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Abstract

Brought by the need for competent approaches to assess the financial cost and environmental
impact towards service design-for-cost-and-environment, this paper investigates on the following
service representation approaches: Service Blueprinting, Process Chain Network, Business Process
Model & Notation, and Customer Journey Mapping. An ontological analysis further compares
their similarities and differences. Lastly, a table summarizes the findings, were further insights
could be drawn to help service companies be more aware of both their spending and ecological
responsibility.
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1. Introduction

As technology continues to evolve, more and more companies shift from traditional product markets
to offering services to their customers (Bitner et al., 2008). Services are often designed with the
maximum value in mind — a beneficial experience for the user, while making it profitable for the
service provider (design-for-cost) (Xiaochuan, 2004; Xiaochuan et al., 2004). However, with the rise
of environmental consciousness brought by evident effects of climate change, service industries have
started looking into solutions that involve environmental impact, energy consumption, and carbon
footprint as valid design considerations (design-for-environment) (van Hemel and Keldmann, 1996).
This research aims to combine both financial cost and environmental impact (design-for-cost-and-
environment) in the same design plane which has not been properly documented for service design,
specifically in the context of digital transformation.

Assessing the global environmental impact and financial cost of digital services can be a complex
task. The variety of support systems (e.g. mobile 3G/ 4G, telephone lines, DSL, FTTH, etc.), and user
terminals (e.g. laptop, desktop computer, smartphone, tablet, etc.) leads to high combination of factors
to consider. Conventional assessment tools for product eco-design such as Life Cycle Assessment
(LCA) (International Organisation for Standardization, n.d.) give precise results at the expense of
time, resource inefficiency, and highly-skilled manpower (Malmodin et al., 2001; Scharnhorst, 2008;
Stutz et al., 2003). Although LCA can be a great tool for assessing the environmental impact of
products, it can be rather challenging to define the same boundaries for services given that services
can be a combination of products, processes, sub-processes, or even other service systems (Sousa and
Ometto, 2011). This can be explained by the complex nature brought by interconnected network
equipment, and the difficulty to represent digital services. In addition, there has not been enough
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published works on LCA of digital services, only on energy efficiency (Yoro et al., 2018a, 2018b,
2017) and network optimization (Masoudi et al., 2019; Rocha et al., 2017).

Thus, a primary challenge to concurrently design for cost and environment is to adopt relevant
representation tools and techniques for digital services. Describing the nature of the service in a more
visual or graphical representation would allow us to better attribute and extract information regarding
cost and environmental impact. More so, using a service representation as a use case description
would serve as an input to facilitate the environmental impact assessment.

2. Methodology

The idea of using service representation approaches to facilitate design-for-cost-and-environment sprung
from (Boughnim and Yannou, 2005). Their work investigated on the use of Service Blueprinting method in
service engineering and designing Product-Service Systems (PSS). A use case on a service company
presented a detailed service blueprint, highlighting its global cost and aggregated environmental impact
throughout the described service life cycle. We continued to systematically look for similar approaches to
model and visualize service and business processes. Searching through well-known research databases
such as IEEE Xplore, Science Direct, Springer, and Research Gate, among others, we were able to find
some promising service representation techniques and operations management tools.

For the context of this study, we have decided to choose the following approaches: Service
Blueprinting, Process Chain Networks, Business Process Model & Notation, and Customer Journey
Mapping, as shown in Table 1. Other approaches were eliminated based on the criteria of being a
version of the previously mentioned approaches (Al-Fedaghi, 2014), while others do not fit well with
high-level service descriptions (e.g. UML, SysML, and Flowcharting) (Aagesen and Krogstie, 2015;
Geambasu, 2012). The next section discusses these approaches in detail, followed by a comparison of
elements, service overview, and mode of use.

Table 1. List of chosen service representation approaches

Approach Authors Financial Cost/ Environmental Impact

Service Blueprinting (Shostack, 1982, 1984) (Boughnim and Yannou, 2005)
Process Chain Network (Sampson, 2012) (Bae and Kim, 2015;

Kazemzadeh et al., 2015a)
Business Process Model & (Geambasu, 2012; (Brocke et al., 2012;
Notation Aagesen and Krogstie, 2015) Recker et al., 2012; Seidel et al., 2012)
Customer Journey Mapping (Crosier and Handford, 2012;

Fglstad and Kvale, 2018a)

To further compare the similarities and differences of each approach, an ontological analysis can be
utilized. The aim of this analysis is to compare the modelling formalisms of Service Blueprinting,
which was chosen as the basis of formalism (concept A) to the other service representation approaches
based on the “embodied ontology concept” (Wand and Weber, 2008) and the “conceptual span of
terms theory” (Milton and Kazmierczak, 2004).

This method enables us to compare the core concepts of the modelling languages to find similarities
and differences. Described below are the steps followed given this premise:

1. Determine the concepts of A that are <a:>, <ay>, ... , <an>.

2. Determine the concepts of B that are <b;>, <by>, ..., <b,>.

3. Perform a forward and backward evaluation of these concepts and tabulate the results.
Concepts from A will be taken in comparison to concepts from B, using semiotics theories-
based on signs, objects, and meanings.

4. Analyze, interpret, and discuss the results.

Thus, a minimal combination of concepts from B covering the maximum semantic field can be
chosen. As a supportive concept <bi’ + ... + bj’> from B may provide full or partial coverage of
semantic field to <al>. We can represent this as,

Si(B) = {<bi’ + ... + bj’>, ..., <bi” + ... + bj">} where, 0 < i’ <j’ <i” <j” <m. 1)
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This equation describes how the semantic field <a;> is covered by <bi’ + ... + bj’>, but also
independently covered with in <bi” + ... + bj”’>. If there are no coverage from B on the semantic field
for <a;>, then Si(B) = {@}. Each of these categories, results can be indicated using symbols to easily
convey the idea of the comparison in a tabular form as done by (Kazemzadeh et al., 2015b). The
indicators shall be: full coverage (v'), partial coverage (v p), and no coverage (x), as shown below

(Figure 1.)
<a;> “ Si(B) <a;> “ (8)
1 1
Si(B)

Si(B)

<a;> I

<a{> <a;>

No Coverage

(x)

Total Coverage
(v)

Partial Coverage
(V)

Figure 1. Degree of coverage in semantic field (Milton and Kazmierczak, 2004)

3. Approaches

Each of the four approaches will be briefly introduced to give a general overview of how these
methods are used to visually represent a service, process, or sub-process. In addition, a list of key
concepts and elements will be described and provided, which will then be used in the ontological
analysis. Below (Figure 2) presents models of all four service representation approaches.
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Figure 2. Service representation models, with numbered legends
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3.1. Service Blueprinting

Service Blueprinting was first described by (Shostack, 1982), originally to help visualize service
processes in terms of physical evidences, and customer and employee actions through the different
layers of interaction. This has now evolved as a marketing tool in improving service operations.
Service Blueprinting involves four steps: the identification of all necessary processes, the isolation of
fail points, the establishment of time frames, and a cost-benefit analysis (Shostack, 1984). However,
the modern service blueprint is based on the customer view, and not the organizational perspective.
This means that customer interactions with individuals or technologies are the main features of a
service blueprint (Kazemzadeh et al., 2015b). This is in contrast to the traditional version where the
way how providers deliver their service to the customer is at the heart of the analysis (Haugen, 2014).
Table 1 below lists the key concepts and elements involved in a traditional service blueprint as
described by (Bitner et al., 2008). The numbered legends can be found in Figure 2. Aside from the
elements (i.e. shapes, arrows, etc.), the lines that separates the different Actor Categories can give
insights when analyzing an existing service or designing a new one based on certain considerations.
Moreover, (Boughnim and Yannou, 2005) suggests that isolating each action flow, there is a
possibility to analyses and measure the performance of each action in terms of cost and environmental
impact, through activity-based costing and bottom-up life cycle analysis, respectively.

Table 2. Ontological concepts and elements of SBP

Concepts Legend(s) Description

Action 2 Actions by the customer, employees (both onstage and
backstage), support staff that builds an action flow or a process.

Action Flow 3 Sequence of actions by an actor

Communication Flow 6 Flow of communication between any participants which usually
crosses one or more lines

Actor Categories 5 Customers, onstage employees, backstage employees, and support
staff

Physical Evidence 1 Tangible things that the customer sees during the service process
which influence their perception of the service quality

Line of Interaction 4 Interface between the customer and the frontline employees or
system (onstage)

Line of Visibility 7 Interface between onstage and backstage employees or system

Line of Internal Interaction 8 Interface between back stage employees and support staff or
systems

3.2. Process Chain Network

Process Chain Network was introduced by (Sampson, 2012), which builds on the strength of other
flowcharting techniques while emphasizing the unique conditions and design opportunities for
interactive service processes. The aim for PCN is to illustrate the balance between the provider and the
consumer by describing the dynamics of their actions and interactions. PCN is also known to have
different modes depending on the needs of the service designer. These modes are based on the
following operations management principles towards service innovation: process efficiency,
economies of scale, and customization (Sampson, 2012). The primary concepts and elements of a
PCN framework as described by (Sampson, 2012) are listed below (Table 3).

Aside from the different service operation modes that can be used with process chain networks,
another interesting feature of PCN is the use of monetary and nonmonetary tags that can be attached in
process entities. These serves to provide additional information that can be used to further analyze the
service system. Tagging, both monetary and non-monetary, may not be provide direct information
regarding environmental impact but it serves as a step towards evaluating the global cost of services
by following the money flow in the different processes and sub-processes involved.
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Table 3.

Ontological concepts and elements of PCN

Concepts Legend(s) Description
Process Chain 6 Sequence of steps with an identifiable purpose
Process Entity 1,2 Any entity that participates and makes decision about in a process chain
Arrows 7 Represents state dependency and connects process steps
Value 6,7,8,9 | Satisfaction of the needs of the process entity
Specific beneficiary 1 An entity that participates in a process chain to have specific needs met
Generic beneficiary 2 An entity that participates in a process chain to acquire generic resources

(i.e. money), to meet needs from other process chains

Process Domain 34,5 Portion of the process chain that falls under an entity’s responsibility
Monetary Tag 8 Supplementary information that are tagged to represent flow of money
Non-monetary Tag 9 Tags that represents indicators such as emotion, hunger, satisfaction, etc.
Direct Interaction 5 Steps involving person to person interaction between entities
Surrogate Interaction 4 Steps involving non-human resources or systems of another entity
Independent 3 Steps that are performed independently from other entities in the flow of
Interaction process chains

3.3. Business Process Model & Notation

Business Process Model & Notation has received attentions from both the industry and the academic
community in the short period of time since it was released by the Business Process Management
Initiative in 2005 (Recker, 2008). It has then been maintained and upgraded by the Object
Management Group which released BPMN 2.0 in 2011 (Kazemzadeh et al., 2015c). The core concept
set of BPMN is defined for business analysts and non-technical users, to depict business modelling
activities that can be easily understood by all stakeholders. The extended concept set however, can be
utilized by workflow engineers and service architects to draw more technical diagrams (Aagesen and
Krogstie, 2015). A list of elements in the basic concept set is presented below (Table 4).

Table 4. Ontological concepts and elements of BPMN
Concepts Legend(s) Description

Activity 4 Work that an organization performs in a process, which can either be atomic
or compound

Event 8 Something that happens through the course of the process which can be in
the beginning (start event), during (intermediate) or in the end (end event)

Pool 1 Represents a participant in the process

Lane 9 Sub-partition of a pool to describe internal or external roles, for example

Sequence Flow 2 Connects and orders activities within a pool

Message Flow 6 Shows flow between two different pools in a diagram

Message 3 Depicts the content of communication between participants

Gateway 5 Determines traditional decisions: forking, merging or joining paths

Text Annotation 10 Additional information provided for the BPMN diagram readers

Group 11 Identifies logically related activities together

The BPMN modelling formality provides predefined sets of shapes and arrows that correspond to
unique concepts and activities. This level of formality opens up opportunities for service designers to
innovate and define a new set of elements that would complement the existing semantic dictionary.
For instance, (Recker et al., 2012) came up with an concept extension to help include carbon footprints
for processes using BPMN. The extension includes notations for fuel-consuming activities, paper-
consuming activities, Green House Gas (GHG) flow arrows, and GHG emission indicators. Such
modelling enables service designers to identify sources and main drivers of carbon emission alongside

SOCIO-TECHNICAL ISSUES IN DESIGN 2201

https://doi.org/10.1017/dsd.2020.130 Published online by Cambridge University Press


https://doi.org/10.1017/dsd.2020.130

the value chain (Brocke et al., 2012). This information can then be used to assess and improve
processes and activities to comply with specific environmental considerations.

3.4, Customer Journey Mapping

Customer Journey Mapping is an approach to analyse emotional responses of the customer to products,
goods, and service (Crosier and Handford, 2012). The customer journey perspectives not only seen as a
way to understand the customer’s point of view, but also to gain insights into their experiences, or being
able to emphasize with the customer (Folstad and Kvale, 2018a). Hence, CIM addresses implemented
service processes, and encompasses data collection with customers and employees, data analysis both
qualitative and quantitative, and presentation of results through visualization (Diana et al., 2009). Table
5 below descries the concepts and elements of CIM.

Table 5. Ontological concepts and elements of CJM

Concepts Legend(s) Description
Zone A: The Lens 3 Part of the CIM which provides the descriptions and constraints
Persona 1 Belongs to Zone A, describes the “who” of the journey
Scenario 2 Belongs to Zone A, describes the specific scenario to be examined
Zone B: The 7 Part of the CIM where input from research is duly organized
Experience
Phases 4 Belongs to Zone B, divides the customer journey into moments
Actions & Thoughts 5 Belongs to Zone B, considered as the heart of the visualized journey
Emotional 6 Belongs to Zone B, visualizes the persona’s emotions in different
Experience phases
Zone C: The Insights 9 Part of the CIM where feedback based on other parts are expressed
Opportunities 8 Belongs to Zone C, presents the business goals and pain-points that
& Problems were discovered in the analysis

Customer journey mapping is typically seen as part of a more comprehensive design process. Usually,
customer journey maps are used as inputs for redesigning or re-engineering existing services, however
some practitioners have recently used the tool as a way to monitor service delivery (Fglstad and Kvale,
2018b). However, CIM does not provide relevant information on financial cost and environmental impact
but rather focuses on the customer journey of discovery, provisioning, and feedback. What customer
journey mapping lacks in service eco-design aspects, it compensates with the value engineering perspective
which is equally important in design-for-cost-and-environment. Enriching the experience of the customer
greatly affects the quality of the service being delivered. Thus, customer journey mapping can be a valuable
tool in creating the service representation diagrams from other previously mentioned approaches.

4. Discussions

To start, the ontological concepts and key elements were collected for each approach from Table 2,
Table 3, Table 4, and Table 5. Service Blueprinting was used as concept A where the concepts of other
approaches will be compared against. This was for two reasons: SBP was the initial approach where
all other approach were related to, according to literature (Fglstad and Kvale, 2018a; Kazemzadeh et
al., 2015d, 2015e¢). In addition, (Boughnim and Yannou, 2005) suggests that SBP can present
information on both financial cost and environmental impact, which we want to retain for an effective
design-for-cost-and-environment. After applying the steps mentioned in the methodology, Table 6
below summarizes the qualitative assessment of similarities and differences, presented in through the
different levels of semantic coverage (refer to Figure 1).

Based on the premise discussed in Equation (1), we know that if <bi’+...+bj’> fully covers
<ai>,...,<aj> and <ai+...+aj> fully covers <bi’>,...,<bj’>, then <bi’+...+bj’> covers the semantic
field as <ai+...+aj> by association (Kazemzadeh et al., 2015b). Using the described methodology for
the comparison of SBP and PCN, Table 6 shows the SBP elements such as Action, Action Flow, and
Communication Flow are fully covered in PCN, while Actor Categories, Physical Evidence, and Line
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of Interaction are only partially covered. The comparison suggests that SBP and PCN categorize the
Actions and Process Steps concepts in fundamentally different ways. On one hand, SBP highlights
how customers behaves with a provider (Line of Interaction); categorizes the provider’s actions based
on visibility (Line of Visibility); and whether the action is performed by contact employees in contract
to support staff (Line of Internal Interaction) (Kazemzadeh et al., 2015b). PCN, on the other hand,
discriminates actions whether they are done autonomously (Process Domain + Independent
Processing), action as a result of another customer-induced action (Process Domain + Surrogate
Interaction), or a direct interaction between the entities (Process Domain + Direct Interaction).

Table 6. Summary of qualitative assessments for ontological analysis

SBP PCN CIM BPMN
Action v | Process Steps v | Actions & Thoughts v | Activity
Action Flow v/ | Arrows v/ p | Phases v | Sequence Flow +
Message Flow
Communication Flow | « | Arrows X |- v | Sequence Flow +
Message Flow
Actor Categories v/ p | Process Entity + v/ p | Zone A: The Lens + v | Pool + Lanes
Process Domain Zone C. The Insights
Physical Evidence v p | Value v/ | Zone B: The x |-
Experience
Line of Interaction v/ p | Direct Interaction | x | - v | Pool + Lanes
+ Process Entity
Line of Visibility x |- v/ p | Zone A: The Lens v | Pool + Lanes
Line of Internal x |- x |- v | Pool + Lanes
Interaction

As for the comparison between SBP and CJM, Actions and Physical Evidence are fully covered in CIM
by Actions & Thoughts, and Zone B: The Experience, respectively. The ones partial coverage include
Action Flow with Phases; Line of Visibility with Zone A: The Lens; and Actor Categories with Zone A:
The Lens + Zone C: The Insights. Other than those already mentioned there is no coverage for the
remaining elements. This forms a rather weak connection and translatability for SBP and CJM.
Alternatively, the customer journey that serves as a valuable input in building a service blueprint, as
previously discussed. Lastly, for the comparison between SBP and BPMN, it can be deduced from the
qualitative assessment that BPMN does not provide concepts regarding customer experience. While SBP
highlights this using Physical Evidence, BPMN lacks any similar concept. Then, we can say that a BPMN
diagram presents less customer specific perspective, compared to SBP. As for the most part, BPMN
covers all the other concepts in Service Blueprinting that represents the core of the service systems and
processes. Hence, this makes service blueprints highly compatible and translatable into BPMN diagrams,
but the converse does not apply in terms of semantic elements for BPMN diagrams to service blueprints.
There is a presumption that SBP can be the most viable option for service representation thus,
choosing it as the basis of formalism (concept A). Through the ontological analysis, we were able to
observe that there are significant elements not present in SBP that can be helpful for obtaining and
extracting information regarding financial cost and environmental impact for design-for-cost-and-
environment. For example, these are monetary and non-monetary tags from PCN, and text annotations
and extended actions from BPMN which are not directly covered by SBP. The challenge now is to
looks for new ways to adapt these useful elements to enrich and enhance the existing capabilities of
the previously mentioned service representation approaches to better allocate both financial cost and
environmental impact for each activity block.

5. Conclusion

As a response to the challenges of investigating on new approaches to evaluate financial cost and
environmental impact towards design-for-cost-and-environment, this paper presented four different
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service representation approaches and operations management tools. Service Blueprinting (SBP)
highlights how providers deliver their service to the customer through the different service layer
dynamics, and supported by Physical Evidences. Process Chain Network (PCN) describes the chain of
activities in a process and how the entities (i.e. customer and provider) interact with each other.
Business Process Model & Notation (BPMN) provides a formal modelling language that service
designers can use to represent processes and activities in different degrees of the service. Lastly,
Customer Journey Mapping (CIJM) follows the experience of the customer throughout a specific
scenario, complement with the emotion experience, actions and thoughts.

Each of these approaches were presented, concepts and elements listed accordingly, and analyzed
given the context of cost and environmental impact. In addition, an ontologically analysis was
conducted to further compare the similarities and differences of each of the approaches on a semantic
level. A summary table was presented, as a culmination of these insights (Table 6). Results from these
comparisons suggest that SBP and BPMN have the most coverage among the four approaches. This
means that concepts and elements from SBP and BPMN are easily transferrable and translatable,
especially on the basis of both financial cost and environmental impact. Moreover, the monetary and
non-monetary tagging features in PCN can be sued to explore related information for each Action and
Process Entity. In addition, the ability to supplement the standard BPMN with extended notations
opens the opportunity to further integrate other elements for context-specific considerations, such as
the carbon footprint indicators presented by (Recker et al., 2012). Customer Journey Mapping might
not be able to provide the specific information; CIM still serves as a helpful tool in building the
diagrams for all the other approaches.

These findings can be helpful to service companies in being more aware of both their spending and
ecological responsibility. Two scenarios were envisioned by the authors for the further use of these
findings. First, from an industrial perspective, the service representation diagram can be high-level
description to facilitate the assessment of an existing service with regards to financial cost (i.e. global
costing or activity-based costing), and environmental impact throughout the service life cycle (i.e. raw
material extraction, manufacturing, transportation, use phase, end-of-life). To facilitate a complete
assessment, other necessary information and technical representation should also be provided. And for
the second case, it can also be integrated in a company’s design process and time-to-market protocols
in the eco-design of new services towards design-for-cost-and-the-environment.
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