
A Process Mining Based Model for Customer
Journey Mapping

Gaël Bernard and Periklis Andritsos

Faculty of Business and Economics (HEC), University of Lausanne, Switzerland
gael.bernard@unil.ch, periklis.andritsos@unil.ch

Abstract. Customer journey maps (CJMs) are used to understand cus-
tomers’ behavior, and ultimately to better serve them. This new ap-
proach is used in numerous disciplines for different purposes. As a re-
sponse, several software applications have emerged. Although they pro-
vide interfaces to understand CJMs, they lack measures to assist in de-
cision making. We contribute by proposing a CJM model. We show its
potential by using it with process mining, a data analytics technique that
we leverage to assess the impact of the journey’s duration on the cus-
tomer experience. The model brings data scientists and customer journey
planners closer together, the first step in gaining a better understanding
of customer behavior. This study also highlights the prospective value of
process mining for CJM analysis.
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1 Introduction

Customer journey mapping is a technique that enables professionals to better
understand customers’ experiences when they interact with the steps involved in
a service. These interactions, called touchpoints, are increasing [10] and are used
by customers in erratic ways [17]. Hence, being able to use CJMs is becoming
increasingly important for companies. Recently, Gartner predicted that by 2018,
60% of large organizations will develop in-house customer journey mapping ca-
pabilities [6]. CJMs are not only applied to sales, they are used in disciplines as
diverse as healthcare [21], and library science [2, 13]. For instance, Fig. 1 shows
a CJM from [21] that is used to understand factors influencing vaccination de-
cisions. It has elements that are often found on CJMs: touchpoints (e.g., con-
sultation experience), stages (e.g., pre-vaccination), and emotions (i.e., factors
influencing the decision). Although many companies have used CJMs, multiple
ways to create them exist [13, 18] and hence they are usually not consistent nor
mutually compatible [14]. Overall, no standard exists for CJMs [15].

Interestingly, Følstad et al. distinguished two uses of CJMs: one aiming to
represent anticipated journeys, called the expected journey; and a second one, the
actual journey, which aims to describe how the journey was “really” experienced
by customers [8]. We believe that the full potential of CJMs is still to be explored



Fig. 1. CJM depicting factors influencing vaccination decisions [21]

by interplaying expected and actual journeys. For instance, traces of customer
journeys available in information systems could be used to build a CJM from
facts. Then, this CJM can be compared with an expected CJM–typically drawn
on paper for strategic or ideation purposes–to highlight differences. As noted
in [18]: “people don’t behave like robots, and no matter how well we craft an
experience, they will not perceive exactly as we anticipate or hope”. In order to
discover gaps between expectations and experiences, Gartner states that CJMs
should be adopted by organizations as part of their regular practice [16]. How-
ever, the customer journey analytics market “is a nascent, highly fragmented
market with many vendors offering partial solutions” [6].

Process mining is a discipline that has the ability to play with process models
and events logs to deliver fact-based insights [1]. We foresee an opportunity to
use process mining for CJMs for two reasons. First, process mining works with
event logs, a sequential format ideal for representing CJMs. Second, working
with expected and actual models is at the core of the process mining framework
(detailed in Sect. 4). In [3], we have discussed process mining in the context of
sales and how a structured approach can ease the transition of sales from “art”
to “science”. More specifically, this present paper exposes new challenges for the
process mining community to apply novel techniques with CJM data.

The goal of this research is threefold: (1) to clarify the components of CJMs,
(2) to propose a model for CJMs, and (3) to illustrate how process mining can
be used to analyze CJMs. The findings should make an important academic
contribution to pave the way for further analytics-oriented usage of CJMs.

This paper is organized as follows. Section 2 describes the literature research
and the main components of CJMs. Section 3 sets out a proposal for a CJM
model. Section 4 illustrates how the model can be leveraged with process mining
techniques. Section 5 concludes the paper and provides an outlook.

2 Literature Review

We conducted the literature review with the following question in mind: What
concepts appear in a CJM and how do they relate to each other? We used the
following keywords up to October 2016: "customer journey mapping" OR "cus-
tomer journey map" OR "customer journey maps" OR "map the customer jour-
ney" OR "mapping the customer journey" on Scopus (58 results), IEEE Xplore
(15), DBLP (8), and Web of Science (2). Altogether, we found 69 distinct arti-
cles. Then, we reduced the selection to 13 [2, 4, 5, 7, 10–15, 17, 20, 21] by removing



a review of a conference, and work that only briefly refers to CJM (55). Finally,
we appended two important references [18, 19] often cited. Interestingly, most of
the research has been published after 2012, highlighting the novelty of CJMs.

2.1 Components of a CJM

This section presents the main components of a CJM based on information
synthesized from our literature review. These are: customer, journey, mapping,
goal, touchpoint, timeline, channel, stage, experience, lens, and multimedia.

Customer. A customer is the stakeholder experiencing a service [21]. A
loose definition should be employed here as it includes people such as patients
[21], students [2, 13], or software users [7, 12]. In [19], the authors highlight the
importance of collecting sociodemographic information to ease CJMs users to
put themselves in customers’ shoes. When a customer is mentioned as a fictional
character, the term “persona” is sometimes used [10, 14, 19, 20].

Journey. A CJM contains at least one journey, which is a typical path fol-
lowed by a customer. Two types of CJMs exist. One is designed by internal
stakeholders to describe what an ideal journey would look like [2], which identi-
fies opportunities for novel services [14] or is employed as a diagnostic tool [19].
We refer to the latter as the expected journey. In contrast, the actual journey
showcases how a journey is experienced by the customer, finds existing cus-
tomers’ problems or needs [2, 7, 14, 15], or pictures the consumption of services
by customers [4].

Mapping. Mapping is a process consisting of tracking and describing cus-
tomers’ responses and experiences when using a service [2, 5, 10, 13]. Ultimately,
these elements are reported on a map.

Goal. A customer journey should be mapped with a goal in mind [14, 20],
which is also referred to as scenario [2], prompts [13], story [15], or main intention
[14]. It triggers interactions with users [2], and streamlines the thought process
for users [13]. The goal “connect a low-cost hardware device, such as an Arduino
board, to a desktop computer” [7] is a typical example from the literature.

Touchpoint. A touchpoint is an interaction between customers and compa-
nies’ products or services [2, 11, 14, 21] such as “searching for a product” [7], or
“finding seats” [11]. The arrangement of touchpoints can be cyclic: a customer
can iterate a few times over the same touchpoints [18]. Moreover, the arrange-
ment is non-linear: (1) most of the time, the customer will not go through all the
existing touchpoints [13, 18]; (2) the customer might miss a planned touchpoint;
and (3) the customer can unexpectedly quit the journey.

Timeline. The timeline describes the duration of the journey from the first
until the last touchpoint [12]. Due to the forecast nature of expected journeys,
it would not be surprising to not have a timestamp. Yet, a number attached to
an event (i.e., touchpoint) can depict the sequence within the timeline [13].

Channel. The channel is the method chosen by the customer to interact
with the touchpoint [13, 17] such as a “reference desk” [13] or “social media” [19].

Stage. A stage, encompasses several touchpoints. Some authors used the
splits: before, during, and after the experience, but employing domain-related



steps is also possible. For instance, in [12], the stage refers to the waterfall model
(i.e., software development). Some CJMs do not use stages at all [2, 7, 11, 15].

Experience. The experience encompasses customers’ feedback and emo-
tions. We identified three elements to express the experience. The first one is
the emotion. Using only one continuum of emotions–such as unhappy to happy–
may fail to depict a customer’s experience [7]. Thus, describing the emotion
requires some flexibility. Second, the scale measures how positive or negative the
experience was for the customer [11]. Third, many studies use customers’ quotes
to represent what customers have been through [5, 7, 15, 21].

Lens. Some components of CJMs are domain-specific. For instance, in [15],
the authors appended a layer to indicate the weather because it impacts customer
satisfaction when using the service. We refer to a layer with the term lens to
reflect that multiple views are possible on the same map [12]. Suggestions and
opportunities [2, 13] are some other examples of lenses superposed on top of
touchpoints. They are important because they promotes reflection and analysis
of what happened during the journey [12].

Multimedia. The usage of multimedia makes a CJM engaging and simple
to understand [13, 18, 19]. For instance, recording customers while they are fill-
ing out the CJM allows to better understand them [5, 7, 11]. Multiple types of
multimedia are reported: audio [5], video [7, 11], photos [11], and sketches [18].

To conclude, we observed the use of CJMs for different purposes, including to
increase understanding [13, 21], to involve [7, 11], and to communicate [5]. Having
laid the foundation of CJMs, we build on it to propose a model for CJMs.

3 Proposal for a CJM model

Our proposal–visible on Fig. 2–consists of a XML structure to store CJMs using
the main concepts pointed out in Sect. 2. The proposal is drawn upon the IEEE
XES standard [9], which is the prominent format to import logs in process mining
software. Due to space restrictions, the XML does not instantiate all the proposed
components, but it should suffice to understand the mechanism.

The example delineates a hypothetical situation in the retail industry. Alice
(a customer) called to complain. Therefore, the top management decided to
map her journey based on historical data. They observed three events: (1) Alice
asked for a quotation, (2) she received the quotation, and (3) the call she made
to complain. The next lines render the corresponding XML:

cjm ▸
{goal}

journey ▸

touchpoint  ▸customer ▸
{name, gender, country, …}

experience
{emotion, scale(int), quote}

channel
{name}

stage
{name}

lens ▸
{name, content}

*

*

*

{type}

{timestamp(date), name, content}

XML element
Value of XML attribute ‘key’
May contain multiples…
Can contain XML element:

LEGEND

*▸

{type, source, description}
multimedia

*

Fig. 2. Hierarchical presentation of CJMs’ components



<cjm>
<string key="goal" value="Understand why sales processes take so long"/>
<journey>
<string key="type" value="actual"/>
<customer>
<string key="name" value="Alice"/>

</customer>
<touchpoint>
<date key="timestamp" value="2016-05-07T10:26:10"/>
<string key="name" value="Asking for a quotation"/>

</touchpoint>
<touchpoint>
<date key="timestamp" value="2016-06-08T10:18:03"/>
<string key="name" value="Receiving the quotation"/>
<lens>
<string key="name" value="observation"/>
<string key="content" value="The duration is too long"/>

</lens>
</touchpoint>
<touchpoint>
<date key="timestamp" value="2016-06-08T11:52:12"/>
<string key="name" value="Calling the helpdesk"/>
<string key="content" value="Complaining about delay"/>
<experience>
<string key="emotion" value="Frustration"/>
<int key="scale" value="-2"/>
</experience>

</touchpoint>
</journey>

</cjm>

In order to map the journey, we start from the root element “cjm”. Our model al-
lows for the description of a “goal” (in orange in Fig. 2 and in the code) described
within an element “string”. This notation refers to attribute coding from XES [9].
Going down the tree, an element “journey” is created. This CJM contains only
one journey, but our model allows for more than one (denoted by * in Fig. 2).
We move forward with the “customer” attribute, which allows us to describe
Alice. Different levels of detail are provided for each touchpoint that illustrates
the flexibility of the model. For instance, the first one indicates only the name
of the touchpoint and the time, while the second one has a lens “observation”.
Finally, we represent the “experience” using two attributes: emotion, and scale.

We made two decisions for the model. First, we only consider front-stage ac-
tivities; i.e., the ones visible to the customer. Second, we only consider the path
to be potentially cyclic and non-linear (see “Touchpoint.” in Sect. 2), excluding
gateways as described in [2] (e.g., “XOR” in BPMN). We argue that from com-
panies’ perspectives, customers’ paths can only be influenced, but not controlled
[18]. Moreover, a journey represents a path performed by a single customer. If
that was not the case (i.e., gateways allow a single path to represent multiple
alternative journeys), we anticipate that the multiplication of touchpoints [10]
and the freedom that customers have to navigate through them in their preferred
orders [17] would lead to a meaningless map showing that anything can happen
in any order (referred to as a “flower model” in the process mining literature [1]).
We believe that these decisions allow to reduce the complexity of the model by
emphasizing the main goal of CJMs.

4 Integration with Process Mining

Process mining provides a set of tools that support multiple ways to discover,
monitor, and improve processes based on real event logs. Its main idea is to
provide a link between process models (e.g., BPMN) and the “reality” captured
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Fig. 3. Mapping between XES and the CJM model

in event logs [1]. We distinguish a “de jure” model from a “de facto” model. The
former is normative, as it intends to steer or control the reality. In contrast,
de facto models aim to delineate reality. Process mining provides a plethora of
algorithms to analyze or join both worlds. For instance, one can discover a “de
facto” model from the event logs [1]. In turn, one can compare this former model
with a “de jure” one. The top box in Fig. 4 shows the process mining framework
as presented in [1]. If we introduce such techniques and if we align our model
with XES–a standard born within the taskforce on process mining–we have done
so because we envision an opportunity to integrate CJM with the process mining
framework. Indeed, we expect the knowledge acquired to combine data on top
of models in the process mining discipline to provide a basis to tackle customer
journeys using a rigorous approach. Respectively, the expected and actual CJMs
correspond to the “de jure” and “de facto” process models (see Fig. 4).

The Fig. 3 shows the mapping of the XES concepts to our model. Once the
mapping is done, the data can be analyzed with process mining. We will illustrate
this by describing how the company could use event logs to answer the following
question: does the duration between asking the quotation and receiving it affect
the customer’s experience? We created synthetic journeys that we imported in
Disco1. These process mining activities are also possible in ProM2 and most
of process mining tools as they constitute basic activities in them. The process
mining activities and the results are visible in Fig. 5. This example is only the tip
1 https://fluxicon.com/disco/
2 http://www.promtools.org/

Process Mining Framework
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Fig. 5. Simple scenario for the application of process mining on CJMs data

of the iceberg of all the possibilities offered by process mining. The next section
addresses these opportunities and concludes this paper.

5 Conclusion and Outlook

We contribute by providing a model that supports practitioners by clarifying
the components of CJMs. By purposefully drawing upon a standard born within
the process mining taskforce, our model inherits interesting features: (1) it is
easily exploitable by data analytics tools, (2) it is extensible to fit a domain-
specific application, and (3) it is not tool-dependent. By bringing process mining
techniques and CJMs closer together, we closes the gap between actual and
expected CJMs and we shed light on a potential new area of research, which
requires further investigations with real-life collections of CJMs.

Indeed, new process mining algorithms that fully leverage CJM specificities
are required. For instance, we anticipate that new techniques and metrics are
needed to cluster journeys and their representatives, to predict the next cus-
tomer’s touchpoint, and to navigate among the journeys. We foresee that future
studies will benefit from the existing environment and knowledge of process min-
ing.

To conclude, we believe that the advances in the sentiment analysis algorithm,
the growing complexity of customers’ needs, and the expanding amount of data
produced provide an exciting opportunity to advance our knowledge of CJMs
with empirical tools.

References

1. van der Aalst, W.: Process Mining: Data Science in Action. Springer (2016)
2. Andrews, J., Eade, E.: Listening to students: Customer journey mapping at birm-

ingham city university library and learning resources. New Review of Academic
Librarianship 19(2), 161–177 (2013)

3. Bernard, G., Boillat, T., Legner, C., Andritsos, P.: When sales meet process mining:
A scientific approach to sales process and performance management. In: Interna-
tional Conference on Information Systems (2016)



4. Berre, A.J., Lew, Y., Elvesæter, B., de Man, H.: Service innovation and service
realisation with vdml and serviceml. In: 2013 17th IEEE International Enterprise
Distributed Object Computing Conference Workshops. pp. 104–113. IEEE (2013)

5. Crosier, A., Handford, A.: Customer journey mapping as an advocacy tool for
disabled people a case study. Social Marketing Quarterly 18(1), 67–76 (2012)

6. Daigler, J., Manusama, B., Herschel, G., Davies, J., Vashisth, S.: Mar-
ket guide for customer journey analytics. Tech. rep., Gartner (June 2016),
https://www.gartner.com/doc/3341817/market-guide-customer-journey-analytics

7. Dove, L., Reinach, S., Kwan, I.: Lightweight journey mapping: The integration of
marketing and user experience through customer driven narratives. In: Proceedings
of the 2016 CHI Conference Extended Abstracts on Human Factors in Computing
Systems. pp. 880–888. ACM (2016)

8. Følstad, A., Kvale, K., Halvorsrud, R.: Customer journey measures-state of the art
research and best practices. Oslo, Norway: Report A 24488 (2013)

9. Günther, C.W., Verbeek, E.: Xes-standard definition (2014)
10. Gürvardar, İ., Rızvanoğlu, K., Öztürk, Ö., Yavuz, Ö.: How to improve the overall

pre-purchase experience through a new category structure based on a compatible
database: Gittigidiyor (ebay turkey) case. In: International Conference of Design,
User Experience, and Usability. pp. 366–376. Springer (2016)

11. Kojo, I., Heiskala, M., Virtanen, J.P.: Customer journey mapping of an experience-
centric service by mobile self-reporting: Testing the qualiwall tool. In: International
Conference of Design, User Experience, and Usability. pp. 261–272. Springer (2014)

12. Lane, S., O’Raghallaigh, P., Sammon, D.: Requirements gathering: the journey.
Journal of Decision Systems 25(sup1), 302–312 (2016)

13. Marquez, J.J., Downey, A., Clement, R.: Walking a mile in the user’s shoes: Cus-
tomer journey mapping as a method to understanding the user experience. Internet
Reference Services Quarterly 20(3-4), 135–150 (2015)

14. Moon, H., Han, S.H., Chun, J., Hong, S.W.: A design process for a customer
journey map: A case study on mobile services. Human Factors and Ergonomics in
Manufacturing & Service Industries (2016)

15. Nakatani, T., Sato, K.: Mulsa: Multi-layered scenario analysis for an advanced
driver assistance system. In: ICSOFT. pp. 83–91 (2013)

16. Olding, E., Cantara, M., Robertson, B., Dunie, R., Huang, O., Searle,
S.: Predicts 2016: Business transformation and process management
bridge the strategy-toexecution gap. Tech. rep., Gartner (November 2015),
https://www.gartner.com/doc/3173020/predicts–business-transformation-process

17. Peltola, S., Vainio, H., Nieminen, M.: Key factors in developing omnichannel cus-
tomer experience with finnish retailers. In: International Conference on HCI in
Business. pp. 335–346. Springer (2015)

18. Richardson, A.: Series on customer journey: Using customer journey maps to im-
prove customer experience, using customer journey maps to improve customer ex-
perience, touchpoints bring the customer experience to life. Harv Bus Rev (2010)

19. Stickdorn, M., Schneider, J., Andrews, K., Lawrence, A.: This is service design
thinking: Basics, tools, cases. Wiley Hoboken, NJ (2011)

20. Tholath, D.I., SJ, F.C.: Customer journey maps for demographic online customer
profiles. International Journal of Virtual Communities and Social Networking
(IJVCSN) 8(1), 1–18 (2016)

21. Wheelock, A., Miraldo, M., Parand, A., Vincent, C., Sevdalis, N.: Journey to vac-
cination: a protocol for a multinational qualitative study. BMJ open 4(1), e004279
(2014)


