 
was significant (t = 3.41, p < 0.0005).  The level of compensation (as a continuous 
variable) on satisfaction was not fully mediated by the emotional responses.  Rather, 
the effect of compensation on satisfaction operated directly.    
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To examine whether satisfaction mediates the effects of compensation and apology 
on the continuation intentions after accounting for their impact through the emotions, 
the serial multiple mediator model (Process model 6) was used [7].  Here the findings 
show that the effects of apology and compensation on the continuation intentions is 
fully mediated by their impact on satisfaction and the emotional responses.    

5.5 Service Recovery 

A second-opened question asked respondents to indicate what the airline should have 
done to make up for the delay.  Remedy responses were coded into four categories –
apologize, compensate more, something else, and nothing more.  These responses 
were analyzed using chi square tests.  Apology had a significant relationship with 
remedy response Chi-square(4) = 11.39, p < .05).  Fewer (26.15%) of those receiving 
an apology felt the airline should have provided more compensation versus 53.42% of 
those not receiving an apology.  More of those receiving an apology (52.31%) thought 
the airline did not need to do anything more compared to 34.25% for those not receiv-
ing an apology.    

The amount of compensation also had a significant relationship with remedy (Chi-
square(8) = 20.54, p < .01).  Fewer (22.22%) of those receiving the $350 voucher felt 
the airline should have provided more compensation versus 61.70% of those receiving 
the $10 voucher.  More of those receiving the $350 voucher (62.22%) thought the 
airline did not need to do anything more compared to 23.40% for those receiving the 
$10 voucher.  At every level of compensation, those receiving an apology were less 
likely to feel the airline should offer higher compensation than those at the same level 
of compensation but not receiving an apology.  

6 Conclusions 

Consumers regret their decision to use a provider if the provider only offers them 
compensation and not an apology when there is a delay in the service.  Negative emo-
tions focused toward the self and toward the provider played significant roles in the 
continuation intentions of the consumers.  Offering a small amount of compensation 
($10) for a delay with an apology was as effective as offering a large amount ($350) 
without an apology.  An apology was significantly related to all of the feelings and to 
the continuation behavior.  The level of compensation, however, was only related to 
greater satisfaction and continuation intentions.    

 The mediating role of the emotional responses on satisfaction and continuation in-
tentions showed that the emotions experienced were important mediators of satisfac-
tion with the handling of the failure and with continuation intentions.
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Table 1.  Cell Means 

 No Apology Apology 

$10 Compensation 

Negative Self-Focused=8.08 
Negative Outcome-Focused=9.42 
Negative Provider-Focused=8.27 
Satisfaction=2.31 
Continuation Intentions=4.15 

Negative Self-Focused=6.33 
Negative Outcome-Focused=8.24 
Negative Provider-Focused=6.62 
Satisfaction=3.33 
Continuation Intentions=6.67 

$100 Compensation 

Negative Self-Focused=6.79 
Negative Outcome-Focused=8.79 
Negative Provider-Focused=7.83 
Satisfaction=2.79 
Continuation Intentions=5.46 

Negative Self-Focused=6.14 
Negative Outcome-Focused=8.05 
Negative Provider-Focused=7.05 
Satisfaction=3.09 
Continuation Intentions=6.05 

$350 Compensation 

Negative Self-Focused=7.00 
Negative Outcome-Focused=8.23 
Negative Provider-Focused=7.50 
Satisfaction=3.14 
Continuation Intentions=5.59 

Negative Self-Focused=6.55 
Negative Outcome-Focused=8.32 
Negative Provider-Focused=7.00 
Satisfaction=3.76 
Continuation Intentions=6.64 

Table 2. Regression Coefficients and Model Summary of the Mediation Effects 

Negative Self-
Focused
Emotions

Coefficient
(SE)

Negative
Provider-
Focused

Emotions
Coefficient

(SE)

Negative
Outcome-
Focused
Emotions

Coefficient 
(SE)

Satisfaction
Coefficient

(SE)

Continuation
Intentions

Direct
Effect

Coefficient 
(SE)

Continuation
Intentions

Total
Effect of 

each
Variable 

alone
Coefficient

(SE)
Level of Com-

pensation 
-0.0014 
(0.0011) 

-0.0011
(0.001) 

-0.0016* 
(0.0009) 

0.0017*** 
(0.0005) 

-0.0002 
(0.0009) 

0.0025* 
(0.0012) 

Apology -0.9308*** 
(0.3243) 

-1.0261**** 
(0.2879) 

-0.6614** 
(0.269) 

0.2453 
(0.1611) 

0.4129 
(0.2592) 

1.3584***
*

(0.3468) 
Importance 0.9564**** 

(0.212) 
0.9635**** 

(0.1883) 
0.9745**** 

(0.1759) 
0.0489 

(0.1148) 
-0151 

(0.1833) 
Negative Self-

Focused
Emotions

-0.0374
(.0546) 

-0.2113** 
(.0872) 

-
0.2512**

*
(.1045) 

Negative Pro-
vider-

Focused Emo-
tions

-0.3719**** 
(0.0653) 

-0.0495 
(0.1166) 

-
0.4417***

*
(.1251) 

Negative Out-
come-

Focused Emo-
tions

-0.0304 
(0.0557) 

-0.0188 
(0.089) 

-
0.0059 
(.1042) 

Satisfaction 1.0687**** 
(0.1409) 

Constant 3.2734** 
(0.969) 

3.7961**** 
(0.8606) 

4.7906**** 
(0.8042) 

5.2165**** 
(.5221) 

4.3132**** 
(1.1107) 

R2 0.1877 0.2371 0.2306 0.4698 0.6028 
F(3,131)= 

10.09**** 
F(3,131)= 
13.57**** 

F(3,131)= 
13.09**** 

F(6,128)= 
18.91*** 

F(7,127)= 
27.54**** 

* p<.10, ** p<.05, *** p<.01, **** p<.001 
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Appendix  
Scenario - Sam is flying to New York to meet with some new business clients.  He 
boards the flight on his regular carrier at 6:45 am and is scheduled to depart at 7:15 
am and arrive at LaGuardia airport in New York City at 8:45 am.  At 7:20 the flight 
attendant announces that there will be a delay in departing.  At 7:45, the attendant 
announces that there is a mechanical issue with the plane and the flight is now sched-
uled to depart at 8:45.  At 9:00 am the flight finally departs with a scheduled arrival in 
New York at 10:30 am.  Because of the delay, the flight attendant gives everyone on 
board a $10 voucher that they can use to buy food or drink on that flight or a later one 
(or $100 or $350 voucher that they can use toward a ticket on another flight).    
(Apology is “Then the pilot comes on and says he is very sorry for the delay and real-
izes that this delay will cause people to miss connections and important events.  He 
reminds the passengers that his number one job is their safety and asks them to please 
fly with the airlines again.”)    
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1 Introduction

The recent technological developments toward an interconnected world are open-
ing up new opportunities for commercial exchange and give rise to a novel type of
products and services that have not been possible before [7]. These can be com-
bined and personalized in a way to satisfy the individual needs and contextual
requirements of the consumer emphasizing the primacy of customer experience
and the distributed co-creation of value [4].

Consider a tourist who wants to visit a concert and a mountaintop close
to the city using the mountain railway; this includes reservation of tickets and
searching for parking close to it. Also the mountain railway is only attractive
if the weather is good and the queue is short. As a consumer, our tourist is
asking for a complex service that can be satisfied with service providers offering
distinct parts of the complex service. We define a complex consumer service as
any arbitrary combination of single services that fulfil a particular need based on
the consumer-defined context. This context is seen as a richer description of the
demand – for our tourist including, e.g., schedule and environmental constraints
like weather, location or other state-related data.

and
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Complex consumer services denote an arbitrary combination
of services that fulfil a particular need based on consumer-defined context
and requirements. While contemporary service environments are predom-
inately supply-oriented and focused on the provision of single services,
complex consumer services require dynamic and co-evolving networked
structures (i.e., business ecosystems) to support consumers requesting
and transacting such complex services. This paper outlines a consumer-
oriented business ecosystem by describing its actors, primary roles, and
the value exchanges between them, as well as, illustrates the structural
leverage points relevant for the development and growth of such an ecosys-
tem.

Abstract.



Contemporary service environments are predominately supply-oriented and
focused on the provision of single services or a pre-defined combination of them.
And thus, limited to support consumers to compose different cross-domain ser-
vices in one complex service to fulfil a particular consumer-defined context, and
to transact it in one single enclosing transaction to avoid switching costs. Our
previous work [9], [5] addressed those issues from the technological perspective
and proposes Distributed Market Spaces (DMS) – an exchange environment
supporting consumers and providers in making transactions of complex prod-
ucts and services in a decentralized, peer-to-peer manner. We argue that the
DMS architecture can serve as a technical infrastructure for dynamic structures
of interconnected actors, i.e., business ecosystems, required to support complex
consumer services. Yet, for a business ecosystem to be created an enabling in-
frastructure is necessary but not sufficient as it cannot cover the mechanisms
by which the different actors interact to create and share value, nor how those
interactions impact the business ecosystem during its life cycle.

The main contribution of this paper is to outline such a consumer-oriented
ecosystem for complex consumer services from the business perspective and il-
lustrate its structural leverage points. It describes the main actors, roles and the
vital value exchanges needed to support the shared purpose, and analyses the
main dynamics of the development and growth of such ecosystem.

This paper is structured as follows: Section 2 presents the background of
business ecosystems and value networks. Followed by Section 3, that describes
the identified actors, roles and the primary value created for each of them and
briefly discusses the ecosystem’s dynamics. Section 4 concludes this paper with
a summary and outlook.

2 Business Ecosystems as Value Networks

A business ecosystem refers to “an economic community supported by a foun-
dation of interacting organizations and individuals” [8], that uses common stan-
dards and collectively provides goods and services to their customers [12]. In-
cluding customers, providers, competitors, institutions, and other stakeholders,
which are integrated into a massive interconnected network, i.e., value network,
business ecosystems create value through a process of cooperation and compe-
tition [6],[13]. The literature on business ecosystems suggests that the following
factors are crucial for a successful ecosystem [6], [10], [13]. First, how value is cre-
ated to attract and retain ecosystem’s participants and provide growth potential,
and second, how value is shared in the ecosystem as a whole.

Aiming to answer these questions for our business ecosystem for complex
consumer services, we engage the widely-recognized Value Network Analysis
(VNA) by [1]. Accordingly, a value network generates value through dynamic
and complex exchanges between its actors and can be mapped as a flow diagram
showing services, revenue streams, and knowledge flows, as well as dynamics
visible through the value network perspective.
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In this work, we utilized the VNA method to identify the overall pattern of
exchanges and value creation within the ecosystem for complex consumer ser-
vices. Thereby, we concentrated on the primary actors and their interactions
considered essential for the business ecosystem to be established. The next sec-
tion summarizes our initial findings.

3 Outlining an Ecosystem for Complex Consumer
Services

Following, we describe and briefly discuss our findings beginning with the for-
mulation of the shared purpose as establishing of a consumer-oriented business
ecosystem that enables complex consumer services in a decentralized, peer-to-peer
manner.

Figure 1: Mapping an ecosystem for complex consumer services.

3.1 Actors and Value Created

There are (at least) six roles for the actors of a consumer-oriented ecosystem for
complex consumer services: Consumer, Service Provider, Tool Provider, Expert,
Service Registry and Reputation Bank. Actors can be individuals, companies,
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institutions, associations, networks as well as autonomous agents (e.g., software
agents and machines).

Whereas consumer and service provider are considered as the shaper roles,
others are seen as enablers. They support the value creation within the ecosystem
and contribute to its ability to provide comprehensive services, hence build the
foundation for its health and vitality. Given the shared purpose, the ecosystem’s
value creation needs to be organized around the transaction process of complex
consumer services. As to [2], the transaction process divides in information (for-
mulating demand), negotiation (matching and ordering), settlement (realizing
the transaction regarding payment and delivery), and after-sales (reviews).

Table 1: Roles and expected values.
Role Description Expected Value

Consumer Requesting a complex con-
sumer service.

To satisfy a particular need defined
through a transaction of a complex con-
sumer service in a reliable and trustful
manner.

Service
Provider

Offering services in one par-
ticular domain or many do-
mains.

To earn revenue per service sold (pay-
ment), increase visibility, and the level of
customization utilizing contextual infor-
mation (contextualization).

Tool
Provider

Providing tools to support the
transaction process (informa-
tion, negotiation, settlement
and after-sales activities).

To earn revenue by guaranteeing availabil-
ity only to paying users (payment), and to
leverage the user’s feedback for improve-
ment and development of tools.

Expert Offering noted knowledge and
expertise to support con-
sumers making informed deci-
sions.

To earn revenue through consultancy and
increase own image through consumer’s
recognition of providing consultancy as
the value added service.

Service
Registry

Matching requests and regis-
tered services and resolving
information required for the
transaction process.

To acquire knowledge about prevailing of-
ferings (service registrations) and current
demand for services represented through
consumer’s requests.

Reputation
Bank

Assessing ecosystem’s actors
regarding their reliability, sol-
vency and worthiness.

To capture reviews about current trans-
actions needed for qualified assessments
and establishing an adequate level of
trust among actors considered essential for
peer-to-peer networks [3].

Table 1 summarizes aforementioned roles briefly describing their core func-
tion and motivation, i.e., expected value from the participation in the ecosystem.
Identified roles can overlap as a consumer can act as, e.g., a service provider,
expert or tool provider, and be taken concurrently, as they do not exclude each
other. Figure 1 illustrates the overall pattern of exchanges between these roles.
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The nodes represent actors performing a role and the arrows the vital inter-
actions indicating the ’value exchanges’ between roles. Solid lines represent the
’tangible’ exchanges such as payment or service and the dotted ones ’intangibles’
like feedback or trust.

3.2 Ecosystem Dynamics

This section briefly discusses the dynamics considered relevant to ecosystem’s
development and growth. Following [11], the basic dynamics can be illustrated
by a causal loop diagram, as shown in Figure 2.
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Figure 2: Dynamics of a business ecosystem for complex consumer services.

The transactions (a bundle of single service transactions in one enclosing
transaction) constitute the basis for the ’value perceived’ as the overall value
created through value exchanges (cf. Table 1). Value perceived can generate ad-
ditional value effects relevant for the ecosystem’s operational level represented
through solid line loops. Namely, to initiate the new ’demand for services’ increas-
ing the ecosystem’s traffic and volume, that in turn may attract new consumer
and service providers to join the ecosystem and thus, initiate new transactions.
That can work in both directions, as either the availability of services can in-
crease the demand, and higher demand may attract more provider and open up
opportunities for the creation of entirely ’new services’.

Moreover, value perceived may generate ’further potential value’ relevant to
the strategic level of the ecosystem as illustrated by dotted lines. Reinforcing the
operational loop can cause positive network externalities, i.e., network effects,
increasing the value of services depending on the number of other consumers
using it. Network effects may also open up the potential for the development
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of the ecosystem’s foundations, i.e., technology assets like infrastructure and
tools, as well as improve the quality of its services in general. Hence, build
ecosystem’s capabilities to adapt to evolving dynamics and provide for its health
and vitality. Effects above may also manifest simultaneously, have a different
impact on various stages of the ecosystem’s life cycle, or even reinforce each
other in a negative way; but due to the brevity of this paper, considered as part
of the future work.

4 Conclusion and Future Work

This paper outlined a consumer-oriented business system for complex consumer
services. First, we identified the primary roles and the overall value exchange pat-
tern that must be supported by an underlying technical infrastructure while es-
tablishing such a business ecosystem. Afterward, we illustrated structural lever-
age points and discussed value dynamics considered important for development
and growth. Thereby we concentrated on roles critical for the value creation or-
ganized around the transaction process, as well as, on the positive reinforcement
loops neglecting other effects that may manifest over the time and balance the
favourable ecosystem’s dynamics. In our future work, we will focus on two areas
that require additional analysis; the further roles and how they realize value from
value exchanges, and the ecosystem’s capabilities to create, extend and leverage
value and provide comprehensive services to all ecosystem’s participants.

References

1. Allee, V.: Value network analysis and value conversion of tangible and intangible
assets. Journal of intellectual capital 9(1), 5–24 (2008)

2. Bakos, Y.: The emerging role of electronic marketplaces on the Internet. Commu-
nications of the ACM (1998), http://dl.acm.org/citation.cfm?id=280330

3. Einav, L., Farronato, C., Levin, J.: Peer-to-peer markets. Tech. rep., National
Bureau of Economic Research (2015)

4. El Sawy, O.A., Pereira, F.: Business modelling in the dynamic digital space: An
ecosystem approach. Springer (2013)

5. Hitz, M., Radonjic-Simic, M., Reichwald, J., Pfisterer, D.: Generic UIs for Re-
questing Complex Products Within Distributed Market Spaces in the Inter-
net of Everything, pp. 29–44. Springer International Publishing, Cham (2016),
http://dx.doi.org/10.1007/978-3-319-45507-5_3

6. Iansiti, M., Levien, R.: The keystone advantage: what the new dynamics of business
ecosystems mean for strategy, innovation, and sustainability. Harvard Business
Press (2004)

7. Lusch, R.F., Nambisan, S.: Service innovation: A service-dominant logic perspec-
tive. Mis Quarterly 39(1), 155–175 (2015)

8. Moore, J.: Predators and prey: a new ecology of competition. Harvard Business
Review 71(3), 75–86 (1993)

9. Pfisterer, D., Radonjic-Simic, M., Reichwald, J.: Business model design and archi-
tecture for the internet of everything. Journal of Sensor and Actuator Networks
5(2), 7 (2016)

Analyzing an Ecosystem for Complex Consumer Services 51



10. Rong, K., Hu, G., Lin, Y., Shi, Y., Guo, L.: Understanding business ecosystem
using a 6c framework in internet-of-things-based sectors. International Journal of
Production Economics 159, 41–55 (2015)

11. Sterman, J.D.: Business dynamics: systems thinking and modeling for a complex
world. Irwin/McGraw-Hill Boston (2000)

12. Teece, D.J.: Business Ecosystem, pp. 1–4. Palgrave Macmillan UK, London (2016),
http://dx.doi.org/10.1007/978-1-349-94848-2_724-1

13. Tian, C., Ray, B.K., Lee, J., Cao, R., Ding, W.: Beam: A framework for business
ecosystem analysis and modeling. IBM Systems Journal 47(1), 101–114 (2008)

52 M. Radonjic-Simic et al.



Customer Satisfaction



Approaches for sustaining cultural resources by
adapting diversified context of customers in
tourism: Comparison between Japanese and

Slovenian cases

Hisashi Masuda1, Dejan Krizaj2, Hideyuki Sakamoto3, and Kotaro Nakamura4

1 Japan Advanced Institute of Science and Technology, Japan
masuda@jaist.ac.jp

2 University of Primorska, Slovenia
3 Kanazawa College of Art, Japan

4 e-craft, Japan

Abstract. Amid changing economic situation rapidly, how to sustain
local/cultural resources and distribute their value to many customers
is crucial in a number of business communities. In tourism industry,
although there are a lot of activities for such struggles, a small num-
ber of the global comparison studies are a problem for exploring and
adopting the more effective ways worldwide. In this paper, we examine
two Japanese cases and one Slovenian case doing well of sustaining and
balancing cultural resources in terms of adapting the differences of cus-
tomers’ context in tourism. In the first case from Japanese tourism spa
community “Awazu-onsen”, the key point is a loose relationship between
the traditional local hotels and the modern hotel chain. The second case
from Kanazawa Creative Tourism in Japan is a NPO supported by the lo-
cal art universities for connecting the local artists and the local tourism.
The third case from the Ana Desetnica International Street Theatre Fes-
tival in Slovenia offers not only each street artistic performances simply,
but also the unique city Ljubljana as a big theater for attracting many
tourists who have a wide variety of touristic preferences. There are three
approaches for attracting current customers with sustaining their local
values, those are installing a new resources, making a new matching sys-
tem and reintrepretation of the existing resources. In the future research,
it is important to collect related cases by analyzing those countries’ sit-
uations, issues, purposes, and the ways and results by more extensive
surveys for understanding and making significant theories.

Keywords: Resource, sustainability, expansion, community, tourism

1 Introduction

1.1 Background

Matured industry is leading us to service economy as well as globalization
while developing Information and Communication Technology (ICT) all over
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the world. “Equally, as the digital divide narrows, service have enabled less-
developed countries to participate on a leveller playing field in business and
trade”[1]. In services sector, there are high potential of a lot of participants who
have differential cultural background in the future.

In tourism industry, there are also influences of matured industry. Generally,
high standardized businesses’ entering, such as hotel chain, hypermarket and
so on, into provincial cities can deteriorate the local, cultural unique values. In
Japan, there are many related controversies in each province city.

Therefore, especially in local tourism community, some strategies for jug-
gling sustain the unique core values and distributing them into many tourists
competing with standardized big businesses are crucial in this current economic
situation. For addressing such strategies, we have to consider what our core val-
ues are and what parts we are able to change flexibly without deteriorating the
core values.

But, to generalize the best practice for sustaining local core values and dis-
tributing them widely is difficult. Because there are vast amounts of factors that
affect the decision-making, such as differences of target customers, changing cus-
tomers’ needs, new technologies trend like social media and so on.

Meanwhile, there are a wide variety cases of tourism activities, some can
achieve success, and the others cannot. First of all, to discuss what kind of
tourism approaches can do well in terms of sustaining and distributing their
values and the others cannot do well. And then, considering how to generalize
these activities is important for adapting this maturated global, service economy.

1.2 Research Question and Purpose

In this paper, we analyze promising tourism approaches that are juggling be-
tween sustaining local/cultural values and attracting many tourists. In tourism,
characteristics of the activities as a community would have a key role in handling
the issue. What kinds of the strategies in terms of a community are there? And
are there meaning differences between countries based on the strategies?

The research purpose is to increase the possibility of utilizing insights based
on abundant tourism cases all over the world. And also we can explore new
theoretical approaches based on the generalized theory validated with data.

1.3 Approach

In this paper, we analyze tourism cases in terms of a community activity world-
wide. The specific study targets are Japanese and Slovenian cases. For both
countries, tourism industry plays a key role to their countries’ economic activ-
ities. Thus, they have a wide variety of tourism cases. In addition, there are
several tourism cases of a similar size in terms of community. We selected spe-
cific tourism cases from them that are the Japanese spa tourism community
“Owazu-onsen”, the Japanese tourism activity with artists “Kanazawa Creative
Tourism” and the Slovenian Street Theatre Festival organized by “Ana Monró
Theatre.”
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As the results from the cases, there are three approaches for attracting current
customers with sustaining their local values. Those approaches are installing
a new resources, making a new matching system and reintrepretation of the
existing resources. In terms of countries differences, Japanese communities have
a number of own tourism resources to make new values by only reclassification
for now. But on the other hand, Slovenia is relatively a small country. They need
to reinterpret a part of their own tourism resources for attracting new tourists.
We believe different techniques are required depended on that kind of ways of
how to utilize tourism resources.

There are some patterns in tourism communities for adapting changes of
economic trend and their situations. It is important in tourism to collect infor-
mation like those countries’ situations, the ways to develop and distribute their
values and the effects by this type of survey. Generalizing that kind of cases, we
can share valuable trial and error in tourism activities.

In the following sections, we will give the detailed. Section 2 shows related
works in terms of context and fidelity vs. convenience. Section 3 describes the
results. And Section 4 is for discussion, then we will conclude in section 5.

2 Related Works

In this section, we show a concept of context and adapting diversified context in
this paper. The former comes from Anthropology by Hall[2] and Context Aware
Computing by Dey[3], the latter does from a fidelity and convenience concept
by Maney[4].

From Anthropology, Hall explained context as a function of communication
in terms of High Context communications(HC) and Low Context ones(LC) with
figure 1. He says “a universal feature of information systems is that meaning is
made up of: the communication, the background and preprogrammed responses
of the recipient, and the situation”, “Therefore, what the receiver actually per-
ceives is important in understanding the nature of context” and “Most of the
information must be in the transmitted message in order to make up for what
is missing in the context.”

Fig. 1. Context as a function of communication by Hall
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On the other hand, from an ICT perspective in Context Aware Computing,
Dey says “Context is any information that can be used to characterize the sit-
uation of an entity. An entity is a person, place, or object that is considered
relevant to the interaction between a user and an application, including the user
and applications themselves.”

In terms of diversified context in businesses, Maney proposed one perspec-
tive consisted of two dimensions: fidelity and convenience (Figure.2). Fidelity is
the total experience of something like theaters experiences, rock concerts and
so on. On the other hand, convenience is how easy or hard it is to get what
you want. The examples of easy convenience are home theaters, iTunes, Ama-
zon.com and so on. He explains that “Contrary to what many businesses want
to believe, achieving both high fidelity and high convenience seems to be impos-
sible.” It means there is trade-off consumers were making between fidelity and
convenience.

Fig. 2. Fidelity vs. convenience by Maney

In matured tourism, the characteristics of tourism activities become higher
context ones than ever. In other words, there would be a wide variety of fidelity
patterns depended on characteristics of tourists. And also we have to consider
them as a community because tourism is an industry that has a lot of players.
However, in tourism industry, although there can be a lot of activities considering
the balance between low-context and high-context, or convenience and fidelity,
a small number of the global comparison studies in terms of this direction is a
problem for exploring and adopting the more effective ways worldwide in this
global economy.
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3 Case Results

We analyze tourism cases as a community activity in terms of low-high context
or covenience-fidelity perspective. In Slovenia and Japan, tourism industry plays
a key role to their countries’ economic activities. And there are several tourism
cases of a similar size of community in both countries. We, therefore, selected
Japanese and Slovenian cases doing well of sustaining and distributing their
cultural resources. The cases we selected are: Japanese spa tourism community
“Awazu-onsen”, a NPO “Kanazawa Creative Tourism” in Japan and Ana Deset-
nica International Street Theatre Festival by “Ana Monró Theatre” in Slovenia.

3.1 Japanese spa tourism community “Awazu-onsen”

Japan has a lot of spa tourism communities. The histories many have are old,
and the Awazu-onsen community has their history for 1300 years. This is one
of the longest traditional tourism communities in Japan. Meanwhile typically,
the communities have hard time for their operations. Because young generation
in Japan is familiar with the customs of modern hotel services. There is a gap
between providing the value by the traditional hotels and the needs that young
people have. In this Awazu-onsen case, despite the tradition powerful brand, it
was same situation. However, a hotel chain happened to enter into this commu-
nity since 2004 by acquiring a local facility that was bankrupted. There is no
strong relationship between the tradition hotels and the hotel chain. But the
chain could attract tourists using the local Awazu-onsen brand and serve their
convenient service with low price.

The brand has been developed by the traditional hotels for long periods.
The services are a classic type of Japanese luxury hotel. Generally the quality
of hospitality, spa and cuisine is high and they require relatively high price. But
installing modern facilities and business systems are very slow. We can say it
seems to require to customers something like fidelity. On the other hand, the
hotel chain happen to enter into this area. It has generated a loose cooperation
generate. The hotel chain had modernized hotel systems and low-price strategy.
It could attract casual tourists like family, business persons in the business trip
and so on.

The figure 3 represents the structure of Awazu-onsen community in terms of
the convenience-fidelity concept. There is no explicit cooperative relationship be-
tween the traditional tourism community and the new hotel chain. But the hotel
chain is using the high brand value in Awazu-onsen for attracting their casual
users. And then a part of casual users become heavy users of this Awazu-onsen
community. However, by reason that the business the traditional community
operates is still hard, supports by the local governments are very important for
the traditional tourism community. The relationship with these three groups are
working effectively in this area.
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Fig. 3. A structure of Awazu-onsen community

3.2 NPO “Kanazawa Creative Tourism” for art tourism in Japan

Recently there are many tourism cases that they try to utilize artistic resources
into tourism all over the world. In Japan, Kanazawa city has an old history and
a wide variety of cultural aspects such as cuisine, craftwork/artwork and so on.
A NPO called Kanazawa Creative Tourism is organizing a platform between
local artists and the local tourism. The body is operated mainly by a member of
local art school and so on. Although local arts and crafts graduates have a wide
variety of niche, generally the niche business is difficult to grow as a stable work.
Therefore, the body is playing a key role to sustain the arts/crafts communities.

The figure 4 represents the structure of the platform made by Kanazawa
Creative tourism. The NPO arranges various kinds of local tourism products
easily available like tour of inspection to craft studio, seminar, talk event, and
so on. The target customers of the NPO are relatively casual users who have
interests in creative activities. On the other hand, the artists have varied niche
values. Typically to explore customers is difficult if the value is niche. It means
the NPO is setting the opportunities to connect between artist and casual users.
Kanazawa city aims to be a cultural city in Japan. Therefore this relationship of
Kanazawa Creative Tourism, Artists/craftspeople community and several public
organizations has potential to sustain and distribute the cultural value through
tourism.
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Fig. 4. A structure of a NPO Kanazawa Creative Tourism(KCT)

3.3 Ana Desetnica International Street Theatre Festival by “Ana
Monró Theatre” in Slovenia

In Ljubljana, Slovenia, there is Annual Ana Desetnica International Street The-
atre Festival. This festival has started since 1996. Ljubljana is a small size city.
It means we can walk around the city easily. The size of the city is suitable for
transforming the city into the street theatre during the festival. The director of
this festival says this festival is not only for tourists but also for local citizens.
In Europe, many people are working out of home country. This festival is also
working as a social gathering opportunity for family in Ljubljana.

The figure 5 represents the structure of the Ana Desetnica International
Street Theatre Festival. This festival has been started since 1996. The point of
this festival is to connect between artistic performers and the city itself. It is
difficult to attract a lot of casual users by Just only professional performances.
The festival offers those performance conveniently through the city. It plays a
role of theater during the festival. Then, tourists in the festival can get an easy
access to those performances. This is an opportunity for connecting between
artist and casual tourists. And Ana Monró Theatre has some rule for selecting
the performers, for example, to restrict same performance within a 3 year period
and so on, in order to giving new experiences to repeated tourists. Ljubljana is
a small city. There are limited resources for utilizing the tourism. Thus, they
changed the function of existing resources.
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Fig. 5. A structure of Ana Desetnica International Street Theatre Festival

4 Discussion

These tourism cases have activities for how to sustain/extend their core values
and also how to distribute them to casual and heavy tourists/customers. In terms
of the fidelity-convenience concept, there cases have a part of developing values
that is pursuing fidelity and a part of distributing values that is pursuing conve-
nience as a structure/system of their communities. There are three approaches
in this study for attracting casual users/customers with sustaining local core
values. Those are installing a new resources, making a new matching system and
reinterpretation of the existing resources. The common point of them is to sepa-
rate between a part of developing values and distributing them widely. In other
words, not only to have value developers, but also to have separated value dis-
tributors are needed for this kind of activities. Combination of each component
can play a key role in sustaining and improving tourism communities.

In terms of comparison between Japanese and Slovenian cases, Japanese cases
can adapt the current economic situation by installing a new function into the
community or making a new matching system. This is because Japan is a rel-
atively big country and there are a wide variety of available resources. On the
other hand, the street festival case in Slovenia shows they had to seek new in-
terpretations to existing resources. Slovenia is a relatively small country and
surrounded by competitors in tourism industry in Europe. It may lead them to
go into this direction. For sustaining/developing and distributing core values in
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tourism, if there are differences about available resources, the adequate strat-
egy can be also affected with the difference. We do think that there are some
patterns or combinations related to the strategy and constrained conditions for
achieving this direction.

5 Conclusion

Generally in businesses, juggling making advanced values and also attracting ca-
sual users/customers at once is very difficult. In this paper, we studied that the
treatments for the difficulty in selected Japanese and Slovenian tourism cases
were to divide the part of sustaining/developing values and distributing values
to casual tourists/customers as combined activities in one tourism community.
And there are three approaches: installing a new resources, making a new match-
ing system and reinterpretation of the existing resources for attracting casual
users/customers with sustaining core values.

There are vast kinds of tourism activities all over the world. Because our
survey is only a few of them, it is difficult to generalize our results in the wider
sense. But we do think the promising patterns for this direction are finite. We
consider that making theories related to this concept is important for extracting
the essences of a lot of actual trial-and-error cases in tourism for increasing the
productivity.

In the future research, it is important to collect cases for sustaining/developing
tourism values and distributing them to casual tourists/customers by analyzing
those countries’ situations, issues, purposes, and the ways and results by more
extensive surveys for understanding and making significant theories.
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Abstract. This article investigates what types of social distance affect the best 
offer from an employee and its approval from a customer in general service situ-
ation. We conduct the deception game (Gneezy, 2005) and investigate the effects 
of the social distance (face-to-face vs. anonymous interaction) in a laboratory 
experimental economics method. We observed increases in the rate at which em-
ployees made best offers and the rates at which customers accepted offers when 
face-to-face interactions were conducted. But a statistically significant difference 
was not observed. Also, the level of trust in others reported by the subject playing 
the role of the employee had a statistically significant positive effect in cases in 
which the employee made a best offer. It was also observed that, regardless of 
whether the interaction was conducted face to face or anonymously, if the subject 
playing the role of the customer exhibited a low level of tolerance for falsehood, 
he or she was less likely to accept offers. 

 
Keywords: Economic experiment, Deception game, Trust, Service management 

1 Introduction 

The exchange between employees and customers is the minimum level of behavior 
necessary to create a typical service. In many cases, a service occurs when an offer from 
a company through an employee is accepted by a customer. For instance, a variety of 
everyday cases qualify as a service, such as the offer of a special menu and its ac-
ceptance by a customer in a restaurant, or the offer of informative documents about a 
type of medical care and the subsequent consent of the patient. As services are intangi-
ble, simultaneous, diverse, and perishable, the fact that a customer does not fully un-
derstand the value of the service that he or she receives creates a dilemma. It is excep-
tionally difficult for a customer to discern whether a service offered by an employee 
represents his or her best interest, or whether it prioritizes the employee’s profits. Thus, 
in the offer and acceptance of services by an employee and customer respectively, in-
formation is held asymmetrically. This asymmetry of information may create an incen-
tive for the employee to offer a service that is beneficial to itself but not necessarily in 
the customer’s best interests. In modern society, frequent reports of instances in which 
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first-class hotels or expensive restaurants have deceived their customers about the qual-
ity of the food they serve provide a classic example of a case in which employees have 
taken advantage of a customer’s trust and offered services that prioritize their own prof-
its. This is a form of fraud. Due to the asymmetry of information between the employee 
and the customer, services always involve this problem of deception. In this research, 
we focus on possible incentives for employees to deceive customers about the quality 
of their services, and perform economic experiments that investigate the influence of 
social distance between the customer and the employee. 
 In a demonstration experiment using Australian wine, Lacey et al. (2011) re-
ceived responses indicating that, when ordering wine, customers depended as much on 
the offer of a service, in this case a recommendation from an employee, as they did on 
the taste of the wine or information such as where the wine was produced. This result 
implies that, in response to the uncertain nature of the wine, a recommendation from 
the employee had a strong effect on the customer’s likelihood to order the wine. 
 As research on services often does not involve the mediation of specific goods, 
in this research we have used a deception game per Gneezy (2005), a type of experiment 
in which goods are not mediated. In the original study, a sender chooses to send either 
a true or a deceptive message containing receiver’s payoffs in the two options that de-
tect actual payoffs between two subjects. Gneezy discovered that higher stakes 
achieved by lying induce a higher fraction of lying. This result implies that the em-
ployee has an economic incentive to deceive when the customers do not know the true 
value. This game formation is a principle of the real service situation so that we focus 
on this game. 

We compare the distribution of the honest behavior (the employee’s best of-
fer from to customer in the aspect of customer’s profit) and the customer’s approval 
under the social distance (anonymity vs. face-to-face interaction situation). The social 
distance is represented by the degree of anonymity between senders and receivers. Ac-
cording to Roth (1995), face-to-face communication, one of the central issues in social 
interaction, encourages cooperative behavior in public goods games (Isaac and Walker, 
1988; Brosig et al., 2003; Bochet et al., 2006) and prisoner’s dilemma games (Frohlich 
and Oppenheimer, 1998; Bohnet and Frey, 1999b). It also increases offers in dictator 
games (Bohnet and Frey, 1999a, 1999b; Burnham, 2003; Charness and Gneezy, 2008). 

In the trust game, Scharlemann et al. (2001) showed that a facial expression 
elicits corporation under non-verbal communication environment. Holm and Kawagoe 
(2010) employed a bluffing game in which subjects played cards to deceive their coun-
terparts. They discovered that lifting anonymity between players reduces lying. No 
study has evaluated the effects of social distance by using the deception game. However, 
we can refer to Sutter (2009), who found that groups are less likely to lie than individ-
uals. This result implies that lifting anonymity among the senders reduces lying.  

On the basis of the arguments above, we suggest a hypothesis: lifting ano-
nymity increases the honest behavior. Since reducing social distance encourages an em-
phasis on others, lifting anonymity increases senders’ beliefs for earning approves from 
the receivers, or it makes them less willing to let receivers down. On the other hand, 
the effect of increased cooperative behavior suggests the hypothesis: lifting anonymity 
enhances approval. 

Also, the socio-economic background has various demographic components, 
such as age, gender, or income. To investigate the effects of these various components, 
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Gächter et al. (2004) found students to be less trusting than non-students in the trust 
game. In the deception game, only the difference of gender has been considered as an 
effect of subject type. Dreber and Johannesson (2010) found that men are more likely 
to lie than women in situations with small stakes, while Childs (2012) found no differ-
ence between genders in situations with large stakes.  

The remainder of the paper is organized as follows. Section 2 presents the 
experimental design and procedures. Section 3 analyzes the results. Section 5 discusses 
and Section 6 summarizes the conclusions. 

2 Experimental design and procedures 

2.1 Design 

We replicate the deception game (Gneezy, 2005). The subjects were allocated to sepa-
rate rooms, designated as Rooms A and B. Subjects in Room A are randomly matched 
with subjects in Room B. Subjects in Room A plays the role of senders (employees), 
and subjects in Room B plays the role of receivers (customers). 
 Only senders are informed about the monetary payoffs for the two different 
options, A and B, as follows: 
 
Option A: 1500 yen to you and 500 yen to the other student 
Option B: 500 yen to you and 1500 yen to the other student 
 
Receivers know only that there were two options, A and B, but do not know the context. 
Then, the senders send receivers one of the two messages below: 
 
Message 1: Option A will earn you more money than Option B. 
Message 2: Option B will earn you more money than Option A. 
 
Message 1 is the best offer from the employee to the customer. If the receiver chooses 
Option A (B) as the response to Message 1 (2), he or she approves the offer from the 
customer. Receivers receive the messages and choose one of the two options. Receivers 
know nothing but the amount of money they will earn at the end of the experiment. 
Therefore, receivers cannot judge whether the sender has told a lie. 

2.2 Procedures 

We conducted the laboratory experiments at Osaka University. No one participated in 
more than one session. The anonymity treatments proceeded in the following steps: 

1. Subjects gathered in one room before the experiment. The experimenter read a con-
sent form aloud in front of the subjects. The subjects were then divided by a lottery 
into two rooms, A (senders) and B (receivers) as in Figure 1. 

2. Senders and receivers were given separate instructions and read them silently and 
independently. Senders were given two cards with Messages 1 and 2. Receivers were 
given two cards describing Options A and B. 
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3. Senders inserted one card (Message 1 or 2) into an envelope. The experimenter de-
livered the envelope to the paired receiver in the other room. The receiver read the 
message and inserted a card (Option A or B) into the envelope. Then, everyone an-
swered a short questionnaire about their expectations. 

 In the face-to-face treatment, the third step were customized. Each pair moved 
to a common space and stood face to face across a table separated by a partition to 
prevent receivers from seeing senders’ decisions as they were being made as in Figure 
2. Senders inserted one of the two cards (Message 1 or 2) into an envelope and then 
personally handed it to their paired receiver. Verbal communication was prohibited dur-
ing this procedure. After returning to their original rooms, receivers read the message 
and inserted one of two cards (Option A or B) into the envelope, which the experimenter 
then delivered.  
 After this procedure, we investigate the effects of four types of variables self-
reported in the questionnaire. The first type includes demographic variable, such as 
gender, age, and income. This is also used for evaluating differences in socio-economic 
backgrounds between students and non-students. The second type is a psychometric 
scale such as General Social Survey (GSS) scales and trust scales used in many previous 
studies. The third type, employed only in the face-to-face treatment, includes infor-
mation about acquaintance levels, subjects’ impressions of their partners, and paired 
gender effects. These variables can be used to check social distance in each pair. The 
definitions of the variables we employed in this paper are summarized in Table 1.  
 

Fig. 1. Subjects in Room A 
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Fig. 2. Face-to-face interaction  

 

Table 1. Quesionnairs 

GSS Normalized sum of de-meaned nor-
malized and resigned GSS fair, GSS 
help, and GSS trust 
GSS fair: “Do you think most people 
would try to take advantage of you if 
they got a chance, or would they try 
to be fair?” 
GSS help: “Would you say that most 
of the time people try to be helpful, 
or that they are mostly just looking 
out for themselves?” 
GSS trust: “Generally speaking, 
would you say that most people can 
be trusted or that you can’t be too 
careful in dealing with people?” 

 
 
 
1: Would take advantage of you; 2: would try 
to be fair; 1.5: depends; –: no answer/don’t 
know 
 
1: Try to be helpful; 2: just look out for them-
selves; 1.5: depends; –: no answer/don’t 
know 
 
1: Most people can be trusted; 2: can’t be too 
careful; 1.5: depends; –: no answer/don’t 
know 

TrustBehave Normalized and resigned sum of 
normalized Door unlocked, lend 
money, and lend possessions 
Door unlocked: “How often do you 
leave your door unlocked?” 
Lend money: “How often do you 
lend money to friends?” 
Lend possessions: “How often do 
you lend personal possessions to 
friends?” 

 
 
 
1: Very often; 2: often; 3: sometimes; 4: 
rarely; 5: never 
1: More than once a week; 2: once a week; 3: 
once a month; 4: once a year or less 
1: More than once a week; 2: once a week; 3: 
once a month; 4: once a year or less 

TrustStranger You can't count on strangers any-
more 

1: More or less disagree ; 0: More or less 
agree 
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TrustWorthi-
ness 

I am trustworthy 1: Disagree strongly; 2: Disagree somewhat; 
3: Disagree slightly; 4: Agree slightly; 5: 
Agree somewhat; 6: Agree strongly 

Re-pair Do you want to be paired with the 
same person to share money even if 
he/she tells a lie? 

1: Yes; 0: No 

Re-pair2 Do you want to be paired with the 
same person after receiving the mes-
sage? 

1: Yes; 0: No 

S_Known* Relation to Role B  1: I have never seen him/her before; 2: I have 
seen but never talked to him/her; 3: I just ex-
change greetings with him/her; 4: I talk with 
him/her sometimes; 5: I often talk with 
him/her; he/she is a good friend of mine  

S_Impres-
sion* 

How do you feel about Role B? 1: Not good at all; 2: Not very good; 3: Nei-
ther good nor bad; 4: Good; 5: Very good 

R_Known* Relation to Role A 1: I have never seen him/her before; 2: I have 
seen but never talked to him/her; 3: I just ex-
change greetings with him/her; 4: I talk with 
him/her sometimes; 5: I often talk with 
him/her; he/she is a good friend of mine  

R_Impres-
sion* 

How do you feel about Role A (B)? 1: Not good at all; 2: Not very good; 3: Nei-
ther good nor bad; 4: Good; 5: Very good 

Pair_MM* Sender/receiver pairings 1: Male with male; 0: Others 
Notes:* these variables are employed in the face-to-face interaction only. 

3 Results  

We conducted a total of 10 sessions with 200 students. The sessions lasted for 40–60 
minutes. Each session consisted of 4–26 subjects, and they earned an average of ap-
proximately 1,500 JPY. Females were 38% of students. The average age was 20.1 years 
for students.  
 Figure 3 shows the proportion of offers from the employee’s side that were 
beneficial to the customer (“best offers”) and the ratio of approvals, i.e. ratio of cus-
tomers who accepted what they were offered. These ratios are organized by whether the 
experiment involved face-to-face or anonymous interactions. In the results of the ex-
periment, the ratio of best offers was 0.62 for face-to-face and 0.51 for anonymous 
interactions, so employees were more likely to make a best offer in face-to-face inter-
actions. However, the results of Fisher’s exact test did not exhibit statistical significance 
(p = 0.17). The rate of customer acceptance was 0.71 for face-to-face and 0.64 for anon-
ymous interactions, again showing a higher ratio for face-to-face interactions. However, 
as before, the results of Fisher’s exact test did not exhibit statistical significance (p = 
0.42).In the interactions between students, a statistically significant difference based on 
whether an interaction was performed face to face or anonymously was not observed. 
 Next, we focus on the social attributes of the subjects, which are factors sepa-
rate from the purposefully controlled environment in which the interactions took place. 
Here, in addition to basic data such as gender, household, and age, we used answers to 
the GSS and questions related to psychological factors such as trust in others, reliability 
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of behavior, and self-reliance as representative variables for social capital, which was 
itself used as a representative variable for social distance. Furthermore, for experiments 
conducted as face-to-face interactions, we included partner impressions and levels of 
familiarity between partners as variables. Also, in measuring customer acceptance, we 
introduced a variable representing tolerance for the pair’s falsehood. 
 

Fig. 3. Proportions of best offer and approval 

With these as explanatory variables, and with the likelihood that an employee would 
make a best offer and the likelihood that a customer would agree to an offer as response 
variables, we performed a logit analysis. Tables 2 and 3 show the results. Concerning 
the likelihood of a best offer being made by an employee, in the anonymous interaction 
there were no statistically significant variables. In the face-to-face interaction, the only 
variable showing significance was TrustStrangers, with a p-value of 10%. This indi-
cates that, in face-to-face interactions, the degree to which an employee trusted others 
corresponded to the rate at which they would submit a best offer. That is, in face-to-
face interactions, a subject’s trust in others had a strong effect. On the other hand, other 
variables, such as the impression a partner made (S_impression), did not show this ef-
fect. This indicates that the psychology of the party making the offer is the source of 
this effect. 
 Next, with regards to whether the customer accepted an offer or not, in the 
anonymous interaction, rather than trust scales, we found that Re-pair (tolerance for 
falsehood) had a negative effect with a p-value of 5%. The degree to which a person 
asserted that they would not tolerate someone lying to them corresponded to the likeli-
hood that they would not agree to an offer. This tendency also appeared in face-to-face 
interactions as a significant factor with a p-value of 1%. The customer’s tolerance for 
falsehood had a very strong effect on whether he or she would accept an offer. This 
appears to represent the extent to which a customer will be vigilant of, be conscious of 
the risks associated with, and be tolerant of a fraudulent offer from an employee in a 
real situation. Furthermore, in the face-to-face interactions, age showed a negative ef-
fect with a p-value of 5%. We found that how old a subject was corresponded to how 
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readily they would refuse offers from an employee. As our subjects were undergraduate 
and graduate students, the range of possible ages was not large, but we still found that 
older subjects were less likely to accept offers. On the other hand, levels of trust, partner 
impressions (R_Impression), and degree of partner familiarity (R_Known) had no ef-
fects. 
 

Table 2. Logit regressoin for lying 

  Anonymous interaction Face-to-face interaction 

Female 0.40 (0.51) 0.13 (0.53) 

Household -0.14 (0.18) -0.02 (0.13) 

Age 0.04 (0.09) -0.09 (0.12) 

GSS -0.07 (0.24) -0.04 (0.22) 

TrustBehave -0.24 (0.25) -0.26 (0.21) 

TrustStranger 0.01 (0.54) 0.75* (0.41) 

Trsutworthiness -0.08 (0.19) 0.09 (0.15) 

S_Known  -0.27 (0.21) 

S_Impression  0.37 (0.26) 

Men&Men  0.17 (0.53) 

Constant -0.35 (2.07) 0.52 (2.84) 

Psedo R2 0.03  0.05  

# of Obs. 70  129  
Notes: Standard errors are in parentheses. *, **, and *** indicate significance at the 10%, 5%, 
and 1% levels, respectively. 

Table 3. Logit regression for approval 

  Anonymous interaction Face-to-face interaction 

Female 0.43 (0.60) -0.42 (0.65) 

Household 0.00 (0.17) 0.13 (0.15) 

Age -0.04 (0.13) -0.31** (0.14) 

GSS 0.08 (0.32) -0.09 (0.27) 

TrustBehave -0.31 (0.29) 0.10 (0.28) 

TrustStranger -0.19 (0.61) -0.53 (0.47) 

Trsutworthiness 0.04 (0.26) 0.31 (0.19) 

Repair -1.14** (0.57) -1.84*** (0.48) 

R_Known  0.68* (0.35) 

R_Impression 0.02 (0.30) 

Men&Men  -0.62 (0.68) 

Constant 1.78 (3.14) 6.22** (3.14) 

Psedo R2 0.09  0.18  

# of Obs. 68  129  
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Notes: Standard errors are in parentheses. *, **, and *** indicate significance at the 10%, 5%, 
and 1% levels, respectively. 

4 Discussion 

The fraction of lies in our observation is consistent with original study of Gneezy (2005), 
who found that larger stakes for students in the anonymity condition induced a higher 
fraction of lying. Fractions of trust were more than 0.6 for both treatments, which is 
consistent with the original study of Gneezy (2005), who found more than 60% of re-
ceivers trust messages. Lifting anonymity reduces the frequency of lying and non-ap-
proval but it does not have significant effects. This observation was consistent with 
Holm and Kawagoe (2010), who found that the face-to-face treatment reduces the frac-
tion of lying. Our result implies a possibility that face-to-face communication closes 
social distance and enhances altruistic behavior. To see more robust statistical result as 
shown in Holm and Kawagoe (2010), it is needed to gather more data from subjects 
with various socio-economic background. 

The logit analysis indicates what the most important measures of trust are. 
More than how well the subjects playing the employees knew the customers, or what 
sort of impression they made, the internal, psychological factor of how trusting they 
were of others generally had the most powerful effect. This indicates that they were not 
thinking of how their partner would respond to a fraudulent offer, but rather pondering 
larger questions about whether they could trust other people. According to these results, 
which indicate that trust in others has a strong effect on offers of service, it will be 
difficult to get employees to make best offers to customers simply by relying on their 
independence and human nature. Our research implies that employees must be educated 
in the best way to make an offer, and, more importantly, in the human and the mental 
aspects of offering services. 
 On the other hand, whether an offer was accepted or not was strongly reliant 
on the customer’s tolerance for falsehood, regardless of whether customer acceptance 
occurred in face-to-face or anonymous interaction. This implies that customers always 
viewed offers with suspicion. The degree to which customers would not tolerate being 
lied to corresponded to how unlikely they were to agree to an offer. This implies a 
dislike of being deceived. In this experiment, subjects playing the role of customers did 
not know how benefits were distributed between themselves and the employee, and so 
made decisions based solely on messages received from the employee about what 
would benefit them. As such, whether they accepted an offer or not was a simple ex-
pression of whether they were willing to believe the employee. People who hated being 
lied to did not want to agree to the employee’s offer. It appears that, more than the actual 
message from the employee, they disliked the possibility of trusting the employee and 
then being betrayed, and made decisions that opposed the employee as a result.  
 A customer’s choice to accept a service was strongly affected by their own 
tolerance for falsehood. Conversely, this implies there are some people who will con-
tinue to frequent expensive restaurants or first-class hotels that lie about the food they 
serve. If customers are tolerant of falsehood, they will believe and agree to whatever 
the employee offers them. However, from the employee’s perspective, regardless of 
whether they take pains to make best offers, they may offend their customers if their 
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offer is not believed. In the long run, they may damage their customers’ trust. By 
demonstrating that the customer is not being lied to, they can make clear that they are 
offering a genuine service. For example, in a restaurant, this would be accomplished by 
having things like an open kitchen or a broadcast showing the activity in the kitchen, 
therefore ensuring that the food preparation process is transparent. Due to this problem 
of trust, systems and methods by which to reassure the customer become issues of im-
portance. 

5 Conclusions 

In this experiment, we observed increases in the rate at which employees made best 
offers and the rates at which customers accepted offers when face-to-face interviews 
were conducted. As a statistically significant difference was not observed, the next topic 
of investigation will be to collect data from a broader sample set. Also, the level of trust 
in others reported by the subject playing the role of the employee had a statistically 
significant positive effect in cases in which the employee made a best offer. It was also 
observed that, regardless of whether the interaction was conducted face to face or anon-
ymously, if the subject playing the role of the customer exhibited a low level of toler-
ance for falsehood, he or she was less likely to accept offers. Our research indicates 
that, in service interactions between employees and customers, the importance of trust-
ing relationships is unambiguous. Trust in others and tolerance for falsehood have clear 
effects on such interactions. 
 However, as our sample was composed of students, it lacked variation in terms 
of social attributes, and each of the variables that we used to measure social distance 
also lacked variation. In future experiments, it will be important to include even more 
variables related to social capital such as feelings of trust, isolation, and loneliness, and 
also to assemble a sample with a broader range of age brackets. We expect our next 
topic to include an experiment asking whether having a person lie to a customer, apol-
ogize, and be forgiven will build a trusting relationship. Based on such an experiment, 
it may be possible to understand how long-term relationships of trust that occur in ser-
vice interactions are established. In this sense, the results of this experiment have shed 
new light on how trust is established between employees and customers in the offering 
and consumption of services. 
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Abstract. We considered appropriate frameworks and functions for the public 
observation service system and created a 3-stage model for it with logics for ob-
servation to ensure the quality of required functions by reducing unintended 
omission and unevenness due to human characteristics. The study method and 
tool were used for all children belonging to an elementary school in X district. 
The public observation support service system based on the 3-stage model with 
a logic for observation, may facilitate the logical and efficient identification of 
problems, management of cause analysis results, and reasonable promotion of 
liaison among those involved in personalized support. This system to support 
the observation of children’s growth and development provides a basis for cre-
ating a value of co-creation.  This study provided a basis for maximizing the 
value of co-creation in public services, aiming to nurture human resources for 
the future.                                                                                                                    

Keywords: public service, observation service, system framework, problem 
solving, three-stage logic for observation 

1 Introduction 

When residents recognize their own need for support, they seek public/private support 
resources, and adopt actions to access them. However, if their abilities to: 1) recog-
nize, 2) demand, 3) seek, 4) and obtain necessary support are insufficient, their condi-
tions may deteriorate, and become serious, resulting in the development of social 
problems. In order to address this, it is necessary for local governments to provide 
‘observation services’, through which they previously assess communities, house-
holds, and residents with an increased risk of such situations, and prevent it from 
further increasing while observing changes in negative factors. 

Traditionally, in both urban and rural areas of Japan, systems that enable residents 
to participate, perform activities, and lead their daily lives in their communities had 
been established by the mechanism of ‘mutual help and assistance’. However, with 
economic development, interpersonal relationships in households and communities 
have become poor, consequently weakening such a mechanism, and interfering with 
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the identification of residents requiring help and provision of support for them 
throughout Japan. This has brought unexpected results, such as ‘lonely death’, abuse, 
and crimes. 

Under these circumstances, observation services provided by local governments 
may be crucial. Such services should aim to predict and prevent safety and other risks 
by observing the statuses of residents and communities. They should also be provided 
while sufficiently considering issues, such as the population and area of each commu-
nity, service users and the diversity of their problems, and the cost performance of 
using public resources. Their provision as public services is difficult, unless systems 
to provide them with fairness, logicality, and efficiency are established. 

2 Purpose

This study aims to consider appropriate frameworks and functions for the public 
observation service system; and create a 3-stage model for it with logics for 
observation to ensure the quality of such functions by reducing unintended omission 
and unevenness due to human characteristics.  

We investigate a problem to be resolved for public service from the viewpoint of 
service science. 

3 Target setting and procedure 

A research project was performed, involving elementary school children as 
community residents whose abilities to: 1) recognize, 2) demand, 3) seek, 4) and 
obtain necessary support are insufficient, and appropriate systems to observe their 
growth and development were considered through collaboration with a local 
government (the Section of Educational Affairs and Board of Education), a medical 
association, and the Department of Pediatrics of a university hospital located in a 
district of the Tokyo Metropolitan area. The study procedure was implemented in 5 
steps:

Step 1: conducting a status survey on elementary school children’s growth, and 
identifying related challenges from a medical viewpoint (short stature); 

Step 2: conducting a status survey on activities to support elementary school 
children’s growth and development, and identifying related challenges; 

Step 3: designing a framework for the observation support system; 
Step 4: designing a 3-stage model with logics for observation to be used in public 

and private spaces; and 
Step 5: using it as a system to support the observation of elementary school 

children’s growth and development 

We obtained agreement for this study from the board of education and medical 
association of District X, Pediatrics Laboratory in the Jikei University School of 
Medicine and Tsuru Laboratory in the University of Tokyo. District X has about 50 
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public elementary schools, and the living standard of this district is considered 
approximately the same as the national standard. The ethics committee of the Jikei 
University School of Medicine approved the study, and children’s health data were 
anonymized. We are continuing this study from 2014. 

4 Design and Development 

4.1. A status survey on elementary school children’s growth, and identifying 
related challenges from a medical viewpoint (short stature) 

Health problems in children should be identified and treated promptly so that the 
condition does not hinder their development. In elementary school, school nurses are 
responsible for health management among the children. Growth disorder is an 
important health problem that should be detected by school nurses. Cotterill et al. 
show that body measurement made by them would be sufficiently reliable for 
screening of growth disorder [1]. The two symptoms of this are short stature and 
growth failure. Short stature is defined as a height value that is 2 standard deviations 
(SD) below the mean for age. In contrast, growth failure is difficult to define [2], and 
hence, various studies have defined it differently. For example, Jonathan [3] defined it 
as growth deceleration (falling across major percentiles on the growth curve). Growth 
disorder has many different causes [4], and therefore, it is not only a symptom of 
another disease, but also an environmental condition [5,6,7,8,9]. Furthermore, growth 
disorder may cause another problem. For example, younger and shorter children tend 
to be bullied in the classroom [10]. Hence, a focus on the height of the children may 
facilitate the detection and prevention of various health and social problems. 

However, each school has only one school nurse. The nurse’s skills have to spread 
over several tasks that have to be done each day: treating children’s injuries, 
investigating school hygiene, providing health guidance, and ensuring the children’s 
mental health care. At present, they are unable to always detect children’s health 
problems such as growth disorder because of a lack of knowledge, intuition, and time.  
In addition to early detection, early treatment is also important [11,12]. However, 
information available to the school nurse is not sufficient; accordingly, players 
involved in the children’s health care such as their homes, schools, and hospitals have 
to share information. Cooperation between school nurses and these players will 
enable the analysis of the problems children have and the provision of appropriate 
treatment [13]. 

Growth disorder is an important problem in child health. School nurses are 
responsible for child health management in elementary schools; although this task is 
important, it is also difficult. We aimed to develop a support system for school nurses 
performing this task [14]. First, we focused on the screening process for growth 
disorders, and developed a method to identify these conditions regardless of the 
differences of in their ability, by using height data of approximately 400 students 
from the fourth to sixth grades in elementary school. Second, we evaluated the 
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process of examining the condition in each child after screening. Finally, we 
developed a supporting tool that school nurses can use, in practice. This system could 
help school nurses in managing children health. 

The information required to analyze the problem is dispersed among various 
players, so cooperation of the players is required. In this study, we developed a 
method where school nurses gather information about children, analyze it, and 
determine the appropriate intervention.  

First, we designed the following narrowing process so that school nurses can 
analyze problems efficiently and effectively.  

Primary narrowing: They gather information such as medical history and 
allergies from medical checkups. 

Secondary narrowing: They ask homeroom teachers questions not only about 
health but also about lifestyle, home environment, and friendship. 

Tertiary narrowing: They ask people at home detailed questions to obtain 
information that could not be obtained in the previous phases. 

4.2. A status survey on activities to support elementary school children’s 
growth and development, and identifying related challenges 

Elementary school days are the most important period of children’s growth process. 
Delays in the identification of growth-related problems may lead to the occurrence of 
intellectual, mental, or physical impairments. As children’s self-care abilities are 
limited, it is necessary to mainly manage their health in their households, but the 
management capacity varies among households. Therefore, educational institutions 
play an important role in identifying growth-related problems in the early stages. In 
Japanese elementary schools, health examinations for all students are conducted 3 
times annually, and data, such as somatometric values, necessary for screening are 
stored as records. In recent years, approximately 80% of all public schools throughout 
Japan have adopted the school affairs support system to manage information 
necessary to operate schools, including health-related data such as somatometric 
records. This facilitates the comprehensive management of all data regarding school 
activities, such as student lists, class attendance-related information, learning 
achievements, and events, in a single system. Using the system, it is possible to 
manage the results of health examinations at school, mainly somatometric records, as 
electronic data. 

We examined the statuses of use of the school affairs support system and related 
data entry in a district of the Tokyo Metropolitan area. The system was initially 
adopted in all public elementary and junior high schools in FY 2011. However, the 
rate of entering health examination results, such as heights and weights, varied among 
schools, showing a mean of approximately 60%. Problematic issues, such as the 
situation in which the Board of Education had adopted a similar system, but they were 
unable to manage the status of data entry, were also revealed. 

Furthermore, analytical support systems with algorithms to identify problems, 
represented by growth disorder, underweight, and obesity, incorporated were 
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unavailable, necessitating the school nurse at each school to perform this procedure 
manually, without sufficient quality. Thus, although a data management system was 
available, data entry was arbitrary, and the use of entered data was difficult. We noted 
this as an operational problem, and recognized the necessity of making data entry 
obligatory and offering data analysis support systems. 

4.3. Design of a framework for the observation support system 

This system consists of core, support, and management systems (Fig.1). Core system 
is processes associated directly with health management service from problem 
detection to daily observation. There are processes of problem detection, cause 
analysis, improvement activity, and daily observation in Core system. Support system 
including necessities for the core system such as human resources, tools, information 
technology and so on. Management system is a section for overall grasp and 
management. Core system is observation service support system. 

Fig. 1. Framework of the Public observation services System 

Public observation services provided by the core system are expected to address the 
following challenges: 1) covering the entire population and area of each community; 
2) considering the diversity of problems faced by targets; 3) using public resources 
efficiently; and 4) ensuring the appropriates of activities in both public and private 
spaces. Thus, the system should be designed with the following functions: 1) 
screening to process extensive data, and identify problems within a short time; 2) 
navigating to efficiently collect information needed to clarify the cause of each 
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problem; 3) selecting optimal intervention methods and observers to resolve each 
challenge; and 4) promoting liaison with observers. 

4.4 Design of a three-stage model with logics for observation to be used in public 
and private spaces 

In the observation system for services provided by local governments, observation 
targets are extracted through three-stages. Each stage is designed with a combination 
of functions related to ‘data and information used’ and ‘narrowing down’ (Fig.2). 

In the first stage, targets with an increased risk are identified using data 
representing the statuses of communities and residents of the district. The reasonable 
management of extensive data and persons to extract problematic cases is an 
important viewpoint for this process. At this point, it is necessary to: 1) incorporate a 
reasonable logic to process extensive data within a short time; and 2) establish a 
system to provide support in accordance with each target’s condition. 

In the second stage, necessary information is collected from people around targets 
extracted through the first stage process to perform cause analysis. It is possible to 
efficiently perform such analysis by designing a process that navigates observers’ 
thought process to extract important information. 

Lastly, in the third stage, information is collected from people close to targets in 
consideration of their problems identified to determine optimal intervention methods 
and observers, in order to start problem-solving activities. 

Thus, the observation system for services provided by local governments is a model 
consisting of three-stages: 1) identifying problems: the process of extracting targets, 
2) analyzing causes: the process of examining targets, and 3) promoting liaison and 
starting intervention for targets. 

Standard items needed for judgment in each stage are clarified, and their values are 
determined in consideration of the local situation. Logics for observation are 
developed through this process. 
The logic for observation in each stage is expressed as follows: 

a)First stage 
If X1<a1 then inapplicable in first stage and not observe 
If a1<X1<b1 then applicable and observe in first stage 
If b1<X1 then inapplicable in first stage and transit to second stage 

b)Second stage 
If X2<a2 then inapplicable in second stage and transit to first stage 
If a2<X2<b2 then applicable and observe in second stage 
If b2<X2 then inapplicable in second stage and transit to third stage 

c)Third stage  
If X3<a3 then inapplicable in third stage and transit to second stage 
If a3<X3<b3 then applicable and observe in third stage 
If b3<X3 then choice of applicable intervention and provision it  
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Fig. 2. A model consisting of three-stages 

4.5. Use of the model as a system to support the observation of elementary school 
children’s growth and development 

We used the system model to elementary school, designed detail. 
Core system has processes of problem detection, cause analysis, improvement 

activity, and daily observation for healthy child growth management. We took 
advantage of body measurement data from school health examinations to detect 
“growth problems” efficiently. The methodology for judging the presence or absence 
of abnormality was developed using indexes of height and weight. 

 “Growth problem” refers to not only defects that have already occurred but also 
every matter in need of some action considering both present and future. Therefore, 
“action” requires regional support such as improvement of lifestyle or living 
environment. 

Next, a “cause” has to be specified in order to solve any problems. This includes 
not only direct but also indirect factors. We should clarify the relationship between a 
“growth problem” and its “cause” and decide what kind of intervention is needed. 
Therefore, we developed follows. 

- visualization of process flowchart 
- development of problem detecting Logic 
- development of a support tool 
- design of database structure for cause analysis 

The state of children’s growth is classified into “normally,” “observation,” and 
“cause analysis” through a combination of physical findings based on height and 
weight. The children classified into “normally” and “observation” transfer to the 
phase of observation. However, the management levels of the two are different. The 

First stage district

Second stage: household

Third stage person, the living bo

Public space

private space

inapplicable

observation in first stage

Inapplicable in second stage and transition in first stag
observation in second stage

inapplicable in third stage and transition to second
observation in third stage

choice of applicable intervention and provision

transition to third stage

transition to second stage
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observers should watch the latter carefully. On the other hand, the other children shift 
to the “cause analysis” phase (Fig.3). 

Fig. 3. Comprehensive Judgement

Fig. 4. The personal data sheet in support tool for growth management 

We developed a support tool that can utilize the body measurement data efficiently 
and effectively and extract information necessary to analyze the growth problem [15]. 
This support is mainly for early detection, since the tool can calculate the SD score 
and obesity index and plot the growth curves of all children based on the data input 
into the school job support system. It can thereby diagnose growth problems 
automatically, using the previously mentioned rule. Height and weight data and the 
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growth chart for each child are output in a single sheet. When a child is suspected to 
have a growth disorder, the tool outputs a danger signal. Aside from the personal data 
sheet, this tool has functions to visualize the distribution of all school data and to 
search optional children in a collective data sheet (Fig.4). 

As shown below, the processes of analyzing causes for children identified as those 
with problems are classified into 3 stages: 1) the process can be performed only by 
school nurses or other persons in charge of health management; 2) the process 
includes interviews with homeroom teachers to collect information related to the 
children; and 3) the process requires access to the children’s households to collect 
further information. 

Through these processes, optimal intervention methods to clarify the causes and 
improve the situation are determined. Such interventions address: lifestyle-related 
factors by improving diets, exercise habits, and sleep; environmental factors by 
improving school and home environments; and disorder-related factors by promoting 
consultation in medical institutions. When it is difficult to clarify the causes, the 
children are classified into: those requiring consultation in medical institutions; those 
requiring course observation; and those without problems, based on their physical 
findings (Fig.5). 

Fig. 5. Process of three stages in an elementary school children 

5.      Trial use of the study method 

The study method and tool were used for all children belonging to an elementary 
school in X district. Their logical validity and usefulness were examined as follows: 

Third stageSecond stage

Using information of homeroom teachers
By Homeroom teachers

First stage
Using data of health examination in each elementary school
By school nurse

Public space private space

Ex. First school year, male

obesity

Student Friends
Relationship is no good

Third stage
observers

School Home
Relationship is no good

Over eating

Using information in household or around
By family, school physician and expert for child support
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The use of the tool we developed to identify problems made the creation of personal 
sheets and diagnosis for nearly 650 children within approximately 2 hours 
(approximately 10 seconds per person) feasible. It was confirmed that automatic 
diagnosis provided by the tool facilitates screening within such a short time frame. 
Based on their diagnostic results, less than 10% of children were shifted to the cause 
analysis unit. 

Cause analyses were performed for the target children. Excluding those for whom 
data entry was clearly erroneous and those with whom interviews were not possible 
due to moving out of the district, 29 were managed through the second stage process. 
During this process, an interview with the homeroom teacher of each child was 
conducted, and the relevant cause analysis was completed. In all cases, in which the 
necessity of the third stage process and the causes of problems were clarified, actions 
to be adopted for improvement were advised. 

Based on these results, interviews with the principle of the elementary school and 
medical association in the district were also conducted to examine the feasibility of 
the study system. 

5.1. Logical validity and usefulness of the study method/tool 

Originally, when specialists diagnose children, it is necessary for them to examine 
growth curves by calculating SDs and obesity levels based on data, such as the height 
and weight. In the present pilot study, diagnosis was performed by a specialist using 
the growth management tool to automatically create growth curves. The use of the 
tool was suggested to shorten the time needed to diagnose each child, which is 
generally estimated at 1 and a half minutes even for specialists, by approximately 
90%. The specialist agreed with automatic judgment results based on the study logic. 
Furthermore, cause analyses revealed sex differences in the causes among children 
showing a tendency toward obesity, and this was consistent with the specialist’s 
experience. Thus, the study method and tool were shown to have a sufficient logical 
validity and usefulness. 

5.2.  Feasibility 

The study method and tool were also regarded as useful by the principle of the 
elementary school. On the other hand, as the necessity of an operational model and 
supporters was noted, we designed a navigation system to examine homeroom 
teachers’ thought process, and collect information. The chairman of the Committee of 
Pediatrics of the local medical association also favorably evaluated the study 
method/tool, and recommended their use on a community-wide basis. By sharing data 
obtained using this growth management support tool with school doctors, it may also 
be possible to obtain support from doctors. The Section of Educational Affairs of X 
district made health examination data entry obligatory for elementary schools, and 
ensured a budget for past data entry. These outcomes also support the feasibility of 
the study method. 
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6 Discussion 

6.1.  Advantages of this system as a service system 

Interactions between teachers as professionals and students are important to 
strengthen the value of co-creation in education services. In the case of children, it is 
necessary to provide education services while supporting their growth and develop-
ment. This system to support the observation of children’s growth and development 
provides a basis for creating a value of co-creation. 

The system has 3 advantages: 1) logically and efficiently identifying children with 
health problems; 2) logically and efficiently supporting teachers who analyze the 
causes of such problems from the perspectives of daily life, diseases, and environ-
ments; and 3) providing players in charge of problem-solving intervention with in-
formation regarding corresponding children’s developmental histories and the results 
of analysis. Advantage 1) reduces human errors related to judgment by shortening the 
time needed for screening and processing, with multiple logics for medical and epi-
demiological judgment; 2) reduces the energy and time needed for thoughts, as the 
system is designed to guide thoughts toward the clarification of causes through a pro-
cess based on medical interviews; and 3) facilitates the efficient and effective use of 
the obtained information. 

6.2.  Remaining issues of the proposed system 

The system may improve the quality of education services by: identifying prob-
lems related to children’s growth and development; logically and efficiently support-
ing the process of analyzing the causes; creating time for players involved with educa-
tion services; and reducing the energy needed for thoughts. It is also suggested to 
provide children without such problems with an enhanced value of co-creation. On 
the other hand, as a future perspective, it is necessary to design appropriate interven-
tion for those with growth- and development-related problems, and develop functions 
to sup-port the efficient and effective implementation of such intervention. These 
approaches will facilitate the realization of a PDCA cycle that covers all children.  

6.3.  Challenging points and/or contribution of this study as service research 

The present study provided a basis for maximizing the value of co-creation in pub-
lic services, aiming to nurture human resources for the future. It also provided useful 
findings on the development of methodologies to ensure logicality necessary for the 
classification service users, as well as those for the efficient typification of individual 
cases.
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6.4.  Problem to be resolved for public service from the viewpoint of service 
science

As the majority of public services are provided by local governments, their quality 
depends on such governments’ organizational abilities, and consequently varies 
among districts. Therefore, it is necessary to improve the quality of public services by 
visualizing them and organizing them as logics, while streamlining the process of 
providing them.  

7 Conclusion

The public observation support service system based on the 3-stage model with a 
logic for observation, may facilitate the logical and efficient identification of 
problems, management of cause analysis results, and reasonable promotion of liaison 
among those involved in personalized support. As a future perspective, the system 
will be further used for elementary school children while developing such systems for 
other community residents. 
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Abstract. The purpose of the present study is to develop a way by which junior 
cabin attendants (CAs) can get the customer service skills dependent on experi-
ence as soon as possible. To achieve this, it is effective to analyze the service 
skills of skilled CAs. We argue that one customer service skill that varies widely 
among CAs, depending on variation in work experience, is “service awareness.” 
The term “service awareness” is defined as a related series of cognitive skills that 
includes “the CA perceives a passenger’s needs before that passenger verbalizes 
them and finds ways to satisfy those needs.” This research will examine the cog-
nition processes of the CAs as they perform customer service. Cognition in this 
context refers to things the CAs noticed as well as their feelings and thoughts 
while providing service. We record CAs’ customer service behavior and con-
ducted retrospective interviews referring to the footage. After that, we analyze 
the interviews based on the grounded theory approach to get to know the rela-
tionship between cognition and conducted customer service. As a result, we 
gained an understanding that the cognitive process of “inferring a passenger’s 
persona and investigating services to fulfill it” is crucial. 

Keywords. Cognitive Process, Service Process Model, Qualitative Research, 
Grounded Theory Approach 

1 Background 

The airline industry has recently been experiencing a general increase in the number 
of air passengers worldwide and continued strong growth is anticipated. Along with 
efforts to enhance its international network, All Nippon Airways (ANA), the leading 
Japanese airline, is hiring increasing numbers of cabin attendants (CAs), which 
decreases the average length of CA tenure. It is necessary for junior CAs to acquire 
effective service skills to improve the quality of customer service. We argue that one 
customer service skill that varies widely among CAs, depending on variation in work 
experience, is “service awareness.” The term “service awareness” is defined as a related 
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series of cognitive skills that includes “the CA perceives a passenger’s needs before 
that passenger verbalizes them and finds ways to satisfy those needs.” 

The purpose of the present study is to develop a way by which junior CAs can 
understand and obtain the concept of service awareness in the context of their work. As 
Shuman et al. stated that “process skills” such as communication and teamwork can be 
taught by active and cooperative learning [1], it must be also possible to teach service 
awareness to junior CAs. To achieve this, it is effective to analyze the service skills of 
skilled CAs.  This paper initially describes relevant studies and past research findings 
of the authors regarding service awareness of cabin attendants (CAs). Thereafter, it 
discusses the approaches used in this research and describes the measurement 
experiment and interview results conducted to investigate “service awareness” 
displayed by CAs when performing their duties toward their customers. Finally, it 
describes the CA customer service process model.  

2 Relevant Studies  

2.1 Research measuring the behaviors and identifying the customer service 
skills of employees 

Due to the lack of appropriate methods to evaluate employee skills in the food service 
industry, Kurata et al. proposed a skill evaluation system that utilizes employee 
behavioral measurement and visualization systems [2].  The system is composed of a 
Pedestrian Dead-Reckoning (PDR) terminal that performs differential positioning and 
a sensor-data fusion system that calibrates, initializes tracking, and improves accuracy. 
It also includes a performance index to help determine issues in the workplace that 
require improvement based on the results of motion tracking using a visualization tool, 
determine the behaviors that require improvement, and evaluate the effectiveness of 
those efforts using POS data. In addition, based on the results of improvement activities, 
it examines the acquisition of customer service skills using an employee’s precision 
and recall as measured by order acquisitions, and makes proposals regarding 
employees’ skill improvement processes based on the following four employee 
categories: Lack of goal awareness type, working at full capacity type, precise type, 
and veteran type. 

2.2 Past findings and tasks of this research   

The authors conducted analyses of customer service skills of cabin attendants 
(CAs). Besides conducting behavioral measurements of CAs using the method 
described in 2.1 with the cooperation of the Service, Sensing, Assimilation, and 
Modeling Research Group of the Human Informatics Research Institute in the 
National Institute of Advanced Industrial Science and Technology (AIST), The 
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authors analyzed customer service skills of CAs by making behavioral observations 
and developed a CA customer service process model that considers “service 
awareness” [3]. Behavioral observations, visual confirmation of task contents, 
positioning and details of customer service behavior, and recording onto a paper 
medium revealed the reasons for and details of the communications between CAs and 
passengers. From this, differences were noticed between junior CAs and skilled CAs, 
such as the time they spent serving drinks and the frequency of cabin inspection.  

Based on the above, Tachioka et al. considered passive and active behavioral 
decision-making strategies [4], which they combined with the knowledge gained from 
behavioral measurements and observations to develop the CA customer service process 
model indicated in Figure 1. While this model shows the characteristics of the CA 
customer service, of which “service awareness” is a part, the knowledge they gained 
from behavioral observations is fragmented. There is no clarity on the cognition 
processes involved while carrying out the service (i.e., why a specific service was 
carried out).  

Fig. 1. CA-customer service process model including both passive and active behavior deci-
sion-making strategy[3] 

3 Research Methods  

3.1 Cognition, the focus of this research  

From the background given above, this research will examine the cognition 
processes of the CAs as they perform customer service. Cognition in this context refers 
to things the CAs noticed as well as their feelings and thoughts while providing service.  
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3.2 Recording customer service behavior 

We draw out the cognitive processes in the CAs through a retrospective interview 
regarding their customer service behavior after serving the passengers. However, the 
CAs may find it difficult to recall their customer service behavior and conditions. To 
resolve this problem, Kitajima et al. conducted interviews based on footage from a 
field-of-view camera worn by the subjects and investigated how the decline of cognitive 
functions in the elderly is tied to their behavior on the premises of a railway station [5]. 
Similarly, in this research, CAs wore a field-of-view camera, and retrospective 
interviews were conducted referring to the first-person footage recorded.  

3.3 Persona and scenario  

In recording the customer service behavior of CAs within this research, experiment 
cooperators played the role of passengers on the aircraft. Subsequently, the experiments 
were conducted in a cabin mockup, an on-the-ground training facility resembling a 
cabin. Recreating this service environment was to draw out the cognitive aspects of the 
CAs during the service. We also attempted making passenger roles realistic. 
Specifically, we prepared a persona for each individual playing the role of a passenger 
by ascribing to that person a background, a particular temperament, etc., based on 
which the passenger behaves during the flight. For example, as a persona, we set “a 
businessman in his 40s, with a calm and conservative personality,” and as a 
corresponding scenario, we set “(during boarding) he gets to his seat smoothly. He 
glances at the in-flight-shopping magazine after being seated. (After the seatbelt sign is 
turned off) he continues to look at the in-flight-shopping magazine, and states, ‘I’m just 
looking’ when engaged in a conversation.”  

3.4 Retrospective interviews 

As mentioned in section 3.2, retrospective interviews were conducted referring to 
the footage from the field-of-view camera of the CAs and the footage from the fixed-
camera. Semi-structured interviews were conducted in which the question items were 
roughly pre-determined. In the interviews, we invited the CAs to look at the footage, 
recollect what they could while they served customers, and to speak freely so that their 
cognition processes come into full play. When the CAs were speaking, the footage was 
paused and we asked them four questions regarding  Things they noticed;  What 
led them to notice such things;  Things that came to their mind while observing 
passenger behavior; and  Reasons for performing/not performing a particular service.  

3.5 Interview analysis based on the grounded theory approach  

By conducting retrospective interviews, we obtained speech data that pertain to 
cognitive processes while the CAs carried out their service. From this data, we analyzed 
the cognitive characteristics of each CA. We utilized the grounded theory approach 
(henceforth, GTA). GTA is a methodology by which roles played by characters in a 
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particular situation and their interactions and the resulting multiple processes of change 
are expressed as a theory[6] GTA, characterized by its ability to derive theories from 
phenomena, is considered most suitable for this research.  

GTA procedure comprises (1) – (4) below: (1) segregate interview data into text 
fragments; (2) understand the characteristics of the text fragment data; (3) categorize 
text fragments; (4) understand the relationship between the categories; and (5) write out 
new findings from the relationship between categories. 

In (1), we gained an understanding of the contents of the interview data. 
Subsequently, we fragmented the data based on their meaning. When segregating the 
text fragment data, sentences with different implications were separated based on their 
meaning. For example, in this experiment, we obtained a text fragment data: “I thought 
about the fact that he was wearing a mask while walking, and when I gave him the 
blanket, I think at that moment, I was thinking of what should I say next.” 

In (2), we gained an understanding of the characteristics of the text fragment data. 
We extracted contents from the text fragment data, which we called properties and 
dimensions. “Properties” refer to the perspectives of looking at the data and the sections 
into which they are divided. As a specific example of properties, we have “things one 
remembered while walking.” “Dimensions” refer to the characteristics of the data from 
the perspective of the property created. The dimension corresponding to the prior-
mentioned property would be, “he was wearing a mask.”  

Having indicated as many properties and dimensions as possible against the text 
fragments, we created a label that simply represents a given text fragment. If we were 
to label a specific example, it would be “reflecting on what to say while walking.”  

In (3), all text fragment data are compared and categorized. As an example of a text 
fragment similar to a specific example of a text fragment, we have the label, “troubled 
by serving a passenger with a stomachache.” By combining, we have the category, 
“thoughts about the service to be performed.”  

In (4), we separated categories into paradigms, which are “situations/conditions,” 
“behaviors,” and “conclusion.” By separating them into such paradigms, we were able 
to understand under what “situations/conditions” “behaviors” were executed and what 
“conclusions” were achieved because of the links between categories.  

In (5), we wrote out the links between categories that we identified in (4). In so doing, 
we clarified the specific roles played by properties and dimensions.  

4 Experiment to extract cognitive processes 

4.1 Experiment outline and setting  

In this research, we conducted an experiment to extract information about the 
cognitive processes involved when CAs served their customers. The experiment in this 
study can be divided into two parts: recording the customer service process and 
retrospective interviews to understand the cognitive processes at play. To record the 
customer service process, we used a cabin mockup owned by ANA and targeted 25 
minutes of in-flight service to passengers on the left side of the rear cabin. Experiment 
participants, as indicated in Table 1, were 11-20 passengers in the cabin (different on 
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the different dates of the experiment), one CA (junior/skilled) each to provide service, 
and one CA to assist with the experiment. We used the HX-A1H camera from 
Panasonic Inc. for the field-of-view, two omnidirectional cameras, and the THETA 
from Ricoh Inc. as the fixed camera. Retrospective interviews were conducted 40 
minutes after serving the passengers in a separate room, using footage from the field-
of-view and fixed cameras as a reference. Interviews lasted approximately 35-45 
minutes.   

Table 1. Outline of personnel for customer service process recording 

4.2 Results of the customer service process recording experiment and 
considerations  

In the customer service process recording experiment, reviewing during the 
interview was done with the help of the field-of-view and fixed cameras. Reviewing is 
possible only if three requirements are met: (1) using field-of-view camera, CA 
interaction should be clear and comprehensive with regard to the content of the 
conversation; (2) using the omnidirectional cameras, it must be possible to distinguish 
the service the CAs are providing for the passengers; and (3) all passengers should be 
visible to have a broad understanding of what they are doing. The footage obtained 
fulfilled these three requirements and was sufficient to conduct the interviews.  

4.3 Results of the retrospective interviews and its considerations  

In the September experiment, we conducted a questionnaire survey asking the CAs  
whether they were aware of the scenario prior to the retrospective interview. This 
influenced the remarks made during the interview to act as a verification of the CAs’ 
customer service and the scenario. We were unable to obtain enough information on 
what their original thoughts were while serving the passengers. Based on this reflection, 
in the December experiment, we did not provide any information to CAs prior to the 
interviews. As a result, we were able to obtain information focused on the actual 
cognitive processes during the December experiment.  

Date September 27 December 8 December 12 

CA experiment 
cooperators 

Junior: 1 person Skilled 1 person 
Each time with one CA experiment 

assistant  
Passengers with 
scenario  

20persons 
(8 persons  

11 persons  
(9 persons) 

13 persons 
(10 persons) 
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5 Result of the interview analysis using GTA and its 
considerations  

5.1 The result of the interview analysis  

The interview result of each CA was analyzed using GTA. The categorized results 
are as indicated in Table 2  

Table 2. The result of categorization 

 
Following the categorization, we developed a graphic display for each CA of the 

categories for each passenger. Figure 2 indicates a graphic display of categories for the 
passengers who played the role of a couple. In Figure 2, the blue squares represent the 
paradigm “situation/condition,” and the orange squares represent the paradigm 
“behaviors.”  

Category 

September 
27 

December  
8 

December 
12 

Junior Skilled Junior Skilled Junior Skilled 

Regarding service and 
operation 

3 0 8 13 6 10 

Regarding service intent 0 1 5 8 11 7 
Regarding service performed  0 0 1 0 7 1 
Understanding cabin conditions 0 0 0 0 1 0 
Actual service performed 11 12 10 8 10 20 
Anticipating passenger needs 1 9 5 6 3 9 
Understanding passenger 
condition 

12 9 8 13 11 18 

Inferring passenger condition 0 3 2 4 3 7 
Collecting information to grasp 
passenger condition 

0 0 3 4 1 9 

Other 34 63 10 8 13 1 
Regular tasks undertaken 5 10 0 10 3 0 
Inferring passenger action 0 0 3 4 0 0 
Not talking to passengers while 
providing service so as to avoid 
disturbing other passengers 

0 0 2 0 0 0 

Giving priority to operation 0 0 3 0 0 0 

Things unnoticed  7 6 0 0 0 0 
Insignificant things  0 5 0 0 0 0 
Impression on passengers 3 1 0 0 0 0 
Things one was unaware of  2 0 0 0 0 0 
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Next, we wrote down the relationship between the categories as indicated in Figure 
2. Below is the written version of the category graphic displays for each junior and 
senior CA (written as categories and properties”).  

Fig. 2. Graphic display of categories related to the couple. 

 
Junior CA 
The Junior CA “noticed” the passengers looking at the Otaru travel guide prior to 
preparing for departure and grasped the condition of the couple. Nonetheless, she 
perceived the passengers who looked like they had a stomachache or were sick “to 
prioritize them for larger concern” and chose not to speak to them so as to be 
considerate to other passengers . Regarding the couple, who were her “target 
passengers,” she listed out the tourist-related information as “things she hoped to tell 
them.” However, her concerns about delaying other services was “a reason not to 
talk to them,” and the “service she performed” was not a time to engage them in such 
action. She saw drinks collection as “the ideal time to speak to them.” After 

considering intended service , she “performed the action” of checking the 
guidebook from the side, during “the period” when she was walking the aisle, as a 
way to gather information to understand passenger conditions . She had a high

level of understanding” about what the passengers were looking at. Having seen
the word Otaru, “she talked about things” such as destinations and sightseeing with 
passengers as service performed . The “passengers’ response” was regarding 
their destination.  
Skilled CA 

In terms of grasping passengers’ conditions the skilled CA listed boarding as 
“the appropriate time” and mentioned looking at the guidebook as one of the “things 
she noticed” the couple doing. Regarding the condition of the passengers, she felt 
that they were very close. On observing this condition, “the thing she thought of” 
was that it would be best to leave the two to their own, indicating that she was

inferring passengers needs . While thinking about these things, she greets them
service performed and the content of the greeting was to ask if they were going 

on a trip. “The impression from the passenger’s response was not very enthusiastic, 
thus indicating under things she thought of that she might be interrupting them, 
thereby signaling that she was inferring  passengers needs .  
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5.2 Considerations for interview analysis  

We conducted an analysis similar to the above for each passenger. The following 
differences can be seen in the cognitive processes of junior CAs and skilled CAs:  
(1) No difference was observed in the things they noticed about passenger conditions.  
(2) Junior CAs move on to perform a service directly after understanding the situation.  
(3) Skilled CAs infer passenger needs before performing a service.  
(4) Skilled CAs understand passenger conditions and often anticipate behaviors.  

With regard to (1), this research introduced a scenario that determines passenger 
behavior and therefore not much difference was found in the scenario witnessed by 
each CA.  

With regard to (2), we clarified that junior CAs would engage right away in some 
sort of approach toward the said passengers after understanding their conditions. 

On the contrary, as stated in (3) and (4), skilled CAs examine passengers before 
approaching them. During this examination, they gain an understanding of the 
passenger’s character (anticipation of passenger behavior and condition) and consider 
what service behavior might be desired (inferring needs) by such an individual.  

From the above, we consider that the differences between skilled CAs and junior 
CAs lie in the cognitive processes that precede their service behavior. Such cognitive 
processes indicate an insight into the passenger’s character and an ability to foresee 
what he/she would like/dislike.   

This research hypothesized “service awareness” skills as being the source of 
excellent customer service. With regard to such “service awareness,” we consider that 
a deep insight into the possible behavior of passengers and their internal state become 
essential cognitive skills that need to be a part of customer service requirement  

6 Conclusion  

This research recorded customer service processes in a cabin mock up, and drew out 
the cognition process of CAs during customer service using retrospective interviews 
while referring to such recordings. Furthermore, by analyzing and examining the 
interview data using GTA, we analyzed the cognitive processes required for excellent 
customer service skills. As a result, we gained an understanding that the cognitive 
process of “inferring a passenger’s persona and investigating services to fulfill it” is 
crucial.  

In future, we will engage in the development of training methods to help junior CAs 
acquire these cognitive processes without having to depend on the length of service to 
gain this knowledge.  
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Abstract. Like every industrial sector, the service sector will likely experience a 
digital transformation. The blending of technology with the service sector will 
have an enormous effect on business processes and the service staff. Despite ex-
pected changes and the relevance of well-performing service staff, research on 
the effects of smart service devices on the worker motivation and service excel-
lence is missing. This paper outlines research-in-progress whose aim is to outline 
the consequences on worker motivation caused by an increase of assistance 
through smart service devices. Our starting point is the analysis of the current 
workplace of maintenance technicians. Further work will test causal relationships 
between automated assistance and motivation as a function of work design.  

 

Keywords: Service operation, Human-centered service processes, Smart ser-
vice devices, Workplace analysis, Services in Industry 4.0  

 

1 Introduction 

Services in Industry 4.0 are not just about technology. Operation of technical services 
is personnel-intensive. Maintenance of high-investive (production) facilities demands 
skilled workers. Due to mostly not repetitive working situations thus far, the degree of 
freedom at work is comparatively high. However, changes are expected as more digital 
devices, such as wearables or head-mounted displays, guide service technicians through 
their tasks. This infusion of technology may impact employee motivation and, as a re-
sult, influence performance. To analyze this potential cause-effect loop it is critical to 
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evaluate the state of the current workplace of service technicians and what elements of 
work design are motivating to employees.

2 Workplace analysis

2.1 The Work Design Questionnaire (WDQ)

The WDQ [18] is a well-established measure that draws from the broader work design 
literature [17] to create a comprehensive taxonomy of the key characteristics of work.
The development of the WDQ follows decades of evidence that employee motivation
and satisfaction is driven, at least in part, by work design [11-12]. In short, positions 
designed to address employee motivational needs, such as autonomy, purpose, and mas-
tery [12], tend to result in more motivated, more satisfied, and more committed em-
ployees [14]. In this study, the WDQ was distributed to measure the current work char-
acteristics of service technicians. While such employees have enjoyed high levels of 
autonomy and mastery in the past, the introduction of technology aids may decrease the 
amount of discretion that employees have to troubleshoot and problem solve. 

2.2 Motivation 

The modern field of motivation is largely driven by the work of Deci and Ryan [5-6].
In short, Deci and Ryan proposed Self-Determination Theory (SDT), which focuses on 
individuals’ motivational inclinations. What drives behavior has largely been catego-
rized into two dimensions – intrinsic motivation and extrinsic motivation. Intrinsic mo-
tivators are those that come with within the person, such as interest, mastery, purpose,
and altruism. Extrinsic motivators, on the other hand, are those that come from external 
sources, such as praise and rewards. SDT has widely been applied to the workplace [7],
and research in this area has noted some robust findings. Perhaps most pertinent to 
service technicians, employees in jobs that are cognitively taxing (i.e. those that require 
creative or complex problem solving) respond more favorably to intrinsic motivators
[2]. In fact, the use of extrinsic motivators, such as bonuses, has been found to decrease 
performance on cognitively challenging tasks [2, 8-9]. However, when tasks are repet-
itive and require little cognition, traditional rewards, such as bonuses and pay raises, 
appear to work well to motivate employees. The job of a service technicians is a unique 
blend of cognitive tasks and manual work. As such, the motivators of service techni-
cians may also show unique patterns that do not clearly align with past SDT findings. 

2.3 Service technicians

Service technicians are mandatory to assure a long, useful life of manufacturing equip-
ment, buildings, and infrastructure facilities; all instruments are highly capital-intensive 
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and must be productive over a longer period of time (> 5 years) to result in a positive 
return on investment (ROI). Service technicians are understood to be part of a service 
department or as an external service partner who is called regularly for preventive meas-
urements or irregularly in case of equipment failures. Irrespective of the service case,
smooth communication between service technician and production employee (cus-
tomer) is always needed to assure good service performance. Therefore, soft skills are 
needed for successful service fulfillment in addition to technical knowledge and meth-
odological know-how [16]. In addition, service technicians must have manual skills as 
most of their work is difficult to replace by robots or automated tools. Even if the degree 
of automation in service processes is comparatively low thus far, the idea of increasing 
work efficiency through the use of Internet of Things (IoT), data analytics, and proac-
tive service measurements becomes more relevant.

Current surveys by the German Engineering association show another challenge 
within the workplace of service technicians. There is a disadvantageous demographic 
trend. In 2015 60 percent of the service technicians were 45 years and older, and the 
number of staff for maintenance is decreasing [21] despite production equipment in-
creasing in number and complexity. The status quo is a well- experienced workforce 
used to “analog” service processes during their working years. As such, change pro-
cesses are expected to face a higher level of resistance. The generational shift in the 
workforce from older, experienced technicians to younger, more digital-oriented tech-
nicians must to be considered. These circumstances speak to the urgency of defining a 
human-centered service strategy that takes the abilities and operational constraints 
within service operation into account within Industry 4.0.

To sum up, the workplace of a service technician in Industry 4.0 is a socio-technical 
system of increasing complexity. Industry 4.0 being a success is a function of well-
established technology, process management, and adapted workplace design. [10] (Fig. 
1). Smart services ask the service technician for creative, improvising actions based on 
experience, logic, and intuition [1]. However, as process assistance and automation in-
creases, the intensity of interaction with the manufacturing equipment, buildings, and 
infrastructure facilities decreases. This hinders technicians’ ability to build experience 
and intuition and leads to difficulties in the diagnosis of machine breakdowns [13]. In 
addition, it is expected that the service tasks will continue increasing in complexity 
within an Industry 4.0 manufacturing setting. 

Fig. 1. Workplace of a service technician (according to [13])
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The study outlined in this paper focused on issues of task complexity, feedback, in-
formation processing and motivation in service technicians workplace nowadays. 
These aspects were chosen as they are expected to be strongly influenced by upcoming 
changes in service operation due to smart service devices [1, 13, 15]. 

3 Study 

3.1 Method  

This study consists of an online survey sampling service technicians in Germany. The 
survey was available for completion between 1.6.2016 and 31.8.2016. The authors 
asked service managers in different industries to promote the survey to their techni-
cians. In total, 90 service technicians (2 female, 88 male) for maintenance from 8 dif-
ferent industries took part. The average age of the respondents was 44,6 years. The 
survey included an abbreviated version of the German WDQ by Stegmann [20], items 
measuring motivation orientation (e.g., intrinsic, extrinsic) adapted from Deci and 
Ryan's [5] General Causality Orientations Scale, and demographic variables.

3.2 Results 

To answer the research questions associated with the work environment of service 
technicians, basic descriptive and inferential statistical analyses were reviewed.  

Research Question 1: What influences whether workers say that their Task Com-
plexity is rather high or low?

ANOVAs comparing self-reported job complexity among respondents pro-
duced significant differences in autonomy, task variety, task identification, infor-
mation processing, problem solving, skill diversity, and specialization (See Table 1). 
Interestingly, there are no differences in terms of the use of technology in jobs with 
high v. low complexity. 

Table 1. Task complexity  

Com-
plexity

Auton-
omy

Task 
Variety

Task 
ID

Info Pro-
cessing

Problem 
Solving

Skill Diver-
sity

Special-
ization

High M* 3.79 4.45 3.02 4.42 4.11 4.35 4.05

SD .65 .46 .91 .52 .52 .58 .54

N 28 28 28 28 28 28 28
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* all means are out of 5

Compared to those who report low complexity in their work, service technicians in 
positions that are more complex self-report greater autonomy (F(1, 41) = 9.12, 
p<.01), greater task variety (F(1, 41) = 4.94, p<.05), greater task identification (F(1, 
41) = 16.06, p<.01), more information processing (F(1, 41)=21.03, p<.01), higher 
amounts of problem solving (F(1, 41), =15.17, p<.01), greater skill diversity (F(1, 
41) =17.93, p<.01), and greater specialization (F(1, 41) = 5.87, p<.05).

Research Question 2: Is Feedback related to job complexity and/or motivation?
Bivariate correlations between feedback and job complexity were not significant.

However, the means for feedback are also relatively low (M= 3.07, SD =.83) consider-
ing the type of work completed by service technicians, which suggests service techni-
cians don’t currently get a lot of feedback from others.

Feedback was, however, correlated with some aspects of motivation, including job 
fulfillment (r = .21, p<.05) and feeling that their effort is being rewarded (r=.44, 
p<.01).  Feedback also appears to be important for people who are motivated to con-
tribute to their team’s success (r=.33, p<.01).

Research Question 3: Are Information Processing and job complexity and/or mo-
tivation related?

Information processing was positively related to complexity (r=.49, p<.01). As
might be expected, as one’s tasks becomes more complex, more information pro-
cessing is required. 
In terms of motivation, information processing was also related to increased self-
efficacy (r=.21, p<.05) and skill development (r=.25, p<.05). Information processing 
was also associated with being motivated by contributing to the organization (r=.31, 
p<.01) and one’s team (r=.33, p<.01) and being accountable to one’s boss (r=.30, 
p<.01). 

Research Question 4: Is the variety of equipment used already a workplace chal-
lenge?

As noted above, there were no meaningful differences in the use of technology be-
tween high and low complexity jobs, suggesting that both types of environments 
require roughly equivalent amounts and types of technology use. Respondents from 
all environments reported a relatively high amount of technology in the workplace 
currently (M=3.75, SD=.79), so it’s likely that service technicians are comfortable 
with technology already. However, it’s also important to consider that the proposed 
future devices may be different than what are currently in use, so this metric may not 
provide much useful information- just that service technicians are comfortable with 

Low M* 3.04 4.29 2.92 4.15 3.87 4.07 3.90
SD .85 .66 .88 .64 .67 .72 .58
N 15 15 15 15 15 15 15
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current technology and are probably tech savvy. However, these findings do suggest 
that the use of tech won’t be a hurdle; it’s the reasoning and purpose for the tech that 
may cause issues in the future. 

Research Question 5: What motivates service technicians?

Service technicians show a high level of intrinsic motivation. Autonomy is of high 
importance whereas public recognition or any kind of rewards show low motiva-
tional impact. Service technicians are highly motivated by defining their own work 
process and the responsibility they have towards colleagues and organization. How-
ever, there are differences in motivational power through responsibility towards 
team, organization, coworkers or supervisors. (Fig. 2) The high motivational impact 
of autonomy is remarkable and will have to be considered very carefully within a 
desired change process in service processes addressing an increase in assistance.
Positive impulses will give the indicated high desire to develop new skills, which 
might ease the introduction of new technical devices. 

Fig. 2. Service technician’s motivation (N=90)

4 Summary and outlook

To sum up the results of the survey, the workplace of service technicians, especially 
focusing on maintenance technicians, can be described through:

1. Low level of standardized tasks, (Task variety M = 4.33, SD = .67; Skill diversity M
= 3.91, SD = .73)

2. (Temporary) uncontrolled/ not-mastered with a high percentage of improvisational 
action, (Autonomy M= 3.54, SD =.72)

3. Allowing the technician to work very self-dependent work with a high freedom of 
decision making, 

4. Especially within failure elimination tasks low amount of repetitive work (unique-
ness), (Task variety M = 4.33)

5. (Partially) ad-hoc decisions and actions needed, (Problem Solving M= 3.74, SD =
.71, Info Processing M= 4.09, SD =.66)
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6. Partially “lone fighter“, which gives less opportunities to exchange thoughts with 
colleagues, (Interaction M = 2.85, SD = 1.07) 

In addition, the survey showed that service technicians regularly have to deal with time 
pressure (time pressure M = 3.81, SD = 0.82). It is assumed that this is most likely 
caused by high numbers of unplanned work (e.g. failure elimination) at which custom-
ers expect fast repair to keep downtime of their assets as low as possible.  

On the whole, the workplace characteristics of service technicians suggest that they are 
responsible for a wide range of unstandardized tasks and often work independently. 
Employees working within the parameters of this sort of work design typically respond 
to intrinsic motivators that allow employees to increase mastery and purpose within 
their field. This expectation is confirmed when motivators of service technicians, spe-
cifically those associated with autonomy, are examined. 

These results are essential for the ongoing research. This will focus on empirical studies 
looking for answers to the following questions:

How likely is a service technician to accept an electronic device leading him/her 
through the task, as he/she is used to high level of autonomy?
How does an increase of assistance affect the motivation level of service techni-
cians?
Do service technicians feel a loss of control/ reduction of self-determination at work
when technology-aided assistance is introduced to the work setting?
Can we see a loss in situation awareness [4, 19] of service technicians as there is a 
shift Industry 4.0 and an increasing use of smart service devices?
Does introducing technological aids create a dependence on assistance, causing the 
maintenance staff to stop thinking on its own [3]?
Will the introduction of technology aids into daily work result in skill decay, reduc-
ing knowledge retention and application? 
As organizations transition to using more electronic devices to guide employees, 
how can organizations harness lessons from change management by taking individ-
ual characteristics (age, sex, experience etc.) into account?
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Abstract. For people to become adapt in the methodology of Service Design, it 
is important that they achieve small but initial success which will encourage 
them to take the initiative in solving problems, before they learn skills and 
knowledge. However, books and instruction courses on Service Design focus 
on the learning of skills and knowledge, so beginners hesitate to apply Service 
Design freely. We propose 3 heuristic requirements for beginners to apply Ser-
vice Design in practice and introduce the Stiction-free learning method in book-
form. We evaluate the method and the results showed the effectiveness of our 
easy book-form, trouble check-sheet and verbalized implicit knowledge. 

Keywords: Service Design beginner, Stiction-free method, easy book-form, 
trouble check-sheet, verbalized implicit knowledge, Service Design, design 
thinking, UX design 

1 INTRODUCTION 
In recent years, companies have begun to consider the experience they provide to 

users rather than mere functionality. Service providers are paying attention to meth-
odologies like Design Thinking [1-5], UX Design [6, 7] to provide attractive user 
experiences. Not only service providers but also social enterprises are tackling the 
user centered approach, for example Participatory Design [8] and Future Centre [9], 
to create value or form consensus with users. These methodologies are similar but 
each philosophy calls them by different names. In the broadest sense, they are called 
Service Design [10-12], which is an activity to iteratively create solutions to human 
needs and wants. 

In the past, Service Design activities were mainly pursued by experts who applied 
to own particular skills.  Recently, Service Design has attracted rising attention as a 
methodology that can identify the basic knowledge and skills needed by service pro-
viders. However, beginners who lack the basic knowledge and skills hesitate to apply 
Service Design in their tasks. Our initial goal is to acquaint the beginner with the 
necessity of Service Design and to appreciate its effectiveness; this should be 
achieved before they undertake the classic acquisition of basic knowledge and skills. 
Our hope is that the beginner can execute Service Design dialogues and interactions 
with experts. This paper raises 3 requirements for beginners that would like to enter 
the world of Service Design; we introduce the Stiction-free learning method in book 
form. 
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2 Hesitation of beginners 

2.1 Problems from interviews 
The difficulties organizations face in deploying Service Design are summarized in 

our previous work [13]. For companies wanting to utilize Service Design, there are 
three key difficulties. One is the inability to create high-quality ideas, inability to 
execute the created ideas, scant understanding of Service Design activities. The first 
one includes ‘Lack of skills & Knowledge on human-centered service idea creation’.
This is one of the most critical difficulties faced by the beginner.  

To identify the key problems, we conducted interviews on how to get basic 
knowledge and skills. Interview targets were experts in Service Design (career in 
excess of 5 years), experienced persons with a few years of Service Design, and be-
ginners in Service Design in our company; all had experience to plan or develop ser-
vices. The results of the interviews are detailed below. 

2.2 Starting is hard 
The concept of Service Design is too abstract for beginners to understand easily. 

They are not convinced that it is effective. Some said ‘Listening carefully to the user’s 
comments is just commonsense and I’ve already listened’ and others said ‘Best prac-
tices are excuses after the service launch’. The beginners are busy with their own 
mission and ‘can’t spare the time to learn a new concept’. They ‘feel bothered by 
being forced to learn something not to directly relate to their mission’ because 
coworkers in the same room are focused on the same mission’. The first step is for the 
beginner to realize that Service Design is effective. This requires books, training or 
something else. Books are not well received; ‘Shrink back when seeing fat book’, 
‘feel impossible to keep the reading schedule.’ Training is even more of a direct inter-
ruption of their mission, ‘no time to participate in classes’.

In sum, it is critical that beginners be introduced to Service Design in the most ef-
fective manner possible. 

2.3 Not leading to actual task 
After the beginner makes sense of the concept of Service Design and wants to ap-

ply it, movement is hindered by the difficulty of applying the basic knowledge. The 
following comment shows this; ‘it is hard to understand how to use Service Design in
my own mission.’ In addition, some want to acquire the whole image of Service De-
sign as in ‘I want to know how to create a business project book of service develop-
ment’ ‘How is Service Design related to system requirements?’

To summarize, it is important to show how knowledge and skills can be applied to
actual tasks. 
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2.4 Process hard to understand 
Can beginner practice initiatively upon receiving tools that lead to actual task? Ex-

perts made the following comment; ‘This kind of book is appropriate for experienced 
people, but it is difficult for beginner to apply as the background knowledge is miss-
ing.’ This means knowledge and skills are not verbalized in the Service Design field. 
International standard ISO9241-210 [14] about human centered design, double-
diamond [15] by the Design Council of the UK and design-thinking [4] by Stanford 
Univ. and d.school of the US show the basic philosophy and rough processes for 
knowledge acquisition. However, the beginner needs a lot of implicit knowledge and 
skill in implementing the rough process.  

To summarize, existing material provides a distillation of the knowledge of experts 
but to help the beginner make the first step, different approaches are needed that do 
not use specialized words or jargon. 

2.5 Related works 
As described before, many methodologies have been proposed that are related to 

Service Design as referred to above, along with concrete methods for implementing 
those methodologies [16-21]. Best practices with regard to utilizing those methodolo-
gies and methods have been reported and their effectiveness has been examined. In 
the educational field, d.school [4] in Stanford Univ. and System Design Management 
Dept. [22] in Keio Univ. provide formal educational courses to learn and practice 
Design methodologies and methods. 

Examples in the business field include IBM Design Thinking [23] by IBM and De-
sign Sprint [24] by Google Ventures, but to create high quality output they assume 
that the user is already experienced in Service Design. For example, IBM positioned 
‘Design’ as one of its corporate strategy, and has invested more than $100 million 
(and hiring over 1000 UX designers) in an effort to recast its corporate culture as 
design-friendly [25]. Each company created confidentially its own training program 
intended for use by company staff so that general requirements are not clear. 

3 Proposed Method 
Based on the above problems, this study tackles a learning method that encourages 

the beginner to take the first step in learning Service Design. Of course our study was 
conducted in accordance with Service Design principles, so booklet prototypes were 
initially examined by target users and then enhanced. 

3.1 Passion is sustainable   
Issues that can degrade one’s enthusiasm include ‘takes too long to read or try’, 

‘not directly related to one’s job’, ‘failure to understand effectiveness of Service De-
sign’. We constructed a booklet prototype to overcome those issues. 

a) beginner can access material (physical booklet or digital data) whenever de-
sired 
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b) appearance does not deter use on the job (Figure 1) 
c) thin (only 83 pages) to encourage perusal 
d) short work modules within 10 pages and taking less than 60 min. each 
e) concentrates on typical trouble in service development 
f) explain short summery of Service Design’s trend, case studies and effectiveness 
g) explanation of each work module including purpose, effect and procedure (Figure 2) 
h) explanation of each step in each work module is as short and simple as possi-

ble

Fig.1. Cover of booklet Fig.2. Explanation of each work module

3.2 Place leading to actual task  
The issues of ‘difficult to apply’ and ‘how to plan business project book of service 

development’ ,  ‘relation to system requirements’ were tackled by the four steps de-
scribed below. 

i) Service Design processes including business project and system requirement 
(Figure 3). The processes consist of 1 Goal Set (Set the project direction and 
obtain consensus of project members), 2 Target Set (Set opportunity area to 
tackle for the project), 3 Understand User (Understand target user and envi-
ronment deeply and find needs), 4 Concept Creation (Create concept that will 
trigger empathy from user), 5 Concept Test (Test whether concept triggers 
empathy from user), 6 Business Plan (Plan business model to put the concept 
at the core), 7 System Plan (Plan system as an approach to realize business 
plan) and 8 System Dev (Develop the planned system).
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j) Focusing on only typical trouble on service development for beginner’s start, not gen-
eral knowledge just like book. Trouble check-sheet is placed on first page (Figure 4).
The check-sheet has 7 questions below, related for each process.
**Goal Set  : Our project goal is vague! 

**Target Set : Our idea is just ordinary! 

**Understand User : Needs of our target users are vague! 

**Concept Creation : We have not found convincing answer! 

**Test Concept : Our idea is not tested by user! 

**Business Plan : We are failing to draw in stakeholders! 

**System Plan :We have little idea of whether our system is usable! 

k) Beginner can use this booklet to tackle practical problems and realize its effec-
tiveness 

l) After completing a work module, last page of the module recommends the 
next few actions 

Fig.3. Service Design Process Fig.4. Trouble Check-Sheet
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3.3 Process easy to understand  

Fig.5. A page of work module 

The issue ‘difficult for beginner to utilize without background knowledge’ was re-
solved by making the booklet prototype processes easy for the beginner to understand. 

m) detail processes for easy understanding by beginners, without jargon 
n) work modules consist of multiple steps in short segments (Figure 5), for example in

STEP1: Prepare for interview in ‘Understand User’ process, there are how to determine 
target user, how to fix overview of interview, how to make appointment, how to re-
search information beforehand and so on. Regular service design activities don’t in-
clude such detailed descriptions. 

o) basically short explanation considering requirement ‘Passion is sustained’, with mind-
set and know-how added as tips (Figure 5) 

4 Evaluation

4.1 Overview of evaluations 
The booklet prototype was written to meet 3 requirements; ‘Passion is sustained’, 

‘leading to actual task’ and ‘ease to understand’. 
Tests compared the booklet to formal books appropriate for beginners of Service 

Design. Candidates were books on Service Design as referred to above and business 
planning [26-29]. Idea Maker [29] is selected as a conventional method because it is 
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nearest material to meet 3 requirements.  Two experiments were conducted; a quanti-
tative evaluation (by questionnaire) to examine first impression, qualitative evaluation 
(by interview) after use. 

4.2 Experiment 1 
After reading each material (proposed/traditional) for 4 min., each subject respond-

ed to a questionnaire. The subjects were 22 beginner of Service Design. Three sub-
jects had a few years of experience in Service Design and 19 had no experience. Or-
der effect was considered. 

Before reading the material the questionnaire instructed each subject as follows 
‘please select the issue appropriate for your own job’. The following trouble-lists 
were provided; 

i : Our project goal is vague! 
ii : Our idea is just ordinary! 
iii : Needs of our target users are vague! 
iv : We have not found convincing answer! 
v : Our idea is not tested by user! 
vi: We are failing to draw in stakeholders! 
vii: Little idea of whether our system is usable! 

After selection, questionnaire said ‘using this material, try to find a solution to the 
selected issue, and read it’. The 4 min. period commenced in which the subject was 
required to find and read about the issue. 

After the test, the subjects provided a 7 step evaluation of 13 questionnaire items 
for 3 requirements. 

Questionnaire group about ‘Passion is sustained’
-This material made it easy for me to realize want I wanted to do 
-This material is useful for me 
-This material made my job fun 
-I like to use this material 
-I ready to use this material during my job 
Questionnaire group about ‘leading to actual task’
-I want to use this material for my job 
-I can work efficiently with this material 
-This material is effective for learning Service Design 
-This material is effective for practicing Service Design 
-This material resolved the service development issue I selected at first 
Questionnaire group about ‘ease to understand’
-This material is clear and easy to understand 
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-This material makes it easy to learn how to use Service Design 
-This material made my next step clear 

4.3 Results of experiment 1 
Figure 6 to 8 show averages of subjects’ the sum score of each questionnaire 

group, so that maximum sum score for each is 35 (5 items have score 7 in max on 
figure 6, 7) or 21 (3 items have score 7 in max on Figure 8). Results of Wilcoxon 
signed-rank tests were here. There is no significant difference on Passion is sus-
tained p=0.12>.10 . There is a significant difference on Leading to actual task
between Proposed method and traditional method p=0.04<.05 . There is a significant 
difference on ease to understand between Proposed method and traditional method

p=0.002<.05 .

Fig.6. Passion is sustained Fig.7. Lead to actual task 

Fig.8. ease to understand 

4.4 Experiment 2 
First, the subject selected a trouble with service development from trouble-lists 

same as Experiment 1 based on their experience. They were instructed to undertake 
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the work module that corresponded to the trouble within 30 min. Subjects were 6 
people belonging to the service development. Five people persons had a few years of 
experience in Service Design while one person had no experience. Order effect was 
considered. 

4.5 Results of Experiment 2 
Interview results of ‘Passion is sustained’ about the traditional method are ‘easy to 

understandable, but thick. Must read deeply’, ‘takes time to read’, ‘if many members 
join the same big project, traditional method can be useful, but not for one person’s
quick task’. On the other hand, those about the proposed method are ‘simple, a few 
pages, can read quickly’, ‘take it in hand in my job’, ‘want to use it in my job right 
now’, ‘can be used within working time’. 

Traditional method gave the impression to subjects that it would cost more than the 
proposed method. The proposed method was regarded as of use in the actual task. In 
addition to the interview responses, questionnaire item ‘I can make time to use this 
during my job’ in experiment 1 yielded a positive significant difference for the pro-
posed method. It is supposed that easy book-form based on requirement c) thinness 
(83 pages) and requirement d) short work modules (within 60 min) were positives 
influences. 

Interview results of ‘Lead to actual task’ about traditional method are ‘appropriate 
for people like university students who start to learn Service Design from zero, and 
who are not facing actual job’. Then those about proposed method are ‘good for busi-
ness people who experience difficulty when tackling service development tasks’,
‘easy to use contents for person who have trouble with service development on the 
job’, ‘when someone experiences trouble with service development, I want to recom-
mend this booklet.’

The traditional method is effective for students, while the proposed method is ef-
fective for business people. Questionnaire item ‘This booklet is effective for learning 
Service Design’ yielded a positive significant difference for traditional method and 
questionnaire item ‘This booklet is effective for practice Service Design’ yielded a 
positive significant difference for proposed method. In light of experiment 2 results, 
subjects seemed to feel that traditional method is effective for formal learning and 
proposed method is effective for on-the-job practice. In addition to the interview, 
questionnaire item ‘This booklet resolved trouble with service development that I
selected previously’ in experiment 1 was a positive significant difference. It is sup-
posed that requirement j) trouble check-sheet (Figure 4) was the dominant influence. 
During experiment 2, almost all subjects read the trouble check-sheet at first. 

Interview results of ‘Ease to understand’ about the traditional method are ‘good for 
expert in Service Design. Difficult for beginner’, ‘it is difficult for beginner to prac-
tice Service Design in their job. They need previous knowledge’. And those about the 
proposed method are ‘this booklet is understandable without background knowledge 
on some level’,
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The traditional method requires background knowledge, unlike the proposed meth-
od. Questionnaire item ‘It is easy to learn how to use Service Design’ in experiment 1 
is a positive significant difference for the proposed method. It is supposed that verbal-
ized implicit knowledge based on requirement m) detailed processes was the prime 
influence. 

5 Discussion 
The proposed Stiction-free Service Design learning method decreases the begin-

ner’s hesitation and encourages the start of active learning and attempts to put it into 
practice. The beginner realizes the effectiveness of Service Design and is motivated to 
learn and implement it. The proposed method lets the beginner acquire the common
language of Service Design making it easier to converse with and utilize outside Ser-
vice Design experts. The software development field had the same structure as Ser-
vice Design. Traditionally, only a few experts could practice in that field so that the 
company delegated software development to programmers exclusively, but nowadays 
big companies train their staff in IT literacy and the expert department exists to utilize 
outside experts.

We aim to provide a bridge from the era of Service Design by experts to the era of 
Service Design by everyone. Our research team intends to make Service Design 
knowledge and skills more explicitly verbalized and thus accessible to all beginners 
as a support environment, in which some problems are solved by themselves while 
others are assisted by experts. Our intent is for Service Design to become a kind of 
infrastructure to create value for users and stakeholders. 

Stiction-free learning is just a first step of the aim. First target is company that has 
engineering culture and is weak for providing complete solutions to users’ problems. 
The empirical maturity model for user studies was proposed in [30]. For the next step, 
we will study the relation between Stiction-free learning and organization maturity. 

6 Conclusions 
This paper described our study on Service Design beginners and proposed 3 re-

quirements in assisting beginners in starting to learn and implement Service Design. 
From our research we developed the Stiction-free learning method and implemented it 
in booklet form. Our method was evaluated and the results showed the effectiveness 
of its easy book-form, trouble check-sheet and verbalized implicit knowledge.  

We used this booklet to introduce Service Design to our group companies and con-
ducted a workshop program related to this booklet after the experiments. Over 200 
business people participated in the workshop and then used it in their job. 
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Abstract. This study proposes a visualization method for service ideas by con-
sidering the usage context based on various stakeholders’ experiences gained in 
tabletop fieldwork. The proposed method is characterized by “idea generation 
through making combinations” as well as “experience-sharing based on tabletop 
fieldwork”. We applied the proposed method to two workshops, and confirmed 
that a total of 118 people successfully visualized their ideas in a short time using 
the proposed method. This study details the procedure of visualization, and shows 
that the proposed method assists in developing master plans and future visions. 

Keywords: Context; Service idea; Fieldwork; Card; UX 

1 Introduction 

Generating service ideas requires target user selection, and consideration of the flow of 
their experience. Designers need to grasp the users’ needs, and usage context in order 
to create concrete ideas, for which journey map visualizing the flow of experience in 
time series may be used. Service ideas thereby become concrete at every touch point, 
and interaction is designed for each scene and scenario. However, this procedure takes 
lengthy time for an elaborate survey and visualization, which is not suitable for idea 
generation by a large number of people in a short time. 

This study proposes a visualization method for service ideas by considering the usage 
context based on various stakeholders’ experiences gained in tabletop fieldwork. The 
proposed method is characterized by “idea generation through making combinations” 
as well as “experience-sharing based on tabletop fieldwork”, and the functions are elab-
orated in this paper. The method enables, in a short time, a dialogue among multiple 
stakeholders and idea generation through their tabletop experience. Moreover, it is an 
interface providing information related to the service to be designed, and visualizes the 
system structure of the generated ideas. This study applied the proposed method to two 
c© Springer International Publishing AG 2017
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workshops, and confirmed that a total of 118 people successfully visualized their ideas 
in a short time using the proposed method. This study details the procedure of visuali-
zation, and shows that the proposed method assists in developing master plans and fu-
ture visions. 

2 Current Challenges in Generating Service Ideas 

Due to the difficulty in predicting future in the environment with high uncertainty, it is 
effective to take human centered-approach, and steps of defining vision and mission 
based on the “To-Be” envisaged in the dialogue with stakeholders, followed by incor-
porating the defined vision and mission into concrete actions and plans in order to de-
velop an overall plan including master plans and mid-to-long term plans. This study, 
however, identified following challenges in generating service ideas in collaboration 
with stakeholders, and summarized them as follows: 

1. Service designers are unable to have the stakeholders conduct an activity in a short 
time to understand the context for idea generation: 
Utilizing the process of design thinking is useful to generate ideas from user per-
spectives. Service designers, however, are unlikely to have enough time for getting 
the participants to conduct activities to understand the context, including fieldwork, 
and generate ideas using the gained insights. 

2. Service designers are unable to quickly induce a dialogue among multiple stakehold-
ers with an aim to develop a vision: 
Ideally, service designers should be able to induce a dialogue among various stake-
holders, and anyone should easily generate service ideas based on the vision. There 
are, however, no methods and procedures that allow service designers to use. 

3. Service designers are unable to get stakeholders without their fieldwork experience 
to generate service ideas:  
Use experience (UX) is defined as “people’s perception and response to the actual 
or expected usage of products, systems, and services” [3]. UX design needs to make 
the situation and the scenario of the service, including those before and after the 
service is offered, concrete by using persona, fieldwork site, tools, and defined in-
teraction. Since the experience gained in the field using five senses often generates 
insights for UX design, stakeholders without their fieldwork experience may find it 
difficult to elaborate UX. 

4. Service designers do not have interfaces providing the stakeholders with information 
related to the service to design: 
Effective input of survey results to the stakeholders is necessary in service design. 
However, the input is currently insufficient with the participants possibly generating 
existing ideas as they lack professional knowledge or relevant knowledge, and uses 
only the information they are aware of. 

5. Service designers are unable to visualize the system structure of the generated ideas: 
Description of lifecycle in time series shows the overall view, allowing service de-
signers to confirm the boundary, and grasp the context with a bird's-eye view. How-
ever, the designers find it difficult to clarify the relationship between the system as 
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a whole, and the elements because many ideas are fragmented in the stage of idea 
generation. 

3 Literature Review 

Based on the current challenges in generating service ideas, which were discussed in 
Section 2, Section 3 describes previous studies on visualization methods relevant to this 
study. 

Context Diagram 
Context diagram is a method used to analyze stakeholder needs and show the system 
boundary, as well as to clarify the described system. Used for describing concepts of 
“As-Is” and “To-Be” for customers [4], context diagram needs to be written in simple 
language, and viewed by all the stakeholders related to the project. Stakeholders are 
thereby capable of understanding the system structure and boundary in the context di-
agram [5]. Context diagram can be created in a relatively short time depending on the 
experience, and thus is suitable for work by multiple people. Visualizing UX, however, 
is hard with context diagram since the users using this method are unable to read be-
tween the lines, which differs from a scenario.  

Customer Journey Map 
Originally having been developed as a visualization method in user research, customer 
journey map shows the experience, emotion and phycology of users in time series. This 
method is used for the three motivations of “Articulating Insights”, “Communicating 
insights”, and “Keeping empathy” [6]. In recent years, as a visualization method in UX 
design, it helps clarifying the core value by designing “As-Is” and “To-Be” respectively 
[7]. Customer journey map also enables design in a short time as well as work by mul-
tiple people. However, combination with other methods is necessary for making the 
service ideas concrete at every touch point. 

Service Blue Print.  
Service blue print chronologically grasps the process of provision and usage of service, 
in relation to the functional elements consisting the service. It then describes the whole 
process in a flow chart format. This method separately describes observable elements 
regarding customers, and unobservable process regarding systems and operators [6][8]. 
Design in this way takes considerable time for considering the system structure based 
on the customer needs and results of business analysis. 
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4 The Relation between Previous Studies, and Current 
Challenges in Generating Service Ideas 

Table 1 shows the respective characteristics of the three visualization methods (dis-
cussed in Section 3) in terms of current challenges in generating service ideas (dis-
cussed in Section 2). On one hand, Context diagram fails to visualize visions and UX 
easily though ensuring description in a short time and visualization of the whole system. 
On the other hand, Customer journey map and Service blue print take a long time to 
consider UX while giving a good understanding on UX. We therefore assume that cur-
rently there are no visualization methods providing the following functions at the same 
time: 

1. Ensure that service designers have the stakeholders conduct an activity in a short 
time to understand the context for idea generation; 

2. Ensure that service designers quickly induce a dialogue among multiple stakehold-
ers;  

3. Ensure that service designers get stakeholders without their fieldwork experience to 
generate service ideas; 

4. Ensure that service designers have interfaces providing the stakeholders with infor-
mation related to the service to be designed; 

5. Ensure that service designers visualize the system structure of the generated ideas. 
This study developed a new visualization method with these functions, and evaluated 
the results of two workshops to which we applied the proposed method. 

5 Proposed Visualization Method 

To address the five challenges detailed in Section 2, this study developed a visualization
method for service ideas, in which participants in idea generation make combinations 
while discussing with the use of pictures in paper card format. This method prepares 
the context of the system to be designed as elements, and have the participants generate 
ideas through making combinations, and thereby design systems with constraints in a 
short time. The visualization method is shown below by steps.

1. Survey the surrounding environment of the service to be designed  
2. Make paper cards of the survey results  
3. Brainstorm using the cards 
4. Evaluate the generated ideas 
5. Analyze the relationship of ideas 

1. Survey the surrounding environment of the service to be designed.  
Service designers first collect relevant information through fieldwork including obser-
vation and interview with a focus on how the site is used. In addition, they select 
based on tabletop research relevant keywords from visions, and mid-to-long term 
plans of local governments. The collected information is grouped into three categories 
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of “ISSUE (points to be discussed for the future)”, “PLACE (places of daily life)”, 
and “RESOURCE (technology, human resources, natural resources, and asset)”, and 
listed subsequently.  

2. Make paper cards of the survey results.  
Service designers prepare paper cards by using the information collected in Step 1. 
Examples of the cards are shown in Figure 1. Designers make the cards by putting the 
pictures taken during the fieldwork, as well as pictures related to the keywords. The 
keywords are also written on each card in a way as simple as possible. 

Table 1. The Relation between Previous Studies, and Current Challenges in Generating Service 
Ideas 

Current 
Challenges 

Context Dia-
gram 

Customer 
Journey Map 

Service Blue 
Print 

Function the 
proposed 
method pro-
vides 

1)  ○ Can be cre-
ated in a 
short time. 

 Takes 
slightly 
longer time 
to consider 
customer 
emotion. 

× Takes time 
to consider the 
process of sys-
tems. 

Can be created 
in a short time. 

2)  × Suitable for 
describing ele-
ments, but 
not for vi-
sions. 

 Hard to re-
flect various 
opinions 
though ensu-
ing to design 
a “To-Be” 
journey 
based on “As-
Is”. 

 Hard to re-
flect various 
opinions 
though ensu-
ing to design a 
“To-Be” service 
based on “As-
Is”. 

Induce a dia-
logue among 
stakeholders. 

3) × Multiple de-
scriptions are 
necessary for 
each phase of 
the lifecycle. 

○ Capable of 
visualizing 
user experi-
ence includ-
ing before 
and after the 
usage. 

○ Capable of 
visualizing 
service includ-
ing before and 
after the us-
age. 

Generate ideas 
based on the 
experience of 
tabletop field-
work. 

4)  No profes-
sional 
knowledge is 
necessary 
with only ele-
ments being 
described. 

× Stakehold-
ers partici-
pating in the 
idea genera-
tion may not 
be able to ex-
press their 
emotion with 
the image in 

× Professional 
knowledge on 
system struc-
ture of opera-
tion may be 
necessary. 

An interface 
providing in-
formation re-
lated to service 
to be designed. 
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3. Brainstorm using the cards 
An idea is a new combination of existing elements [9]. The participants in idea gener-
ation thus combines three of the aforementioned cards and jot down “what kind of fu-
ture you would realize or what kind of problem you would solve, what kind of resource 
you would use, and where you would do that”. Figure 2 and Figure 3 shows a workshop 
this study conducted, and examples of the output. 

Fig. 1. Example of prepared cards 

mind due to 
lack of actual 
experience. 

5) ○ Can visual-
ize system ar-
chitecture, by 
being used 
with a use-
case descrip-
tion and 
FFBD.  

× Focused on 
user experi-
ence. 

○ Can visual-
ize a service 
system by sep-
arately de-
scribing ob-
servables and 
unobservables. 

Visualize the 
system struc-
ture of the gen-
erated ideas. 
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Fig. 2. Workshop 

Fig. 3. Examples of workshop output 
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4. Evaluate the generated ideas 
After each group chooses and presents one of the ideas they generated, all the partici-
pants make a vote in the end. Thereby the degree of sympathy to the generated ideas is 
assessed. 

5. Analyze the relationship of ideas 
Service designers and the participants consider the relationship of the cards which gen-
erated the ideas, and confirms the potential needs. Using an affinity diagram to group 
ideas visualizes tendency and framework that have not been noticed [10]. Users’ po-
tential needs may be fragmentarily visualized when some ideas have been generated 
for innovative activities and experience. 

Based on the steps above, the method proposed in this study thereby ensures “Idea gen-
eration through making combinations” [9] as well as “Experience-sharing based on tab-
letop fieldwork” [11]. “Idea generation through making combinations” is realized by 
forced association measure through making combination of cards in card-based brain-
storming. “Experience-sharing based on tabletop fieldwork” is realized with the cards 
of survey results, which are created with pictures taken in the actual fieldwork. 

With these two points being realized, five functions listed in Section 4 were also 
realized as follows. 

For realizing the function “Ensure that service designers have the stakeholders con-
duct an activity in a short time to understand the context for idea generation”, “Idea 
generation through making combinations” supports brainstorming in a short time, and 
forced association measure makes ideation easy. Moreover, tabletop fieldwork takes 
less time than actual fieldwork. As a result, an activity to understand the context for 
idea generation is shortened. 

For realizing the function “Ensure that service designers quickly induce a dialogue 
among multiple stakeholders”, “Experience-sharing based on tabletop fieldwork” ena-
bles the participants to gain the same experience as actual one by viewing pictures. As 
a result, multiple stakeholders can have a dialogue through this experience. 

For realizing the function “Ensure that service designers get stakeholders without 
their fieldwork experience to generate service ideas”, “Idea generation through making 
combinations” motivates participants to join a dialogue for their own sake using the 
“experience gained in the field by using five senses” which is recorded on the cards. As 
a result, participants can generate ideas based on their “experience.”

For realizing the function “Ensure that service designers have interfaces providing 
the stakeholders with information related to the service to design”, “Experience-sharing 
based on tabletop fieldwork” leads to UX-based idea generation. The created cards 
therefore turn into interfaces providing the stakeholders with context information. 

For realizing the function “Ensure that service designers visualize the system struc-
ture of the generated ideas”, “Idea generation through making combinations” describes 
the ideas generated through combination as s system, and the existing elements as sub-
systems. As a result, the system structure of the generated ideas is visualized. 
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Table 2. Workshop Schedule 

Activity Time (min.)
Lecture and demonstration 15
Work 1.1: Read cards 5
Work 1.2: Generate action ideas + Recapitulate the activity in the group 30
Work 1.3: Share the action ideas with other groups + Vote 15
Work 2.1: Generate action ideas + Recapitulate the activity in the group 30
Work 2.2: Share the action ideas with other groups + Vote 15
Wrap-up 10
Total 120

6. Results of Applying the Proposed Visualization Method 

6.1 Results 1 Workshop – Idea Generation for Campus Master Plan 
of a National University 

In contrast to existing campus master plans, most of which focused on facility design, 
we intended to develop a campus master plan in a new, human-centered approach, and 
applied the proposed method for idea generation [12]. We organized a workshop to 
generate action ideas for the facilities in each of the three campuses. The schedule is 
shown in Table 2. 94 people (24 people from Campus A; 31 people from Campus B; 
39 people from Campus C) participated in 30 minute-idea generation activities twice, 
using 743 cards prepared (89 ISSUE cards; 281 PLACE cards; 373 RESOURCE cards). 
They generated 288 ideas in the process shown in Figure 4. Each idea was created using 
more than three cards, and visualized elements required to realize the ideas. Table 3 
shows examples of the generated ideas. 
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Fig. 4. Worksheet and process of visualizing an idea (1) 

Table 3. Examples of Generated Ideas (1) 

Title Contents ISSUE PLACE RESOURCE 
PPlan for fos-
ttering 
Monozukuri 
(manufac-
turing) 
Meisters  
~ Learning 
hhistory and 
spirits of 
Monozukuri  

Hold seminars 
on Monozukuri 
taught by lec-
turers from var-
ious sectors of 
manufacturing 
industry, in or-
der to foster 
“Meisters” 
equipped with 
the knowledge 
on history, and 
the spirits of 
Monozukuri. 

Sense of 
Monozukuri 

Monozukuri 
lab 

Promote col-
laboration of 
industry, 
government 
and aca-
demia; Hold 
a seminar 
on intellec-
tual prop-
erty man-
agement 

Business 
training in 
the local 
field ~ 
Learn about 
ssociety at a 
university 
shop 

Students of the 
university 
opens a shop in 
a local market, 
and learn about 
the society 
while interact-
ing with the lo-
cal community 
and experienc-
ing actual busi-
ness. 

Communica-
tion with 
graduates 

Local mar-
kets 

Developing 
algorithm to 
save cost 
and time 

6.2 Results 2: Workshop – Idea Generation for a Local Government 
for Creating the Future of Environment and Energy 

This study applied the proposed method to another workshop, which we organized for 
the citizens at the request of the Environmental Bureau of an ordinance-designated 
city’s local government, with an aim to utilize the generated ideas to develop the city’s 
strategy for environment and energy [13]. The reason being that the proposed method 
could be evaluated by people of multiple ages including children and senior citizens. 
31 people participated in 45 minute-idea generation activities twice, using 311 cards 
prepared (70 ISSUE cards; 130 PLACE cards; 111 RESOURCE cards). They generated 
170 ideas using the idea-visualization worksheet shown in Figure 5. Table 4 shows 
examples of the generated ideas. We observed the tendency of generated ideas by using 
an affinity diagram to group ideas into 37 categories. 
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Fig. 5. Worksheet and process of visualizing an idea (2) 

7 Discussion 

Questionnaire results of Workshop 1 showed that the proposed method was evaluated 
positively by 69 people (17 people from Campus A; 20 people from Campus B; 32 
people from Campus C), negatively by 5 people (3 people from Campus A; 1 person 
from Campus B; 1 person from Campus C), and neutrally by 20 people (4 people from 
Campus A; 10 people from Campus B; 6 people from Campus C), out of 94 people in 
total. The proposed method was perceived favorably by the participants with 69 out of 
94 respondents making a positive evaluation. 

Comments included “Easy to participate in the activity”, “Easy to think concretely 
thanks for a large number of cards”, “Helpful for coming up with problems and future 
image like a game”, “Practical and enjoyable way for discussion”, “Gradually enjoyed 
the activity though the rules were difficult to understand at the beginning” and “Easy 
to generate ideas”. These comments suggest that the method was effective in terms of 
the Understanding and Utility. Nevertheless, negative comments included “More diffi-
cult than expected to jot down ideas in words”, “How the ideas will be used to develop 
the campus master plan is not clear enough” and “Hard to deal with too many cards”. 

After analyzing user needs from the generated ideas, we made a road map for action 
items, in the order shown in Figure 6 for reflecting ideas to the vision. Action items 
shown in Table 5 were reflected in the mid-to-long term plan of the campus master plan 
[14]. Accordingly, we confirmed that the proposed method was useful in the process of 
developing master plans and future visions. 

Table 4. Examples of Generated Ideas (2) 

Title Contents ISSUE PLACE RESOURCE 
Garbage is 
a mine of 
wealth! 

Get connected 
with Asia by 

More net-
work with 
Asia 

A major local 
shrine 

Garbage 
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picking up gar-
bage together 
with Asian 
tourists visiting 
a local shrine. 
The city pro-
vides infor-
mation as an 
eco-oriented 
city working on 
garbage issues. 

Eco point 
program for 
tourists 
 
 

The city pro-
vides a service 
aiming at local 
revitalization, 
in which the 
tourists coming 
to a major an-
nual festival 
can get a cou-
pon at a local 
shop depending 
on the number 
of steps in 
walking  

Utilize eco 
points 

City hall Major local fes-
tivals 

Fig. 6. Order of reflecting generated ideas to the vision 

Workshop 2 received questionnaire responses from 24 out of 31 participants. Responses 
were given on a five-point ordinal scale. All the respondents evaluated this workshop 
using the proposed visualization method “Highly satisfying” or “Satisfying”. Com-
ments included “Enjoyed hearing various comments”, “The more the participants can 
feel how these ideas will lead to the future actions of the city, the more future vision is 
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likely to be improved as the output.”, “Many positive comments, and groupwork with 
members in various positions expanded my imagination.”, and “It was nice to learn the 
method.” The comments were reflected to the mid-to-long term plan of the local gov-
ernment’s environment and energy strategy. Accordingly, we confirmed that the pro-
posed method is useful in the process of developing a future vision. 

Table 5. Examples of Actions Reflecting the Generated Ideas 

ACTION TITLE ACTION PLACE 
International Cafe 
~ Place for inter-
national exchange 
and learning 

For international exchange and learning 
English, provide a cafe space where Jap-
anese people can interact with interna-
tional students and native speakers, and 
enjoy the food of various countries the 
international students came from.  

Cafeteria 

Healthy cafeteria 
on campus 
~ Get together 
with local people 

Open a cafeteria which gives opportuni-
ties for kids and their mothers in the 
area to come to the university, and enjoy 
healthy menus as well as health check-
up developed utilizing the university’s 
technology. 

Lecture hall 
building; 
Cafeteria 

8 Conclusions 

This study proposed a visualization method for service ideas based on various stake-
holders’ experiences gained in tabletop fieldwork. We applied the method to two work-
shops and evaluated the results. 

The paper cards are created based on the actual fieldwork results, which set the scope 
of the ideas to be generated. In other words, the cards also set scope of the system, 
which will actualize the idea. 

With pictures put on the cards, even beginners can generate many ideas within a short 
time by combining the cards intuitively. Participants found using PLACE cards partic-
ularly similar to actual fieldwork. The cards made it easier for participants to generate 
ideas based on their own tabletop “experience.” This study however is intended to pro-
pose a method enabling beginners to generate ideas in a short time, and thus we will 
evaluate the quality of generated ideas in the future study. Moreover, since a special 
application for card preparation is likely to useful and generally used by service design-
ers, we will consider the development in the future study. 

The results suggested that “Experience-sharing based on tabletop fieldwork” enables 
the participants on the occasion of their first meeting to reveal their experience and 
emotion relevant to the picked cards, and induces a natural dialogue through the sharing 
advances. The proposed method thereby ensured idea generation through their tabletop 
experience, which made not only problem solving but future-oriented ideation easier. 

Elements constituting the generated idea are visualized with the idea being linked 
with three kinds of cards. The relationship among the cards, ideas and purpose are as 
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follows. The cards are enablers of the ideas, and the ideas are enablers of the purpose 
[16]. An enabler utilizes the enabler above to realize the purpose.  

Future research includes developing a software program for this method with a focus 
on the order of making cards, and idea traceability, and evaluating the quality of the 
output. 
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Abstract. Service prototyping is a relatively new discipline that requires s inno-
vative ways for using current technologies, tools and approaches to offer rapid, 
accurate and cost-effective service prototyping solutions. These solutions should 
bear the capability to mitigate the risks connected with unforeseen problematic 
issues based on the service design specification, or aspects of it delivery. Thus, 
offering cost saving and effective service prototyping solutions with improved 
quality. One of key challenge in this quest relates to the selection of tools and 
established techniques that can provide fast iteration development process to ser-
vice prototyping by enabling the integration of user comments and suggestions. 
For this reason, an innovative toolbox approach is taken for services prototyping 
where set of appropriate tools depending on the nature of service can be picked 
at different phases of service prototyping lifecycle. The paper presents the inves-
tigation conducted under the scientific project dimenSion, where initially service 
prototyping development matrix is created to support service provider to design 
and experience offered services as realistic as possible, thereby, laying the foun-
dation to establish toolbox solution for service prototyping. 

Keywords: Service Prototyping, Service Innovation, Service Design, Service 
Digitalization & Visualizations 

1.1 Introduction 

Service prototyping is a relatively new discipline that supports innovation, aiding de-
signers in forming inventive concepts and ideas enabling the investigating and un-cov-
ering of related data about the target group. It also motivates communication, helping 
stakeholders to communicate the service idea throughout the organization enabling fast 
decision making. Correspondingly service prototyping permits early evaluation and 
testing, the evaluation can be done in various forms, including but not limited to usa-
bility testing and user feedback, surveys and interviews throughout the design process 
[1] [2]. The result of our qualitative survey [3] shown that there are three main reasons 
for which companies use service prototyping, first is to explore and find new ideas and 
solutions, largely for experimenting idea development or to find solutions, where quar-
ter of the surveyed companies always used service proto-typing for the creation of a 
new service, the second reason is to get feedback from employees and customers, pri-
marily to prove a concept, analyze feasibility, identify weaknesses, choosing alterna-
tives, executing tests, and process scheduling to enable fast decision making , to which 
a third of the surveyed companies used service proto-types to evaluate their service or 
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service idea, the third main reason is the cooperation between stakeholders for infor-
mation exchanges, and learning process for employee training, principally used to make 
decisions, build competences, generate knowledge, involve the stakeholders, and create 
documentation, where almost half of the surveyed companies always used service pro-
totyping for communicating a service idea. Service prototyping requires innovative use 
of current technologies, procedures, methods and tools in service design into creating a 
fast, accurate and affordable service prototype [4] [5]. Researchers differ on the defini-
tions of service prototyping, and the definition of prototyping vary in different design 
domains [6]. Blomkvist [7] defines prototyping as the use of prototypes to explore, 
evaluate, or communicate in design, and describes prototype as physical manifestation 
of actual delivered service. 
We considered all aspects and definitions to create our own definition, in which service 
prototyping is considered as an early or incomplete version of the real service and is 
allows the simulation of service experience. Therefore, permits the creation, evaluation 
and communication of service ideas at the same time supports conception and its visu-
alization while the development phase. Another challenging aspect of service prototyp-
ing is the confidentiality of service prototyping solutions, where companies don’t want 
to share information due to strong organizational opposition for having an edge on other 
competitors [8].

2 Service Prototyping Matrix

The service prototyping development matrix as shown in figure 1 consists of four de-
sign dimensions, each has a corresponding level of fidelity and resolution.

Fig. 1. Service Prototype Development Matrix
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There is a direct correlation between the service prototyping development matrix 
and the service prototyping development key aspects in figure 2, which consists of the 
four key aspects: i) idea; ii) requirements; iii) design and iv) implementation, using a 
prototypical process of thinking where prototyping could be done at any time and as 
much as needed. Idea being the first key aspect, focuses on the idea-related activities 
like brainstorming, evaluation. In requirements aspect, the service prototyping require-
ments are gathered, separated, defragmented, and finally analyzed. In design aspect, the 
service concepts are created, developed and made ready for application. Lastly the im-
plementation aspect where the service prototype concept is implemented before being 
introduced into the market.

Fig. 2. Service Prototype Development Key Aspects

Research suggests that defining service prototyping and its design dimensions is a dif-
ficult process for designers [9] [10]. In this research, we have concluded that the best 
way to create the design dimensions of service prototyping is through describing the 
service prototype with four key dimensions, as show in Figure 1. Artefacts are the first 
dimension defined in the service prototyping matrix, artefacts are any physical objects, 
so as informational user interface like a homepage prototype and so as a tool or an 
object that helps in creating a prototype, the focus here is on how the objects will affect 
the service and its involvement. As the second design dimension is environment, where 
the setting of the service takes place, whether in an organization-al, industrial, or man-
agerial setting or even in online or offline context, for example, customers contact ori-
ented setting, where convince and comfort are key aspects for customers. The third 
design dimension of the matrix is actors, which are all the involved roles in service 
delivery, from internal like employees and external like customer. The fourth and final 
design dimension of the matrix is the process of service prototyping, in which all activ-
ities and interfaces in the process of service delivery like maintenance on customer’s 
site or remote services.

Introduction to a Service Prototyping Tool Box 137



2.1 Fidelity and Resolution in Service prototyping

The term fidelity refers to nearness to the final service design, Tullis [11] claims that 
the fidelity of a prototype is adjudicated by how it looks to the individual ob-serving it, 
and not by its similarity to the actual service. In other words, the degree to which the 
prototype accurately represents the appearance and interaction of the service is the de-
termining factor in prototype fidelity, not the degree to which invisible attributes are 
precise [12]. Per Blomkvist [7] the degree of detail in a proto-type is the prototype’s 
fidelity and can be thought of as how much of the final design the prototype represents. 
Fidelity is the level of improvement or degree of detail showed by a prototype while 
thoroughly assessing how the prototype resembles a finished service and how much of 
the information or interactivity it depicts [6]. To simplify we consider fidelity as the 
level of detail and functionality built into a prototype. 

Although range of researchers believe that the degree of resemblance of the service 
prototype is not encompassed under the concept of fidelity but is another attribute 
which is called resolution. After careful research considerations on the definitions of 
both resolution and fidelity, some researchers consider fidelity and resolution as the 
same term, and per another set of researchers shown that having fidelity and resolution 
as one term can be problematic [6] [7]. Passera [1] argues that resolution assimilates 
fidelity, which demonstrated lack in representing the dimension of service prototypes, 
as the different attributes have different levels of functionality, which cannot be acqui-
escent under the mono-dimensional perception of fidelity. Houde & Hill [13] consid-
ered resolution as the “amount of detail” of a prototype” while Buxton [14] and Wong 
[15] agrees that resolution decides what kind of feed-back will be given back. Our re-
search lead us to believe in that resolution is another design dimension to be measured 
other than fidelity, meaning that the resolution of a service prototype is defined by the 
degree of resemblance of the prototype and final design or final service. 

Understanding the target group aids in defining the resolution and fidelity of a ser-
vice prototype. The low resolution and fidelity of the prototypes are important not only 
for effectively sharing the insights of this abstract method with other designers and the 
client but also to communicate and persuade the audience [7] [12] [16]. 

Service Prototyping tools, procedures and methods also have a big impact on the 
creation and developing of service prototypes. Service prototyping tools can be identi-
fied with coherence with the service prototyping development matrix, which was also 
created within this research project, using the four design dimensions, actors, process, 
environment and artefacts, to position the prototypes in the matrix, with regards to both 
to fidelity and resolution. An upgrade of the matrix is currently under research and will 
be presented in the future work.

3 Service Prototyping Toolbox

The service prototyping tool box consists of procedures, methods, and tools. Proce-
dures are the sequence of actions or directions to be followed in resolving an issue or 
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accomplishing a task create, methods are a way of arranging or doing a service proto-
type, particularly with a methodical order of thought and action. Tools are any item that 
can be used to achieve an objective, especially if the item is not consumed in the pro-
cess. The term item refers that it can be a physical, informational and data management 
item, or a simple online device. The snippet of the suggested toolbox for service proto-
typing is presented (See Fig. 3, 4 and 5). The creation of this proposed service proto-
typing’s toolbox is guided by the questions: 

Which procedure, method or tool should be used?  
When to use it?  
How to use it?  
what is expected from it at the end? 

  

Fig. 3. Snippet of the Tool Box with description & content 
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Fig. 4. Snippet of the Tool Box with Category, SPD Key Aspects, Effort, Fidelity & 
Resolution

When we asked companies about if these service prototyping tools, methods, and 
procedures are known in their respective companies, and if they are recognized within 
the organization, if they are being currently used by the company to create or enable 
the creation of a service prototype. Some of the tools that were relatively known and 
implemented are live prototyping and service sketching, while others like Mock-ups, 
paper prototyping, walkthrough simulations, and storyboard were moderately know and 
less implemented that the previous ones, on the other hand tools like roleplay, blue-
printing, Wizard of Oz, and design fiction are unknown and not widely used in compa-
nies.
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Fig. 5. Snippet of the Tool Box with Category, SPD Key Aspects, Effort, Fidelity & 
Resolution 

4 Conclusion and Future Work 

The paper concludes by presenting a service prototyping matrix along with the ser-
vice prototyping development key aspect which may pave the way for service prototype 
developer to focus primarily on the service being offered rather unnecessarily getting 
under the burden of how in optimal way realize the service prototyping idea into an 
actual running service prototyping.  The investigation also has presented in tabular for-
mat available list of possible tools, procedures to select from. This list is not exhausted 
and due to the space limited few snippets of are shown here.  
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The research is still in the ongoing process and the future work will emphasis on the 
overall improvement of the service prototype tool box and the service prototyping de-
velopment matrix. The tool box will be applied on several case studies where different 
techniques including new technologies like Virtual Reality, Augmented Reality, and 
Mixed Reality will be used in either the service prototyping process or as a service 
prototype itself. We drive also to investigate the degree of fulfilment of the service 
prototyping requirements and expectations, whilst evaluating and assessing the service 
prototyping tool box. The aspect of effort will be revisited and explained in a broader 
concept. The representation of the service prototyping matrix will be reengineered to 
have the best dimensional representation possible. 
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Abstract. This paper presents the concept of Lab-Forming Fields (LFF) and 
Field-Forming Labs (FFL). LFF is to transform real service fields into lab-like 
places for bringing research methodologies in laboratories to real fields with IoT. 
FFL is to transform laboratories into real-field-like places for getting subjects’ 
behavior and experimental results closer and closer to the ones which are sup-
posed to be obtained in the real service fields with VR. In addition, this paper 
provides a summary table of previously conducted researches in AIST on LFF 
and FFL with geospatial computing. 

Keywords: Lab-Forming Fields, Field-Forming Labs, Internet of Things, Geo-
spatial IoT, MAR, Big data, Deep data, Comb data 

1 Introduction 

Industries and daily lives have been drastically changing by means of synergy of IoT 
(Internet of Things) and AI (Artificial Intelligence). One of the impacts that IoT gives 
us is that big data on what is happening in the real world can be gathered comprehen-
sively. Especially positional and geospatial information has fundamental value in a va-
riety of areas. As technologies for gathering and applying geospatial information, there 
are seamless positioning [1][2][3][4] and real-world modeling such as SLAM (Simul-
taneous Localization And Mapping) [5] and 3D modeling [6], MAR (Mixed and Aug-
mented Reality), etc. We call them “geospatial computing”, and we also call the inter-
discipline between geospatial computing and IoT “G-IoT (geospatial IoT)”. 

Fig. 1 shows each technology and methodology such as G-IoT technology in asso-
ciation with each phase of service design loop [7] which consists of measurement, mod-
eling, designing, and application. In such a way that we measure behaviors of customers 
and employees [8][9][10], measure service/living environments, and apply them for 
As-Is comprehension for QC circle activities [11][12][13], To-Be comparison for ser-
vice operation planning [14], context-aware interface development for service opera-
tion support, etc., we can realize service-engineering based approaches for service im-
provement and innovation. By the coming of IoT and Industry 4.0 societies, those kinds 
of approaches, which we call “Hakatte Hakaru (Fig. 2)” in Japanese, are supposed to 
become more necessary and ordinary. 
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Fig. 1. Service design loop for supporting human-centered co-creation. 

Fig. 2. Hakatte Hakaru: service design loop for service improvement and innovation. 

2 Lab-Forming Fields and Field-Forming Labs 

There are two ways of realizing Hakatte Hakaru; Lab-Forming Fields (LFF) and 
Field-Forming Labs (FFL). For making these terms, we analogically utilized a term, 
“Terraforming”, which means transforming some planet such as Mars from its current 
environment to another environment that is closer to Earth so that we can live on the 
planet. We illustrate how each technical field is exploited for LFF and FFL in Fig. 3.  
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Fig. 3. Lab-Forming Fields (LLF) and Field-Forming Labs (FFL). 

LFF is to transform real service fields into lab-like places for bringing methodologies 
in which hypothesis testing is repeatedly conducted by giving stimuli to service provid-
ers/customers and by observing the responses. Conventionally it was not practical to 
realize such methodologies in real service fields. However, they are finally getting prac-
tical by measuring service customers, employees, and service/living environments with 
IoT and wearable technologies including G-IoT for modeling and comprehending the 
real service fields, and then by intervening in there with information provision by means 
of AR [15][16] or other interfaces and with physical actuation by means of robotic 
interfaces. 

On the other hand, FFL is to transform laboratories into real-field-like places for 
getting subjects’ behavior and experimental results closer and closer to the ones which 
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are supposed to be obtained in the real service fields. For that purpose, VR environ-
ments [17][18][19][20][21] are often developed and utilized. Such VR environments 
should provide repeatability of real service fields; however, the extent of repeatability 
depends on what we want to explore. Note that it is obvious that we can also utilize the 
advantages of VR environments in FFL; well-controlled environments and a variety of 
measurements such as gaze, biological, and brain activity measurements. 

3 Research cases on LFF and FFL 

Although it might be still difficult to conduct full-fledged research and development 
on LFF and FFT, there have already been many research cases in which the concept of 
LFF and FFL is partially introduced and implemented. In order to facilitate concrete 
discussion on LFF and FFL, we summarized previously conducted researches in AIST 
which are relevant to LFF and FFL with geospatial computing and G-IoT as shown in 
Tab. 1. 

Tab. 1. Research cases with G-IoT in AIST on LFF and FFL. 
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4 Conclusion 

In this paper, we introduced the concept of Lab-Forming Fields (LFF) and Field-
Forming Labs (FFL). Based on LFF, we can obtain big data from real service fields on 
a daily basis. In addition, FFL can intensively give us deep data. To the best of our 
knowledge, the definition of deep data is not firm at this moment; however, deep data 
should contain heterogeneous types of data such as behavior, gaze, biological, and brain 
activity data, or high-quality data such as ground truth and reference data which are 
often created manually or interactively. 

AI technologies are expected to help us combine big data with deep data for con-
structing models of real service fields consisting of customers, providers, and environ-
ments. As shown in Fig. 3, the combination of big data and deep data seems like a comb 
shape. That is the reason why we call it “Comb Data”. Future works would include how 
to develop strategy for gathering comb data efficiently [10], and how to utilize it for 
better understanding the real service fields towards service improvement and innova-
tion. 
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Abstract. The fourth industrial revolution, so-called Industry 4.0 is triggered by 
digitalization of manufacturing industries. According to global studies, Industry 
4.0 will have significant positive impact in sense of revenue and cost reduction, 
but it will trigger also change and transformation of business, and the only ac-
tors, who can keep up with this transformation, and come up with innovative 
business models, can take advantages of this revolution. The value proposition 
proposed in those business models, nowadays are created collaboratively with 
using several intellectual properties, targeting characteristics of complex and 
relatively new market structures. We propose a model-driven approach and a 
corresponding toolkit, so-called “Business Modelling Infrastructure” that sup-
ports those actors during configuring their value propositions and business 
models, with knowing which characteristics of which market segment they are 
targeting and what kind of intellectual properties do they need to use and what 
are their dependencies and limitations. The work in the hand presents also a 
business modelling case for additive manufacturing, where the Business Model-
ling Infrastructure is applied. Finally, the work evaluates the Business Model-
ling Infrastructure with giving preliminary results from that business modelling 
case. 

Keywords: Business Modelling, Digital Service Design, Intellectual Property 
Management, Meta-modelling 

1 Introduction 

Digitalization triggers change and transforms businesses. Most future disruptive 
technologies relate to digital business transformation [12]. Industry 4.0, which origi-
nates from [10], indicates fourth industrial revolution based on Cyber Physical Sys-
tems [28], which is triggered by digitalization of manufacturing industries, where 
physical objects are seamlessly integrated in an information network, decentralized 
production and real-time adaptation are possible [20]. According to results of a global 
survey [39], Industry 4.0 is digital transformation of complete value chain and this 
development will change individual companies, transform market dynamics across 
range of industries. According to same survey results, through to new industrial revo-
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lution, over five years, it is expected, that US$ 493 billion annual revenue increase 
and US$ 421 billion cost reduction. 

The Additive Manufacturing (AM) is one of the main trends in Industry 4.0 and it 
might be the game changer in industry [42]. The market for systems, services and 
materials for AM currently totals EUR 1.7 billion and is expected to quadruple over 
the next 10 years. AM is on the verge of shifting from a pure rapid prototyping tech-
nology to series production readiness and is therefore opening up new market oppor-
tunities for actors such as machine suppliers, manufacturing service providers and 
designers/OEMs [42].  

According to [20] and [39] keys for success of  those developments are  (1) digital 
transformation of individual enterprises with configuring their business models based 
on revolutionary digital product & services portfolios offered by those digital enter-
prises individually or in collaboration and incrementally adapted with sensing market 
needs, and (2) protection of their Know-how, with other words their intellectual prop-
erties (IP). 

Consequently, two questions arise (1) how can above-mentioned actors keep up 
with digital business transformation, sense market needs and configure their business-
es accordingly?, and (2) how can they manage intellectual properties. 

Based on our experience gained during following EU Research projects dealing 
with Factory of Future; BIVEE [9], ComVantage [14], e-SAVE [19], Adapt4ee[1],
CAxMan[13], DISRUPT[16] and GO0D MAN[24] -digital transformation of enter-
prises and management of digital enterprises starts with documentation of AS-IS situ-
ation with creating digital/virtual counterpart of real environment with certain abstrac-
tion level. Another point we experienced is aspects shall be considered from three 
distinctive viewpoints (1) Enterprise Strategic View point, where enterprise defines its 
business models, business goals and product and service offerings, their value crea-
tion chains, (2) Business Process View Point, where enterprise define, how those 
product and services are produced, and (3) Infrastructure View point, where enterprise 
define, which infrastructure it needs to run business, produce product and services. 

The work at hand targets first view point and proposes a model-based holistic ap-
proach and its corresponding tool so-called “Business Modelling Infrastructure”. Aim
of the Business Modelling Infrastructure is to support enterprises to keep up with new 
industrial revolution by easing digital service design as well as management of IPs 
and their dependencies. Hence, Business Modelling Infrastructure offers conceptual 
model-based features to create and configure, -human and machine interpretable-
business models, product and service portfolios, IP portfolios, and value-creation –
chains, so the enterprises can be empowered with certain computer-aided business 
opportunity and risk analysis abilities. The Business Modelling Infrastructure is de-
veloped within an EU research project “CAxMAn”, which aims to establish cloud 
based toolboxes, workflows and a One-Stop-Shop for Computer-aided-technologies 
(CAx) supporting the design, simulation and process planning for Additive Manufac-
turing integrated seamlessly.  

In this respect, the remainder of the paper is structured as follows; Section 2 briefly 
introduces the business modelling case in CAxMan Project. Section 3 introduces the 
Business Modelling Infrastructure, which is used for the case. Section 4 concludes the 
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paper with giving some preliminary results from CAxMAn business modelling case 
and gives an outlook on future work 

2 CAxMan Case 

As aforementioned, The H2020-FoF project CAxMan aims to establish cloud 
based toolboxes with (1) transforming existing CAx-product and services, and adding 
new features, (2) integrating and orchestrating those product and services in form of 
AM workflows and (3) offer them through a One-stop-shop. 

CAxMan consortium offers product and services in very large spectrum; from de-
sign and simulation to process planning and 3D printing, as well from data interoper-
ability and workflow management to High Performance Computing (HPC) services. 
These product and services are offered by different vendors in the consortium, which 
again have different legal status, business objectives and motivations. In addition to 
that, all those product and services consist of several IPs, which have different protec-
tion type (IP Rights), owners, dependencies and limitations. 

On the other hand CAxMan targets a very large market; the whole manufacturing 
industry using AM technologies, which bring challenges, such as identification and 
definition of market structure and characteristic of the market. 

CAxMan consortium requires an infrastructure, where (1) they can identify, virtu-
alize their IPs, their protection type, owner, dependencies and limitation, so they can 
create and manage their IP portfolio, (2) they can configure their product and services 
with composing IPs conceptually, so they can create and manage their product and 
service portfolio, (3) identify their potential vendors and partners in their eco-system, 
(4) identify market structure, potential customers and their characteristics in sense of 
goal and needs of actors in the market segments, (5) Build and manage value creation 
chains considering whole life-cycle of their product and services, (6) design and con-
figure their business models reflecting targeted market, value proposition, value flow, 
key partners and resources, (7) to know relations from business models to value crea-
tion chains down to product and service, and IPs and last but not least (8) to evaluate 
success of designed business models after execution. 

3 Business Modelling Infrastructure 

3.1 Related Work 

An extensive state-of-the-art analysis on current business modelling approaches 
and frameworks in [27] shows that there are several components suggested by litera-
ture to be considered as part of business models; such as “Value Proposition” that is
suggested by 97% of scanned literature, “Cooperation Structure” and “Revenue Mod-
el” 91%, “Customer and Market Segment” 88%, “Value Creation” %79, “Product and 
Service Structure/Offerings” %74. According to the state-of-the-art analysis, concepts 
suggested in [37], [38], [45], [8], [26], [35], [44], [7], [41] cover aspects in above-
mentioned components.  
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There are well-accepted conceptual modelling (de-facto-) standards such as “Busi-
ness Model Canvas”[38] as entry point for design and configuration of business mod-
el,  “e³-Value Model[25] for description of value creation, cooperation structures and 
value flows between actors, “Product Structure model” and “Market Structure Model” 
from [30], [17] for definition of market structure and characteristics as well as for 
definition of product and service components according to market needs. 

Besides realization of conceptual models, another issue is definition of interde-
pendencies among those conceptual models. The meta-modelling is a well-known 
approach to provide concepts and instruments for (a) realization of conceptual models 
as well as (b) the realization of weaving mechanisms to define interdependencies 
among those conceptual models. 

Meta-modelling [31] is introduced as a realization approach to develop domain 
specific IT-supported concept modelling. Based on Strahringer [46], Karagiannis and 
Kühn [32] a layered approach for conceptual modelling is used. Most prominent me-
ta-meta-models based on Kern [47] are mentioned: (a) Ecore from the Eclipse plat-
form [11], (b) GOPRR from MetaEdit+ Platform [33] and (c) MS DSL Tools and MS 
Visio [15]. Additionally the following meta-meta-models are introduced: (d) MOF 
[34], which is realized on different UML Profile platforms (e) ADOxx based on the 
equally named platform ADOxx [2], (f) Obeo Designer on Eclipse [36] and (g) Ge-
neric Model Environment GME [23].

Besides the technical functionality, the provision of a model repository, as well as 
the flexible adaptation approach, the Business Modelling Infrastructure is collabora-
tively developed via the ADOxx.org [17] community with more than 1300 developers 
and more than 3500 stakeholders world-wide. Hence, in order to guarantee sustaina-
bility after the project period, the whole conceptual implementation is performed on 
the open collaborative CAxMan Developers Space on ADOxx.org [3].

3.2 Business Modelling Infrastructure Meta-Model 

The work at hand proposes a model-based holistic approach and its corresponding 
tool so-called “Business Modelling Infrastructure”. The Business Modelling Infra-
structure supports both (1) top-down; business modelling scenarios beginning with 
identification of market structure and needs down to creation business models, con-
figuration product and services, and identification required intellectual properties, 
(2)bottom-up; creation of business models with beginning exiting intellectual proper-
ties and composing product and services with those intellectual properties correspond-
ing to the market needs, building value creation chains and creation of business mod-
els based on that. The modelling method proposed in this context is presented with 
introducing its meta-model and modelling stack.  

The modelling method of Business Modelling Infrastructure is a hybrid modelling 
method coupling several modelling languages based on (defacto-) standards and best-
practices for above-mentioned aspects. Following the state-of-the-art analysis in [27]
and based-on our experience gained from aforementioned EU Research project we 
decided to implement the meta-model of Business Modelling Infrastructure on 
ADOxx based on following standards; 
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“Business Model Canvas”[38] and “Lean Canvas” [48] for design and configura-
tion of business model,
“e³-Value Model” [25] for description of value creation, cooperation structures 

and value flows between actors,  
“Product Structure model” and “Market Structure Model” from [30], [17] for defi-
nition of market structure and characteristics as well as for definition of product 
and service components according to market needs 
Part of “Cause and Effects model” based on [17], [29] for definition of Key Per-
formance Indicators. 
On the other hand, to the best of our knowledge, there is no model-based standard 
or best-practice for neither definition of IP nature and dependencies nor creation of 
IP portfolios. Based on experience gained from business modelling and innovation 
management workshops, which we hold with business developers from beneficiar-
ies of CAxMan Consortium, as well as based on knowledge resources provided by 
European Patent Office [21], we propose a new model type, so-called “Intellectual 
Property Model”.  

The meta-model overview of Business Modelling Infrastructure is provided in FDMM 
form (Formalism for Describing ADOxx Meta Models and Models) [22].  

According to FDMM, a meta-model is a tuple MM =
 where MT is the set of the defined model types, i.e. for 

i=1,…,m we have MT={ }. The ’s (i=1,..,m) are themselves 
tuples  = , where: 

 is the set of object types or classes, 
 is the set of data types, and  
 is the set of the attributes. 

The Business Modelling Infrastructure Meta-model is composed of following 
model types: 
MTBMC Business Model Canvas/Lean Canvas (BMC based on [38]),  
MTEVM e3 Value Model (EVM based on [25]) 
MTVM Value Structure Model (VM based on [17], [30]) 
MTIPM Intellectual Property Model (IPM based on [21]) 
MTMSM Market Structure Model (MSM based on [30]) 
MTPPM Partner Pool Model (PPM based on [17], [30])) 
MTKPI  Key Performance Indicators model (KPI based on [17],[29]) 

And model types consist of following objects: 
= { BuildingBlock,Element,IsInside} 
={MarketSegment, Actor, ValueActivity, ValueInterface, ValueObject, Start-

Stimulus, EndStimulus, And, Or, ValueExchange, Dependency} 
= {Product/Service, Sub-Product/Service, Value, Requires}
= {IntellectualProperty, Requires}
={Segment, Organization, Role, Characteristic, BelongsTo, HasCharacter-

istic} 
={Organization, Scope}
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= {Perspective, StrategicGoal, OperationalGoal, KPI, Influences, Operation-
alizes, Quantifies} 

The Fig. 1 depicts Business Modelling Infrastructure Meta-model graphically with 
using MMDE notation [18]. In the figure, relations among modelling objects and 
model types can be seen. The most relevant relations for the work at hand are inter-
model type relations, which are defined and realized with weaving concept (for details 
about weaving concept used in this work, please refer to [18]). As depicted in the 
figure Product/Service is composed of Sub-Product/Service and/or Value, where val-
ue has corresponding Intellectual Property defined in an IPM, as well as each Value 
and Intellectual Property has an owner corresponds to a Partner in a PPM, moreover 
each Value targets a certain Characteristic of a targeted Market Segment defined in a 
MSM. Besides that, each Value Object subject to value exchange in a value creation 
chain described by an EVM corresponds to Product/Service in a VSM. On the other 
hand, each value creation chain is abstracted and reflected in a BMC. And finally 
evaluation perspectives and criterion for each Business Model is defined in a KPI 
Model. 

Fig. 1. Business Modelling Infrastructure Meta-model 
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Fig. 2. Modelling Stack of Business Modelling Infrastructure

The modelling stack basically supports the both aforementioned top-down and bot-
tom scenarios; (1) users of BMI can identify possible partners in a pool with their 
capabilities and contact points, (2) they can identify targeted market segments, struc-
ture of market with defining relation among market segments, their needs and goals,
(3) They can identify existing and / or required IPs in the IP portfolio, (4) they can 
configure product and services with using IPs in the IP portfolio, (5) they can build 
value creation chains with using e3-Value Models for configured product and ser-
vices, (6) describe high-level business model(s) reflecting value creation chains of 
product and services with using Business Model Canvas  and last but not least (7) 
they can identify KPIs, match them to their strategic- and operational-goals to monitor 
success of the business model.  

4 Conclusion and Outlook 

In this paper, we introduced a model-based approach and its corresponding model-
ling software, so called “Business Modelling Infrastructure”(as depicted in Fig. 3),
which should support actors dealing with business modelling in manufacturing indus-
try towards Industry 4.0.  
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Implemented modelling stack of Business Modelling Infrastructure corresponding 
to meta-model is depicted in Fig. 2. The full prototype (depicted inFig. 3) can be 
downloaded from [3] 
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Fig. 3. The modelling software “Business Modelling Infrastructure version 2.2”

The Business Modelling Infrastructure offers a model-based approach to abstract 
aspects from Enterprise Strategic View Point, so to create digital counterpart of real 
environment and configure it conceptually. The Business Modelling Infrastructure is 
being used in CAxMan and 92 Intellectual Properties existing in CAxMan, their na-
ture, dependencies, owners and limitations are identified, 25 Product and Services for 
CAxMan Product and Service Portfolio, and 2 possible Business Models for joint 
exploitation are identified, so far. The feedback coming from actors involved in 
CAxMan case showed, that having a modelling software based on certain and com-
monly accepted formalisms, ease (1) documentation of AS-IS situation, (2) sharing
that with stakeholders, (3) making decisions, configurations on it, define TO-BE situ-
ation. As an outlook the following items derived from the feedback; (1) simulation of 
value flow based on different business model- and value chain-configurations, (2) 
completeness check of model content and (3) centrally accessible web-based infra-
structure are desired additional features.
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1 Introduction

At least 40% of all businesses will die in the next 10 years [1, 2]. The motivation
for this bold prediction is rooted in the disruptive impact of digitalization, which
describes the conversion from physical to digital that is having a fundamental ef-
fect on businesses [3]. Thereby, the transformation from manual work performed
by humans towards automated tasks performed by machines and in particu-
lar by robots is currently revolutionized by the availability and advancement of
information technology.

The applications scenarios are promising, like, but not limited to, (i) raising
efficiency, reducing time and costs with equal quality, (ii) enabling new product-
service system possibilities like data economy or mass individualization, and
(iii) introducing new management approaches for zero defect manufacturing,
better forecasting and reaction to interruptions. Conceptual models are used to
describe, simulate and execute these scenarios [4].

This leads to a massive increase in complexity because of a deviation between
physical objects that operate at run-time and conceptual models that are formed
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Abstract. In this paper, details are presented on how physical objects
interact with conceptual models in Factory of the Future (FoF) scenar-
ios. For this reason, a hierarchical three layer structure - for physical ob-
jects, models and concepts - is described as part of the Knowledge-based
Robotics (KbR) approach. Focusing on the integration of physical objects
and models, the need for service-driven enrichment emerges. Thereby,
the extension of physical objects with cyber twins is realized for enabling
service capabilities like monitoring and control. For their development,
an architecture is introduced based on the integration of logical and phys-
ical components. This is validated in the OMiLAB environment using
the OMiRob case. The conceptual approach proves the capability of ap-
plying service-driven enrichment to physical objects using metamodeling
techniques.

Service-Driven Enrichment for KbR
in the OMiLAB Environment



at design-time. Bridging the gap facilitates a revolution for, e.g., (i) production
processes, (ii) production technology, (iii) products, (iv) information flows as
well as (v) the cooperation with human workers.

Fig. 1. (a) Conceptual model (left) and physical object (right), (b) bridging the gap
using service-driven enrichment, (c) service development.

To exploit the potential of digitalization1, the integration of physical objects
and conceptual models is required, as shown in Fig. 1 (a). Thereby, the problem
is to bring together different engineers, skills, methods, solutions and the like.
To solve this problem, the Knowledge-based Robotics (KbR) approach can be
employed to support the integration of physical objects and conceptual models,
as shown in Section two. Following the KbR approach, a (micro)service archi-
tecture is proposed in this paper that revolves around services2, as shown in
Fig. 1 (b). Thereby, service-driven enrichment describes

(i) cyber-physical system (CPS) conceptualization: the extension of physical
objects with functional services to model operations (low-level abstraction
on a technical layer); and

(ii) scenario conceptualization: the specialization of conceptual models with
capabilities for intelligent behaviour (high-level abstraction on a modeling
layer using services).

Focusing on the first point, this study introduces details on a (mi-
cro)service architecture that supports the extension of physical ob-
jects with services, as shown in Fig. 1 (c). Additional studies on the second
point have to clarify how services can be fully integrated in conceptual models.

In detail, the (micro)service architecture is conceptualized using three build-
ing blocks. First, computational capability is embedded in physical objects to

1 Digitalization results in competitive advantages, as, e.g., real-time operations are
improved by efficient decision making, stakeholder experiences are cultivated by im-
proved networking, and creative innovations are stimulated by a deeper understand-
ing of value chains. This leads to competition among businesses, which promotes
consumer well being [5], thus fulfilling the requirements for critical research [6].

2 Service engineering is able to bridge the gap between physical objects and conceptual
models [7].
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host cyber twins. Cyber twins are digital models of physical objects that pro-
vide functionality to monitor and control the physical objects’ sensing and act-
ing capabilities. Second, the functionality of cyber twins is enhanced by mi-
croservices. Microservices enable cyber twins to communicate information in a
network, which facilitates the decoupling of advanced functionality. Third, mi-
croservices are structured in a portal. The portal provides services with advanced
functionality, e.g., security, logging, semantic annotations, and standardization.

Validation of service-driven enrichment is provided by performing parts of
the Open Models Initiative Robot (OMiRob) case in the Open Models Initiative
Laboratory (OMiLAB) [8]. Thereby, services are realized for physical objects.
Furthermore, a promising approach is presented to integrate services in concep-
tual models using metamodel-based implementation (MMbI) [9].

Fig. 2. KbR approach for service-driven enrichment.

Fig. 2 shows the deployment of systems using service-driven enrichment.
Labour intensive tasks are required to engineer cyber-physical systems, the (mi-
cro)service architecture, and the integration of services in conceptual models.
The process can be improved in the future using model-based design and config-
uration, which eases the engineering complexity and effort for human developers.

Section two introduces the approach on which this study is based. Section
three defines details of the (micro)service architecture. Section four describes the
validation of service-driven enrichment. Section five concludes the study.

2 Foundations: Knowledge-based Robotics (KbR)

Service-driven enrichment as proposed in this study is realized using the Knowledge-
based Robotics (KbR) approach. KbR essentially is a modeling framework in the
field of robotics with a specialized focus on modeling knowledge that generates
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intelligent behaviour. The term ”smart models” is coined for the models resulting
from this approach. The benefit of KbR is that robots gain increased flexibility
through ”smart models”, as the engineering burden of domain-specific solutions
is lifted from human programmers.

Fig. 3. An abstract visualization of the KbR approach.

The idea of KbR is to integrate concepts and technical systems, as shown in
Fig. 3. Using design-oriented [10] thinking, the desired integration is facilitated
on a modeling layer using model-driven engineering [11–13]. Thereby, models
are treated as first-class citizen that specialize the conceptual layer and that
extend the technical layer, with respect to the goal of modeling knowledge that
generates intelligent behaviour of robots.

In order to achieve the goal of KbR, models are required to specialize actions
and semantics, as shown in Fig. 4. The first is used in modeling behaviour and the
second in modeling knowledge. Models of semantics can be extended by knowl-
edge representation schemes, artificial intelligence technologies, and conceptual
models, which leads to ”smart models”. Models of actions can be extended by
different fields in robotics (with individual foci on, e.g., humanoid, industrial,
and other kinds of robots), which leads to executable models.

Fig. 4. Fields in robotics and their relation to semantics (KbR-S) and actions (KbR-A).
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Fig. 5. KbR concept and possible instantiation.

Fig. 5 shows the separation between the KbR approach and different studies
that realize parts of the approach. In detail, the top part of Fig. 5 shows the
concepts for semantics and actions. Subconcepts of semantics are concerned with
domain knowledge, knowledge that is used in behaviour execution, and opera-
tional knowledge (e.g., goals and plans). Subconcepts of actions are atomic and
composed actions (describing scripted behaviour), and hybrid actions (describing
intelligent behaviour using knowledge). The bottom part of Fig. 5 shows studies
that specialize concepts of the KbR appraoch on the modeling layer, where in-
dividual studies may focus on different concepts. For example, the bottom part
of Fig. 5 shows:

(i) To the left, a different study concerned with semantic-driven integration
of cyber-physical systems and conceptual models using tooling support
for industry and business settings.

(ii) To the right, the research presented in this study.
(iii) Hidden elements indicating different studies that research different arte-

facts on the modeling layer. All these studies are related by some depen-
dency structure.

In detail, concepts for semantics and actions are specialized on the modeling
layer [14] using MMbI which is supported by metamodeling platforms [9] in a
dedicated engineering lifecycle [15]. Some free options for metamodeling plat-
forms are ADOxx3, MetaEdit+4, and EMF5. When selecting a metamodeling

3 www.adoxx.org
4 www.metacase.com/mep
5 www.eclipse.org/emf
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platform, one has to take into account how components of the platform sup-
port the engineering of the modeling layer [9]. In addition, the modeling layer is
extended by a technical layer. Therefore, new core technologies are observed:

– The introduction of smartness via AI and cognition enables ”smart”
behaviour of machines.

– Cognitive mechatronic enables a ”learning” combination of mechani-
cal, electronic and cognitive information technology.

– Humanoid robots imitate human related mobility and cooperation be-
haviour and hence enable a new form of interaction known as socially
cooperative human robot interaction.

– To manage the complexity and to accelerate development and deployment
of robot capabilities, approaches for (automated) model-based design
and configuration are required as the low-level implementation of robots
by humans does not scale to advanced requirements.

The following two subsections provide additional information on KbR con-
cepts for semantics and actions, their specialization in models, and their technical
extensions.

2.1 Semantics: relevant Concepts and selected Studies

Semantics is used to infuse systems and especially robots with characteristics
that are related to intelligence. Therefore, different concepts enable the repre-
sentation of semantic-rich information, reasoning and adaptation, and interac-
tion with humans. These concepts are specialized by knowledge representation
schemes, artificial intelligence technologies, and conceptual models. Some of the
resulting artefacts are rich in formalisms (e.g., as found in the Semantic Web
Stack6,7), while others focus on data (e.g., neural networks, evolutionary algo-
rithms and statistical analysis). Several studies using KbR exist that extend
these artefacts in the field of robotics.

For example, semantic-rich artefacts can be extended using existing robot
technologies like ROS8 and AutomationML9 [16, 17]. Such artefacts describe
domain knowledge and its operationalization in executable behaviour [18, 19].
Thereby, a focus is the integration of semantics and actions [20, 21] and on im-
proving the capabilities of semantic models and technologies [22, 23].

Fig. 6 shows a possible model that specializes semantics concepts for knowl-
edge representation. Thereby, an ontology formalizes knowledge about entities
and behaviours relevant to FoF scenarios. Listing. 1.1 shows a technical detail
in that ontology that relates entities with behaviour.

6 www.w3.org/standards/semanticweb/
7 www.w3.org/Consortium/techstack-desc.html
8 http://www.ros.org/
9 www.automationml.org
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Fig. 6. Example for an ontology that is relevant to the OMiRob case.

Listing 1.1. Excerpt of the ontology in Fig. 6

### OMiRob−Case−Ontology#hasBehaviour
: hasBehaviour rd f : type owl : ObjectProperty ;
r d f s : range : Behaviour ;
r d f s : domain : Ent ity .

2.2 Actions: The OMiRob Case

An illustrative scenario can be considered as follows: In a Factory of the Fu-
ture (FoF) scenario, a self-driving forklift operates in close proximity to human
workers. In case of a fault in the self-driving forklift’s braking system, a moral
dilemma occurs when lives are in danger, as seen in in Fig. 7 (a). Even though
it is reasonable for humans to choose option 1 as it avoids human casualties, the
choice is not intuitive for machines.

Solving the dilemma by machines requires the transformation and specializa-
tion of concepts used in human reasoning into models that can be interpreted by
machines. E.g., a rule could be formalized to express that option 1 is preferred
over option 2. However, machine-interpretable models solve only a part of the
problem, as the forklift has to move in the right direction in the end to avoid hu-
man casualties. A pragmatic real-world execution of the machine-interpretable
models is required as well. In other words, an architecture is needed that en-
ables physical objects to execute functionality. To fulfil the requirements for
this architecture, service-driven enrichment extends physical objects with ser-
vices. Thereby, services facilitate the transformation of robot functionality to
machine-interpretable models, which enables advanced capabilities (e.g., the au-
tomated start of a maintenance process upon fault detection while the physical
object executes emergency behaviour).
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Fig. 7. (a) Pictorial conceptualization of the OMiRob Case. (b) The physical object
used to simulate a self-driving forklift in the OMiRob Case.

3 The (Micro)Service Architecture

For service-driven enrichment of physical objects, three building blocks are pro-
posed. First, computational capabilities are embedded in physical objects, which
allow the former to host the cyber twins of the latter. Second, the cyber twins are
enhanced with microservices which enable communication in a network. Third,
microservices are structured and enhanced in a portal.

Regarding the first building block, embedding custom electronic circuits in
physical objects enables basic functionality that is defined by low level pro-
gram code. By implementing low level program code, it is possible to monitor
and control sensing and acting capabilities of physical objects. However, cus-
tom electronic circuits are severely limited in their computational capabilities,
which renders them inadequate to enhance cyber twins with complex services.
Therefore, the proposal is to embed custom electronic circuits in combination
with ready made computer boards, e.g., the Raspberry Pi 2 Model B. Ready
made computer boards interface with custom electronic circuits using, e.g., the
Inter-Integrated Circuit (I2C) bus, while being capable of enhancing cyber twins
with complex services.

Regarding the second building block, the proposed design choices expressed
in terms of java and python (different languages offer similar concepts) can be
seen in Fig. 8. Thereby, custom electronic circuits interface locally with ready
made computer boards, e.g., the former act as slaves and the latter act as master
on the (I2C) bus. Data exchange with ready made computer boards running high
level program code results in cyber twins. Microservices enhance the functional-
ity of cyber twins and allow for information exchange in a network. Thereby, a
system of communicating microservices enables the decoupling of functionality.
Decoupling is archived, e.g., as microservices provide TCP interfaces for bind-
ing10, which results in functionality that can be embedded or distributed based
on requirements.

10 Different Internet of Things (IoT) protocols can be used to provide various interfaces.
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Fig. 8. The (micro)service architecture model.

Regarding the third building block, microservices are structured in a portal
that extends service capabilities. Therefore, microservices have to fulfil certain
requirements of the portal. A suitable portal is described in [24] and implemented
in [25]. Its requirements can be fulfilled, e.g., by binding the microservices’ TCP
interfaces and autowiring them in servlets using the Spring Framework. These
servlets extend the capabilities of a webserver, e.g., jetty. The webserver again
provides microservices via the representational state transfer (REST) architec-
ture. These microservices support in and outgoing connections via standard APIs
using different protocols as required by the portal, e.g., HTTP or WebSocket.
Depending on the protocol, different data exchange formats are supported, e.g.,
JavaScript Object Notation (JSON). A technical difficulty in this building block
is the cross domain issue resulting from the distributed architecture in combi-
nation with the same-origin policy, which can be solved by configuring a reverse
proxy like NGINX.

An example for machine-readable service endpoints as provided by the portal
is shown in Listing. 1.2 and Fig. 9. Human-readable services are provided by the
portal as well [26].

Listing 1.2. Service endpoint generator

pub l i c f i n a l c l a s s DeviceREST {
@GET
@Path(”/ dev i c e /{devicename }”)
@Produces (MediaType .APPLICATION JSON)
pub l i c S t r ing getRequests (@PathParam(” devicename ”)

St r ing deviceName ,
f i n a l @Context
HttpServ letRequest s e rv l e tReque s t ) {

r e turn dev i c eS e r v i c e . getRequest ( deviceName ,
auth ( s e rv l e tReque s t ) ) . t oS t r i ng ( ) ;

}}
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Fig. 9. Accessing atomic services.

4 Validation in the OMiLAB Environment

Naturalistic ex post evaluation of the architecture as introduced in section three
is provided by performing a specific scenario [27]. The scenario used for evalu-
ation is inspired by the OMiRob case presented in section two, where function-
ality of physical object is transferred to machine-interpretable models. These
models interact with physical objects using the services that the latter provide.
For evaluation, service-driven enrichment is performed for the physical object in
Fig. 7 (b) using the three building blocks of the introduced architecture. Human-
and machine-readable endpoints of the resulting services can be found in [26].

Fig. 10. A model that is integrating services provided by physical objects. Additional
information can be found on www.omilab.org/psm/omipob
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Additionally, a first prototype is implemented that demonstrates the po-
tential of MMbI for the integration of services in conceptual models. Thereby,
models are constructed for inferring the control of actuator output, i.e., steering
to the left or to the right, from monitored sensory input, i.e., fault detection
and image recognition. The model with service integration capabilities was en-
gineered using the ADOxx metamodeling platform [28].

Validation is performed by constructing cyber twins to monitor and control
physical objects, by enhancing cyber twins with microservices for communica-
tion, by organizing microservices in a portal to provide services, and by integrat-
ing services in a machine-interpretable conceptual model. The implementation
is shared in [29]. A video of the system in action can be found in [30].

As a result of the validation, some key features of service-driven enrichment
can be stressed in a nutshell:

(i) Where possible, abstract capabilities from technical components to a stan-
dardized level of functional abstraction, i.e., to services. This is a trade-off
between performance (functional abstraction implies additional overhead
which is problematic for, e.g., time sensitive, computation & bandwidth
constrained, and energy critical applications) and integration capability
(services enable the integration of physical objects with, e.g., semantic
reasoning, business logic, and agent systems).

(ii) If functional abstraction is not possible, at least have semantic-rich arte-
facts, describing the capabilities of technical components and their aggre-
gations. Provide services using these semantic-rich artefacts.

(iii) The combination of (i) and (ii) enables the vision of KbR, where physical
objects are integrated with conceptual models (as shown in Fig. 10) and
semantic reasoning (as presented in [22]).

5 Conclusion

This paper presents a study following the KbR approach. Thereby, the three
layer structure of KbR - consisting of conceptual layer, modeling layer, techni-
cal layer - is dissected. To relate the modeling layer and the technical layer, a
(micro)service architecture is proposed that can be used to integrate physical
objects in conceptual models. In detail, service-driven enrichment extends cyber
twins of physical objects with microservices in a portal that provides human- and
machine-readable services. These services can be embedded in conceptual mod-
els, where the goal is to utilize service-driven enrichment to achieve intelligent
behaviour of robots based on requirements in the FoF.

The developed (micro)service architecture has been applied to different FoF
scenarios, as seen in [31]. Its technical difficulty is feasible not only for FoF sce-
narios but also for other domains. E.g., the architecture has been applied to
create motivating exercises for university courses, involving the implementation
of knowledge engineering concepts based on services for physical objects. How-
ever, more complex scenarios are also possible by extending the capabilities of
physical objects [32].
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Furthermore, an implemented prototype suggests that services provided by
the architecture can be integrated in conceptual models. To facilitate this inte-
gration, domain-specific modeling methods are constructed using metamodeling
frameworks [33]. Additional studies are planned to research the integration of
services in conceptual models that represent business aspects in more detail.

However, constructing services for physical objects is shown to be a man-
ual and labour intensive task. Managing the complexity and accelerating the
development and deployment in application areas, like, but not limited to, (a)
healthcare, (b) inspection of infrastructure, (c) agri-food, or (d) industrial, re-
quires dedicated concepts, methods and tools. The difficulty thereby is that
particular application scenarios require flexible compose-able support for (i) the
application domains (e.g., health), (ii) the production process (e.g., additive vs.
subtractive; mechanical vs. chemical), (iii) the production technology (e.g., au-
tomated vs. semi-automated lines), (iv) the externalization of knowledge (e.g.,
extraction from data analysis vs. human externalization), (v) the technology that
interprets the knowledge (e.g., agent vs. ontologies), (vi) the type of interaction
and communication (e.g., human - machine vs. machine - machine communi-
cation), (vii) the data format (standards), the information flow (e.g., low level
event and information bus vs. edge computing vs. high level application in the
cloud), (viii) the requested support (e.g., development of serverless applications),
and many more. A possible approach to solve the problem is model-based design
and configuration, which implies transferring some of the complexity to ”smart
models”.

References

1. John Chambers and Rik Kirkland. Cisco’s John Chambers on the dig-
ital era. http://www.mckinsey.com/industries/high-tech/our-insights/

ciscos-john-chambers-on-the-digital-era (visited on 01.03.2017), 2015.

2. John Chambers and Zoelle Egner. Advice from John Chambers to CIOs - and the
world. https://blog.box.com/blog/advice-john-chambers-cios-and-world/

(visited on 01.03.2017), 2015.

3. Shahyan Khan. Leadership in the digital age: A study on the effects of digitalisation
on top management leadership, 2016.

4. Christian Schlegel, Andreas Steck, Davide Brugali, and Alois Knoll. Design Ab-
straction and Processes in Robotics: From Code-Driven to Model-Driven Engineer-
ing, pages 324–335. Springer Berlin Heidelberg, Berlin, Heidelberg, 2010.

5. Maurice E. Stucke. Is competition always good? Journal of Antitrust Enforcement,
1(1):162, 2013.

6. Michael D. Myers and Heinz K. Klein. A set of principles for conducting critical
research in information systems. MIS Q., 35(1):17–36, March 2011.

7. Kentaro Watanabe, Masaaki Mochimaru, and Yoshiki Shimomura. Service engi-
neering research in Japan: Towards a sustainable society. In Services and the Green
Economy, pages 221–244. Springer, 2016.

8. The OMiLAB Community. OMiLAB Europe. http://www.omilab.org/psm/about
(visited on 01.03.2017), 2017.

175Service-Driven Enrichment for KbR in the OMiLAB Environment



9. Hans-Georg Fill and Dimitris Karagiannis. On the conceptualisation of modelling
methods using the ADOxx meta modelling platform. Enterprise Modelling and
Information Systems Architectures - An International Journal, 8(1):4–25, 2013.
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Abstract. Currently there is a shift from product centered enterprises
to product-service centered enterprises which rely on a network of cus-
tomers, suppliers and partners called enterprise ecosystems. This trend
also affects the underlying IT architecture which has to integrate and
provide software components (e.g. services) as well as hardware compo-
nents (e.g. sensors) leading to a digital enterprise ecosystem. This digital
ecosystem is complex so that modeling approaches which aim on sim-
plifying complexity are eligible for their design and management. In the
paper at hand, we show that existing enterprise modeling approaches
are inappropriate for modeling digital enterprise ecosystems comprehen-
sively. By using a case-based analysis we sketch extension points for a
digital enterprise ecosystem modeling method based on ArchiMate.

Keywords: Domain-Specific Modeling, Enterprise Ecosystem, Enter-
prise Modeling

1 Introduction

Currently, there is a shift from a product oriented to a product-service oriented
economy [10]. Thereby enterprises face challenges in creating new value streams,
business models, and IT architectures. Hilti’s Tools on Demand business model
as well as new enterprises trading services such as Uber or Airbnb are results of
this trend. According to [32], the service trend leads to enterprises which rely
on a tight network of stakeholders such as customers, suppliers and cooperation
partners. This network is referred to as enterprise ecosystem. A vital part of
such ecosystems is the tight integration of the underlying IT infrastructure (e.g.
servers, cloud services, third party applications). To reflect this distinguishing
character, the term digital enterprise ecosystem is used. This paper elaborates
the importance of models for designing digital enterprise ecosystems which en-
compass the integration and provisioning of software components as well as
hardware components. The design as well as the coordination of such ecosys-
tems is complex and can be considered as a key challenge of enterprises in the
future. Modeling approaches, with the aim on simplifying complex systems, are
an appropriate instrument for describing them.
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Enterprise modeling approaches integrate multiple perspectives or views to
derive a coherent and comprehensive description (cf. [6]). See for example 4EM [33],
ArichMate [18], Semantic Object Model [12], or Integrated Enterprise Balanc-
ing [15]. All these enterprise modeling approaches where designed with the aim on
generality: any enterprise can be described with them. However, the description
of digital enterprise ecosystems with enterprise modeling approaches is unfeasi-
ble. This is because they currently lack in expressiveness when describing digital
enterprise ecosystems. Existing enterprise modeling approaches need to evolve in
order to comprehend current developments. In this paper, the ArchiMate mod-
eling approaches serves as a starting point to identify current weaknesses and
propose extensions for modeling digital enterprise ecosystems.

Our research endeavour is to create domain-specific conceptual modeling
methods for digital enterprise ecosystems. Thereby we use the term conceptual
model as defined in [29], which describes them as models used for communi-
cation and understanding by human beings. In the paper at hand, we analyze
the appropriateness of ArchiMate to express the specifics of digital enterprise
ecosystems and propose first ideas of how an extension of ArchiMate could be
achieved to meet the aforementioned requirements.

The remainder of the paper is structured as follows: Section 2 describes foun-
dations of modeling methods in context of the service-product trend and some
related work. A mobility provision case study is described in section 3. Along
this case study we develop requirements as well as a sketch of a domain-specific
language for digital enterprise ecosystems. The paper is closed with a conclusion
in section 4.

2 Foundations

2.1 Conceptual Modeling Methods

The authors of [20] define a modeling method as consisting of a modeling lan-
guage, modeling procedure, and modeling algorithms. An overview of a modeling
method is depicted in Figure 1. The modeling language consists of syntax, seman-
tics, and notation. The modeling algorithms are algorithms which are executed
on the modeling language. They range from generic algorithms (e.g. shortest
path algorithms) to specialized algorithms (e.g. process and capacity simula-
tions). The modeling procedure describes concrete steps which the modeler has
to follow in order to create valid models.

According to this definition of a modeling method, most of the popular mod-
eling approaches like BPMN or UML can be considered as modeling languages
as they do neither define a modeling procedure nor modeling algorithms.

Fig. 1: Core components of modeling methods (excerpt from [20])
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While enterprises and their environments require agility, modeling approaches
seem to remain nearly unchanged. Prominent modeling methods like BPMN and
ArchiMate are heavily used in science and industry, even if their update cycles
are rather long: The update from BPMN 1.2 to the current version 2 took about
two years1, while ArichMate 3.0 was released three years after its predecessor
ArichMate 2.12. Similarly, the latest UML specification was released approxi-
mately four years after the previous specification3. The stability of these so-
called general purpose modeling languages is based on a rather high abstraction
level implying limited semantic specificity. For example, an activity in BPMN
can be used for describing processes using different levels of abstraction in almost
all domains. Contrary to general purpose modeling languages, domain-specific
modeling languages have a high expressiveness in a certain domain. Due to
their strong domain focus such languages are usually not standardized and their
awareness is low.

2.2 Related Work

The related work analysis is structured into two parts: the first part summa-
rizes literature relevant for enterprise ecosystems while the second part summa-
rizes existing enterprise modeling approaches which might be promising starting
points for modeling digital enterprise ecosystems.

In [30], the authors elaborate the importance of currently emerging ecosys-
tems which leads to a tight integration of different stakeholders. This integration
requires a harmonization of software systems. Therefore, different approaches
are summarized in [3]. Further enterprise integration aspects, beyond software
system integration aspects, have been investigated in [32]. The author of [22] an-
alyzes how the model quality framework Semiotic Quality Framework (SEQAL)
can be used for evaluating models in the domain of digital ecosystems.

A generic reference architecture for modeling enterprises was described in [25],
where the author introduces a business rule-, an activity-, a resource-, a business
process- as well as an organisational view. All the enterprise modeling methods
which we describe in the following have a comparable structure. The Multi-
Perspective Enterprise Modeling (MEMO) method, introduced in [14] tool sup-
port described in [4], has a strategy, a organisational as well as an information
system perspective whereby each perspective is organized along the four aspects
structure, process, resources, goals. The 4EM modeling method [33] has the vi-
sion of a holistic description of enterprises. It encompasses a process model, a
goal model, a rule model, a concept model, an actors and resource model as
well as a technical component model. There are also research initiatives using
the Unified Modeling Language (UML) for modeling enterprises [27]. The Open
Group Architecture Framework (TOGAF) is a framework which aims on cap-
turing enterprise architectures [16]. Thereby, TOGAF distinguishes between a

1 http://www.omg.org/spec/BPMN/
2 http://opengroup.org/standards/ea
3 http://www.omg.org/spec/UML/
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business architecture, an application architecture, a data architecture as well as
a technical architecture.

ArchiMate is a modeling method which distinguishes between a business
layer, an application layer as well as a technology layer [18]. The business layer
is about to describe business processes, the application layer describes software
applications, and the technology layer allows to describe hardware as well as
software infrastructures. It is designed for modeling enterprise architectures.

ArchiMate served as extension point for a couple of other modeling methods
such as [11, 1]. In [15], the authors designed a modeling method for Integrated
Enterprise Balancing with the aim of generating a common data structure. The
Integrated Enterprise Modeling method was introduced in [28], it has a strong
focus on processes of manufacturing enterprises.

All of theses modeling approaches focus on an isolated description of enter-
prises. What is missing is an approach for modeling digital enterprise ecosystem-
specific concepts in a comprehensive and integrated manner.

3 Case Study: Digital Enterprise Ecosystem for Mobility
Provision in the Automotive Industry

The trend towards product-services is a result of the digital transformation. For
a better analysis of the effects, we follow the classification of [23], which describes
that an enterprise architecture consist of a business architecture, an information
systems architecture and a technology architecture as shown in Figure 2a. The
information systems architecture forms together with the technology architecture
the IT architecture.

Product-service centered enterprises have to redesign their business architec-
ture, requiring also a redesign of the underlying IT architecture. Thus, in the
information systems architecture layer, enterprises face challenges in integrating
and provisioning of software components. Further, flexible application architec-
tures are required which allow modifications immediately after changes occur in
the environment. The technological architecture is increasingly distributed due
to the usage of clouds as well as of other hardware components such as sensors.
Their integration and coordination becomes a key challenge in the future.

The described enterprise architecture does not only allow a top-down ap-
proach where changes of the business model are propagated down to the IT
architecture level. Disruptive technologies like the IoT [2] which belong to the
IT architecture layer may force enterprises to modify their business architecture

(a) Enterprise architecture and IT architec-
ture

(b) Simplified scenario for renting a
car at Car2Go

Fig. 2: Overview over enterprise architecture and mobility provision scenario
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which represents a bottom-up approach [26]. The digital photography is an ex-
ample of such a disruptive technology where corporations like Kodak failed to
adapt their business models.

In the case study we describe the digital enterprise ecosystem for a car-
rental scenario on a very high level of abstraction using the example of Car2Go
(www.car2go.com). The scenario of renting a car is visualized in Figure 2b:

1. Register. New costumers have to enter their personal data including pay-
ment relevant information.

2. Download App. Customers have to download the Car2Go app to access
all Car2Go services.

3. Search for Car. Customers have to find an available car in proximity to
their current location. Therefore the app can be used as a route planer to
find the next car.

4. Start Rental. The rental process of a car is triggered after the consumer
found a car, opened it, and started it with the app.

5. End Rental. The rental ends when the customer leaves the car. Therby the
customer is charge based on the chosen pricing model.

For executing such a scenario, services and devices are required belonging to
the digital enterprise ecosystem as summarized in Table 1: The registration step
requires a web application while the app store is required so that consumers can
download the app. The search of cars requires communication with geographical
services as well as with a car sensor. For initiating the rental process a communi-
cation to car sensors e.g. for unlocking the car as well as for tracking the car trip
is necessary. The end rental process step requires an integration with payment
services. Overall, parts of the data are stored on an external cloud.

3.1 Modeling the Mobility Provision Scenario with existing
Approaches

Modeling of digital enterprise ecosystems such as described in the scenario is
not trivial: For the overall process we could use BPMN which fails to model
the technical aspects. Process modeling with enterprise modeling methods like
4EM are approximately on the same level of abstraction as the BPMN. Hence,
they face similar problems. Contrary, the technical modeling languages grouped
into the UML might be more appropriate for modeling the technical aspects
even if the semantics of the resulting models is limited. However, the UML is
inappropriate for modeling the business aspects.

ArchiMate with its business layer, application layer and technology layer
seems to be an appropriate modeling method for describing such digital ecosys-
tems. However, ArchiMate is a standard modeling language working with ab-
stract concepts [24]. The modeling class representing sensors in the car, which
is required in the previously described scenario, can only be represented with
ArchiMate’s device modeling class. The (informal) semantics of the device class
is described in the standard [31]: A device models a physical computational re-
source, upon which artifacts may be deployed for execution. It is obvious that
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modeling sensors with the device class is generally possible, however, the ex-
pressiveness of such modeling constructs is limited. Even prefixing the names of
modeling elements of the type device with ’sensor ’ leads only to limited expres-
siveness improvements for humans while the expressiveness for machines remains
unchanged.

Step Service Sensors
1 Register WebApp-Cloud -
2 Download App WebApp-Cloud -
3 Search for Car Geo-Service Car GPS Sensor
4 Start Rental Tracking-Service Car Lock Sensor
5 End Rental Payment-Service Car Lock Sensor

Table 1: Summary of the scenario with its required services and sensors

An excerpt of a model for this scenario created with ArchiMate is depicted
in Figure 3. The process model (shown on the top of the figure) seems to be
appropriate for our purpose. The application model (shown in the center of
the figure) is on a very abstract level of detail: We used ArchiMate’s application
component class for modeling the Car2Go Registration Site, the AppStore as well
as the Car2Go App. The car information system which belongs to ArchiMate’s
technical layer is depicted on the lower left corner: Here, we used the device
class for modeling the sensors. Further, we used the generic technology interface
modeling class to elaborate that there are well defined interfaces for accessing
the sensors. On the lower right corner, we modeled an excerpt of the server-
side system which is used by the Car2Go App. The Car2Go server system uses
an external Data Cloud which was modeled by using the generic node class.
The Car2Go server accesses the cloud. Thereby we connected the cloud with
the server system via the network model element which we named Car2Go App
Server System. The server offers a tracking service which is accessed by the app.
The tracking service is modeled by using a generic technical service class.

The described example elaborates that we have to improvise for modeling
such a simple scenario using ArchiMate. ArchiMates limitations in modeling
precisely use cases is a well known fact [24]. Looking at the model without
showing the name labels reveals that semantics of the model itself is very low
due to the high level of abstraction of the ArchiMate modeling language. The
names of the model elements such as ’External Data Cloud’ contain the majority
of the semantics. Simply placing information into the name labels works only for
a limited amount of information. For example the name label of the ’External
Data Cloud’ is insufficient to describe the service level agreement which the
Car2Go system has with the external cloud. Therefore, further classes or class
attributes are necessary.

3.2 Requirements for Modeling a Digital Enterprise Ecosystem
with ArchiMate

For an adequate modeling of the product-service scenario additional domain-
specific concepts have to be introduced to ArchiMate. For the scenario model,
classes such as ’Lock Sensor’ and ’GPS Sensor’ are necessary which have inter
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Fig. 3: Excerpt of the scenario model created with ArchiMate

alia the attributes ’communication protocol’, ’status’ as well as ’interface’. The
expressiveness of the ArchiMate interface class is limited. Due to the high level
of abstraction it is not clear if the interface is a hardware interface or a software
interface. For the purpose of our scenario, it would be necessary to describe in-
terfaces in more detail, e.g. by introducing a modeling class for expressing REST
interfaces. ArchiMate is continuously extended by introducing new elements -
in the current version 3.0, 56 different elements are existing4. However, due to
ArchiMates broad domain it is unfeasible to reach a semantic richness compared
to particularly designed domain-specific languages.

A major drawback of ArchiMate is that it does not foresee attributes of
modeling classes (except the name). So it is not possible to distinguish between
external and internal nodes to e.g. model the external cloud. From ArchiMate’s
point of view the ignorance of attributes is clear: attributes describe details of
classes. However, ArchiMate’s classes are generic which simply do not have any
details. Hence, all kinds of class-related information which would be appropriate
to be a class attribute have to be expressed as a separate modeling classes.

An exemplary list of domain-specific classes and attributes required for mod-
eling our scenario is shown in Table 2. This table is not a prime solution which
allows to model the described scenario adequately. Instead it should elaborate
that further modeling classes are necessary to model the scenario adequately.
For creating these additional modeling classes ArchiMate’s profiling and speci-
fication extension mechanisms can be used [31].

For fully leveraging the expressive power of ArichMate, a formal description
of how the model elements of different layers e.g. the application and technical
layer can be connected is necessary [5]. This is for example necessary to describe
that a certain sensor is used for an application which is executed for running

4 https://masteringarchimate.com/2016/06/26/archimate-3-0-the-good-the-bad-and-
the-ugly/ for a discussion
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a certain process step. Currently, the standard is very vague regarding such
inter-model connections. It describes for example that the interface model class
which belongs to the technology layer [...] can be accessed by other nodes or by
application components from the Application Layer.

Layer Class Attributes

Technology Layer Lock Sensor
Name, Communication protocol, Status,
Interface

Technology Layer GPS Sensor
Name, Communication protocol,
Precision, Interface

Technology Layer WebService Interface
Name, WebService type, Parameter,
Functional description

Technology Layer Cloud component Name, Service type

Application Layer Application Component
Name, Application type,
External/Internal component

Table 2: Additional/extended model classes including attributes

3.3 Design of a Domain-Specific Modeling Language

In this section an excerpt of a modeling language for the description of the use
case shown on the lower left corner of Figure 3 is introduced. The model elements,
its notation as well as its semantics are described in Table 3. In total the domain-
specific language contains three classes and one connector. For each of these
elements we described the semantics informally using natural language (following
the formalization framework as proposed by [5]). Additionally, we added the
corresponding ArchiMate modeling element - which we used for modeling the
use case in Figure 3 - as well as its semantics to the table. We took the semantic
description of the ArchiMate elements from the standard [31].

Concept ArchiMate Element Domain-Specific Element

Lock Sensor

A device is a physical IT resource upon
which system software and artifacts may
be stored or deployed for execution.

A lock sensor is a physical device in a
car for locking an unlocking it. It might
offer digital interfaces for controlling it.

GPS Sensor

A device is a physical IT resource upon
which system software and artifacts may
be stored or deployed for execution.

A GPS sensor is a physical device which
tracks the position. It might offer digital
interfaces for accessing the current
position.

Interface

A technology interface represents a
point of access where technology services
offered by a node can be accessed.

An interface represents a technical
interface (REST or SOAP) through
which other applications can
communicate, guide or control the
system which offers the interface.

OffersInter-
face

A path represents a link between two or
more nodes, through which these nodes
can exchange data or material.

The offersInterfaces connector is used by
sensors to describe that they offer an
interface.

Table 3: Comparison of the elements of the domain-specific language with the
corresponding elements in ArchiMate
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To emphasize that the domain-specific modeling language is not only the
introduction of a user-defined notation, we created an example which is depicted
in Figure 4. It shows the model layer as well as the metamodel layer from the
classical metamodeling stack (see e.g. [17] for more information). In the paper
at hand we analyzed ArchiMate and the domain-specific language. Excerpts
of their metamodels are shown on layer 2, the metamodel layer. On layer 1
there are two identical models which we created for a better readability of the
figure. With both metamodels we are able to create the model elements used
in the two models. From a syntactical point of view the introduced domain-
specific modeling language is similar to the excerpt created with ArchiMate.
The most obvious syntactical difference is that the domain-specific modeling
language distinguishes between two sensor classes - in ArchiMate we used the
device class for representing both sensors. Furthermore, as shown in Table 2 we
enriched e.g. the interface class with attributes.

While the syntax of the two languages is similar, a comparison of the semantic
description of the domain specific language and ArchiMate - see Table 3 - reveals
that their semantics is different. In the right model (referenced with 1 in Figure 4)
the sensors are represented by instances of the device class and the interfaces were
created by instancing the technology interface class. Thereby, the instances like
the GPS Sensor and the Lock Sensor inherit the semantics of the class Device.
The semantics gained through this kind of inheritance is known as the type
semantics [17]. As already described, the semantics of the classes in ArchiMate is
limited and consequently, the inherited semantics of the corresponding instances
is limited, too. Contrary, by using domain-specific languages the type semantics
is richer. This semantic richness comes at the price of limited applicability for
other domains. For example, the appliance of the previously introduced lock
sensor class is limited to cars.

We will further develop the introduced language within the Open Models
Initiative Laboratory (OMiLAB). OMiLAB is a research initiative for concep-
tualization, development, and deployment of modeling methods and the models
designed with them5. OMiLAB hosts already projects in domains such as se-
mantic alignment of models [13], multi-view modeling [7] and industry related
domain-specific modeling [8]. For more information about the OMiLAB please
see [19]. An overview of existing open modeling tools realized within the OMi-
LAB is given in [21].

4 Conclusion and Further Research

The trend towards a product-service driven economy leads to ecosystems where
enterprises are tightly connected with other stakeholders and service providers.
These connections lead to complex IT infrastructures that need to be integrated
and managed in a digital enterprise ecosystem. Existing enterprise modeling
methods have the problem that their expressiveness is limited. In this paper

5 http://www.omilab.org/psm/about
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Fig. 4: Excerpt of the scenario model created with ArchiMate

we elaborate this problem by developing a scenario in the mobility provision
domain. Based on the Car2Go scenario, we proposed domain-specific extensions
for ArchiMate in order to increase its expressiveness and adequacy. In our future
work we will develop a comprehensive digital enterprise ecosystem modeling
method within the Open Models Initiatve Laboratory (OMiLAB, www.omilab.
org). moreover, we plan to design and develop an open modeling tool to support
design and management of complex digital enterprise ecosystems. In this regard,
we plan to investigate how we can use the created models as a diagrammatic
source for knowledge engineering (cf. [9]).
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17. Höfferer, P.: Achieving business process model interoperability using metamodels

and ontologies. In: ECIS. pp. 1620–1631 (2007)
18. Iacob, M.E., Jonkers, H., Lankhorst, M.M., Proper, H.A.: ArchiMate 1.0 Specifi-

cation. Zaltbommel: Van Haren Publishing (2009)
19. Karagiannis, D., Buchmann, R.A., Burzynski, P., Reimer, U., Walch, M.: Funda-

mental conceptual modeling languages in omilab. In: Dimitris Karagiannis, Hein-
rich C. Mayr, J.M. (ed.) Domain-Specific Conceptual Modeling, pp. 3–30. Springer
(2016)
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Abstract. The paper proposes a knowledge-centric interpretation of the notion 
of Serviceology, as well as technical means of making this interpretation opera-
tional. On a theoretical level, the proposal mixes principles from the disciplines 
of Knowledge Management, Conceptual Modelling, Service Science and Artifi-
cial Intelligence in order to articulate a notion of Serviceology in the sense of 
"service knowledge", then to deploy this knowledge "as-a-service" through 
conceptual modelling and knowledge graph distribution platforms. The goal is 
to establish a service management support framework, labelled here as 
SERVaaS (Servicelogy-as-a-Service), based on hybrid systems that maintain 
both human-oriented and machine-oriented representations of service 
knowledge. The human-oriented representations are enabled by agile, domain-
specific service modelling methods, whereas the machine-oriented representa-
tions rely on distributed graph databases exposing knowledge graphs through 
RESTful APIs. The proposal is based on practical project experience, aiming 
towards the demonstration of enterprise semantics-awareness in information 
systems. 

Keywords: Service Management, Knowledge Graphs, Service Modelling, Met-
amodelling 

1 Introduction 

The Society for Serviceology [1] is promoting the need for a scientific systematisation 
of services and their technological support, therefore the emphasis is placed on the 
convergence of services and technology, at least in a manufacturing context [2]. 
However the etymology of the "serviceology" term includes "logos", which may be 
considered more than just a suffix of "technology", suggesting that Serviceology may 
also be interpreted as "service knowledge" or "reasoning on services". This interpreta-
tion must be operationalised through technological means, therefore the technology 
facet is not lost, and is instantiated in the work at hand by a particular approach that 
mixes conceptual modelling and knowledge representation techniques within a com-
mon deployment environment. 
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In short, the technical proposal relies on agile service modelling languages to cap-
ture service knowledge in diagrammatic form and on Resource Description Frame-
work (RDF) knowledge graphs to derive and enrich that knowledge. Graph databases 
are employed to store the content and Web services based on standard RESTful pro-
tocols are employed to expose the machine-readable service descriptions (and any 
data linked to them) to arbitrary apps that need to be "sensitive" to the domain-
specific semantics of services and their enterprise context. 

On a theoretical level, this vision is subordinated to the proposed "Serviceology-as-
a-Service" (SERVaaS) concept - a service management support framework that con-
verges from a particular perspective on Knowledge Management Systems and from 
disparate application cases originating in multiple projects that addressed the chal-
lenge of agile service modelling with varying degrees of domain-specificity. A work-
in-progress proof-of-concept will be discussed here in the form of a domain-specific 
modelling language for Product-Service systems – an emerging business model that 
blurs distinctions between products and services in order to gain flexibility in cover-
ing the variability of customer needs and to improve their engagement. 

The remainder of the paper is structured as follows: Section 2 introduces SERVaaS 
on a high abstraction level, foreshadowing its key enablers as well as the instantiation 
to be detailed later; Section 3 discusses background and related works; Section 4 
grounds SERVaaS in a project-based case and provides insights about its instantia-
tion. The paper ends with conclusions and an outlook to future developments of the 
SERVaaS vision, systematised in the form of a SWOT analysis. 

2 Introducing the SERVaaS Concept 

As suggested by Fig. 1, SERVaaS is the result of a convergence between enablers 
pertaining to knowledge representation (as understood in Artificial Intelligence), 
knowledge conversion (as understood in Knowledge Management), enterprise model-
ling (as a specialisation of Conceptual Modelling) and service science (as a source of 
domain-specific semantics for conceptualising the "service" concept). In terms of 
applicability, SERVaaS relies on a knowledge conversion cycle inspired by Nonaka's 
seminal "Socialisation-Externalisation-Combination-Internalisation" (SECI) cycle [3], 
popularised in the Knowledge Management literature. The SECI cycle is specialised 
by SERVaaS for "service knowledge" assets and for knowledge conversion mecha-
nisms that combine diagrammatic modelling with the Resource Description Frame-
work (RDF) [4]. 

The SECI cycle is enriched by the knowledge distilling steps suggested in Fig. 2, 
towards the goal of making service knowledge available "as-a-service" to two com-
plementary classes of stakeholders – (i) decision-makers whose management practices 
involve enterprise modelling methods and (ii) those involved at operations level in the 
delivery of services. In the enriched version, the SECI phases are reinterpreted as 
follows: 

 the Externalisation phase has been traditionally accomplished by acquiring 
knowledge in natural language form, through weakly structured documents and 
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mixed content types; the traditional approach is replaced here with a guided con-
ceptual modelling effort, where a modelling language is tailored for capturing ser-
vice knowledge and stakeholder statements in diagrammatic "phrases", according a 
customised graphic vocabulary. The language can be agilely tailored to incorporate 
both generic semantics from the serviceology domain and specific semantics from 
the application domain (or even a single enterprise context, if language reusability 
outside this context is not a requirement); 

 

 

Fig. 1. Knowledge sources and conversion cycle in SERVaaS 

 Next, the Combination phase takes into consideration the recent advances in se-
mantic interoperability, which may be enabled by distilling (i.e., serialising) dia-
grammatic representations into machine-readable knowledge graphs. Fig. 2 sug-
gests this distillation process along the stages of (i) a procedural description in nat-
ural language (in this mock-up example, of some maintenance service delivery 
tasks), then (ii) the same procedural knowledge represented in diagrammatic form 
(using here the customised ComVantage notation [5]) and finally (iii) knowledge 
graphs written in RDF's Turtle syntax [6] for improved readability, ready for pub-
lishing and distribution with the help of a graph database management system; 

 The Internalisation phase is further facilitated by the availability of service 
knowledge in both diagrammatic and machine-readable form - the first will support 
knowledge transfer between stakeholders, whereas the second will feed 
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knowledge-driven systems through a Web service-based architecture for which 
numerous technical solutions have been established. 

The concept of modelling method [7] and the RDF data model [4] provide the con-
ceptual and technological enablers for this new variant of the SECI model and for its 
knowledge distilling steps, whereas the Agile Modelling Method Engineering 
(AMME) framework [8] is the methodological enabler that makes it possible to tailor 
a modelling language for the serviceology domain, for the targeted enterprise case and 
its decision-making needs. 
 

 
Fig. 2. Knowledge distilling steps grafted on the SECI model 

3 Background and Related Works 

As Fig. 2 indirectly suggested, the technological support for SERVaaS is twofold: (i) 
a modelling language/tool is necessary to formulate "phrases" in diagrammatic form, 
with the help of graphical notations corresponding to well defined syntax and seman-
tics customised for the application context; (ii) an RDF vocabulary and a serialisation 
mechanism are necessary to transfer the diagrammatic constructs to machine-readable 
statements (stripping them from the graphics that are irrelevant for machine interpre-
tation and reasoning). 

The knowledge-intensive nature of service design has been recognised in the ser-
viceology literature [9] and is specialised here with a conceptual modelling approach 
that considers the notion of Service as an "artefact under study", aiming to capture its 
semantics and the factors contributing to value creation through services. A modelling 
method can be engineered to facilitate the knowledge acquisition and "synthesis" (an 
effort recognised by [10] as associated with service design). 

Considering the definition of a modelling method [7], one key building block is a 
modelling language which must provide notation (graphical symbols), abstract syntax 
(structural constraints on how symbols may be combined in well-formed diagrammat-
ic models) and semantics (the concepts assigned to each graphical symbol and their 
editable, domain-specific properties). Domain-specific modelling languages can be 
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tailored for cases where knowledge acquisition and domain-specific mechanisms are 
favoured (i.e., required) to the detriment of reusability across domains (typically ad-
dressed by general purpose languages) – reasons for this may pertain to productivity, 
machine-interpretability or knowledge management goals, and the domain of service 
design provides ideal cases considering the importance of domain specific and con-
textual aspects. Several engineering methodologies have been established for tailoring 
modelling languages [8][11] and a wide palette of such languages have been over-
viewed in a first volume of a series dedicated to domain-specific modelling [12] (it 
also includes a few languages tailored for the service management domain – e.g., [13] 
[14]). Such languages can be deployed as modelling tools, implemented with the help 
of metamodelling platforms that allow a full diagrammatic language design (see [15] 
[16]). The work at hand employs ADOxx [15] as the underlying platform and Agile 
Modelling Method Engineering [8] as a methodology – both are enables made availa-
ble to members of the Open Models Laboratory (OMiLAB) research network [17]. 

The modelling language to be showcased here evolves a fragment of the 
ComVantage enterprise modelling method [5][18] which originated in the 
ComVantage FP7 [19] project (in this stage we keep most of the ComVantage nota-
tion, focusing on semantics). The fragment evolves towards the objective of the fol-
low-up project EnterKnow [20] – i.e., to demonstrate the concept of enterprise-
awareness based on hybrid knowledge representations combining an ontological 
graph databases with a diagrammatic model base (thus fulfilling the "Serviceology-as-
a-service" vision as outlined in this paper, which may serve as a foundation for ser-
vice delivery platforms). 

A key distinction between the language to be presented here and the service model-
ling languages referenced earlier in this section is the semantic interoperability with 
RDF knowledge graphs, thus making service knowledge available in dual representa-
tions, for multiple interpretations on the Combination and Internalisation phases from 
SECI. At the same time, it creates opportunities for evolving Web 2.0 service man-
agement systems (e.g., [21]) to the Web 3.0 stage through its use of semantic technol-
ogies. 

Web 3.0 proposes knowledge graphs as a popular knowledge representation tech-
nique based on the RDF data model and popularised through initiatives such as Goog-
le's Knowledge Graph API [22] or DBPedia [23], which basically expose machine-
readable conceptual graphs (representing knowledge of public interest) to arbitrary 
client applications. Arbitrary clients may retrieve graphs from such "knowledge ser-
vices" through HTTP-based protocols [24] and graph query languages [25]. The tech-
nological space associated with knowledge graphs, originally employed for metadata 
publishing and semantic lifting, is repurposed by SERVaaS to distribute the service 
knowledge distilled from diagrammatic representations, which in turn are enabled by 
a customised service modelling language. 

The knowledge distilling mechanism is based on a catalogue of diagrammatic pat-
terns that have been investigated over time in various modelling languages (with im-
plementations available in OMiLAB [17]). The patterns have been formally described 
in complementary publications such as [26] and [27]. Based on them, graph queries 
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may be employed to retrieve the diagrammatic semantics (see [28] for a different 
application domain). 

In the next section, the paper will focus on the service modelling language, to pro-
vide insights about the knowledge structures that may be provided "as a service", both 
in a service modelling environment and by graph publishing services for arbitrary 
client queries. 

4 Proof-of-concept 

4.1  The Modelling Language 

The proposed service modelling language is summarised through Fig. 3 (diagrammat-
ic samples), Fig. 4 (notation legend) and Fig. 5 (the language vocabulary). Service 
descriptions are composed of three views that are semantically interlinked: 

 The Product-Service view describes product-service mixtures through a flavour of 
feature-modelling [29] with specific semantics enabled for the otherwise generic 
"features" (here named "values"). The example in Fig. 3 shows a Printer product 
class which may be offered in combination with one of several Service Level 
Agreements (SLAs), each with its distinct benefits: a Basic SLA (includes an on-
demand toner replacement service, a contract for on-request corrective mainte-
nance interventions), a Gold SLA and a Platinum SLA (both including the rental of 
the printer instead of buying, plus different classes of preventive interventions dis-
tinguished by the type of preventive processes – see the links from the process 
map); 

 The Technical view describes the actual product to which services are associated, 
in a domain-specific decomposition (not only the "parts" but also the "part-of" rela-
tions have domain specificity) – here the printer is decomposed into printer parts 
and their relevant sensors; various "issue" classes have adequate maintenance ser-
vices prescribed to them ("issues" may be defects signalled by combinations of 
sensors, but also explicit requests made by customers based on their acquired SLAs 
– e.g., toner replacement request); 

 The Procedural view describes, in flowchart-like representations, how services are 
delivered for each issue class, how they are mapped to different SLAs, as well as 
other project-relevant properties (e.g., task responsibilities and skill requirements – 
reflected here only in the metamodel Fig. 5 to keep the example easy to grasp). 

The notation legend in Fig. 4 leaves out certain relations that may be identified in the 
metamodel (Fig. 5). Some relations that are not available as visual connectors on the 
modelling canvas. Instead, they can be created as hyperlinks, enabling navigation 
between different diagrammatic models (suggested in the legend of Fig. 3). However, 
they differ from typical HTML hyperlinks by well-defined syntax and semantics – 
i.e., constrained domain, range, link-level attributes. Such "meaningful" hyperlinks 
are the basis for unifying the different views in a common knowledge graph, thus 
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making it amenable to semantic queries and reasoning (e.g., graph queries using the 
SPARQL language [25] or rule-based reasoning systems). 
 

 
Fig. 3. Model samples 

 
Fig. 4. Key notational elements 
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Fig. 5. The modelling language vocabulary 

4.2 Deployment Architecture 

The architecture for deploying SERVaaS is described in Fig. 6, which emphasises the 
dual nature of service knowledge consumed as knowledge services: (i) diagrammatic 
service models created and maintained in a modelling tool with shared use (or access 
to a common model base); (ii) the knowledge graphs distilled from those models are 
stored on graph database servers that provide RESTful endpoints for semantic queries 
(see [24] for a popular HTTP-based protocol). 

The OMiLAB collaborative environment offers key pillars for such a deployment, 
with its internal architecture described in [30] and an example of modelling language 
hybridisation based on Agile Modelling Method Engineering in [31]. Graph database 
servers are widely available to fulfil the second requirement – e.g., GraphDB [32], 
RDF4J [33]. Besides scalable storage capabilities, they provide production-ready 
capabilities for reasoning (rule-based or ontology-based), for deriving data graphs 
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from legacy data systems (e.g., CSV, Excel through the OntoRefine adapters of 
GraphDB), for performing data graphs analytics and for publishing graphs through 
standardised HTTP-based protocols and formats. The knowledge distilling mecha-
nism for converting diagrammatic representations to RDF knowledge graphs is avail-
able at [34] - already incorporated in modelling tools such as BEE-UP (BPMN, EPC, 
ER, UML, Petri Nets) [35] and also available for customised modelling languages 
such as the one hereby discussed, in the form of an ADOxx plug-in. 

 

 
Fig. 6. Deployment architecture for SERVaaS 

5 Conclusions 

SERVaaS was introduced in the work at hand as a service management framework 
that makes extensive use of "service knowledge" captured in different forms along a 
knowledge conversion cycle inspired by the SECI model. A service modelling lan-
guage was presented as a project-based example of service knowledge externalisation 
support and complementary references were provided for its methodological frame-
work and technological enablers. In the following, we draw the conclusions in the 
form of a SWOT analysis: 

Strengths: SERVaaS advocates a particular interpretation on serviceology, placing 
emphasis on its knowledge management aspects which are often obscured by the 
endeavours of investigating the service-technology interplay. Technical solutions 
have been developed to support the instantiation of SERVaaS and a proof-of-concept 
modelling language was presented in this paper. 
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Weaknesses: The deployment architecture is superficially addressed in this paper 
as it largely relies on the infrastructure and enablers made available by the Open 
Models Laboratory for experimentation purposes. (additional details may be consult-
ed in provided references). The focus of the current investigation, subordinated to the 
EnterKnow project [20] are on diagrammatic semantics and the processing of seman-
tics. 

Opportunities: SERVaaS may be a foundational platform for developing "enter-
prise-aware" information systems that use diagrammatic semantics as back-end, there-
fore becoming sensitive to the knowledge expressed in models. 

Threats: Modelling languages are often perceived as standards (or at least invari-
ant artefacts) aiming for global adoption and cross-domain reusability, with human 
interpretation being a key factor for establishing the intended diagrammatic seman-
tics. SERVaaS depends on metamodelling platforms and methodologies such as 
AMME [7] to tailor semantics for domain-specific service descriptions. Otherwise, 
the opportunities pertaining to SECI's Combination phase are drastically limited. 
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Abstract. In this study, we argue that important of strategy, business, design, 
and technology alignment affecting an organization’s ICT enterprise architec-
ture is also reflected by business management perspective and business process 
model. Enterprise Architecture (EA) is an effective way to develop current and 
future views of the entire enterprise. EA does this primarily by integrating the 
processes for strategic, business and technology planning in a way that also in-
tegrates with other business and technology process. The seamless collaborate 
and synergize working between technology and non-technology executives and 
professionals are needed in the designing and formulating enterprise architec-
ture. Therefore, in order to facilitate this analysis, we propose an approach to 
relate EA specified business architecture to business process innovation, mod-
eled using Service blueprint and Business Process Model and Notation 
(BPMN). Our approach is accompanied by a method that supports the process 
automation of business process model and is illustrated by a Healthcare service 
practice as a case study. 
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From Service Design to Enterprise Architecture: 
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1 Introduction 

One of the grand challenges that complex enterprises face is to develop a way to ho-
listically see as they are in this current situation and as they want to be in the future. 
Enterprises also are looking for the way to formulate business and strategic planning 
that aligns information and communication technology (ICT) with their service and/or 
business functions that it supports. Since enterprises are facing with two issues which 
are  

1) System complexity: enterprises were spending more and more money 
building ICT systems,  

2) Poor business alignment: enterprises get difficult to keep increasingly ex-
pensive ICT systems aligned with business and service need and commu-
nication gap between ICT and Non-ICT executives and professionals.  

To make this possible, a technique is necessary for relating business to ICT or linking 
service design to enterprise architecture.  Therefore, we conclude with the formulation 
of our research goals:  

1) To relate service design to enterprise architecture through their modeling 
formalisms and 

2) To explore the relating of business architecture, service blueprint and 
business process model and notation (BPMN).  

The remainder of this article is organized as follows; section 2 covers some back-
ground on service design, enterprise architecture, and its applications. Then section 3 
and 4, we present the proposed approach for relating the two applications into busi-
ness architecture. To demonstrate the method and how we relate business architecture, 
service blueprint, and BPMN, in Section 5, we elaborate an example used in 
healthcare service practice. We conclude the article with a discussion of the related 
work (Section 6), a summary of our contribution and with some issues to future work 
(Section 7). 

2 Background 

As we aim to explore the relationship between service design and enterprise architec-
ture, we first motivate our selection for these two formalisms and then introduce their 
concepts and their essential model respectively. 
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2.1 Service design 

The design has several definitions, but at its kernel it is the process of transforming 
ideas into reality, making abstract thoughts tangible and concrete. Service design (SD)  
[1-3] is  

1) A multidisciplinary area that helps innovate services by bringing new ide-
as to life through a design thinking approach. 

2) Human-centered and holistic, which requires the integration of service sci-
ence, management, engineering, the social sciences, and the arts through 
the creation and use of design-based method and tools. 

3) All about making services we use usable, easy and desirable. 
4) A comprehensive term used in various knowledge domains for solving dif-

ferent problems and it helps enterprises keep competitive and desirable of-
ferings for their customers. 

Service design is also a process of creating touchpoints and defining how they interact 
with each other and the customer or user. Using design tools and methods can deliver 
an understanding of customer behaviors and needs which can enable new solutions to 
be developed.  

Regarding service research, there are two key methods which are 1) Process-oriented 
service design method and 2) Interaction design and software engineering methods.  
Thus, service blueprinting and lean consumption come from service management and 
use case and activity diagrams from software engineering are applied for the process-
oriented method. Unified Modeling Language (UML) provides useful contributions 
for designing interaction processes respectively.  

In industrial practice, the design process is divided into four phases: discover, define, 
develop and deliver. Tools and methods of each phase [2] can clarify as below 

1) Discovery: user journey mapping, user diaries, and user shadowing 
2) Define: user personas, brainstorming, and design brief 
3) Develop: service blueprinting, experience prototyping and business model 

canvas 
4) Delivery: Scenarios 

The service design methods and techniques summarize above provide partial views 
that should be integrated or synergized with other methods to solve the business and 
ICT alignment issues in the enterprise. 

Service blueprint  
Service blueprinting has a long history of service marketing and innovation and is 
used in understanding existing services or planning new ones [4]. A service blueprint 
is a detailed visual representation of the total service over time – showing the user’s 
journey, all the different touchpoints and channels, as well as the behind the scenes 
parts of a service that make it work [2].
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The main objective of service blueprinting is to create a solid foundation for service 
improvement across the service system through enhancement, redesign, or re-
engineering [5].

There are five components of a typical service blueprint as Fig. 1 for a diagram of key 
components [6] which are 1) Customer actions, 2) Onstage/Visible contact employee 
actions, 3) Backstage/Invisible contact employee actions, 4) Support processes, and  
5) Physical evidence. 

Service blueprint components
Physical Evidence
Customer actions Line of interaction
Onstage/Visible contact employee actions Line of visibility
Backstage/Invisible contact employee actions Line of internal interaction
Support processes

Fig. 1. Service blueprint components 

2.2 Enterprise Architecture 

Today, and for the future, EA will help organizations address such difficult terrain by 
guiding the design of adaptive and resilient enterprises and their information system 
[7]. EA is a practice and emerging field intended to improve the management and 
functioning of complex enterprises and their information system [8]. Another com-
monly referenced definition of the term EA was given by the open group, which con-
siders EA as having two meaning depending on the context [9]: EA is  

1) a formal description of a system or a detailed plan of the system at com-
ponent level to guide its implementation 

2) the structure of components, their inter-relationships, and the principles 
and guidelines governing their design and evolution over time 

The simplest form of EA, the idea of EA is that of integrating Strategy, Business, and 
Technology (EA=S+B+T) which proposed by Bernard, S. [10]. EA is both a man-
agement program and a documentation method that together provides an actionable, 
coordinated view of an enterprise’s strategic direction, business services, information 
flow, and resource utilization.  

In summary, EA [10-12] is  

1) the authoritative source for reference documentation and standards, mak-
ing governance  more effective 

2) repeatable, scalable methodology, making the agile enterprise 
3) approach to manage and drive change, in alignment with strategic and 

business goals, making the enterprise more successful 
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EA Framework is a discipline or guidelines for defining and maintaining the architec-
ture models, governance and transition initiatives needed to effectively coordinate 
disparate groups towards common business and IT goals. It also links an enterprise’s 
business strategy to its change programs. There are several independent EA frame-
works the most well-known among them are The Open Group Architecture Frame-
work (TOGAF) [11] and the Zachman framework [12].  

2.2.1 Overview of TOGAF 
TOGAF [11] is a framework for EA which provides a comprehensive approach to
designing, planning, implementation, and governance of enterprise information archi-
tecture. It provides a high level and holistic approach to design, which is typically 
modeled at four levels as shown in Table 1. 

Table 1. Architecture types supported by TOGAF 

Architecture 
type / Layer

Description

1. Business
The business strategy, governance, organization, and key busi-
ness processes

2. Data
The structure of an organization’s logical and physical data assets 
and data management resources.

3. Application 
A blueprint for the individual application to be deployed, their 
interaction and their relationships to the core business processes
of the organization.

4. Technology
The logical of hardware and software capabilities that are re-
quired to support the development of business, data, and applica-
tion services.

TOGAF uses Architecture Development Method (ADM) for providing a tested and 
repeatable process for developing architectures. All of the activities are carried out 
within an iterative cycle of continuous architecture definition and realization that 
allows enterprises to transform themselves in a controlled manner in response to busi-
ness goals and opportunities. The basic structure of the ADM [13] which consist of 
eight phases is shown in Fig 2.  

2.2.2 Overview of Zachman framework 
The Zachman Framework for Enterprise Architecture (ZFEA) depicted in Fig. 3 as a 
6x6 bounded matrix where the columns depict the fundamentals of communication or 
primitive interrogatives, namely what, how, when, who, where, and why [8]. The 
intersection between the interrogatives and the transformations in the ZFEA are the 
framework classifications and primitive elements. Each cell in the ZFEA is a normal-
ized fact so that no one fact can show up in more than one cell. The architecture of an 
enterprise is the total set of intersections between the abstractions and the perspective 
and the enterprise itself is the implementation, depicted in the framework as row six.  
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Fig. 2. Architecture Development Cycle 

As Fig. 3, the Zachman Framework has six perspectives and six dimensions. The six 
perspectives are 1) Scope (Planner’s perspective), 2) Enterprise model (Owner’s per-
spective), 3) System model (Designer’s perspective), 4) Technology model (Builder’s 
perspective), 5) Detailed model (Subcontractor’s perspective), and 6) Functional rep-
resentations (Operator’s perspective). Another six dimensions are 1) Data (What?), 2) 
Function (How?), 3) Network (Where?), 4) People (Who?), 5) Time (When?), and 6) 
Motivation (Why?). 

2.3 Business Process Model and Notation (BPMN) 

BPMN [14] is a business process modeling standard and certainly the language most 
used for diagrammatically representing process [15]. It provides a standard business 
process model notation for describing and analyzing the business process in detail.  It 
consists of five types of elements: flow, data, artifact, swimlane and connector for 
visually business processes as shown in Table 2. 
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Fig. 3. The Zachman Framework [12] 

Table 2. Elements of BPMN 

Element Description
Flow business process activities, tasks, events, and gateways
Data business data objects and data stores
Artefact business process-related textual descriptions, annotations and 

groups
Swimlane business process orchestration and choreography patterns by 

using pool and lane elements
Connector the association, message flow and sequence flow between differ-

ent elements

3 Relating Service Blueprint (SB) and Business Process Model 
and Notation (BPMN)  

The relationship of SB and BPMN can be clarified as below [16]
1) Service blueprinting processes are similar to BPMN's idea of swimlanes. In 

service blueprint, swimlanes separate customer actions, customer facing em-
ployees’ actions and functions, and backstage functions, actors, and infor-
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mation systems, thereby effectively mandating certain swimlanes for the 
purpose of analyzing points of contact between the enterprise and a custom-
er.  

2) Service blueprinting also intentionally differentiates between different func-
tional areas and roles within each area to highlight and IT systems.  

3) BPMN and service blueprinting has physical evidence as front-stage indica-
tors to customers of service quality and to constrain customer actions by 
carefully designing the servicescape. 

In comparison, service blueprinting has a higher capacity to represent user experience 
and is a suitable process modeling formalism to design customer-provider interface. 
BPMN can be used when the practitioners aim to depict organizational department, 
systems, and roles that involved in service delivery process in detail. BPMN has the 
capability to represent any parts of the service provider organization and their interac-
tion with the customer [4].  

Organizational and informational views of BPMN make a preferable modeling ap-
proach for information systems and business analyst. BPMN is now applied in the 
healthcare sector; representing kidney transplantation process in Brazil [15]. It is evi-
dence that service design and ICT can enhance the effective governance for public 
sectors’ service delivery.

4 The relationship among Business Architecture (BA) layer of 
Enterprise architecture, Service blueprint and Business 
Process Model and Notation. 

The cross-disciplinary research and practice of BA, SD, and BPMN are applied. Re-
garding BA of EA and TOGAF as shown in Fig. 2, We can look at Phase B: Business 
architecture, it shows the fundamental organization of a business, embodied in 1) its 
business processes and people, 2) their relationships to each other and the environ-
ment, and 3) the principles governing its design and evolution. It also shows how the 
organization meets its business goals with the business process. In term of contents, 
Phase B presents 1) Organization structure, 2) Business goals and objectives, 3) Busi-
ness functions, 4) Business services, 5) Business processes, 6) Business roles and 7) 
Correlation of organization and functions 

For Zachman Framework as Fig. 3, row 2 represents enterprise model in owner’s 
view which focuses on business process models. The main outcomes are 1) business 
process models, 2) Business function allocation, and 3) Elimination of function over-
lap and ambiguity. For combination of row and column, we can describe as follows: 
1) Motivation/Why: policies, procedures, and standards for each process, 2) Func-
tion/How: Business processes, 3) Data/What: Business data, 4) People/Who: Roles 
and responsibilities in each process, 5) Network/Where: locations related to each 
process and 6) Time/When: events for each process and sequencing of integration and 
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process improvements. In common area of TOGAF and Zachman framework, we 
found that business process change is involved in Phase B of TOGAF-ADM and in 
Row 2: enterprise model of Zachman framework.  

In service design perspective, Service blueprinting visually depict steps in a service 
delivery process [17]. The aim of service blueprinting is usually an improved under-
standing of a service delivery system.  Service blueprinting support business process 
modeling that mapping internal processes to service process can be done. Then the 
Business Process Innovation is one of the key capabilities of the value creation sys-
tem. The modeling of business processes has become a focused aspect in how busi-
ness understands and collaborates about their processes. Business architecture (layer) 
of Enterprise architecture can be modeled in terms of a number if views such as or-
ganization view, business capability view and business process view [18]. Three ap-
proaches are business architecture, service blueprint and Business Process Model and 
Notation (BPMN). Service blueprinting supports customer service processes and 
BPMN supports understand an enterprise’s processes with particular focus on how 
ICT supports process automation. 

Although, the scope of BPMN is strictly limited to the modeling of business process-
es, and the business strategy, organizational structure, functional breakdowns, data, 
information, and rules models [18] are out of scope. We can use BPMN for modeling 
each business process details including actor/rules in process swimlanes and pools. 
Thus, this approach can fulfill the formation of EA starts from Business architecture 
by illustrating business process model. Inclusion, Business process modeling can 
support the reinventing business processes, modernizing, re-imagining and digitizing 
business enterprise. A business process is the key linking point between arena of ser-
vice design and enterprise architecture which focus on business architecture. 

5 Case study: Outpatient department service of public hospital 

To demonstrate the usage of the method described in the previous section, we use an 
example case in healthcare practice with Thai public general hospital. Referring to the 
Hospital Management System, there are four main systems which are 1) service de-
livery system, 2) supportive service system, 3) development system and 4) Admin-
istration system. The first system, Service system has another four subsystems which 
consist of 1) Emergency medical service (ER), 2) Outpatient department (OPD) ser-
vice, 3) Inpatient department (IPD) service and 4) Progressive service. Each 
subsystem has workflow process since the beginning of the first entry until exit from 
the system.  

We will use the Outpatient department (OPD) service of the public general hospital as 
the case. From the point of medical provider, there are these following processes; 1) 
Administrative and documentary services, 2) pre-meet medical doctor services, 3) 
medical treatment, 4) post-meet medical doctor, 5) medical sciences laboratory ser-
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vices, 6) X-ray services, 7) refer to another clinic, 8) admit services, 9) Refer to other 
hospital and 10) Pharmacy and payment services. It has the advantage of being famil-
iar and realistic. As patient/customer-centered, service blueprint of OPD is illustrated 
in Fig 4.  

Fig. 4. Service blueprint of OPD service 

Service blueprinting as an appropriate method when an enterprise has a customer-
centric view toward its service delivery process [4]. An enterprise can utilize service 
blueprints to bundle a customer focus across the enterprise and enable customer-
oriented business practices. Many enterprises have successfully used service blue-
printing to increase customer satisfaction and repeat business.  

Fig. 5 shows a BPMN diagram of the OPD service that we used in the service blue-
printing section. BPMN can be used when the practitioners aim to depict systems and 
roles that are involved in service delivery process in detail. BPMN can make organi-
zational and informational views as a preferable modeling approach for information 
system analysts, business analysts, and professionals.  

From Service Design to Enterprise Architecture 211



Fig. 5. BPMN Diagram of OPD service 

6 Discussion 

Although, the idea of relating service design and enterprise architecture through ser-
vice blueprint and business architecture with BPMN seems to be quite justified and 
adopted for ICT and Non-ICT executives and practitioners in ICT and business area. 
EA represents a means for achieving coherency and consistency of a business system 
for relating strategic elements with business processes [9], for relating the business 
mission and goals with ICT mission and goals, and for ensuring more informed deci-
sions about important topics, such as integration with internal and external infor-
mation systems and business process optimization.  
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The common language for communicating with ICT and Non-ICT executives and 
practitioners are needed, to bridge the capabilities gap and enhance competitiveness 
from their end. Service design tool by service blueprint from the Non-ICT end is se-
lected and align with modeling language by BPMN to fulfill the business process in 
the business architecture of EA. The ICT tool's clean process modeling engages busi-
ness and IT from the start with service blueprint concept. Business people are not 
discouraged as they can visualize the process, make changes and drive the design. 
Other tools are targeted at developers so they give IT the full control. The business 
process model is designed to process for value co-creation with customer and stake-
holder and can produce good customer experience.  

Business process modeling in Business architecture layer is the business process in-
novation which is one of the key capabilities within the value co-creation approach. It 
is the approach to reinventing business processes to be modernized, re-imagined, and 
business digitized. The further study, beyond process modeling, enterprises can turn 
their process maps into running process applications without programming by ad-
vanced software tools and/or with Artificial Intelligence tools.  

7 Conclusion 

The main contribution of this study is first, we have related the service blueprint and 
BPMN for business process modeling to business architecture layer of enterprise ar-
chitecture framework. Second, we have elaborated the method by a case study of 
healthcare service practice. We also foresee possibility to extend this study. Future 
work may concern on 1) the approach of digital transformation in the enterprise 
through EA and 2) the alignment of service design tools with other enterprise archi-
tecture layer. Finally, as it can be seen, the linking method presented in this study has 
been realized using an existing tool that supports business architecture and service 
design with service blueprinting. However, evaluating the used method is still work in 
progress.  
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Abstract. Service ontology models have been applied to many application 
domains to facilitate the semantic rich specifications of various types of services, 
including the business processes, health care, manufacturing processes, etc. Re-
cently, many service models for the Internet of Things (IoT) domain have been 
proposed. However, these models are still mostly following the thoughts of soft-
ware services. In this paper, we discuss some differences of the IoT services from 
the software services and the requirements in service modeling for IoT services 
due to these differences. We also extend the existing software service model to 
support the specification of the IoT services and things.  

Keywords. Internet of Things, IoT service model, service computing, service 
ontology. 

1 Introduction 

In recent years, Internet of Things (IoT) have gained increasing attentions in research 
community and industry. It is estimated that there are tens of billions of “physical 
things” that are connected to the Internet, and the number is still growing rapidly. Var-
ious IoT applications are continuously being developed towards the goal of more ad-
vanced automation and improved human living. 

Many existing IoT systems are statically built. In these systems, the specific IoT 
devices and control and management software are statically selected and configured at 
the design time to achieve some predefined tasks and to handle some anticipated events. 
This type of systems has a similar nature as the conventional embedded systems, except 
that the constituent components (devices and software) are distributed in a wider area. 

The IoT world interconnects a vast variety of capabilities, which can be so powerful 
if they are properly made use of, in addition to their statically assigned tasks. Consider 
a dynamic composition example. The police office receives a report of a hit-and-run 
incident that occurred 10 minutes ago by a red sedan at a location with coordinate 
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, . The first task is to collect event related information, so police office will request 
the recorded videos, if available, from cars that may have been at location ,  10 
minutes ago. Then, another task will be to locate the culprit and request the image sen-
sors on cars and on smart roads located within 10 minutes driving distance from ,  
to detect the culprit. Both of these tasks are dynamic and the set of IoT devices cannot 
be identified in advance.  

Service computing technologies can be leveraged to help with dynamic discovery 
and composition of the IoT devices to handle dynamically arising tasks. The fundamen-
tal technique for service discovery, selection, and composition is the service model. 
Without proper service specifications, the discovery and composition tasks will not 
work properly. However, existing service models are mainly designed for software ser-
vices and may fall short for the modeling of IoT services. Some research works focus 
on the modeling issues for IoT services, such as encapsulating device control and inter-
action details and providing high level service interfaces [1] [2] and event based service 
modeling to manage the interactions among IoT services in an application system [3] 
[4], etc. Though these models are essential to IoT services, they mostly follow the same 
thoughts as software services, and do not consider some specific issues that are different 
in IoT services as compared to regular software services.  

In this paper, we consider the insufficiency of existing service models for the IoT 
domain and discuss what should be considered in the IoT service model that have not 
been considered important or have not been considered at all in software service mod-
els. We then propose the modeling techniques to bridge the gap. The major issues we 
have identified and the modeling solutions are discussed in Sections 2 to 5. Section 6 
surveys the existing IoT service models and discusses their potential problems. In Sec-
tion 7, we conclude the paper and state potential future research directions. 

2 Explicit Model for Things  

In existing service models, the specifications of the services focus on their functionali-
ties, not on the devices that can host the services. Also, a lot of research considers Qual-
ity of Service (QoS) issues during service composition and these works can address the 
availability, efficiency and other QoS issues of the service provisioning. But none of 
these need the specification of the underlying computing facilities that hosts the ser-
vices. This is because software services are hosted by computing facilities that have 
sufficient uniformity and can be left out from the picture. On the other hand, the ser-
vices provided by the IoT devices are mostly device specific and the characteristics of 
the devices can impact the service it provides. For example, all vehicles can provide the 
transport service, but each of them has its own characteristics, such as the capacity limit. 
If the cargo to be transported exceeds the limit of one truck, it is possible to select 
multiple trucks (different Things) or to select one truck and let it transport in multiple 
trips. Similar to software services, these issues may be left to QoS considerations. But 
due to the diversity of the devices, whether the devices are considered at the functional 
composition time or QoS based composition time, the specification of the IoT devices 
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should be explicit. Thus, besides specifying the services, the IoT service model requires 
the specific specification of the characteristics of the IoT devices. 

There have been specification models proposed to specify devices that may be suit-
able for IoT systems. For example, OASIS has published the Devices Profile for Web 
Services (DPWS) [3] which defines the schema for specifying a device and its services. 
DPWS defines web Service description, discovery, messaging, and eventing for the 
device. However, there are two problems with this type of models.  

(1) This model is device centric and services are defined as a part of the device spec-
ification. But frequently, the same service can be provided by a variety of devices. In 
this case, should we repeatedly provide the same service specifications for each device 
specification? We can also consider a service centric approach and for each service, 
define the devices that can provide the service. But this will raise the same issue. A 
device may be able to provide multiple different services, and the device specification 
should be repeated for the services.  

(2) The specification for devices in DPWS is far from comprehensive. The major 
fields defined in DPWS schema are the device name, model, maker, etc. The essential 
properties of the devices are missing. For example, for a car, it is better to know its 
number of seats so that proper device allocation and scheduling can be performed.  

Based on the observations above, we believe the IoT service model requires both the 
Services and the Things to be incorporated at the same upper level. They can be asso-
ciated to each other in the upper ontology, instead of having one belong to the other. 
Also, the detailed specification for the Things should include QoS related properties 
that may impact the composition decisions. However, different set of attributes are re-
quired for different types of Things. Due to the diversity of Things, it is difficult to have 
a comprehensive model. Thus, domain specific ontology is needed to enhance the spec-
ification of the properties and profiles of Things. Fig. 1 shows the upper ontology for 
the IoT Service-Thing model (ST-model). For time being, the Service class can use the 
popular service models such as OWL-S, WSMO, etc. Later we will discuss the neces-
sary extensions based on OWL-S for IoT service specifications. The expanded model 
for Things is shown in Fig. 2. 

 
Fig. 1. Upper Service-Thing ontology for IoT. 

In the Thing ontology, we try to incorporate the general classes for the specification 
of Things and leave the details to domain specific ontologies. The General characteris-
tics class is similar to the definition given in the “Characteristics” class of DPWS. The 
Q&Q properties class is to specify the quantitative and qualitative properties that may 
impact the service selection decisions. For example, if we need to transport a group of 
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10 people from one location to another, it is important to know how many seats (quan-
titative property) are there in each car (Thing) in order to make the correct decision on 
service and thing selection for handling the transport task.  

The Operation profile specifies the attributes that are related to how the Thing should 
operate. One important element in the Operation profile is the Control model, including 
the control mechanisms and commands for the Thing. Similar to the encapsulation fea-
ture in existing IoT middleware, the Control class can specify the detailed control com-
mands and how the upper level services are mapped to a control mechanism, i.e., the 

sequence of control commands. Also, Things may be nested. For example, a robotic 
swarm consists of multiple robots, which are also Things. In this case, the Control class 
can specify the mechanisms for the coordination of the lower level Things to achieve a 
certain service of the higher level Thing. These control mechanisms can also be speci-
fied in the Control class. 

Fig. 2. Ontology for the Thing. 

During service provisioning, there may be constraints on the provider Thing regard-
ing how its services can be provided. For example, in most cases, multiple services 
provided by one Thing will have to be provided exclusively. Some device may have to 
be operated at a certain temperature range. These and other constraints can be specified 
in the Usage constraints class in the Operation profile of the Thing.   

During the execution of software services, the computing facility would consume 
power. There are research works that consider how to minimize the energy consump-
tion for services. Similarly, the operation of a Thing may consume some resources. A 
temperature sensor consumes battery power when providing its temperature sensing 
service. A truck consumes gas when providing its “cargo transport” service. Also, some 
Things requiring maintenances can also be viewed as requiring some consumable re-
sources, e.g., a car would consume its maintenance free period. However, the issues of 
consumable resources for Things are different from the issues of energy consumption 
in software services. The energy consumption for software services can be handled as 
a QoS issue, while insufficiency of the consumable resources for the Things may re-
quire some external services to replenish them, which is a functional issue. Thus, the 
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resources and the sufficiency of the resources need to be exposed specifically in the 
specification of the Things. The event model is most suitable for this specification. The 
Consumable resources class can specify the resources needed and the events for insuf-
ficient resources. When such an event is triggered, external services can be activated to 
execute the replenishing task.  

Generally, a software service has an execution context, but it hardly has much im-
portance. In the physical world, the context of the Thing is very critical in service pro-
vision. For example, we cannot select a Thing in San Diego to fulfill a service required 
in Boston within an hour. Thus, the current context of the Thing and the context of the 
service request should be clearly specified. In fact, there is another important consider-
ation that is not there for software services. Consider that a service consumer requests 
for a service at location  within a time limit . A Thing  at location  can provide 
this service. Then, we cannot just select  for the task. We also need to compose the 
transport services to bring  from  to  within time  in order for  to properly fulfill 
the request. Here, we define the Current context class to specify the current context of 
a Thing. Later we will further discuss the issue of contexts in service composition.

A software service can be provided simultaneously to multiple requesters from dif-
ferent geographical locations, while IoT services may have to be provided with a spe-
cific context given in a request. Thus, scheduling has a significant role in the Thing-
ontology. We define the Scheduling class in the Thing ontology to address the sched-
uling issues. For example, a plumber (Thing) provides a plumbing service. Several 
houses may require the plumbing service concurrently. The provider can only offer the 
service one at a time, and needs to schedule these requests and needs to request transport 
services to bring itself to these locations. A requester can choose to use another Thing 
in case one cannot provide a satisfactory schedule. Though scheduling can be consid-
ered as a QoS issue, it may trigger functional compositions due to the context issue. 

3 Extending the IoT Service Model for the Contexts 

We consider the OWL-S model for IoT services, but some extensions are needed to 
allow the service model to fully support IoT systems. We have already discussed the 
Apply-to extension in the IoT service model in Section 3. Here we consider the context 
requirements for the IoT services.  

In the OWL-S model, a service is formally specified by its IOPE (inputs, outputs, 
preconditions, effects), where preconditions are the conditions that have to be satisfied 
before the service can be invoked and effects are the conditions that will hold after the 
execution of the service, if the preconditions are satisfied. A service request can be 
specified as an abstract service with its IOPE being the requirements for match making.  

Here, we define “Context preconditions” to support the specification of the context 
requirements in a service request. Why can’t the Context preconditions be specified as 
the regular preconditions? Generally, preconditions of a service are fixed conditions 
that stay the same for all service invocations. But Context preconditions are dynamic, 
and can probably be different in each invocation. Why can’t the Context preconditions 
be specified as an input? The composition reasoning process needs to take the Context 
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preconditions into account, but input values are not considered during composition rea-
soning. Corresponding to Context preconditions, we also define the “Context effects” 
class to specify the dynamic effects that impact the states of the service recipients. The 
extended service model for IoT services is shown in Fig. 3. 

Fig. 3. Extended IoT Service model. 

Separation of the regular preconditions/effects and Context preconditions/effects can 
also benefit staged composition reasoning. For example, consider a disaster site that is 
hard to reach by human rescuers. To reach the survivor-search goal, the functional rea-
soner selects a survivor-search service provided by a swarm of robots equipped with 
life detectors. The service has a Context precondition requiring that the provider Thing 
(the swarm) should be at the disaster site. To satisfy the goal, a functional composition 
reasoning is used to get a transport service provided by a truck. The QoS based com-
position reasoner can then select the truck that is closest to the swarm to provide the 
transport service. For complex composition problems, such separation can help reduce 
the complexity of the composition process. 

4 Issues in Composition of IoT Services 

In a composite service model, various composition constructs need to be provided to 
allow the services being composed by different execution patterns. For example, OWL-
S supports sequence, split, split-join, choice, any-order, iterate, etc. The composition 
constructs in most existing service models only consider control flow constructs, which 
are not sufficient for IoT services.  

Consider the example of survivor search by a swarm of robots. The robots cannot 
offer the survivor search service by themselves. The swarm can provide an “explore” 
service, but the effect of the explore service is traversing a region without any outcome. 
The robots need to be equipped with life detectors in order to provide the survivor 
search service. On the other hand, a life-detector Thing can provide the life detection 
service, but only within a small range. It is necessary to attached the life detector to a 
robot or a vehicle to fulfill the survivor search service. This type of composition cannot 
be reasoned if we only consider conventional control flow based composition con-
structs. We need some composition construct like “Apply”, which allows a service  to 
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apply its service effects to its recipient service , i.e., ’s new effects become the ag-
gregated effects of  and its own effects. When the “explore” service is applied to the 
“life detection” service, the composite service can be “survivor search”.  

In the physical world, things and their services sometimes need to coordinate with 
each other to accomplish a certain goal. For example, when a robot and its attached life-
detector perform the survivor search service, a survivor is discovered but with some 
heavy object fell on him. The robot also offers a transport service, which can lift and 
move away the object. But in this situation, the object is too heavy for a single robot to 
transport it. The robot can ask another robot nearby to collaboratively lift and move 
away the object. During this “composed” effort, the behavior of one robot impacts the 
other and they need to communicate, synchronize, physically interact, etc. to success-
fully achieve the goal. The composition between collaborative Things and their services 
can be complex and may have many different patterns. In a more complex collabora-
tion, many Things may have to collaborate to achieve the desired goal and the compo-
sition of their services can be even more complex. 

Instead of considering each case of collaboration, we consider both example cases 
given above in a uniform paradigm and provide a collaboration composition construct 
to support the specification of such compositions. The model for the collaboration com-
position construct is shown in Fig. 4. 

 
Fig. 4. Upper Service-Thing ontology for IoT. 

The collaboration between the services is governed by a collaboration service, which 
provides messaging, synchronization, event management, as well physical actions re-
quired for the collaboration. As can be seen, the collaboration composition may have a 
little similarity with the conversation model, but is far more complex. It can be used to 
in place of the conversation model to offer conversational services. For the first exam-
ple above, the collaboration service should specify that the robot should attach the life 
detector to itself and define the effects of the collaborative service based on the effects 
of the collaborative services. For the second example above, the collaboration service 
needs to provide the synchronization mechanism for the collaborative services and the 
collaborative services need to define all their synchronization points. 

5 Brief Literature Review 

There have been several service modeling research directions for IoT in the literature. 
One direction defines the event model, including event definition, publishing, and sub-
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scription, to model IoT service interactions. DPWS [3], SOCRADES [1], SenaaS (sen-
sor as a service) [2], and ED-SOA [4], are example works in this category. Though 
event model is indeed suitable for IoT services, the modeling concept and mechanism 
are almost the same as those for software services [5]. Another major direction is de-
signing middleware to support the encapsulation of detailed control of IoT devices and 
offering web service interfaces to simplify the IoT capability invocation. Representa-
tive works include SOCRADES [1], SenaaS (sensor as a service) [2], and ScriptIoT [6] 
are example middleware for IoT. Encapsulation is essential for the diverse types of IoT 
devices, but the concepts and designs in these middleware are not much different from 
conventional middleware for software systems. Some IoT models focus on sensors and 
sensor data, such as SensorML [7] and SSN-Ontology [8]. These models are data 
driven, in which services are composed for sensor data processing or for reacting to 
events detected from the IoT data. None of these existing works can address the issues 
in service modeling and composition for IoT services that are different from those in 
software services. 

6 Conclusion  

In this paper, we take a different approach form other research works in IoT service 
modeling and look into the issues in IoT service modeling that are different from exist-
ing software services models. We then attempt to construct a more comprehensive IoT 
service model to address these issues. 

We plan to consider a set of example cases to evaluate our IoT service model and 
further investigate the missing issues. Also, as discussed in some examples in the paper, 
the composition reasoning process for IoT services may be complex and it is better to 
decompose the composition process into multiple stages, including functional and QoS-
based compositions. We are developing automated composition techniques for IoT ser-
vices based on this decomposition approach. 
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Abstract. The goal of every business is to grow in a way to provide better ser-
vices as per demanding trends. As the 21st century is considered the era of tech-
nology, any business that does not adopt and modernize its services, will face the 
lack of customer interest. Moreover, transforming the services to the digital ser-
vice, businesses can grow faster than normal. In this research our target is to in-
vite and encourage the SMEs to upgrade their services by using the cloud. Small 
businesses require high flexibility and have a broad range of service preferences. 
At the same time SMEs have unique requirements while having limited budgets. 
Although there are millions of cloud services available, SMEs still struggle to 
exploit the full potential of the cloud. Decision makers in SMEs often lack the 
required knowledge about how cloud services can push their business forward. 
We propose a concept for SMEs which suggests the appropriate cloud service for 
their (individual) business. For this we use two different tools, service blueprint-
ing (Human interpretable) and ontologies (Machine interpretable). Service blue-
printing helps to observe and organize the service processes with respect to cus-
tomer’s point of view. On the other hand, by knowing business nature and service 
blueprinting technique, ontologies can help to propose an appropriate cloud ser-
vice for the business owners.  

Keywords: Service, Service innovation, Blueprinting, Enterprise Architecture, 
Cloud Service, Small and Medium sized Enterprise 

1 Introduction 

Nowadays enterprises operate in globalized, complex and highly competitive markets. 
This goes along with shorter planning and implementation cycles, rapid environmental 
changes and distributed work environments. In the era of digital transformation enter-
prises are forced to continuously rethink and adapt their business strategy in order to 
maintain their competitiveness. The cloud market for SMEs holds great promise in 
store. But small and medium sized enterprises (SME) still struggle to take advantage 
from digitalization by deeply integrating their business strategy with their information 
technology needs [1]. An essential prerequisite for successful strategy implementation 
at operational level is a proper alignment of business and information technology [2]. 
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However, in constantly changing environments business-IT alignment is still a chal-
lenge for SMEs [3]. Latter require high flexibility and have a broad range of service 
preferences. At the same time, they have limited budgets and decision makers do not 
have the required knowledge about how their business can benefit from the cloud.

This research aims at providing SMEs with a method to find the cloud service they 
need to run their business more efficiently and to gain competitive advantage. We pro-
vide SMEs with a method that allows them to capture their business requirements in a 
user friendly way and to retrieve appropriate cloud service proposals. The goal is to 
support service innovation and to enhance the end customer experience of SMEs. This 
goes along with process digitization, increase in productivity and cost savings. In order 
to enable a better business-IT alignment we draw upon the approach of [5], [6]. The 
research describes how ontologies and enterprise architecture modelling can support 
business-IT alignment by combining both graphical and ontological representations. It 
is suggested to use a hybrid modelling approach which enables both human interpreta-
tion and machine interpretation of enterprise models. The complexity of business-IT 
alignment will be described using a machine interpretable concept (enterprise ontol-
ogy).  

2 Overview of the Approach 

Enabling SMEs to enhance and support their business model through digital services 
should be achieved by developing a modelling method. Latter consists of a modelling 
language (syntax, semantics and notation), a modelling procedure (steps that are ap-
plied to develop a model) and mechanisms that are applied to the modelling language 
and procedure [4]. On one hand the modelling method should be human interpretable 
by providing modelling languages that are understandable for business stakeholders. 
On the other hand, the method has to be machine interpretable in order to foster con-
sistent business-IT alignment through automation. Because the relationships and de-
pendencies in enterprise architecture are complex, machine intelligibility can help to 
capture the knowledge and to reason about it. Automation can be achieved by using the 
concept of enterprise ontologies [5], [6]. Figure 1 depicts the concept of the modeling 
method. 

A graphical modelling environment provides SMEs with a tool that enables them to 
easily model respectively to capture business requirements. We suggest to draw upon 
the concept of Service Blueprinting [7]. A Service Blueprint is a process chart that 
shows the service delivery from a customer focused perspective. It consists of several 
layers: support processes, invisible contact employee actions, visible contact employee 
actions, customer actions and physical evidence (e.g. hotel room). Successful business 
owners and decision makers are familiar with the customer actions and how the enter-
prise creates value. Therefore, we suggest to enable decision makers to model the cus-
tomer actions in a simple BPMN notation. The BPMN model should be annotated se-
mantically in order to add extra information about the business that allows machine 
reasoning. For this purpose, the business Requirements meta model has been devel-
oped. The cloud service offers are described in the SaaS (Software as a Service) meta 
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model. Alignment between the business and IT level can be achieved through mapping 
the annotated BPMN model to the SaaS model and performing queries on the ontology. 
The results are cloud service proposals which correspond with the needs of the individ-
ual SME and fit into its business environment. 

Fig. 1. Modeling method concept 

In order to separate the human interpretable models from the ontology we suggest to 
use the concept of semantic lifting. Semantic lifting is a process that refers to associat-
ing content items with semantic objects. Latter are used as meta data to turn unstruc-
tured content into semantic knowledge sources. While decision makers are provided 
with end-user friendly graphical notations, the enterprise ontology is used to specify 
the semantic objects. Semantic lifting allows to make the human understandable meta 
models machine reasonable through transformation and vice versa [8], [9].  

3 Literature Review 

3.1 Enterprise Architecture Management 

The discipline of Enterprise Architecture includes all components needed to compre-
hensively describe an enterprise, such as processes, applications, organizational struc-
ture and business and operating models. The goal of Enterprise Architecture Manage-
ment (EAM) is to support enterprises to achieve their vision and strategy [10]. Over the 
past decades various Enterprise Architecture Management approaches emerged. They 
focus on different aspects and subsequently differ with respect to scope and granularity 
[11], [12]. Aforementioned approaches have been developed by practitioners [13], [14], 
[15], [16], [17], and [18]. In addition, scientists [19], [20], [21], [22], and the public 
sector [23]. Business-IT alignment is considered one of the most important topics in 
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EAM [24], [25], [26]. Most EA frameworks adopted the concept of different layers to 
classify EA components.  

Nevertheless theoretical foundation of strategy in context of Enterprise Architecture 
Management has not received much attention over the past decades [11], [27]. Common 
EA frameworks offer various methods for transformation from as-is to a future state 
(referred to as EA maintenance), but their approaches differ substantially from each 
other [12], [28]. In general, EA methods that support transformation from EA is-state 
to target-state are only partially available. There is room for further scientific contribu-
tion, in particular with respect to the development of Enterprise Architecture ontologies 
and tools that support automation [11], [28]. Moreover [5], [6] show how ontologies 
and enterprise architecture modelling can support business-IT alignment by combining 
both graphical and ontological representations. In this research we build on that ap-
proach. In addition to it we enhance the business architecture layer with concepts from 
service science. 

Service Science aims to explain how value is co-created, how interaction takes place 
in service systems, and how latter can be classified and explained. [29], describe service 
systems as “value-co-creation configurations of people, technology, value propositions 
connecting internal and external service systems, and shared information (e.g., lan-
guage, laws, measures, and methods). The smallest service system centers on an indi-
vidual as he or she interacts with others, and the largest service system comprises the 
global economy.” The service-dominant-logic of [30] may serve as “philosophical 
foundation” for service science, since it provides a theoretical construct – including 
concepts like vocabulary, assumptions etc. – which can be used as foundation for ser-
vice science. Service blueprinting has 5 layers which can evaluate the whole service 
from provider side to the consumer side. Using blue printing approach make the service 
process method more understandable and effective. As it is more easily understandable 
and human interpretable. 

4 Research Methodology 

The methodology followed in this research is based on the design science research ap-
proach [31], [32]. In context of this research we performed the two phases: the first one 
is awareness of the problem, and the second one is suggesting a draft for the solution.
We investigated how the business requirements from user perspective can be modeled 
using concepts from service science. We analyzed service blueprint models of 6 use 
cases with corresponding cloud services. Once the concept for the modelling method 
was established, we developed a first version of the ontology which incorporates the 
meta models and mechanisms.  

5 Results and Discussion 

The Meta model respectively the ontology consists of three different models. The 
BPMN model is used as a graphical interface for the user. It allows the decision maker 
to model the core process of their business model. In order to reduce complexity, we 
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suggest to use only the BPMN process, activity and task (see figure 4). The business 
requirements model includes all elements required for the semantic annotation of the 
BPMN model (see section 5.1). It enables the business user to easily annotate the 
BPMN model with keywords. The SaaS model describes the cloud service from a non-
functional perspective (see section 5.2). 

Fig. 2. Meta Model Concept  

5.1 Service Blueprint Meta Model 

The meta model for the Service Blueprint Model (see Figure 3) draws upon the insights 
of the case studies. A cloud service is normally related to one or several industries. An 
industry is, for instance, hospitality, building industry or pharmacy. We call the indus-
try in our meta model “Domain”. Furthermore, a cloud service might address a specific 
target group, which is called “Enterprise” in the meta model. For example, a restaurant 
management cloud service is used for the optimization of the supporting process in a 
restaurant. Depending on the features and the pricing model it might be mainly of in-
terest for customers who have at least five employees. By specifying this in the ontol-
ogy, SMEs with less than 5 employees won’t get this cloud service proposal. The key 
indicators for “Enterprise” are the number of employees and revenues per year. They 
support the decision whether it makes sense to propose a specific cloud service or not. 
Process, Activity and Task (highlighted with blue background) represent classes from 
the BPMN meta model.  

Fig. 3. Business Requirements Meta Model 
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The process is connected with Domain and Enterprise, since the user can annotate 
the whole process with this information. Moreover, the user can annotate single tasks 
of the process with the Action/Noun concept. Figure 4 shows an example of a service 
blueprint including the semantic annotation. With the concept of Domain, Action and 
Noun we enable the decision maker to annotate the BPMN model. If the domain is 
“Restaurant”, the decision maker can select verbs and nouns related to a specific indus-
try. For instance, the task “order burger” can be annotated with “Order” (action) and 
“Dish” (noun).  

Fig. 4. Modelling and Semantic Annotation of the Service Blueprint 

In order to make the annotation as simple as possible for the user, we draw upon a 
taxonomy and predefined rules in the ontology. The example below depicts the concept. 
If the user, for instance, annotates a task with the Action “order” two proposals will be 
shown: Dish and Beverage. The user can select either one or both.  

• Domain > Restaurant
• Action > Order

• Noun > Dish
• Noun > Beverage

• Action > Sit
• Noun > Table
• Noun > Bar

With this approach we enable the business user to easily model a value stream re-
spectively the actions taken by the end customer. The overall goal is to make the mod-
eling and annotation as convenient as possible for the user. 

5.2 SaaS Meta Model 

The SaaS Meta Model represents the description of the cloud service. A cloud service 
is offered in one or several regions (Location). For instance, some cloud services can 
be used in Europe, but are not available in the USA due to legal restrictions. For the 
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matching of business requirements and cloud services we use the concept of Domain 
and Cloud Service Capability. A cloud service can be used in one or several domains. 
For instance, a mobile payment app might be used in restaurant, but can also be used in 
bars, beauty salons or retail stores.  

Fig. 5. SaaS Ontology Meta Model 

The concept of the Capability has been introduced since the analysis of cloud service 
offers revealed that most suppliers explain their offering using features. Latter are listed 
and describe “what” a cloud service can do. For instance, a restaurant management 
cloud service includes various features: table management, reservation management 
and payment. In the ontology the Cloud Service Capability has a relationship to Domain 
and the Action/Noun concept. 

5.3 Retrieving Cloud Service Proposals 

The major concepts for discovering cloud services are Domain, Noun, Action, and 
Cloud Service Capabilities. The ontology includes rules which define the relationship 
between aforementioned concepts. A Cloud Service Capability of a specific Domain is 
always related to a set of Actions and Nouns. The ontology includes a predefined set of 
Cloud Services Capabilities that are mapped to one or several Domains and correspond-
ing Actions and Nouns as depicted in Figure 6. 

Fig. 6. Relation between Cloud Service Capability and Domain, Action/Noun 
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For instance, if the decision maker annotates a process with Pay/Dish and/or Or-
der/Dish then the ontology knows, that the Cloud Service Capability Payment is rele-
vant. Pay/Dish means that the end customer has to pay a dish in a restaurant. It requires 
the capability payment. Order/Dish assumes that the customer is going to eat the dish 
and therefore the customer has to pay for the dish. Also in this case the ontology knows 
that the capability payment is required. The example below shows the concept of the 
ontology queries: 

IF (Domain = Restaurant)  
and
(Action = Pay and Noun = Dish) and/or (Action = Order and Noun = Dish)  
then  
Cloud Service Capability = Payment Management 

Another example is the restaurant table management. We start from the assumption 
that a restaurant requires the feature table management to efficiently manage all table 
reservations, and seating capacity as well as table turns in the restaurant. If the BPMN 
model is annotated with Make/Reservation and/or Eat/Dish the ontology knows that the 
capability table management is required. 

IF (Domain = Restaurant)  
and
(Action = Make and Noun = Reservation) and/or (Action = Eat and Noun = Dish)  
then  
Cloud Service Capability = Table Management. 

6 Conclusion and Research Significance 

With the described approach we make first steps towards a service oriented selection 
of cloud services that can support SMEs to use digital technologies to enhance their 
business models. The described concept allows bridging the gap between business and 
IT. It provides both decision makers and cloud service providers with a tool to describe 
their needs respectively offers in a language that is understandable for them. Machine 
intelligibility helps to capture the knowledge and to reason about it. 

Over time we will refine the ontology and further develop the annotation concept. 
Once the concept for the ontology is finalized we will develop a software tool which 
enables decision makers to model and to retrieve cloud service proposals. 

This research enables SMEs to face the challenges of digital transformation in order 
to stay competitive in the long term. With the help of ontologies we establish a model-
ling method which can be generalized and used for various business environments.  
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Applying Semantic-based Modeling to the
Domain of Services Using the SeMFIS Platform

Hans-Georg Fill
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Abstract. Semantic-based modeling refers to the combination of con-
ceptual models and ontologies via semantic annotations. In this way, the
semantic representation and semantic analysis scope of conceptual mod-
els can be extended without requiring changes in the underlying modeling
language. This is beneficial when existing models need to be semantically
processed in new ways or when changes in the modeling language may
lead to uncontrollable side effects. The approach of semantic-based mod-
eling has been implemented in the SeMFIS platform which is provided
for free via the OMiLAB initiative. For applying this concept to the do-
main of services use cases on the business and the technical layer are
described.

Keywords: Services, Conceptual Modeling, Semantic Annotation

1 Introduction

The high dynamics in today’s business and technical environments requires well-
structured methods for supporting decision makers. In service-oriented technol-
ogy and management, conceptual modeling has been found as an adequate means
for bridging business and IT aspects [1]. Thereby, a large variety of service as-
pects can be represented and analyzed such as the structure of service offerings
in the form of process models, the composition of services from a business and
a technical perspective or the simulation of service offerings. For this purpose,
different kinds of modeling methods are available and may need to be adapted
to meet particular representation and analysis requirements. The approach of
semantic-based modeling offers a new approach for extending the semantic repre-
sentation and analysis scope of such modeling methods by combining conceptual
models with ontologies.

2 The SeMFIS Approach

The approach of SeMFIS (Semantic-based Modeling Framework for Informa-
tion Systems) realizes semantic-based modeling via distinct semantic annotation
models [3,7]. With these models, relations between the elements contained in a
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conceptual model and elements in an ontology can be established. This permits
to dynamically add semantic information to conceptual models without having
to adapt the underlying modeling language. The SeMFIS approach has been
implemented using the ADOxx meta modeling platform and is provided for free
via the OMiLAB initiative [9,8,7]1.

For applying SeMFIS to the domain of services, approaches have been de-
veloped both for the business layer as well as for the technical layer. On the
business layer this includes for example the analysis of risk aspects in processes
and the benchmarking of existing processes[5,4,6]. On the technical layer, the
approach has been used for realizing semantic service discovery and for service-
based interactions with modeling environments [2,7].

3 Conclusion and Outlook

Semantic-based modeling offers a loosely-coupled extension of the semantic rep-
resentation and analysis scope for conceptual models, which can be applied in
the service domain. The approach is currently extended to include also visual
rules for processing the semantic information in conceptual models.
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