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The purpose of this study was to find out how to create a new time-reporting solution, with
good usability, for a company that currently has a system lacking usability. In this study, the
literature defining the term usability is thoroughly examined and a lot of different definitions
for the term are found. However, in the end, commonalities between different definitions are
found and some versions of attributes such as efficiency, ease of learning, and satisfaction of
use are found. The literature review also goes through different ways of measuring usability, as
well as the pros and cons of these ways depending on the context. In general, it can be said that
the measurement carried out by experts in the development phase is more efficient and cheaper
compared to a user survey, but on the other hand, a user survey can effectively find the right
usability problems.

The company's current method of reporting hours was reviewed, and the problems were found,
these were mainly problems with poor efficiency and user dissatisfaction. After this, the design
and development of a new tool start. The most important features of the system are availability
from the public network, more efficient usability, and the possibility to use a telephone or other
client devices. The service is implemented in Microsoft's Azure cloud service so that it is easy
to maintain. Then a usability study is conducted, which states that users are on average satisfied
with the usability of the product.
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Taman tutkimuksen tarkoituksena oli tutkia, kuinka tehd& uusi tuntikirjaustyokalu, jossa on
hyva kaytettavyys, yritykselle, jonka nykyinen tydkalu on kaytettdvyydeltdan puutteellinen.
Tutkimuksessa kaydaan lapi laajasti erilaisia kaytettdvyyden madritelmia, joita on useita, mutta
joista loydetaan yhtendisyyksid, kuten kéyton tehokkuus, oppiminen ja tyytyvaisyys. Kirjalli-
suuskatsauksessa kaydaan lisaksi l&pi erilaisia tapoja mitata kaytettavyyttd, seka néiden tapojen
hyvia ja huonoja puolia riippuen kontekstista. Yleisesti voidaan sanoa, ettd asiantuntijoiden te-
kema mittaus kehitysvaiheessa on tehokkaampaa ja halvempaa verrattuna kayttajakyselyyn,
mutta toisaalta kayttajakyselyssa voidaan tehokkaasti 10ytaa oikeat kéaytettavyysongelmat.

Yrityksen nykyinen tuntikirjaustapa kdydéaan l&pi ja 16ydetdan ongelmaksi huono kayton tehok-
kuus ja kayttajien tyytymattomyys. Taméan jalkeen siirrytddn luo-maan uutta ty6kalua, jonka
tarkeimpéné ominaisuutena on saatavuus julkiverkosta, tehokkaampi kaytettavyys ja mahdolli-
suus kayttadd puhelinta tai muita paatelaitteita. Palvelu toteutetaan Microsoftin Azure-pilvipal-
veluun, jotta sitd on helppo yllapitaa, ja kéytettdvyydesté tehdaan tutkimus, jossa todetaan kéyt-
t4jien olevan keskiméaraisesti tyytyvaisié tuotteen kaytettavyyteen.



SYMBOLS AND ABBREVIATIONS

Abbreviations

API Application programming interface
ERP Enterprise Resource planning

SUS The System Usability Scale

QUIM Quality in Use Integrated Measurement

VSC Visual Studio Code
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1 Introduction

Internal it-systems are often a pain point for companies and their employees. One factor causing
the dissatisfaction is the usability of these systems. In today’s competitive environment it is
important to keep your employees satisfied so they don’t leave your company and to keep your
processes efficient to create the maximum value with resources in use. These both can be en-
hanced by increasing system usability. To enhance internal satisfaction and general happiness
in the workplace employers can improve the usability of internal it-systems (Raia, 2017). Or to
the other point improving usability improves the performance of workers by allowing them to

do their tasks faster, more efficiently, and safely (Seffah et al., 2006).

One of these dull tasks is time reporting. The company needs to gather time spent on different
projects so that internal finances can calculate prices, pay salaries, and follow the efficiency of
an organization. There are different well-made solutions already on the market to implement
time reporting. However, these solutions come with different restrictions. The company may
want to have an internal project to enhance its capabilities to develop software or the company

would require much of the system to be custom-built.

1.1 Motivation and background

This thesis is focused on a company that is currently having problems with its time-reporting
process efficiency. It takes a significant amount of time and effort to do and results in non-agile
ways of working, in addition to decreasing the satisfaction of employees. The company is cur-
rently running a legacy system enterprise resource planning (ERP) system which does not have
a lot of different or flexible application programming interfaces (APIs) to use. This means that
whatever the system, there would be a need to build custom solutions. To combat these prob-
lems that the company is currently having, the company has asked for a study to implement
such a system with good usability. Hence the motivation and goal for this thesis are to find out
the problems that the company is currently running into, find out what would be better in terms

of usability, implement the new system, and finally study if the goal was achieved.



1.2 Research questions and objectives
From the basis of the previous section, a set of questions were comprised that should be an-

swered within this thesis. The questions are as follows:

1. What kind of usability issues does the current solution have?
a. How is usability defined, how is it measured and what is the best way to measure
it?
b. What are the problems with the current solution?
2. What is the best method to solve the usability issues in question?
a. What are the requirements for the solution new solution?
b. How to implement a better solution?

c. How usable is the new system?

1.3 Structure of the thesis

The structure of the thesis is as follows. First, a literature review is made to analyze studies
from the field of software usability, find the definition for the term, and then find out what ways
there are to measure usability. Second, the current process of reporting time is examined and
the problems of it are analyzed from the view of the organization and then in the framework of
usability. Third, from the issues found, requirements for a new solution are comprised, and
other requirements such as security concerns are considered. Then the new solution is designed,
and the thought process and different choices made are explained. Fourth, an analysis of the
usability of the new system is carried out with methods found in the literature review, and those
results are analyzed in the context of the system. Lastly, from the results, future development
targets and ideas are gathered and conclusions about the success of the study and its limitations

are drawn.



2 Literature review on usability measurement

In this chapter, the current literature related to software usability is reviewed, as to what the
term means, and how it is measured. In the first two parts, the methodology of the review is
clarified, so the review process is reproducible. After the two parts, the current literature is

summarized and the answer to research question 1a is concluded.

2.1 Methodology
For the gathering of relevant source material for this study, suggestions from Webster & Wat-

son, 2002 were followed. According to their suggestions the search for articles is as follows:

1) Look for leading journals but do look a little outside the primary discipline
2) Go backwards and look at the citations in the articles in step 1 to find prior contributors.
3) Go forward, by using the Primo LUT journal index, and identify the critical articles.

Then determine which of these should be included in the review

According to Webster and Watson, there are two ways to do the literature review: Concept-
centric and Author-centric. The authors suggest using a concept-centric version since it allows
a better compilation of the literature. In Error! Reference source not found. the differences b

etween these two versions are showcased.

Table 1 Approaches to literature review (Webster and Watson, 2002)

Concept-centric Author-centric
Concept X ... [Author A, Author B, ...] Author A ... concept X, concept Y, ...
Concept Y... [Author A, author C, ...] Author B ... concept Y, concept W, ...

2.2 Literature search process

The search for journals and articles is done by using the university-provided Ex Libris Primo
product which includes different journals and articles and ranks them with relevance. The
search phrase “Software usability” yielded 7272 results with a peer-reviewed filter turned on,
so a more concise phrase ended up being “measuring software usability”. With the peer-re-

viewed filter turned on the search yielded 191 results, so the search phrase was decided to be



accurate enough. The articles were quite spread out to different journals but more concentrated
in collections that the Primo service offers. Most can be found in ProQuest’s Technology, Else-

vier’s SD complete freedom or SpringerLink contemporary collections.

From these 191 results, further exclusion was done by further concentrating on the topic of
individual end-user usability and leaving out the usability of back-end systems, software tools,
research done on children, hardware usability research and organizational usability studies.
Other inclusion criteria were the focus on web usability, basic usability research and focus on
researching usability by using a questionnaire. The reasoning for these criteria was the fact that
the artefact of this research is to be a website which is to be researched with a questionnaire

that has questions well-established from foundational usability research.

After all these rules were applied, around 5 studies were included after the first step. Then the
second step was concluded, and more studies were investigated by backtracking from the ref-
erences of these studies. After this step, the study included 33 references in addition to the

original five. The initial five studies are listed in Table 2.

Table 2 Authors & year, main points

Writers & year
Hornbaek, 2006

Seffah et al., 2006

Torrente et al., 2013

Veral and Macias,
2019

Rakovska and Hudec,
2019

Focus
In this study the authors review different methods to measure usability and what kind of upsides

and downfalls each of the methods has.

Authors review existing usability standards and their limitations and then suggest a new con-
solidated usability measurement framework.

This study considers heuristic usability evaluation methods and is focused on creating a frame-
work for heuristic usability measurement.

In this paper the authors focus on the fact that many usability measurements are based on users
completing tasks by themselves or quantitative measurement which focuses on individuals and
doesn’t provide evaluation between options. The authors suggest a new metric to achieve com-
parative quantitative evaluation for usability.

This paper focuses on usability measurement by creating a computational model to analyze the
results. It takes into consideration the fact that usability is very subjective and can vary with
different user groups.



2.3 Software usability definition
These days software usability is commonly used in different literature and daily use. It has
become essential for software developers to integrate usability in their workflows to satisfy

users. However, usability as a subject and a definite term is broader than is usually thought.

Easy to learn

Utility Efficient to
use

Usability U

) remember
Social Cost
acceptability
Few errors

System
t bIt
acceptabiity Practical ibili
- Compatibility
acceptability Subjectively
pleasing
Reliability

Figure 1 Attributes of the system acceptability (Nielsen, 1993)

In Figure 1 Nielsen’s attributes of the system acceptability model can be seen. He sees usability
as a narrow concern or a subset of system acceptability. System acceptability is the whole extent
to whether a system can even be applied to a certain situation and if it fills the requirements of
different stakeholders and users. To even get to usability concerns, a system needs to achieve
social acceptability such as: whether is it acceptable to have a system to interrogate people
about whether they have submitted fraudulent claims to the unemployment office. If that’s ac-
ceptable other attributes are considered such as cost, compatibility with other systems, useful-
ness etc. Within usefulness, it is considered whether the system can be used to meet the objec-



tives that have been set. After that there is utility and usability where utility focuses on func-
tionality — is it possible to do the required task — and usability focuses on how well the users

can accomplish the required task. (Nielsen, 1993)

The term usability originated from the term “user friendly” but it was deemed to have too sub-
jective and vague connotations. So, it was suggested to be replaced by the term usability which
was described to be an attribute of software quality as well as a higher design objective. For
that distinction, there is a clear consensus on the field but as to what usability includes — there
are different opinions. Most often the differences in opinions are because the experts disagree
on how to measure usability, which leads to having different usability attributes and so different
usability definitions. (Folmer and Bosch, 2004) There are multiple different definitions for the
term usability which range from simpler to more complex and extensive. As (Alonso-Rios et
al., 2010) suggest the field is quite mixed in the definitions and there doesn’t seem to be a clear

correct one. Below are some definitions:

- Usability can be defined as a quality attribute for how “easy to use” the current interface
is (Nielsen, 2012)

- “The extent to which a product can be used by specified users to achieve specified goals
with effectiveness, efficiency and satisfaction in a specified context of use.”. 1SO 9241-
11 (IS0, 1998)

- “The capability of the software product to be understood, learned, used and attractive to
the user, when used under specified conditions.” ISO/IEC 9126-1 (ISO, 2001)

- “Usability is making sure that something works well: that a person of average (or even
below average) ability and experience can use the thing — whether it’s a website, a
fighter jet, or a revolving door — for its intended purpose without getting hopelessly
frustrated” (Krug, 2006)

- “Ameasure of the ease with which a system can be learned or used” (Preece et al., 1994)

- Usability is not a single one-dimensional property but a multidimensional one with mul-
tiple components. Most often the five attributes are learnability, efficiency, memorabil-
ity, errors, and satisfaction. (Nielsen, 1993)

- Usability is not only making systems simpler but understanding users’ goals, context,
and expertise. “Usability means that the people who use the product can do so quickly

and easily to accomplish their tasks”. (Redish, 1995)



2.4 Usability attributes

As can be seen from the previous section, there are multiple different definitions for usability

and their main differentiator is the attributes one wishes to measure. Hence in this section, the

different attributes in the literature are reviewed.

Table 3 Different usability attributes

Nielsen, 1SO, 1998

1993

Efficiency  Efficiency,

of use effective-
ness

Learnabil-

ity

Memorabil-

ity

Er- Satisfaction

rors/safety  (Comfort
and accept-
ability  of
use)

Satisfaction

Constantine
and Lock-
wood, 1999
Efficiency

in use

Learnabil-

ity

Remember-

ability

Reliability

User satis-

faction

Shneider-
man, 2018

Speed  of
perfor-

mance

Time to

learn

Retention

over time

Rate of er-

rors

Subjective

satisfaction

Preece et
al., 1994

Throughput

Learnabil-

ity

Attitude

Shackel,
2009

Effective-

ness

Learnabil-
ity (time to
learn)
Learnabil-
ity (reten-
tion)
Effective-
ness  (er-

rors)

Attitude

Seffah et
al., 2006

Efficiency,
Effective-
ness,
Productiv-
ity
Learnabil-

ity

Safety,
Trustful-

ness

Satisfaction

Accessibil-
ity
Universal-
ity
Usefulness

Alonso-
Rios et al.,
2010
Efficiency,
Operability

Knowabil-

ity (clarity)

Knowabil-
ity (memo-
rability)
Safety, Ro-
bustness

Subjective

satisfaction

In Table 3 different usability attributes are listed in similar rows by each author or authors.

From the attributes, we can see some similarities between different groups at least to some



extent. Most often at least five very similar attributes are present: efficiency, learnability, mem-
orability, errors, and satisfaction. These are often referred to as Nielsen’s five attributes are

shown in the first column of Table 3.

Learnability Efficiency Memorability

-How well the users learn -Performance of users to -How easy it is for users to
to use the software accomplish their tasks with come back to use the
the software software after a pause

Errors Satisfaction

-How many errors do users -How pleased the users are
make, are they severe and to use the software
is it easy for users to
continue despite them

Figure 2 Nielsen’s five usability attributes (Nielsen, 1993)

Focus on

-

Usage Proficiency and Efficiency

Time

Figure 3 Learning curve of two hypothetical systems (Nielsen, 1993)

Nielsen’s usability attributes are shown in Figure 2 with a summary explanation. In simplest
terms, one could measure each of these categories and calculate a mean score to determine the
system’s overall usability. However, to analyze the results more deeply, because users are dif-
ferent, other measurements such as distribution should be used. With these different attributes



Nielsen also points out the important idea that often usability is measured by having users per-
form predetermined tasks, and when those tests are run, it is important to measure usability
relative to certain user groups or certain tasks. Different use cases and different users with dif-

ferent backgrounds prefer different tools and/or different workflows for the software to be us-

able and efficient. This tradeoff is visualized in Figure 3 (Nielsen, 1993)

Usability

Operability Efficiency Robustness ssal':i?fzf:fcli\(/;

Figure 4 Usability attributes (Alonso-Rios et al., 2010)

Knowability

Clarity Consistency Memorability Helpfulness

Figure 5 Knowability

To extend Nielsen’s five attributes there are models from (Seffah et al., 2006; Alonso-Rios et
al., 2010) which both rely on or are quite like Nielsen’s original five but provide more attributes
with more precise explanations. Alonso-Rios et al (Figure 4) extend the model by adding know-
ability, operability, robustness, and safety, and to each of them a lot of subcategories to be more
precise and inclusive. Knowability is an extension of memorability and learnability, basically,
a property to what extent a user can understand, learn, and remember how to use the system.
The extended property compared to Nielsen’s model has a lot more sub-attributes and intro-
duces clarity, consistency, and helpfulness. Clarity is the ease with which the user can under-
stand the system by the mind and senses, and it comes down to three subcategories: clarity of



10

elements, structure, and functioning. Consistency means that the system is formed and designed
in a uniform and coherent way and is further divided just as with clarity. Memorability is again
divided such as the previous two sub-attributes and means the memorability of elements and
functionality of the system. Lastly, helpfulness is essentially how the system helps and reminds
users how to use it. This is divided further into the suitability of documentation content which
means that the help is useful and adequate and the interactivity of assistance which is the extent

to which the system provides help for the user considering the user’s actions.

Operability

Completeness Precision Universality Flexibility

Figure 6 Operability

Operability (Figure 6) is an extension of efficiency by being defined as how well the system
provides users with necessary functionalities and allows users with different needs to use and
adapt to the system. Operability is split down to completeness, precision, universality, and flex-
ibility, where completeness means the capability of the system to provide necessary function-
alities and precision is the capacity of the system to function correctly. Universality is more
complex and contains two subcategories: accessibility and cultural universality. Accessibility
is a measure of how well the system can be used regardless of physical or psychic limitations
and cultural universality is a measure of how well the system can be used in different cultural
settings. Flexibility is a category to measure how well the system can adapt or be adapted to

different needs on preferences.

Efficiency as with Nielsen’s model means the capacity of the system to produce results in return
for a certain number of inputs. Here it is also made more precise to contain categories such as
human effort, execution time, tied-up resources and economic costs which are quite self-ex-
planatory terms. The next attribute and a new one is Robustness which includes robustness to

an internal error, improper use, third-party abuse, and problems in the environment. These terms
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are also quite self-explanatory. Safety is the capability to avoid the risk that stems from the use
of the system and is split into subcategories: user safety, third-party safety, and environment
safety. Lastly, Subjective satisfaction is to measure the feeling of pleasure and interest that the
system can produce for the user and split into interest and aesthetics. This category is closely

related to Nielsen’s satisfaction attribute.

Usability
1
I 1 1 1 1 1 1 1 1 1
fesmeBiy AecesBiy

Figure 7 QUIM consolidated model (Seffah, Kececi and Donyaee, 2001)

Seffah et al., 2006 suggested a new more consolidated usability attribute model for developers
that are less trained in the field of human-computer interaction. The rationale behind their model
is threefold, first, they say that hierarchical models are too vague and give relatively little in-
formation on how to measure and compare different results, second, they state that other models
are static in nature and do not offer measurements for different phases of product development.
Lastly, they argue that usability standards are hard to apply which in essence means the decision
on how to measure usability in different applications and how the different factors are related
or what are their up and downsides in different situations. The model the authors end up creating
is called Quality in Use Integrated Measurement (QUIM) that’s attributes are shown in Figure
7. The model has one level of hierarchy and added some more attributes to the main level from
which some are familiar with Nielsen’s model, but some are new. The QUIM model offers
decomposed usability factors, criteria and metrics and offers two supplementary levels for data

and data collection methods.

First of the attributes efficiency is similar as before, return of results on inputs. Effectiveness is
a measure of users completing tasks with accuracy and completeness. Productivity is like effi-
ciency but differs in that it considers only useful output that contributes to the task results while
also considering only the productive resources expended. Satisfaction is the subjective feelings

of users towards the system and is often collected using a questionnaire. Learnability is similar
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to the above — the ease with which a user can master the features required to accomplish a task.
Safety is concerned with product risks to people or resources for example hardware or stored
information. Trustfulness or faithfulness that a system provides to its users for example does a
webstore look like it is not a scam. Accessibility is how well the system can be used by a person
with a disability. Universality is an attribute that is meant to measure how easy to use for people
from different cultural backgrounds. Lastly, usefulness means that the system can help users to
solve real problems acceptably. It also means that the system has practical utility and supports

users’ task models.

2.5 Usability evaluation

As multiple different attributes can be measured as usability metrics, there are also multiple
different methods to measure usability. On the top level, these methods to measure usability
can be split into inspection methods and testing methods (Otaiza, Rusu and Roncagliolo, 2010)
or as analytical and empirical methods (Wahyuningrum, 2017) but are very similar.

Some examples of these methods can be seen in Figure 8. In inspection or analytical methods,
the measurement of usability is done by using expert opinion, heuristic evaluation, cognitive
walkthroughs, or Guidelines. On the other hand, empirical or testing methods are usually de-
pendent on user experience for example usability testing, user performance testing, question-
naires, field observations, focus groups, or interviews. Each of these has their up and downsides.
While empirical or testing methods are considered to be the gold standard, they are also the
most expensive and time-consuming such as focus group studies or interviews. However, while
many usability issues can be found by the users still not all of them and the best result can be
achieved by combining methods from both approaches. (Nielsen, 1994b; Wang and Caldwell,
2002).



Inspection / analytical methods

Heuristic evaluation

eInterface is inspected by a group of evaluators by
usability principles

Cognitive walkthrough

*A method of finding usability issues by performing
walkthroughs of functions by new users (easy to
learn attribute)

Action analysis

eAnalysis of time used for actions with
experimented users (efficiency attribute)

Standards inspection

eEvaluation by an expert on some standard

Consistency inspection

eHas designers check multiple projects that those
perform actions the same way
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Testing / empirical methods

Paper and pencil test

eTest users evaluate interface on pen and paper (or
screen) and answer questions

Thinking Aloud
eTest user speaks his/her thought out loud in
testing scenario
Co-Discovery

*Two test users examine the system together.
Observations are gathered from their discussions
and actions.

Formal experiments

eControlled experiments, measurements and
analysis

Query techniques
eInterviews and questionnaires

Card sorting

eTest users sort cards with categories that they
think are related. This relates to informational
architecture.

Figure 8 Usability evaluation methods (Nielsen, 1994b; Otaiza, Rusu and Roncagliolo, 2010;
Wahyuningrum, 2017)

Evaluation methods can also be split into two groups based on the goal the evaluation is meant
to serve these groups are called formative and summative evaluation methods. Formative meth-
ods are meant to be used in the development stage and the purpose is to measure and improve
usability and notice usability defects in the early stages of development and does not include
end users but experts working with the product. An example of a formative method is thinking
out loud. Summative methods are used to compare products or systems that you as an organi-
zation are going to be implementing. It requires more resources and is more formal because it
happens outside of development. One example would be a query technique such as a question-
naire or a formal experiment. (Nielsen, 1993; Hartson, Andre and Williges, 2003)
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2.5.1 Heuristic evaluation

As mentioned, heuristic evaluation is a method where usability professionals evaluate a user
interface by a set of guidelines and document the issues. It is an effective method with less cost
both monetarily and timewise than hiring users to do the evaluation (Jeffries and Desurvire,
1992). According to Nielsen, 1992 of major usability issues 42% can be found by heuristic
evaluation and 32% of minor issues. However, it is possible to increase the amount of found
usability issues by increasing the number of evaluators as shown in Figure 9. The reason for the
improvement is very human as different experts tend to notice different issues. As more evalu-
ators require more resources e.g., money, the number of experts used becomes a cost-benefit
analysis where more evaluators are used the more important the evaluation is (Nielsen, 1993).

From Figure 9 agolden rule of three to five was suggested for usability evaluation.

100%
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S 259
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Number of Evaluators

Figure 9 Usability problems found by heuristic evaluation as a function of the number of eval-
uators. (Nielsen, 1992)

In (Nielsen, 1994a) suggested 10 usability heuristics shown in Table 4 which are more good
criteria than specific usability guidelines. These criteria have been tried in different settings and
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have been found to suggest good results in usability testing where heuristic evaluation “uncov-
ered the most serious Ul problems compared to usability testing, guidelines, and cognitive
walkthroughs” (Savage, 1996). (Wang and Caldwell, 2002) compared heuristic evaluation and
user testing and found that user testing produced richer data, but the heuristic evaluation was
less expensive and more efficient. Hence the authors suggest that heuristic evaluation should
be used in the prototyping phase. However, (Hvannberg, Law and Larusdéttir, 2007) found no
difference between heuristic evaluation and user testing when comparing Nielsen’s guidelines
and the cognitive principles of Gerhardt-Powals. However, there are disadvantages to heuristic
evaluation even though it is cost-effective and efficient it does require evaluators to be real
experts, there needs to be at least several of them, and they cause false positives which are
issues that the users will not notice but are still fixed with expensive development time (Hol-
lingsed and Novick, 2007).

Table 4 ten usability heuristics (Nielsen, 1994a)

Number Heuristic Description
1 Visibility of system A guideline is that the user should always know what the status of
status the system and feedback about the state should be provided with

feedback within a reasonable time.

2 Match between the system = The language the system uses should be like the user and not sys-

and the real tem-oriented terms. The system language should feel more natural
world and from the world of the user and follow real-world conventions
in terms of information appearance order.
3 User control and Users frequently select system options by accident, and they will
freedom need an obvious "emergency exit" to get out of the undesirable

state without having to engage in a lengthy conversation. In es-
sence, undo and redo should always be supported.
4 | Consistency and Users shouldn't have to guess whether various expressions, cir-
standard cumstances, or actions are equivalent. Platforms should have con-
ventions and those should be followed.

5 Error prevention Good error messages are important, but a thoughtful design that
stops an issue from happening in the first place is much better. Er-
ror-prone situations should either be eliminated or checked for,
and users should be given the chance to affirm before completing

an action.
6 Recognition rather Reduce the amount of memory required from the user by making
than recall objects, actions, and options visible. The user shouldn't have to

recall details from one section of the chat to the next. When nec-
essary, instructions for using the system should be readily visible
or accessible.
7 Flexibility and efficiency Accelerators or shortcuts frequently speed up the interaction for
of use the expert user so that both novice and experienced users can use
the system. Permit users to customize routine tasks.



16

8 Aesthetic and minimalist Information that is unnecessary or rarely used shouldn't be in-
design cluded in dialogues. Each additional piece of information in a
conversation competes with the relevant knowledge and reduces
their relative exposure.

9 Help users recognize, Error messages should be stated in simple language (i.e., without
diagnose, and recover from using any codes), clearly state the issue, and constructively offer a
errors solution.

10 Help documentation It is preferable if the system may be used without any documenta-

tion, but it may be necessary to offer both. Any such material
should be concise, focused on the user's task, easy to search, and
describe specific actions that need to be taken.

2.5.2 Cognitive walkthrough

Another common and used method is cognitive walkthrough where a test user performs a task
without knowing the system just by using clues given. Then the researchers analyze how fast
the user completed the task. This evaluation method is also quite flexible because it can be used
at any point of development with mock-ups or with the final release. The process contains a
preparatory phase and an analysis phase, where during preparation experts determine the inter-
face, users, the task, and actions taken during the task. (Hollingsed and Novick, 2007)During
the analysis phase the following four steps are worked through by the evaluators (Polson et al.,
1992):

1. The user sets a goal to be completed within the system.

2. The user determines the currently available actions.

3. The user selects the action that they think will take them closer to their goal.
4

The user performs the action and evaluates the feedback given

This method also has some ups and downsides. It has been shown to be effective but with some
notions such as evaluators being able to choose correct scenarios to test, usability specialists
needing to be open-minded and not too defensive towards their product, and the scenarios
should be adequately described to test users. Other than that, the method has been shown to be

effective even by novice evaluators. (Spencer, 2000; Hollingsed and Novick, 2007)

2.5.3 Usability testing methods

As mentioned, usability testing methods are based on empirical testing of representative users

and it is thought to be the best to identify real problems with users’ performance and preferences
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while being often very time-consuming and expensive(Nielsen, 1993). Compared to expert
evaluation (inspection testing) there are fewer false positives (Nielsen, 1994b). Usability testing
has been found to find more and correct major issues but still being more economically and
timewise less viable at least in earlier stages of development (Wang and Caldwell, 2002). How-
ever, usability testing methods come with a pitfall that requires evaluators to focus on the va-
lidity and reliability of their results, so that the results can be repeated, and validity so that the

results measure what is required to be tested. (Nielsen, 1993)

Reliability is a common problem in quantitative research and means that the studied test group
needs to both be sufficient in numbers as well as heterogeneous enough. In Figure 10 it is
demonstrated that the margin of error declines quite rapidly, with a 90% confidence interval,
till number 25 of the users tested. Hence this becomes again a cost-benefit analysis, how certain
the test needs to be because usability problems can be very expensive to fix. (Nielsen, 1993)
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20% - 90% confidence

10% -

Margin of Error (relative to mean)

50%6 confidence
00/0 T T T T T T T T
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Number of Users Tested

Figure 10 Margin of error per number of users tested (Nielsen, 2006)

Validity in turn means that the study measures relevant attributes outside of the laboratory.
While reliability could be addressed by running statistical tests, validity requires more method-
ological understanding. Typically, the issues are related to having the wrong users and giving

them the wrong tasks, including unnecessary time constraints or social influences. An example
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of a wrong user group would be running a management system test by business students who

are going to be managers but are not yet. (Nielsen, 1993)

Define the user Define how to Prepare the
Select tasks and .
measure material and the

Define test goals sample to
participate usability environment

scenarios

Figure 11 A good usability test process (Matera, Rizzo and Carughi, 2006)

To overcome these issues the test should have a clear plan and a purpose. (Matera, Rizzo and
Carughi, 2006) suggest one process that is shown in Figure 11. To overcome the issue of valid-
ity some tools can be used to create appropriate questions such as The System Usability Scale
created by Brooke, 1996 which has been shown to be a very robust tool for usability analysis
for professionals (Bangor, Kortum and Miller, 2008; Lewis, 2018).

2.6 Summary of usability and usability evaluation methods

Here the answer and a summary of the literature review are compiled. After examining the
usability literature, it was found that the term usability has a lot of different definitions that are
mainly based on the attributes that it has in certain contexts represents and what is needed to be
measured. To overcome these issues there have been simplifications or golden rules such as
Nielsen’s five attributes learnability, efficiency, memorability, errors, and satisfaction (Nielsen,
1993) which are also very similar to what can be found in 1ISO standard 9241-11 effectiveness,
efficiency, and satisfaction (1SO, 1998).

There are also different ways to measure usability in practice which can be separated into meas-
urements that are done while developing called formative methods and summative methods that
are done when comparing software products as an outsider. The other two categories are in-
spectional and testing methods which can also be called analytical or empirical methods. The
main difference between these is the fact that the first is executed without or with less end-user

involvement and mainly by experts and the latter is done with the end-users. The first is more



19

efficient and cost-effective while the latter is providing more data regarding the real-world us-
ability score. However, the latter can also be made a bit less resource heavy by using readymade
tools such as The System Usability Scale by Brooke, 1996. Still, the best results can be achieved
by using both methods and here we have the answer to research question 1a.
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3 Current time reporting solution and issues

After answering research question 1a with the base gathered from it, this chapter aims to answer
questions 1 and 1b based on those findings. As mentioned in the introduction, this paper aims
to improve the time-reporting user experience for a company and its employees by creating a
new system for the time-reporting process. In the following chapter first, the current process
and system are introduced. Second, the problems, gotten from the company in question, with

the current process and software are examined and analyzed.

3.1 Current time reporting solution and background

In this chapter, the background and current situation in terms of the time reporting process are
explained. The company in question is a robotics company that delivers and designs robotics
systems, and maintenance for those systems. Currently, the company’s main customer base is
within Finland, but the company is strongly trying to grow around the world. Currently, the

company employs around 100 people and has a turnover of 14 million euros.

Within the current process, each employee is expected to report their time used per project or
work item each week. The reason for weekly reporting is so that the company can calculate
flexible working hours for each employee within a short period and of course also to be able to
manage finances more efficiently. So, the time reporting frequency is quite frequent, and the
tool should hence be easy to use and approach. Furthermore, many of the workers are working
off-site i.e., outside the company premises at the client where the robotics system is being built

or maintained.

The current technical implementation utilizes Powered ERP (CGI, 2022) system version devel-
oped in the early 2000s and ran on local servers at the company. The system can only be used
from the system’s own client software, which is connected to the backend ERP software, and
hence only from computers that have the client software installed. This means that users are
using the system through a virtual computer, with their own computer, where the software is
installed, and they need to be connected to the local network through a virtual private network
(VPN). There is also a limitation of having only a limited number of licenses so that only a

certain amount of people can use the software at the same time.
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Figure 12 Work queue window from Powered ERP

Users can use three different flows: projects, travel hours or absence hours. First, the flow for

the project is modelled below:

1. Getto a computer

2. Turn on the VPN

3. Starting a virtual machine

4. Opening the ERP software

5. Opening a function called work queue window which can be seen in Figure 12

6. Here the user needs to filter all available work codes by his/her cost collector code and
search phrase, pick the correct work or work phase from the list and pick that row and
click the button “Tuntien kirjaus” and input the “korttinumero” which is their personal
code. This opens a window shown in Figure 13.

7. Then the user inputs the salary code or “Palkkalaji” which will be 1, “Kuormitusryhma”
or cost collector code, and of course the hours in “tunnit”. If the work event is from
weekend work an explanation should be written in the “selite” field.

8. Click the icon on the right upper corner to save.
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Repeat the process every day for all the projects the employee has been working on.
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Figure 13 Current time reporting window (project hours)

The process for travel hours is the same till point six:

7.

This is the same as above, but the salary code will be 8 and the user should leave an
explanation about the driver and kilometers. (Figure 14)
Click the icon on the right upper corner to save.

Repeat the process every day for all the projects the employee has been working on.
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ow (travel hours)

The process for absence hours is similar to project hours above till number 4:

5.
Figure 15.

The user opens a function “add an event” which opens the view that can be seen in

Here the user inputs the salary code or “Palkkalaji” which will be either 2 (paid) or 9

(unpaid), “Syykoodi” or reason code, and of course the hours in “tunnit”. The explana-

tion is added if needed.

Click the icon on the right upper corner to save.

Repeat the process every day for all the projects the employee has been working on.
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Figure 15 Current time reporting window (absence hours)

3.2 Usability issues with the current process and requirements for a new one

In the previous section, the current process and the company background were explained. Here
the current problems related to functionality and usability are analyzed and examined. First, the
problems are gathered from the company in question, and then the usability issues are put into

the usability evaluation framework.
The company states that currently, the main issues are as follows:

1. Users are not able to log hours without VPN access or report their hours with their
phones on the go.

2. There is no validation for time events. Users can report even 25 hours per day.

3. The current flow to input individual hours is slow in the current system and causes a
real financial impact. The company reports that it takes one hour per week for the em-
ployees to report their hours.

4. The user doesn’t see their logged hours conveniently to make sure everything is logged

in
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Analyzing the usability issues by putting them into the framework of Nielsen’s five usability
attributes it can be found that the main problems are regarding efficiency and satisfaction. There
are also some problems with errors it was told editing and deleting events is hard, after doing
an error, because it is hard for users to find the events that they have logged into. There are also
issues with learnability and memorability as the users need to be able to remember random
numbers (work ids) for the work they are doing. However, the biggest problems are with effi-
ciency and satisfaction as can be seen from the problems that the company has pointed out.



26

4 Developing the solution

In this section, the process of developing the new solution is described with the issues obtained
from the previous section. So, in this section, the answers to research questions 2a and 2b are
attained. At first, the practical requirements for the new solution are comprised. Second, tech-
nical architecture and decision and what problems they solve are explained as well as their
technical restrictions and limitations. Then the process of developing and designing the Ul as
well as the time reporting process in the Ul is explained. At the end of the section, the outcomes

and artefacts are showcased and summarized.

4.1 Requirements
With the problems identified in the previous section, requirements for the new solution can be
formed based on them. Other requirements stem from the organization as well as the technical

environment. These requirements were formed in discussions with the organization:

1. The main issue with the current system is that it can be only used inside the company
network and only by phone, hence the new service needs to be a publicly available,
secure service, that can be used with both a phone and a computer.

2. The flow of reporting hours needs to be made much faster and simpler for the users to
improve efficiency.

3. The validation of different time events should be made better. For example, users should
not be able to add 25 hours to a day.

4. The user needs to be able to see his/her hours easily and be able to have an overview of
what has been logged.

5. Travel hours need to be easy to report.

6. As the company does not have its own internal it-development department the system
needs to be easy to maintain and of course with as little cost as possible.

7. The system needs to be secure as there is customer and personnel-related data. The sys-
tem should not store data for too long because of data security.

8. The system needs to be able to communicate the hours back to the on-premises ERP.

9. The system needs to be able to get relevant project-related information from the ERP so
that the users can report their hours correctly and almost in real-time when the project
is founded to the ERP.



27

4.2 Overview of technical decisions

After getting the requirements the overview of the technical overview can be formed. In this
section first, the technical architecture and the technology stack are walked through and the
reasoning for different choices is explained. After that, the planned data flow from the user to
ERP is explained and then the development practices are explained.

4.2.1 Technical architecture

Because of security, general maintainability, and pricing, it is decided to host the service in the
cloud. For this hosting Azure was chosen because of its current prevalence at the company and
ease of use with Azure Active Directory (AD) service provided by Microsoft that hosts user

information and can manage authentication.

-
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Figure 16 Time reporting software architecture
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There are two major components in the technical architecture, one is the on-premises server
where the ERP system is running and the other is Azure where most of the logic and data stored
is related to running the time reporting service. Between these two components, a VPN pipe is
created that allows Azure service to connect to on-premises services. Components and config-
urations related to the VPN pipe are outside of the scope of this system and are related to the
general networking infrastructure at the company. All the back-end components also in Azure,
mainly the back end and database, are running inside a virtual network so that those are re-
stricted from the public internet unless the restricted endpoints to which the front-end connects.
The reason is to not have anyone being able to connect to the database for example if security
keys and the connection details would get leaked, or some security risk related to the database

would be released.

The user interface is running on an Azure-provided service called Azure Static Web App (Mi-
crosoft, 2022c) where users can push their front-end code and run it with minimal maintenance.
The service provides authentication with Azure AD out of the box and allows restricting the
app to the domain of only the current company. Updates and technical under-the-hood mainte-
nance are handled by Microsoft. The service also would provide back-end services where the

logic could be handled but because of networking restrictions related to security.

The back end is hosted in Azure provided serverless service called Azure functions (Microsoft,
2022b) which is a service where the user can upload his/her code and Microsoft provides the
environment to run and scale the code. The use of this service is again used because of the low
maintenance requirement but also because it provides faster time to production and better se-
curity and scalability than running for example virtual machines. The functions are responsible
for providing the front end with data, updating project information from the on-premises, and

creating a report to move back to the on-premises to be ingested into the ERP.

For the database, Azure’s own Cosmos Database (Microsoft, 2022a) was chosen based on ease
of integration, security, ease of maintenance and price. Cosmos Database is a so-called docu-
ment or NoSQL database that does not have a schema. Instead, Cosmos has collections, which
are like data tables that have information about certain topics for example user information as
JSON objects. Some NoSQL databases have JavaScript-like querying style by methods, but
Cosmos offers an SQL-API with its own dialect from SQL. In terms of ease of maintenance,

Cosmos is also a so-called managed database where the user does not have to maintain the
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infrastructure, but Microsoft hosts the database and promises that the database will be working
99.999% of the time.
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Figure 17 Data transfer from Azure to ERP

On-premises, there will be one component that is deployed inside a virtual computer which acts
as a transfer server that has one endpoint available to Azure and is then able to write files to a
shared file server where the ERP system can read the files into the system. That system is cus-
tom-coded and will have to be maintained locally by an IT staff. The overview of the process

of what the data transfer server and the program inside does can be seen in Figure 17.

4.2.2 Technology stack

Multiple different technologies are being used in the system to make it run within the above-
explained infrastructure. First, the codebase is mainly created by using TypeScript (Microsoft,
2022d), which is a coding language developed by Microsoft that is built on top of JavaScript,
but it provides typing before the compilation of the code. Types are available only in develop-
ment because typescript cannot be run by itself but is in turn compiled to JavaScript and hence

the type of information is lost in the compilation. However, the language does still make the
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codebase a lot more rigid to develop because there is a lot less confusion about what kind of

information is flowing through the code.

Then on top of Typescript, in the front end, there is a library called React (Facebook, 2022) that
is used for the Front-end or the user interface (Ul) of the system. React is a reactive Ul library
that is developed by Facebook and is widely used in the industry. React enables developers to
manage the updates on the Ul more easily and provides a platform for other libraries that make
it a lot easier to create user interfaces. An example of that is the MUI-material library (MUI,
2022)which was chosen as a front-end component library for this project. MUI material core
library is an open-source Ul tool library that contains predefined and designed Ul components
that can be easily implemented in each website. By using such a component library, it is possible
to create a consistent user experience for the users especially when you use such widely used
components that have been used by other sites, so the users know what to expect. In the back
end, which in this case means azure functions, the service is run on top of Nodejs (OpenJS
Foundation, 2022) which is an open-source JavaScript runtime built on top of Google’s open-

source V8 engine (Google, 2022b).

4.2.3 Development and deployment

In this section, the development and deployment flow are described for resources in Azure and

in the end, the development and deployment of the on-premises system are also explained.

The flow of development for Azure can be seen in Figure 18. The development is done with
Microsoft’s Visual Studio Code (VSC) platform. VSC is used because it provides great tools to
develop services for Azure and other extensions that make it easy to work with different coding
languages and services for example GitHub. For version control, GitHub is used because first,
it is currently in use in the company in question. Second, it provides integrations to Azure ser-
vices, mainly Azure static web apps via GitHub’s continuous integration and deployment
(CI/ICD) pipeline service — GitHub Actions. So, GitHub actions are used to test, build, and
deploy the system to Azure. By using an automated pipeline, it makes everything first, auto-
mated i.e., more efficient but also more secure and rigid because the builds, tests and deploy-

ments are done the same way every time.
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For on-premises, a less automated approach is used. The code for the server is hosted in GitHub,
and a pipeline is used to test the project but then the deployment to the on-premises virtual
machine is done by hand by logging into the computer and pulling the new code to the server

and then running it.

4.3 Data modelling and event flow logic
To create a system the data model of different components needs to be defined. In this case,

two models needed to be defined:

1. User model

2. Event model

For the user, the information had to be as minimal as possible for privacy and data security
reasons. There needed to be an id which would tie the user to the user in ERP but nothing else
would be required to complete the data flow. Other possible settings could be defined later or
added to the model. For convenience and user experience the name of the user would also be
needed. Conveniently, Azure AD provides all these properties, so the only thing to do was to
add the ERP user id to every employee’'s AD information. This would also be added to the HR

process of welcoming a new employee.
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The event model is more complex. However, the initial requirements can be obtained from the

file API which will read the information to the ERP system. This information is modelled in

Figure 19 which and split into boxes by the expected source system.

Information generated in
ERP

e ERPid

e Work id

* Phase id

e Cost collector
e Salary code

e Reason code

Infromation from time
reporting system

¢ Date of the event
* Hours

e Explanation

e Start date

e Start time

e End date

e End time

Figure 19 Time event fields required by the ERP file API

Absence event Information :

e Salary code
e Reason code

e Date
e Hours
e Explanation

Work event Information :

e Salary code
e Work id

¢ Phase id

e Dates

e Hours

¢ Explanation

Figure 20 Information required by different events

So, six fields are needed from the ERP from which one is added to Azure AD and gotten from

the AD user properties. The options for the other five fields are fetched daily from an API that

is provided by the ERP to the Cosmos database. The reason why the live information is not

fetched by the front end is that the APl does not enable querying, but all of the options are
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fetched at once which is both slow and heavy for the ERP system. Now that all of the infor-

mation is available the flow to get all of the fields must be defined. There are two main flows:

1. Work events
2. Absence events

Both events require different fields to be filled which can be seen in Figure 20.

Pick salary code

Absence Work event
Reason code
Hours & l

Explanation

Other customer

Indirect work
work

Service

Customer - Other
projects

00080

Get the cost
collector

Hours &
explanation

Figure 21 Decision tree of time events
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The decision tree ended up having two different places where it would branch out which can be
seen in Figure 21. The reason is first, as mentioned above, absence events and work events have
different properties that needed to be delivered to the ERP. Second, additional fields were added
for the users to make finding work items easier, more natural, and more filtered, and also be-
cause the three different work categories fetch the information from different places. These
categories were separated into “project”, “other customer work”, and “indirect work”. Other
additional fields were the “service” option for “other customer work” and “indirect work” and
lastly adding the “customer” field to filter the options even more. In the end, all the work events
can fetch the cost collector id with the information of work id and phase id, and all of them
require the information about hours and have an additional property for an explanation. In the

end, the functional data model for an event ended up being as shown in Figure 22.

_ id string |
_ persanalld string |
. eventDate string |
. serviceType string |
hours integer
explanation string
processedDate string
¥ workType object
type string
¥ customer object
name string
v work object
narne string
details string
code integer
= phase object
phase string
number integer
= costCollector object
| - name string |
|~ salaryCode object |
salaryCode integer |
explanation string |
isfway boolean |

iswork boolean

Figure 22 Event model in the database
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4.4 Designing the user interface

Designing the user interface is the most critical part of the project as it relates the most to usa-
bility and is most visible to the user. The key requirements for the user interface were the sim-
pler and faster flow to add time events, usability from a phone, and a good overview of currently
added time events. Of course, while still being in general consistent and familiar user experi-
ence from the web itself. Hence the starting point was to use familiar Ul elements and design
language for users which means the above-mentioned MUI material core library. The reason
why it is such commonly known is that the material Ul design system has been made familiar

to a lot of different people by Google (Google, 2022a).
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Figure 23 First design draft of the user interface left: burger menu, centre: dashboard overview,

right: event logging form

The first designs were made by using a design tool called Figma (Figma, 2022) which is a
commonly used tool within the IT industry to create wireframes and even create small demos

for the users to get feedback. That is what was done in this case as well. The initial designs
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(Figure 23) were made with a common design language used in material design by having a
hamburger menu on the left corner where the user information is also located. Then there is a
calendar view where a user would be able to click through the days to see the logged-in events
below the calendar. For a user to add an event they would click on a date and click “add or edit
events” and that would open a different page where the user would enter the event details. In
the mockups, the whole flow was not yet demonstrated but the idea behind it was clear to the
users. After the first iteration with users, it was thought that the current design would be good
initially and could be implemented. At least 4 of the 5-user interfaces-related requirements

would be filled, from number 1 to 4.

However, it was still thought that adding travel events was still too cumbersome because the
details would be the same as the project that would be reported on the same day and hence it
was decided that it should be possible to add travel events while adding time events to the

project. An example of such can be seen below in Figure 24.
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Figure 24 Adding travel events to work event
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Figure 25 Final design of the system

Other iterations were completed, feedback was gathered, and other modifications were made
during the development. Such examples are:

Removing the extra page to add events. It was found to be confusing and unnecessary
because the event can be added in one view.

Removing the sum amount from the right side of the calendar was seen as unnecessary
for the overview after all. It was replaced by a colour bar below the date to signify if the
day has too many hours or too little or just the correct amount.

4.5 Summary of the development

In this section, the requirements analysis and gathering, technical architecture and decisions,
development process, process development, and finally user interface design are walked
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through. And the answers to research questions 2a and 2b are obtained. In summary, this section
describes the development process of a time reporting solution to Azure cloud with the easy-
to-maintain and cost-effective technical architecture and sustainable and rigid development and
deployment process. It also describes the process of developing and redefining a time reporting
process to be more human-like and requiring fewer details to remember while also being
quicker and more efficient. In the end, there is also a description of design decisions made based
on requirements and based on usability guidelines gotten from the usability literature such as

consistency, efficiency and clarity.
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5 Evaluation of the usability

In this chapter, the evaluation of the implemented system is carried out and the answer to the
final research question 2c is achieved. First, the evaluation method is defined with the frame-
work gotten from the literature in chapter 2. and the evaluation process is explained and de-
signed. Second, the chosen evaluation method is executed, data is gathered, and finally at last

the results are analyzed.

5.1 Usability evaluation method

Evaluation of the results of this study is done by using a usability testing method called query
technique, so by doing a questionnaire for the end-users. As was found out from the literature
the end user testing provides the most accurate evaluation of the usability and provides real
feedback on the problems that the system is still facing. The questionnaire was written into two
sections, the first part is explanatory where basic functionality is explained through videos and
users can give each functionality 1-5 stars, and then the second section where the real usability
evaluation is done by using The System Usability Scale (SUS) (Brooke, 1996) questionnaire
which was found to be a good tool to use (Bangor, Kortum and Miller, 2008; Lewis, 2018). The
questionnaire is also compatible with 1ISO 9241-11 standard (1SO, 1998) where usability at-
tributes were: effectiveness, efficiency, and satisfaction. In the end to evaluate improvement
from the previous system a question “would you rather use the new system for time reporting
compared to the old one?”. The questionnaire was sent out to the whole organization to get
accurate information on usability as the studies by Nielsen, 1993 suggest, at least 25 people

should answer the questionnaire to get valid comparable results.

In the first phase, the main functionalities were chosen based on the functional requirements
mentioned earlier. These were also the functionalities that showcased most of the different func-
tionalities and prepared users for the second phase where the real usability score is gotten. The

functionalities in question were:

1. Adding an event to a project

2. Adding an absence event

3. Modifying and deleting an event
4. Duplicating an event
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5. Adding travel event for a project

Then after reviewing the five functionalities’ users are also able to give feedback as text to give

suggestions for future improvement.
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Figure 26 A comparison of mean System Usability Scale (SUS) scores by quartile, adjective

ratings, and the acceptability of the overall SUS score. (Bangor, Kortum and Miller, 2008)

The second phase contained the SUS questionnaire for which the questions can be seen in Table
5. The SUS questionnaire works by having ten different statements to which users have five
different options that range from 1 (“Strongly disagree”) to 5 (“Strongly agree”). Then when

users have answered, the user’s SUS score can be calculated. The calculation is done by

- Odd = Sum of odd numbers — 1

- Even 25 - the sum of even numbers

Then the score can be calculated by adding Odd and Event together and multiplying by 2.5.
After the calculation a number between 0 and 100 is achieved which can be compared to other
systems. One comparison of the SUS score can be seen in Figure 26. In general, a good score
is above 70 and generally better products have a score of high 70s or 80s. Great products have
a score of over 90. When the is on the other hand below 70, it means that the product should be
scrutinized and developed further because there is still some room to improve. Additionally,

the second part contained a question that was scored from 1 to 10 and was regarding “Would
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you rather use this system or the old one?”. The reason for this last question is to have some

comparison between the old system and the new one.

5.2 Analyzing the results

After executing the questionnaire, the resulting number of responses was 20, which was a bit
below the targeted 25 answers which means there is a higher possibility of inaccurate measure-
ments(Nielsen, 1993). However, from the possible respondent amount of 75, it is still quite
sufficient to draw some conclusions. There were also some suggestions and explanations that
were left by the text which will be analyzed in the next chapter. The results of different ques-
tions and phases can be seen in Figure 27, Table 6, and Figure 28.

Table 5 Questions and results of the System Usability Scale questionnaire

# Question Aver- Median  Difference Std. Devia-
age from best tion
1 | I think that | would like to use this system frequently 365 4 135 0.91
2 | | found the system unnecessarily complex 230 5 130 0.90
3 | | thought the system was easy to use 405 4 0.95 0.59
4 | | think that 1 would need the support of a technical person 200 9 1.00 L
to be able to use this system ' ' ;
5 | | found the various functions in this system were well inte- 355 3 145 250
grated ’ , ]
6 | | thought there was too much inconsistency in this system 295 5 195 0.70
7 | 1 would imagine that most people would learn to use this 3.90 4 110 -
system very quickly ’ : )
8 | | found the system very cumbersome to use 245 2 1,45 0,92
9 | | felt very confident using the system 335 3 165 101
10 | I needed to learn a lot of things before I could get going 175 ’ 0E .
with this system ’ : ]
o 69,4 68,8
score

The results of the SUS questionnaire can be seen in Table 5 and the distribution of different
scores in Figure 27. From the results, the average SUS score ended up being 69,4 and the
median 68,8 which is a little but not much below the score of 70 that was deemed as a good

usability score (Bangor, Kortum and Miller, 2008). It can be deduced that the system seems to
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be almost good in terms of usability but might need some development on the bases of feedback.
The distribution of SUS scores would suggest still that a tight majority of the respondents felt
that the usability was good but 8 from 20 felt that it was below good. Two felt that it was almost
poor. However, a clear majority would still very much rather use the new system compared to
the old one as can be seen in Figure 28.

SUS Score frequency distribution (n=20)

0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 &85 90 95 100

Figure 27 SUS score distribution

Would you rather use the new system vs the old? (n=20)

Figure 28 Would you rather use this system for time reporting than the old one? 1 — Not likely
atall, 10 — Very likely



43

From further analysis of the answers, the best scores were given in ease of use (#3 and #10),
and on the other hand, the worst scores were given in safety and confidence (#9) and efficiency
(#5 and #8) perspectives. Looking at the distributions of the results (Appendix 1) almost all of
the values are quite evenly distributed towards the middle values and there is not much strong
agreement or disagreement within the audience. Exceptions are questions #4, #9, and #10 where
in #4 and #10 the distribution is clearly on the side of agreeing for better usability and in #9 the
respondents were more evenly spread out in the middle. The confidence in using the system
distribution is distributed towards the middle to numbers 2,3,4. This could be interpreted as
having almost the worst results because the majority seem to be tilting towards the lesser good
grades. However, the worst results seem to be from question #5 where half of the respondents
answered a neutral grade to the question while almost the other half answered either agree or
strongly agree. The more mixed result was question #8 about the cumbersomeness of use. The
results were more focused to answer 2 and had more individual distribution in answer catego-
ries. This could mean that some people might have misunderstood question #8 or the system is

somewhat polarizing in terms of efficiency and ease of use in feeling cumbersome to use.

Table 6 Basic functionality rating (1-5 stars)

# Question Aver- Median

age

1 | Adding a time event for a project. Rate how clear the process 395 4
seems. '

2 | Adding an absence event. Rate how clear the process seems. 4,26 4

3 | Modifying and deleting an event Rate how clear the process 379 4
seems. '

4 | Duplicating an event Rate how clear the process seems. 3,95 4

5 | Adding a travel event for a project Rate how clear the process 400 4
seems. '

Overall | 3,99 | 4

The results for rating different functionalities are listed in Table 6 and the distributions of the
answers are in Appendix 2. From the results, it is quite clear that at least the basic functionalities
were successfully implemented, and the respondents felt that in general, they were usable. From

the results, it would seem the most usable features were adding an absence event and the least
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successful was modifying and deleting an event. That would also be suggested by the distribu-
tion graphs where the modifying and deleting feature had also the least reviews equal to or over

four stars.

Overall, the new system received quite good reviews from the participants, and they were also
happily welcoming the new system to use. There is still some room to improve in future itera-
tions mainly in terms of confidence and efficiency of use. With these results, the answers for

research question 2c about how usable the new system is has been answered.

5.3 Limitations and future development
In this section, the limitation of the usability study and the suggested new features or fixes
received from the previous questionnaire are discussed. The reasoning behind the current state

is explained and ideas that might or should be further explored or expanded are analyzed.

As mentioned in the previous section the first limitation was the final sample size of respondents
to the questionnaire. The sample size ended with five responses below the targeted size and
hence the result is only somewhat reliable which could lead to lower reproducibility as well as
lower validity. Another limitation regarding the validity is the fact that the study was carried
out remotely and there might have been some misunderstanding of questions or misunderstand-
ing of the system itself and its meaning. However, the result seemed to have been quite uniform
in terms of distributions, which could imply some sort of validity at least in terms of sample

size.

There were also some technical limitations related to having access rights to on-premises serv-
ers, having connections from Azure to on-premises, or related to data quality and available APIs
from the ERP. Mentionable such limitations are that the data that is gotten from the ERP is very
fractured and unreliable which means that there can for example be the same customers multiple
times but with different projects under them. This is because there are currently no controlled
conventions in the ERP system about similarly writing customers or cost centres. This fact also
did harm the usability score as some users did mention that they were not able to find their
correct project information. However, this problem is known at the company now and is going
to be handled in the future. Another limitation related to the ERP system is that the system does

not support two-way integration. Hence, the new time reporting system will not be able to edit
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events after they have been transferred to the ERP system. This limitation is also known by the
organization and will be communicated to the users even more clearly when the system will be

taken into use.

Regarding future development, good suggestions were received in the free text sections of the
questionnaire about developing the pain points that were noticed. First, the users were finding
the number of choices that needed to be done to find their specific work item too long and
cumbersome. One solution was to support default settings or add favourites which could be
quickly used. Second, users would like to have the duplication feature to be more extended.
Currently, it only supports copying an event once to one day, but it does not support for example
duplicating an event to date range. Third, some users ended up testing extreme cases and felt
that after these the system might not have been as reliable as they thought. Hence in the future,

more user testing needs to be done and the bugs should be fixed.
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6 Conclusions

This chapter concludes the results and implications emerging from the results of this study.
Furthermore, limitations and future research suggestions are discussed. It can be concluded that
all the research questions were answered. Firstly, a usability literature review was carried out
to find out how usability is defined and how it should be measured. Secondly, the problems
with the current solution were investigated and reported, and the requirements were mapped
out. Thirdly, the system was implemented within requirements, and lastly, a study on the usa-
bility of the new system was carried out with success.

6.1 Summary of the results

Usability can be defined in multiple different ways even though there seems to be consensus
about what the term represents. The differences stem from the fact that usability is measured in
different ways in different situations. There are however common definitions which are used,
for example, five usability attributes (Nielsen, 1993) or extensions to the definition with more
clearly defined attributes (ISO, 1998; Seffah et al., 2006; Alonso-Rios et al., 2010). Still, most
of them have a lot of common ground and some kind of term for attributes that are related to
ease of use and learning, focus on efficiency, reliability related to error situations, and finally
some kind of subjective attribute for the satisfaction of users using the system. Of course, all

the attributes contain more complex dimensions, but an overview can be defined as such.

This study also investigated measuring usability which also was found to have multiple differ-
ent methods of measuring. The main categories for usability measuring were inspection and
testing methods where inspection methods were more expert driven while testing methods were
more end-users driven. Some examples of inspection methods were heuristic evaluation and
other expert inspections of the user experience. These methods were deemed good because they
were faster and cheaper to execute even in the development phase, while also being quite good
at noticing usability problems. However, the downside of inspection methods was that they
might result in false alarms i.e., unnecessary usability fixes which could be costly to implement,
and on the other hand not noticing all the relevant usability issues. On the other hand, testing
methods such as questionnaires to the end-users are good at pointing out real-world usability
problems, but they are slow and expensive to execute while also having problems with validity

and reproducibility if not focused upon.
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In the framework of usability, gotten from the literature, the current time reporting solution at
the company in question was having issues with efficiency and satisfaction. For a company,
this is bad because it is causing them financial harm in terms of lost employee hours as well as
having unhappy employees when reporting their time for different projects which might cause
the quality to suffer. However, based on the facts gathered from the current issues it helped to

create requirements for a new system that would be able to solve those issues.

After gathering the requirements which were mostly related to the ease of use, efficiency, and
ability to use the system from anywhere with a phone or a computer the system was designed
and implemented. With the requirements, a technical architecture was created where the Azure
cloud platform was chosen and multiple different Azure-hosted and maintained products were
to make the system easily maintainable while also being cost-effective. Then the other compo-
nents were implemented some were implemented also to the on-premises servers to allow com-
munication between Azure and ERP. The process of adding a timed event was also updated to
be more human and have fewer things to remember while also being more structured. Lastly,
the design of the user interface was created and implemented with a common design language
that is familiar to users from different other systems called material design systems. After mul-
tiple iterations and enhancements were implemented the user interface was deemed ready for

now and that was evaluated by the users at the end of this study.

When design and implementation were done, an evaluation methodology for the usability of
the new system was decided. A questionnaire i.e., the testing method was chosen based on the
knowledge that the real end-users would be the ones finding in the end the most important
usability issues. The questionnaire was based on SUS-questionnaire which was found in the
literature to be efficient and reliable. In addition, other questions related to functionality and
usability enhancement compared to the old system were added. The questionnaire was also

deemed to be the method to receive the most feedback.

After executing the questionnaire, it was found that the new system received quite good scores
based on the literature (Bangor, Kortum and Miller, 2008). The system was found to be easy to
use and easy to learn, the functionalities in the separate section were also judged to be good,

and lastly, people were keen to start using the new system compared to the old one. However,
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the system received fewer good grades from efficiency categories such as being a bit cumber-
some to use or having different functionalities well integrated. The users seemed also not so

trusting in the system as the lowest grade was from confidence.

6.2 Limitations and future research

As with other usability research, this one is also quite limited in terms of generalizability to
build a usable system in another context. For example, for a company where users do not move
around that much, there is no need to emphasize the efficiency of adding travel events etc. The
empirical conclusions are also very limited and offer little to no generalizability, first, because
of the low respondent rate which does not lower the margin of error to a sufficient level. Sec-
ondly, the results were gathered from only one organization in which of course the respondents
reflect their response to the current system available to them. If that system’s usability is poor,
it does not take much from a new system to improve in relative terms. To combat this effect, it
could be better in the future to also use respondents from other organizations and/or use heuris-

tic evaluation from experts outside the organization.

To improve on the empirical results in general, for future research on the topic there should be
first two different methods, for example, the heuristic method and the testing method from end-
users to study system usability, as suggested by the literature, to make sure the results are truly
valid and reproducible. It could also make sense to promise users some rewards for answering
the questionnaire to expand the sample size. While it was out of the scope of this study it would
also have been interesting to measure the usability of the current system like the new one and
then compare the results. Another comparison would have been comparing the system produced
in this study to an already existing system on the market. Of course, this would be quite difficult

because of the custom flow of getting into the final
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Appendix 2. Questionnaire feature response distributions
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