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Abstract:

This master thesis concerns customer and
end-user participation in agile software de-
velopment. It is based on observed similar-
ities and differences between development
and evaluation in research and in practice.
To enable this investigation, we conducted
two studies into including the end-user in
a research setting and a study on how cus-
tomer and end-user participation is done in
practices. This is described in three distinct
academic papers. The first paper presents
a case study where Scrum was combined
with a participatory design method. The
second paper investigates two different re-
mote asynchronous usability testing meth-
ods, these being the use of diary and con-
tinuous updates in addition to UCI reports.
The third paper investigates Danish soft-
ware companies regarding the practical ap-
plication of customer and end-user partic-
ipation in modern development methods.
This master thesis shows that an end-user
takes on different roles during develop-
ment and evaluation. These being consul-
tative, informative and participative in de-
velopment against consultative and partic-
ipative in evaluation. The preferred tech-
niques used by the companies included: In-
terviews, Demonstrations, User stories and
Qualitative usability testing. While obsta-
cles included: Lack of time, Geographical
challenges and Lack of staff. In relation to
techniques used and obstacles experienced
in the research setting, these where similar
to those identified in practice.

http://www.aau.dk


Summary

This master thesis contains detailed research into how customer and end-user participation
can be facilitated both in research and practice. This master thesis is a summary report
of three academic papers each detailing a research question, contributions and conclusions
related to the specified research question. Furthermore, the report contains a description
of the overall research question that each paper is contributing to, together with overall
conclusions draw based upon the contributions from each paper.

Contribution 1 found in section A.1 in Appendix A, details the theory and usages of an
adapted development method. This method is a combination of Scrum and the participatory
design method MUST. This method utilizes the power of an agile and iterative nature, with
the strengths of techniques and methods supporting end-user participation specified from
the theory of MUST. This paper shows, through a case study revolving around diabetics and
patient empowerment, the feasibility of combining Scrum and MUST in order to facilitate
end-user participation throughout the entire development process, except implementation
activities.

Contribution 2 found in section A.2 in Appendix A, details research into how two remote
asynchronous usability methods can be employed. The two methods investigated are: in-
clusion of a diary and providing continuous updates. This paper shows, that having a diary,
contributes to finding usability problems in addition to also provide knowledge about how
the users used the application. Furthermore, the groups who did not receive updates contin-
uously reported the same usability problems throughout the testing period, where the groups
receiving updates did not.

Contribution 3 found in section A.3 in Appendix A, details a survey conducted with compa-
nies from the Danish software industry. This survey’s purpose was to map and understand
the techniques and methods use to facilitate customer and end-users participation. This in-
cludes; company demographics, at what stage each technique was used, when participation
was deemed most useful, the level of current customer and end-user participation and the
obstacles they face. This paper shows, that Scrum was a dominating development method
since 79.2% of respondents used it. Furthermore, 51.5% of respondents thought that there
were insufficient end-user participation in their current development process. The most used
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techniques for participation were Interviews, Demonstrations, User stories and Qualitative
usability testing. The primary identified obstacles for additional customer and end-user in-
clusion were Lack of time, Geographical challenges and Lack of staff.

This master thesis shows that the end-users had different roles depending on if they were
involved in development or evaluation. When the end-users were included in development
they had a participative, consultative and informative role as they were involved in meetings
during each sprint. Where when the end-users were evaluating the application they had a
participative and consultative role. As they performed the remote usability testing, where
they reported usability problems and provided feedback though the UCI reports and diaries.
Furthermore, when looking at the techniques used and obstacles identified in practice, these
where similar to those experienced in the research setting. Among the most prominent tech-
niques used for facilitating customer and end-user participation in practice were Interview,
Demonstrations, User stories and Qualitative usability testing. This is similar to the Inter-
views, Walkthroughs and Qualitative usability testing performed in the research setting. In
terms of obstacles, Geographical challenges, Lack of Time and customer and end-user par-
ticipation Does not fit development process were all challenges that were accommodated for
in the research setting.
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1 | Introduction

In 2001 twelve principles and four values constituting the cornerstones for what agile devel-
opment is, were described in The Agile Manifesto [8]. One of the values from The Agile
Manifesto, is "Customer collaboration over contract negotiation", mean that the role of a
customer needs to be taken further than only specifying requirements and be a more ac-
tive role in the development process. The reasoning for promoting customer collaboration
over contract negotiation is the need for a higher level of partnership in the development
process, rather than sacrificing efficiency by spending a large amount of time negotiating a
contract. This contract can be exploited as a shield for the customers or as a weapon for the
developers, such that the features developed are the ones exactly specified by the contract,
and not necessarily what they were looking for. However, a better relationship between the
customers and the developers are a 2-way partnership, where both parties work together to
achieve the best product. Besides this, The Agile Manifesto does not specify any methods
or techniques to facilitate customer and end-user participation during the development [8].

Some of the development methods which have emerged and adopted the values of The Ag-
ile Manifesto, are Scrum and Extreme Programming (XP). In XP an On-site customer is
the representative from the customers, where in Scrum this role is fulfilled through a Prod-
uct Owner. However, these representatives have multiple responsibility, for an example in
Scrum, the Product Owner have the sole responsibility for managing the Product Backlog
and being responsible for providing guidance and support towards the project’s success.
Hence, being a Product Owner is usually a full-time job [32][36]. These responsibilities and
being a full-time job, means that the Product Owner is not necessarily able to take the end-
users’ needs into account. This matches studies that show that customer representatives,
such as a Product Owner, only have a limited understanding of the users’ needs, and that
they might not be the actual users of the system [27][33][34]. In addition to this, Scrum has
no clear techniques for facilitating end-user participation [8] which forces companies to use
other methods if they want to include the end-user.

Inadequate user participation can lead to adverse consequences such as: pressure to over-
commit by the developers, ensuring feedback from the user, the loss of productivity as a
consequence of not knowing the specifics of what needs to be developed and problems in
gathering, clarifying and prioritizing requirements [18]. In addition to this, studies have
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2 Chapter 1. Introduction

shown a positive effect of user participation through development, as enhancing user partic-
ipation could lead to improved quality design decisions and enhance the user’s commitment
to, and acceptance of, the application [6][14]. Participatory design is a different approach to
user participation, where there is active end-user participation throughout the development
and not just a person representing the end-users, such as a Product Owner or On-site cus-
tomer. The goal of participatory design is to involve end-users, stakeholders, designers and
researchers in the design process, such that the product is created to satisfy the needs of its
user-base [4].

Beside ensuring customer and end-user participation during development, evaluation with
the end-user is considered essential for a products success. Especially usability evaluations
has shown to have a great effect [7][11][20]. There are different ways to perform usabil-
ity evaluation. This includes traditional laboratory evaluation, field evaluation and remote
usability evaluation. As software development are becoming more globalized, developers,
users and usability evaluators can be distributed across continents and time zones. These
changes in software development imply that new methods and approaches are needed to
facilitate the evaluations, as tradition laboratory- and field based evaluation does not take
time and distance into account [1][29]. Remote usability testing are able to account for both
time-zone differences and distance, with the added benefit of the users ability to perform
the usability test in a real use context. To account for time, the method can be performed
as asynchronous, meaning the usability evaluation can be performed at a different time and
distance relative to the evaluators, or synchronous, meaning that the evaluators and testers
are separated only in space.

With Agile development methods dominating how software is developed, it would be in-
teresting to investigate, how customers and end-users can be included in development and
evaluation, both in research and in practice.

1.1 Research questions

In this master thesis we differentiate between customers and end-users, where a customer is
defined as the company / person receiving the developed service / software while the end-
user is defined as the user, who ultimately uses the product. This leads to the following
overall research question:

Overall research question: How can customer and end-user participation be facil-
itated in a Scrum process during development and evaluation in a research setting
and in practice?

We want to examine if combining an agile development method with a participatory design
method could ensure facilitation of end-user participation by utilizing techniques from both
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methods. This leads to the first research question:

1st Research Question: How can Scrum be combined with a participatory design
method to facilitate end-user participation in every step of the development, except
implementation activities?

This research question addresses specifically how to facilitate end-users’ participation during
development by combining an agile development method and a participatory design method.
This was done by a case study, in which we developed an android application using the
adapted development method. The case is described in section 1.2 and a description of the
application can be seen in Appendix B. To get a better understanding of how to utilize the
end-user when evaluating the application, we chose to investigate how users can participate
in a longitudinal usability evaluation of a product. This leads to the second research question:

2nd Research Question: How can users participate in a longitudinal evaluation of the
usability of a product from an agile development process

Given the nature of the case, described in section 1.2, it was essential that the evaluation
was performed in a real life context. In addition to this, to evaluate certain features and
functionalities the evaluation would have to be performed over a period of time, in order to
reflect how the application would be used in a real life context. This meant that performing
a longitudinal evaluation would be favorable. Furthermore, performing longitudinal testing
could also eliminate the issues of usability problems related to first time usage, since the
longitudinal test are able to reveal change and growth in a users behavior [22].

This research question investigates different methods as to how to perform a longitudinal us-
ability evaluation with end-users. While the two first research questions takes place in an re-
search environment, we want to investigate customer and end-user participation in practice.
Hence, we wanted to investigate how, when and which methods that are used to facilitate
customer and end-user participation during software development with companies from the
Danish software industry. This leads to the third research question:

3rd Research Question: How is customer and end-user participation facilitated dur-
ing agile development in the Danish software industry?

1.2 The case study

This case study is used as a basis for the first two research questions. The case study re-
volves around diabetes type 1 and type 2, more specifically the daily life of a diabetic. The
reasoning for conducting a case study concerning diabetics, is that the development of the
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application had a focus on end-user participation and patient empowerment. End-user par-
ticipation can help improve the quality of the application, but also empower the end-user to
give opinions and ideas to what design and which features are important. This is in-line with
the process of empowering patients, which in term can help improve their own treatment.
Furthermore, the subject of diabetes is of personal interest to the authors. In addition to
this we were able to acquire contact with a health professional. Diabetics are seen as the
primary stakeholders for the case study. Furthermore, one of the diabetics is chosen as the
Product Owner for the case study. Diabetes is a disorder where each individual has to handle
it differently, which means that the challenges faced as a diabetic are different for everyone.
Examples of these challenges are aspects of daily life such as: Diet and when and how much
medicine to take.

The case study focuses on developing an application to help diabetics acquire knowledge
and help manage their daily life with diabetes. The application needs to provide a better
understanding of diabetes and assist the users in making informed choices that can improve
their life with diabetes. This will contribute to the users becoming more empowered and in
control of their own treatment, i.e. support certain patient empowerment factors [5][25]. A
description of the application can be seen in Appendix B.



2 | Contributions

In this chapter we present the contribution of each of the three academic papers, which can
be found in Appendix A. Table 2.1 shows what areas of research each paper and the research
question we wanted to study.

Development Evaluation

Research Paper 1 - RQ1 Paper 2 - RQ2

Practice Paper 3 - RQ3

Table 2.1: Papers’ area of research

2.1 Contribution 1

Jakob Nymann Holgersen, Mathias Huse Jensen, Pelle Ulmer Jørgensen. Combining Scrum
with participatory design: A case study of end-user participation. Department of Computer
Science, Aalborg University. Aalborg 2019.

This contribution presents a case study, with an adapted development method, where Scrum
was combined with a participatory design method, MUST, to further ensure end-user partic-
ipation in every step of development, except implementation activities. Only the end-user
were included in this study. The reason for this, was that in this case study the primary
stakeholders were diabetics, thus per our definition of customer and end-user, there are no
customer stakeholder. The study documents the developers experiences with end-user par-
ticipation during development of a mobile application for diabetics, with a focus on patient
empowerment. Patient empowerment refers to the philosophy of giving the ability to act and
take informed choices regarding health treatments back to the patient [25]. The feasibility
of combining Scrum and MUST is based on whether it allows and facilitates active end-user
participation throughout the entire development, except implementation activities.
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We conducted a case study, as described in section 1.2, using the adapted development
method. This development method was iterative and divided into three sprints inherited
from Scrum. Each sprint contained activities from both Scrum and MUST. This included all
events and artifacts from Scrum and the four phases from MUST with selected techniques.
The focus of the case study was to ensure a high level of end-user participation in each of
the sprints. This meant that the techniques which promoted feedback and active participa-
tion were weighted higher than non-promoting. Hence, Walkthroughs and Interviews, were
used to involve end-users and gain information that later were used to produce a Product
Backlog in each sprint. A Product Owner was involved through both the Walkthroughs and
Interviews, but also in the Sprint Review meetings, where the Product Backlog containing
features and functionalities requested by the end-users was reviewed. Before development
began, a phase not specified by either Scrum or MUST was included. This phase, named
the pre-sprint, was used to identify and analyzed the problem domain that the case revolves
around. This was done in order to gain knowledge about the different concepts of the case.
The pre-sprint contained techniques from the Initiation phase from MUST, which focuses on
planning and mapping the project with techniques such as Baseline Planning and Document
analysis. The product of the Initiation phase was a Project charter, which outlines the project
and the techniques that were going to be used in order to successfully achieved the desired
participation of end-users. The experiences of deploying the adapted development method
have been documented using daily diary entries written by the development team.

Based on the case study we concluded that we experienced a high level of end-user partici-
pation throughout the entire development process, with the exception of the implementation
activities. It was shown that the techniques used were able to successfully facilitate end-user
participation. Through development we learned that some of the activities chosen were more
important than others, when these were part of an iteration. For example, we learned that
iterating a SWOT analysis every sprint were unnecessary, where iterating Walkthrough and
follow-up Interview were critical for the development. Furthermore, we experienced that by
having end-user participation, we were able to continuously validate the implemented utility
and further generate new requirements for the system.

2.2 Contribution 2

Jakob Nymann Holgersen, Mathias Huse Jensen, Pelle Ulmer Jørgensen. A longitudinal
evaluation of a mobile application using two remote asynchronous usability test methods.
Department of Computer Science, Aalborg University. Aalborg 2019.

This contribution presents a longitudinal evaluation of the mobile application, developed
through the first paper, using two remote asynchronous usability test methods. One method
is testing whether reporting usage and usability problems, through a diary, have an effect
on the User-reported Critical Incidents (UCI) reports the users create and the quality of the
feedback. The other method is whether a continuously updated application during testing,
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have an effect on the UCI reports created by the users. Additionally this paper investigates
whether the test participants are able to rate the severity of usability problems themselves.

The 16 users participating in the evaluation were all defined as end-users of the system. The
reasoning was that the primary users of the system were diabetics, thus per our definition
of customer and end-user, there are no customer stakeholder. The 16 users were divided
into four different conditions: Diary and updates, only updates, only diary and no diary no
updates. At the beginning of the test period the users received an instruction guide, detailing
what a usability problem is by a description and examples. In addition to this, a step-by-step
instruction on how to report the usability problems in the application were given. To help the
users get familiar and use the application, all users received daily assignments, both as SMS
and email, throughout the two-week test period. In addition to this, push-notifications were
implemented and set to remind the users three times a day, morning, mid day and evening, to
use the application and report encountered usability problems. Lastly follow-up interviews
were conducted with the users to investigate and clarify interesting observations.

During the evaluation, challenges performing remote asynchronous usability testing were
discovered. First, the users were not reading or understanding the instruction guide: At the
start of the test period each user received extensive instructions explaining what a usabil-
ity problem is and how they could be identified. Despite this information, results indicate
that the users did not read or understand these instructions. Second, lack of commitment:
Given the nature of remote usability testing, it became apparent that the users commitment
to reporting and completing the daily task were lacking. Third, ending the test period early:
Some users told, in the follow-up interviews, that they had ended the test period early with-
out contacting us. This have had an effect on the remote usability testing, since we were not
aware that we had to find users to substitute the users that ended testing early. Consequently,
these challenges influenced the amount of UCI and diary entries received.

Based on the results from the usability evaluation, we showed that having a diary, contributed
to identifying usability problems, in addition to providing knowledge about the usage of
the application. Furthermore, we showed that groups without updates reported the same
usability problem multiple times throughout the test period, where the groups who received
updates which fixed the issues did not. In addition to this, it was shown that the users, were
able to rate 59% of the identified usability problems similar to the rating given by evaluators.
This result was surprisingly low, in comparison to related work and cannot be related to a
specific variable or potential outliers.

2.3 Contribution 3

Jakob Nymann Holgersen, Mathias Huse Jensen, Pelle Ulmer Jørgensen. Customer and
end-user participation in software development: A survey of the Danish software industry.
Department of Computer Science, Aalborg University. Aalborg 2019.
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This contribution presents a survey of the Danish software industry with a focus on how,
when and which methods are used to facilitate customer and end-user participation in de-
velopment. This is done as an exploratory study to gain a picture of how Danish software
companies are handling customer and end-user participation and by that, how they alter their
development method to ensure this. A customer is defined as the company / person receiv-
ing the developed service / software while the end-user is defined as the user, who ultimately
uses the product.

We conducted five semi-structured interviews with developers from three different software
companies to gain knowledge of what questions the survey should contain. We then created
a pilot questionnaire which was sent to the five interviewees. Through this pilot test, we
received two responses containing revisions. Based on the revisions the final version of
the questionnaire was created. 102 companies were contacted, where 67 of these agreed
to participate and received the questionnaire. The size of the companies ranged from 12 to
4.100 employees. Beside the companies, the questionnaire was shared on Social media and
relevant forums. All of the recipients were asked to forward the survey to any interested
or relevant parties, reaching upward of 67.000 people. In total 53 responses were received,
which were analyzed.

Based on the results from the survey it was discovered that Scrum was a dominating develop-
ment method, since 79.2% of respondents used it. Looking at which development methods
that are being used worldwide, CollabNet VersionOne [10] publish an annual report describ-
ing the state of agile development. Throughout 12 reports spanning from 2006-2017, Scrum
is the most prominent method. Scrum was used by 56% in 2017, with an increased by 16%
from 2006. Similar in our results, Scrum is the most prominent agile development method
with 79.2%. In relation to the report from CollabNet VersionOne, the difference in the num-
ber of people using Scrum can be explained by the respondents only being able to answer
one method in the survey from CollabNet VersionOne, while being able to answer multiple
development methods in our survey.

It was discovered that for the surveyed companies 28.2% said that there was insufficient
customer participation and 51.5% said that there was insufficient end-user participation. The
perceived lack of customer and end-user participation did not have a strong correlation to
either the product type produced by the company, the current job position of the respondent
or the development method used by the company. The respondents were asked to select the
phases of development they found customer and end-user participation to be most useful
in. An interesting observation here was that the difference in responses for the four high-
est voted phases (Concept, Analysis, Design and Test) were at most 12.8% for customers
and 12.1% for end-users. Consequently customer and end-user participation is equally dis-
tributed across these four phases and therefor there is only a slight difference in perceived
usefulness of participation in each phase, with the exception of the Implementation- and
Maintenance phase. In addition to this, it was shown that the most used techniques for cus-
tomer and end-user participation were Interviews, Demonstrations, User stories and Qual-
itative usability testing. An interesting observation of the use of Demonstrations was the
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difference in terms of including the customers and end-users. Here the customers were used
by 30 (76.9%) respondents compared to 16 (48.5%) respondents with end-users. Similar to
this was the usage of User stories where 24 (61.5%) respondents used User stories for cus-
tomers and 10 (30%) respondents used it for end-users. By this it can be seen that companies
include their customer more than their end-users.

It was discovered that the primary identified obstacles for additional customer and end-user
participation were Lack of Time, Geographical challenges and Lack of staff. The respon-
dents that chose Lack of Time as an obstacle had chosen Scrum and Kanban as their devel-
opment methods, with a few also choosing Feature-driven development. Furthermore, 8 out
of 10 respondents that chose Lack of time as an obstacle for customer participation worked
for a company with 50 or more employees. 5 out of 5 that chose Lack of staff as an obstacle
for end-user participation worked for a company with 50 or more employees. Another inter-
esting result is the difference regarding the obstacle: Customer and End-user participation
Does not fit development process. This obstacle was reported by 10.3% when working with
the customer while 21.2% reported this obstacle regarding the end-user. 6 of the 7 respon-
dents that answered Does not fit development process regarding the end-user worked with
Scrum. All respondents that chose this obstacle for the customer also worked with Scrum.
Scrum uses the Product Owner to include the customer, while having no specific method for
including the end-user [35][8].





3 | Research Methods

In this chapter we will describe and discuss the research method use in the difference papers.
This will include the strength and weakness of the given method and how we attempted to
minimize the weaknesses. The research methods used are in the same order as the papers’
research question and contributions have been presented.

3.1 Case study research

A case study is an empirical inquiry that investigates a contemporary phenomenon in-depth
and within its real-life context, especially when the boundaries between phenomenon and
context are not clearly evident [38]. Hence, when we want to understand a real-life phe-
nomenon in-depth, we have to understand the important surrounding contextual conditions,
which case studies can be used for [16][31][38]. This close examination can then be used
to build understandings, generate theories and hypothesis, present evidence for the existence
of certain behavior or to provide insight that would otherwise be difficult to gather [23][31].
In Table 3.1 the benefits and challenges of case study research is shown.

Benefits Challenges
• Help describe or explain behavior • Case studies are time consuming
• Able to investigate phenomenon in depth within
its real-life context

• Making broad generalizations based on a study
of one case should be made with caution

• In-depth examinations of individual cases can
help generate and build understanding of new
theories and hypotheses

• Identifying appropriate participants may be
more important than for larger studies

Table 3.1: Benefits and challenges of case study research [23][38]

Robert K. Yin [38] and Lazar et al. [23] identifies four different types of case studies:
Exploration is when the goal is to understand novel problems or situations, often with the
hopes of informing new designs. Explanation is when the goal is to develop models that
can be used to understand a context of technology use. Description is when the goal is to
document a system, a context of technology use, or the process that led to a proposed design.

11
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Demonstration is when the goal is to show how a new tool was successfully used.

In Contribution 1, which can be seen in Appendix A.1, we have used the exploration type,
since our goal was to understand the life of a diabetic. To account for the challenge of iden-
tifying the appropriate participants, we got in contact with a equal amount of type 1 and type
2 diabetics. In addition to an equal distribute from each type, it was important to represent
different stages of the diabetics’ life. This was done by ensuring an equal distribution in
the participants’ demographics in terms of gender, age, treatment and time since diagnosed.
This created a base for obtaining a broad knowledge about the problems and situations these
diabetics were facing. To compensate for the challenge of case studies being time consum-
ing, the contact with the primary stakeholders were limited to one week of each three-week
sprints, since limiting the contact was necessary to be able to ensure short sprints. This
helped us in structuring the contact, such that this activity did not blow out of proportion.
However, by limiting the time for end-user participation we were limited in the type and
number of activities we could perform, which forced us to choose between techniques that
could have been beneficial.

3.2 Interviews

Interviews is a technique for direct conversations with fewer participants, which then can
provide perspectives and useful insight that surveys might miss [21][23]. In Table 3.2 the
benefits and challenges of interviews are shown.

Benefits Challenges
• Gather data that would otherwise be very hard to
capture

• The choice of interview type has an impact on how
the participants can answer

• Deep knowledge about a specific domain • What you ask and how you ask it has a great impact
• Able to explore interesting answers you might not
expect on the fly

• Deciding what is important and what is not when
analyzing
• Managing potentially unbounded discussions
• Identifying who to interview can be a challenge

Table 3.2: Benefits and challenges of interview [23]

Interviews are divided into three different types [23][21]: Fully structured interviews uses a
strict script to ask questions in a specific order [23]. Semi-structured interviews uses a script
to ask questions, but in comparison to fully structured, interviewers may go off-script and
ask follow-up questions if the interviewee mentions something of interest [23]. The free-
form unstructured interview does not use a script, but starts of with an initiating questions or
topics, from which the interviewee takes over. This form of interview allows the interviewee
to talk about everything they want, with the interviewer only guiding the interviewee back
on the initial topics [23].
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Through our research, interviews were used in all three contributions, which can be seen in
Appendix A. We used the semi-structured type, as our goal was to gain an insight in the
domain of the interviewee, hence it was important to be able to go off script and ask follow
up questions if the interviewee said something interesting. The choice of semi-structured
interview had a positive effect on the challenge, Interview type having an impact on how
the participants can answer, as the interviewer were able to ask the interviewee to elaborate
and change questions while performing the interview. An example from contribution 1, is
when interviewing diabetics, the goal was to get an understanding of their daily life, and
as such asking the interviewee to elaborate on interesting subjects was especially effective.
To account for the challenge of identifying who to interview, it was important to equally
distribute our interviewees based on demographics. An example from contribution 3, is the
interviews that were used as a basis for our questionnaire. We interviewed five different
developers from three different companies, where the companies differ in size and type of
product they produces.

3.3 Diary

A diary is a document made to record events that occur during a specific event, for example
documenting the development of a system [23]. A diary can contain a range of different
types of entries. It can range from simple entries describing activities to personal reflec-
tions. Diaries are useful for documenting measurements that are unable to be collected by
observations or experiments and usage patterns that can span multiple systems, location and
environments [23]. A diary can be used as an non-intrusive way of collecting data, as the
user on their own can choose when to record data [9][23][26][30].

Table 3.3 describes the benefits and challenges of using a diary.
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Benefits Challenges
• Good for collecting user-defined data (e.g.,
when a user intended to perform an action but did
not do so)

• Time recording may be less accurate than in a
controlled laboratory setting or automated data
collection

• Good for understanding how individuals utilize
technology in non-workplace, non-controlled, or
on-the-go settings

• Participants are sometimes not introspective and
not aware of the specifics of what they are doing;
they may therefore have trouble recording it in a
diary entry

• Good for understanding the “why” of user
interaction with a technology or any technology
phenomenon

• Participants may not follow through and record
a sufficient number of entries

• More accurate time recording than in a survey • Since data is both qualitative and quantitative,
data analysis may take a long time

• Good for collecting data that is fluid, and
changes over time (such as time, mood,
perception or response)

• Hard to strike a balance between a
frequent-enough series of diary entries and
infringement on daily activities (user participation
may then trail off)

Table 3.3: Benefits and challenges of a diary [23]

In contribution 1, Appendix A.1, a diary was used to document the usage of an adapted
development method used during the development of a mobile application. The diary in
this contribution was written by the developers during the last 30 minutes each day. By
doing this it was ensured that there would be sufficient diary entries and that creating these
entries would not infringe on regular activities. Additionally, a template for a diary entry was
created such that it was ensured that the data collected would be introspective. Each diary
entry was analyzed at a later time to find interesting observations regarding the development
process.

In contribution 2, Appendix A.2, a diary was used in one condition for remote asynchronous
usability testing. In this contribution a diary was given to users performing the remote asyn-
chronous usability testing. The purpose of the diary was an additional method to collect
usage data about the application and provide users with a method of communicating possi-
ble problems, suggestions and feedback. The diary was following a template to ensure the
users would be able to provide insight into their usage and document good and bad expe-
riences. To ensure a sufficient number of entries and not interfering with daily activities, a
single reminder at 8 pm reminding the users to fill out the diary was given.

3.4 Survey

A survey consists of a set of well-defined questions which a respondent gives answers to
[23][37]. Surveys are typically self-administered meaning that no researchers are present
when a respondent answers a survey. A survey allows for statistically accurate estimation
of a population, given that the respondents of the survey is part of the target population the
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survey is investigating. Surveys can be used to measure a variety of different aspects such
as awareness, intent, feedback, user experience and more [23][28][37].

Benefits Challenges
• Collect large amount of answers • Data received are shallow data
• Gain answers from large geographical areas • Data can be biased
• Cost of a survey is relatively low • Not possible to ask follow up questions
• Easy to distribute fast online • Delivering the survey online can end in spam

filters

Table 3.4: Benefits and challenges of survey[3][12][13][17]

In contribution 3, which can be seen in Appendix A.3, a survey was conducted regarding
customer and end-user participation in companies from the Danish software industry. The
survey was conducted over a period of 12 weeks and distributed over email. To try and alle-
viate the challenges of the survey ending in spam filters, relevant participants were contacted
directly over the phone, asking them to participate. By doing this we ensure that the partic-
ipants are aware of the survey and by that are able to find it in their inbox. In this survey
to accommodate some of the other downsides of a survey, we made responses anonymous,
such that the respondents would answer honestly, as there would not be a direct connection
between them and their answers.

3.5 Remote asynchronous usability testing

Lazar et al. [23] denotes usability testing as a research method. Usability testing denotes
testing a users ability to navigate and use the functionalities of a system. Usually represen-
tative users are attempting to perform representative tasks in representative environments on
the system. The system could be an early prototype or a more finished version of the system
[23][24]. Remote usability testing is to perform usability testing but separating the users and
evaluators by time, space or both [2][23]. Separating by only space but still having users
and evaluators interact is remote synchronous usability testing, and separating by both time
and space is remote asynchronous usability testing [15][23]. The system the user is testing
need to be monitored so the evaluators are able to know what the users are doing. Monitor-
ing can be performed in different ways such as video, audio or transmitting other contextual
usage data via an internet connection [15][23]. Table 3.5 shows the benefits and challenges
of remote usability testing.
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Benefits Challenges
• Access to a greater number of participants • Difficult or impossible to track nonverbal cues
• Possible to conduct multiple usability tests at
the same time

• Hard or impossible to provide instructions when
problems occur

• Less time-consuming than traditional usability
testing

• Not possible to ask probing questions based on
what occurs

• Participants have more flexibility when
participating since it is easier to accommodate
participants schedule

• Possible to miss the context of what happen
during testing

• Easy collection and analysis of click stream data

Table 3.5: Benefits and challenges of remote usability testing [23]

In contribution 2, in Appendix A.2, different methods of remote asynchronous usability
testing were studied. The reason for this was to investigate if adding additions to remote
usability testing would improve the data received from this. Furthermore, by providing
additions to the remote asynchronous usability testing it might be possible to alleviate some
of the challenges. One method was to include a diary in which the users described what they
had used the system for throughout the day and what had happened when using the system.
The other method was to continuously update the system while the users were testing it to
investigate if removing some of the identified usability problems, would influence the users
testing the system. The study was performed as a longitudinal study spanning a period of
two weeks. The idea of providing a diary was that the diary would provide an additional
way of providing feedback. Furthermore, the feedback in the diary could be longer than the
UCI report feedback and contain more explanations of a user’s experience. This would help
with the challenge of missing the context of problems as the users would be able to express
them-self in detail through the diary. Additionally, by providing the diary, we would better
be able to form a basis for additional probing question regarding the users experience with
the system.
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In this chapter we conclude upon the overall research question. This is done by concluding
on each of the three research questions based on their contributions, which can be seen in
Appendix A. Hereafter, limitations of the research is presented. Lastly, future works is
discussed.

4.1 Research Question

1st Research Question: How can Scrum be combined with a participatory design
method to facilitate end-user participation in every step of the development, except
implementation activities?

The adapted development method is based around Scrum sprints, where the phases of MUST
is integrated. The adapted development method starts with the MUST initiation phase where
the project is planned. Following this, the Scrum sprints start and during the first week of
each sprint the In-line- and In-depth analysis phase of MUST is performed. The remain-
ing two weeks of each sprint consists of the Innovation phase of MUST alongside Scrum
activities and techniques.

Based on the results of this case study, we can conclude that the adapted development method
did facilitate a high level of end-user participation in the development process. It was
shown that the techniques and activities used in the other phases, especially Walkthrough
and follow-up Interviews, facilitated end-user participation. As this provided us iteratively
with a deep level of knowledge, of the context in which the application should be used and
what functionality the application should have. Furthermore, the participation of end-users
enabled new requirements for the system to be generated continuously, together with valida-
tion of the existing utility throughout the entire development process.

It was shown that iterating the In-line analysis phase, each sprint, was redundant. As the
techniques in the In-line analysis phase helps describe the environment the application is

17
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part of and only minimal changes occur in the environment in a three week time period.
Eliminating the In-line analysis phase in each sprint, would allow more time for deeper
analysis in the In-depth analysis phase, this includes time for additional techniques.

2nd Research Question: How can users participate in a longitudinal evaluation of the
usability of a product from an agile development process?

The users for the longitudinal evaluation were recruited through the local diabetes associa-
tion’s news email and diabetes associated Facebook groups. The longitudinal evaluation was
performed by grouping the users into four different groups. Each group would correspond to
a specific condition, these being whether the application had a diary feedback functionality
and if the application would receive continuous updates. All conditions had access to a page
in the application created specifically for creating UCI reports. Each user was given an in-
struction guide explaining what a usability problem is, how to report it and how to install the
application. The users received daily tasks they could perform, in addition to their normal
use of the application.

Based on the result from the longitudinal evaluation, we learned that having a diary as an
additional method of providing feedback, did contribute to finding usability problems in
addition to provide knowledge about the usage of the tested application. Furthermore, the
longitudinal evaluation showed that groups that did not get updates during the longitudinal
evaluation, reported the same problems throughout the entire test period.

In addition to this challenges with longitudinal remote asynchronous usability testing were
discovered. These challenges were that the users had a lack of commitment to testing. That
the users did not read or had problems understanding the material explaining what a usability
problem is and how they should report it. Furthermore, some users did not inform when they
decided to end testing before the intended end date. These challenges might be related to
insufficient screening of the users before the test period started.

3rd Research Question: How is customer and end-user participation facilitated dur-
ing agile development in the Danish software industry?

Based on the results from the survey, it was discovered that Scrum was a dominating de-
velopment method, since 79.2% of respondents used it. The results show that 51.5% of
respondents thought that there was insufficient end-user participation in their current devel-
opment process and 28.2% thought that there was insufficient customer participation. The
most used techniques for customer and end-user participation were Interviews, Demonstra-
tions, User stories and Qualitative usability testing. However, a Chi-square test revealed no
significant difference, meaning that the techniques used to facilitate customer and end-user
participation had no significant correlation to the estimated level of customer and end-user
participation. The primary identified obstacles for additional customer and end-user partici-
pation were Lack of Time, Geographical challenges and Lack of staff.
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Overall research question: How can customer and end-user participation be facil-
itated in a Scrum process during development and evaluation in a research setting
and in practice?

To conclude upon the overall research question, we conducted three studies on customer
and end-user participation. We compare the results from each of the three papers. Table 4.1
shows an overview of how each paper contributes to their area of research. We compare
Paper 1 and Paper 2 in terms of the users are participating and Paper 1 together with Paper
2 against Paper 3 by how the users are participating in the research setting compared to
practice.

Development Evaluation

Research Paper 1 - RQ1 Paper 2 - RQ2

Practice Paper 3 - RQ3

Table 4.1: Papers’ area of research

We conducted a case study, contribution 1, with the purpose the end-user participation dur-
ing development. In addition to this, a remote asynchronous usability test was conducted,
contribution 2, involving the end-users. By including the end-users during development, we
were able to gain knowledge about the context in which the application should be used. In
addition to this, by showing the end-users the iterations of the application, we were able to
adjust the application to better suit the end-user’s actual needs. During the remote asyn-
chronous usability testing, by giving the end-users the application, we were able to evaluate
the application in the actual use context. This enable us to receive feedback, regarding the
application, based on an actual integration of the application into the end-users’ daily life.

Though the usability evaluation, contribution 2, we were able to asses the quality of the
application, this included the utility, identified with the users though the development, and
the usability of the application. The evaluation showed that the utility of the application
fulfilled its purpose of helping the users record and manage their diabetes though blood
glucose measurements, insulin calculations and meal planning. Furthermore, the usability
evaluation showed that the flow of the difference functionalities was understood by the users,
since only few usability problems concerned the inability to use or understand the flow of
the application were identified. The majority of the usability problems concerned problems
related to elements on individual pages.

From developing and evaluating the application we learned that the users had different roles
as to how they were involved in the process, depending on if they were involved in devel-
opment or evaluation. When the users were included in development they primarily had
a participative, consultative and informative role as they were involved in meetings during
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each sprint. This meant that they were supplying knowledge and ideas that then was used
when designing and implementing the application. In addition, as the users were included in
the development, their feedback and engagement were continuous and of a constructive and
positive nature. When the users were evaluating the application they primarily had a partic-
ipative and consultative role, as they performed the remote asynchronous usability testing
where they reported usability problems and provided feedback though the UCI reports and
diaries. Compared to development the user did not have an informative role, since this role
is to provide information about the problem domain. When testing they gained hands-on
experience with the system and by that could provide concrete feedback to the functionality
of the application and the possible problems the application might have had. Some of the
users evaluating the application had other expectations to the functionality of the applica-
tion, which it was not able to deliver, than the users that participated during development.
This had an impact on the engagement and type of feedback we received. The feedback
received during development had a positive nature, this shifted during evaluation towards a
more negative nature.

We performed a survey, contribution 3, researching how customer and end-user participa-
tion is performed in companies from the Danish software industry. When comparing these
results, with the approaches used in contribution 1 and 2, we observed some interesting
differences and similarities.

In the companies from the Danish software industry, some of the most used techniques for
investigating the problem domain were Interviews and User stories. This is similar to the
techniques used in contribution 1 to facilitate customer and end-user participation. Another
observation was that for the companies, demonstrations were the most used technique during
the Implementation- and Test phase, where in contribution 1 Walkthrough was the technique
used. Despite these techniques being different there are still a similarity between them, this
being presenting the user a prototype of the system. The technique used in contribution 2 was
remote asynchronous usability testing, where for the companies Qualitative usability testing
was the second highest voted technique used during the Test phase. Looking at each phase
of development, we asked the respondents from the software industry in which phase they
deemed customer and end-user participation most useful. Here the most prominent phase
was Design followed closely by the Analysis-, Concept- and Test phase. This is similar to
how the end-user was included in contribution 1 and 2 to great effect, where in contribution
1 the end-user was included in both the Concept-, Analysis- and Design phase. While in
contribution 2 the end-user was included in the Test phase.

The primary obstacle answered by the companies was that customer and end-user participa-
tion was Lack of Time. This obstacle was confirmed in contribution 1, where each sprint
had a specific set of user participatory activities, which had to be performed. This meant
that scheduling the activities, in the time slots of a sprint, were difficult and time consuming.
In addition to this, other techniques, such as observations that might had facilitated more
user participation, were discarded because of the time factor. In contribution 2, concerning
remote asynchronous usability evaluation, the obstacle of time were not experienced. One
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of the benefits of remote usability evaluation is that it is less time consuming than regular
laboratory- and field based usability testing, which also was the experience in contribution 2.
Another high-ranking obstacle from the software companies was Geographical challenges.
This was also experienced in contribution 1 and 2, where distance between the developers
and the users was a dominant factor. In contribution 1 the problem of distance was alleviated
by performing interviews using video conferencing and screen sharing. While in contribu-
tion 2, remote asynchronous usability testing was performed, thus eliminating distance and
time as possible obstacles. Another obstacle from the software companies was customer and
end-user participation Does not fit development process. The main focus of contribution 1
were to combine two development methods, to fit a high level of end-user participation, thus
this obstacle was not experienced.

4.2 Limitations

We want to emphasize four limitations in our studies. First, our research is limited in terms
of the number of UCI reports and diary entries received. Second, the research is limited by
the number of users participating in the remote usability testing. Third, the development
and evaluation performed in the research setting have been conducted by the authors and by
that the effectiveness of this is also judged by the authors. Fourth, the limited scope of the
survey investigating the practice of development and evaluation with customer and end-user
participation.

4.3 Future works

We want to emphasize four possible future works. First, other possible participatory design
methods should be combined with Scrum in order to get a more generalized understanding
of Scrum combined with participatory design. Second, the effect of other techniques to
facilitate customer and end-user participation during development and evaluation should be
researched. Third, surveys investigating customer and end-user participation in practice
should be performed, both to expand the scope outside of Denmark and to establish a deeper
understanding of common practices of customer and end-user participation in the software
industry. Fourth, research should be performed investigating how the different methods and
techniques to facilitate customer and end-user participate are conducted in practice.
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Abstract

The essence of Scrum is limited documentation, fast releases
and adaptability to changes. The responsibility of a Prod-
uct Owner is to ensure the needs of the end-user. Studies
have shown that customer representative only have a limited
understanding of users’ needs, which means that there is a
need to adapt the existing method to further ensure end-user
participation. This paper presents a case study where Scrum
was combined with a participatory design method to further
ensure end-user participation in every step of development,
except the implementation activities. This study documents
the experiences of ensuring end-user participation during
development of a mobile application for diabetics. The find-
ings show, that the adapted development method facilitates
a high level of end-user participation throughout the entire
development process, except the implementation activities.

Keywords Combining development methods, System de-
velopment, Scrum, MUST, Agile development, Participatory
design, End-user, Case study, Diary study, Patient empower-
ment

Introduction

A study from 2017 of 1492 software companies worldwide,
show the most common reasons for adapting to an agile
development method. This includes the ability to adapt to
changing priorities, as well as increase productivity and by
that accelerate software delivery [5]. 70% used a Scrum based
development method (Scrum, ScrumBan and Scrum/XP Hy-
brid). 14% used a Hybrid of multiple methodologies, 5% used
Kanban where Lean, XP, Iterative Development and the Spo-
tify model constitutes the last 5% [5].

Scrum is an agile development framework, that is built around
three central concepts that are, transparency, inspection and
adaptation [21]. Transparency means that the process must
be visible and understood by everyone involved. To facili-
tate transparency Scrum uses different Artifacts, these being
Product Backlog, Sprint Backlog and Increments. Inspection

means that all Artifacts in the process should be inspected
frequently to detect undesirable variances. Adaptationmeans
that the process should be able to adapt to changes so if an
aspect deviates, the process must be able to adapt to this.

Scrum has four events for inspection and adaptation, these
being ScrumPlanning, Daily Scrum, Sprint Review and Sprint
Retrospective. Each of these events is a part of a fifth event
[21]. The fifth event is the Sprints, which are iterative and of
a fixed length. A team in Scrum revolves around three roles, a
Scrum Master, a Product Owner and the Development Team.

The Product Owner has the sole responsibility for managing
the Product Backlog. They are responsible for providing
guidance and support towards the project’s success. Hence,
being a Product Owner is usually a full-time job [15][24].
The role of the Product Owner is often a representative of
the customer ordering the system.

Studies have shown that the customer representative only
have a limited understanding of the users’ needs, and that
they might not be the actual users of the system [13][18][19].
While Scrum has clear techniques of working with the Prod-
uct Owner, there exist no techniques to ensure inclusion of
the end-user [3][23].

Participatory design is an entirely different approach where
there are active end-user participation throughout the de-
velopment. The goal of participatory design is to involve
end-users, stakeholders, designers and researchers in the
design process, such that the product is created to satisfy the
needs of its user-base [1][14]. MUST is a well-documented
participatory design method, that is the result of a ten-year
research collaboration with a series of Danish and American
companies. MUST focuses on developing IT-solutions that
account for the different qualifications and skills of employ-
ees. Furthermore, it is described by the authors as a method
that is based on thorough participation with users and man-
agers [8][22]. In addition, Kujala [9] describes MUST as a
method that combines the use of ethnographic techniques
and intervention, within the participatory design tradition,
in the context of custom development using design processes
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such as contextual design. The purpose of MUST is to pro-
vide guidelines and techniques on end-user participation and
result in an IT design project. An IT design project forms
the foundation for further decisions regarding choosing the
most appropriate IT solution [8][22]. MUST consists of four
different phases, these being Initiation, Strategy, Analysis
and Innovation.

This paper presents a case study where Scrum was combined
with a participatory design method, MUST, to further en-
sure end-user participation in every step of development,
except the implementation activities. The study documents
the developers experiences with end-user participation dur-
ing development of a mobile application for diabetics, with
a focus on patient empowerment. Patient empowerment
refers to the philosophy of giving the ability to act and take
informed choices regarding health treatments back to the pa-
tient [2][12]. The feasibility of combining Scrum and MUST
is based on whether it allows and facilitates active end-user
participation throughout the entire development, except the
implementation activities.

In the following section we describe previous research on
combining agile development with participatory design. Fol-
lowing this we present a proposal as to how Scrum can be
combined with MUST. Then the findings are described and a
discussion of a refined adapted development method is made
based on the experiences learned during development. Lastly,
the practical reality of the adapted development method and
unexpected results are discussed.

Related work

In the following section, we will present an overview of
relevant literature, with regards to agile development and
end-user participation in the actual development process.

Case studies

Kautz [7] shows a case study where techniques for user par-
ticipation is included in agile development. The framework
used, to include users, is based on participatory design littera-
teur. The framework is included in different stages during the
agile development: The preparation stage, the development
stage and the evaluation stage. The end-users’ are involved
as an on-site customer. The end-user assumed different roles
during the different stages of development. In the preparation
stage the end-user’s roles are participatory and informative
where in the evaluation stage the roles are participatory and
consulting. The end product is deemed successful by both
the developers and the customer, as this type of user partic-
ipation supported a balance between project progress and

flexibility. Kautz [7] observed difficulties when working with
end-users regarding their understanding of what is possible.
An example is that when a manager proposed two differ-
ent ways to have the same functionality, the customer just
said yes to both without having the understanding of the
functionality being mutually exclusive.

Hansson et al. [6] present a case study the describes a case
where participatory design techniques are integrated into
an agile development method. The case revolves around a
company that develops a booking system. The participatory
design techniques that are utilized are performed remotely
since the users of the system are spread across multiple
countries. The techniques used are user-meetings, support
services and courses. Hansson et al. [6] discovered, that by
using participatory techniques, the company is able to ob-
tain more and better knowledge about the users than when
only using agile methods. Furthermore, Hansson et al. [6]
discovered that, the use context of the system is often not
understood properly, if only analyzed using agile techniques.
Hansson et al. [6] concludes that a combination of partici-
patory design and agile development could result in a more
comprehensive system that are better suited to the users’
needs and are better able to fit the appropriate use context. It
was discovered that not all the different users are participat-
ing, so when new changes are made, these changes are only
based on the participating users. Furthermore, the prioritiza-
tion of functionality is controlled entirely by the developers,
meaning that the end-users have no impact on this process.

Rittenbruch et al. [17] provide a comparison of the concep-
tual and methodological similarities of Extreme Program-
ming (XP) and participatory design. On this basis, they set
out to develop an approach, which integrates techniques
from both agile development and participatory design. In
order to test their method, they performed a proof of con-
cept research project, with IT researchers as customers. This
research provides a series of recommendation to overcome
the conception of limited user participation in XP. However,
they do not provide any observation concerning the practical
application with regards to user participation.

Frameworks

Chamberlain et al. [4] attempts to develop a framework for
integrating agile development and user-centered design. The
approach is to analyze similarities and differences between
agile development and user-centered design. By this anal-
ysis they conclude that these two frameworks are compat-
ible. However, a practice study shows that there is a clear
distinction between designers, who are responsible for the
user-centered activities, and the developers. Furthermore,
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the practice study shows little customer and user partici-
pation during the development. The user participation is
through interviews, where the users are asked for their opin-
ion of the system, they are shown during a short test session.
Chamberlain et al. proposes five principles for a successful
integration of the two frameworks. These being user in-
volvement, collaboration, prototyping, project life cycle and
project management. The study does not provide empirical
data to validate these five principles and by that the validity
of the proposed framework [4].

Preece and Rombach [16] describe a Software Engineering
framework and a Human Computer Interaction framework.
The article suggests a combination of the two frameworks by
investigating what identifies each framework and what is in
common between the frameworks. The purpose is to be able
to characterize Software Engineering and Human Computer
Interaction measurements to provide a common understand-
ing of these [16]. They conclude, that their findings are able
to bring the two frameworks closer together, as they provide
a common understanding of the different characterizations
of each framework through their own framework [16]. By
using examples from their own work, they show that their
framework is able to facilitate four key functions, these be-
ing: post hoc analyses, planning aid, guiding practice and to
facilitate communication. However, none of the proposed ex-
amples take place in practice, hence they are not able to give
an indication of if their framework could work in practice.

Litteratur reviews

Salah et al. [20] conducts a literature review which aims to
identify various challenging factors that restrict the integra-
tion between agile development and user-centered design.
One factor identified is the lack of time for upfront activi-
ties such as researching the user and their work practices.
The identified practice to accommodate this, is to include
an upfront design phase [20]. Another factor identified is
that it is problematic to prioritize user-centered design activ-
ities. The identified solution to this is to create an individual
backlog for all user-centered activities and to have a desig-
nated UX (User experience) person being responsible for the
backlog [20]. Another discovered challenge is to synchro-
nize the work of the developers and the user-centered design
practitioners. The solution to this, is that the UX team are
part of the Daily Scrum thus the UX team are better able
to communicate and coordinate with the development team
[20].

Larusdottir et al. [10] conducts a synthesis paper that inte-
grates results from interviews and survey studies related to
the research of using User-centered systems design activities
in agile projects in practice. A total of 37 IT professionals

were interviewed and further 158 professionals contributed
with data on the surveys [10]. These results are analyzed by
the authors and the four principles of the agile manifest is
discussed. From the analyze they discover that the principle
"Responding to change" was highly prioritized when catego-
rized as a defect reported by a user, but when the change was
on the form of design changes reported by usability experts
or users, this was less prioritized. Furthermore, from the
interviews they discover that some of the agile development
processes neglects the early phases and believes that this
can be accounted for in a later phase [10]. Larusdottir et
al. [10] suggest that user experience professionals get more
authority and the ability to stop the production line if the
current design is not perceived as useful by the users.

Development method

Through the previous described related work, integrating
participatory design into agile development is done by choos-
ing participatory techniques that are then fitted into the agile
development cycle. This research aims to integrate the agile
development method, Scrum, with the participatory design
method, MUST, by integrating the MUST method and its
phases with Scrum.

Through the four phases of MUST, different techniques can
be utilized to include the end-user in development and thereby
obtain important feedback that reflects the end-users needs.
The nature of these phases is in a waterfall structure, hence
by combining it with Scrums iterative characteristics, it
is possible to use the techniques from MUST’s phases in
Scrum’s sprints and planning. By doing this the aim is to
include the end-user, by generating requirements, getting
feedback on functionality and new ideas in every step of the
development, except the implementation activities.

Combining Scrum and MUST

The development, in this research, is initiated with a phase
called the pre-sprint. The purpose of the pre-sprint is to iden-
tify the problem that the case revolves around. Furthermore,
the pre-sprint is used to gain knowledge about the differ-
ent concepts involved in the case. The Initiation phase from
MUST is utilized for this. The purpose of the Initiation phase
is to gather knowledge, to help create concrete tasks that
need to be solved. Another purpose of the Initiation phase
is to plan the project. The reason, for using the Initiation
phase before beginning the Scrum sprints, is that planning
the project before implementation starts is required. The Ini-
tiation phase is able to assist with this, with techniques such
as Baseline Planning. The result of the Initiation phase is a
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Project charter, that outlines the project and the techniques
that are going to be used throughout the project.

Each Sprint is planned as a normal Scrum sprint, where
Sprint goals are constructed. The activities performed dur-
ing the Sprints are different from regular Scrum, since a
Sprint is not focused solely on development but also have
information gathering techniques included. The first part of
each Sprint is focused on the In-line- and In-depth analysis
phases fromMUST. The purpose of the In-line analysis phase
is to investigate the feasibility of the proposed solution. This
is done through a SWOT analysis. Furthermore, a Functional
analysis is constructed to gain further knowledge about the
domain the application is part of. The purpose of the In-
depth analysis phase is to get an understanding of what and
how the product should be designed. To facilitate this, in-
terviews with the primary stakeholders are conducted. In
addition to this, meetings with the Product Owner discussing
possible functionality are held. Furthermore, Walkthrough
are conducted with the primary stakeholders, where the
prototype application is demonstrated. The purpose of the
Walkthrough is to not only validate the constructed proto-
type but to also generate additional knowledge based on
the current functionality. The result of the In-line analysis
phase is a Strategy report outlining the surroundings and
work area that need to be considered regarding the appli-
cation. The In-depth analysis phase produces an Analysis
report, outlining the goals, needs and problems the primary
stakeholders experience regarding the domain.

The last phase, constituting the last part of each sprint, is
the Innovation phase, where the application is developed
based on the Analysis report. The Innovation phase starts
with a meeting with the Product Owner, where the Product
Backlog is prioritized, and the Sprint Backlog is constructed.
In the Innovation phase requirements are constructed based
on the goals, needs and problems from the Analysis report.
Furthermore, the Sprint Backlog is implemented during the
Innovation phase.

Case study

We have conducted a case study using an agile development
method combined with a participatory design method, de-
veloping an Android application supporting patient empow-
erment. The entire development of this study is split into
three Sprints that each last three weeks. An overview of the
three Sprints and how MUST and Scrum are combined can
be seen on Figure 1. The results and experiences of applying
our adapted development method was collected through the
use of Interviews, Walkthrough and documentation of the
development through diary entries.

Participants: 6 participants were involved in the project, 5
as end-users and 1 as Product Owner. 3 type 1 diabetics, all
female, and 3 type 2 diabetics 2 male and 1 female. Table 1
shows the demographics of the participants and our Product
Owner. The participants were found with the help of the
Local Diabetes Association.

The authors constitutes the development team with shared
responsibility of acting as Scrum Master. The Scrum Master
role was shared by having all members being responsible for
and helping with planning the Sprints, managing backlogs
and ensure that goals were met. Documentation and entries
in the diary were written by the authors.

Gender (age) Participants
Type of
diabetes

Time with
diabetes Treatment

Product Owner
Male (61) Type 2 15 years Pen
Participants
Male (51) Type 2 23 years Pen & tablets
Female (57) Type 2 5 years Pen & tablets
Female (28) Type 1 22 years Pump
Female (36) Type 1 4 weeks Pen
Female (51) Type 1 42 years Pump
Table 1. Product Owner and participants demographics

Setting: This research was conducted as a master thesis mean-
ing that the development of the application is conducted in
a university. This meant that 1/3 of the work-hours was allo-
cated to university courses. This had an impact on planning
and the allocated time for techniques used to ensure end-user
participation.

System: The materials used for this research was the Android
application developed using an adapted developmentmethod
to include end-users into the development process, except
the implementation activities. The goal of the developed
application was to support diabetic in their daily life, by
providing custom management tools and information in a
single solution.

Procedure: The procedure of development was following the
previous described combination of Scrum and MUST. All
walkthroughs with end-users were conducted by one of the
authors, where the end-user was guided through all new
developed functionality. Following the walkthrough, a semi-
structured interview was conducted regarding the function-
ality shown during the walkthrough.
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Figure 1. Combination of Scrum and MUST

Data collection: The primary data collection was the diary
used to document observations made during the develop-
ment process. Furthermore, secondary data collection was
through interviews and walkthroughs of the application. The
interviews and walkthroughs were conducted with the di-
abetics to get further insight into the effectiveness of the
adapted development method. The diary documents the use
of the adapted development method.

Data analysis: Each diary entry was analyzed and notable en-
tries were marked. The notable entries were then further ana-
lyzed to find the entries that best documents the experiences
of end-user participation during development. Furthermore,
the interviews and walkthroughs were analyzed to further
identify how the end-user participation was performed and
its effect on the development of the application.

Findings

In the following the experiences made during the combina-
tion of the participatory design method MUST and the agile
development method Scrum, will be described through the
use of quotes from the diary, made during development.

End-user participation as preparation before the first
Scrum sprint

The Initiation phase, from MUST, provided an understand-
ing of the various aspect and criteria for the success of the
project, before the beginning of the first sprint of Scrum. The
Initiation phase allowed to plan the project and enabled the
development team to get early knowledge of the problem
domain in the form of a Document analysis.

The Initiation phase included initiating interviews with a
diabetic (end-user) and a chief physician to further gain
knowledge about the problem domain, as stated in the diary:
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"The interview was conducted as part of the Initiation phase
to gain knowledge about what it is like to live with diabetes".
This knowledge helped with not only identifying problems
but also gained an understanding of the different aspects of
a diabetic’s life.

The Baseline planning technique was used in combination
with Sprint Planning to plan the project. Combining Baseline
planning and Sprint Planning gave a well-defined structure
on not only how long each Sprint should be, but also what a
Sprint should contain. These two techniques are complemen-
tary, when structuring the project, as Baseline planning al-
lowed the developers to outline the entire project and Sprint
Planning allowed for for detailed planning of the individual
Sprints.

Validation of implemented requirements with
end-users

One of the techniques utilized from the MUST Innovation
phase was Walkthrough. By using Walkthrough, it was pos-
sible to confirm if the functionality arising from the require-
ments, discovered during the In-depth analysis phase inter-
views, was what the end-user had in mind. As mentioned in
the diary, we discovered that: "Furthermore, the walkthrough
would function as validation for Sprint 1, since we would get
confirmation regarding the implemented functionality of the
prototype". This validation showed, if the utility provided by
the application, matched the expectations of the end-users.

Generating new requirements iteratively using
end-user participation

From the walkthroughs that were used in the end of the
Innovation phase, to validate developed functionalities, we
discovered that the new functionalities the end-user were
presented, spiked new ideas in the end-user. As mentioned
in the diary entry from Sprint 3 where: "Both type 2 inter-
viewees mentioned that they would like a feature to export
their blood glucose measurements". The type 2 diabetics did
not previously mention the idea of exporting their blood
glucose measurements, but as they were presented to func-
tionality where they could enter and save their blood glucose
measurements, they got the idea of exporting it. Another
example of implemented functionality spiking new ideas,
can be seen from a follow-up interview with a type 1 dia-
betic: "Interviewee 2 mentioned that on the meal log, which
displays already calculated meals, it would be beneficial, if
you were able to change the blood glucose level, but use the
same products". The initial idea of having a meal log did not

include the option of changing the blood glucose level. How-
ever, here the walkthrough spiked an idea of expanding the
implemented functionality.

Iteratively analyzing the environment of the project
and the end-users

From constructing a Strategy report in each Sprint, we learned
that the SWOT analysis helped to determine possible weak-
nesses and threats to the project. During development, it was
discovered that, performing a SWOT analysis for each Sprint
was excessive. As the Sprints only lasted three weeks, the
SWOT analysis only had minor changes, as mentioned in the
diary: "At the start of the second Sprint most of these factors
have not changed. However, patient empowerment can now be
identified as Strengths for the project, as aspects supporting
patient empowerment have been implemented". This led us to
decide, that for the third Sprint performing a SWOT analysis
was not useful.

We experienced that by conducting a Functional analysis as
part of the In-line analysis phase iterativly contributed to the
development. The revision of the Functional analysis resulted
in new findings within all three levels of the Functional
analysis. For example, it was discovered that the surrounds of
the type 2 diabetics were different than those of a type 1. For
an example, type 2 diabetics uses their general practitioner
while type 1 uses a diabetes physician. This was described in
the diary: "It was discovered that type 1 diabetics have more
direct contact with the diabetes department on the hospital,
while type 2 diabetics primarily have contact with their general
practitioner instead of the hospital". Revising the bottom level
of the Functional analysis contributed with new knowledge,
that helped in identifying new functionality.

It was mentioned in the diary that: "In Sprint 3, we decided
not to review the SWOT analysis, as the factors identified in
Sprint 1 and Sprint 2 are not excepted to change in the three
weeks since the latest review of the SWOT analysis. This is also
the case for the Functional analysis, as the surroundings and
possibilities in the top level are likely not to change in the short
time span of this project". This showed that for this project
iterating the Strategy report each three weeks, contributed
little to the development, since the changes discovered only
had a minor effect on the functionality of the application and
therefore deemed not useful to do iterativly. Furthermore,
the changes to the levels in the Functional analysis can be
contributed to the interviews with type 2 diabetics, which
were not conducted in Sprint 1 as no contact was established
at that time.
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Constructing Analysis reports iteratively using
end-user participation

When constructing the Analysis report we experience that,
during the In-depth analysis phase, scheduling the inter-
views proved to be problematic, as mentioned in the diary:
"Coordinating interviews and analyzing these have been a
challenge since there can be wasted time between the analy-
sis of one interview and conducting the following interview.
Furthermore, we have finished all the remaining scheduled
interviews and are waiting for the rescheduling of the next
interview which was caused by a cancellation". The downtime
between the interviews were used to analyze the already con-
ducted interviews. It was discovered that the goals, needs
and problems outlined in the Analysis report, were easily
translatable into items for the Scrum Product Backlog, as
written in the diary: "The Product Backlog itself is constructed
based on the Analysis’ reports goals, needs and problems sec-
tion. This section is easily translatable into the Product Backlog
since each item reflect a possible functionality of the prototype".
The easily constructed Product Backlog made the transition
from analysis to implementation fast and effective during
the project.

Changing the adapted development method

Through the use of the adapted development method, we
experienced challenges and room for improvement. These
challenges were mainly posed by the iterations of activities
in the In-line analysis phase. Despite the importance of in-
vestigating the environment of the project through a SWOT
analysis, and the end-users through a Functional analysis, it
was discovered that iterating these analyses, does not con-
tribute sufficient with new knowledge given the time spend.
Furthermore, giving the time-slot of one week allocated for
iterating the SWOT- and Functional analysis as well as in-
formation gathering through interviews were a challenging
task. This meant that information gathering often consumed
more time than allocated for the task.

In the initial combination of Scrum andMUST, the first Sprint
was mainly used for initial information gathering through
interviews. We did not include Walkthrough in the end of
the Pre-Sprint nor the beginning of the first Sprint and by
that we had no feedback on the initial design. This meant
that the first week of the first Sprint was further information
gathering through interviews which resulted in ideas for
requirements. This meant that despite the Pre-Sprint and
MUST Initiation phase, we did not have sufficient knowledge
about what the end-users’ wanted to start designing, hence
the first week of the first Sprint functioned as an extension
to the Pre-sprint.

To accommodate for these challenges, an improved adapta-
tion to the adapted development method is proposed. Before
starting the sprints, a full cycle of MUST phases is worked
through. The idea behind this is to start the project out with
extensive planning and information gathering, which is the
focus of the first 3 phases of MUST: Initiation, In-line analy-
sis and In-depth analysis. Where this information should be
used to make a mock-up of the initial design, in the Imple-
mentation phase, which can be used to generate new ideas
in the first Sprint. Going into the Sprints, the changes made
here, is aimed at increasing the techniques used for the ini-
tial information gathering, such as Interview, Observation,
Walkthrough and Think-aloud. The goal for the first week is
to produce a prioritized Product Backlog and documentation
being on the MUST analysis report form. The remaining two
weeks of the Sprint is allocated for the development. The
goal for these two weeks is to develop an increment of the
working prototype, which will be used to validate and gen-
erate new ideas to functionality. These evaluations is fluent
across the end of the Sprint and the start of the next Sprint’s
first week, as these evaluations serves as both the validation
and the collection of new information regarding possible
improvements and features.

The effect of end-user participation on the
development team

Actively including and working with the end-users through
the entire development, except in implementation activities,
had an effect on the developers’ mindset. This caused the
developers to start thinking differently, as they were able to
talk with the end-users more often and by that have a bet-
ter idea of what to implement. Furthermore, by having the
end-users participate in creating backlog item and then vali-
dating the implemented items, the developers experienced a
better connection with and understanding of the end-users.
This mindset contributed to the developer being more open
and willing to facilitate the end-user participation. Both in
terms of the time slot allocated for the participatory design
techniques, but also seeing the importance of these tech-
niques and not only focusing on the technical tasks related
to implementation.

Discussion

This section discusses interesting observations made during
the research. Furthermore, this section discusses the findings
in relation to related work. This is followed by the practi-
cal implication of combining an Scrum with a participatory
design method.
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An interesting observation was that besides the confirmation
of the implemented functionality and spike of new ideas, the
walkthroughs and follow-up interviews revealed differences
that need to be considered regarding the diabetes type. An
example of this was from an interview with a type 2 diabetic.
Here we discovered that their medical contact is different
than type 1, as mentioned in the diary: "Both interviewees
mention when asked about contacting a professional regarding
questions, that they had to contact their own general practi-
tioner". This showed that there were differences in regards to
who the diabetics could contact about questions regarding
their condition. For a type 1 diabetic there exist a specific
ward, where type 1 diabetics go to consultation, while type
2 diabetics go to their own general practitioner. This has an
effect on the level of guidance the diabetics are provided,
which has an impact on the level of supporting information
each diabetic need.

Furthermore, we discovered that Diabetes is a complex condi-
tion but that there are manymore factors effecting what func-
tionality an end-user wants. An example of this was when
prioritizing the parental supervision functionality. Here one
type 1 diabetic prioritized it as the most important function-
ality while two other type 1 diabetics prioritized it as the
least important. This indicates that the individual’s situation
have a significant effect on the desired functionality.

Another interesting observation was that the feedback re-
ceived through the walkthroughs, further contributed with
motivation towards continues improvement and develop-
ment. At the walkthroughs we observed that the end-user
was either positive about the features and complemented
the application and thereby our work or highly interested in
discussing improvements. This was motivating and gave a
desire to keep working on the application, as we felt that the
work and by that the application was wanted by the users.

In relation to related work, Kautz [7] showed additional
considerations that can be made in addition to our adapted
development method. The different roles, expressed by the
on-site customer in the article, can be related to the different
phases outlined in our adapted development method. In our
approach the Pre-Sprint is focused on information gathering.
Kautz [7] describes the role for the on-site customer dur-
ing analysis as participatory and informative. It would be
possible to further plan our adapted development method
around the different roles of the participants, meaning that
techniques should be chosen to fit the different roles of the
participants during development.

Hansson et al. [6] showed similar findings to ours, since they
showed that non-traditional participatory design activities
were beneficial when generating new ideas and functionality
for a system. Hansson et al. [6] showed that development

using pure agile methods resulted in a lack of knowledge
about the end-user and the use context of the system. This
observation is further backed by Larusdottir et al. [10], which
discovered that agile development tend to neglect the up-
front activities. Furthermore, as shown by Salah et al. [20]
the literature describes a lack of time for upfront activities,
where they identified practices, where one is to include an
upfront design phase. Hanson et al. [6] showed that by in-
cluding participatory techniques, it allowed the developers to
acquire knowledge about the users and account for develop-
ment issues. This is similar to what we discovered during our
research, as we showed that new requirements were identi-
fied by the end-user throughout the entire development and
that we were able to account for these during development.
Furthermore, we propose that having a full cycle of MUST
before starting the development Sprints could be beneficial
to create a better knowledge base. In the case study made
by Hansson et al. [6] the prioritization of functionality is
still controlled by the developers. For our case study, the de-
velopers also had the final say regarding what functionality
would be implemented. All end-users were asked to make
their own prioritization so we would better be able to ensure
that the correct functionality were created, in addition to the
prioritization by the Product Owner.

In relation to practice, this paper presented a combination of
two development methods to better include the end-users,
throughout the entire development process. Furthermore,
adaptations to the adapted development method have been
discussed in order to mitigate and improve the combina-
tion based on our experience. Following the findings of this
research and the discussion of this, the practical reality is
that an initial phase is required before implementation starts.
This initial phase is needed to not only establish contact with
the end-users but to also gain information about them and
their environment. Another practical reality of this research
is that it is needed to collect additional information from the
end-users between each implementation iteration, where in
this research it is done through Walkthrough and follow-
up Interview. This is needed since the end-users might be
able to provide additional knowledge or identify additional
problems based in the already implemented functionality.
Another practical reality is that the developers need to be
present at the techniques used to ensure end-user participa-
tion. This research showed that by having the developers
interacting with the end-users, the developers gain an under-
standing of the end-users and their environment. Further-
more, by having the developers meeting with the end-users
the developers are better able to ask clarifying questions to
ensure that the correct functionality is implemented.
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Conclusion

End-user participation in agile development is often limited
to the Product Owner, where the needs of the end-users is
determined by the Product Owner. This paper presented a
case study investigating the use of an adapted development
method to better ensure end-user participation in the devel-
opment process. This paper presented findings regarding
employment of an adapted development method, in a case
concerning development of a mobile application for diabet-
ics. The findings show that we experienced a high level of
end-user participation throughout the entire development
process, with the exception of implementation activities.
Through development we learned that some of the activities
chosen were more important than others when these were
part of an iteration. For example, we learned that iterating a
SWOT analysis every Sprint was unnecessary, where iterat-
ing Walkthrough and follow-up Interview were critical for
the development. Furthermore, it was shown that by having
end-user participation we were able to continuously vali-
date the implemented utility and to further generate new
requirements for the system.

To validate our research we conduct our case study according
to [11], in which we attempt to mitigate weaknesses of a case
study. A challenge with case studies is to find the correct
participants, where for this paper both type 1 and type 2
diabetics is chosen to get a broader perspective of diabetes.
The diary is conducted by us, the authors and developers,
meaning that we are able to account better for some of the
difficulties of using a diary, since we are able to guarantee
that entries are made every day. Furthermore, we are able to
outline specifically what needs to be described in the diary
and in what level of detail [11]. We acknowledge that we
are not able to make generalized conclusions regarding the
usefulness of combining Scrum with participatory design,
since this case study only documents the combination of
Scrum with a single participatory design method.

Additional studies should be performed to investigate the
effect and feasibility of combining an agile development
method with a participatory design method. Such studies,
would be able to help developers decide if and how to adapt
their existing agile development methods to better account
for end-user participation. Further studies should be con-
ducted to investigate the effect of end-user participation dur-
ing the different stages of development. Such studies would
be able to provide valuable insight into when the end-users
are able to contribute to a project, thus be able to better pin-
point the exact stages in development where the end-users
contribute. It is clear that there are different ways to facilitate
end-user participation in agile development, and while the
proposed way of combining Scrum andMUST worked in this
setting, other approaches might be used in other settings. To

get a better understanding on how the IT industry facilitates
end-user participation in agile development, it would be in-
teresting to conduct research on this. Furthermore, moving
from the setting of this research into the Software industry,
it would be interesting to conduct research into the employ-
ment of the adapted development method, to get a better
understanding on whether the adapted development method
enhances end-user participation in other settings.
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Abstract

Today developers, users and usability evaluators can be dis-
tributed across space and time, which makes conventional
usability testing challenging, where remote usability test-
ing can be a better suited option. This paper investigates
two different remote asynchronous usability testing meth-
ods. Remote asynchronous usability testing denotes a sit-
uation where the user and evaluator attend the process at
different times and different places. The methods investi-
gated are including a diary and providing continuous up-
dates, in addition to User-reported Critical Incident (UCI)
reports when performing remote usability testing. Partici-
pants were divided into four conditions, which all received
daily assignments with the ability to report usability prob-
lems in the application. The findings show that having a
diary, contributes to finding usability problems in addition
to also provide knowledge about how the users used the
application. Furthermore, the groups who did not receive
continuous updates reported the same usability problem
throughout the testing period, where the groups receiving
updates did not. Lastly it was shown that the users, were
able to rate 59% of the identified usability problems similar
to the rating given by evaluators.

Keywords Usability, Logitudinal, Remote testing, Asyn-
chronous, End-user, Human-computer interaction

Introduction

With software development becoming more global and out-
sourcing of development is increasing, remote usability test-
ing is becoming more relevant. Today developers, users and
usability evaluators can be distributed across organizations,
distance and time zones, meaning that conventional usability
testing would be much more complex and challenging than
remote usability testing [1][18]. These changes in software
development imply that new methods and approaches are
needed to facilitate this remote distance between the differ-
ent people involved. Remote usability testing are one of these

possible methods that can be an alternative to the conven-
tional usability testing [1][2][13][14][19][22][23]. Remote
asynchronous usability testing denotes a situation where
the user and evaluator attend the process at different times
and different places [1][4][5][20]. Remote usability testing
makes testing possible both in terms of challenges with dis-
tance and differences in time. Furthermore, remote usability
testing enables testing with a broader group since the testing
are more convenient for the evaluators [1][22].

The approach of remote usability testing is to let the users
operate the system under testing in their normal work en-
vironment [20]. The users have received training regarding
identifying usability problems. Hence, when a usability prob-
lem occurs, the user should be able to report the problem.
The reporting is done through a structured form, that is used
to describe the problem and the steps leading up to the prob-
lem [1][4][5]. Each usability problem is sent to the evaluators
to be evaluated at a late time. By doing so, the problem can
be recreated by the evaluators if necessary. With remote
usability testing data capturing is effective because the re-
ceived problems is already assessed by severity by the users
during their daily work routine. This real-time reporting
prevents loss of data, as the report can be made immediately
after the incident. However, this comes with a trade-off of
the users natural work flow being interrupted. Furthermore,
depending on the structured reports, the data are of high
quality as they are easily translatable into usability problem
descriptions [1][2][5].

This paper investigates two different remote asynchronous
usability testing methods conducted as a longitudinal evalu-
ation. One method is testing whether reporting usage and
usability problems, through a diary, have an effect on UCI
reports the users report and the quality of the feedback it is
possible to gather from users. The other method is whether
a continuously updated application during testing, have an
effect on the UCI reports made by the users. Lastly this paper
investigates whether the users are able to rate the severity
of usability problems themselves.
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In the following section other research on remote usability
testing and user reporting are described. Following this the
paper presents the remote asynchronous usability methods
used in this research. Furthermore, this section also outlines
the participants for this paper. Following this the findings are
described. These outline the number of usability problems
identified, the classification of these and the users percep-
tion of remote usability testing. Finally, these findings are
discussed and advice are given regarding the practical use
of this research.

Related work

Remote usability testing

Traditional user interface evaluation is conducted in a lab
where users are observed directly by an evaluator, but today
users can be spread across the world, which means that an-
other approach is needed. Hartson et al. [12] outlined in 1996
a possible approach to this, being remote usability testing.
Hartson et al. [12] describes different possible methods as
to how the remote usability testing can be conducted, such
as portable evaluator, local evaluation at a remote location,
Instrumented Remote Evaluation, semi-instrumented remote
evaluation and more. The semi-instrumented approach has
potential for cost-effectiveness, since the user and the system
gather the data [7]. This means that the evaluators only anal-
yse the data that are relate to usability problems. However,
they describe the disadvantage of being reliant on users, to
identify critical incidents, with only minimal training. Of
the many proposed ways to conduct remote usability testing
Hartson et al. [12] presents case studies for only a few, these
being remote usability evaluation using desktop video con-
ferencing and semi-instrumented remote evaluation. Hence,
they are not able to conclude if the different approaches work
in practice.

Dray and Siegel [8] describes the benefits and risks of remote
usability testing on a general level. The benefits that one gets
are that the cost of conducting the tests is often less, there is
no need for facilities to conduct the tests at and that the test-
ing can be spread over time, since a specific time and place
are not needed [20]. The risks are that there is no evaluator
to help if something unexpected happens. Furthermore, it
is impossible to observe indirect cues of problems, such as
body language, that are not verbally expressed by the tester
[9].

Self-reporting

Hartson and Castillo [11] describes a study investigating
if users are able to identify and report critical incidents on

their own. Furthermore, evaluators should be able to use
these UCI reports to reproduce the incident later. The UCI
reports can serve to collect the reactions of the users [7].
This is especially relevant when performing asynchronous
remote usability testing since the users and evaluators have
no direct contact and monitoring the system can be difficult
[11]. The approach is to ensure that all critical incidents are
reported following a template so that sufficient information
is given. All users are given brief training regarding how to
identify a critical incident. All users are given the same set of
tasks to perform. The result was that users with little to no
experience and knowledge in the field were able to identify
and report critical incidents. Furthermore, the severity rating,
given to the identified incidents, was similar to the rating
given by the evaluators, where 83% was same severity [11].
The problem discovered are that the users often reported
the critical incident at a later time, making monitoring the
system at the time of the incident difficult, since data are
only captured shortly before and after the report are made. It
should be noted that for performing remote usability testing
it was necessary to use a specific room for recording, since
it was not possible to give the recording equipment to the
participants, hence the participants were obligated to meet
the evaluators for the test.

Möller et al. [17] investigate the frequency, accuracy and
effect self-reporting have on the test subjects. The study
lasted for six weeks where users should report their smart
phone usage. Different settings were deployed to see their
effect on the users. One group were told, at the beginning
of the test period, that they should remember to report their
usage. The second group got periodical reminders telling
them to remember to report, where the last group were
reminded every time they closed an application. Möller et al.
[17] showed that the users made reports ranging from 70%
to 40% of their actual usage. Furthermore it was shown that
users often overestimated their usage[6][10][17]. Aspects
such as forgetfulness or intentional miss-reporting can be a
factor [15]. Furthermore, the periodical reminders resulted
in most reports. The users said that being reminder to often
was uncomfortable and burdensome. It should be noted that
most of the participants in this study were students which
can have an effect on their usage of their phone during the
day compared to the participants that were working.

Steves et al. [21] describes two case studies, the first in which
collaborators the tool for evaluation over several months.
The data was collected through self-reporting by the users
through diaries, where after survey questionnaire and in-
terviews was conducted. The study was conducted in a real
work environment to get an understanding of users in their
own environments and by that users would provide clues
about critical aspects of the real work situation [24]. The
second case study was conducted as a usability inspection in
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a laboratory. In this study independent evaluators assessed
the tool by completing different use scenarios and exam-
ine how well it fitted inspection criteria. They found that
the approach of supplementing auto logging with a diary
where participants provided qualitative information on the
problems identified was beneficial.

Comparison of remote usability testing methods

Bruun et al. [3] systematically compares three methods for
remote asynchronous usability testing: UCI, forum-based on-
line reporting and discussion, and diary-based longitudinal
user reporting. To prepare the user for remote testing, they
train them in how to identify and categorize usability prob-
lems. This is done using aminimalist approach, that is strictly
remote and asynchronous, where the users receive written
instructions via email. They show that the remote asynchro-
nous usability testing identifies about half the usability prob-
lems compared to the conventional method, however at a
much less time effort. Furthermore, the severity rating made
by the participants, 77% for UCI, 66% for forum and 45% for
diary, is rated the same categorization as by the evaluators.
With these findings they deem remote asynchronous meth-
ods an appealing possibility for usability testing in many
software projects. It should be mentioned that the system
used for this research was a finished released product, where
often usability testing is conducted on versions of a product
that are still in development. In addition, Bruun et al. [3]
show that for critical and serious problems, the Diary collec-
tion method identified around 50% of the problems identified
in a lab settings, however it was less time-consuming with
only 30% of the total hours spent compared to lab. Following
this they suggested that this time could be further reduced if
the diary were combined with the problem format that was
used with UCI, hence the analysis of the diaries would be
shorter. Lastly, Bruun et al. [3] experienced that 38% of the
usability problems identified through the diaries could not
be categorized properly.

Research Method

Wehave conducted an empirical study of longitudinal remote
asynchronous usability testing. The methods investigated
are including a diary and providing continuous updates, in
addition to User-reported Critical Incident (UCI).

Participants: A total of 16 users, 10 female and 6 male, par-
ticipated as usability testers divided into four conditions.
Table 1 shows the demographics of the users, with 10 type 1
and 6 type 2 diabetes. These demographics have been com-
piled using data from a preliminary questionnaire send to
the users, asking for contacts and basic information. The

users were recruited through the local diabetes association’s
news email and diabetes associated Facebook groups. The
authors acted as evaluators when analyzing the usability
problem instances, this included rating and generating the
problem list of usability problems.

Setting: The users could carry out the tasks where and when-
ever they wanted. They were not forced to complete the
daily tasks at a specific time or in one session.

Materials: The application used for testing was an applica-
tion we created for assisting diabetics’ daily life. To facilitate
longitudinal remote testing four different versions of the ap-
plication were released on four different test branches on the
Google Play Store that the users had access to. Each version
corresponding to a specific group, thus it was possible to
distinguish between the applications the users had. Through
the testing period the applications for the groups that should
receive updates were updated three times. The first update
was after 4 days of testing, the second after 8 days and the
last update was after 12 days. All updates were based on
fixing the reported usability problems.

Procedure:We have conducted longitudinal remote asynchro-
nous usability tests to identifying possible usability prob-
lems within a selected mobile application. Conditions were
changed between the different usability tests, to investigate
if the changed aspects influenced the usability problems re-
ported. All condition had the ability to report using UCI
reports, in the application itself.

The different conditions of the longitudinal remote asynchro-
nous usability tests, that were changed depending on the
user groups were; if the group received continuous updates
to the application they were testing and if they had the pos-
sibility of writing feedback in the form of a diary. Table 1
shows the condition for each group.

The testing period for each user was 14 days. At the begin-
ning of the test period each user received training in form
of an instruction guide, explaining what a usability problem
is and how to report it. This included examples of what a
usability problem could look like. In addition, step-by-step
instructions on how to download and install the application
were provided.

To encourage the users to continuously use the application,
push-notifications were triggered from the application three
times each day, at 8 am, 1 pm and 8 pm. This was done
to remind the users to use the application and report any
problems experienced. Furthermore, 2 tasks were sent to the
users every day, at 1 pm, via SMS and email to ensure that the
users had a use for the application each day, in addition to
any regular usage. All tasks sent to the users were performed
by the evaluators beforehand ensuring that the tasks were
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Update No Updates

Diary

Group 1 Type Treatment Group 3 Type Treatment
Female (57) Type 2 Pen Female (33) Type 1 Pen
Female (57) Type 1 Insulin Female (38) Type 1 Pen
Male (49) Type 2 Tablets Female (62) Type 2 Insulin
Male (59) Type 1 Pump Male (69) Type 1 Pump

No Diary

Group 2 Type Treatment Group 4 Type Treatment
Female (25) Type 1 Insulin Female (22) Type 1 Pen
Female (61) Type 2 Medicine Female (35) Type 1 Pen
Male (41) Type 1 Pen Female (67) Type 1 Pen
Male (69) Type 2 Tablets Male (61) Type 2 Pen
Table 1. Users’ demographics and group distribution

solvable. The testing by the users were asynchronous mean-
ing that they could use the application and report identified
usability problems at any time.

Data collection: Data were collected with UCI reports and
diary entries from the users. The UCI reports required a
description of the actions leading to the problem which oc-
curred. Furthermore, a severity rating were given to the
problem, describing how the problem affect their use of the
application. Furthermore the user described if it was possible
to complete the task. The diaries contained a description of
what the user used the application for that day. Additionally,
the diary also had a description of a few good and bad ex-
periences with the application. Interviews were conducted
following the end of the testing period. In the interviews the
users were asked about their reported problems and what
they felt about the remote usability tests.

Data analysis: The UCI reports were translated into usability
problems based on: the description of the UCI report, the
specified page where the problem occurred and the element
on the page that triggered the problem. The UCI reports were
collected, and the evaluators assigned a severity rating to
the identified usability problems. This severity rating was
based on four criteria: a description of the problem, prob-
lem type (application or usability), the page on which the
problem occurred and what element on the page caused the
problem. This was done in collaboration, where each eval-
uator voted for the severity rating of the problem. If any
disagreements occurred the problem was discussed, to reach
an agreement of the severity rating. The rating was assigned
independently from the rating given to the problem by the
users that reported the problem. The usability rating given
was either critical, serious or cosmetic based on the severity
of the reported problem [16].

The diary entries were transformed into usability problem
instances by first identifying the diary entries describing
problems. Each of these diary entries were then read by
each evaluator from which the evaluators then created a

problem description based on the diary entry. If there were
any disagreements regarding the wording or meaning of the
problem description, it was discussed, until an agreement
could be reached. Furthermore, from the diary entry the
relevant page and elements involved with the problem were
also identified.

The different reported usability problems were then assigned
to the appropriate groups that reported them. This was done
to gain an overview of who reported the problems and how
many they each reported. The follow-up interviews were an-
alyzed by the three evaluators together by going through all
recorded interviews and highlighting important and relevant
statements made by the users. The answers were collected
as qualitative data, to either support or clarify the results
from the UCI reports and diaries.

Findings

UCI reports and diary entries

A total of 65 UCI reports were received from 6 out of the 16
users, 2 reports were discarded as they did not describe a
usability problem. No UCI reports were received from group
1, where every report in group 3 were contributed by a single
person. In group 2 two of the users submitted UCI reports,
where in group 4 three persons contributed with UCI reports.
Person 4 in group 4 initially sent UCI reports as email instead
of using the report function of the application. Table 2 shows
the distribution of the amount of UCI reports for each group
and who submitted these.
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Updates No updates

Diary Group 1 Group 3
Person 1: 0
Person 2: 0
Person 3: 0
Person 4: 0

Person 1: 0
Person 2: 0
Person 3: 0
Person 4: 24

Total reports 0 24

No diary Group 2 Group 4
Person 1: 0
Person 2: 0
Person 3: 6
Person 4: 4

Person 1: 0
Person 2: 19
Person 3: 2
Person 4: 8

Total reports 10 29
Table 2. Number of UCI reports from each person and the
respective groups

Figure 1 shows the frequency of which days the UCI reports
were received. It can be seen that the number of daily reports
were declining throughout the testing period except on the
last day of testing where there were an unexpected increase
in the number of UCI reports received.
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Figure 1. Frequency of when UCI reports received - Red line
is the trend line and the blue is the UCI reports

Throughout the test period we received a total of 16 diary
entries during the 14 day test period. 2 of the entries were
from a single person in group 1, where 14 were from 3 dif-
ferent persons in group 3. 11 of these were from Person 1
with the remaining from person 2 and 3. Of these 16 diary
entries, 4 were discarded, as they did not describe any prob-
lem, but rather instead positive feedback. Of the remaining

12 diaries, 1 diary mentioned two instances of usability prob-
lems, while the rest described one each. Table 3 show an
overview of the diary entries received. Through analysis of
the diary entries, 13 instances of usability problems were
identified. The shortest diary entry was 63 characters long
and the longest being 504 characters. The average length
of a diary was 238 characters, which can be contributed to
writing on a smartphone.

Updates No updates

Diary Group 1 Group 3
Person 1: 0
Person 2: 2
Person 3: 0
Person 4: 0

Person 1: 0
Person 2: 2
Person 3: 1
Person 4: 11

Total reports 0 24
Table 3. Number of diary entries from each person and the
respective groups

Together with the diary entries a total of 76 instances of
usability problems was identified and a severity rating was
given, with the following distribution: 25 Critical, 19 Serious
and 32 Cosmetic. Table 4 gives an overview of the distribu-
tion of these usability problem instances and the usability
problems. A total of 45 usability problems were identified
through the combination of both UCI reports and diary en-
tries from the total of 76 instances of problems.

UCI (63) Dairy (13) Total usability
problems

Critical (25) 14 1 14
Serious (19) 7 2 7
Cosmetic (32) 22 4 24
Total (76) 43 7 45

Table 4. Total amount of identified usability problem in-
stances, in parenthesis and the number of usability problems,
both for UCI and Dairy alone and total combined, rated by
the evaluators

In Table 5 a few of the identified usability problems can be
seen. These usability problems were created based on the
submitted UCI reports and diary entries.
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Description Page Severity
Missing feedback leading to con-
fusion when saving an insulin
calculation

Insulin Calcu-
lator

Critical

Unable to find and change the
date in order to display measure-
ments in a given range.

Graph Critical

Unable to sort the food list Meal Plan Serious
Confusion between decimal sep-
arator, decimal point or decimal
comma

Insulin Calcu-
lator

Cosmetic

... ... ...
Table 5. Snippet of identified usability problems

Comparison with or without the condition

To outline how the different groups contributed, we com-
pared the results from the groups which made diary entries
to the groups which did not and the groups who received
updates to the groups that did not.

Updates vs No Updates
It can be seen that updates have had an effect on the UCI
reports made by the users, when looking at the groups that
did receive updates compared to the groups that did not.
The update groups submitted 10 UCI reports, all describing
usability problems, while the no update group submitted
53 UCI reports describing instances of usability problems,
where 36 of these were different usability problems. There
was an overlap in the reports submitted by the groups that
received updates and those that did not.

Some of the reported usability problems were fixed in the
continuous updates to the application. To further investigate
the effect of having updates, follow-up interviews were held
with the users at the end of the test period. One user from
group 2 mentioned that she: "I experienced that the updates
corrected the problems i reported. This was motivating to
continue testing as I wanted to report problems when I know
they are being fixed." Another user from group 3, which did
not receive updates, expressed frustration in three diary en-
tries and continuously reported in 7 UCI reports the same
usability problem, which had been fixed in the first of the
three updates. An example from the diary entry: "Frustrated
with your tasks, many of them can not be completed, may
soon expect a feedback on whether it is trick questions or if
your app does not work as intended. Seemed to be wasting
time, I would be happy if the app worked, but apparently it
doesn’t. You are welcome to call or send the instruction man-
ual that has been asked for." The user felt that he was wasting
his time and did not feel like that the task was completable,
even though all tasks were tested beforehand.

Diary vs. No Diary
The diaries contributed to the identified UCI problems. The
total number of usability problems can be seen in Table 4. The
diaries contributed with 7 instances of usability problems,
where 5 of these was mentioned in the UCI reports, which
means 2 additional usability problems were identified with
the use of diaries.

Besides 2 usability problems, the diaries contributed with
knowledge about how and which parts of the application
the users used. The diaries showed that the Meal planner
functionality and the Insulin calculator functionality were
frequently mentioned. An example from one diary entry was:
"I really like that you can calculate via the app how many
carbohydrates are in the entire meal where you usually have
to stand and calculate it together on either a calculator or
in the head before you enter total carbohydrates for the
entire meal". Furthermore, the users were able to provide
suggestions to additional functionality through the diary. An
example from one of the diary entries was: "It is simple to
know what to press and how it works but I could use the
ability to add custom food items that are not in the list in
the Meal planner".

Rating of usability problems

To investigate if the users were able to rate usability prob-
lems themselves, we compared the instances of usability
problems rated by the users and by the evaluators. Table 6
gives an overview of how many instances of usability prob-
lems were given the same or different ratings by the users
and evaluators. The users rated the instances of usability
problems as either cosmetic or critical. Hence only 3 of the
63 instances of usability problems (4.76%) identified from the
UCI reports were categorized as serious.

Looking at the ratings the users made, 26 of the instances
of problems rated by the users had been rated different by
the evaluators, meaning that 41% of the instances of usabil-
ity problems were rated differently. For example, a critical
problem reported by a user was: "Unable to enter 0 carbo-
hydrates in the insulin calculator", where the problem have
been rated cosmetic by the evaluators. Another example was
a problem that was rated cosmetic by the user and critical
by the evaluators, this problem was: "Application is stuck in
landscape mode after using the graph page". This showed
that despite the users receiving instructions as to how to rate
the severity of usability problems, usability experts should
not rely only on the rating given by the users.
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Update No Updates

Diary

Group 1 Common Users Evaluators Group 3 Common Users Evaluators
Critical: - - - Critical: 13 11 0
Serious: - - - Serious: 0 0 4
Cosmetic: - - - Cosmetic: 0 0 7

No Diary

Group 2 Common Users Evaluators Group 4 Common Users Evaluators
Critical: 1 3 1 Critical: 5 6 2
Serious: 0 1 1 Serious: 1 1 7
Cosmetic: 4 1 3 Cosmetic: 13 3 1

Table 6. Overview of severity rating of usability problems instances by users and evaluators

Lack of responses

To gain knowledge, about the users’ perception of the asyn-
chronous remote usability test, follow-up interviews were
conducted. In Table 2 the number of UCI reports reported by
each user over the test period of 14 days are shown. A total
of 63 UCI reports were received from the 16 users, with a
distribution of top 4 users accounting for 90% of the reports
and 10 of the 16 users not making a single UCI report.

To investigate the lack of and distribution of UCI reports all
users were contacted for a follow-up interview. In Group
1, two of the four users did not respond despite multiple
attempts at contacting them over a period of two weeks. In
the beginning of the testing period they received extensive
guidance on how to install the application over the phone
by us. The remaining two users said that they had ended the
test period after two days, meaning that they had continued
to receive mails, SMS and push-notifications every day for
the remaining 12 days, without contacting us.

As the understanding of the UCI page could have had an
effect on the lack of reports, the users were asked if the UCI
reporting page was confusing and hard to use. 10 of the 16
users said that they thought that the UCI reporting page
looked easy to use, despite of this 5 of these users did not
create any UCI reports.

In Group 3, Person 2 mentioned that she did not report be-
cause she thought that she was the problem not the applica-
tion. In addition to this Person 4 said that she: "Found prob-
lems I did not report because I thought they were minimal".
These statements contradict the instructions that each user
received at the start of the testing period, describing what a
usability problem is, with examples, and encouragement to
report everything the users encountered. Furthermore, Per-
son 4 from Group 4 said that he: "Did not use the reporting
in the app. I Didn’t read the guide explaining how to report."

Several of the users mentioned that their daily life got in the
way of using the application. Person 4 from Group 3 said that
she "Was sick so only used the app some of the days" while

Person 4 from Group 4 said that he "was busy at work, so did
not use the app every day". However, by having this study as
a longitudinal study, the users were still able to participate
in the remote usability testing since they had a longer period
of time to participate than if lab testing had been used.

Despite the lack of UCI reports, 10 of the 16 users con-
tacted in the follow-up interviews mentioned that the daily
push-notifications, SMS and mails with small assignments
reminded them to use the application. The push-notification
at the end of the day specifically reminded the users to create
UCI reports and diary entries regarding their experiences
of that day, despite that, only 6 users contributed with UCI
reports.

Discussion

This section discusses interesting observations and findings.
Furthermore, these observations and findings are discussed
in relation to related work. This is followed by a discussion
of the practical relevance of performing remote usability
testing with regards to providing updates during the test
period and the impact of supplementing UCI reports with
diary.

Some of the most surprising observations and findings from
this study were the results from the remote asynchronous us-
ability test, that showed that few users actively participated
by creating UCI reports and diary entries. This was surpris-
ing given the amount of time and effort put into ensuring that
the users understood the tests and continuously reminded
them to use the application. These reminders consisted of
push notification at 8 am, 1 pm and 8 pm, this also included
the daily tasks send at 1 pm by SMS and email for 14 days.
Besides reminders, the users received an 8 pages instruction
guide with pictures showing them step-by-step how they
should install the application, examples of what a usability
problem could be and contact information they could use if
they encountered any problems or needed help. Despite this
the follow-up interviews and analysis of the UCI reports and
diaries showed that that 2 users from Group 1 had ended
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the test period after two days, without making contact. One
of the reasons given was: "I had to end the testing as i did
not have the time to participate". Despite multiple attempts,
we were not able to get in contact with the other user that
ended the test period prematurely.

The examples of the usability problems were provided, to en-
sure that the users had an understanding of what a usability
problem could look like. These were based on examples used
by Bruun et al. [3], who used these to successfully train their
users. Despite this, the definition of a usability problem, was
not clear for all users, which became apparent through the
follow-up interviews. Several users mention that they did
not report every problem they encounter, where one partici-
pant stated that they did not see them as usability problems
but thought the problem was caused by themselves and not
related to the usability of the application. This is an inter-
esting observation as all users received an instruction guide
specifically explaining, using examples of what a usability
problem is and how they could identify them. However, re-
sults indicate that the users did not read these instructions
as they did not report the problems they encountered, which
was further supported by a user who mentioned that they
did not read the instruction guide.

Given the nature of remote asynchronous usability testing,
we observed a decreasing lack of commitment. This can be
seen in the number of UCI reports, were 10 users submitted
0 reports through the test period. Furthermore, this being
a longitudinal evaluation had a further negative effect on
the response rate. An example of this is that in the first
week, responses were received from the 6 participating users,
where in the second week of testing only 2 users continued
creating reports. Furthermore, we have observed a tendency
through the longitudinal evaluation, showed that in our case
we received fewer reports as the testing progressed. The
users were reminded during the two-week test period to
use the application by SMS, email and push-notifications.
However, this was one-way communication, which might
have had an effect on the users’ commitment, since the users
could ignore this as they never had to reply.

In relation to relatedwork, we presented results where usabil-
ity problems were rated by both the users and the evaluators.
Looking at the literature with regards to users severity rating
of usability problems, Bruun et al. [3] and Castillo et al. [5]
reported a similarity of ratings at 77% and 83% respectively,
where the similarity in this paper is lower at 59%. This can
be contributed to the way users were trained, as the training
was done by the users reading the sent instructions speci-
fying what a usability problem is and the different severity
of these. Hence, if the users did not read the instructions,
they had no training in identifying and categorizing usability
problems. An example was that Person 4 from Group 4 said

that he: "Did not use the reporting in the app. I Didn’t read
the guide explaining how to report". Given the similarity
rating at 59% it can be seen that we cannot rely solely on the
severity rating given by the users. This follows Hartson et
al. [12], which describes solely relying on the users to rate
and identify usability problems, with minimal training, as a
disadvantage of remote evaluation.

Möller [17] showed that receiving periodical notifications
had a positive effect, when you needed to engage users in
reporting and using the tested application. For this research
periodical notifications were used. In the follow-up inter-
views the users were asked regarding these notifications and
whether these had helped or had been an annoyance. Mul-
tiple users mentioned that notifications did work as a daily
reminder to use the application. One user said: "Notifications
help remind me to use the app. Some days when I was busy,
I had forgotten about the app but the notifications reminded
me about it". Despite this, the amount of UCI reports and
diary entries showed that not all users reported usability
problems.

Dray and Siegel [8] and Hartson et al. [12] described different
approaches to remote usability testing and the challenges of
these. For this research we encountered some of these prob-
lems, especially regarding the problems of the evaluators not
being able to observe and help with unexpected encounters.
In general for this research being able to monitor the users
better would have been beneficial, since it would have been
possible to identify the causes behind the lack of reporting
from some users. Two different approaches to account for
these problems can be taken. In terms of direct monitoring
the evaluation will not be asynchronous, as the separation
of time when testing and the monitoring will have to been
synchronised. This would require an active participation by
an evaluator or a test monitor, hence in line with synchro-
nous remote testing. In terms of indirect monitoring, hence
keeping the test asynchronous, Hartson and Castillo [11]
experimented with indirect monitoring of a users system.
The challenge discovered was that capturing the moment a
problem occurred was difficult, since there was no indication
of when a problem would occur. In addition to this, they ex-
perimented with monitoring the system shortly before and
after users created UCI reports, but found that these reports
were often not created immediately following an occurred
problem.

Besides having each user fill out UCI reports doing the testing
period, diary data collection was added to 8 the users. This
was done to gain qualitative data from the users about the
daily usage of the application, as found by Steves et al. [21]
this provide a better understanding of the UCI reports made
by the users that were supplemented by a diary. The diary
data collection was structured as traditional diary with two
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additions for the users to explicitly express their best and
worst experiences in the application on that day. This lead
to data being able to be easier to rate compared to Bruun et
al. [3], where 38% of their identified usability problems were
not able to be rated.

In regard to practice, this paper presented different meth-
ods to conduct remote asynchronous usability testing and
their respective results. The lessons learned through this
research will be used to give advice regarding the practical
implications of performing remote usability testing. The first
thing learned was that having a structured method of report-
ing was important for handling the data the user generated.
Having the user fill a UCI form made translating these into
usability problems fast and efficient. Having a diary enabled
the users to better express their thoughts about the applica-
tion, but in this research the diary entries were often used to
explain already reported UCI problems and not describing
the general usage of the application. Having a diary was seen
as beneficial since it still enabled additional insight into the
users thoughts about the application.

Another consideration is how the users are monitored during
testing. For this research there were minimal monitoring of
the users as it was expected that the users could and would
describe what happened when a problem occurred. Since the
structure of the UCI form, promoted a detailed template for
reporting when and where a problem occurred. In addition, if
the application was monitored in a way that made it possible
to collect data about the page the users were using when
a problem occurred. We would then not rely solely on the
users, since we would be able to verify the reported problems
and gain additional data regarding application usage. The
difficulty here would be to ensure that data were collected
when a problem occurred and not when the user reported
it. As mentioned by Hartson and Castillo [11] users will not
always report a problemwhen it occurs but might first report
it at a later time.

Conclusion

The goal of this paper was to investigate different methods to
remote asynchronous usability testing. The paper presented
methods using a diary and methods using continuous up-
dates. The findings showed, that having a diary, contributes
to identifying usability problems in addition to also provide
knowledge about how the users used the application. Fur-
thermore, the groupswho did not receive continuous updates
reported the same usability problem, where the groups re-
ceiving updates did not. In addition to this, it was shown that
the users, were able to rate 59% of the identified usability
problems similar to the rating given by evaluators.

We acknowledge the limitations of our work, and especially
regarding the evaluation of the different methods to remote
asynchronous usability testing. We acknowledge that the
limited number of UCI reports, results in few users having a
high effect on the perceived effectiveness of the methods. We
acknowledge that for this study the perceived effectiveness
of the different methods was dependent on the users in these.

Additional studies should be performed investigating the
effect of giving users continuous updates throughout the
testing period. For this research the group given updates pro-
duced fewer UCI reports than the other groups and the users
mentioned that they could see that their reported problems
were fixed which worked as a motivation to continue partici-
pating in the testing. Additional testing should be done with
a larger group of users and over a longer period of time to
see the full effect of updates in addition to UCI reports. Fur-
thermore, research should be conducted regarding the usage
of a diary when doing remote asynchronous usability testing,
as the diary can be used in different ways by the users, thus
further research regarding these possible different uses of a
diary is appropriate.
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Abstract

Customer and end-user participation are essential for the
successful development of products and services, particularly
when developing new products. With the shift of develop-
ment process paradigm, changing from the traditional water-
fall model towards the agile manifesto, the customer and end-
users are more in focus. The agile manifesto however, does
not specify any methods or techniques to facilitate end-user
and customer participation during the development. This
paper investigates the Danish software industry regarding
the practical application of customer and end-user participa-
tion in modern development methods. This includes when
and which techniques and methods are used, in addition
to identifying possible obstacles. This is done through an
online questionnaire send to 67 Danish software companies
of varying size, product type and employed development
methods. This paper shows that Scrum was a dominating
development method with 79.2% of respondents using it.
Furthermore, 51.5% of respondents thought that there were
insufficient end-user participation in their current devel-
opment process. The most used techniques for facilitating
participation were Interview, Demonstration, User stories
and Qualitative usability testing. The primary identified ob-
stacles for additional customer and end-user participation
were Lack of time, Geographical challenges and Lack of staff.

Keywords Human-Computer Interaction, System develop-
ment, End-user, Customer, Survey, Questionnaire, Agile de-
velopment, Development method

Introduction

In 2001 the agile manifesto described a different approach
as to how software development could move away from
the traditional development methods inspired by the wa-
terfall method, to become more agile [1][4][33][36]. Agile
development methods have since grown to be the most used
approach as seen in a report from 2017, which shows that

97% of the 1492 respondents uses a form of an agile develop-
ment method. When asked why they have chosen to work
agile, 71% answered that the ability to change priorities is
the most important aspect [18]. This ability to rapid chang-
ing priorities are important when developing software to
customers and end-users, as these groups often change their
mind on the requirements for the product. Hence, this ability
to change is a core cornerstone of the agile development
methods. While several methods for facilitating customer
and end-user participation in software development exist,
the agile manifesto does not propose a specific method for
facilitating customer and end-user participation in the de-
velopment, nor when this participation of the customer and
end-user is most beneficial [3][37].

Customer and end-user participation is considered essential
for successful product and service development, especially
regarding development of new products [5][6]. This is espe-
cially applicable when cost is related to changing technolo-
gies, as customer and end-user feedback and collaboration
is key to assessing technology feasibility and reducing risk
[29][34]. It would be interesting to examine how companies
in the software industry facilitates customer and end-user
participation in their development.

This paper presents a survey of the Danish software industry
with a focus on how, when and which methods are used to
facilitate customer and end-user participation in develop-
ment. This is done as an exploratory study to gain a picture
of how Danish software companies are handling customer
and end-user participation, and by that how they alter their
development method to ensure this. A customer is defined
as the company / person receiving the developed service
/ software, while the end-user is defined as the user, who
ultimately uses the product.

In the following section we describe previous research on
how software companies ensure usability of their product.
Furthermore, research on conducting surveys and ensuring
responses are also described. Following this the research
method are outlined describing the procedure followed to
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construct the survey and to distribute the survey. Then find-
ings are presented outlining the answers given by the re-
spondents. Finally, the findings are discussed by highlighting
unexpected results and discussing the practical reality of this
research.

Related work

Surveys investigating usability of software in the
industry

Bak et al. [2] conducted in 2008 a combined questionnaire sur-
vey and interview study to highlight obstacles for deploying
usability evaluations in software development organizations.
To distribute the questionnaire 74 organizations were con-
tacted by telephone and the questionnaire was sent to the
representatives they came in contact with. After 2-3 weeks,
they sent out email reminders and further two weeks after,
they contacted the organizations again by telephone. In the
questionnaire Bak et al. [2] wants to investigate the respon-
dents understanding of usability before finding obstacles.
Here they differentiate between customer and user, which is
important as the user (end-user) might not be the customer
of the product. 39 of the 74 contacted software development
organizations responded and results show that the most
prominent obstacles were perceived resource demands and
the mindset of developers. The obstacle of a developers mind-
set was found to be more than just programming related. The
mindset was more an ignorance of usability engineers input
and a resistance towards changes to the product [2][30][32].
It should be noted that all these organizations are located
within a limited geographical area.

Gulliksen et al. [31] conducted in 2003 a survey of usability
professionals in Sweden. The survey identified background,
experiences, the type of employment, organization and prod-
ucts/systems, the software development process being used
and some key success factors for usability work. Further-
more, Gulliksen et al. [31] investigated, which stages of the
development process facilitated user participation, giving
an idea of how this has an impact on the usability. A total
of 194 responded. The results show that management sup-
port and project management support are essential for the
usability worker. Furthermore, they show that usability and
user participation have low priority in the projects. It should
be noted that the research is conducted in 2003, only a few
years after the official agile manifesto from 2001, meaning
that the survey is highly affected by respondents using non-
agile development methods. In addition, Gulliksen et al. [31]
do not differentiate between costumer and end-user, hence
referring to both as "user" which can have had an effect on
the responds as each respondent might interpret what a user
is differently.

Enhancing response rate of web surveys

Fan and Yan [28] performed a systematic review investigat-
ing what factors have an effect on the response rate of web-
surveys. They outline four steps that influence the response
rate of a web-survey. These steps are survey development,
survey delivery, survey completion and survey return. Re-
garding survey development the topic of the survey needs to
have a high salience (relevance to the respondent) [25][28].
Furthermore, how long the survey takes to answer will af-
fect the response rate as surveys generally have a negative
linear correlation between length and responses [20][28].
Regarding survey delivery there are different forms, these be-
ing: pre-notification, email invitations and email reminders.
When delivering the survey via email the challenges faced
are the increased use of spam filters and the possibility of the
survey being buried beneath other emails and by that not
being seen by the respondent [21][22][28]. Regarding survey
completion Fan and Yan [28] describes different groups of
factors that can have an effect, these being: society-related
factors, respondent-related factors, and design-related fac-
tors. The society-related factors are factors such as internet
resources, computer-literacy, survey fatigue and the public’s
attitude towards the survey industry [23][27][28]. Regard-
ing respondent-related factors an example is that for the
respondent the cost of answering the survey needs to be out-
weighed by the incentive of answering the survey [26][28].
For example, keeping questionnaires short and easy can re-
duce perceived costs for respondents. The last step is survey
return which is regarding the survey software used to en-
sure easy return of answers and data safety. While Fan and
Yan [28] present the different aspects of conducting a survey
they do not themselves conduct a survey documenting the
effectiveness of their own recommendations.

CollabNet VersionOne [19] describes them-self as an enter-
prise Value Stream Management leader that accelerates high
value software. Each year, starting from 2006, CollabNet pro-
duces a report called Annual State of Agile development,
where companies worldwide have been surveyed to investi-
gate which and how agile methods and techniques are used
by the industry. In Figure 1 results from the 12 reports, span-
ning from 2006-2017, on agile development methods used is
shown. These show that Scrum is the most prevalent devel-
opment methods used. Furthermore, it also shows the the
popularity of Scrum relatedmethods are rising. The Other op-
tion includes: DSDM, AgileUp, Feature Driven Development,
Lean, OpenUp, Agile Modeling, Crystal, Kanban, Iterative
Development and the Spotify Model. It should be noted that
the sizes of the companies surveyed, ranged from less than
a 1000 employees to more than 20.000, where for example in
the 2017 report 39% of answers were from companies with
less than 1000 employees.
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Figure 1. The state of agile development methods from 2006 to 2017 [7][8][9][10][11][12][13][14][15][16][17][18]

Research Method

Procedure:Wehave conducted a survey bymeans of an online
questionnaire. This questionnaire was based on 5 interviews
with participants from 3 difference software companies, fol-
lowed by a pilot questionnaire spanning one week, where
we received feedback from 2 participants. The questionnaire
was open to anyone with the link, and recipients in the
software companies were asked to forward the question-
naire within the companies. Social media was also utilized,
where posts were made asking for respondents relevant for
this survey. This included posts in closed Facebook groups
and posts on the authors personal feeds, both on Facebook
and LinkedIn. The questionnaire was also posted on forums
deemed relevant to our research, this included: Computer-
world, Amino, Nettips and DUXFOR. Lastly, we asked private
contacts, matching our target group, to answer the question-
naire. The software companies were contactedmultiple times
by mail reminding and encouraging them to complete the
questionnaire.

Participants: A total of 5 participants from 3 difference soft-
ware companies were interviewed and acted as pilot testers
for our survey. These companies ranged from having 12 to
4.100 employees. A total of 102 companies were contacted
regarding participating in this survey, this included private
contacts. 67 companies received the questionnaire, 16 com-
panies promised to call back or forward our request for a
contact person never did. 19 companies did not want to par-
ticipant, either because of time or lack of interest in the
research.

Through private contacts and posts via social media, Face-
book and LinkedIn, the questionnaire reached upwards of
1017 people. Furthermore, the closed Facebook groups reached
upwards of 67.394 people with the ability to forward to in-
terested parties.

The respondents were promised anonymity, in order to pre-
vent disclosing information that may be perceived as nega-
tive for the organization. The participants were not asked to
identify their organization, but rather size and the type of
software/service they provide.

A total number of 53 responses were collected. These re-
sponses were received from among the 67 companies which
received a link and from the sharing on the various social
media pages. The forums on which the survey was posted
did not contribute with any answers.

Setting: This research was conducted as an online question-
naire, which was finalized and available for the participants
online, spanning a period of 12 weeks. The questionnaire was
targeted at companies with Danish development branches.
The reason for only targeting software development in Den-
mark was, that it would be possible to describe the current
state of customer and end-user inclusion in this country. By
limiting it to only one country, it is possible for further re-
search in other countries to be compared to the findings of
this study, to gain an idea of the differences between coun-
tries.
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Data Collection: Initially data were collected through inter-
views, where the participants were asked about their or-
ganization’s work practices with regards to customers and
end-users. In the pilot questionnaire participants were asked
to comment on the questions and describes if there were
any discrepancies or ambiguities. The final questionnaire
was created in Google Forms and written in Danish. The
data collection is the online questionnaire used to describe
the current state of customer and end-user participation in
companies in the Danish software industry.

Data analysis: The data collected from the online question-
naire were analyzed. This was done by creating tables and
graphs of the different data. Furthermore, this includes per-
forming Chi-squared tests in order to identify whether there
is a dependency between different answers.

Findings

Respondents demographic

37.7%

20.8%

35.8%

5.7%

>10 years
5-10 years
1-5 years
<1 year

Figure 2. Respondents years of employment at current com-
pany

The respondents’ were asked about years of employment
at their current company and to assess their own expertise.
The respondents had 5 different proficiency scales describ-
ing expertise to choose between: Fundamental awareness,
meaning they have common knowledge or an understanding
of basic techniques and concepts [35]. Novice, meaning they
have the level of experience gained in a classroom and/or
experimental scenarios or as a trainee on-the-job. They are
expected to need help when performing this skill [35]. In-
termediate, meaning they are able to successfully complete
tasks in this competency as requested. Help from an expert
may be required from time to time, but they can usually per-
form the skill independently [35]. Advanced, meaning that
they can perform the actions associated with this skill with-
out assistance. They are certainly recognized within their
immediate organization as "a person to ask" when difficult

questions arise regarding this skill [35]. Or expert, they are
known as an expert in this area. They can provide guidance,
troubleshoot and answer questions related to this area of
expertise and the field where the skill is used [35].

From Figure 2 it can be see that 58.5% of the respondents
have worked more than 5 years at the same workplace. From
Table 1 we see that 79.2% of the respondents either see them-
selves as having advanced knowledge or being an expert in
their profession.

Expertise No (% of total)
Expert 27 (50.9%)
Advanced 15 (28.3%)
Intermediate 10 (18.9%)
Novice 0 (0.0%)
Fundamental
awareness 1 (1.9%)

Table 1. Respondents expertise

Job title No (% of total)
Software/system designer/developer 22 (41.5%)
Owner, manager, supervisory position 16 (30.2%)
IT consultant, consultant 11 (20.8%)
Project managers 12 (22.6%)
Usability
expert/architect/designer/engineer

9 (17.0%)

System administra-
tor/engineer/architect/manager

8 (15.1%)

User experience
analyst/designer/manager

6 (11.3%)

Designer/UI designer 3 (5.7%)
IT strate-
gist/employee/engineer/investigator

3 (5.7%)

Business analyst/developer 3 (5.7%)
Web designer/master/editor/etc, info
master

3 (5.7%)

Interaction designer/architect 1 (1.9%)
PhD students, university teachers,
professors

0 (0.0%)

Administrator, investigator 0 (0.0%)
Other 8 (15.1%)

Table 2. Job distribution of respondent (multiple answers
possible)

The respondents were asked regarding their current job po-
sition and work responsibility. Table 2 shows the job titles
the respondents chose. It was possible for the respondents
to choose multiple answers, as it is possible for them to
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have multiple roles. The Other option includes answers like
student programmer, chief of deployment, test automatiza-
tion, director of engineering, Scrum master and quality/test
manager.

Of the 22 Software/system designer/developers 10 of these
chose only this as their role, with the remaining have other
roles like project manager. Regarding the role of Owner,
manager, supervisory position 7 respondents chose this as
their only role, where the remaining chose a mix between
Software/system designer/developer, IT consultant, System
administrator/engineer/architect/manager, Business analyst/
developer and Project manager.

Company demographic

The respondents were asked about the company theyworked
for. Here they were asked regarding the size of the company.
The reason for asking this was to get an indication of the
companies participating in this survey, and to be able to
investigate if there were any correlation between company
sizes and the answers the respondents give. The sizes of the
companies can be seen in Figure 3.

47.2%

26.4%
18.9%

7.5%

250+
50-249
10-49
0-9

Figure 3. Number of employees in the respondents compa-
nies

In Figure 3 it can be seen that 73.6% of the respondents
work at companies of 50 or more employees. This was an
interesting observation since Danmarks Statistik in 2017
outlines the size of the average Danish software company
at around 5 employees (11.214 software related companies
with a total of 56.241 employees) [24]. It was possible for the
respondents to specify multiple products that their company
offers. The reason for asking this question was to get an
idea of the frequency of different services and products that
are offered. Table 3 shows the different types of product, in
order to get a understanding the distribution of business
types. It can be seen that more than half of the respondents
produce software for either, internal use or custom software
or provides Services, API’s ect.

Type of business No (% of total)
Development of internal systems 30 (56.6%)
Development of custom software 28 (52.8%)
Services, API’s etc. 27 (50.9%)
Off-the-shelf software 21 (39.6%)
Consultancy 20 (37.7%)

Table 3. Type of business (multiple answers possible)

The respondents were asked to specify the development
methods used by their company. The reason for this is to gain
an insight into what methods are used in the industry and
especially relating to if the methods facilitate customer and
end-user participation. Table 4 shows the different methods
used by 3 or more of the companies.

It can be seen that primarily Scrum and Kanban are used
by the companies. Furthermore, it can be seen that the agile
development methods are the most used. The Other option
includes methods and techniques like Rapid Application
Development, Agile Unified process, Big Design Up Front
and Large-Scale Scrum. Out of the 42 respondents that uses
Scrum, 29 also uses Kanban as a method they work with.
16 of the Scrum respondents also uses Feature-driven devel-
opment. 16 uses DevOps and 14 uses SAFe in addition to
Scrum.

Development methods No (% of total)
Scrum 42 (79.2%)
Kanban 29 (54.7%)
Feature-driven development 16 (30.2%)
DevOps 16 (30.2%)
Scaled Agile
Framework (SAFe) 14 (26.4%)

Test-driven development 11 (20.8%)
Object-oriented analysis and
design (OOAD) 11 (20.8%)

Scrumban 7 (13.2%)
Extreme programming (XP) 3 (5.7%)
Other 15 (28.3%)

Table 4. Development method used by the companies (mul-
tiple answers possible)

Methods and techniques used to facilitate customer
participation

The respondents were asked to specify the techniques and
methods used to facilitate customer participation. A cus-
tomer is defined as the company / person receiving the de-
veloped service / software. Furthermore, the respondents
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were asked to specify in which phase of development these
techniques and methods were used. Table 5 shows what
techniques and methods were used to facilitate customer
participation and when they were utilized. It can be seen
that the most prominent techniques used during Concept,
Analysis and Design phases were Interview, User Stories and
Storyboarding. For the Implementation phase Demonstra-
tion and Code reviews with the customer was the most used.
For the Test phase Usability testing and Observations of real
usage were the most prevalent. For Maintenance Observa-
tions of real usage, Demonstration and Interview were the
most used. It can be seen that in terms of the number of
companies that use the techniques and methods Interview
and Demonstration were the most used.

Methods and techniques used to facilitate end-user
participation

To investigate end-user participation, the respondents were
asked the same questions regarding end-user participation,
as they were asked about customer participation. An end-
user is defined as the user, who ultimately uses the product.
Table 5 shows the responses regarding the methods and
techniques used during development to facilitate end-user
participation. It can be seen that for the Concept-, Analysis-
and Design phase Interview was the most used technique.
Following Interview was User stories, Observations of real
usage and Use case analysis. For the Implementation phase
Demonstration was the most used technique. For the Testing
phase, Usability testing was the most used technique. For
the Maintenance phase, Interview and Observations of real
usage were the most used techniques to facilitate end-user
participation. Similar to techniques used to facilitate cus-
tomer participation, the most used techniques to facilitate
end-user participation were Interview and Demonstration.

An interesting observation was that Demonstration were
used by 30 (76.9%) respondents to include customers but
only 16 (48.5%) used Demonstration with end-users. Similar
to this was the usage of User stories where 24 (61.5%) used
User stories for customers and 10 (30%) used it for end-users.
Another interesting observation was the usage of prototypes
where Lo-fi prototypes were a more popular approach than
Hi-fi prototypes, despite many tools exist to help create Hi-fi
prototypes. Another observation was that the method Story-
boarding was used by 19 (48.7%) respondents when working
with customers but only by 6 (18.2%) when working with
end-users.
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Figure 4. When customer/end-user participation is deem
useful by respondents (multiple answers possible)

When is customer and end-user participation
deemed most useful?

The respondents were asked regrading when they found
customer and end-user participation to be useful during
development. Figure 4 shows that customer and end-user
participation in the Design phase was the highest voted use-
ful time for participation, closely followed by the Analysis-
and Concept phases. The Implementation phase was the
least useful phase to have the end-user participate and the
maintenance phase was the least useful time for customer
participation. When looking at the phases with least useful
customer and end-user inclusion the used techniques here
are primarily Interview and Demonstration. A Chi-squared
test was conducted to investigate if the development method
used by the company had a correlation as to when customer
and end-user participation were deemed useful. The test re-
vealed that there were no significant difference (Customer
p=1.000, End-user p=0.997). An interesting observation was
that the difference in responses for the four highest voted
phases were at most 12.8% for customers and 12.1 % for end-
users.

The respondents were then asked if they thought that cus-
tomer and end-user participation was sufficient in their
company. 11 (28.2%) of the respondents answered that they
thought that there was insufficient customer participation in
their company. Regarding end-user participation, 17 (51.5%)
respondents answered that there was insufficient end-user
participation currently in their company. 14 (82.3%) of the
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Methods and techniques Used in at least
one phase

Number of responds in each phase (% of total)
Concept Analysis Design Implementation Test Maintenance

Interview 26 / 23
(66.6%) / (69.7%)

20 / 16
(51.3%)/(48.5%)

18 / 18
(46.2%)/(54.5%)

14 / 13
(35.9%)/(39.4%)

6 / 7
(15.4%)/(21.2%)

9 / 7
(23.1%)/(21.2%)

6 / 8
(15.4%)/(24.2%)

Demonstration 30 / 16
(76.9%) / (48.5%)

12 / 5
(30.7%)/(15.2%)

13 / 5
(33.3%)/(15.2%)

17 / 10
(43.6%)/(30.3%)

23 / 10
(59.0%)/(30.3%)

16 / 8
(41.0%)/(24.2%)

6 / 6
(15.4%)/(18.2%)

User stories 24 / 10
(61.5%) / (30.3%)

15 / 9
(38.5%)/(27.3%)

19 / 8
(48.7%)/(24.2%)

18 / 4
(46.2%)/(12.1%)

14 / 3
(35.9%)/(9.1%)

10 / 3
(25.6%)/(9.1%)

3 / 3
(7.7%)/(9.1%)

Usability testing (Qualitative) 20 / 13
(51.3%) / (39.4%)

6 / 5
(15.4%)/(15.2%)

6 / 7
(15.4%)/(21.2%)

14 / 8
(35.9%)/(24.2%)

12 / 7
(30.8%)/(21.2%)

14 / 10
(35.9%)/(30.3%)

4 / 3
(10.3%)/(9.1%)

Use case analysis 22 / 11
(56.4%) / (33.3%)

14 / 6
(35.9%)/(18.2%)

16 / 9
(41.0%)/(27.3%)

14 / 7
(35.9%)/(21.2%)

7 / 3
(17.9%)/(9.1%)

5 / 1
(12.8%)/(3.0%)

3 / 2
(7.7%)/(6.1%)

Observation of real usages 17 / 14
(43.3%) / (42.4%)

9 / 7
(23.1%)/(21.2%)

10 / 10
(25.6%)/(30.3%)

8 / 8
(20.5%)/(24.2%)

9 / 7
(23.1%)/(21.2%)

10 / 7
(25.6%)/(21.2%)

8 / 8
(20.5%)/(24.2%)

Lo-fi prototyping 14 / 11
(35.9%) / (33.3%)

12 / 9
(30.8%)/(27.3%)

11 / 6
(28.2%)/(18.2%)

9 / 6
(23.1%)/(18.2%)

1 / 1
(2.6%)/(3.0%)

1 / 1
(2.6%)/(3.0%)

1 / 1
(2.6%)/(3.0%)

Storyboarding 19 / 6
(48.7%) / (18.2%)

11 / 3
(28.2%)/(9.1%)

17 / 6
(43.6%)/(18.2%)

11 / 3
(26.2%)/(9.1%)

2 / 3
(5.1%)/(9.1%)

0 / 1
(0.0%)/(3.0%)

0 / 1
(0.0%)/(3.0%)

Code review 21 / 4
(53.8%) / (12.1%)

0 / 1
(0.0%)/(3.0%)

1 / 1
(2.6%)/(3.0%)

3 / 2
(7.7%)/(6.1%)

20 / 3
(51.3%)/(9.1%)

11 / 2
(28.2%)/(6.1%)

6 / 2
(15.4%)/(6.1%)

Questionnaire 13 / 10
(33.3%) / (30.3%)

9 / 5
(23.1%)/(15.2%)

9 / 6
(23.1%)/(18.2%)

2 / 4
(5.1%)/(12.1%)

1 / 1
(2.6%)/(3.0%)

3 / 2
(7.7%)/(6.1%)

2 / 3
(5.1%)/(9.1%)

Style guides 18 / 5
(46.2%) / (15.2%)

8 / 2
(20.5%)/(6.1%)

8 / 3
(20.5%)/(9.1%)

15 / 4
(38.5%)/(12.1%)

11 / 4
(28.2%)/(12.1%)

6 / 2
(15.4%)/(6.1%)

4 / 2
(10.3%)/(6.1%)

Walkthrough 14 / 8
(35.9%) / (24.2%)

7 / 3
(17.9%)/(9.1%)

8 / 2
(20.5%)/(6.1%)

5 / 5
(12.8%)/(15.2%)

6 / 4
(15.4%)/(12.1%)

6 / 5
(15.4%)/(15.2%)

2 / 3
(5.1%)/(9.1%)

Scenarios 15 / 7
(38.5%) / (21.2%)

11 / 6
(28.2%)/(18.2%)

13 / 5
(33.3%)/(15.2%)

9 / 5
(23.1%)/(15.2%)

5 / 3
(12.8%)/(9.1%)

3 / 2
(7.7%)/(6.1%)

1 / 1
(2.6%)/(3.0%)

Focus groups 16 / 6
(41.0%) / (18.2%)

12 / 4
(30.8%)/(12.1%)

8 / 4
(20.5%)/(12.1%)

5 / 2
(12.8%)/(6.1%)

3 / 1
(7.7%)/(3.0%)

2 / 2
(5.1%)/(6.1%)

2 / 1
(5.1%)/(3.0%)

Usage centered design 13 / 8
(33.3%) / (24.2%)

9 / 6
(23.1%)/(18.2%)

10 / 7
(25.6%)/(21.2%)

13 / 6
(33.3%)/(18.2%)

6 / 4
(15.4%)/(12.1%)

6 / 4
(15.4%)/(12.1%)

4 / 4
(10.3%)/(12.1%)

Hi-fi prototyping 12 / 8
(30.8%) / (24.2%)

4 / 3
(10.3%)/(9.1%)

7 / 2
(17.9%)/(6.1%)

11 / 7
(28.2%)/(21.2%)

4 / 3
(10.3%)/(9.1%)

1 / 4
(2.6%)/(12.1%)

1 / 1
(2.6%)/(3.0%)

UI stories 15 / 5
(38.5%) / (15.2%)

10 / 3
(25.6%)/(9.1%)

10 / 4
(25.6%)/(12.1%)

9 / 3
(23.1%)/(9.1%)

4 / 2
(10.3%)/(6.1%)

2 / 1
(5.1%)/(3.0%)

1 / 1
(2.6%)/(3.0%)

Quantitative usability testing 13 / 5
(33.3%) / (15.1%)

3 / 4
(7.7%)/(12.1%)

2 / 3
(5.1%)/(9.1%)

5 / 4
(12.8%)/(12.1%)

10 / 1
(25.6%)/(3.0%)

11 / 3
(28.2%)/(9.1%)

7 / 2
(17.9%)/(6.1%)

Persona 12 / 5
(30.8%) / (15.1%)

9 / 4
(23.1%)/(12.1%)

10 / 4
(25.6%)/(12.1%)

9 / 2
(23.1%)/(6.1%)

6 / 1
(15.4%)/(3.0%)

4 / 1
(10.3%)/(3.0%)

1 / 1
(2.6%)/(3.0%)

Contextual analysis 9 / 4
(23.1%) / (12.1%)

9 / 2
(23.1%)/(6.1%)

9 / 4
(23.1%)/(12.1%)

5 / 1
(12.8%)/(3.0%)

2 / 0
(5.1%)/(0.0%)

1 / 0
(2.6%)/(0.0%)

1 / 0
(2.6%)/(0.0%)

Competitive analysis 9 / 4
(23.1%) / (12.1%)

7 / 2
(17.9%)/(6.1%)

8 / 4
(20.5%)/(12.1%)

4 / 4
(10.3%)/(12.1%)

2 / 1
(5.1%)/(3.0%)

1 / 1
(2.6%)/(3.0%)

2 / 2
(5.1%)/(6.1%)

Expert or heuristic evaluation 7 / 5
(17.9%) / (15.2%)

5 / 4
(12.8%)/(12.1%)

4 / 4
(10.3%)/(12.1%)

4 / 2
(10.3%)/(6.1%)

4 / 2
(10.3%)/(6.1%)

4 / 2
(10.3%)/(6.1%)

2 / 2
(5.1%)/(6.1%)

Setting quantitative usability goals 7 / 3
(17.9%) / (9.1%)

6 / 1
(15.4%)/(3.0%)

5 / 2
(12.8%)/(6.1%)

3 / 2
(7.7%)/(6.1%)

1 / 0
(2.6%)/(0.0%)

1 / 1
(2.6%)/(3.0%)

1 / 0
(2.6%)/(0.0%)

Cognitive walkthrough 5 / 2
(12.8%) / (6.1%)

4 / 2
(10.3%)/(6.1%)

4 / 1
(10.3%)/(3.0%)

2 / 1
(5.1%)/(3.0%)

2 / 1
(5.1%)/(3.0%)

1 / 1
(2.6%)/(3.0%)

2 / 1
(5.1%)/(3.0%)

Early human factors analysis 4 / 2
(10.3%) / (6.1%)

3 / 2
(7.7%)/(6.1%)

4 / 1
(10.3%)/(3.0%)

2 / 1
(5.1%)/(3.0%)

1 / 1
(2.6%)/(3.0%)

1 / 1
(2.6%)/(3.0%)

1 / 1
(2.6%)/(3.0%)

Table 5. Methods and techniques used by companies to facilitate customer / end-user participation. The total number of
answers of customer participation were 39 and end-user participation were 33

respondents, that thought that there was insufficient end-
user participation, used Scrum as a development method.
Another observation was that end-users were deemed more
useful in the maintenance phase than customers. For this

phase end-user participation was ensured through Interview
and Observations of real usage.

Chi-squared tests were conducted to investigate if the type
of software a company produced, had a correlation to the
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amount of customer and end-user participation. The test re-
sults showed no significant difference between type of prod-
uct and participation(Customer p=0.745, End-user p=0.956).
Furthermore, a Chi-squared test was conducted to investi-
gate a possible correlation between a respondents job title
and if the amount of customer and end-user participation
were sufficient. This test revealed that there were no signif-
icant difference (Customer p=0.068, End-user p=0.226). In
addition to this another Chi-squared test revealed that there
was no significant difference between the development meth-
ods used by a company and if the amount of customer and
end-user participation were sufficient (Customer p=0.384,
End-user p=0.804). The respondents were asked to evaluate
the current level of customer and end-user participation on
a scale from 1-7 where 1 was no contact with customer/end-
user and 7 was that the customer/end-user was deeply partic-
ipating in the appropriate phases of development. Regarding
evaluating customer participation 27 (69%) of the respon-
dents evaluated their current customer participation at 5 or
above. In relation to the remaining respondents and the size
of the company they work for, 3 (25%) of those respondents
worked for companies with 50-249 employees and 7 (58.3%)
of them worked for companies with 250+ employees. This
meant that 83.3% of responses rating 4 or below were from
companies with 50 or more employees. When looking at
current end-user participation 15 (46%) of the respondents
evaluated their participation at 5 or above. In relation to
those that answered 4 or below regarding end-user partic-
ipation, 12 (66.6%) of the respondents work at a company
with 50 or more employees.

A Chi-squared test revealed that there was no significant
difference between the type of software the company creates
and the evaluated level of customer and end-user participa-
tion in the company (Customer p=0.584, End-user p=0.990).
Furthermore, when investigating if the size of the company
had a correlation with the evaluated level of customer and
end-user participation, the Chi-squared test showed that
there was no significant difference (Customer p=0.763, End-
user p=0.745). Another Chi-squared test was conducted to
investigate if the techniques, shown in Table 5, used to in-
clude the customer and end-user had an effect on the es-
timated level of customer and end-user participation. This
revealed no significant difference (Customer p=0.993, End-
user p=0.997), meaning that the techniques used to include
the customer and end-user had no significant correlation to
the estimated levels.

What obstacles are there for more customer and
end-user participation?

We asked the respondents what obstacles that prevented
further customer and end-user participation during the de-
velopment they were involved in. Table 6 shows that the
geographic location of both the customer and end-users was
one of the most prominent obstacles. Furthermore, additional
customer participation was also deemed too time consum-
ing, where the obstacles for additional end-user participation
were more varied. The Other option includes answers with
>3 votes, some of these were; It was too expensive, that the
customer was only interested in receiving a working product
not how it got there, that it was hard to find a representative
group of end-users and that the respondents were afraid that
by utilizing the end-users they would give the end-users the
wrong expectations of the system.

Obstacles Customer
No (% of total)

End-user
No (% of total)

To time consuming 13 (33.3%) 8 (24.2%)
Geographic challenges 12 (20.8%) 9 (27.3%)
Lack of staff 10 (25.6%) 5 (15.2%)
Not a company priority 5 (12.8%) 7 (21.2%)
Does not fit
development process 4 (10.3%) 7 (21.2%)

Lack of expertise 6 (15.4%) 5 (15.2%)
To expensive 5 (12.8%) 5 (15.6%)
Customer’s lack of
expertise or resources 4 (10.3%) 0 (0.0%)

Other 8 (20.5%) 12 (36.4%)
Table 6. Obstacles regarding further customer/end-user par-
ticipation (multiple answers possible)

Looking at the obstacles in relation to the development meth-
ods used by the companies. It can be seen that all except one
of the respondents that have specified that, participation of
customers/end-users does not fit their development process,
have answered Scrum as one of their development processes.
The respondents that chose Time as an obstacle had chosen
Scrum and Kanban as their development methods, with a few
also choosing Feature-driven development. The Geographi-
cal challenges, accounts for 20.8% and 27.3%, of customer and
end-users respectively, out of the total responses. Geographi-
cal challenges include multiple things, since the respondents
were not able to choose between distance, time zone nor
social cultural differences, therefor all these are part of Ge-
ographical challenges. Despite this, a Chi-squared test re-
vealed that there were no significant difference between the
development methods used by a company and the obstacles
they faced (Customer p=0.935, End-user p=0.923). Further-
more, when looking at the respondents that answered that
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Lack of staff were a challenge, it showed that 8 of the 10 that
answers this for customer were working for a company with
50 or more employees. In addition to this all that answered
Lack of staff for end-user participation were working for a
company with 50 or more employees.

To further investigate if obstacles had a correlation with
the type of software or size of a company Chi-squared tests
were conducted. In relation to obstacles they faced and type
of software they produced the Chi-squared test showed no
significant difference (Customer p=1.000, End-user p=0.964)
and no significant difference between obstacles they faced
and the size of the company (Customer p=0.169, End-user
p=0.354).

Discussion

This section discusses interesting observations made during
the research. Followed by the results discussed in relation
to related work. Lastly the practical reality of the results is
discussed.

An interesting observation made during this research was
the low number of responses received. Some of the chal-
lenges, that is known to have an impact on the number of
responses is relevance for the respondent, length of the ques-
tionnaire, how the survey is delivered to the respondent and
the incentive for answering. To overcome the challenges
of relevance, a large effort was made to contact companies
which had a software development branch in Denmark. A to-
tal of 102 companies were called directly by the authors and
asked if they would be willing to participate in this survey.
In addition to this, various social media website and forums
were used, to potentially reach upwards of 67.000 people, to
gain additional respondents for the survey. It was ensured
that the groups which the questionnaire was shared in also
consisted of people with software development knowledge.
To account for the challenge of questionnaire length, we
followed Fan and Yan [28], which explains that the length
of the survey should be kept short to around 10 minutes.
Additionally, in terms of the questionnaires’ delivery, we di-
rectly called companies to avoid the challenge of spam filters
and by that ensuring that only the companies who agreed
to participated received the questionnaire. Furthermore, we
added an incentive to answering the survey which was that
all collected data would be available for the respondents if
they wanted it.

In regards to related work, Bak et al. [2] showed that the
most prominent obstacles for further customer and end-user
participationwere perceived resource demands and themind-
set of developers. This research had similar findings, which
showed that geographic challenges, time, lack of staff and

the qualification of staff were limiting factors. The primary
identified obstacle for this research was time, which was sim-
ilar to the obstacle of perceived resource demands identified
by Bak et al. [2].

Gulliksen et al. [31] showed that management support and
project management support was essential for enabling the
usability worker. Furthermore, Gulliksen et al. [31] showed
that at the time of their research, user participation was
a low priority by companies. In relation to the findings of
this research, it can be seen that customer and end-user
participation not being a priority by companies is still an
obstacle, with 12.8% and 21.2% respectively mentioning this
as an obstacle.

Through 12 reports spanning from 2006-2017 CollabNet Ver-
sionOne [19] showed which agile development methods that
are being used worldwide. Here the most prominent method
was Scrum used by 56% in 2017, increased by 16% from 40%
in 2006. Similar in our results, Scrum is the most prominent
agile development method with 79.2%. In relation to the re-
port from CollabNet VersionOne, the difference in 23.2% can
be explained by the respondents only being able to answer
one method in the survey from CollabNet VersionOne, while
being able to answer multiple development methods in our
survey. Furthermore, it can be seen in the survey by Col-
labNet, that the popularity of hybrid Scrum methods are
increasing, which is also supported by our results since most
respondents did not use Scrum excursively. For an example,
every respondent that choose Kanban as their development
method also choose Scrum.

In relation to practice, this paper presented several results
regarding how companies in the Danish software industry
facilitates customer and end-user participation in their de-
velopment process. This research can be used to gain an
insight into what techniques are used by companies in the
industry and when in the development these techniques are
most prevalent. This can be used by other companies to gain
knowledge about the most prevalent techniques, that could
be adopted by them. Furthermore, this research highlights
some of the obstacles, that exist in the industry, hindering
further customer and end-user participation. This can con-
tribute to further research in how these obstacles can be
minimized or avoided allowing for further customer and
end-user participation.

Conclusion

This paper presented findings that showed the current state
of customer and end-user participation in companies in the
Danish software industry. This paper showed the methods
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and techniques used by companies in the industry to facili-
tate customer and end-user participation, and in what phases
they are most popular. It was discovered that Scrum was the
dominating development method, since 79.2% of respondents
used it. Furthermore, this paper showed that 51.5% of respon-
dents thought that there were insufficient end-user participa-
tion in their current development process and 28.2% thought
that there was insufficient customer participation. The most
used techniques for facilitating participation were Interview,
Demonstration, User stories and Qualitative usability testing,
although it was discovered that Demonstration were used
by 30 (76.9%) respondents to include customers but only 16
(48.5%) used Demonstration with end-users. Similar to this
was the usage of User stories where 24 (61.5%) used User
stories for customers and 10 (30%) used it for end-users. The
primary identified obstacles for additional customer and end-
user inclusion were Lack of time, Geographical challenges
and Lack of staff.

We acknowledge the limitations of our work regarding the
number of responds to the questionnaire. Hence, the limited
number have an effect on the data collected and limit the
possibility of making generalized conclusions. Furthermore,
some questions allowed multiple answers making it difficult
to make connections between different answers.

Additional studies should be performed, investigating the
reasoning behind the answers given by the respondents. It
would be possible to further investigate the obstacles and
how to minimize or avoid these. Furthermore, it would be
possible to conduct additional studies, to investigate if the
techniques used for both customer and end-user participa-
tion are used in different ways depending on the type of
participation.
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B.1 Purpose

An application was created as part of the case study of contribution 1. The goal of the appli-
cation is to providing information and management tools and by that empower the diabetic
into having a better understanding of their diabetes. The idea is that the diabetic will be
able to take better actions that can positively affect them and their treatment. The applica-
tion was built around the concepts of patient empowerment, meaning that all implemented
functionally were made to provide a way to empower the users of the application.

B.2 Development process

The application was developed following the adapted development method described in
contribution 1 in section 2.1. The approach to developing the application was to, initially
through the information gathering of the pre-sprint, gain a knowledge base of basic function-
ality for the application. Then, through the first sprint, refine the identified functionality and
have the Product Owner prioritize these. Then through each following sprint, the application
was presented to the end-users, which had the opportunity of providing feedback on the ap-
plication and suggest possible new functionality. The feedback and suggested functionality
would be converted into possible item in the Product Backlog that would be prioritized by
the Product Owner and implemented by the developers.

The development of the application spanned a period of 8 weeks. Each week had around
30 hours per developer dedicated to working on the application. This meant that the to-
tal number of man hours dedicated to the activities required to develop the application was
roughly 240 hours per person spanning the entire development. This also included the activ-
ities performed with the end-users such as Interviews and Walkthroughs. When performing
the remote asynchronous usability tests, the application was continuously updated over a
period of 14 days. For this period approximately 4 hours was spent developing the up-
dates for the application each day. The Github project can be found at the following link:
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https://github.com/Jakobx99/P9Project

The application is an android application developed for Android SDK 23 (6.0 Marshmal-
low). The application itself contains a total of 11.634 lines of code written in Java.

B.3 Functionality of the application

In the following section the different pages and functionality of the application will be ex-
plained.

B.3.1 Insulin calculator page

To support an activity performed daily by the diabetics, a page was created to help calculate
the amount of insulin they need to take to account for their carbohydrate intake. This page
can be seen in Figure B.1. This page have a functionality enabling the user to enter the
amount of fiber in their diet. If the amount of fiber exceeds 30% of the carbohydrate intake,
a message will be displayed to the user with additional information recommending when to
take their insulin. This page will automatically fetch the last entered blood glucose measure-
ment entered by the user. Furthermore, all calculations are based on personal values, such
as insulin sensitivity, entered on the Profile page.

https://github.com/Jakobx99/P9Project
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Figure B.1: The Insulin Calculator page

B.3.2 Meal Planner page

The Meal Planner page was created to assist the diabetics with their diet. The purpose of
the meal planner page was to provide information regarding carbohydrates and fiber of the
food the diabetics eat. Furthermore, by entering a meal in the Meal Planner it is able to
calculate the amount of insulin needed for the meal. The Meal Planner page can be seen in
Figure B.2. Similar to the Insulin Calculator the Meal Planner will also automatically fetch
the latest blood glucose measurement and the personal information from the Profile page.
All meals calculated with the Meal Planner is saved and can be found in a list that contains
all previous meals. The list can be seen in Figure B.3. By selecting a previous meal the users
will be presented with a page similar to the Meal Planner page showing the previous meal.
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Figure B.2: The Meal Planner page Figure B.3: The List of previous meals page

B.3.3 Blood glucose measurement pages

A core functionality of the application is to enable the users to track their blood glucose
measurements. To facilitate this, multiple pages have been created to ensure that the users
have as much information available as possible.

New Measurement page: A page has been create enabling the users to enter a blood glucose
measurement. This page requires the user to specify a date and time for the measurement,
the measurement itself and if it was related to a meal. The application will automatically fill
in the date and time but allows the user to change it if the measurement is from a different
time. This page can be seen in Figure B.4.

Overview page: A page has been create to provide an overview of the blood glucose mea-
surements. On the top of the page is a small graph illustrating the various measurements
that have been made during the current week. The colors used are based on whether the
measurements are below, above or between the allowed lower and upper limits. These limits
are entered by the user on the Profile page. In the middle of the page is the value of the latest
measurement. The border of the text-box containing the value is colored to help identify if
this measurement were too low or high. At the bottom of the page is three colored boxes
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displaying the number of low, high or between measurements made in the current week. The
sizes of the boxes change depending on the relation between the number of measurements.
These boxes were made to help give the user a quick overview to help inform them if they
have been able to regulate their diabetes correctly. This page can be seen in Figure B.5.

Figure B.4: The New Measurement page Figure B.5: The Overview page

Graph page: If the graph on the Overview page is clicked, it will redirect to another page
where the graph fills the entire page. The purpose of this page is to provide a visual rep-
resentation of all measurements spanning a specific time-period. The default time-period is
the current week, but by clicking the gear icon the user can specify the start and end date
displayed on the graph. The graph contains colored lines to mark the separations of low,
high and in-between measurements. This page can be seen in Figure B.6. In addition to this
if the user has entered a long-term blood glucose measurement, taken by their physician, this
measurement is also displayed with the black line on the graph. This helps inform the user
if their daily measurements are close to their average which is displayed with the long-term
measurement.

List of old blood glucose measurements: The application saves all entered blood glucose
measurements and in addition to the Graph page, the application have another page that
displayed previous measurements. This page provides a list with all previous measurements
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spanning a specified time-period. All entries in the list are color coded to help inform the
user about the measurements. This page can be seen in Figure B.7. The user is able to
change the time-period of the measurements displayed in the list.

Figure B.6: The Graph page Figure B.7: The old blood glucose measurements page

B.3.4 Profile page

A profile page have been created to ensure that the correct information is used about the
user. On the profile page the user enters: their target blood glucose level, daily insulin usage,
carbohydrate ratio, insulin sensitivity and the upper and lower bounds for their ideal blood
glucose levels. There is a relationship between daily insulin usage, carbohydrate ratio and
insulin sensitivity. When the user fills in one of these three, the two others are automatically
calculated. The profile page can be seen in Figure B.8.
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Figure B.8: The Profile page

B.3.5 Notes page

It is possible to create notes in the application. This functionality was create based on dia-
betics telling us that normally they write down different question for their physician so they
can ask these at the next consultation. Having this functionality in the application helps to
facilitate this aspect of a diabetics daily life.

B.3.6 FAQ page

A page was create that contains frequently asked questions. This page was create to ensure
that relevant and useful information was available in the application. This functionality was
create based on users expressing that they often had question regarding how to account for
diabetes during many of their daily activities. The FAQ page enables the user to select
different categories of questions and to search for specific key words in questions. The FAQ
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page can be seen in Figure B.9.

Figure B.9: The FAQ page

B.3.7 Parent supervision functionality

During development several users mentioned that they would like a parental supervision
functionality. A page was created that enabled a user to enter a phone number and enable
parental supervision. By enabling this, every time an insulin calculation was made the infor-
mation of this calculation, such as blood glucose level and recommended insulin, was sent
via a SMS to the entered phone number. In addition to this every time a new blood glucose
measurement was create in the application a SMS with the details for this was also sent to
the entered phone number.
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B.3.8 Generate PDF page

Several users mentioned that they would like the ability to get a PDF document of their blood
glucose measurements so they would be able to show these to their physician. A page were
created supporting the functionality of generating a PDF file that contains blood glucose
measurements for the last three months together with a graph of these. The user have the
ability to write an email address on the Generate PDF page, which will then, in addition to
saving the PDF on the phone, also send it to the entered email address. An example of what
such a PDF file could contain can be seen in Figure B.10.

Figure B.10: A generated PDF
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