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Abstract. Products and services are essential to an enterprise’s operations and 
hence they need to be designed, developed, and delivered in congruence with the 
enterprise’s business strategy and design. This paper investigates how to identify 
relevant aspects of products and services to be added to enterprise models by 
extending existing Enterprise Modeling (EM) languages for product/service 
modeling. The proposal is to decide on the relevance for EM based on “touch 
points”. The proposal is applied to extending the 4EM method with a Prod-
uct/Service Model and is based on literature analysis in the area of product and 
service modeling and on an industrial case study.   

Keywords: Enterprise Modeling, Product Modeling, Digital Transformation  

1 Introduction 

The business purpose of an enterprise in general is to create value for its clients and 
revenues for its owners or stakeholders by providing products or services meeting the 
clients’ demands and required environmental, regulatory, and market standards. Thus, 
products and services are a core element of an enterprises’ operations and need to be 
designed, developed, and delivered in congruence with the enterprises business strategy 
and design.  Consequently, they should be represented in enterprise models if the mod-
eling purpose relates to them. This is particularly important in application domains with 
changing business models due to digital transformation (DT) [1]. A typical case of DT 
is that traditional physical products, even with well-established market positions, 
change due to the creation of IoT solutions or are extended into offerings in combina-
tion with service solutions [2]. Example are energy management systems for buildings, 
smart manufacturing systems, security monitoring and management systems. 

In this context, understanding dependencies between products and services, pro-
cesses required for product/service delivery, as well as responsibilities and roles for 
product/service components is important or designing future organizational structures. 
This is a traditional application field for Enterprise Modeling (EM). However, most 
EM languages do not offer explicit concepts for product and service modelling. There 
are many approaches for modelling products in the field of mechanical engineering and 
production systems, but these approaches are often addressing aspects of (physical) 
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products (geometric shape, material specification, surface design, mechanical charac-
teristics, etc.) that are outside the scope of EM projects. Integrating these approaches 
with EM methods has not been widely done and is considered challenging because of 
different methodological and tooling principles. In the context of digital transformation 
many companies seek to offer advanced combinations of products and services, which 
requires explicit documentation and analysis of their and their customers’ business, 
products, services as well as digital twins as intermediaries for achieving tight integra-
tion between business operations and efficient runtime management [3]. 

The focus of this paper is on the investigation of how to identify relevant aspects of 
products and services to be added to enterprise models, i.e. we take the perspective of 
extending existing EM languages for product/service modeling. Our proposal is to de-
cide on the “relevance” for EM based on two aspects, which we call “touch points”: 
• the relationships of product/service-related concepts to existing concepts in the 

EM language under consideration 
• the requirements from industrial practice for expressing links between opera-

tions and products/services. 
We use the extension of 4EM for product/service modelling as an example. 
The rest of the paper is structured as follows. Section 2 presents background infor-

mation from EM and DT. Section 3 describes the research approach used. Section 4 
analyzes existing work in product/service modeling. Section 5 investigates require-
ments from an industrial case study to product modeling. Section 6 presents the touch 
point approach and the extension of 4EM for product/service modeling. Section 7 pro-
vides concluding remarks and briefly explains the next steps of this research project. 

2 Background to EM and Digital Transformation 

2.1 Enterprise Modeling and 4EM 

EM is the process of the creation of an enterprise model that captures all the enterprise’s 
aspects that are required for a given modeling purpose. A key aspect in EM is the inte-
grated view on the various aspects of the enterprise. An enterprise model therefore con-
sists of a set of interlinked sub-models, each of them focusing on a specific aspect like 
processes, goals, concepts, business rules. Concerning applicability, EM is applicable 
for any organization, public or private, or its part.  

The rest of this section gives an overview of the 4EM method [4]. 4EM is a repre-
sentative of the Scandinavian strand of EM methods. At its core is participatory stake-
holder involvement and the modeling process is usually organized in the form of facil-
itated workshops. 4EM shares many underlying principles of the, so called, multi-per-
spective, approaches that recommend to analyze organizational problems from several 
perspectives, such as vision (goals, objectives), data (concepts, attributes), business 
processes (processes, tasks, activities), organizational structure (actors, roles, organiza-
tional units), etc. Examples, of other approaches following the multi-perspective prin-
ciple are Active Knowledge Modeling [5], ArchiMate [6], and MEMO [7]. 
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The 4EM modeling language consists of six sub-model types, each of them focusing 
on a specific aspect or perspective of the enterprise – goals, business rules, concepts, 
business processes, actors and resources, as well as Information System technical com-
ponents. 4EM distinguishes relationships with which the modeling components are re-
lated within the sub-model and relationships with components of other sub-models. The 
latter relationship type is called inter-model relationship. They are used to trace deci-
sions, components and other aspects throughout the enterprise model. For example, the 
motivation for why certain business process exists in an enterprise is established with 
an inter-model relationship to a motivating goal. 4EM also supports integration with 
other modeling languages and methods by allowing to define new inter-model relation-
ships between the 4EM components and components of the modeling language to be 
integrated. This is the approach for the inclusion of the product sub-model in 4EM dis-
cussed in section 6. 

2.2 Digital Transformation 

In scientific literature, digital transformation often is discussed in the general context 
of digitalization and considered as the most complex digitalization phase [8]. The focus 
here is on the disruptive social and economic consequences which, due to the potential 
of digital technologies to substantially change markets, lead to new technological ap-
plication potentials and the resulting changes in economic structures, qualification re-
quirements for employees and working life in general. More concretely, [9] proposed 
to distinguish between transformation of the value proposition and the value creation 
when analysing and planning digital transformation. These two “dimensions” can be 
divided into different steps of digitalization which form the prerequisite for the next 
step. In previous work, we proposed the following steps [10]:  

In the operations dimension, the steps can be defined as (1) replacing paper docu-
ments with digital representations, (2) end-to-end automated processing of this digital 
representation within a process and (3) integration of all relevant processes within the 
own enterprise and with partners. On the product dimension, the most basic step are 
physical products without any built-in information or communication technology 
(ICT). Digitization steps are (1) to enhance the product/service by providing comple-
mentary services (maintenance information, service catalogs) without actually chang-
ing it, (2) to extend functionality and value proposition of products by integration of 
sensors and actuators, and (3) redefinition of the product or service which leads to a 
completely new value proposition or offering. In general, a completed digital transfor-
mation would require completion of all three steps in both dimensions. 

3 Research Approach 

This study is part of a research program aiming to provide methodological and tool 
support for organizations in dynamic contexts, e.g., supporting the process of digital 
transformation, capability management, product and service design. The 4EM method 
has been used to support parts of methods for capability management [11]. This work 
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reports on the extension of 4EM with specific support for product and service design. 
It follows the five stages of Design Science Research (DSR) [12], namely, problem 
explication, requirements definition, design and development of the design artifact, 
demonstration, as well as evaluation. The need to extend 4EM has been identified in 
the projects it has been applied over the years, hence, in the DSR terms, the problem 
did not need additional investigations. This study concerns the DSR steps concerning 
requirements for the 4EM extensions, its construction, and demonstration. The require-
ments have been elicited from an analysis of existing literature on product and service 
modeling as well as from an industrial case study. The initial problem definition and 
requirements analysis led to a conclusion that 4EM extension should address the key 
aspects of product and service modeling instead of the entire spectrum of this area of 
modeling. Hence, the research question for the case study was to identify what are the 
central concepts of product modeling that need to be integrated with EM from use case 
perspective. Based on the research question, we identified industrial cases of digital 
transformation that deal with product and service development, i.e. we performed qual-
itative case studies in order to obtain relevant and original data (see section 5). Quali-
tative case study is an approach to research that facilitates exploration of a phenomenon 
within its context using a variety of data sources. Such a multi-perspective view ensures 
that deep understanding of the subject. The case study used three different perspectives 
represented by the sources of data: we analyzed documents about business models, 
products, manufacturing process of the companies; we performed workshops targeting 
digital transformation and DTs as part thereof; and we interviewed domain experts. Yin 
[13] differentiates case studies explanatory, exploratory and descriptive. The case study 
in section 5 are considered descriptive, as it describes the phenomenon of initiating 
product and service development and the real-life context of digital transformation. 

4 Approaches to Product Modeling 

Based on a literature analysis, we identified approaches for modelling products and 
services from different fields which are presented in sections 4.1 to 4.5. In section 4.6, 
we extract the perspectives on product/service models visible in these approaches. The 
perspectives are input for identification of touch points in section 6. 

4.1 Feature Model 

A feature model describes a product from the customer's point of view by recording 
functionalities, characteristics, and quality features that are important for the customer 
and their interdependence. Feature models are frequently used in software development 
and in the corresponding description of product lines or system families. The semantics 
of feature models have both a descriptive and an informative function. According to 
Riebisch et al. [14] feature models are supposed to close the gap between the require-
ments and the solution. For example, they are used to define products and their variants 
or configurations, to describe different possibilities or characteristics of a product line, 
to design new products, and to add new features to an existing product line. 
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A product is described by means of its properties, that is, features. The features can 
be divided into further features to create a hierarchy. Not every feature has the same 
meaning for the product. This results in the following different categories of features: 

- Functional features describe the behavior of the product or the way the user can 
interact with it. The functions of the product can be seen as both static and dynamic 
functional features. 

- Interface features describe conformity of product with a standardized system. 
- Parameter features are countable, listable properties of the product, which can be 

non-functional or result from the application context.  
- Concept features represent an additional category to better structure a feature 

model. The root of a feature model always represents a concept feature. This abstract 
feature contains a class of solutions. 

To adequately describe a certain characteristic of a product family, i.e. a concrete 
product, the individual relations between the features must be represented. The connec-
tions between features can be hierarchical or non-hierarchical. In addition to "and", 
"or", "optional", and "necessary" relationships, features can be related to each other, for 
example by means of the following categories: 

- Sub-feature relationship: This relationship is responsible for constructing the hier-
archy to represent feature associations and affiliations. This hierarchical relationship 
can also include the semantics of a prerequisite relationship or exclusion relationship.  

- Refine relationship: This relationship routes from a feature to a more detailed sub-
feature. It includes an actual or partial meaning. 

4.2 Bill of Material 

A Bill of Material (BoM) of a product according to [15] specifies how a product is 
constructed from its sub-components. A BoM is characterized by its structured repre-
sentation for identification and selection of products. It can be used with its composition 
sequences used as a rough construction plan to identify bottlenecks within it or making 
design and service decisions. Especially with a high number of different variants of a 
product, it can make sense for a company to know which part is in which product, e.g. 
to check and refresh the stock of these parts or products (material planning) or use the 
implicit characteristics to drive forward a product and market analysis. 

The BoM model maps a product by placing its components in a hierarchical tree 
structure can be assigned. A product consists of components that in turn can also consist 
of components. In the root of the tree structure is the top product. This is the end prod-
uct, so to speak, and not part of other product, as it does not have a parent node. The 
leaves of the tree structure are called primary products. They cannot be split into any 
other components and are mostly purchased from third parties in production. Model 
components, that have both child and parent nodes are called subassemblies and in the 
real world titled as components to be assembled. There is only one relation type in the 
BoM model for specifying Consists-of/belongs-to-meaning. A parent node consists of 
its child nodes; vice versa, the child nodes belong to the parent node or are part of it. 

Two more values are added to the relationship - the number of components that are 
required for the higher-level product (quantity-per), and the components are given an 



6 

additional number to define the sequence to determine in which the components of the 
level are assembled to the higher product will be. [15] 

4.3 Core Product Model 2 

The Core Product Model (CPM)2 according to [16] is an abstract, generic model with 
a generic semantics. The semantics are domain independent and can be used to extrap-
olate to a concrete implementation model. CPM2 supports Product Lifecycle Manage-
ment (PLM) by providing product information for different phases of product design. 
Thus, some model components at different stages have different purposes. 

In early concept phases of product design, when the shape of the product is still is 
not fully developed, the functional aspect of the model supports the identification of the 
requirements and functions and the allocation of the expected functions of the product. 
According to [16], the following object classes can be identified within the CPM2: 

- The artifact (artifact) is a primary concept of product design and the central concept 
of the CPM2, which provides a unique physical entity within of a product, be it a com-
ponent, an assembly or a part of the product. By using artifacts and sub-artifacts, you 
can construct hierarchy.  

- A feature in CPM2 is a part of the shape of the artifact, which has a specific func-
tion. For example, an artifact can provide design, analysis or manufacturing features 
which determines their respective functions. Furthermore, features can arise from fea-
tures. The feature is also created as an aggregate of function and form considered.  

- The function describes what the artifact should do. It can also be considered an 
intentional or expected behavior (intended behavior). 

- The form of the artifact describes the proposed solution of a (design-) problem. It 
is specified with its function and represented by their geometry and material.  

- The behavior describes, contrary to the function, what the artifact (or the form) 
actually does. By identifying the inputs and outputs, the behavior of the form evaluated 
and compared with the expected behavior will be.  

- The geometry describes some prominent or visible aspects of the artifact, by spec-
ifying and refining the shape. Under Geometry there is also to understand the arrange-
ment of materials in the mold. 

- The material is the description of the internal composition of the artifact.  
- The specification represents a collection of relevant information about the artifact. 

The relevant aspects depend on customer requirements and technical prerequisites. A 
specification is composed of requirements or prerequisites. 

These objects can be represented by the relation types are related to each other: 
- A constraint is a specific common property of a group of entities.  
- Entity Association describes a "membership" relationship between core entities of 

the product. 
- Usage is understood as a mapping function from one entity to another entity. 
- The path relationship (trace) shows dependencies between particular entities.  
- Decomposition: All object classes have their own independent decomposition hi-

erarchy. This means that identical classes can be build a part-of-relationship. 
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4.4 Service Meta-model 

For more than 20 years, there has been a discussion about “servitization” in manufac-
turing industries, as many manufacturers increasingly combine their products with ser-
vices and solutions [17]. Closely related to servitization and equally relevant for mod-
eling products and services is the research on product-service systems (PSS), such as, 
engineering methodologies [18], modeling methods and modeling languages for PSS 
[19]. This research confirms the importance of supporting the modelling of services.   

The term “service” can be defined in many fundamentally different ways. [20] dis-
cusses some of the problems and contradictions resulting from different definitions. In 
research and industry, service dominant logic (SDL) receives much attention. Accord-
ing to SDL [21] a service is characterized by, among other aspects, value co-creation. 
This means that “value is cocreated by multiple actors, always including the benefi-
ciary” [21] and “value cocreation is coordinated through actor-generated institutions 
and institutional arrangements” [21]. This confirms our view that a model of an enter-
prise’s services should not be isolated but interlinked with other EM perspectives. 

The meta-model presented by [22] builds upon the service blueprinting approach 
[23]. It integrates its concepts into a formal meta-model and adds concepts for (IT) self-
services. The following classes or concepts are present in a service model of [22]: 

- “Actions” can be used to represent the sequences of actions (action flows) of dif-
ferent categories of actors in a service process. 

- “Actor categories” offer the possibility to represent the communication flow and 
the four horizontal lines of a service blueprint separating the actor categories (line of 
interaction, line of visibility, line of internal interaction, and line of implementation). 
Actor categories are customer, onstage personnel (i.e., service personnel with face-to-
face contact with the customer), backstage personnel (i.e., service personnel or system 
invisible to the customer), support personnel, and management (i.e., service managers 
responsible for planning, managing, and controlling). 

- “Capabilities” reflecting what is required to perform a service (input perspective). 
- “Service” representing the actual service (output perspective). 
- “Props and physical evidences”: the tangibles with which the customer interacts 

during the service process. 
- “Fail points” for actions that can fail when performed. 
- ”Constraints” define conditions for services for customer groups. Before provision 

of the service, the connected constraints rules are checked. 

4.5 STEP 

The STEP approach implements the ISO 10303 standard [24] and combines several 
concepts of product modeling with each other and specifies a uniform format, for the 
exchange of product information. The exchange format primarily supports computer-
aided systems by standardizing product model data and consistent data management.  

STEP has a wide range of applications and is used for different types of products, 
among others for electromechanical products, fiber compositions, ships, architectural 
projects etc., but also product life cycle stages are supported. Products before, after, or 
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during the production process can be mapped and structured can be saved. The native 
information modelling language for STEP is EXPRESS. EXPRESS provides generic 
entities, which can deal with attributes, rules, and restrictions which allows forming 
generally valid data structures. The generic entities are independent of the specific ap-
plication. Certain domains can use the application-specific resources integrated in 
STEP. Depending on the purpose of the model, new model components can be added 
without inconsistencies in data exchange. STEP allows a precise and useful presenta-
tion of products, which are suitable for the product is tailor-made. However, the presen-
tation is mostly technical, making it rather unsuitable for interpersonal purposes. 

4.6 Perspectives in Product/Service Models 

The analysis of the approaches presented in sections 4.1 to 4.5 resulted in different ways 
to structure the information included in existing product modelling approaches, like, 
e.g., product lifecycle phases (from target setting to end-of-life recycling), stakeholder 
concerns (user, designer, producer, owner, etc.) or aspects of product realization (func-
tion, geometry, material, surface, etc.). We decided to apply the product realization 
phases as aid to sharpen the view on the actual product information. Table 2 shows the 
product-related features identified this way. 

 
Table 2: Product-related features extracted from approaches to product modeling  

 Require-
ments 

Design Construction Production Opera-
tion 

Fea-
ture 
Model 

Functional 
and quality 
features, cha-
racteristic 

Interface and 
parameter 
features 

   

Bill of 
Mate-
rial 

 Product and 
sub-compo-
nents, vari-
ants 

Construction plan Composition 
sequence 

 

Core 
Pro-
duct 
Model 
2 

Functional 
and quality 
features, as-
signment to 
components,  

Construct hi-
erarchy, in-
tended be-
havior, tech-
nical prere-
quisites 

Shape, form, ge-
ometry, material 

Manufactur-
ing features 

 

Service 
meta-
model 

Service cata-
log, customer 
groups, con-
straints 

Action flow 
for service, 
fail points, 
capabilities 

Refined action 
flows, communi-
cation flow, other 
actors categories, 
props 

Actions at 
fail points, 
solutions 

 

STEP  2D, 3D ge-
ometry, 
shape, sur-
face, mate-
rial, compo-
sition 

Composition, sub-
components, rules 

Assembly se-
quence, pro-
duction sys-
tem spec., 
tool spec. 

Mainte-
nance 
spec., 
operati-
ons flow 
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5 Industrial Case Study 

Section 4 presented a view on product/service modeling dominated by the knowledge 
visible in scientific publications. This section is meant to add a perspective from indus-
trial practice. Our aim is to contribute an indication what perspectives from 4.6 are of 
visible importance for industrial cases.  

The use case company is a medium-sized manufacturer of different kinds of pumps 
and pumping technologies, e.g. swimming pool pumps, sewage pumps, industrial 
pumps for heavy environments, and ship pumps. The company is well-established on 
the European and US-market and has in some market segments a market share of more 
than 70%. Although the overall business is stable and developing well, the management 
of the company decided to explore new service opportunities and business models ap-
plying digital technologies. Thus, the idea of the company’s product management is to 
integrate sensors into pumps and transmit the information to the back-office by using a 
data communication node. This general idea can be classified as enhancing pumps into 
smart connected products [25] or Internet-of-Things (IoT) devices. 

From a research perspective, the opportunity for data collection at the case study 
company in a qualitative case study emerged when the company agreed to start a study 
on digital transformation options. The study so far included two meetings at the com-
pany’s headquarter and several interviews by phone or skype. The first meeting was 
directed to the top management of the company with a focus on clarifying general steps 
of digital transformation, possible procedures and aspects of the enterprise to be con-
sidered. The second meeting was a workshop was directed towards identifying concrete 
digital transformation options and potential ways of implementation. For the research 
question given above, this workshop and the preparatory interviews were most relevant 
and will be in focus of the following. 

One purpose of the preparatory interviews for the workshop was to understand the 
current situation of IoT and sensor integration into the company’s products. The key 
expert here was the research and development manager. Before the interview, guide-
lines consisting of a list of questions and aspects to explore were prepared. During the 
interview that was conducted by one researcher and took 30 minutes, notes were taken. 
As a preparation of the digital transformation workshop, the participants were selected 
to include all relevant departments of the company (product development, production, 
marketing, sales & distribution, and services) and members of top and middle manage-
ment. All eight participants were informed in beforehand about the purpose of the work-
shop and importance of their participation. The workshop as such included the collec-
tion and clustering of new product and services ideas from the participants, joint defi-
nition of priorities, and development of a business model prototype for the top 3 prod-
uct/service ideas. The content of the workshop was documented in photo documenta-
tion of collected ideas and clusters, written documentation of the business model pro-
totypes, notes taken during the workshop for capturing additional information regarding 
ideas and business model. 

In the context of this paper, the documented interview and workshop content were 
analyzed. The product manager stated as one of the motivations for the workshop: 
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“Our device linking a pump to the Internet is nearly ready. It captures data and puts 
them into our own cloud. So far, we only capture data about malfunction or energy 
consumption that is anyhow visible on the pump’s display. But we do not have a good 
idea, how to do business with this data. And we probably need more sensors.” 

Among the top innovation ideas were (a) smart pumps and (b) pumping as a service, 
which the workshop participants both related to the need of combining products and 
services. When discussing the smart pump, the sales representative explained: “We un-
derstand that our bigger customers want to have control if our pumps do what they are 
supposed to do during operations. Some of them call it the digital twin. This would help 
us to sell pumps to them. We have to use or develop sensors that deliver this kind of 
information.” 

Pumping as a service basically aims at selling the functionality of the pump instead 
of the pump as physical device which would lead to a service agreement where the 
company is paid for pumped cubic meters or hours of pumping. One of the participants 
remarked to this idea: “For this, we need full control what is happening with the pump. 
So, we need something like continuous monitoring which raises alarms if something 
goes wrong.” 

When developing the business model prototype for pumping as a service, most of 
the discussion time was spent on organizational issues within the company: “where 
does all the information from our pumps arrive, how do we make sense out of it and 
how do we organize the reaction?” For the smart pumps, the discussion more was about 
“how do we integrate our pumps in the control system of our customer and what kind 
of sensors do we need?” Furthermore, the development department mentioned “We 
would need to know what technical basis our customers use for their control systems 
and the interfaces we have to provide. But most of our customers have no answers to 
these questions. Sometimes we get the impression that they simply don’t know.” 
In principle, it can be said that all phases of product development and all product-related 
concepts identified in section 4.6 have some relevance for the case study, as the identi-
fied new business models and the resulting products and services will have to be subject 
of a complete product development lifecycle. However, some concepts were more cen-
tral and intensely used in the case study: 

- The characteristics of the products/services of relevance for business models 
(features, requirements, etc.) 

- The parts, composition and variants of products/services (component, sub-prod-
ucts, etc.) 

- The relation of actors and roles as well as organizational processes to prod-
ucts/services 

6 Extension of 4EM for Product and Service Modeling 

6.1 The Approach of “Touch Points” 

4EM consists of six sub-models for modeling goals, concepts, business rules, business 
processes, actors and resources, and information system technical components and 
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requirements. They are designed to be sufficiently general to be able to capture and 
represent most modeling problems related to organizational designs. The study reported 
in [26] concluded that considering their generality the expressiveness for product and 
service knowledge is reduced. Hence, as discussed in the previous sections, this was 
deemed insufficient as more and more integrations of products and services with the 
rest of the organization’s design needs to be supported, especially in the context of 
digital transformation. The use case requirements also suggest that 4EM should be ex-
tended for this particular modeling purpose instead of suggesting to model the enter-
prise design issues with 4EM and product-related issues with one of the existing sub-
models (see section 2). In this context, one of the most difficult decisions was the level 
of integration of the product/service sub-model into 4EM and particularly the extent of 
product or service information to be documented with the constructs of the sub-model. 
We investigated the following options: 
- For a domain-specific modeling language the requirements of the domain are de-

cisive. Thus, targeting the 4EM language for the domain of manufacturing proba-
bly would have resulted in a different set of product modeling concepts than for 
the domain of banking, to take one example. However, 4EM is meant to be appli-
cation domain independent, which is why we did not specify it for a particular 
application domain. 

- In a design or construction-oriented mindset, we would have used a number of real-
world cases and their business requirements to derive requirements to product 
modeling and define the meta-model accordingly. However, the selection of cases 
and their domains and modeling purposes would have been affecting or even be 
decisive to what requirements are visible. 

- For the support of specific modeling purposes, such as modeling for digital trans-
formation, the requirements of the domain are decisive. 

- Extensive incorporation and use of approaches from other multi-perspective EM 
languages would violate the minimality principle of the 4EM modeling language. 

Finally, the decision was made to use what we termed the “touch point” centric ap-
proach. At its core is the principle to only include concepts in the product sub-model 
which can serve to represent aspects or characteristics of products where the other per-
spectives (modeled in the 4EM sub-models) “touch” products. The “touches” can be 
operationalized as follows: 
- A relationship type of the sub-model that can be used to connect a concept of the 

sub-model with a product-related concept indicates a touch point. 
- If a product-related concept complements the concepts of a sub-model, this indi-

cates a touch point. 
- If a semantic relationship between a product-related concept and a concept of the 

sub-model can be defined that represents an aspect relevant for the enterprise, this 
indicates a touch point.  

Using the above operationalization, Table 3 shows the touch points for the different 
4EM sub-models. The touch points will be modeled with 4EM inter-model links. 
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Table 3: The touch points between 4EM sub-models and the Product/Service Model 

4EM sub-
model 

Relationship type to con-
nect product-related con-
cept 

Product-related 
concepts comple-
menting 4EM 

Semantic relationship 
relevant for an enter-
prise 

Goals Model “motivates” or "supports" 
(e.g. goal motivates fea-
ture, feature supports goal; 
product/component sup-
ports goal) 

Features, functions 
and requirements 
support goals or 
sole problems of an 
enterprise 

Feature supports goal; 
product/component sup-
ports goal 

Business Rules 
Model 

“triggers” delivery of 
product or execution of 
service 

Quality aspects or 
regulations that are 
subject of rules 

Rules that trigger deliv-
ery of services or prod-
ucts 

Concepts 
Model 

“related_to” (e.g. a con-
cept that relates to and 
specifies products, ser-
vices, components or fea-
tures) 

Attributes of prod-
ucts, services or 
components 

Specification of concepts 
related to products, ser-
vices, components or 
features 

Business Pro-
cess Model 

“related_to” (e.g. a process 
that defines activities re-
garding products, services, 
components or features) 

The products, ser-
vices, sub-compo-
nents that were sub-
ject of activities in 
a process 

Products, services, com-
ponents or features are 
developed and delivered 
in processes 

Actors and 
Recourses 
Model 

“responsible_for” (e.g. ac-
tor responsible for product 
or feature) 

Actors’ responsibil-
ity for products, 
services, sub-com-
ponents 

Actors are responsible 
for Products, services, 
components or features. 
Resources required for 
delivery. 

Technical 
Components 
and Require-
ments Model 

 Product require-
ments when related 
to IT components 
in products 

 

6.2 4EM Product/Service sub-model 

The Product/Service Model (PSM) describes what is offered to the enterprise’s custom-
ers in terms of (physical or digital) products and services, as well as what dependencies 
exist between them. The components of PSM can be used to describe essential charac-
teristics of products and services in terms of decomposition structure (i.e., products, 
components) and value proposition for the customer expressed in features. Through 
links to and from the other sub-models, the PSM shows what processes and actors are 
involved in the value creation and administrative activities for the different processes 
and services. The components of the PSM are related to each other through unidirec-
tional semantic links of which the three main types are part_of, is_a and requires. Com-
ponent types of the Product/Service Model are the following: product/service (with the 
possibility to specialize into product or service), component, feature. 

Product/Service: The model component Product/Service is used if either a combina-
tion of products and services is modeled or if the phenomenon under consideration is 
undecided to become product or service. In case of a combination of product and 
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service, the naming of the product/service should indicate this by including the product 
name (substantive) and a verb phrase for the service, for example “ventilation system 
and providing maintenance”. Services are intangible and performed by the enterprise 
only if the customer requests them; the customer usually participates in service deliv-
ery. Services can be divided into Components that also can be Services and (optionally) 
can include Products. Each Service (and also every Component of a Service) should be 
associated to a Business Process that specifies how the service is provided. A Product 
is produced by an enterprise and offered to its customers in exchange for a (usually 
monetary) compensation. Products can be physical, digital, or virtual (see also the in-
troduction to this section). Products can be divided into Components that also can be 
Products and (optionally) can include Services. Each Product (and also every Compo-
nent of a Product) should be associated to an Actor responsible for the product/compo-
nent and may be associated to a Business Process that specifies how it is manufactured. 
When modeling products and their decomposition it may be of relevance to distinguish 
between different variants of a product, which can be done in 4EM in two ways: 
- If the variants originate from the use of different components in the product, they 

can be modeled with the common product name in the root and the different vari-
ants as sub-trees below this root where the top-element in the sub-tree carries the 
name of the variant 

- If the variants originate from a configuration of the product which is not reflected 
in a difference in components, the variant attribute of the product should be used 
to describe the variants. 

Component is a distinguishable part of a product (or service) which is supplied by a 
partner or produced in the enterprise. If produced in the enterprise, a component should 
be associated to an Actor responsible for the component and may also be associated to 
a Business Process that specifies how it is manufactured. If a component is supplied by 
a partner, it should be associated to an external actor or external process used for pro-
curement of the component. 

A feature is a characteristic or function of a product (or service), which is of value 
to the customers (or the target groups) using the product (or service). Thus, features 
also are distinguishable characteristics of the products and services. Features should be 
used to model  
- what the value propositions to the customers are and has to be taken into account 

when designing the product/service or marketing it 
- what the characteristics of the product/service is that create value for customers 

and are used or might be used in creating product variants or bundling/packing 
products/services with other products/services. 

The relationship types between the components of the PSM are: part_of, for speci-
fying aggregation, is_a for specifying specialization, and requires to specify that the 
implementation of a feature require a certain product, service or component. See meta-
model of the PSM on (fig.1). For the sake of brevity only one inter- model (IM) link of 
type goal from Goals Model (GM) motivates PSM modeling constructs is depicted 
(concepts in grey). 
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Fig. 1. Meta-model of the PSM 

  

 
Fig. 2. Example of a PSM and inter-model relationships 

Fig.2 shows an example of a product (PS21) and its components using part_of rela-
tionship as well as features that require the components. Dashed lines are used for inter-
model relationships, e.g. Goal 2 motivates the need to produce PS21 and Feature 3 
supports Goals 2.1. 
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PSMRelationshipISA PSMRelationshipPartOf
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7 Conclusions and Future Work 

We have investigated the current contributions in the area of product modeling and on 
the basis of an industrial case study proposed an extension for product and service mod-
eling to the 4EM method. The elaboration of the newly proposed sub-model, namely 
PSM, for 4EM was based on the principle of “touch points”. That is, touch points 
needed to be supported with 4EM inter-model links in case there is a need for (i) rela-
tionships that connect other 4EM sub-models with components of the PSM, (ii) the 
PSM components complement the concepts of another 4EM sub-model, and (iii) the 
connection between concept of the PSM and another 4EM sub-model represents some-
thing that is relevant to the organizational design. The proposal for the PSM has been 
tested in a number of thesis projects and is currently being implemented in the 4EM 
modeling tool using the ADOxx modeling platform [27]. 

Concerning issues for future work, in [3] we proposed that digital twins need to sup-
port dynamic configuration and adaptation depending on the application context as part 
of capability management [11]. Hence, parts of organizational capability designs spec-
ifying aspects such as context, measurable properties, KPIs, data sources, and capability 
adjustment algorithms need to be linked to product and service models because these 
aspects motivate features and components in the product or service design. Capability 
management also supports model-based generation of monitoring dash-boards that 
would need to be supported by certain features in the products or services that are being 
monitored, particularly when it comes to runtime data provision and implementation of 
the triggering mechanisms in physical products. 
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