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Abstract 

Predictive Process Monitoring is becoming more prevalent as an aid for organiza-

tions to support their operational processes. However, most software applications 

available today require extensive technical know-how by the operator and are 

therefore not suitable for most real-world scenarios. Therefore, this work presents 

a prototype implementation of a Predictive Process Monitoring dashboard in the 

form of a web application. The system is based on the PPM Camunda Plugin pre-

sented by Bartmann et al. (2021) and allows users to easily create metrics, visuali-

zations to display these metrics, and dashboards in which visualizations can be ar-

ranged. A usability test is with test users of different computer skills is conducted to 

confirm the application’s user-friendliness. 

 

Zusammenfassung 

Predictive Process Monitoring setzt sich als Hilfsmittel zur Unterstützung der be-

trieblichen Abläufe in Unternehmen immer mehr durch Die meisten heute verfüg-

baren Softwareanwendungen erfordern jedoch ein umfangreiches technisches 

Know-how des Betreibers und sind daher für die meisten realen Szenarien nicht ge-

eignet. Daher wird in dieser Arbeit eine prototypische Implementierung eines Pre-

dictive Process Monitoring Dashboards in Form einer Webanwendung vorgestellt. 

Das System basiert auf dem von Bartmann et al. (2021) vorgestellten PPM-

Camunda-Plugin und ermöglicht es dem Benutzer, auf einfache Weise Metriken, Vi-

sualisierungen zur Darstellung dieser Metriken und Dashboards, in denen die Visu-

alisierungen angeordnet werden können, zu erstellen. Ein Usability-Test mit Test-

nutzern mit unterschiedlichen Computerkenntnissen wird durchgeführt, um die Be-

nutzerfreundlichkeit der Anwendung zu bestätigen. 
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1 Introduction 

Predictive Process Monitoring (PPM) is a research field concerned with the predic-

tion of the outcome of currently running business processes based on the previous 

event log. Usually, this is done to measure performance objectives or to supervise 

the adherence to compliance rules (Leontjeva et al., 2015). In recent years PPM is 

becoming more prevalent as an aid for organizations to support their operational 

processes. As the field is quickly growing and gaining interest, more and more solu-

tions and PPM techniques have been developed (di Francescomarino et al., 2018). 

However, most solutions available today require extensive technical know-how by 

the user and operate in separate environments to used workflow management sys-

tem (WfMS). The PPM Camunda1 Plugin presented by Bartmann et al. (2021) seeks 

to address these issues by integrating directly into existing WfMS in a unified man-

ner. Camunda is an open-source workflow management platform that is broadly 

used by several organizations. The plugin extends the standard Camunda user inter-

face with predictions on single process instances and a detailed configuration panel 

for administrative tasks (Bartmann et al., 2021).  

While the PPM Camunda plugin provides easy-to-use user interfaces (UI) for each 

process instance. Because there is no centralized visualization of key information, 

managers or decision makers would have to individually check the prediction data 

on every single process instance to gain insight into the process forecasts. In real-

world scenarios with several hundred or thousand running instances this is not do-

able. A UI for this purpose could come in the form of a dashboard that allows users 

to quickly identify process instances that require their attention. Dashboards are 

one option for the visual display of such information in a user-friendly way (Few, 

2004). Usually, a dashboard consists of a screen that allows users to view key met-

rics in a way that helps to quickly and easily understand the information that is pre-

sented in order to achieve one or more objectives (Few, 2006). However, at this 

point in time there is no such application for PPM available. Therefore, this work 

seeks to fill this gap with the prototype implementation of a PPM dashboard appli-

cation. 

 
1 https://camunda.com   



Introduction 2 

 

1.1 Research Aims and Questions 

To address the previously described problem statement a main research aim and 

several supporting research questions are defined. The primary research aim (RA) 

is defined as follows: 

RA: Implementation of a user-friendly PPM dashboard prototype application 

compatible with the Camunda WfMS. 

In addition to this aim several research questions (RQ1 – RQ3) are defined that sup-

port and guide the scientific basis for the implementation. 

RQ1: What requirements exist for a user-friendly PPM dashboard? 

RQ2: What information and metrics should be included in the dashboard? 

RQ3: How does the prototype dashboard perform in terms of usability? 

1.2 Research Approach 

As stated in the research aim, the main objective is to create and evaluate a proto-

type application. Therefore, the research method chosen to achieve this goal is De-

sign Science Research in Information Systems as described by Vaishnavi and Kuechler 

(2008; 2004), as the central idea behind this research approach is to create an arte-

fact that can then be evaluated. Through this evaluation measurements on how well 

the artefact solves the initial problem can are then taken. Lastly, the results of the 

evaluation can then be used to gain further insights and knowledge. The artefact in 

this case will be the implementation of the PPM dashboard prototype application 

itself. The Design Science Research process consists of five steps which are de-

scribed in the following. A visual overview over the research method is presented in 

Figure 1. 
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Knowledge Flows Process Steps Outputs 

 

Awareness of Problem Proposal 

Suggestion Tentative Design 

Development Artifact 

Evaluation Performance Measures 

Conclusion Results 

Figure 1 The Design Science Research process (own figure according to Vaishnavi & Kuechler, 2004) 

Awareness of Problem 

First, a problem to be studied is described. The output of this step is the formulation 

of a research proposal, which can take many different forms. It is important that the 

idea to be investigated, i.e. the research question, is described clearly and unambig-

uously. In relation to this thesis the Awareness of Problem is presented in the pre-

liminary research proposal and in this work in chapter 1. 

Suggestion 

After the formulation of the research proposal, the proposal phase begins. The out-

put here is a tentative design, i.e., a provisional idea of the form of the artefact. The 

preliminary design arises solely from the creative imagination of the researcher. The 

research project and the preliminary design are very closely linked and can emerge 

together as one output. In this work the basic concepts and definitions described in 

chapter 2 and the software requirements defined in chapter 3 belong to the Sugges-

tion phase. 

Development 

Based on the tentative design, the artefact is developed in the development phase. 

The procedure for this depends very much on the type of artefact. However, no in-

novations beyond the current state of the art should be used to create the artefact, 

Design Science Knowledge 

Knowledge 
Contribution 

Circumscription 
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as the scope of innovation is limited to the design of it. In this work the development 

of the artifact is described in chapter 4. 

Evaluation 

After the artefact is completed, it can be used and studied. It is important to note any 

deviations from expectations. These deviations must be explained provisionally in 

order to make this knowledge useful for further iterations of the process. An evalu-

ation of the artifact is presented in chapter 5 of this work. 

Conclusion 

After the iterative cycle of the design science research process has been completed, 

the result can be finally analysed. This point is usually reached when the behaviour 

of the artefact is perceived as satisfactory. Deviations from the predictions may still 

exist unless they are found to be too severe. A conclusion of the first iteration of the 

Design Science Research Process is given in chapter 6. 

As shown in Figure 1, the process of design science research is iterative. The 

knowledge gained in the process steps of development and evaluation is used for 

the next iteration in order to achieve further improvements. Thus, each iteration of 

the process serves to increase knowledge even before the conclusion is reached 

(Kuechler & Vaishnavi, 2008). 

1.3 Structure of the Thesis 

The structure of this thesis follows the steps of the Design Science Research process 

described in the section above. The contents of each chapter can be matched with 

one of these steps. Additionally, some chapters also correlate to the answering of 

one or more research questions. Figure 2 provides an overview over the thesis 

structure and the correlations between chapters, the Design Science Research pro-

cess, and research questions.  
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RQ1 RQ2 RQ3

Chapter 2

Basic Concepts 
and Definitions

Chapter 3

Requirements
Chapter 4

Implementation

Chapter 5

Usability 
Evaluation

Chapter 6

Conclusion
Chapter 1 

Introduction

Awareness 
of Problem

Suggestion Development Evaluation Conclusion

RA

 

Figure 2 The structure of the thesis 

Chapter 1 provides an introduction into the subject of this thesis and the motivation 

for the research topic. The chapters 2 and 3 cover the foundational definitions and 

concepts associated with this thesis, as well as the requirements for the proposed 

PPM dashboard application. Therefore, together they provide the tentative design 

that is generated as the output of the second Design Science Research process step 

and provide answers to RQ1. Moreover, chapter 3 also covers RQ2. In chapter 4 the 

implementation of the PPM dashboard application prototype is described. This ap-

plication is the artifact that created as the output of step 4 of the Design Science Re-

search process. This artifact’s usability evaluation is described in chapter 5, which 

corresponds to the ‘Evaluation’ step. Together the chapters 4 and 5 provide answers 

to RQ3. At last, chapter 6 provides a summary of the thesis, as well as relevant limi-

tations and an outlook into further possible research. This also marks the end of the 

Design Science Research process.  
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2 Basic Concepts and Definitions 

This chapter provides basic concepts and definitions as relevant background infor-

mation for the understanding of this work. Whenever any of the terms that are ex-

plained in this chapter are used in this work, reference is always made to the defini-

tions given below. 

2.1 Predictive Process Monitoring 

WfMSs offer numerous benefits to organizations in regards of the management of 

their business processes. Usually, they allow businesses to create workflow models, 

create workflow specifications, and provide tools for testing, analysis, and monitor-

ing of the implemented workflows, among other functionalities (Georgakopoulos & 

Hornick, 1995). However, such analytics and monitoring capabilities only account 

for past data saved in the WfMS and thus only provide insights into events after they 

already happened. This approach does not provide capabilities to predict complica-

tions and possible problems in advance to help negate or mitigate their effect. The 

PPM approach seeks to address this issue. Through the analysis of previous process 

executions, a continuous prediction of the behaviour of a given process execution is 

provided. The prediction of violations, deviances, and delays in a process execution 

then allows organizations to take appropriate measures in advance (di Frances-

comarino et al., 2018). The prototype described in this work seeks to enable users 

to work with such predictive monitoring data through a user-friendly interface in 

the form of a dashboard application. 

2.2 PPM Plugin 

The PPM Camunda plugin is a software extension developed by Bartmann et al. 

(2021) that provides basic PPM functionalities. The plugin seeks to allow users with-

out a deep technical knowledge to create classifiers and use them to make meaning-

ful predictions for process instances inside of the Camunda WfMS. To achieve this 

goal the plugin helps users to choose the optimal learning algorithm and find the 

best and most suitable parameters for a given process model. The selected algorithm 

can then be trained by the history data in the Camunda log. After the algorithm cre-

ation and training are complete, users can examine several prediction values for 

each process instance: 
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• Next Activity 

A value for the probability of the next activity in the process execution is 

given to each activity in percent. The higher the value, the more likely it is for 

the process instance to continue with a given activity after completing the 

current. 

• Remaining Time 

A prediction of the remaining time of the current activity execution in a given 

process instance.  

• Risk Prediction 

A value given in percent of the probability of an error in the current activity 

execution that causes the process instance to fail and not reach the next ac-

tivity. 

The entire functionality of the PPM Camunda plugin is accessible directly in Ca-

munda after the plugin is installed. All this allows users even with limited technical 

know-how to operate the plugin (Bartmann et al., 2021). However, its biggest limi-

tation is the confinement of prediction values to individual process instances. For 

users to gain an overview over the predictions of a whole process this would mean 

checking the values of every single running instance. In real-world scenarios with 

several hundreds or thousands of running instances this is not feasible. For a more 

practicable PPM implementation an aggregation of these individual predictions 

would be needed. 

2.3 Dashboard 

There are many different examples of dashboards or software products that are de-

scribed as such. Due to the many different forms and characteristics of dashboards, 

there is no generally accepted definition of the term (Few, 2006). 

In general, software that presents information through a user-friendly interface is 

called a dashboard. The term "dashboard" is used as a metaphor to describe the 

dashboard in automobiles that displays a range of information relevant to the driver. 

Dashboards are also commonly used in the software sector to provide an overview 

of what is happening in a business area. Software that can be called a dashboard first 

emerged in the 1980s. However, new technologies made dashboards widely popular 

from the 1990s onwards. The design of these dashboards has changed frequently 

over the years since then (Few, 2006). 
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Few (2004) has created a broad definition based on his own experience in dealing 

with dashboards. According to this definition, a dashboard is a visual display me-

dium that presents the most important information needed to achieve one or more 

goals on a single screen in such a way that it can be comprehended at a glance.  

Beyond this broad and general definition Few (2004) defined the following support-

ing characteristics that dashboards require to effectively do the job they are de-

signed to do: 

• High-level summaries 

As the information in the dashboard must be communicated to the user at a 

glance, it should primarily consist of high-level summaries that quickly tell 

what is happening. A dashboard can be used as a starting point for a more 

detailed further investigation. For this reason, it is useful to provide options 

for users to drill down further into more detailed information although such 

a feature is not required for a software to be called a dashboard. 

• Concise, clear, and intuitive display mechanisms 

The information contained in a dashboard should be displayed in such a way 

that it communicates its message without taking up much space and fits into 

the space provided by a single scree without the need for the user to scroll. 

All graphical representations must be chosen so that they are relevant and 

appropriate for the information they contain.  

• Customization 

To achieve the objectives that the dashboard seeks out to accomplish all the 

information that is contained in it needs to be specifically tailored to the per-

son or group of persons that will work with it. 
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3 Requirements 

As the basis for the development of the PPM dashboard prototype application, rele-

vant software requirements are initially collected. This chapter covers everything 

related to the requirements development process.  

First, in section 3.1 the requirements development approach used in this thesis is 

described. This includes a detailed description of all the steps that are conducted to 

generate software requirements. In section 3.2 the implementation of the require-

ments development method is presented. This includes the processes of elicitation, 

analysis, and specification.  

The contents of this chapter correspond to the output of the second phase of the 

Design Science Research method, thus providing the basis for the development of 

the artifact – the PPM dashboard application prototype. The development of re-

quirements for the proposed application works towards answering RQ1 as well as 

RQ2. 

3.1 Requirements Development Method 

Typically, the requirements development process consists of four steps: elicitation, 

analysis, specification, and validation (Wiegers & Beatty, 2013).  However, the re-

quirements development process used in this thesis consists only of the first three 

steps, as a validation would go beyond the set scope. 

The elicitation marks the start of the requirements development process. In this step 

new requirements are discovered, mostly through interaction with the expected 

user classes or other stakeholder, or through document analysis. Following this, in 

the analysis phase a more precise understanding of each requirement is gained by 

distinguishing between task goals, functional requirements, quality expectations, 

business solutions, and other information. This also includes the decomposing of 

high-level requirements into more appropriate levels of detail and the identification 

of unnecessary requirements. At last, the specification involves the retention of the 

collected requirement information in a well-organized fashion, so that it is easy to 

understand for the intended audiences in the further development process (Wiegers 

& Beatty, 2013). 
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3.1.1 Elicitation 

In this work two approaches are used simultaneously to generate requirements. A 

literature search is performed to generate scientific and expert knowledge on dash-

board design and data visualization and through expert interviews additional re-

quirements that relate more to specific user needs and required functionality are 

generated. 

3.1.1.1 Literature Search 

The literature search is conducted according to the systematic literature review 

method described by vom Brocke et al. (2015). According to this, the nature of a 

literature search is defined by the process, the sources, the coverage, and the used 

techniques. The search for this work is performed using the following parameters 

for the search scope: 

Process  

The search process is organized in an iterative manner, thus intertwining of review-

ing and synthesizing of the literature. This approach helps to define the point at 

which a representative collection of literature is being found and only very few new 

information can be discovered by further expanding the search. 

Sources 

The sources for the literature search consist of the web search engine Google 

Scholar2, and the online catalogues of the publishers Wiley3 and O'Reilly Media4. 

Google Scholar is included as it provides a very broad and extensive indexing of sci-

entific literature. The publishers Wiley and O’Reilly Media both specifically provide 

many books on dashboard design and data visualization. 

Coverage 

Because the literature search is being conducted to gain an understanding on the 

current status of dashboard design and data visualization and not to provide a com-

prehensive overview over all available literature in these field, a representative cov-

erage approach is chosen. Once newly discovered literature only adds very few or 

no new information to the already uncovered body of knowledge the search is com-

plete. 

 

 
2 https://www.scholar.google.com 
3 https://www.onlinelibrary.wiley.com 
4 https://www.oreilly.com/search 

https://www.scholar.google.com/
https://www.onlinelibrary.wiley.com/
https://www.oreilly.com/search
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Techniques 

As the search technique a keyword search is chosen. The main problem the litera-

ture is supposed to answer is the how dashboards and data in genera can be visual-

ized in the most useful way. Therefore, the following keywords and keyword com-

binations are used in the search: 

‘dashboard’ OR ‘data’ AND ‘visualization’ OR ‘design’ 

Because the searches yielded a sufficient amount of literature no additional key-

words needed to be defined.  

All keywords are used in the search field of each of the defined literature sources. 

The resulting list is then screened for relevant pieces of literature. Relevant litera-

ture is identified first through the title and an examination of the abstract or sum-

mary. If these indicate that the work provides valuable information for the develop-

ment of requirements it is added to the pool of literature. Through a second, more 

detailed assessment of the work’s contents a final evaluation of the usefulness to-

wards the goal of requirement development is undertaken. If no relevant require-

ments can be developed the piece of literature is removed from the final pool of rel-

evant literature. 

3.1.1.2 Expert Interviews 

As a second source for requirements expert interviews are conducted. In total, three 

experts in the fields of Camunda and WfMSs are interviewed to develop further re-

quirements besides those generated through the literature search. Each of these ex-

perts has several years of experience in using and working with Camunda and other 

WfMSs in their professional work. Because of the ease of scheduling an appointment 

and the ongoing corona pandemic all interviews are conducted online via a video 

conferencing tool. The structure of the interviews is developed according to the rec-

ommendations presented by Wiegers and Beatty (2013) combined with Podeswa 

(2009). As a result of this, an interview guideline is developed does not present a 

rigid structure for the interview, but rather a broad assist to steer the conversation 

with the interviewee in a productive direction. Depending on the answers given by 

the interviewee questions can be added on the spot, while others might be omitted. 

The complete interview guideline is shown in Appendix A. The interview guideline 

is structured as follows:  
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At first, a brief introduction is given. This is mainly done to establish rapport with 

the interviewee and to review the meeting agenda. A brief overview over the inter-

view’s objectives is given and preliminary questions and concerns are addressed. 

Also, an explicit permission to record the meeting is requested. The introduction 

ensures that the interviewees know what to expect from the conversation, that they 

feel comfortable, and that the actual interview can be conducted in a productive 

manner. 

Next, some brief questions regarding the interviewees professional background, and 

especially their experience in working with WfMSs are asked. This allows a quick 

assessment on their main area of expertise, but also provides a simple start to the 

interview by asking questions that can be easily answered. 

The third block of questions addresses past experience in working with WfMSs. Just 

like the second block of questions the answers given here can help to assess the in-

terviewees knowledge and experience, but more importantly failings of other 

WfMSs can be uncovered. Such shortcomings can indicate areas in which PPM might 

provide a solution, that conventional platforms cannot provide. 

Question block number four addresses concrete user tasks that interviewees think 

PPM can be used to assist with. The goal is to identify as many user tasks as possible, 

as these lay the foundation for the identification of functional requirements. To in-

crease the interviewees creative output the interviewer can go more in a conversa-

tional style of talking to the interviewee and help expanding their ideas. Suggestion 

for features can also be made to help keeping the conversation going and to get feed-

back on ideas that the interviewee might not have had on their own. 

Next, more detailed user requirements are focused. The questions in this block aim 

to identify details and specific features that users might find important, but which 

are not covered by concrete user tasks. 

At last non-functional requirements are addressed. These include for example re-

quirements regarding the UI, the systems usability, or customization options. 

Because of the semi-structured approach to the interview the question blocks are 

not strictly separated or ordered. The targeted duration for each interview is 60 

minutes. To keep track of the information gathered during the interviews a quick, 

on the spot categorization is made. Most of this information extracted from the in-

terviews can be grouped into nine distinct categories: business requirements, user 
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requirements, business rules, functional requirements, quality attributes, external 

interface requirements, constraints, data requirements, and solution ideas (Wiegers 

& Beatty, 2013). Because the PPM dashboard prototype is not developed as a solu-

tion for a specific organization business requirements and business rules are not 

applicable to this requirements analysis process. The extracted information is then 

classified along the remaining seven categories: 

User requirements 

This category encompasses statements of user goals, that are in most cases repre-

sented as use cases, scenarios, or user stories. If a user says that they “need to do 

something” it is a strong indication that they are describing a user requirement 

(Wiegers & Beatty, 2013). 

Functional requirements 

These describe the visible behaviours the application exhibits, as well as activities 

that users can do while using the system (Wiegers & Beatty, 2013).  

Quality attributes 

Quality attributes are descriptions of how well the application does something. They 

can for example be indicated by adjectives like ‘fast’, ‘easy’, ‘user-friendly’, ‘reliable’, 

or ‘secure’. To develop concrete requirements out of these ambiguous terms in-

depth conversations with the interviewees are needed (Wiegers & Beatty, 2013). 

External interface requirements 

The communication of the described system with the outside world is defined 

through external interface requirements. This can include other applications and 

APIs, but also the interaction with the user through the UI (Wiegers & Beatty, 2013). 

Constraints 

This category includes constraints to the application’s design and implementation 

that restrict the development options. Examples for such constraints are limits to 

file size, encryption algorithms, or the use of a specific programming language 

(Wiegers & Beatty, 2013). 

Data requirements 

Data requirements describe data elements through their respective format, data 

type, allowed values, or default value. This can also encompass the composition of 

complex business data structures or the generation of reports (Wiegers & Beatty, 

2013). 
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Solution ideas 

Oftentimes the requirements given by users are actually solution ideas. When de-

scribing specific ways in which the interaction with the system should be structured 

or how an action can be performed, a solution idea is presented. To extract the un-

derlying requirements from such statements it is important to repeatedly ask the 

user “why” (Wiegers & Beatty, 2013). 

This classification allows to identify which category of information currently is be-

ing discussed and to react accordingly. It also simplifies the process of creating con-

crete, high quality requirements can be developed and used in the software devel-

opment process. The developed requirements are then retained in the software re-

quirements specification described in the next section. 

3.1.2 Analysis and Specification 

Following the requirements elicitation, the gathered information is analysed to cre-

ate the software requirements specification. During this analysis the literature and 

all interviews are screened for statements that can be used to create software re-

quirements. The requirements that go beyond the scope of the first prototype im-

plementation are later removed from the list. The software requirements specifica-

tion serves as a well-structured and clearly arranged documentation of all the de-

veloped software requirements. This document then guides the whole development 

process. The software requirements specification follows a modified version of the 

structure suggested by Wiegers and Beatty (2013), presented in Appendix B. 

At first, general system requirements are listed, which cover requirements regard-

ing the operating environment, general design and implementation constraints, and 

assumptions and dependencies. Section 2 of the specification addresses the identi-

fied system features. For each feature a brief description and the related functional 

requirements are defined. All external interfaces are addressed in section 3, includ-

ing the UI and software interfaces. At last, quality attributes are described. These are 

divided into usability and performance requirements. 

3.2 Requirements Elicitation 

The literature search as described in section 3.1.1.1 yielded a total of 26 relevant 

pieces of literature. Table 1 provides a detailed overview over the number of works 

identified in each of the three defined sources. With a total of 20 pieces, the vast 

majority of the identified literature falls into the category of specialist books, while 
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the remaining works consist of three journal articles, one conference proceeding 

and one magazine article. 

Table 1 Number of identified works through the literature search 

Source # Relevant pieces of literature 

 8 

 10 

 7 

Total 25 

The relevant literature is used to create software requirements for the PPM dash-

board application, presented in the following section. Additionally, relevant infor-

mation is also extracted to guide the specific choices made during design and imple-

mentation phase described in chapter 4. Especially the available data visualization 

methods are selected and designed according to the recommendations given in the 

literature, as described in section 4.3.5. Oftentimes, the information contained in the 

literature is found to be redundant or even directly cited from one of the other works 

in the list. Therefore, when referencing information from the relevant literature the 

original or most significant source is cited. Table 2 provides a complete overview 

over the identified relevant literature 

Table 2 Overview over the identified relevant literature 

No. Reference Title 

1 (Few, 2004) Dashboard Confusion 

2 (Keller & Tergan, 2005) 
Visualizing Knowledge and Information: An In-

troduction 

3 (Few, 2006) Information Dashboard Design 

4 (Mazza, 2009) Introduction to Information Visualization 

5 
(Rasmussen et al., 

2009) 

Business Dashboards: A Visual Catalog for De-

sign and Deployment 

6 
(Yigitbasioglu & Velcu, 

2011) 

A review of dashboards in performance manage-

ment: Implications for design and research 

7 (Yau, 2011) 
Visualize This: The FlowingData Guide to Design, 

Visualization, and Statistics 



Requirements 16 

 

8 (Eckerson, 2011) 
Performance Dashboards: Measuring, Monitor-

ing, and Managing Your Business 

9 
(Myatt & Johnson, 

2011) 
Making Sense of Data III 

10 (Lankow et al., 2012) Infographics: The Power of Visual Story Telling 

11 (Bolten, 2012) 

Painting With Numbers: Presenting Financials 

and Other Numbers so People Will Understand 

You 

12 (Yau, 2013) Data Points: Visualization That Means Something 

13 (Sykes et al., 2013) 
Stories That Move Mountains: Storytelling and 

Visual Design for Persuasive Presentations 

14 (Niwa, 2014) 
Cool Infographics: Effective Communication with 

Data Visualization and Design 

15 
(Swires-Hennessy, 

2014) 

Presenting Data: How to Communicate Your 

Message Effectively 

16 
(Rasmussen et al., 

2009) 

Business Dashboards: A Visual Catalog for De-

sign and Deployment 

17 (Gemignani et al., 2014) 
Data Fluency: Empowering Your Organization 

with Effective Data Communication 

18 (Simon, 2014) 
The Visual Organization: Data Visualization, Big 

Data, and the Quest for Better Decisions 

19 
(Mettenheim & Breit-

ner, 2014) 

Decision analytics with heatmap visualization for 

multi-step ensemble data 

20 
(Nussbaumer Knaflic, 

2015) 

Storytelling with Data: A Data Visualization 

Guide for Business Professionals 

21 
(Rodriguez & Kaczma-

rek, 2016) 
Visualizing Financial Data 

22 (Roberts et al., 2017) 

Give Me a Customizable Dashboard: Personal-

ized Learning Analytics Dashboards in Higher 

Education 

23 (Wexler et al., 2017) The Big Book of Dashboards 

24 (Wilke, 2019) Fundamentals of Data Visualization 

25 (Jones, 2020) Avoiding Data Pitfalls 
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In addition to the literature search, three experts in the domain of WfMSs were in-

terviewed according to the method described in section 113.1.1.2. Table 3 provides 

an overview over the professions of each of these experts, as well as the duration of 

the respective interviews. 

Table 3 Expert interview overview 

No. Interviewee Profession Duration 

1 Managing Consultant 47 min 

2 Camunda Developer Advocate 46 min 

3 
Head of Division – Process Automation, Data Ana-

lytics, Data Strategy 
52 min 

3.3 Software Requirements Specification 

This section describes the software requirements specification for the PPM dash-

board application prototype according to the structure presented in  Appendix B. 

The contents of the software requirements specification are extracted from the in-

formation gathered in the requirements elicitation through the process described in 

section 3.1.2. All requirements described in the specification guide the conceptual-

ization and development of the prototype application. The complete software re-

quirements specification is provided in the list below: 

1. Overall Requirements 

1.1. Operating Environment 

Two requirements relating to the operating environment are defined. Firstly, 

in OE-1 the application shall be operatable in any of the main current brows-

ers. Few (2004) specifically emphasized the need for dashboards to make use 

of internet or intranet infrastructure and that dashboards should be viewed 

in a web browser. To help realize this goal, the need for the application to be 

operable on a Linux server is addressed in OE-2 and implicitly derived from 

the previously defined research aim. These types of servers are chosen as the 

operating environment, as they are free, open source, and can also host Ca-

munda instances on a Java web application server (e.g. Apache Tomcat). Ta-

ble 4 provides an overview over the operating environment requirements. 
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Table 4 Operating environment requirements overview 

ID Requirement Source 

OE-1 

The PPM dashboard application shall operate 

correctly with the current versions of the fol-

lowing web browsers: Firefox, Google 

Chrome, Microsoft Edge. 

(Few, 2004) 

OE-2 
The PPM dashboard application shall operate 

on a Linux server. 

RA 

1.2. Design and Implementation Constraints 

Two constraints to the design and implementation are defined. CO-1 stipu-

lates that the API provides by the PPM dashboard application prototype must 

follow the Representational State Transfer (REST) paradigm. Also, CO-2 con-

straints the main programming language used for the backend of the appli-

cation to Java, as Camunda and the PPM plugin also make use of this language, 

thus making the further development of the application easier for future de-

velopers. Both requirements are implicitly derived from the overarching re-

search aim. Table 5 provides an overview over the design and implementa-

tion constraints. 

Table 5 Design and implementation constraints overview 

ID Requirement Source 

CO-1 

The application’s data basis and main func-

tionality shall be accessible from the outside 

through a REST API 

RA 

CO-2 
The backend code basis shall be written in 

the programming language Java 

RA 

1.3. Assumptions and Dependencies 

No assumptions are defined. However, two dependencies are identified be-

cause of the defined research aim. Because the PPM dashboard application 

shall both expands on Camunda and the PPM plugin dependencies to both of 

these systems exist. Table 6 provides an overview over the assumptions and 

dependencies. 
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Table 6 Assumptions and dependencies overview 

ID Requirement Source 

DE-1 

The PPM dashboard application depends on 

the data provided by the PPM Camunda 

plugin. 

RA 

DE-2 
The PPM dashboard application depends on 

the data provided by Camunda. 

RA 

2. System Features 

2.1. Dashboard Customization 

One requirement expressed by all interviewees either explicitly or implicitly 

is that users need to define themselves what information shall be presented 

in a dashboard, thus necessitating the ability for customization. A complete 

customization should cover both the presented visualizations and their ar-

rangement inside a dashboard (FR-1 & FR-2), as well as the ability to create 

and edit visualizations themselves (FR-3 & FR-4). Still, even high level of cus-

tomizability the method selected to visualize a data set must be fitting. FR-5 

addresses this concern. At last, the dashboards created by users must be 

sharable with other people. To facilitate this, FR-6 stipulates that a dashboard 

must always be accessible through the same static path, even after it was ed-

ited. Table 7 provides an overview over the functional requirements relating 

to the dashboard customization. 
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Table 7 Functional requirements relating to the dashboard customization 

ID Requirement Source 

FR-1 

Creating a dashboard 

Users shall be able to create their own dash-

boards. For different use cases users must be 

able to select different visualizations to be 

displayed in each dashboard. 

Interview 1, 2, 3 

(Few, 2004) 

FR-2 

Editing a dashboard 

Users shall be able to edit previously created 

dashboards. For that reason, they need to be 

able to delete visualizations and add new 

ones. 

Interview 1, 2, 3 

(Few, 2004) 

FR-3 

Creating data visualizations 

Users shall also be able to create their own 

visualizations that map the data they want to 

display in a dashboard in the way they see fit. 

Interview 1, 2, 3 

(Few, 2004) 

FR-4 

Editing data visualizations 

Users shall also be able to create their own 

visualizations that map the data they want to 

display in a dashboard in the way they see fit. 

Interview 1, 2, 3 

(Few, 2004) 

FR-5 

Visualization method selection 

When creating or editing a visualization, us-

ers shall only be able to choose visualization 

methos that are fitting for the data set to be 

displayed. 

(Few, 2006; 

Swires-Hennessy, 

2014) 

FR-6 

Dashboard accessibility 

Dashboards created by users shall be accessi-

ble by other people and be available under a 

fixed path. 

Interview 2 

2.2. Data Communication 

Three requirements regarding the communication of data through the dash-

board application were identified. FR-7 addresses the need for users to be 

able to quickly identify risks and other circumstances that might require the 

user’s attention. Also, there is a need for the creation of high-level summaries 
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that compress interesting data and are quickly comprehensible, which is ad-

dressed by FR-8. Lastly, FR-9 addresses the need for users to be able to make 

changes to visualizations. Table 8 provides an overview over the functional 

requirements relating to the data communication. 

Table 8 Functional requirements relating to the data communication 

ID Requirement Source 

FR-7 

Quick process overview 

The dashboard shall help users to quickly be 

able to identify risks and situations that re-

quire their attention. 

Interview 1, 2, 3 

(Few, 2006) 

FR-8 

High-level summaries 

Users shall be able to create high-level sum-

maries of the prediction data 

Interview 1, 3 

FR-9 

Customizing data appearance 

The visual appearance of the data visualiza-

tions displayed in the dashboard shall be cus-

tomizable. 

Interview 2, 3 

2.3. Application settings 

Two requirements regarding the application settings are defined. FR-10 ad-

dresses the need for users to be able to freely set the data refresh intervals as 

different use cases and processes might require different update intervals. 

Additionally, because the basis for the used data is provided by the PPM 

plugin, users must be able to set the prediction algorithms as expressed 

through FR-11. Table 9 provides an overview over the functional require-

ments relating to the application settings. 
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Table 9 Functional requirements relating to the application settings 

ID Requirement Source 

FR-10 

Data refresh interval configuration 

Because the data refresh interval changes de-

pending on the use case, users must be able 

to set the desired interval in the settings. 

Interview 2 

FR-11 

Prediction algorithm selection 

The algorithm used for the prediction must 

be selectable and configurable. 

RA 

3. External Interface Requirements 

3.1. User Interfaces 

Three UI requirements were identified. UI-1 stipulates that the application 

must be easily accessible outside of the Camunda menus, as most users will 

not need the Camunda functionality when interacting with the PPM dash-

board application. UI-2 addresses the requirement for dashboards to be dis-

played on a single page without the need for scrolling, so that all information 

is always visible. UI-3 states that the elements in a dashboard must not over-

lap each other to avoid the hiding of information. At last, UI-4 and UI-5 ad-

dresses the usage of non-data-pixels. According to Few (2006) any pixels that 

are not used to display data must be minimized to a reasonable minimum, 

excluding a blank background. This includes for example decorative graphics, 

colours that do not encode any data, or unnecessary borders between ele-

ments which also would be delimitable by only a white or blank space alone. 

The remaining non-data pixels then should be deemphasized as much as pos-

sible, so that they can still server their purpose, but do not attract attention. 

Table 10 provides an overview over the UI requirements. 
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Table 10 UI requirements overview 

ID Requirement Source 

UI-1 

The PPM dashboard application shall be ac-

cessible without the need to go through Ca-

munda menus. 

Interview 2, 3 

UI-2 

Each dashboard shall present all relevant in-

formation on a single page without the need 

for the user to scroll. 

(Few, 2006, 2004) 

UI-3 

The elements of a dashboard shall not overlap 

each other and thereby hide parts of a data 

set. 

(Mazza, 2009; 

Swires-Hennessy, 

2014) 

UI-4 
The amount of non-data pixels shall be mini-

mized. 

(Few, 2006; Mazza, 

2009) 

UI-5 
Non-data pixels shall be deemphasized as 

much as possible 

(Few, 2006; Mazza, 

2009) 

3.2. Software Interfaces 

Two software interface requirements are defined because of the overarching 

research aim. Because the PPM dashboard application is supposed to expand 

on the PPM Camunda plugin, data must be fetched from both the plugin and 

Camunda itself. The respective requirements SI-1 and SI-2 are detailed in Ta-

ble 11. 

Table 11 Software interfaces requirements overview 

ID Requirement Source 

SI-1 

The PPM dashboard application shall fetch 

the prediction data calculated by the PPM Ca-

munda plugin through a programmatic inter-

face. 

RA 

SI-2 

The PPM dashboard application shall fetch 

the process instance and history data retained 

in Camunda through a programmatic inter-

face. 

RA 

 

 



Requirements 24 

 

4. Quality Attributes 

4.1. Usability Requirements 

Two usability requirements were identified. USE-1 relates to the need for us-

ers to quickly create new dashboards and visualizations. A quick content cre-

ation supports the users’ ability to explore the system’s capabilities and 

thereby find new ways to make use of it. Similarly, the second requirement 

addresses the need for users to intuitively work with the application without 

the need of an instruction. This lowers the barrier of entry for new users to 

try using the application. Table 12 provides an overview over the usability 

requirements. 

Table 12 Usability requirements overview 

ID Requirement Source 

USE-1 
The creation of a new dashboards and visu-

alizations shall be possible in under a minute 

Interview 2 

USE-2 

Users shall intuitively and without the need 

to work through an instruction be able to 

create their own dashboards 

Interview 2, 3 

USE-3 

Users shall only be able to select suitable vis-

ualization types for the respective data set to 

be displayed 

(Few, 2006; 

Swires-Hennessy, 

2014) 

4.2. Performance Requirements 

One performance requirement is defined. PER-1 emphasizes the importance 

of quick and responsive feedback provided by the system. Users must not feel 

an irritating delay when working with the PPM dashboard application. Table 

13 displays the performance requirement. 

Table 13 Performance Requirements overview 

ID Requirement Source 

PER-1 
Users must feel that the system quickly and 

responsively reacts to their input  

Interview 2 
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3.4 Out-of-Scope Requirements 

The requirements elicitation process also yielded requirements that during the 

analysis phase were found to go beyond the scope of the first prototype implemen-

tation. Nevertheless, they still give useful insight into the features that users might 

expect in later iterations of the PPM dashboard application. Table 14 provides an 

overview over all identified requirements that are outside of the scope of the first 

prototype implementation. 

Table 14 Out-of-scope requirements overview 

ID Requirement Source 

OOS-1 

External data import 

The system shall be able to import data from other 

WfMSs and display it alongside the data provided by 

Camunda and the PPM plugin.  

Interview 3 

OOS-2 

Process versioning 

Users shall be able to display and compare data from 

different versions of the same process. 

Interview 2 

OOS-3 

Automatic process control 

Depending on the predictions of the PPM plugin, the 

system shall be able automatically initiate or stop pro-

cesses. 

Interview 1 

OOS-4 

Automatic communication 

The system shall automatically inform users about un-

usual events and situations that require their immedi-

ate attention (e.g., through sending an email) 

Interview 1, 3 

OOS-5 

Access management 

Some dashboards might contain sensible information. 

Therefore, the access to different data sets and dash-

boards must be restrictable to some users or groups of 

users. 

Interview 1, 2 
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4 Implementation 

The crucial piece of this thesis is the implementation of the PPM dashboard applica-

tion prototype. The source code for the application is available in the respective 

GitLab repository5. This chapter covers the prototype by describing the software ar-

chitecture, as well as the backend and the frontend implementations. 

Section 4.1 provides an overview over the system and its architecture. First, a high-

level overview and description of the system architecture with all its components is 

given. Next, the system’s underlying data structure is illustrated. Lastly, the depend-

encies and external libraries, as well as their usage in this project are listed and de-

scribed. 

Section 4.24.2 covers the concrete implementation of the system’s backend. A de-

tailed descriptions of all software components and the functionality they provide is 

given. Additionally, the application’s API is documented. 

Lastly, section 4.2.3.2 describes the frontend implementation. For every site an ex-

planation of the structure, functionality, the communication with the backend, and 

a small usage scenario is presented26 

4.1 Application Overview 

This section provides a general overview over the PPM dashboard application. First, 

a description of the system architecture is given in section 4.1.1. This encompasses 

a description of all system components and the relationships between them. Section 

4.1.2 covers the application’s underlying data structure. Lastly, section 4.1.3 pro-

vides an overview over the dependencies that are used in the development. For both 

the backend and frontend all dependencies and external libraries are listed and a 

brief explanation of their benefit and usage is given.  

4.1.1 Architecture Overview 

The system is designed as a Java web application. The model-view-controller (MVC) 

software design pattern is used in the implementation. The pattern describes three 

main components in an application. The model is the application’s data structure 

and should not be changing. It consists of several classes that support the overarch-

ing problem the application is trying to solve. Views are interfaces with this model. 

They might be a graphical UI or an API usable by other systems and present the 

 
5 https://gitlab.uni-koblenz.de/fg-bks/practica/camunda-ppm/-/tree/dashboard 

https://gitlab.uni-koblenz.de/fg-bks/practica/camunda-ppm/-/tree/dashboard
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model in a particular way. Lastly, controllers are object that can manipulate a view. 

They accept user input and perform interactions on the model accordingly (Deacon, 

2009). The concrete implementation of the system architecture is displayed in the 

component diagram shown in Figure 3. 

<<component>>

PPM Dashboard Application Prototype

<<component>>

API Service

<<component>>

Model

<<component>>

Template Controller

<<component>>

Configuration

<<component>>

H2 Database

<<component>>

Camunda

<<component>>

PPM Plugin

<<component>>

Data Service

<<component>>

Frontend
Elements Service

<<component>>

Frontend

<<component>>

Specification
<<component>>

REST API

 

Figure 3 UML Component diagram of the PPM dashboard application prototype 

The underlying data structure of the system is represented in the model. Any data 

that is persisted is stored in the H2 database. This data is managed exclusively by 

the model. 

Two controllers are used to manage user input and relay commands to the model. 

The template controller covers the communication with the graphical UI, while the 

other controller is concerned with the REST API. The controllers do not directly 

communicate with the model, but work through a service layer, which contains the 

system’s main business logic. There are three service components. The API Service 

manages the communication with outside systems through an API. It requests data 

from Camunda and the PPM plugin. The Data Service handles the manipulation of 

the raw data received by the API Service to create new aggregated prediction values. 

Lastly, the Frontend Elements Service manages all logical operations in relation with 

the elements that are directly connected to the frontend (e.g., dashboards or visual-

izations). The frontend is a collection of views in the form of HTML templates that 

can represent the model data structure. Communication between the frontend and 

the backend is done through both the Template Controller and the REST API. 
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4.1.2 Data Structure 

As in the previous section stated, the model and the data structure it describes are a 

vital component of the PPM dashboard’s architecture. There are two main parts to 

the system’s data structure. The first one is the prediction and instance data. This 

encompasses all the raw data that is provided by Camunda and the PPM plugin. Fig-

ure 4 display an entity-relationship (ER) model of the respective data structure us-

ing the Crow’s Foot notation.  

activity_prediction_data

historic_activity_instance

prediction_data

task_detail

id INTEGERPS

active BOOLEAN

probability FLOAT

related_instance_id VARCHAR(255)FK

activity_id VARCHAR(255)FK

id VARCHAR(255)PS

parent_activity_instance_id VARCHAR(255)

end_time VARCHAR(255)

process_instance_id VARCHAR(255)

activity_id VARCHAR(255)

start_time VARCHAR(255)

activity_type VARCHAR(255)

duration_in_millis INTEGER

canceled BOOLEAN

instance_id VARCHAR(255)PS

remaining_time FLOAT

risk FLOAT

definition_id VARCHAR(255)

activity_id VARCHAR(255)PS

description VARCHAR(255)

type VARCHAR(255)

name VARCHAR(255)

 

Figure 4 ER diagram of the prediction data basis 

The raw data basis that is contained in this data structure is used by the system to 

make calculations and aggregations that are then being used for the display in a 

dashboard. The prediction_data entity encompasses the relevant prediction data for 

each instance. Therefore, it can be uniquely identified by the instance ID. Because a 

prediction for the probability which activity will be executed next is made for every 

activity, these values cannot be stored in the entity, unlike the predicted risk and 
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remaining time. The activity prediction data is represented by the activity_predic-

tion_data entity. Every instance of this entity belongs to exactly one prediction_data 

instance. Besides the probability, also the status if the activity is currently active in 

the related Camunda instance and the activity ID are stored. Because the details for 

the activity are not provided by the PPM plugin, but are updates separately through 

the Camunda API, and are also used by numerous activity prediction data objects, 

they are stored in a separate entity. This data is represented by the task_detail en-

tity. It contains the name, description, and type for each activity. A task_detail in-

stance can be related to an arbitrary number of activity_prediction_data instances, 

while each activity_prediction_data instance is related to exactly one task_detail in-

stance. 

Because of the need for users to create and customize dashboard, as expressed in 

the functional requirements FR-1 to FR-5, there are numerous frontend elements. 

These elements represent the second part to the system’s overall data structure. Fig-

ure 5 display the respective ER model of this data structure using the Crow’s Foot 

notation.  
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chart

chart_category

chart_data

chart_options

chart_tags

dashboard

dashboard_element

filter

id INTEGERPS

name VARCHAR(255)

default_height INTEGER

default_width INTEGER

created TIMESTAMP

last_updated TIMESTAMP

name VARCHAR(255)PS

color VARCHAR(255)

id INTEGERPS

name VARCHAR(255)

data_set_type INTEGER

filter_id INTEGERFK

related_chart_id INTEGERFK

option_key VARCHAR(255)

options VARCHAR(255)

chart_id INTEGERFK

category_name VARCHAR(255)FK

chart_id INTEGERFK

id INTEGERPS

name VARCHAR(255)

created TIMESTAMP

last_updated TIMESTAMP

id INTEGERPS

dashboard_id INTEGERFK

chart_id INTEGERFK

height INTEGER

posy INTEGER

posx INTEGER

width INTEGER

id INTEGERPS

name VARCHAR(255)

criteria_json CLOB

 

Figure 5 ER diagram of the UI elements 

At the end of this structure is the dashboard entity, which represents every dash-

board created by a user. The entity itself does not contain much information about 

the dashboard itself, besides its name and metadata for its creation and last update 

timestamps. The elements a dashboard contains (e.g., charts and data visualiza-

tions) are represented by the dashboard_element entity. The entity contains data on 

the dimension and position inside the dashboard. Every element belongs to exactly 

one dashboard one dashboard and displays exactly one chart. Chart entities are rep-

resentations of visualizations which can be used by an arbitrary number of dash-

boards elements. Just like dashboards they have a name and creation and update 

metadata, but also a default height and width. The options related to a chart are rep-

resented by the chart_options entity. For every option for each chart instance a 

chart_options instance is created, which contains the option key and value. Addi-

tionally, a chart can have tags. Every tag on the other hand can be used by many 

charts. Tags are represented by the chart_category entity and contain a name and an 

associated colour. As every tag name is unique it identifies the entity. The many-to-
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many relationship between chart and chat_category entities is represented by the 

chart_tags entity which contains the primary key of each entity, thus creating an un-

ambiguous connection. Lastly, the chart entity is also related to the chart_data entity, 

which represents the data set that is displayed by every chart instance. Every chart 

has exactly one chart_data instance and vice versa. The chart_data has a name and a 

data set type. Through this data set type and a related filter instance the data set can 

be unambiguously defined. The filter entity contains a filter name and the criteria of 

the filter as a JSON string. Filter instances are used by the system to narrow down 

the instances that are included in the data aggregation. Every chart_data instance 

contains exactly one filter, while every filter can be used by any number of 

chart_data instances. 

4.1.3 Dependencies Overview 

The backend of the PPM dashboard application prototype is set up as an Apache 

Maven6 project. Maven is used in this project for the management of backend de-

pendencies and the building of deployable files. The Spring Framework7 is used as 

the main application framework. Specifically, the extension Spring Boot simplifies 

the development of the prototype through the use of the convention-over-configu-

ration paradigm. Other dependencies are included in the project because they pro-

vide vital functionality which otherwise would have been needed to be specifically 

built. Project Lombok does not provide system functionality but simplifies and ac-

celerates the development process by minimizing boilerplate code. Table 15 pro-

vides a complete overview over the dependencies and external libraries that are 

used in the backend development, as well as a brief description of their usage and 

benefit for the project. 

 

 

 

 

 

 
6 https://maven.apache.org 
7 spring.io/projects/spring-framework 

https://maven.apache.org/
https://spring.io/projects/spring-framework
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Table 15 Backend dependencies and external libraries 

Dependency Version Usage 

Spring Boot 

Starter8 
2.6.7 

Spring Boot is used as the application’s main 

backend framework. This dependency provides the 

framework’s core functionality and auto-configura-

tion support. It can be expanded upon by other 

Spring Boot modules. 

Spring Boot 

Starter Web 
2.6.7 

This dependency expands the baseline Spring Boot 

framework and provides important web applica-

tion functionality, including REST and Spring MVC. 

Also, an embedded Apache Tomcat container is in-

cluded. 

Spring Boot 

Starter Data 

JPA 

2.6.7 

This dependency expands the baseline Spring Boot 

framework by adding support for JPA and Hiber-

nate. It is used for the management of relational 

data in the application’s database. 

Spring Boot 

Starter 

Thymeleaf9 

2.6.7 

This dependency expands the baseline Spring Boot 

framework by adding support for the Thymeleaf 

template engine. This enables the server-side crea-

tion of HTML templates. 

H2 Database10 1.4.200 

The H2 database management system is used for 

the simple and uncomplicated, embedded persis-

tence of the application’s data. In a productive envi-

ronment a different data base should be integrated. 

Project  

Lombok11 
1.18.24 

Project Lombok plugin into the editor and build 

tools to provide functionality such as automatic cre-

ation of getters, setters, or constructors to reduce 

the amount of boilerplate code and improve reada-

bility. 

 
8 https://spring.io/projects/spring-boot 
9 https://www.thymeleaf.org 
10 http://www.h2database.com 
11 https://projectlombok.org 

https://spring.io/projects/spring-boot
https://www.thymeleaf.org/
http://www.h2database.com/
https://projectlombok.org/
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Camunda 

BMPN Model12 

7.17.0-

alpha4 

The Camunda BPMN Model library adds functional-

ity for the interaction with bpmn files in Java. It is 

used to extract the id, name, description, and type 

for each task from the process model. 

Awaitility13 3.1.2 

Awaitility enables the scheduled and reoccurring 

execution of code, which is used for the interval-

based updating of the prediction and history data. 

Just like the backend, the frontend also relies on numerous external libraries and 

dependencies. The AdminLTE template is used as the basis for all pages contained 

in the frontend. Many elements contained in the template are used or expanded 

upon in the frontend development. Additionally, the Bootstrap framework also pro-

vides many design elements that are used throughout the project. jQuery is used in 

the development of JavaScript code. Many other libraries are included to provide 

additional functionality which otherwise would have been needed to be built from 

the ground up. Table 16 provides a complete overview over the dependencies and 

external libraries that are used in the frontend development, as well as a brief de-

scription of their usage and benefit for the project. 

Table 16 Frontend dependencies and external libraries 

Dependency Version Usage 

AdminLTE14 3.1.0 
AdminLTE is the template used as the basis for the 

frontend creation 

Bootstrap15 4.6.0 

Bootstrap is used as the main frontend framework. 

It provides many design elements and some JavaS-

cript functionality used in every template. 

Bootstrap 

Table16 
1.19.1 

Bootstrap Table is an extension to the baseline 

Bootstrap framework and much functionality to 

HTML tables, such as searching, sorting, and updat-

ing through AJAX.  

 
12 https://camunda.com 
13 http://www.awaitility.org 
14 https://adminlte.io 
15 https://getbootstrap.com 
16 https://bootstrap-table.com 

https://camunda.com/
http://www.awaitility.org/
https://adminlte.io/
https://getbootstrap.com/
https://bootstrap-table.com/
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jQuery17 3.6.0 
jQuery is a JavaScript library for the simplified 

HTML DOM tree traversal and manipulation. 

jQuery UI18 1.12.1 

jQuery UI is a JavaScript library that provides many 

effects and functionality specifically for web appli-

cations. 

Font 

Awesome19 
5.15.3 

Font Awesome is an icon library. It is used for all 

icons displayed in the frontend. 

Select220 4.0.13 

Select2 adds customization options to select box el-

ements and provides additional functionality such 

as searching, tagging, infinite scrolling and more. 

Toastr21 2.1.1 

Toastr is a JavaScript library that helps creating 

non-blocking notifications. These notifications are 

shown after successfully loading or saving data, or 

if errors occur. 

OverlayScroll-

bars22 
1.13.0 

OverlayScrollbars is a plugin that hides native 

scrollbars and provides a styleable overlay replace-

ment scrollbar instead. 

CSS Element 

Queries23 
1.2.2 

Only the Resize Sensor module of this library is 

used. It provides functionality to detect if HTML el-

ements are changing their size. 

gridstack.js24 5.0 

gridstack.js provides the dragging and resizing 

functionality used in the placement of visualiza-

tions in a dashboard. 

Apache 

ECharts25 
5.3.1 

Apache ECharts is a JavaScript visualization library 

which is used for the creation of most of the visuali-

zation types in the PPM dashboard application. 

 
17 https://jquery.com 
18 https://jqueryui.com 
19 https://fontawesome.com 
20 https://select2.org 
21 https://codeseven.github.io/toastr 
22 https://kingsora.github.io/OverlayScrollbars 
23 http://marcj.github.io/css-element-queries 
24 https://gridstackjs.com 
25 https://echarts.apache.org 

https://jquery.com/
https://jqueryui.com/
https://fontawesome.com/
https://select2.org/
https://codeseven.github.io/toastr
https://kingsora.github.io/OverlayScrollbars
http://marcj.github.io/css-element-queries
https://gridstackjs.com/
https://echarts.apache.org/
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Boxfit26 1.2.4 
Boxfit is a jQuery plugin used for the scaling of the 

text in simple value visualizations. 

heatmap.js27 2.0.5 
The heatmap.js library is used to render heatmap 

visualizations. 

bpmn-js28 9.0.3 
The bpmn-js library is used to render the BPMN-di-

agrams that are shown in heatmap visualizations. 

4.2 Backend 

This section describes the main elements of the Java backend application. Much of 

the application’s backend is a standard Spring MVC web application implementa-

tion. As the relationships between the respective components are already described 

in section 4.1.1, these parts of the application are not further discussed. Instead, this 

section focuses on the description and documentation of custom-built elements in 

the Java backend. 

Subsection 4.2.1 describes the data that is generated as a result of the aggregation 

of the raw data provided by Camunda and the PPM plugin. This raw data presents a 

very low-level consideration and is therefore not primarily suited for the high-level 

summaries usually found in dashboard applications. For that reason, five data types 

are defined, all of which with a different level of consideration and addressing dif-

ferent aspects of the provided data. 

Subsection 4.2.2 introduces the data filtering mechanism. This is used to limit the 

raw data that is used in the calculation of the defined data types. Thus, much more 

complex and fine-tuned summaries and data sets to be displayed in a dashboard can 

be created. 

Lastly, subsection 4.2.3 describes the REST API provided by the PPM dashboard ap-

plication. All endpoints and their usage are described. 

4.2.1 Types of Aggregated Data 

To provide a useful data basis for users to create data sets from, aggregations from 

the raw data provided by Camunda and the PPM dashboard are made. This raw data 

is structured as follows. The PPM plugin can provide a prediction of the remaining 

time, risk, and probability for the next activity for every currently active instance in 

 
26 http://michikono.github.io/boxfit 
27 https://www.patrick-wied.at/static/heatmapjs 
28 https://bpmn.io/toolkit/bpmn-js 

http://michikono.github.io/boxfit
https://www.patrick-wied.at/static/heatmapjs
https://bpmn.io/toolkit/bpmn-js
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a given process. Through Camunda history data on every completed and currently 

active task is provided, containing the task’s related instance, start time, end time, 

duration, and if it was cancelled. This information is rather fine-grained, as it always 

relates to a single process instance and thus does not support the requirement for 

high level summaries stated in FR-8. Therefore, the PPM dashboard application cal-

culates aggregations based on this raw data to provide such summaries. The goal of 

the definition of these summaries is to provide users the most additional value, 

while also not overwhelming them with an abundance of options and miniscule dif-

ferentiations. For this reason, five distinct data types are defined, each providing a 

different level of consideration. Every data type contains a number of data subtypes. 

Each data type, the method for its calculation, and fitting visualization types are ex-

plained in the following subsections. 

4.2.1.1 Process Prediction Data 

Process Prediction Data is the highest level of consideration for the data presented 

by the PPM dashboard application. The individual instance data is aggregated com-

pletely to calculate summaries on the process level. The data type contains five in-

dividual subtypes of data, listed and described in Table 17.  

Table 17 Overview of the Process Prediction Data subtypes 

Name Type Description 

Identifier Category 
A descriptive name given by the user to 

differentiate various data sets 

Average Risk Percent 
The average risk of all currently running 

process instances 

Average Remaining Time Duration 
The average remaining time of all cur-

rently running process instances 

Highest Risk Percent 
The highest risk of all currently running 

process instances 

Highest Remaining Time Duration 
The highest remaining time of all cur-

rently running process instances 

Number of instances Integer The number of aggregated instances 

4.2.1.2 Activity Prediction Data 

The Activity Prediction Data is the next lower level of consideration below the Pro-

cess prediction data. Here, the raw instance data is aggregated along their currently 
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active activity in the process. Therefore, predictions for each activity are possible. 

The data type contains five individual subtypes of data for each activity in a process, 

listed and described in Table 18.  

Table 18 Overview of the Activity Prediction Data subtypes 

Name Type Description 

Activity ID Category The ID of the viewed process activity 

Average Risk Percent 
The average risk of all active instances 

at a process activity 

Average Remaining Time Duration 
The average remaining time of all active 

instances at a process activity 

Highest Risk Percent 
The highest risk of all active instances at 

a process activity 

Highest Remaining Time Duration 
The highest remaining time of all active 

instances at a process activity 

Probability Percent 
The average possibility that the activity 

is executed next by a running instance 

4.2.1.3 Instance Prediction Data 

Instance Prediction Data considers the data on the level of individual instances. Be-

cause the PPM plugin delivers the raw data for each instance no additional calcula-

tions are needed to present this type of data. The data type contains two individual 

subtypes of data for each running instance in a process, listed and described in Table 

19.  

Table 19 Overview of the Instance Prediction Data subtypes 

Name Type Description 

Instance ID Category The ID of the viewed process instance 

Predicted Risk Percent 
The instance’s predicted risk of failing at 

the current activity 

Predicted Remaining Time Duration 
The instance’s predicted remaining time 

at the current activity 
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4.2.1.4 Task Data 

Task Data allows users to view data on every currently and previously executed task 

in a process. It combines the history data provided by Camunda with the data pro-

vided by the PPM dashboard. This allows for a very fine-grained comparison be-

tween historic and predicted data in a single data set. The data type contains four 

individual subtypes of data, listed and described in Table 20.  

Table 20 Overview of the Task Data subtypes 

Name Type Description 

Task ID Category The ID of the viewed process task 

Activity ID Category The ID of the activity associated with a task 

Start Time Date The task’s start date 

Duration Duration 
The task’s duration until completion or predicted du-

ration 

Status Category 
The categorization of the task between history and 

prediction data 

4.2.1.5 Timeline Data 

Timeline Data provides prediction data along with the historic context provided by 

the Camunda history data on a high level of consideration. Users can choose a 

timeframe among days, calendar weeks, months, and years along which the data is 

aggregated. The data type contains four individual subtypes of data, listed and de-

scribed in Table 21.  

Table 21 Overview of the Timeline Data subtypes 

Name Type Description 

Timeframe Category 
The name of the timeframe selected by the 

user 

Average Risk Category 

The average number of failed historic in-

stances and the predicted risk of currently 

running instances in a timeframe 

Average Task Duration Date 

The average duration of historic instances 

and the predicted duration of currently 

running instances in a timeframe 
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Highest Task Duration Duration 

The highest duration or predicted remain-

ing time among historic and currently run-

ning instances in a timeframe 

Number of Instances Category 
The number of instances included in a 

timeframe 

4.2.2 Data Filtering 

The data types described in the previous section provide users with numerous easy 

to use options to create data sets which can be used in a dashboard. However, in 

their baseline implementation the data types always include data of all currently 

running processes, or of all historic ones. This greatly limits the available summaries 

and information that can be derived from the provided data. For this reason, users 

are also given the ability to filter the instances that are included in the calculation of 

the selected data type. The following filter structure was defined to give users the 

most possibilities to define the process instances they want to include in a data set. 

A filter consists of several criteria. Every criterion adds a specific constraint to the 

process instances that are included by the filter. A criterion is structured as follows: 

• The parameter of a process instance that the filter is applied upon 

• The filter operation 

• The values the process instances are filtered by 

For the first prototype implementation of the PPM dashboard application the pa-

rameter selections shown in Table 22 are available:  

Table 22 Overview of the filter parameter options 

Name Description 

Active Activity 

The ID of the currently active activities for a run-

ning process instance or the related activity ID for 

historic task data 

Predicted Remaining Time 
The process instance’s predicted remaining time or 

the duration of a historic task 

Predicted Risk The predicted risk of a process instance 

Instance ID The ID of the process instance 

Definition ID The definition ID related to a process instance 
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The filter parameter can be combined with one of the following filter operations: “is 

equal to”, “is not equal to”, is greater than”, “is less than”, “is greater or equal to”, “is 

less or equal to”, “matches with”, “matches at the start with”, and “matches at the 

end with”. The values to filter by can be freely entered. An arbitrary number of filter 

values can be chosen, though many operations are only working with one value (e.g., 

“is greater than” will only return instances that are greater than the greatest value 

entered, as the filtered instances must comply with all the filter values. 

One filter can contain an unlimited number of criteria. When combining several cri-

teria in one filter, for every criterion after the first a composite operation (logical 

conjunction) must be specified to define the nature of the linkage. Two options are 

available to concatenate criteria. The “AND” operator will only include instances 

which comply with the first and the second criterion. Accordingly, the “OR” operator 

includes to which the first or the second criterion apply. Below a brief example of a 

filter with two criteria is given: 

Active Activity 

matches with 

“Activity_19tmbig”, “Activity_0zaem4h” 

AND 

Predicted Risk 

is greater than 

“0.1” 

This example would only include instances that are currently active at the process 

activities with the IDs “Activity_19tmbig” and “Activity_0zaem4h”, and additionally 

have a risk that is higher than 10%. This filtering allows users to consider very spe-

cific areas of their process. 

The technical implementation of the filtering mechanism is implemented using 

Spring Data JPA criteria API. This API allows the creation of criteria which then pro-

grammatically build queries for the domain class. This means, that only relevant in-

stances are retrieved from the database when loading the data for a filtered data set, 

thus minimizing the load on the database connection, and loading times. 

4.2.3 API 

The PPM dashboard prototype application provides a REST API through which all 

data can be retrieved, and all interactions can be performed without the need for 
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using the included frontend UI. This allows the export of the calculated data types 

presented in section 4.2.1 into external systems, or even to connect separate, out-

side UIs if users wish to do so. Additionally, the API is used by the application’s own 

UI for several ajax requests to improve the dashboard’s responsiveness. All REST 

API endpoints are listed in the following subsections. 

4.2.3.1 Data Set Generation 

The data set generation endpoint everything related with the data set generation. A 

request must provide the selected data type and filter and the according data set is 

returned in the response. 

Endpoint: /api/data/generateDataSet 

Method: POST 

Example request body:  

1 [ 1 
2    { 2 
3        "name": "Process Data", 3 
4        "dataSetType": "PROCESS_PREDICTION_DATA", 4 
5        "filterId": 1 5 
6    } 6 
7 ] 7  

The request contains a list of all data sets that shall be included. All fields of each 

data set request object are listed and described in Table 23. 

 Table 23 Data set generation request fields 

Field Type Description 

name String The name of the data set 

data set type String 

The data type of the data set. Allowed values: 

• PROCESS_PREDICTION_DATA 

• ACTIVITY_PREDICTION_DATA 

• INSTANCE_PREDICTION_DATA 

• TASK_DATA 

• PROCESS_TIMELINE 

filterID Integer The ID of the applied filter 

4.2.3.2 Filters 

The filter list endpoint provides a list of all currently saved data filters. For every 

filter the id, name, and a JSON string containing the respective criteria is provided. 
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Endpoint: /api/filters 

Method: GET 

The filter endpoint provides the information on a single filter. The filter is identified 

by the id provided as a path variable. 

Endpoint: /api/filters/{filter ID} 

Method: GET 

The save filter endpoint allows the creation of a new filter object. 

Endpoint: /api/saveFilter 

Method: POST 

Example request body:  

1 { 1 
2     "name": "High Risk", 2 
3     "criteriaJson": "[{\"parameterName\":\"risk\",\"filterOper ation\":\"G REATER_T 3 
4 HAN\",\"filterValues\":[\"0.2\"]}]" 4 
5 } 5  

The request contains the new filter’s name and its criteria JSON object as a string. 

All fields of the filter object are listed and described in Table 24. 

 Table 24 Save filter request fields 

Field Type Description 

name String The name of the filter 

criteriaJson String The criteria included in the filter as a string 

The delete filter endpoint deletes a filter object. The filter is identified by the id pro-

vided as a path variable. 

Endpoint: /api/deleteFilter/{filter ID} 

Method: DELETE 

4.2.3.3 Charts 

The chart list endpoint provides a list of all currently saved data charts. For every 

chart the id, name, categories, default height, default width, the included data sets 

options, last update, and creation date are provided. 

Endpoint: /api/charts 

Method: GET 
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The chart endpoint provides the information on a single chart. The chart is identified 

by the id provided as a path variable. 

Endpoint: /api/charts/{chart ID} 

Method: GET 

The save filter endpoint allows the creation of a new chart object. 

Endpoint: /api/saveChart 

Method: POST 

Example request body:  

1  { 1 
2     "name": "My Chart", 2 
3     "categories": [ 3 
4         { 4 
5             "name": "Important", 5 
6             "color": "hsl(291.3252723827332,72.79013295501676%,71.54018230254998%)" 6 
7         } 7 
8     ], 8 
9     "defaultWidth": 3, 9 
10    "defaultHeight": 3, 10 
11    "dataSets": [ 11 
12        { 12 
13            "name": "Data Set", 13 
14            "dataSetType": "PROCESS_PREDICTION_DATA", 14 
15            "filterId": "96" 15 
16        } 16 
17    ], 17 
18    "options": { 18 
19        "visualizationType": "simpleValue", 19 
20        "mappingXAxis": "0", 20 
21        ... 21 
22    } 22 
23 } 23  

All fields of the chart object are listed and described in Table 25. 
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 Table 25 Save/update chart request fields 

Field Type Description 

name String The name of the chart 

categories Object A list of category objects containing a name and color 

defaultWidth Integer The default width of the chart 

defaultHeight Integer The default height of the chart 

dataSets Object A list of data set objects to be displayed in the chart 

Options Object 
A chart options object containing all settings and the 

corresponding values 

The delete chart endpoint deletes a chart object. The chart is identified by the id 

provided as a path variable. 

Endpoint: /api/deleteChart/{chart ID} 

Method: DELETE 

The update chart endpoint updated an existing chart object. The request body is the 

same as for the save chart endpoint, expanded by the ID provided as an integer. 

Endpoint: /api/updateChart 

Method: PUT 

4.2.3.4 Categories 

The categories list endpoint provides a list of all currently saved chart categories. 

For every category the name and the associated colour are provided. 

Endpoint: /api/categories 

Method: GET 

4.2.3.5 Dashboards 

The dashboard list endpoint provides a list of all currently saved dashboards. For 

every dashboard the id, name, included elements, last update, and creation date are 

provided. 

Endpoint: /api/dashboard 

Method: GET 

The dashboard endpoint provides the information on a single dashboard. The dash-

board is identified by the id provided as a path variable. 
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Endpoint: /api/dashboard/{dashboard ID} 

Method: GET 

The delete dashboard endpoint deletes a dashboard object. The dashboard is iden-

tified by the id provided as a path variable. 

Endpoint: /api/deleteDashboard/{dashboard ID} 

Method: DELETE 

The update dashboard endpoint updated an existing dashboard object. 

Endpoint: /api/updateDashboard 

Method: PUT 

Example request body:  

1  { 1 
2     "id": 2, 2 
3     "name": "General Process Predictions", 3 
4     "elements": [ 4 
5         { 5 
6             "chartId": 5, 6 
7             "height": 1, 7 
8             "width": 2, 8 
9             "posX": 0, 9 
10            "posY": 0 10 
11        } 11 
12    ] 12 
13 } 13  

The request contains the dashboard’s id, name, and a list of element objects. All 

fields of the dashboard object are listed and described in Table 26. 

 Table 26 Save dashboard request fields 

Field Type Description 

id Integer The dashboard’s ID 

name String The name of the dashboard 

elements Object 

A list of dashboard element objects containing the as-

sociated chart’s ID and the element’s width, height, 

and position along the X- and Y-axes. 

The duplicate dashboard endpoint duplicates an existing dashboard object. The 

dashboard is identified by the id provided as a path variable. 

Endpoint: /api/dashboard/duplicate/{dashboard ID} 
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Method: GET 

4.3 Frontend 

The following subsections describe the structure and design of the application’s UI. 

For every page a brief description of their usage, the path it is available under, and 

an exemplary screenshot is given. Additionally, the page’s functionality and possible 

user actions are described in detail. Lastly, subsection 4.3.5 describes the data visu-

alization types available to the users, their appearance, usage, and the data types 

they can be used to display. 

4.3.1 Basic Page Structure 

For every page in the application there is a common baseline site structure. This 

structure is shared between all sites with only very limited differences. Figure 6 

shows a screenshot of this basic page layout. 

  

Figure 6 Screenshot of the baseline page structure 

The main content of each page is displayed in the empty grey are in the middle of 

the screen. This area being maximized to provide as much screen real estate for the 

dashboard as possible. As few distracting elements as possible are used, so that the 

layout complies with the requirements UI-4 and UI-5. At the top of each page a head-

ing is displayed to help users navigate the application. Navigation to other pages is 

possible through the side menu on the left. Here all relevant pages are accessible. 

The PPM Dashboard heading leads to the landing page. Below are links to the dash-

board list, the chart editor and application settings. At the bottom of the menu all 
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previously created dashboards can be directly added. Should the number of dash-

boards exceed the space in the side menu it will become scrollable. As the side menu 

presents the largest number of non-data pixels in the layout it can be collapsed and 

expanded by the small arrow located to the left of the page heading. The button in 

the top right corner automatically expands the page to the full-screen. At the bottom 

a small footer is displayed, showing the application’s name and the currently used 

version. 

4.3.2 Landing Page 

The first page new users would usually see is the application’s landing page. This 

page is designed as such a starting point. The page is located under the path 

“/home”, but is also opened under an empty path. Figure 7 shows a screenshot of 

the landing page. 

 

Figure 7 Screenshot of the landing page 

Users are presented with three possible actions: opening an existing dashboard, cre-

ating a new dashboard, or creating a new chart. These options are designed to give 

new users an overview over the system’s main functionality and simultaneously 

provide an easy access to them. When hovering with the mouse over any of the pic-

tures, they increase in size, making it clear that they are buttons that can be clicked. 

The pictures for each button are provided by the image bank Freepik under the free 
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license and are designed by macrovector29. Other than that, the page does not con-

tain any more content or functionality. The side menu is collapsed by default, as to 

not overwhelm the users. 

4.3.1 Dashboard List 

The dashboard list page serves as an overview over all existing dashboards. Here 

specific dashboards can be searched, opened, duplicated, and deleted. The page is 

located under the path “/dashboards”. Figure 8 shows a screenshot of the dashboard 

list. 

 

Figure 8 Screenshot of dashboard list 

In the main content area, a table with all existing dashboards is displayed. For every 

dashboard in the list the name, number of elements, last update data, and creation 

date are shown. By clicking on the blue plus symbol to the left of every row, the row 

can be expanded to show actions relating to the respective dashboard, as well as a 

preview. The preview is a shrunk representation of the complete dashboard and 

cannot be interacted with further. It serves to quickly identify the dashboard, should 

the name not be perfectly descriptive of the contents. To the left of the preview four 

actions are shown. The dashboard can be opened to show it in its full size and enable 

 
29 https://de.freepik.com/macrovector 

https://de.freepik.com/macrovector


49 Implementation 

 

interactive features, it can be edited, a duplicate can be created, and the dashboard 

can be deleted. In the top right corner, a search field is located. When a keyword is 

entered only fitting rows are shown. Additionally, every column can be sorted by 

clicking on the respective heading, so that users can quickly find the dashboard they 

are looking for. 

4.3.2 Dashboard View 

The dashboard view is the central page in the application. It is the display of any 

dashboard that was created by a user. The dashboard can be shown, so a user can 

check the information contained in it, or it can be created. The page is located under 

the path “/dashboard/{dashboard ID}”, where “{dashboard ID}” is substituted by 

the ID of the dashboard being displayed. There are two modes to the page: the stand-

ard and edit mode. 

4.3.2.1 Standard Mode 

The standard mode lets users view the dashboard and interact with the visualiza-

tions contained in it. Figure 9 shows a screenshot of an example dashboard being 

displayed in the standard mode view. 

 

Figure 9 Screenshot of a dashboard being displayed in the standard mode view 

In the dashboard view the main content area is being reserved for the display of the 

actual dashboard. Any dashboard consists of a number of visualizations. The dash-

board and its visualizations are dynamically fitted to the size of the window, so that 

it always uses the whole screen area that is available. Visualizations are delimited 
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through a small gap between them. Because the background is coloured in light grey 

individual visualizations are easily delimitable from each other in a way that com-

plies with the requirements UI-4 and UI-5. In the top right corner are two buttons to 

provide further actions. The left button allows users to take a screenshot and di-

rectly save it to their device. The edit button enables the edit mode explained in the 

next section.  

4.3.2.2 Edit Mode 

The edit mode is the second mode available in the dashboard view. Here users can 

modify all aspects of the dashboard. Figure 10 shows the dashboard from Figure 9 

being used in the edit mode. 

 

Figure 10 Screenshot of a dashboard being displayed in the edit mode view with one visualization being moved 

The edit mode is easily distinguishable from the standard mode through the brightly 

yellow coloured bar at the top of the page, so that users always know what mode 

they are currently using. Additionally, the page heading, which normally contains 

the dashboard’s name is substituted for an input field where the name can be 

changed. The buttons in the top right corner are also replaced. Here, all changes can 

be reverted to the last saved state, the mode can be left without saving, and the 

changes being made to the dashboard can be saved. The dashboard itself can be al-

tered by the direct interaction with the visualizations. Every visualization can be 

dragged and dropped to a new position. The elements snap to a 6 by 12 grid to sim-

plify the layout creation process and to ensure that there is no overlapping, as re-
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quired by UI-3 and USE-1. While being moved visualizations can be deleted by drop-

ping them on the red trashcan icon in the lower right corner. Dragging along the 

edge resizes the element. New visualizations can be added through the chart selec-

tion menu that can be opened by clicking on the yellow plus button in the lower right 

corner. By doing so the menu shown in Figure 11 is opened. 

 

Figure 11 Screenshot of the chart selection menu 

Here all previously created visualizations are listed. The list shows the name, type, 

categories, and the last update for each entry. As with the dashboard list, every col-

umn can be sorted by clicking on the heading and a search field is provided in the 

top right corner of the window. By clicking on the blue plus button to the left of every 

row a preview of the respective visualization is shown. A visualization can be loaded 

by clicking on the corresponding row and then on the yellow “Load Chart” button in 

the lower right corner. On doing so the window is closed and the new visualization 

appears on the dashboard. It can then be resized and moved to fit the user’s needs. 

4.3.3 Chart Editor 

In the chart editor new visualizations can be created and existing ones can be edited. 

The editor is accessible under the path “/chartEditor”. Figure 12 shows a screenshot 

of the chart editor with a scatter plot visualization currently being edited. The page 

is separated into three parts: general options, a chart preview, and chart options. 

These parts are explained in detail in the following subsections. 
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Figure 12 Screenshot of the chart editor 

4.3.3.1 General Options 

The general options window contains settings that are independent of a specific vis-

ualization type. In the yellow box at the top informs the user that they are currently 

editing an existing chart. By saving they would override the previous version. Click-

ing the “Stop Editing” button would disable this behaviour and save the visualization 

as a new chart, leaving the original one unchanged. Below is an input field for the 

visualization’s name. This is the name that is being displayed in the chart selection 

menu shown in Figure 9. Below that, categories associated with the visualization can 

be entered. Users can enter an arbitrary number of categories. While typing fitting 

categories care shown in a list and can be directly added by clicking on them. New 

categories can be created by typing and pressing enter. On creating a new category, 

it is automatically assigned a random colour which helps users to distinguish be-

tween them easily and quickly. Next, the default size can be set. This is the size the 

element has when it is loaded into a dashboard. However, after loading the size can 

still be changed as explained in the previous section. Lastly, a data set can be added 

by clicking the “Add Data Set” button. This button opens the data set selector de-

scribed in section 4.3.3.4. Existing data sets are listed above the button. They can be 

edited by clicking on the pen button and are deleted upon clicking the red X-button. 

4.3.3.2 Chart Preview 

The chart preview is the central element in the chart editor. It shows the currently 

created or edited chart as it would appear when being included in a dashboard. 
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Changes made in the chart editor are instantaneously shown in the preview to give 

the user direct feedback. Because a chart can be sized to fill the whole are of a dash-

board the preview can become too large for the preview window, when high values 

are selected for the default size. There are several possibilities for users to still see 

the whole chart in the editor. First, the chart can be moved by pressing the Alt-key 

and dragging the preview with the mouse. Second, users can zoom into or out of the 

preview by pressing the Alt-key and using the mouse’s scroll wheel. Lastly, the but-

ton in the top right corner of the chart preview box increases its size to the full size 

of the browser window. These options ensure that users will always have a good 

understanding of what effect the changes they are undertaking have on the visuali-

zation being edited. 

4.3.3.3 Chart Options 

The last of the three parts to the chart editor is the chart options box. Here a data 

visualization type and visualization-specific options can be set. At the top of the box 

a selection box with all available visualization types is displayed. The individual 

types are described in section 4.3.5. Because the available visualization types are 

dependent upon the selected data set the box can only be interacted with after at 

least one data set was created by the user. After a data set is created only appropri-

ate visualization types are selectable. Unsuitable ones are greyed out and cannot be 

chosen. Upon making a selection, visualization type-specific options are loaded and 

displayed below the selection box. The data to be displayed can be set in the Data 

Mapping submenu. The Title, X Axis, and Y Axis submenus let users change the ap-

pearance of the visualization, depending on the currently selected type. Lastly, the 

Interactivity submenu allows the setting of interaction options, like the ability to 

zoom or the display of tooltips when hovering over individual data points. 

4.3.3.4 Data Set Selector 

The data set selector is a separate menu inside the chart editor and is used to specify 

the data set displayed in the currently edited visualization. It is opened by clicking 

on the “Add Data Set” button in the general options box. Figure 13 shows and exem-

plary screenshot of the data set selector. 
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Figure 13 Screenshot of the data set selector menu 

Just like the chart editor itself, it is also split in three distinct parts. The overview 

lets users name the data set and review relevant information about their current 

selections. A data set must be named to distinguish it from others, should the user 

want to display several data sets in one visualization. Below the name input field an 

overview is displayed. Here the number of process instances that are included in the 

data set are displayed, as well as the selected filter and the filters properties. The 

middle box lets users select the data type they want to use in the visualization. The 

selectable types and their implementation are explained in section 4.2.1. The right 

box allows the selection or creation of a filter. Data filters and their implementation 

are explained in section 4.2.2. The “Available Filters” collapsible sub-menu lists all 

previously created filters and lets users choose directly from them. Below that is the 

filter editor with which new filters can be created. Users can name the filter via the 

input field at the top of the filter editor. Beneath this field criteria included in the 

filter can be added by clicking on the “Add another criterion” button. For each crite-

rion first, the filtered parameter can be selected from a selection box. The next se-

lection box allows users to choose a filter operation. In the following input field val-

ues to be filtered can be entered. By clicking on the green button to the right of the 

name input field the filter is saved and selected. After naming the data set, choosing 

a data type, and selecting a filter the data set can be saved by clicking the “Save Data 

Set” button in the lower right corner of the data selector menu. 
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4.3.4 Settings 

The application settings page allows users to change general settings, that are re-

quired for the correct operation of the program. The settings are accessible under 

the path “/settings”. Figure 14 shows a screenshot of the application settings page 

with all fields being filled out.  

 

Figure 14 Screenshot of the application settings page 

The page is separated into two parts. In the upper box options related to Camunda 

can be set, while in the lower box the classifiers for the PPM data generation can be 

set. In the “Camunda Root Path” field the root path for the connected Camunda ap-

plication must be set, so that API requests can be sent. The root path with the appro-

priate protocol must be entered, as shown in Figure 14. In the field below the pro-

cess definition ID of the process to be viewed in the PPM dashboard application can 

be entered. This ID can be copied directly from the Camunda Cockpit. 

For the PPM plugin settings users can choose the classifier they want to use for each 

of the three available prediction value. The classifiers can be created and managed 

in the Camunda application through the PPM plugin menu. Following this, the re-

spective classifier names can be entered in the settings page. This allows users to 

quickly change the selected classifier and use different classifiers for different pre-

diction values. Upon saving the settings, the prediction data is updated using the 

new values. 
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4.3.5 Data Visualizations 

Five data visualization types are defined for users to choose from. These types are 

chosen, as they provide a variety of different usages or different use cases. Each of 

them is suitable for different types of data. To improve the usability and to comply 

with USE-3 users are only allowed to select data visualizations that are suitable to 

the currently selected data type. For each visualization type a description, an exem-

plary screenshot and the suitable data types are defined. 

4.3.5.1 Simple Value 

The Simple Value visualization type is a minimalistic, textual representation of a sin-

gle numerical data point. The representation of one or two individual values usually 

does not require a graphical representation. The most accurate and simplest way in 

these cases is a simple representation of the value with the corresponding label, as 

shown in the example in Figure 15. For better readability, the value is be distin-

guished from the label by its font size (Few, 2006; Nussbaumer Knaflic, 2015). 

 

Figure 15 Screenshot of an exemplary simple value visualization 

As the visualization type is useful for the display of single data points, it can be used 

on any numerical data in the five defined data types. 

4.3.5.2 Bar Chart 

Bar charts are suitable for the representation of several quantitative values, which 

are usually scaled nominally or ordinally among themselves. Each bar represents a 

numerical value. Bars must therefore start at a zero point in order to maintain their 

representative proportions. In addition, several categories of a variable can be rep-

resented by differently coloured bars or columns. Bar charts are most effective when 

being used for the comparison of multiple values. The focus is on the relation of the 

individual values to each other. They are particularly suitable for categorically struc-

tured data (Few, 2006; Wilke, 2019). Figure 16 shows an exemplary screenshot of a 
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bar chart visualization which easily lets the users compare the average predicted 

remaining time of all activities in a process. 

 

Figure 16 Screenshot of an exemplary bar chart visualization 

All data types can be visualized using a bar chart, except for Timeline Data, as this 

type is more suitable for line charts, as explained in the following section. A data 

subtype of the type category can be selected to be mapped to the x-axis, and a nu-

merical value can be selected for the y-axis. Additionally, a numerical subtype can 

be selected by which the individual bars are to be sorted. This can differentiate from 

the data subtype mapped to the y-axis. 

4.3.5.3 Line Chart 

Line charts, similar to bar charts, are used to display several numerical values.  How-

ever, they can be used to make patterns visible that result from the connection of 

individual values, instead of highlighting differences between individual data points 

(Few, 2006; Nussbaumer Knaflic, 2015). As time is usually treated as a continuous 

flow with one instant following another, line charts are a good way to visualize it 

(Wexler et al., 2017). Figure 17 shows an exemplary screenshot of a very simple line 

chart visualization for the comparison of the average task duration between two 

months. 
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Figure 17 Screenshot of an exemplary line chart visualization 

The line chart visualization is only suitable for the Timeline Data data type because 

it is the only type with a connection between the individual data points. The selected 

timeframe is always mapped to the x-axis, while a numerical data subtype can be 

selected to be mapped to the y-axis. 

4.3.5.4 Scatter Plot 

Scatter plots are used to show correlations. Here, both the direction and the strength 

of the correlation can be easily recorded. For this purpose, all values of a category 

are represented as a small circle in a two-dimensional coordinate system. Through 

the shape resulting from the distribution of the points, a correlation or the formation 

of clusters can be read off quickly. By using different coloured points, values that 

belong to different categories can be shown in a diagram. Scatter plots are often dis-

played three-dimensionally to show another quantitative variable. However, this 

form of scatter diagram is not recommended for dashboards, as a transformation of 

the diagram by the user is necessary in order to capture the distribution of the data. 

This contradicts the goal of the dashboard to communicate information as quickly 

as possible at a glance (Few, 2006; Yau, 2012). Figure 18 shows an exemplary scatter 

plot visualization of the relationship between the average risk of the instances at a 

process activity and their average remaining time. 
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Figure 18 Screenshot of an exemplary scatter plot visualization 

Just like bar charts, all data types except for Timeline Data can be displayed in the 

scatter plot visualization, as no time axis can be displayed. For each axis a numerical 

data subtype can be selected. 

4.3.5.5 Heatmap 

Heatmap visualizations are designed to let users easily distinguish between regions 

of higher and lower interest by colour coding. The goal is not to clearly read individ-

ual values, but to quickly identify interesting areas (Mettenheim & Breitner, 2014). 

In the case of the PPM dashboard application the BPMN process model contained in 

Camunda is used as the two-dimensional space on which the heatmap is projected. 

Every activity in then coloured according to the predicted values present there. The 

colour scale ranges from blue for areas with the lowest values over green and yellow 

up to red for areas with the highest values. By zooming into the process model the 

individual heatmap data points change in size to allow for a more detailed assess-

ment of the presented data. Figure 19 shows an exemplary heatmap visualization of 

the average risk for each activity in a process. A user can easily identify the high-risk 

area at the end of the process coloured in red. 
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Figure 19 Screenshot of an exemplary heatmap visualization 

The heatmap visualization is only available for Activity Prediction Data because the 

individual data points are mapped to the activities in the BPMN process model. Data 

types not categorized by activities can therefore not be displayed. Users can select a 

numerical data subtype to be mapped to the heatmap. A maximum and minimum 

value can be selected to define the colour scale. 
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5 Usability Evaluation 

Because of the focus on user-friendliness stated in the research aim, the prototype 

application described in chapter 0 is evaluated for its usability. This evaluation is 

covered in this chapter. 

Section 5.1 describes the method used for the usability evaluation. This includes the 

testing approach and setup, as well as a description of methods for quantitative and 

qualitative data generation. Following this, in section 5.2 the results of the evalua-

tions are presented and discussed. Lastly, section 5.3 improvements to and implica-

tions for the further development of the prototype application as a result of the us-

ability tests are described. 

The contents of this chapter correspond to the output of the evaluation phase of the 

Design Science Research method, thus providing a performance measurement of the 

artifact. The development of requirements for the proposed application works to-

wards answering RQ3. 

5.1 Usability Testing Method 

This section describes the method used in the usability evaluation. The testing ap-

proach used in this thesis is based on the suggestions presented by Barnum (2020). 

In the following subsections the used test setup, the defined user groups, the test 

scenario, and the feedback methods are described in detail. 

5.1.1 Test Setup 

Because of the ease of scheduling an appointment and the ongoing corona pandemic 

all usability tests are conducted online via the video conferencing tool Microsoft 

Teams30. The usage of Microsoft Teams also comes with the advantage of screen and 

control sharing. Therefore, the application does not need to be hosted on a public 

server, or be installed on the tester’s computer, but can be controlled remotely 

through the video conference. This greatly simplifies the testing setup and thus al-

lows for a greater number of test users. 

The PPM dashboard application is tested using a formative evaluation approach. A 

user is presented with a number of tasks which they are asked to complete using the 

think-aloud protocol. According to this, users are asked to constantly share their 

thoughts while they complete the given tasks. The individual testing sessions are 

 
30 https://www.microsoft.com/de-at/microsoft-teams/group-chat-software 

https://www.microsoft.com/de-at/microsoft-teams/group-chat-software
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designed to last no longer than an hour, as longer spans can increasingly tax the 

user’s concentration (Barnum, 2020). 

5.1.2 Participants 

Two subgroups of users are defined. These represent the two user groups that were 

identified through the expert interviews in section 3.1.1.2. According to the inter-

viewed experts the main user group are business analysts and managers who usu-

ally do not directly work with WfMSs and have varying levels of computer profi-

ciency. In contrast, the second user group are expert users who manage an organi-

zations WfMS implementation and have strong computer skills. Therefore, the first 

defined group of testers are users with little to medium experience in working with 

computers and have no experience in the usage of WfMS. The second subgroup are 

expert users who have a high level of computer proficiency and possibly also have 

already worked with WfMS. The level of computer skills is assessed for each user 

through a self-evaluation and their usual type and frequency of computer usage. 

Barnum (2020) recommends at least ten participants when defining two user sub-

groups. Guest et al. (2006) found through experimentation that for qualitative stud-

ies twelve participants will usually generate saturated data sets. To ensure a high 

quality for the data generated in the usability tests the targeted number of partici-

pants is therefore set to twelve. 

5.1.3 Test Scenario 

For the actual usability testing five tasks are defined which cover the application’s 

main functionality and the features which are expected to be most commonly used 

in real-world scenarios. The tasks are selected and designed to easily fit into the set 

testing session length of one hour, while still leaving a buffer and room for interview 

questions. For each task a question that shall be answered through the task’s inclu-

sion in the test, the task’s description, and the written scenario that is presented to 

the test user are defined. The tasks are listed below. 

Scenario 1 (Open a dashboard) 

Question: 

Will users find an existing dashboard? 

Task: 

Searching for a specific dashboard by its name. The dashboard can be found in the 

side menu on the left or via the dashboard list. 
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Scenario: 

Your organization uses the PPM Dashboard application to in its operation. You are 

given the task to check the information in the dashboard 'General Process Predic-

tions'. How would you go about doing this in the application? 

Scenario 2 (Modify a dashboard) 

Question: 

Will users be able to modify a new dashboard? 

Task: 

Entering the dashboard's edit-mode. By clicking the 'Edit' button in the upper right 

corner the edit-mode can be accessed. Users shall remove one visualization and re-

place it with another one found in the visualization list. 

Scenario: 

Your organization also wants to make a change to the 'General Process Predictions' 

dashboard. The visualization 'Instance Risks' shall be removed and replaced with 

the visualization 'Average Activity Risks'. How would you go about editing the dash-

board in this way? 

 Scenario 3 (Create a new dashboard) 

Question: 

Will users be able to create a new dashboard? 

Task: 

Creating a new dashboard. Dashboards can be created in the home screen. After cre-

ating the dashboard, a name shall be given, and some visualizations shall be added. 

Scenario: 

In addition to modifying the 'General Process Predictions' a new dashboard called 

'Predicted Process Times' shall be created. This dashboard shall include the follow-

ing visualizations: 

• Average Process Remaining Time 

• Highest Process Remaining Time 

• Average Activity Risk by Remaining Time 

• Highest Activity Risk by Remaining Time 

• Task Duration 
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 Scenario 4 (Edit an existing visualization) 

Question: 

Will users be able to modify an existing visualization? 

Task: 

Opening a visualization from the visualization list in the visualization editor. Subse-

quently the visualization type shall be changed. 

Scenario: 

Your organization has concluded that there are problems with the visualization 

'Task Duration' shall be modified. You are tasked with changing the visualization 

type to a Scatter Plot that maps the tasks start time to the x-axis and the tasks dura-

tion to the y-axis. 

 Scenario 5 (Create a new visualization) 

Question: 

Will users be able to create a new visualization? 

Task: 

Creating a new visualization. This can be done by clicking the button in the side 

menu or via the button on the home screen. In the visualization editor a data set and 

visualization type must be selected. Optionally specific settings for the visualization 

appearance can be set.  

Scenario: 

At last, a completely new visualization is needed. You are tasked with creating a new 

visualization with the following properties: 

• Name: Highest Activity Risks 

• Data Set: Activity Data 

• Filter: All Instances 

• Visualization Type: Bar Chart 

• Displayed Data: Highest Risk 

• Other settings can be set as you see fit 

The scenarios are designed to become increasingly more complex, so that users are 

not overwhelmed by the first task and can get familiar with the application and the 

thinking-aloud method. Users are asked to unambiguously state when they think 

that they have completed a scenario, since it is useful information if users think that 

they are done when they are in fact not, or when they continue after fulfilling the 
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task. The tasks are read to the participants one at a time, so that questions regarding 

the scenario and goal can be answered (Barnum, 2020). Help by the moderator is 

only provided if a participant explicitly asks for it. 

5.1.4 Feedback Methods 

To gather the participants’ feedback and performance measurements both quanti-

tative and qualitative feedback methods are defined, as such a combination can pro-

vide a fuller understanding user experience (Barnum, 2020). 

First, success or failure for each task completion is measured. Should a user be una-

ble to complete one of the tasks will this indicate a string issue in the application’s 

usability. Success and failure are defined as follows: 

• successful completion of the task because the participant 

o uses the most direct path to completion 

o uses an indirect path to completion 

o requires the moderator’s assistance 

• failure to complete the task because the participant 

o gives up 

o is stopped by the moderator after 5 minutes without noticeable pro-

gress 

o thinks the task is completed correctly when it is not 

The second part to the quantitative data is a posttest questionnaire. This question-

naire is designed to rate the overall user experience. Participants are presented six 

statements and have to rate how much they agree or disagree with each of them. A 

5-point Likert scale ranging from “strongly agree” to “strongly disagree” is used to 

register the level of agreement or disagreement with each statement. The individual 

statements are a subsection of the statements in the widely used the System Usabil-

ity Scale by Brooke (1996). The statements are listed below: 

• I think it was easy to use the PPM dashboard. 

• I found the program unnecessarily complex. 

• I found the various functions in the PPM dashboard were well integrated. 

• I would imagine that most people would learn to use the PPM dashboard very 

quickly. 

• I found the system very cumbersome to use. 

• I felt very confident using the system. 



Usability Evaluation 66 

 

The qualitative evaluation of the participants’ experience consists of a brief, semi-

structured interview. This interview provides users with an opportunity to express 

their thoughts in their own words. The following questions are defined for each in-

terview: 

• What is your first impression after interacting with the PPM dashboard? 

• What did you like most/least about the program? 

• Can you imagine yourself working with this program on a daily basis? 

• If you had three wishes, what would you add or remove from the program? 

Further questions are asked based on the participants’ previous interaction with the 

application while completing the tasks. 

5.2 Evaluation Results 

In total 12 participants tested the application. Five of those fall into the first group 

of low to medium computer skills, while the remaining seven fall into the latter cat-

egory of high computer proficiency. 

All participants were able to successfully complete the given tasks. Only one test 

user asked for help from the moderator when completing task three, as they did not 

find a way to return to the landing page to create a new dashboard. As none of the 

participants had every worked with the PPM dashboard application prototype, or 

even seen the UI, the 100% success rate for the task completion indicates that the 

system is intuitively usable. Further, and more detailed insight into the user experi-

ences can be derived from the questionnaire filled out by each participant, summa-

rized in the following subsection.  

5.2.1 Questionnaire Results 

As shown in Figure 20, all participants agreed or strongly agreed that the system 

was easy to use. Noticeable, none of the users with low to medium computer skills 

strongly agreed with the statement.  
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Figure 20 Results for the first statement in the usability questionnaire 

Regarding the complexity of the application a similar pattern arises, as shown in 

Figure 21. Most participants disagreed with the statement that the system is unnec-

essarily complex, indicating a high usability. However, one test user belonging to the 

first user group agreed with the statement. On average users with high computer 

skill tended to disagree more strongly. 

 

Figure 21 Results for the second statement in the usability questionnaire 

Concerning the integration of the function in the PPM dashboard application proto-

type all participants again either agreed or strongly agreed with the statement, as 

shown in Figure 22. However, there is no noticeable difference between the percep-

tions of the two user groups. 
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Figure 22 Results for the third statement in the usability questionnaire 

Again, there is a broad agreement with the fourth statement in the questionnaire, as 

shown in Figure 23. All users found that most people would learn to use the appli-

cation very quickly. Noticeably, users with low or medium computer skills tended to 

agree more with the assertion. This discrepancy can be explained through some 

statements made by participants in the posttest interviews. While users with high 

computer skills personally found that it was easy to learn the operation of the sys-

tem, they assessed that people with less computer experience might struggle more. 

 

Figure 23 Results for the fourth statement in the usability questionnaire 
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Most users did not find the application to be very cumbersome to use as shown in 

Figure 24. Again, the group possessing stronger computer skills tended to disagree 

more strongly. However, the only diverging opinion, neither agreeing nor disagree-

ing, stems from a test user also belonging to this group. 

 

Figure 24 Results for the fifth statement in the usability questionnaire 

Regarding the confidence while interacting with the application a more diverse pat-

tern of questionnaire answers arises, as shown in Figure 25. All users with high com-

puter skills agreed or strongly agreed with the statement. However, the other group 

of users greatly diverged in their opinions, ranging from strongly agreeing to disa-

greeing. In their interviews some users explained their low confidence with the un-

usual testing situation, their unfamiliarity with similar software and the use of an 

English UI, as this is only their second language. 
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Figure 25 Results for the sixth statement in the usability questionnaire 

All in all, the results of the questionnaire can be interpreted as indicating a strong 

usability as perceived by the test participants. With very few outliers the users even 

among the two defined groups were mostly in agreement among each other regard-

ing each statement. For further iterations of the PPM dashboard application these 

results can be used to test if improvements and changes result in an even stronger 

usability perception for test users. 

5.2.2 Interview Results 

The participant interviews yield more detail into the individual experiences of each 

participant. Regarding their first impression, the participants’ responses match the 

results of the questionnaire. The most common description of the first impression 

after interacting with the application was that it is easy to use, but little usability 

issues, mostly related to the menu structure, still persist. The following translated 

quote from one of the test participants summarizes this sentiment. 

“My first impression is that the application works pretty well, and I feed that I 

got the hang of it, but my biggest problem was to realize that there is this land-

ing page with the three main functionalities, which is not explicitly listed in the 

side menu. This is difficult for a user to find out.” 

Especially the user group with low to medium computer skills described the system 

at first a little overwhelming, but as relatively easy to use after completing all the 

scenarios.  
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Regarding the second interview question of the best and worst aspects of the appli-

cation a few key features were mentioned by several users. Five test users explicitly 

praised the systems responsiveness and fast reaction times as their favourite aspect. 

The second most popular aspect is the ease of creating and modifying charts and 

dashboards, named by three users. Most participants mentioned aspects of the 

menu structure as their least favourite aspect of the system. Many users hat prob-

lems navigating back to the landing page, as the “PPM Dashboard” lettering in at the 

top of the side menu was not directly identified as a clickable link. Another issue for 

many was the selection of a chart from the chart selection menu shown in Figure 11. 

Table rows can be expanded and selected independently of each other which led to 

numerous confusions. Additionally, several users wished to have a direct option of 

editing a chart in the dashboard view, for example by clicking on a small symbol in 

the corner of the visualization that redirects to the chart editor with the respective 

visualization directly opened. 

However, all participants could imagine themselves using the application on a reg-

ular basis. Many even praised the simple nature of creating and editing dashboards 

as opposed to other similar systems like IBM Cognos31 or Microsoft Power BI32, 

which were explicitly named as negative examples. Most users described the system 

as easier to use than most tool they use for their professional work. However, some 

though that the application should provide more functionality to provide a greater 

benefit to real-world use cases. The following translated quote by one of the partic-

ipants encapsulates this feedback. 

“I think the application provides for the most part a pretty good overview over 

the data that is present. However, I think that, in comparison to other BI tools, 

the topics of filtering and drill-down are still missing. […] But as a tool to gen-

erate an overview and also from the usability perspective I could imagine using 

the program at work.” 

Lastly, users were asked to name three changes they would like to see in the appli-

cation. Table 27 provides an overview over the most commonly named changes us-

ers proposed. 

 
31 https://www.ibm.com/products/cognos-analytics 
32 https://powerbi.microsoft.com/en-us 

https://www.ibm.com/products/cognos-analytics
https://powerbi.microsoft.com/en-us
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 Table 27 The application improvements test users most commonly wished for 

Proposed Change Number of Users 

Deleting charts by clicking a button on the dashboard ele-

ment (as opposed to the drag & drop mechanism) 
4 

Improve chart selection menu (selecting expanded row, al-

low multiselecting) 
3 

Disabling chart animations 2 

Adding a tutorial/tooltips 2 

Improving the visibility of the landing page link in the side 

menu 
2 

Improving the placement and visibility of the chart selec-

tion menu opening button in the dashboard edit mode 
2 

Adding the ability to create a new dashboard to the side 

menu 
2 

Language support for other the users’ mother tongue 2 

The most popular change the participants wished for is a change to the way ele-

ments in a dashboard can be deleted. While many liked the drag & drop functional-

ity, they also assessed, that a simple button in the corner of each element would be 

mor practical for this purpose. Many other proposed changes also relate to the dash-

board edit mode. The second most named change concerns the chart selection menu. 

As previously mentioned, many users were confused that they could expand rows 

independently of the selection. For the proposed change a row should automatically 

expand upon selecting it and the selection and expansion must be coupled. Lastly, 

two users were also not satisfied with the placement of the button for the opening 

of the chart selection menu in the lower right corner of the dashboard edit mode. 

Many changes were also proposed regarding the structure of the application’s 

menus. First, the link to the landing page shall be made more visible. Also, the func-

tionality to create a new dashboard shall be included in the side menu, as this is 

currently only possible vie the button in the landing page. Lastly, some users were 

confused, that the landing page only provided links to the functionality of opening a 

dashboard, creating a new dashboard, and creating a new chart, but not for the ed-

iting of already existing charts. Accordingly, they expressed the wish to also include 

this function as a button in the landing page. 



73 Usability Evaluation 

 

Regarding the chart editor two participants wanted a tutorial or tooltips for each 

option on the page added, as they did not know what many settings changed based 

on the title alone. Also, two test users were irritated by the chart animations that are 

played with every change of a visualization facilitating the ECharts library. These 

animations are a default setting in the library. 

The last change proposed by at least two test users is the support for other lan-

guages, as none of the participants are native English speakers. Some therefore felt 

unsure and less confident when interacting with the system. 

5.3 Improvements and Implications for Further Development 

Several small and easy to apply improvements are directly implemented based on 

the test users’ feedback. First, a button for the creation of new dashboards and an 

explicit home button are added to the side menu. The side menu therefore contains 

links to all pages and the main functionality in its upper part. Additionally, the “Cre-

ate a New Chart” button on the landing page was renamed to “Create or Edit a Chart” 

to avoid confusion, as some participants assumed new charts can only be created 

using this button. Animations for visualizations using the ECharts library, which are 

enabled by default, are now disabled. This improves the application’s performance 

and the usability, as some users felt distracted by them. 

To further improve the system’s usability, for the future development of the PPM 

dashboard application all of the proposed changes presented in Table 27 should be 

implemented. Whenever new feature is introduced or major changes to the system’s 

structure are made, new user tests are needed to continually ensure a high degree 

of user-friendliness. 
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6 Conclusion 

This chapter encapsulates the contents and findings of the previous chapters. In sec-

tion 6.1 the results of the research presented in this thesis are summarized and 

linked to the three research questions defined in the beginning. Section 6.2 then pro-

vides insight into the limitations of this work and into possible future work and re-

search related to the PPM dashboard application prototype. 

6.1 Summary 

This thesis introduced a prototype application for a user-friendly PPM dashboard 

application based on the Camunda PPM plugin developed by Bartmann et al. (2021), 

in accordance with the research aim RA defined in section 1.1. For the fulfilment of 

this goal three research questions were defined.   

In relation to RQ1 basic related concepts were descripted in chapter 2 and software 

requirements were developed and presented in chapter 3. Requirements were gen-

erated from literature and through three expert interviews. As a result, the software 

requirements specification which presents a structured list of all the formal require-

ments was created and described in section 3.3. 28 formal requirements are used as 

the basis for the development process, while 5 further requirements were extracted 

but go beyond the scope of this first prototype application. 

RQ2 was also answered through the software requirements specification. The ex-

pert interviews revealed that a dashboard application is most useful if users are able 

to freely create their own dashboard with individually defined metrics and visuali-

zations.  Therefore, no rigid set of information should be provided by the applica-

tion, but rather the maximal degree of customizability, so users can explore and de-

cide for themselves what information and arrangement thereof is most suitable for 

them. This insight greatly shaped the development of the actual PPM dashboard ap-

plication prototype. 

To answer RQ3 a prototype application was created, as described in chapter 4 and 

subsequently evaluated in chapter 5. The system was designed to comply with the 

previously developed software requirements specification. To provide a high degree 

customizability the software allows users to define their own metrics, create a suit-

able visualization thereof, and place this visualization freely in any number of dash-

boards. Twelve test users then completed five scenarios to evaluate the user-friend-

liness of this application. This evaluation showed that the participants were able to 



75 Conclusion 

 

complete all tasks without any prior introduction into the system. A subsequent in-

terview and questionnaire further confirmed that users themselves unanimously 

described the system as easy to use and learn. However, smaller issues in the soft-

ware design and especially the menu structure were identified.  

6.2 Further Research 

The presented PPM dashboard application presents a first prototype implementa-

tion which can be refined and improved in several ways. Firstly, some features are 

still missing, which are essential for the usage in a real-world scenario. Authentica-

tion and user management functionalities are probably the most important addi-

tions needed for the use in a productive environment. Also, databases other than the 

integrated H2 database should be supported. Because the system uses Spring Boot 

such features should not be difficult to implement. Additionally, the out-of-scope re-

quirements presented in section 3.3 present a starting point for new major features 

which can be introduced in future versions. Additionally, the test users identified 

many changes they would like to see implemented. A list of the most requested 

changes is presented in Table 27. After major changes, new user tests should be con-

ducted to ensure the user-friendliness of the application and to generate further in-

sight into new issues. 

Also, it is unknown how the PPM dashboard application performs in real-world sce-

narios. During the course of the development only computer-generated test data 

was used with the system. In real-world situations much larger data sets are possi-

ble. Though the prototype was specifically developed with this in mind, it is un-

known how implications realistic data quantities impact the system. Similarly, it is 

so far not tested if the metrics users can create are useful in real-world scenarios. 

While the usability was assessed with numerous user tests, none of the users was 

involved enough to interpret the presented data. Professional users, such as the in-

terviewees for the expert interviews, would present a suitable group to test the PPM 

capabilities presented by the application. Such tests could present a topic for future 

research.
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Appendix A Interview Guideline for Requirements Elicitation 

 

1. Introduction 
• Thank interviewee for participating 
• Ask for permission to record the interview  
• What is this interview for? 

o I am writing my Master's thesis about Predictive Process Monitoring in Ca-
munda. 

o As part of the thesis, I am expanding an existing PPM expansion towards a 
user-friendly dashboard. 

o At this point I am collecting requirements for this software by interviewing 
experts in the domain. 

o This interview is part of the requirements elicitation process. 
o The goal is to gain an understanding on how PPM is used in the real-world 

and what features and properties users might expect or wish for. 
• Ask for preliminary questions or concerns 

2. Interviewee Background 
• What is your current position and how does PPM relate to your field of work? 
• What is your experience in the domain of PPM? 

o How long have you been working in the field? 
• What are you currently working on in the PPM domain? 

3. PPM Software 
• What predictive process or workflow management software did you come into con-

tact with so far? 
• To what degree of intensity did you interact with the software? 
• Did you encounter any problems when interacting with these software products? 

o How could this problem be solved? 
o What features were you missing? 
o How strongly did this impact your work?  

4. User Tasks 
• What menu options/tools would you like to see in a PPM dashboard? 
• What tasks could be done with the assistance of the PPM dashboard? 
• What events must the system respond to? 

For every identified use case 

o Which user groups could use the PPM dashboard for this task? 
o How valuable would a support for this user task by the PPM dashboard be? 

5. Detailed User Requirements 
• What kinds of options, tool icons, and similar things would be useful to the user? 
• In what intervals should information be refreshed? 

6. Non-Functional Requirements 
• Are there any requirements regarding the nature of the user interface? 
• Are there any requirements related to ease of use of the service? 
• What aspects of the dashboard need to be configurable, that is changeable without 

requiring reprogramming? 
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Appendix B Software Requirements Specification Structure 

 

1. Overall Requirements 

1.1. Operating Environment 

1.2. Design and Implementation Constraints 

1.3. Assumptions and Dependencies 

2. System Features 

2.1. Feature #1 

2.2. Feature #2 

… 

3. External Interface Requirements 

3.1. User Interfaces 

3.2. Software Interfaces 

3.3. Communications Interfaces 

4. Quality Attributes 

4.1. Usability Requirements 

4.2. Performance Requirements 


