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Abstract

Spreadsheets are often used for data input and resource planning, but studies in
health care indicate various barriers causing under-reporting. Other studies suggest
mobile reporting systems could prevent under-reporting. Nevertheless, the impor-
tance of smartphone-based reporting systems within industries is scarcely researched.
This thesis studies the importance of such systems and their usability within an in-
dustrial context, and the connection to sustainable resource planning.

A literature study was conducted and a smartphone prototype was developed. Using
a qualitative and mixed-methods approach, eight industrial employees currently us-
ing a spreadsheet-based reporting system were asked about barriers to data reporting
and the importance of smartphone-based reporting systems. After testing the pro-
totype, they were asked about the importance of different usability-related aspects.
The recordings were transcribed and the collected data was sorted and analyzed.
This was done to understand the reasoning behind the aspects perceived as the most
significant among the respondents.

The case study showed that not remembering was regarded as the most important
barrier to data reporting among end users of a spreadsheet-based reporting system.
Smartphone-based reporting systems that are easy to use with daily reporting and
reminders sent to the phone were considered by all respondents to have a positive
impact on reporting frequency. However, privacy concerns and phone-related dis-
tractions could be issues if no work-related smartphones are provided.

This thesis is of interest to developers of smartphone applications with usability
in mind, and to companies striving for more efficient and cost-effective resource
planning. On a larger scale, it provides insight into how smartphone-based report-
ing based on usability could lead to improved sustainability through more effective
resource usage.

Keywords: resource planning, under-reporting, mobile, usability.



Terminology

Data reporting: Submitting data through digital input

Mobile devices: Tablets or smaller electronic units that can be carried around
anywhere and connect to the internet.

Prototype: An unfinished product, derived from one or more ideas, that could
improve over time [39].

Prototyping: Letting users test a prototype in order to understand the concept [39]

Reliability: How well a method produces consistent results if repeated [56].

Resource planning: Estimating or planning what resources, like employees and
time, are needed for a project, and when they are needed [1].

Under-reporting: Lower frequency of data submission than is to be expected [62].

Usability (ISO 9241-11): The resulting outcomes of using a system with regard
to accuracy, time and effort spent, and satisfaction level [3].

Usability (ISO 25010): The capability of a system with regard to user inter-
action [2].

Validity: How accurate and precise the instruments used measure what they are
supposed to measure [56].
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Chapter 1
Introduction

1.1 Background
In resource planning, employees and time are resources planned for projects [1]. Re-
source planners in industries often use spreadsheets [37]. They are usually considered
more cost-effective and easier to customize than dedicated resource planning systems
for data reporting, meaning digitally entering data. But studies among health care
workers have shown various barriers to data reporting which increase the likelihood
of under-reporting. Some of these barriers include: 1) insufficient training [50]; 2)
lacking information about the purpose [22]; and 3) additional work and time re-
quired [51]. On the other hand, health care studies indicate that usability-driven
mobile reporting systems could counter under-reporting [52] [23] [60].

Nevertheless, studies regarding under-reporting, smartphone-based reporting sys-
tems, and the importance of usability within an industrial context, are lacking. In
this case study, spreadsheet files for different projects are shared between employees
and the resource planner at a manufacturing company. Employees are supposed to
input their hours for these projects weekly. Due to under-reporting, however, the
resource planner experiences difficulties in invoicing customers correctly and allocat-
ing employees effectively.

This thesis aims to understand: 1) the underlying causes of under-reporting within an
industrial environment; 2) the perceived effects of implementing smartphone-based
reporting systems; 3) the perceived importance of different aspects of usability in
such systems; and finally 4) how all these subjects are related to sustainability.

1.2 Relevance of thesis
Studies in Section 4.2 show that mobile reporting systems could improve reporting
frequency and contribute to more efficient resource planning. Section 4.3 highlights
the importance of usability for successful implementation. However, this thesis is
also relevant to sustainability.

The United Nations defines sustainability as allowing future generations to meet their
needs [65]. The 2030 Agenda for sustainable development includes goals for [64]:

• economic, social, and technological progress,
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• global solidarity and poverty relief, and

• production and usage of natural resources in a sustainable manner.

Nevertheless, according to Asamoah and Andoh-Baidoo, developing countries have
not adopted resource planning systems to the same extent as North America and Eu-
rope [6]. Hasheela-Mufeti points out reasons for this, such as inferior IT infrastruc-
ture and a lack of software engineers [25]. Rasanjali et al. also state that ineffective
resource planning could lead to additional resource usage and overproduction [53].

1.3 Scope
This study investigates: 1) possible reasons for under-reporting; 2) the effects and
challenges of mobile reporting systems; 3) the relative importance of different usabil-
ity aspects for smartphone reporting; and 4) literature regarding sustainability.

The thesis involves developing a smartphone prototype with React and TypeScript
in portrait mode for the 6.4-inch Samsung Galaxy S10+ based on usability aspects.
Since usability is a very broad topic, the focus is on creating a prototype with effi-
ciency, operability, and user error protection in mind. This is detailed in Section 4.3.
Due to a research gap, the literature could include other mobile units. Studies of
under-reporting will also not be limited to the industry because of a lack of research.
Also, the case study involves reporting work hours as data. Using the definition of
data reporting provides enough relevant research compared to time reporting.

1.4 Outline
Chapter 2 defines the research questions, which include various reasons behind under-
reporting, the impact of mobile reporting systems, and the importance of mobile us-
ability. Chapter 3 describes the literature search process. Chapter 4 covers current
research regarding resource planning, under-reporting, the impact and challenges as-
sociated with mobile reporting systems, and mobile usability.

In Chapter 5 the preparations before the empirical study, such as creating a smart-
phone prototype application, are described. Design choices are linked to under-
reporting theories and mobile usability. Chapter 6 describes the methodologies used
to conduct interviews, including mixed-methods approaches, considerations during
interviews, and ethical issues.

Chapter 7 contains the results and analysis for each research question, which are
discussed in Chapter 8. Chapter 9 highlights reliability and validity issues, while
conclusions and recommendations for future work are mentioned in Chapter 10.

6



Chapter 2
Research questions

Below are the research questions to be answered in this thesis.

RQ1: What are different barriers possibly contributing to under-reporting
among end users?

The first research question highlights possible barriers in the literature. These barri-
ers were also used as a basis in the case study for identifying data reporting barriers
within an industrial context, in which shared spreadsheets were used.

RQ2: In what ways could a smartphone-based reporting application affect
data reporting?

To answer the second question, a summary of the literature was written about the
effects and possible challenges of implementing mobile reporting systems. In the case
study, respondents will be asked this question from a hypothetical standpoint.

RQ3: In what ways are different factors of usability regarded as important
for smartphone-based data reporting?

The final question focuses on the definition and attributes of usability, including
considerations and challenges associated with designing mobile applications based
on usability. The respondents will test a smartphone prototype application for data
reporting based on usability guidelines from the literature. Afterward, they will
be asked about the perceived importance of different aspects of usability on data
reporting frequency.
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Chapter 3
Literature search methodology

3.1 Literature search
Using Wohlin’s guidelines for backward and forward snowballing [68], peer-reviewed
scientific articles were found on Google Scholar by combining keywords in the ab-
stract. Snowballing involves finding relevant and related literature. Still, there is a
risk of missing related research due to different terminology. Therefore additional
search phrases were used, as shown in Appendix A. Research between 2015 and
2022 was primarily used to ensure relatively up-to-date articles, especially regard-
ing mobile technology. Exceptions were made if the articles were considered relevant.

Amazon.com was used to find peer-reviewed books on methodology since the number
of reviews and scores by other readers indicate how well-accepted some books are.
The requirements when searching were at least 200 reviews and an average rating
of 4.5 out of 5.0. The search phrases included "case study research" and "research
methodology". An exception was made to a book called "Social Research" by Saran-
takos, which was cited in one of these books and had more detailed descriptions of
consent forms. However, well-reviewed prototyping methodology books were chal-
lenging to find. The search phrase "prototyping app" revealed 37 reviews of a book
published by O’Reilly. Another search phrase was "Mobile design book", resulting in
the book "UX Design for Mobile" with only 15 reviews. It was considered significant
since it included prototyping challenges.

ISO standard definitions were used for usability. Additional websites were found
through Google Search, as provided in Appendix A. The Nielsen Norman Group
website was used for articles about usability. As a company, they probably have
economic interests. Nevertheless, they have been around since 1998 and provide
research-based articles. Merriam-Webster, a dictionary producer for almost 200
years, defined under-reporting.

3.2 Reliability of methodology
ISO definitions, peer-reviewed methodology books, and scientific articles were chosen
to increase credibility. Providing search phrases for literature also helps find the
articles used. However, the snowballing process is not explained in full detail which
makes it more challenging to replicate. Search results may also change over time
which affects reliability negatively.
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Chapter 4
Previous research

4.1 Resource planning and data reporting
ISO 10006:2017 says resource planning is about estimating or planning resources,
such as employees and time, for projects [1]. Man and Strandhagen state that com-
panies often use spreadsheets to report data for resource planning, due to less cost
and increased customizability than dedicated systems [37]. Nevertheless, end users
face data reporting challenges. Research within an industrial context is scarce, but
other sectors such as health care have shown barriers causing under-reporting of data.
Following are some of these barriers, in no particular order.

1) Not remembering : In a study of nurses, Amrollahi et al. found that forgetting
could contribute to under-reporting [5]. It has also been shown by Shirazi et al. that
the lack of work-related reminders could make users interact less with devices [59].
However, they also stated that recurring reminders could be a disturbance. Varadaraj
et al. found that some people dislike receiving reminders at inappropriate times [66].

2) Uncertainty of usage: According to Hartnell et al., not knowing what and how
to report could cause under-reporting among health care workers [24]. Gong et al.
state that a lack of training and instructions could make it challenging to know how
to use software for reporting [22].

3) Additional workload : It was shown by Hartnell et al. that hospital workers could
perceive data reporting as a burden due to the work and time required [24]. Gong et
al. also support this as a cause of under-reporting [22]. Ineffective reporting systems
were considered a barrier among nurses, according to Poorolaa et al. [51].

4) Absence of feedback : Poorolaja et al. state that some kind of system feedback
could be relevant for users of a reporting system [51]. No indication that data has
been received could be a barrier to data reporting, according to Gong et al [22].

5) Lack of meaning : Not understanding the meaning of reporting data is a pos-
sible barrier, according to Poorolajal et al. [51]. This was also reported by Hartnell
et al., who concluded that education could facilitate reporting frequency [24].

6) Lack of confidentiality : Perez et al. note that reduced confidentiality of the report-
ing software used can cause resistance to reporting [50]. Poorolajal et al. also state
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that a lack of anonymity could lead to lower reporting rates of medical errors [51].

4.1.1 Relation to case study

The studies mentioned show that under-reporting among end users could be due to
different factors. The impact of each factor on data reporting was collected on a
scale between none and very large. The aim of the case study was to find out which
factors have the largest impact on data reporting.

4.2 Mobile reporting
Health care studies by Han et al. [23] and Siddiqui et al. [60] have shown that mobile
reporting systems could improve reporting frequency. Han et al. showed that this
could lead to more efficient resource planning and reduced costs, and that mobile
reporting systems could increase reporting due to being able to report right after a
task. Siddiqui et al. meant that having an always accessible system is important
for increased reporting [60]. On the other hand, Han et al. highlighted possible
challenges of implementing mobile reporting systems, such as having to learn a new
system and resistance to new work routines [23]. There could also be challenges in
protecting personal data, according to Hoos et al [26].

4.2.1 Relation to case study

Mobile reporting systems within health care could increase reporting frequency, but
there are also challenges. Due to a research gap, the case study was done in a
manufacturing company. Also, note that the respondents’ perceptions regarding the
effects of mobile reporting systems are compared with actual implementations.

4.3 Usability and mobile considerations
ISO 9241-11 defines usability as the "extent to which a system, product or service
can be used by specified users to achieve specified goals with effectiveness, efficiency,
and satisfaction in a specified context of use" [3]. ISO 25010 describes usability as
the "capability of a product to be used by specified users to exchange information
between a user and an interactive system via the user interface to complete the in-
tended task" [2]. ISO 25010 focuses on user-system interaction, while ISO 9241-11
is more about usage outcomes. According to Abdelkarim et al. [4], easy-to-use and
satisfactory resource planning systems could increase an organization’s competitive-
ness. Ramacciatti et al. also studied such systems which showed significant increases
in reported data [52]. However, Hoos et al. state that usability and task-oriented
design is challenging to combine, and failure to do so could prevent improved busi-
ness performance [26].

Table 4.1 provides definitions of usability attributes according to ISO standards.
This is followed by aspects to consider for usability-based mobile applications.
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Usability attribute Definition

Efficiency Time and human effort required to complete a task [3]

Operability A system’s capability to ease operations and control [2]

User error protection Level of protection from user errors [2]

Satisfaction The user’s satisfaction level with the system [3]

Table 4.1: Usability attributes according to ISO 25010 [2] and ISO 9241-11 [3]

4.3.1 Efficiency

Emanuelsson compared one-handed iPhone usage and concluded that larger screens
provided difficulties in reaching opposite and upper parts of the screen [20]. Nguyen
received similar results [42]. He argued that thumb reach should determine button
placement. Nonetheless, users preferring dual thumb usage do not experience such
issues according to Eardley et al. [19].

Some studies regarding usability and mobile date picking have been conducted. Dry-
gielski et al. concluded that calendars were more precise and quicker for nearby
dates, while text inputs, numeric inputs, and separate scrollers for day, month, and
year performed quicker with distant dates [18]. On the other hand, Li highlights that
text inputs could increase the risk of typing errors [33].

Having a visible tab menu could also help with efficiency, according to Li and Lux-
imon [34]. They stated that these spared a click compared to hamburger button
menus, and were better for fewer menu options.

4.3.2 Operability

Nielsen mentions human memory as a concern for usability and provides guidelines to
reduce cognitive load [44]. Some of these include a limited number of menu choices
and coloring visited links differently. In addition, Salazar notes that applications
should display the current state of the system [63]. This includes indicators such as
visual cues like colors and representative icons, and messages informing users of the
system or requiring action on its part. Nevertheless, Morrison et al. stated that if
notifications are perceived as suggestions rather than prompts, the incentive to act
could be reduced [41].

According to Krause, colors can indicate various things and should be consistently
used, such as green for success [30]. Loranger states that blue colors would be prefer-
able for links to make clickable elements easier to recognize [35].

Whitenton says that visible menus indicating where the user is, together with under-
standable terminology and graphics, are helpful for orientation [67]. However, Li and
Luximon state that a potential problem could be figuring out the meaning of menu
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icons [34]. Additionally, mobile devices involve switching between screens, according
to Budiu [8]. She means that this increases the demand on human working memory
to hold information about current activity. In her opinion, a note taking feature
could help. According to Nielsen, contextual user assistance could help reduce the
cognitive load [44].

4.3.3 User error protection

Input errors are more likely to occur in complex systems, according to Poorolajal
et al. [51]. Man and Strandhagen state that such errors could result in unreliable
output data [37]. A study by Smith et al. found that the absence of validators could
make it challenging to prevent, discover, and correct errors [61]. Salazar meant that
feedback due to input errors is crucial to understand what is wrong [63].

Krause points out that red usually indicates errors and should be easy to notice [30].
In an article by Nielsen, error messages should give understandable descriptions of
the problem and how to solve them [46]. Budiu suggests having error messages visible
until the user corrects the problem [7]. She states that reminding users by highlight-
ing input fields and showing errors next to them is helpful. Nielsen also recommends
allowing users to confirm their choices before submitting them [43].

Conradi et al. studied the effects of element sizes [10]. They stated that buttons of
sizes 8*8mm or smaller significantly increased error rates while using the smartphone.
Larger sizes, at least 11*11mm, reduced errors. Finally, Nguyen recommended plac-
ing invasive buttons like delete and cancel at the top and out of reach [19].

4.3.4 Satisfaction

Nielsen states that satisfaction is more subjective than other usability attributes
[45]. But if a system feels easier to use, the user is more likely to be content with
it, according to him. A study by Lee et al. also found that mobile applications
that are perceived as easy to use have a significant relationship to satisfaction [31].
Satisfaction is also related to usage, according to Hsiao et al. [27]. They showed that
satisfied users were more likely to use an application. Finally, a study by Hu et al.
showed that reduced cognitive load could enhance user satisfaction [28].

4.3.5 Relation to case study

Multiple aspects affect the usability of mobile devices. However, research regard-
ing the relative importance of these aspects for smartphone-based data reporting
is lacking. This topic will be addressed in this study. The respondents will test
a smartphone prototype based on aspects of efficiency, operability, and user error
protection. Then they will rate these aspects, together with satisfaction, and explain
why some are regarded as having large or very large importance for data reporting.

12



Chapter 5
Preparations for study

5.1 The selected company
This thesis is based on a real-life situation. An acquaintance working in a manufactur-
ing company in Sweden revealed resource planning challenges due to under-reporting
of work hours among employees. This acquaintance helped establish contact with
executives and the resource planner, who agreed to participate in a study of the
underlying reasons. A spreadsheet copy, lacking data validation, was obtained. The
resource planner uses shared spreadsheets to analyze the total number of work hours
for each project in order to more effectively allocate employees to different projects
and invoice customers.

5.2 The respondents
Eight employees, including one female and seven males aged 40 to 60, were inter-
viewed. They work as electricians, constructors, or technicians on different projects.
Some of them work on more projects than others. The respondents have a flexible
schedule with varying weekly work hours and a maximum of 12 hours per day. They
are supposed to enter weekly hours spent on projects, with a precision of 0.5, into the
shared spreadsheet. All respondents acknowledge under-reporting to varying extents.

5.3 Creating the prototype
The spreadsheet file, information from the resource planner, and previous literature
were considered when designing the smartphone-based prototype. Appendix B in-
cludes design considerations, Appendix C a flow chart, and Appendix D images of the
prototype. Creating a prototype can help concretely communicate an idea, accord-
ing to McElroy [39]. Nevertheless, there is a risk of implementing irrelevant features,
according to Perea et al. [49]. McElroy also addresses additional challenges such as
the time and skill level required [39]. A study by Lehmann and Kipp recommended
a portrait mode for text input [32]. Shirazi et al came to the same conclusion and
recommended developers concentrate on usable interfaces in portrait mode [58].

With an interactive prototype, the respondents are able to relate to concrete as-
pects when asked. Thus the additional time required to develop an application in
portrait mode for this thesis was considered worthwhile.
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Chapter 6
Empirical methodology

The aim of the empirical study was to collect opinions from end users of a data
reporting system. This was needed in order to understand the research questions
within an industrial context and to make relevant comparisons with the literature.

6.1 Sampling procedure
Firstly, there had to be some kind of purposeful sampling of respondents according
to Creswell and Clark [12]. In this case study, the respondents were selected by the
resource planner and due to availability, not through random sampling. Creswell et
al. call this sampling method for convenience sampling [14]. However, selection bias
could affect the answers provided, as stated by Patten and Newhart [47].

6.2 Research methods
The benefits and challenges of different research methods are described below and
were helpful in making informed decisions before performing the case study.

6.2.1 Quantitative approach

Patten and Newhart suggest that quantitative methods are more appropriate when
the sample size is large and the studied variables need to be generalized statistically
for a population [48]. Nonetheless, Creswell et al. argue that due to factors such
as biased sampling and smaller sample sizes, generalizations is not applicable to the
entire population [14]. Another challenge highlighted by Creswell and Clark is that
respondents are not allowed to explain their views in greater depth [13].

There are different types of quantitative scales according to Louangrath [36]. The
Likert scales are suitable for comparing opposing viewpoints, while the Gautama
scales are better for grading aspects with a starting value of zero. Sarantakos sug-
gests that scales make it easier to collect, compare and analyze data, while also
providing more precise and reliable results [56].

6.2.2 Qualitative approach

Qualitative interviews are more useful if the goal is to retrieve open-ended answers
about a subject, according to Creswell et al [15]. As suggested by Patten and
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Newhart, qualitatively collected answers can be collected and categorized into dif-
ferent themes [47]. They also mean that these interviews can be of different types,
such as structured when consistency is a priority, or semi-structured with follow-up
questions for more detailed answers.

Qualitative interviews are more useful if the goal is to retrieve open-ended answers
about a subject, according to Creswell et al [15]. Patten and Newhard mean that
these interviews can be of different types, such as structured when consistency is a
priority, or semi-structured with follow-up questions for more detailed answers [47].

6.2.3 Mixed-method approach

Finally, a mixed-method approach involves both qualitative and quantitative meth-
ods. Patten and Newhart describe the explanatory sequential mixed method as
quantitative questions followed by qualitative follow-up questions [47]. Creswell and
Clark state that letting respondents explain quantitative data with qualitative ques-
tions could lead to greater involvement of the respondents and a deeper understand-
ing [13]. On the other hand, they state an exploratory sequential mixed method, in
which qualitative data is followed by quantitative methods, would be preferable if
the priority is collecting qualitative data.

But according to Creswell and Clark, the researcher needs to address methods and
issues regarding data collection and analysis for both qualitative and quantitative
methods [13]. Creswell et al. also state that the collection of additional data requires
more time to process an increased amount of information, compared to sticking with
a single method [15].

6.2.4 Methods used for study

Due to the small and biased sample of respondents, it was not possible to generalize
the results. Therefore the quantitative approach was not valid by itself. Additionally,
the exploratory approach was not appropriate since possible differences in qualita-
tive answers would lead to differences in what factors to analyze quantitatively. The
objective here was to keep quantitative factors consistent among respondents. Qual-
itative questions combined with an explanatory sequential mixed method were used
to identify the most relevant factors. The process is detailed below.

RQ1: What are different barriers possibly contributing to under-reporting
among end users?

The first research question relates to Section 4.1 and was answered by asking end
users for possible causes of under-reporting. This was done to see if the answers
differed from the literature. After that the respondents were asked, through a mixed-
methods approach, to grade the importance of various reporting barriers mentioned
in the literature using an ordinal-type Gautamala scale ranging from no importance
to very large importance. For each factor considered of large or very large impor-
tance, respondents were asked to explain why they believed so.
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Firstly, the Gautamala scale was chosen since some factors could be considered to
have no importance. Secondly, rating different barriers could help less articulate re-
spondents reflect on aspects they did not initially consider. Finally, follow-up ques-
tions about why barriers were regarded as important or very important allowed the
respondent to explain further. This provided a better understanding of the causes of
under-reporting. This also made it easier to analyze the answers and compare them
with the literature.

Here a stacked bar graph was used to represent the impact of each factor. The
factors will be ordered in descending order based on the total number of respondents
stating a factor has a large or very large impact on data reporting. If the total of
different factors were equal, the number of respondents stating a very large impact
would take precedence. Factors that were considered to have low or no impact by all
respondents were not detailed further.

RQ2: In what ways could a smartphone-based reporting application affect
data reporting?

This question is based on Section 4.2 and was studied using a mixed-methods ap-
proach. First, respondents were asked how a smartphone application would affect
reporting frequency. A Likert scale ranging from heavily decreased to heavily in-
creased reporting frequency was used to allow bipolar opinions.

After that, the respondents were qualitatively asked why smartphone-based report-
ing systems could increase reporting, and about possible challenges associated with
implementing smartphone reporting systems. Just as for RQ1, this was followed by a
mixed-methods approach in which possible causes stated in the literature were rated.
A 4-step Likert scale was used with the neutral option left out, forcing respondents
to take a stance ranging from strongly disagree to strongly agree.

The answers were summarized in stacked bar graphs and compared with the lit-
erature. By asking the respondent to motivate their answers, it was possible to see
if the reasons were similar or different to the literature.

RQ3: In what ways are different factors of usability regarded as important
for smartphone-based data reporting?

The third research question is related to Section 4.3 and mainly utilized a mixed-
method approach with quantitative ratings, again using an ordinal-type Gautamala
scale to grade the importance of different aspects regarding efficiency, operability,
user error protection, and satisfaction of mobile usability. These were followed by
qualitative follow-up questions on why certain aspects were considered to have large
or very large importance. The relative importance of each aspect was sorted like the
first research question. Stack bar graphs were used to represent the collected data
for all aspects. Aspects perceived as having low or no importance by the respondents
were not further discussed.
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Finally, a Likert scale without the neutral option was used to determine the bipolar
satisfaction level, ranging from very dissatisfied to very satisfied. This was for both
the spreadsheet and the smartphone reporting system. The results were visualized in
a table. This was followed by a Gautamala rating of the importance of satisfaction
level to reporting.

6.3 Interview considerations
Qualitative interviews have challenges that could affect the outcome, according to
Creswell et al. [14]. These include the location used, how the respondent feels, the
researcher itself, and the effects of recording.

6.3.1 Location of study

Knott et al. suggest that online interviews could be more comfortable than face-
to-face interviews [29]. However, they note that these are not as context-specific.
Merriam and Tisdell state that questions by mail could save transcription time, but
people may not be as likely to answer [40]. They also say that while video interviews
are more flexible, connectivity and confidentiality issues could be problematic.

The interviews were not conducted online due to the risk of technical errors. Also, the
smartphone prototype was designed for a specific phone that everyone was supposed
to use. For eventual questions regarding usage or clarifications, it was decided that
an in-person explanation would be easier. The interviews were therefore conducted
at the company in a quiet conference room, with one respondent at a time.

6.3.2 Breaking the ice

During the case study an interview protocol, adapted from Creswell et al. was
used, see Appendix E [14]. They state that a protocol serves as a guideline and
keeps interviews consistent. Using a few opening questions, in which the respondents
describe their job and their day, could make them feel more comfortable.

6.3.3 Researcher influence

Longer interviews could be more informative but also increase the risk of becom-
ing conversational and involving the researcher’s perspective, according to Yin [69].
Merriam and Tisdell recommend not judging but rather listening respectfully [40].
They say this would make it more likely to receive relevant answers. Additionally,
Creswell states that if the researcher acts trustworthy and avoids leading questions,
the asymmetrical balance between researcher and respondent could be reduced [11].

The interview process for this case study aimed to not interrupt the respondent but
instead focus on listening while avoiding leading questions. To avoid conversational
interviews, the time limit was set to about 40 minutes.
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6.3.4 Effects of recording

Patten and Newhart state that recording the interviews allows focusing more on lis-
tening to the respondent and asking follow-up questions, and less on taking notes [47].
On the other hand, Knott et al. mention that transcribing recordings afterward re-
quires time [29]. According to them, other issues could appear such as failing record-
ing techniques or respondents feeling uncomfortable being recorded. Because of this,
Creswell and Clark also recommend taking notes on the interview protocol [12].

Because the positive aspects of recordings outweigh the negatives, each respondent
will be asked for audio recording permission using an old offline recorder. The smart-
phone was not used for recording to prevent cloud storage. If any respondent would
feel uncomfortable being recorded, they would have been offered to continue without
recording.

6.4 Ethical principles
During the collection, analysis, and discussion of data, ethical issues were consid-
ered. The authors of Creswell et al. emphasize the importance of creating as little
disturbance as possible regarding the workflow of the participants [16].

A disadvantage of interviewing in a separate room is that this is not where respon-
dents usually report data. At the same time, this could prevent other employees
from being distracted. The time was set at around 40 minutes. A shorter time could
lead to less detailed answers. On the other hand, longer interviews could provide
more detailed answers but could also increase the disturbance of workflow.

6.4.1 Integrity of participation

An informed consent form was shown at the start of each interview, as seen in Ap-
pendix F. The form is based on guidelines listed by Sarantakos [57]. Information for
the respondents included anonymization aspects and how recordings were handled.

Researchers who are connected to the workplace, whether employed or not, may
experience an imbalance of power and the data collected could be lacking informa-
tion, according to Creswell [16]. There was a connection to this company, meaning
that the researcher established contact with the resource planner through another
person. This acquaintance, however, was not a respondent in this case study.

6.4.2 Giving something back

Creswell noted the importance of reconnecting with respondents after a thesis has
been published [11]. He stated that by doing so they may feel less exploited. In this
case study, the respondents will be given contact details. This makes it possible to
provide the final thesis if interested.
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Chapter 7
Results and Analysis

The results of eight separate interviews for each research question are presented
here. The numbers in parenthesis tell the number of respondents who mentioned the
subject in some way or another. If all respondents perceive an aspect as having low
or no impact or importance, it is not described further.

7.1 RQ1: What are different barriers possibly con-
tributing to under-reporting among end users?

The perceived impact various factors have on under-reporting is shown in Figure 7.1.

Figure 7.1: The perceived impact of different factors on data reporting

1) Not remembering to report was the only factor mentioned causing under-reporting
before rating predetermined factors. It was also the only one regarded as very im-
portant among all respondents. The most common types of answers included a) dif-
ficulties in backtracking (5); b) lack of reminders (3); and c) the number of projects
(3). When it comes to backtracking, one respondent said "You don’t remember
what projects you’ve been working on each week." For reminders, another respon-
dent replied, "You don’t get any reminders. There is no incentive to do it, neither
daily, weekly, or monthly". The number of projects the respondents were involved
with also mattered, and one respondent said that "it’s worse if you work on several

19



different projects". The other challenges mentioned were d) inconsistency (2) in the
way projects are reported and e) interruptions (1) which cause shifts in priority.

2) Lack of meaning was regarded as the second most important factor to under-
reporting, mainly due to a) project indifference (2). One such comment was that "It
is a moment that doesn’t drive the project forward. Therefore, it does not end up
so high on the priority list". Other reasons stated were b) intrapersonal indifference
(1), meaning that it does not matter to the respondent if it is forgotten or not; and
c) inconsistency (1) in what to report could make one less inclined to fill in. Still,
before asking about possible reasons for under-reporting, everyone related reporting
of work hours to invoicing of customers. One such response was that "the customer
we work for pays for the time we spend".

3) Additional workload was perceived as a barrier to data reporting for some re-
spondents, since it required extra time or work from their other duties. One of them
expressed that "I see it as an obstacle to doing what I should do".

4) Absence of feedback was considered important by two other respondents. "If
you get feedback on it, it will automatically be remembered. And then it feels more
worthwhile doing it".

7.1.1 Analysis of data

Forgetting to report was the most common barrier mentioned. This was mainly
due to difficulties in keeping track of hours assigned to different projects, a lack of
reminders, and the number of projects associated with the respondents. Some of the
respondents also felt that reporting was not meaningful due to different reasons.

7.2 RQ2: In what ways could a smartphone-based
reporting application affect data reporting?

As seen in Figure 7.2, seven out of eight respondents believe that a smartphone-based
reporting system would increase their reporting frequency.

7.2.1 Possible reasons for increase

The first two reasons why a smartphone-based reporting system would increase re-
porting frequency were asked for and presented in Figure 7.3.
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Figure 7.2: The perceived impact that smartphone-based reporting would have on the
respondents’ reporting frequency

Figure 7.3: The perceived reasons why a smartphone-based reporting system would improve
reporting frequency

1) Being able to report right after a task was considered by a majority as very im-
portant, as shown in Figure 7.3, due to human memory. One respondent stated that
"the time spent will be more accurate. It is directly connected to memory".

2) An always accessible system even outside of work hours was regarded by almost
important all of the respondents, due to the increased flexibility. Comments included
"I don’t have to wait until Monday" and "It opens up the possibility to report in the
car on the way home". However, one respondent did not see any difference because
"I sit at the computer so much anyway".

3) Other reasons mentioned for an increased reporting frequency were that it would
be a) simpler to use (3); and b) having reminders (2). One respondent related to
simplicity by saying that "it’s easier to find than a random Excel file that’s some-
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where on servers in a folder that you’re never in". A comment regarding reminders
was that "you could put a reminder in the phone to report the time and then you
wouldn’t forget".

7.2.2 Possible challenges

Having to learn a new system and a resistance to new work routines were not regarded
as challenges if smartphone-based data reporting was implemented, as illustrated in
Figure 7.4.

Figure 7.4: The perceived challenges of implementing a smartphone-based reporting system

The absence of work-related smartphones, however, was an issue brought up by all
respondents. These issues were related to: 1) privacy concerns (6); 2) non-work
related distractions (3); and 3) forgetting the phone at home (1). One respondent
stated, regarding privacy, that "I would have to use my private mobile phone where
I have many other private things". A representative comment regarding distractions
was that "you have so many other programs that distract you".

7.2.3 Analysis of data

Almost everyone believed that implementing a smartphone-based reporting system
would increase reporting. Reasons stated were related to simplicity, reminders, abil-
ity to report in connection with task and flexibility regarding when to report. Privacy
concerns and distractions due to having to use private phones were the biggest chal-
lenges associated with such implementations.

7.3 RQ3: In what ways are different factors of us-
ability regarded as important for smartphone-
based data reporting?

The last research question involved aspects important for smartphone-based report-
ing systems with regard to usability-related categories of efficiency, operability, user
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error protection, and satisfaction.

7.3.1 Efficiency

The perceived importance of aspects related to efficiency with regards to smartphone-
based data reporting is shown in Figure 7.5

Figure 7.5: The perceived opinions on the importance of different efficiency-related factors on
smartphone-based data reporting

1) Reporting is quick was perceived important or very important by all respondents.
One respondent expressed it as "the user should not get tired of it"; 2) Calendar as
date picker was also rated highly with comments like "speed and clarity compared to
entering dates", and "much easier to report a day, compared to typing or scrolling";
3) Autofill of login was relevant due to easiness and speed; 4) Easily accessed buttons
and inputs, gave opposite views. One thought that "if I can hold the mobile with one
hand and access everything, then it will be smooth". Another one stated that "I use
my index finger, so for me it has little meaning."; 5) Minimized number of clicks was
important for some due to speed and not getting lost; 6) Menu always visible was
related to avoiding extra clicks but could also be good for beginners. A comment
on this was that it is "important the first time, then you learn how to do it."; 7)
No need for scrolling were believed to help minimize the risk of missing something;
and 8) Prefilled hours were perceived important if only working on single projects,
but otherwise a hindrance. "It would be more work because I do so many different
things day by day".

7.3.2 Operability

The perceived importance of aspects related to operability with regard to smartphone-
based data reporting is shown in Figure 7.6
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Figure 7.6: The perceived importance of different operability-related factors on smartphone-based
data reporting

1) Allowing daily reporting was rated as very important by six respondents, due to
memorability. "It becomes easier to remember what you have done. It still feels fresh
in my mind." and "Otherwise, you have to sit on Friday, and then you’ve scribbled
somewhere on a piece of paper"; 2) Reminders sent to phone was also highly rated
"because it is easy to forget". However, it could also be perceived as annoying.
One comment said that "if it happens every day, you can also become irritated."
Additionally, reminder preferences varied greatly:

• "I would probably prefer mail, so I can remove it on days off and on vacations."

• "My emails usually disappear far down, and then there can be problems."

• "It is not certain that you go in and check your mail. On the other hand, you
look at an SMS or push notification immediately"

3) Green indicator for reported dates was considered to give an overview of unre-
ported dates and prevent unnecessary double-checking; 4) Note taking inside date
was perceived as beneficial since it was context-based. One comment on this was
that "the note will be linked to a specific date."; 5) Blue colored clickable links were
regarded important due to menu orientation and showing where to click; 6) Few menu
choices were perceived as easier to handle, however two respondents mentioned that
the necessary menu options were crucial. A couple of comments stated that more
options could be counter-active, such as "then it starts to get too complex and then
I won’t report."; 7) Text prompt in application to report current day was considered
by a couple to be helpful for first-time users, but reminders sent to phone were rated
higher; and 8) Separate note taking page was not as important as date-specific note
taking.
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7.3.3 User error protection

The perceived importance of factors related to user error protection with regard to
smartphone-based data reporting is shown in Figure 7.7

Figure 7.7: The perceived opinions on the importance of user error protection-related factors on
smartphone-based data reporting

1) Change incorrect reports was rated high with comments related to human na-
ture, such as "you always make mistakes" and "you can mix up days". Inability to
change reports would also require additional work and discomfort according to some
respondents, stating that "I have to tell the boss, it gets very complicated", and "it
gets a little nervous"; 2) Descriptive error messages were considered important to
all respondents in order to know what to change. One respondent also stated that
the message has to be understandable by saying "sometimes you just get some com-
bination of numbers and don’t understand."; 3) Size of buttons and inputs made it
easier to press correct, but was also related to accessibility by one respondent, saying
that "we have both older and younger people who see well and not well, and small
hands and big hands". 4) confirmation prompt before submit were considered useful
for some since "it helps me think before submitting", and since it gave feedback that
something had been reported; and 5) Red colored error messages made them to see
but were generally not perceived as important as descriptive error messages.

7.3.4 Satisfaction

The perceived importance of ease of use and satisfaction levels for data reporting are
shown in Figure 7.8
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Figure 7.8: The perceived opinions on the importance of ease of use and satisfaction level on data
reporting

Almost all respondents believed that ease of use was very important, A couple of com-
ments regarding ease of use were that "The less people have to think, the better",
and "if it goes smoothly and quickly, then it becomes more likely that you will do it".

All but one respondent thought satisfaction was important for data reporting. One
respondent stated that "the more satisfied you are, the more inclined you are to use
it. One is more motivated to use it". Three of them related satisfaction to ease of
use. Examples of comments were that "if it is simple so that you are satisfied with it,
then you will use it" and "if you are satisfied, then it works well. Then it is usually
easy to do".

Satisfaction level comparison
The satisfaction levels for each respondent for the spreadsheet-based reporting and
after testing the usability-based smartphone-based reporting prototype are presented
in table 7.1, ordered from largest to lowest difference.

All respondents believed they would be at least satisfied with a smartphone-based
system after testing the prototype, but also more satisfied than with the current
spreadsheet system. The reasons stated why the smartphone-based system was more
satisfactory were, in no particular order, related to 1) increased portability ; 2) sim-
plicity ; 3) easy to understand 4) daily reporting instead of weekly ; and 5) providing
better results for the company.

The respondents that were dissatisfied or very dissatisfied with the spreadsheet as-
sociated it entirely with forgetting to report, as previously stated in section 7.1. One
respondent with a satisfied rating of the smartphone-based prototype stated that
"If there had been an external reminder of some kind sent to the phone, I would
probably have been very satisfied".

However, even though one employee was more satisfied with the smartphone pro-
totype, the spreadsheet-based system was still regarded as satisfying since "I sit at
the computer so much anyway. I might as well do it on a computer".
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# Very dissatisfied Dissatisfied Satisfied Very satisfied

1 S P

2 S P

3 S P

4 S P

5 S P

6 S P

7 S P

8 S P

Table 7.1: Satisfaction level for each respondent of the current spreadsheet-based reporting system
(S) compared to the smartphone-based prototype system (P). The highest rated system is written

in bold.

7.3.5 Analysis of data

A system that feels easy to use and allows daily reporting were ranked as the most
important aspects of usability for data reporting. A quick reporting process, re-
minders including the type of reminder, and the ability to change incorrect reports
were also ranked as important or very important by all respondents. Almost all
respondents also thought that satisfaction had at least a large importance and some
related it to motivation and ease of use. All respondents believed they would be
more satisfied with the smartphone prototype based on usability aspects than the
current spreadsheet data reporting.
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Chapter 8
Discussion

8.1 Results
RQ1: What are different barriers possibly contributing to under-reporting
among end users?

Not remembering was conceived by everyone as a very important barrier to data
reporting, due to perceived challenges in backtracking work hours. Taking daily
notes could help, but respondents would have to keep track of them and calculate
the total before reporting the weekly hours spent on each project. Therefore, not re-
membering and additional workload could be seen as connected to each other. Daily
reporting and reminders could reduce the barrier to additional workload.

All respondents mentioned that invoicing was the reason behind reporting work
hours, but no other reasons were mentioned. However, this is only partly true.
According to the resource planner (chapter 5.1) and ISO 10006:2017 [1], reporting
is also supposed to help with better allocation of employees. Communication with
employees about reporting work hours seems lacking. This could explain why some
see it as irrelevant. As stated before, more effective resource planning could also be
associated with environmental sustainability [53]. Providing easily accessible infor-
mation, perhaps within the system itself, on why data reporting is important could
help provide a better understanding. This could increase incentives to report data.

RQ2: In what ways could a smartphone-based reporting application affect
data reporting?

Almost all respondents believed that a smartphone-based system would increase
reporting due to being able to report directly after a task, flexibility, and being
simpler to use. However, previous literature concluded that there is no guarantee
that such systems are easy to use [26]. It requires that the developer has knowl-
edge of usability and what the application should accomplish. According to Garg
and Agarwal, involving end users early on when developing a resource planning sys-
tem is important for enhancing system usage [21]. On the other hand, this could
create workflow disturbances and be seen as a concern if the benefits are not obvious.

Privacy concerns related to implementing such systems were also highlighted since
the respondents did not have work-related smartphones. Challenges in protecting
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personal data are also mentioned in the literature [26]. Some respondents did not
mind, but there were other concerns mentioned such as non-work related distrac-
tions. A study by Derks et al. showed that using private smartphones at work could
cause emotional exhaustion due to non-work related interruptions [17]. Chen and
Karahanna showed that such interruptions affect work performance negatively [9].

On the other hand, the cost of investing in new technology could be a deal-breaker
for some companies, and using spreadsheets is perceived as good enough. They are
often more cost-effective and might be sufficient if used in a desirable way. But this
would imply that the end users are to blame for under-reporting. If a company does
not provide the necessary tools or support, it might create challenges in establishing
effective data reporting processes. Also, it is probably not easy to estimate the actual
results of implementing mobile systems. Implementing a frontend smartphone-based
reporting system would require smartphones, some kind of database storage solution,
and educating employees which could cause workflow disruptions. However, if the
system is made easy to use, such disruptions could be reduced.

RQ3: In what ways are different factors of usability regarded as important
for smartphone-based data reporting?

ISO definitions of usability were used to increase validity, but they are open to differ-
ent interpretations. For example, one could argue that green reported dates would
be to protect users from clicking errors. Efficiency includes time and human effort
spent, but the scope of human effort is unclear. It could be physical, psychological,
or even both. In Appendix E, effort has been associated with time, the number of
clicks, and scrolling interactions. Martin et al. also relate efficiency to the number of
touches [38]. On the other hand, a study by Saleh et al. relates the number of steps
to effectiveness [55]. Perhaps research would be more consistent if ISO definitions
were more specific regarding mobile usability. It was decided that cognitive aspects
belong to the operability of ISO 25010 rather than to the efficiency of ISO 9241-11
since ISO 25010 is more closely linked to interactions than outcomes. However, there
seems to be room for different interpretations of usability attributes.

The most perceived important aspects of a smartphone-based reporting system were
ease of use and daily reporting. However, no actual system implementation makes it
uncertain if the respondents would get tired of reporting daily compared to weekly.
At the same time, they would not need to take notes and report work hours alter if
they submitted their hours on the same day. Also worth noting is that a couple of
respondents valued having the appropriate menu options rather than a few options.
This opinion coincides with the literature that a system has to be task-oriented [26].

Reminders such as SMS or mail were ranked highly, but there seem to be multi-
ple factors to consider if implemented. On the other hand, the preferences differed.
Perhaps this should be adjustable in a settings option. According to one respondent,
daily reminders could create negative emotions toward the system. This was also
stated by Shirazi et al [59]. One respondent said that reminders during days off were
not desirable. Receiving unwanted reminders could also impact satisfaction levels as
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the literature suggested [66]. And if the respondents are less satisfied, they could
also be less willing to use the system. Being able to silence reminders could be an
option but also counterproductive if they become unnoticed.

It was considered important to be able to change incorrect reports due to the human
factor, as well as a feeling of discomfort by having to tell the boss. This feature could
possibly create a sense of confidence and encourage users to explore the system’s ca-
pabilities more in order to get acquainted with it. Saleemi et al. showed that error
recovery ensures reliability and is closely related to satisfaction [54]. However, the
impact it had on satisfaction levels in this case study is uncertain.

Daily reporting was mentioned as satisfactory, which coincides with a study say-
ing that reduced cognitive load could impact satisfaction [28]. Other comments
indicate that factors not directly related to usability could affect satisfaction, such
as portability and having everything in one place. This indicates that satisfaction
is complex and dependent on many factors. Additionally, most respondents were
dissatisfied with the spreadsheet-based system, but no one said it was complicated
to use. This contradicts the literature regarding the relationship between satisfac-
tion and ease of use [31]. Some stated that the mobile system was simpler and easy
to understand. This could suggest that even if a system is simple to use, an even
simpler system could still be important for data reporting. Companies should focus
on designing systems that feel satisfying for employees in order to improve resource
planning, business performance, and environmental sustainability.

8.2 Sustainability
Ultimately, the company has to decide if investing in work-related smartphones and
usability-based reporting systems will benefit them in the long run. Earlier research
has shown that successful implementation of mobile systems could reduce costs and
streamline resource planning [23]. Decisions are based more on data and less on
guesswork. This was also related to environmental sustainability due to more ef-
fective resource usage and less overproduction [53]. Since environmental topics are
discussed widely today, efforts to improve the data reporting process could contribute
to higher sustainability. The company could then use this in its marketing strategy
to attract customers. In the best of worlds, ripple effects occur where other compa-
nies follow. This would ultimately benefit future generations.

This thesis has highlighted the relationship between usability-based mobile data re-
porting and sustainability. But as previously stated, sustainability is a global con-
cern [64]. Developed countries can contribute more by investing in the infrastructure
and education of developing countries. This could lead to more job opportunities and
higher living standards. The knowledge provided in this thesis could hopefully lead
to more effective resource planning. The usage of natural resources such as minerals,
water, and fossil fuels like coal and oil, which contribute to greenhouse gas emissions,
could be reduced. Nations and companies worldwide could then hopefully work in
consensus towards global sustainability, in accordance with Agenda 2030.
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Chapter 9
Reliability and validity

Chosen site and respondents
The company was not randomly chosen due to travel reasons and possible challenges
in getting approval. On the other hand, it is based on a real-life situation. Re-
vealing the search area, type of industrial company, or company itself would make
it easier to replicate the research. However, respondent confidentiality was a priority.

The sample of respondents was small and non-random, based on availability, and
therefore unlikely to represent the national or global population of industrial data
reporting workers. Multiple similar studies and completely random selection could
help create a more representative sample. Also, external reliability, meaning con-
sistency between sites, is difficult due to possible differences in work routines, data
reporting procedures, and reporting systems. Single differences in experience, gen-
der, and articulation ability also have a larger impact on results in smaller samples.

Interview process
A flow chart, prototype images, a consent form, an interview protocol, and prepa-
ration details can help repeat the interview process. However, a semi-structured
interview using follow-up questions is not as consistent as structured qualitative in-
terviews and therefore harder to replicate. Nonetheless, the interview protocol states
when follow-up questions are to be asked, which helps to ensure consistency. Also,
by asking questions related to previous research, such as the importance of differ-
ent barriers and possible effects of mobile reporting systems on data reporting, the
answers can more easily be compared with previous research which increases validity.

Another aspect of validity to consider in this study is the connection to another
employee. This was not addressed during the interviews, but potential awareness
could have influenced the answers given, and therefore negatively affected validity.
On the other hand, promising full anonymity, providing a signed consent form, and
opening ice breaker questions, could have been reassuring aspects for the respondents.

Results
The findings about data reporting barriers and perceived effects of smartphone-based
reporting coincide partly with health care research. However, more industrial stud-
ies are needed to properly evaluate the validity of the results. Also, perceptions of
what a smartphone-based reporting system could mean are compared with actual
implementations of mobile systems, which are not necessarily smartphone-based.
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Chapter 10
Conclusions and Future Work

10.1 Conclusion
This thesis has shown that not remembering could have a very large impact on report-
ing work hours. The reasons were difficulties backtracking time spent on projects, a
lack of reminders, and the number of assigned projects for the respondents. Another
barrier could be a perceived lack of meaning, and that it does not make any differ-
ence. Implementing a smartphone-based reporting system could increase reporting
frequency since it allows reporting right after a task, increased flexibility, and re-
minders. However, if employees have to use their own smartphones, possible issues
could be privacy concerns and non-work related distractions from other applications.

There were several aspects regarding smartphone-based usability that employees find
important for data reporting. Some were related to time and effort, like a quick re-
porting process, and having a calendar as a date picker. Others were more related to
reduced cognitive load, such as allowing daily reporting instead of weekly, reminders
such as mail or SMS, and green indicators for reported dates. Being able to change
incorrect reports was also rated as important since it is easy to make mistakes and
otherwise could create discomfort by having to tell the boss. The most important
aspect was that a smartphone-based system was easy to use, which for some also
was related to satisfaction. Portability, simplicity, easy to understand, and daily
reporting instead of weekly could also contribute to increased satisfaction.

Knowledge of factors affecting data reporting and the possible effects could lead
to more efficient resource planning and environmental sustainability by preventing
the overproduction and overuse of natural resources. Developed countries can also
show global solidarity and invest in IT infrastructure and the education of software
engineers in developing countries to improve resource planning. This could contribute
to job opportunities and poverty relief, in accordance with Agenda 2030.

10.2 Future work
This thesis was based on perceptions of the impact that usability-based smartphone-
based reporting systems could have on industrial-based data reporting. However,
the effects and opinions of such systems after actual implementation, possibly in
developing countries, is a topic of further interest. Measuring actual differences in
resource usage due to such implementations could also be studied in future research.
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Appendix A
Search phrases for literature

The search for relevant articles on Google Scholar and Google Search can be divided
into the following categories with words combined in different ways under each cat-
egory. Emphasized words within each category were frequently combined with each
other and with other words in that category:

• Resource planning (Google Scholar only)

– spreadsheets

– resource planning

– errors

– challenges

– adoption

– reduce waste

– developing countries

• Data reporting (Google Scholar only)

– data reporting

– under-reporting

– mobile

– application

– challenges

– barriers

• Usability (Google Scholar or Google Search)

– nngroup (Google Search only)

– usability

– mobile

– guidelines

– challenges

• Definitions (Google Search only)
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– definition

– iso

– accessibility

– usability

– nngroup

– data reporting

– under-reporting

– resource planning

• Methodology (Google Scholar only)

– survey scales

– likert scales challenges
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Appendix B
Prototype design considerations

Efforts to improve the usability aspects efficiency, operability, and error user protec-
tion of the prototype. When referring to ISO documentation, the factor is based on
the standard definition.

EFFICIENCY: time and human effort to complete task

Design choice Motivation

Auto completion of login credentials Reduces time and effort to login [3]

Calendar as date picker Reduces time and effort to pick a date [18]

No need for scrolling Reduces interaction efforts with device [3]

Select content when input is clicked Eliminates effort of pressing backspace
when changing work hours [3]

Display numerical keyboard automatically
for input of work hours

Eliminates effort of having to change to a
numerical keyboard [3]

Collapse keyboard if input ends with .5 Eliminates effort to having to collapse key-
board since precision of work hours is 0.5
(5.2) [3]

Collapse keyboard if input equals 12 Eliminates effort of having to collapse the
keyboard since maximum allowed daily
work hours is 12 [3]

Always visible menu Eliminates effort of having to click a ham-
burger icon to display the menu [34]

Align menu at bottom Reduces effort to access menu using one
hand [20] [42]

Calendar aligned in middle of screen in-
stead of upper part of screen

Reduces effort to access calendar using
one hand [20] [42]

Login elements aligned in middle of screen
instead of upper part of screen

Reduces effort to access login elements us-
ing one hand [20] [42]

Submit button with full screen width Reduces effort to click submit for either
left or right-handed people [20] [42]
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OPERABILITY: ease operations and control of system

Design choice Motivation

Limited number of menu choices Reduces cognitive load to ease operation
[44]

Color reported dates green in the calendar Display current state of system and suc-
cessful submits to ease operation [63] [30]

Menu icons together with labels Reduces cognitive load to ease operation
[67]

Color menu icon and label of current page
differently

Display current state of system and reduce
cognitive load to ease operation [63] [35]

Header for pages Display current state of the system to ease
operation [63]

Separate note taking page Reduce cognitive load to ease operation [8]

Daily reporting instead of weekly Reduce demand on human working mem-
ory to hold information [8]

Text notification to report current day Display current state of system to ease op-
eration and increase incentive to act [63]
[41]

Green color for successfully reported dates Reduces cognitive load to ease operation
[30]

Blue color for clickable links Reduces cognitive load to ease operation
[35]
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USER ERROR PROTECTION: protection from user errors

Design choice Motivation

Red error messages for input errors Indicate error and make easier to notice
[30]

Describing error messages for input errors Give understandable feedback to what is
wrong [46]

Disable submit button for incorrect inputs Prevents submitting invalid input [2]

Confirmation prompt before submitting
data

Allows user to check if data is correct [43]

Re-enter dates and change reports Protect from submitted errors [2]

Increase padding of clickable elements Reduce clicking error rates [10]

Invasive back button placed at top Reduce risk of clicking it by mistake [19]

OTHER DESIGN CHOICES

Design choice Motivation

Info page on why data reporting is impor-
tant

Reminding of the importance in order to
create meaning [51] [24]

Login landing page Increase confidentiality to reduce resis-
tance to reporting [50] [51]
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Appendix C
Prototype Flow Chart
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Appendix D
Prototype images

Login failure with correction Logs screen after login, with blue
clickable dates and menu options

The screen shown after clicking a
specific date

A describing error message if
user inputs too many hours

The user clicked sick or free from
work, which locks inputs above

The user has input some hours
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Confirmation screen before
finally reporting work hours

The reported date turns green in
the calendar

For revisited reported date,
header and button text differs

The info screen contains
information on why to report

The notes screen for general note
taking

Example of notes written in the
note screen
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Appendix E
Interview Protocol

Date: Time: Location:

Interviewer: Johan Kristoffersson

Respondent:

1. Tell my name and study background

2. Tell the purpose of this thesis: to conduct a study by interviewing 10 employees
about factors affecting reporting of data within an industrial context and what
impact a smartphone application could have.

3. Hand out two identical consent forms, see appendix F. Ask if the respondent
has taken part of it beforehand. If not, then ask the respondent to read it
through. Ask if any questions have arisen, especially about anonymity or audio
recordings, and answer them. If the respondent approves, sign both consent
forms and take a copy each.

4. Tell the calculated time for the interview, about 40 minutes.

5. Tell the structure of the interview: Firstly, questions regarding factors leading
to under-reporting of work hours will be asked. Secondly, the possible advan-
tages and challenges of mobile reporting systems will be asked for. Finally, a
prototype will be tested and the respondent will rate the importance of some
different factors in mobile reporting systems.

6. Ask if the respondent has any questions so far.

7. Define the following terms by placing a paper with the following descriptions:

• Usability (in this context): how easily, error-free and quickly the time
reporting process is, and how satisfied one is with the solution.

8. Ask the following questions as ice-breakers:

(a) How long have you worked at this company?

(b) What are your work assignments?
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(c) Can you describe an ordinary workday?

9. Tell the respondent that the questions related to the study now will begin.

10. Show the current reporting system on a laptop and ask:

(a) Do you recognize this type of spreadsheet?

(b) How is it supposed to be used?

(c) How often are you supposed to use it?

(d) : Why does the company want you to use this file?

(e) What are possible reasons that employees do not report their working
hours? When a reason is stated, ask in what way it prevents reporting
(RQ1).

(f) Ask about one factor at a time and its perceived effect on reporting. If it
is considered to have a large or very large impact, ask in what way (RQ1).

This is the impact different factors has with regards to data reporting:

No
impact

Small
impact

Large
impact

Very
large

impact

Not remembering ◦ ◦ ◦ ◦
Uncertainty about usage ◦ ◦ ◦ ◦

Additional workload ◦ ◦ ◦ ◦
Abscence of feedback ◦ ◦ ◦ ◦

Lack of meaning ◦ ◦ ◦ ◦
Lack of confidentiality ◦ ◦ ◦ ◦

Motivations:

11. Let the respondents grade the following statements (RQ2):
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Reporting frequency with a smartphone-based reporting system would probably be:

Heavily
reduced

Somewhat
reduced

The same Somewhat
increased

Heavily
increased

◦ ◦ ◦ ◦ ◦

12. If a smartphone-based reporting systems increased reporting, what could the
possible reasons be? (RQ2)

13. If a smartphone-based reporting system was implemented, what could the pos-
sible challenges be? (RQ2)

14. Let the respondent grade and motivate the following statements (RQ2):

A smartphone-based reporting system would increase reporting because of

Strongly
disagree

Disagree Agree Strongly
agree

the ability to report right
after a task

◦ ◦ ◦ ◦
an always accessible

reporting system
◦ ◦ ◦ ◦

Motivations:

A smartphone-based reporting system would be a challenge because of:

Strongly
disagree

Disagree Agree Strongly
agree

having to learn a new
system

◦ ◦ ◦ ◦
a resistance to new work

routines
◦ ◦ ◦ ◦

Motivations:
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15. Show the smartphone prototype and let the user perform the following tasks.

# Tasks with prototype

1. Log in with user ’user’ and password ’password’

2. Log in with user ’user’ and password ’pass’, then save login credentials as
autofill

3. Update page and login again using autofill

4. Go to ’Notes’ and write any note about the working day

5. Go to ’Info’ and read the content till

6. Go to ’Logs’ and follow the prompt stating "report the current day" at the
top of the page

7. Choose another date and report less than hours in total on different projects

8. Choose another date and report more than 12 hours in total

9. Report 10 hours on different projects

10. Choose the same date, do some changes and report again

11. Choose a new date and report it as free or sick from work

16. The factors here are related to Section 4.3. The parenthesis shows what usabil-
ity aspect they belong to: efficiency (e), operability (o), user error protection
(u), or satisfaction (s). Easy to use is related to satisfaction since they are
discussed together. When referring to ISO, the factor is based on the standard
definition. For example, efficiency involves time and effort used to complete
task, therefore minimizing the number of clicks to complete a task is believed
to reduce the effort compared to more clicks. Additionally, reminders were
brought up in Section 4.1 regarding not remembering. It is here considered
belonging to operability, since ISO 25010, which defines operability, is more
focused on system interaction than on outcomes. This is the reason why other
cognitive aspects also are related to operability. Ask the respondent to motivate
factors having large or very large importance. For each factor, make the re-
spondents read it out loud before answering them. Make references to features
in the prototype to help the respondent understand each question (RQ3):
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The importance of different factors on data reporting with smartphones:

No im-
portance

Small im-
portance

Large im-
portance

Very
large im-
portance

Easy to use (s) [45] [31] ◦ ◦ ◦ ◦
Autofill of login (e) [3] ◦ ◦ ◦ ◦

Minimized number of clicks (e) [3] ◦ ◦ ◦ ◦
No need for scrolling (e) [3] ◦ ◦ ◦ ◦

Reporting is quick (e) [3] ◦ ◦ ◦ ◦
Prefilled hours (e) [3] ◦ ◦ ◦ ◦

Easily accessed buttons
(e) [20] [42]

◦ ◦ ◦ ◦
Size of buttons and inputs (u) [10] ◦ ◦ ◦ ◦

Prompt inside application to
report (o) [41]

◦ ◦ ◦ ◦
Reminder through mail, sms or

push notification (o) [59]
◦ ◦ ◦ ◦

Confirmation dialogue (u) [43] ◦ ◦ ◦ ◦
Change incorrect reports (u) [2] ◦ ◦ ◦ ◦

Green indicator for reported
dates (o) [30]

◦ ◦ ◦ ◦
Blue colored clickable dates

(o) [35]
◦ ◦ ◦ ◦

Red colored error messages
(u) [30]

◦ ◦ ◦ ◦
Describing error messages (u) [46] ◦ ◦ ◦ ◦

Menu always visible (e) [34] ◦ ◦ ◦ ◦
Few menu choices (o) [44] ◦ ◦ ◦ ◦

Menu icons (o) [67] ◦ ◦ ◦ ◦
Note taking page (o) [8] ◦ ◦ ◦ ◦

Note taking inside date (o) [8] [44] ◦ ◦ ◦ ◦
Calendar as date picker (e) [18] ◦ ◦ ◦ ◦

Daily reporting (o) [8] ◦ ◦ ◦ ◦
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17. Let the respondents rate and motivate the following aspects (RQ3):

Satisfaction level with spreadsheet-based reporting

Very
dissatisfied

Dissatisfied Satisfied Very
satisfied

◦ ◦ ◦ ◦
Motivation:

Satisfaction level with the smartphone-based reporting system

Very
dissatisfied

Dissatisfied Satisfied Very
satisfied

◦ ◦ ◦ ◦
Motivation:

How important is satisfaction level for data reporting?

No
importance

Small
importance

Large
importance

Very large
importance

◦ ◦ ◦ ◦
Motivation:

18. Ask if the respondent wants to add anything

19. Thank the respondent for taking time to attend

20. Ensure once again that the answers will be completely anonymized and not
identifiable by anyone

21. Offer the respondent to take part of transcription in order to assure its correct-
ness

22. Tell the respondent to feel free to contact if any questions arise and if interested
in taking part of the report when it is finished
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Appendix F
Consent form

Challenges of data reporting and the impact of mobility and usability

Hello!

My name is Johan Kristoffersson and I am doing a Bachelor thesis in Software Engineering at Blekinge
Institute of Technology.

Purpose and aim
This thesis involves possible reasons for not reporting work hours (underreporting), and what differences a
smartphone-based application could lead to.

The aim of the study is to understand the underlying causes of underreporting and if there are alternative
solutions that would be better for the company and its employees.

Participation and activities
Eight employees currently using a spreadsheet for reporting work hours will be interviewed and be able to:

1. express their views about it,
2. test an alternative smartphone-based prototype and compare it with the currently used software, and
3. share their views about what is considered important in a smartphone-based application for reporting

The interviews will be audio recorded in order to make it easier to transcribe the information to text, but also to
focus more on listening and understanding your views rather than taking notes

Why participate?
By sharing your views the company will get a better understanding of problems related with the current
reporting system and can shift its focus on creating better solutions. This will hopefully lead to a better system
which is more customized according to the employees' situation and a better working environment.

Esteemed time and place
The interview will take about 40 minutes and be located in an available room within the company. If you
sometime during this time want to cancel the interview you are free to do so.

Anonymity and safety guaranteed
Your safety is important to me. Therefore I guarantee you anonymity during and after the interview. No other
person will know what any specific person answered. Neither the city, company or persons involved will be
disclosed in the thesis. No information that could possibly harm you will be disclosed.

The audio recordings will only be used to convert the interview to text in order to easier compare and group
different answers together. After that they will be erased.

Contact details
Any questions regarding the thesis course can be answered by: conny.johansson@bth.se
Feel free to contact me about this thesis: johan.kristoffersson@gmail.com

Approval of participation:

Interviewer: ____________________________ Respondent: ____________________________
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