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This thesis researches the possibilities of producing a software service that offers a wide
range of data visualization to a plethora of customer needs. The requirement for this solution
is the ability to produce fully configurable and responsive dashboard views that visualize for
example data produced by digitalized forms. Furthermore, the solution requires to have an
ability to separate and filter views for different user levels and needs.

This thesis introduces the basis for the responsive requirement and handles aspects regard-
ing usability and user interface, mainly focusing on the characteristics of human visual per-
ception and cognition. This thesis also introduces the taxonomy of data visualization meth-
ods and how they utilize the natural human perception.

As a result of this research, a REST API and a modular tool for dashboard creation were
developed. Usability of the modular tool was kept as one of the main aspects of the devel-
opment task. As a proof-of-concept, two data visualization dashboards for a simple digital-
ized form product were created by using these tools.

Additionally, a data integration to an external Business Intelligence software utilizing a sim-
ilar REST API was researched.

Keywords Data visualization, usability, user experience, software devel-
opment, dashboard tool, data integration
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Insin6oritydssa tutkittiin mahdollisuutta kehittdd ohjelmistoratkaisu, joka tarjoaa monipuoli-
sen visualisointien kirjon laajaan asiakastarpeeseen. Ohjelmistoratkaisun vaatimuksena oli
kyky tuottaa raataloitavia responsiivisia kojelautoja, jotka esittavat esimerkiksi sdhkoiseen
muotoon tuotujen lomakkeiden tuottamaa dataa. Lisaksi ohjelmistoratkaisun oli tarjottava
mahdollisuus rajata nakyma kayttajatason ja -tarpeen mukaan.

Insin6oritydssa perehdyttiin responsiivisen suunnittelun tarpeeseen seka kaytettavyyteen ja
kayttoliittymasuunnitteluun ihmisen visuaalisen hahmotuskyvyn nakokulmasta. Taman
ohella insinddritydssa perehdyttiin eri visualisointimenetelmiin ja nilden hyddynnettaviin omi-
naisuuksiin liittyen ihmisen hahmotuskykyyn. Tuloksena l6ydettiin muun muassa luonnolli-
nen taipumus muodostaa yksildista ryhmia niiden ominaisuuksien, kuten muodon, varin tai
sijainnin, perusteella ja tilastotietoa erityyppisten internetiin yhdistettyjen laitteiden kaytto-
maarista.

Insin6oritydssa tutkittujen asioiden pohjalta tydssa kehitettiin REST API -ohjelmointirajapinta
ja modulaarinen tyokalu kojelautanakymien luomiseen. Tydkalun kaytettavyys oli yksi kehi-
tystyon paanakokannoista. Kehitetylla tyokalulla luotiin kaksi eri kojelautanakymaa sen toi-
minnan esittdmiseksi. Tydkalua voidaan pitaa onnistuneena, silld kumpikin ndkyma kyettiin
luomaan maaritellyn visualisointitarpeen mukaan.

Lisaksi tyossa tutkittiin mahdollisuutta hyddyntaa kehitettyd REST API -ohjelmointirajapintaa
datan integroinnissa ulkoiseen jarjestelmaan.

Insin6oritydn tulosta voidaan pitda onnistuneena, silla kehitetyn tyékalun ja REST API -oh-
jelmointirajapinnalla yhdistelmalla voidaan tayttaa datan visualisoinnin asiakastarpeet te-
hokkaasti ja monipuolisesti. Tydn tulos otetaan kayttdon asteittain osana digitalisoitujen pal-
velujen tuotteistusta. Lisaksi insindorityd on avannut tyon asiakasyrityksessa keskustelun
kehitettyjen tyokalujen laajemmasta hyddyntdmisestd myds kojelautandkymien ulkopuo-
lella.

Avainsanat datan visualisointi, kaytettavyys, kayttajakokemus, ohjelmisto-
kehitys, kojelautatydkalu, dataintegraatio
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List of Abbreviations

API Application Programming Interface. An interface used between different

systems or software to exchange data or commands.
AJAX Asynchronous JavaScript and XML. A group of techniques to include inter-
action in web applications. Used to fetch data with simple requests from a

remote service. Enables updating only needed parts of the web application.

HTML Hypertext Markup Language. A programming language to define elements

to be rendered on a screen by a web browser.

HTTP Hypertext Transfer Protocol. A transfer protocol used by web applications

and browsers to request and receive data.

JSON JavaScript Object Notation. An open standard file format. Can be used as

a response to AJAX calls to provide updated data.

REST Representational State Transfer. An architectural model based on HTTP

protocol. Usually used in APlIs to provide data according HTTP requests.
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1 Introduction

1.1 Customer introduction

The customer of this research and development work is a Finnish multinational company
Reslink Solutions Ltd. Reslink Solutions Ltd offers Software as a Service (SaaS) as their
product. The service consists of two key components: An administrative panel portal and
mobile applications. Both components offer a selection of configurations to deliver a tai-
lor-made solution for customers in a need of a digitalization, mobility and process opti-

mizing.

1.2 Current situation

Reslink Solutions Ltd has a third-party software that is currently used for data visualiza-
tion and to offer dashboard reports regarding for example store audits based on score,
location, and time. The current third-party software enables producing visualizations rel-
atively fast and allows customizing of the dashboards based on customers’ require-
ments. Reslink Solutions also has data visualizations in a legacy version of the adminis-

trative panel executed with Fusion Charts framework.

1.3 Research problem

The problem with the current third-party provider is that the created dashboards can be
shared with customers only by embedding an iframe to the Reslink Solutions’ web ser-
vice environment. Iframes function as pictures, which means that the content is not re-
sponsive. This limits the device range that can show the dashboard correctly. Addition-
ally, the current provider does not enable setting different kinds of views for different user
levels without creating separate dashboards for each group. The current provider being
physically located in the United States of America makes it non-compliant of the Euro-
pean Union’s General Data Protection Regulations, which makes the solution completely

inadequate in the future.



The purpose of this thesis was to search for solutions for transactional data visualization
to be able to fulfil a plethora of customer needs. The research problem can be presented

in two questions:

. How to build and deploy responsive data visualizations or dashboards
quickly enough for different needs?

. How to enable a data integration to an external system to order more com-
plex KPI calculation.

2 Responsive design and user experience

2.1 Responsive design

Responsive design is usually associated with a design process of a website or applica-
tion that supports every display size. The need for responsive design has increased sig-
nificantly during the last decade because of the grown number of handheld devices such

as tablets and smartphones.

The need for responsive design has been emphasized during recent years because
small touch-screen devices such as smartphones and tablets have been steadily catch-
ing up desktop devices in terms of web use. Smart devices surpassed desktop devices

measured in website visits globally for the first time in (see image 1) 2016 [1].
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Image 1. Amount of website visits globally with desktop and mobile devices [1].

The total amount of devices connected to the internet has increased over tenfold during
the last decade. However, during that same time span the amount of traditional desktop
computers has remained practically the same, as the share of mobile devices such as
tablets and phones has increased. The most dramatic change has been the emergence
of an entirely new genre of devices such as smart televisions, household appliances and
wearables, which has developed a need to reconsider whole term of user interface (see

image 2). [2.]
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Image 2. Amount and projection of devices connected to the internet, segmented in different
groups [2].

2.2 User experience

According to a dictionary definition, User Experience is "The overall experience of a
person using a product such as a website or computer application, especially in terms of
how easy or pleasing it is to use” [3]. More accurately user experience incorporates fea-
tures related to both pragmatic and hedonistic qualities, forming a complete experience
which determines whether the user preferred the service or not. Key components are
effectiveness, efficiency, and learnability, and more recently added standards joy, attrac-

tiveness, and aesthetics. [4.]

When designing a good user experience, it is advisable to acknowledge the limitations
of human cognitive capacity. According to cognitive load theory a human mind can pro-
cess only a few elements of information at the same time. This is because the resources
are limited and directed selectively to achieve a specific goal. The theory supporting this
is that memory-related cognitive processes might interfere information processing. Infor-
mation processing may be hindered if the cognitive load gets too heavy for the individual

user. [5.]

Generally, websites require high cognitive effort. According to cognitive load theory, to

improve a websites usability it is advisable to limit stimuli directed to the user at a given



time. This can be achieved by managing the amount of information concurrently availa-
ble. Additionally, the presentation of the information can reduce or add to the cognitive
load of the website. [5.] As presented in image 3, an average user rarely reads the page
like a book: line by line from top left corner towards right bottom corner. In most cases

users browse through a website quickly looking for a point of interest. [6.]

Look around

Read
feverishly for
Read anything that
Read a) is interesting,
\ or vaguely
Read resembles what
you're looking
[Pause for for, and
refiection] b) is clickable.
Finally. click As soon as you find
oncarefully ~N~ /| | __—— a halfway-decent
chosen link | mojocomauntias- match, click.
If it doesn’t pan
out, click the Back
button and try
again.

Image 3. An example of how an average user reads a website [6].

In addition to the layout of the website, also the used wording is crucial in terms of usa-
bility. More creative wordings can be used as part of a brand or a specific marketing
campaign. However, unless the term is a well-known brand or product, for most users
the best usability is when the used terminology leaves no room for interpretation (see

image 4). [6.]

< 0BVIOUS REQUIRES THOUGHT >

Hmm.

[Milliseconds of thought] Hmm. Could be Jobs.

Jobs! But it sounds like more than that.
Click Should I click or keep looking?

Employment Opportunities Job-0-Rama

Image 4. An example of usage of terminology [6].



User preference and skill level are relevant when designing user experience. For exam-
ple, with public web sites, every user group needs to be considered to ensure a pleasant
user experience for everyone. Dyslexic and elderly users usually benefit from larger font
size and well-chosen text and background colours. In mainstream web services user
experience is imperative because it can solidify customer relationship, or the user can

end up to a competing service. [4.]

Usability of non-public software is usually measured differently compared to a public
website. For example, when testing a web-based professional software or a specialists’
tool, learnability and optimal use are risen as main attributes. An intuitive user interface
design is an instrumental part of learnability, but its role is diminished after the user gains
experience and begins to memorize the working sequence. User experience or usability
consists of the user interface itself, for example throughout efficiency, operability, and
accessibility. Training also has a part in usability, and it can compensate possible short-
comings of the user interface caused by for example a wide variety of accessible func-

tionalities. [7.]

Beneath the user interface functionality also affects the experience. Efficiency, men-
tioned also as a part of user interface, contributes also to the functionality, especially in
professional software. An example of this is a page with a wide variety of selections. The
sheer amount of content, chosen wordings or field placements can make user interface
less intuitive. However, placing large amount of selections or content to the same view
can improve the efficiency of the software with the assumption that the user has sufficient

skills, training, and experience with the said functionality. [7., 8.]

3 Data visualization

3.1 Data visualization principles

The main goal of data visualization is to offer information in an easily processable form.
Often raw data is displayed in a two-dimensional table, or as key-value-pairs. This raw
data format offers the most specific information for each key and its value. However, it is
challenging and time consuming for a human mind to interpret relative differences or
trends between values. An example of this is an Anscombe’s quartet, introduced by

Francis Anscombe in 1970s, which includes four pairs of columns with different values



(see image 5). With enough time a human mind can decipher how these pairs differ from
each other as sets. When these pairs are visualized in simple xy-grids the difference

between these datasets becomes instantly evident (see image 6). [9. p. 29-33]

x| yl x2 y2 x3 y3 x4 y4
10 8.04 10 9.14 10 7.46 8  6.58
8 6.95 8 8.14 8i 67T 8 576
13 7.58 13 8.74 13 1274 8 77l
9 8.8l 9 8.77 9 7.1 8 884
Il 8.33 N 9.26 I 7.8l 8 847
14 9.96 |4 8.1 14 884 8 7.04
é 7.24 6 6.13 6 6.08 8 525
4 426 e 3l 4 5.39 19 12.5
12 10.84 12 9.13 2. (85 8 556
7 482 7 7.26 7 6.42 8 79I
5 5.68 5 474 5 5:73 8 689

Image 5. Anscombe’s quartet [9 p. 29-33].
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Image 6. Anscombe’s quartet, visualized values of image 5 [9 p. 29-33].



Data visualization aims to utilize the natural tendencies of human perception to ensure
the most efficient way to present data. Similarities between individual markers or units,
and differences between larger groups of those units, are likely to be perceived naturally.
This division utilizes different traits such as colour, size, shape or positioning and it hap-

pens on a subliminal level of human consciousness. [9. p. 29-33]

3.2 Principles of visualization

Minimizing cognitive effort and maximizing the data on display is the goal of data visual-
ization. To achieve this, it is advisable to utilize known traits of human cognitive tenden-
cies known as Gestalt principles of perception, including laws of proximity, similarity,
enclosure, closure, continuity, and connection. In addition to these principles the rule of
consistency, and the sheer number of visual stimuli as details affects the cognitive load.
[10.]

Law of proximity is based on physical locations of the presented data. Human mind
naturally understands data markers positioned close to each other as members of the
same group [9 p. 29-33, 10]. An example of this is presented in image 7 that has three
groups of values. Each group is similar in terms of count, size and colouring of the mark-

ers, positioning being as only distinguishable difference.
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Image 7. Law of proximity presented with three similar groups of similar markers [9 p. 29-33].

Law of similarity is an instinct to find similarities and differences, and to form groups
according to those traits. Attributes to indicate similarities or differences can be such as
colour, shape, and size. An example of this is presented in image 8 that displays football
penalty kicks and their results. In this example, the rule of similarity is used in the colour-
ing of the football markers. [9. p. 29-33, 10.]
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Image 8. Visualization of penalty kick results with a simple background [9, p. 29-33].

Law of enclosure leans on the natural tendency to form groups between objects ac-
cording to a boundary or a background colour. Objects within the same boundary are
naturally viewed as a group. For example, in image 9 there are similar objects scattered
around two backgrounds. In both backgrounds there is an enclosure formed with a
boundary around objects, or as a background colour beneath some objects. These en-

closed objects are usually interpreted as a group. [10.]
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Image 9. Law of enclosure. The objects inside the boundaries in both images are usually con-
sidered as a group [10].
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Law of closure is an instinct to perceive open structures as closed or completed, if it is
a reasonable assumption [10]. Image 10 presents an example of this by showing multiple
incomplete shapes. These shapes are usually interpreted as complete due to a fact that
they are close enough of being complete and it is more reasonable to perceive them as

closed than open.

Image 10. Law of closure. Usually both presented shapes are considered complete [10].

Law of continuity means that objects that appear to be a continuation of one another
or that are aligned together, are perceived as a group. For example, in image 11 there
is a wave presented partially crossing a boundary from behind. The wave form is not
visible in parts where it crosses the boundary, but it is perceived as a continuous line.
[10.]

Curves are ...as this, ... ...not this

NVAVAN
|

Image 11. Law of continuity. The image demonstrates how a partially visible wave form is per-
ceived as continuous when it is reasonable to make such an assumption [10].
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Law of connection is based on a natural tendency to perceive multiple separate objects
that are connected by for example a line, as a group. For example, in image 12 there are

four objects presented as two pairs. Each object connected to its pair with a line. [10.]

Image 12. Law of connection. Four similar objects are presented as two pairs as each object is
connected to its pair with a line [10].

Rule of consistency is related to a group of visualizations meaning that visualizations
showing comparable data should have consistency with for example axis values and
colouring. This helps to distinguish differences or trends, that are meaningful to context.
Inconsistent visualizations with for example axis values requires the viewer to read, un-
derstand and compare the values with each other to comprehend possible differences
and trends. This increases cognitive load significantly and therefore makes visualization
more ineffective. Rule of consistency also includes possible transformations with the vis-
ualization. This means that for example changing the timeframe should affect every vis-

ualization that shares this same value. [11.]

Every visualization practice aims to utilize the natural tendencies of human visual per-
ception to minimize the cognitive load to ensure efficiency in understanding the visual-
ized data. In addition to laws of proximity and similarity, and rule of consistency, it is
imperative to find other ways to limit the cognitive load created by visual stimuli directed
to the user. With data visualization it is advisable to present details only according de-
mand, and to clearly separate the data layer of the visualization from the background.
Image 13 presents similar data and visualization compared to image 8, and it utilizes law
of similarity as colouring of the football markers. Compared to image 8 it has a detailed

and colourful background layer. The result is that processing the information demands
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more cognitive effort compared to image 13, which makes the actual understanding of

the visualization considerably slower. [9. p. 29-33]

CASTROL EDGE PENALTY ANALYSIS
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Image 13. Visualization of penalty kick results, with a detailed background [9].

3.3 Data handling and querying

The first step in data handling is to define how it is collected and what data exactly it is.
In many webservices, sites or applications, the visualization process starts with defining
the collection method and choosing actual tools to collect for example data of usage.
However, in some cases the data has already been formed, or it is formed continuously
and the person visualizing it does not define its form, storage, or scope. For example,
visualizing big data often follows this because the data is formed from multiple sources

and during a longer period. [12.]

Before visualizing the data, it is imperative to have a clear understanding of the data
itself, and what is the point of interest or main information in it. This defines how widely
the data is queried, and can be perceived as a spectrum, presented in image 14 below.
One absolute of the data querying spectrum, an unstructured overview of the data can
give the wanted insight, but rarely gives specific answers. The other end of the querying
spectrum is an extremely defined inquiry that may offer an accurate answer to a specific

question but does not always offer context or possibility to perform any comparations. In
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most cases the best serving practice to find the right querying accuracy is found some-

where in the central portions of the spectrum. [12., 13.]

Open-ended Complicated, interesting Looking up
exploration exciting problems an answer

Unstructured Structured

Image 14. Data querying spectrum [12].

Understanding the data and what it consists of enables the use of aggregation methods
that are used to facilitate the data to a form that enables comparing values between
different groups, such as gender or age. Typical aggregation methods are for example
calculating averages, counting amounts of grouped values, and calculating proportions
of different data groups. A common characteristic with every aggregation method is that
each method relies on the data being divided in groups that can be defined by value,
such as age, salary or points scored depending on the data set. This grouping is also

called binned aggregation or binning (see image 15).
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Image 15. An example of raw data (left) and data aggregated by binning method (right) [14].

Binning can be performed on various scales and criteria. It is used to even up statistical

anomalies, likely caused by a measurement error, or for example to emphasize a certain
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quality or value of the analysed dataset (see image 16). Binning can also diminish rele-
vant patterns or statistical peaks that would be considered valuable. These qualities
make choosing the correct binning method an essential and sometimes challenging task

when analysing data. [15.]
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Image 16. Calculated medians and percentiles of each binned group of the image 15 [14].

The data in its type, amount and structure affects also to coordinate projection methods.
In many cases data that does not follow the Gaussian plotting should be handled with
Mutual Information or Joint Mutual Information techniques. With these techniques the
data is handled as two-dimensional, for example value and time being the dimensions.
A well-chosen technique, for example Mutual Information, can give meaningful projec-

tions when combined with right plotting. [16.]

3.4 Visualization methods

Data visualization methods can be divided into organizations. These organizations aim
to present different kinds of proportions, relationships or amounts of units from the data
context. Each organization has a designated purpose based on natural tendencies of
human perception to observe relative differences in presented data. These different

kinds of organizations and their purposes are presented below. [9.]
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Showing changes over time is often a trait that is needed from the visualization. An
example of this need is any kind of dashboard that presents the development of different
KPI values. Any visualization able to present time as an x-axis value is suitable for this

need, such as line chart or column chart (see image 17). [9.]

U.S. Dollars 2009 Sales
(thousands)

4,000
3,500 Domestic
3,000
2,500
2,000
1,500
1,000
International

500

0
Jan Feb Mar Apr  May  Jun Jul Aug Sep Oct Nov  Dec

Image 17. Line chart that displays sales data divided in domestic and international sales [10].

Comparing categories is a group of methods that enables observation and comparation
of relative and absolute sizes of multiple different value groups. In this method the visu-
alization values are grouped and placed in a way that their proportions compared to each
other are easily detectable. An example of this is a bar chart (see image 18). [9. p. 145-
147]
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Total Deaths in America by Cause in 2007

s 2 [
e 22
Stroke (cerebrovascuar diseases) 561% _
Chronic lower respiratory diseases 528% _
Accidents {unintentional injunes) 510% _
Alzheimer's disease 3.08% -
|

Influenza and Pneumonia 218% -

Septicemia 1.44% .
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Image 18. Bar chart that displays percental proportions of different causes of death [10].

Hierarchical relationships offer perceivable information of groups and their relative size
or volume differences as parts of a hierarchically higher element. This group of methods
is usually presented in a circular form, which can make it difficult to perceive absolute
differences if proportions are close to each other in size, or if there are too many groups
presented. A common example of this is a pie chart. A more complex example is a sun-
burst partition (see image 19), which presents multiple hierarchical levels and their pro-
portions. [9. p. 145-147]
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Image 19. Sunburst partition of hierarchical relationships [17].

Plotting connections and relationships is a method that presents patterns, distribu-
tions, and relationships between multivariate datasets. This group of methods presents
some of the most complex visualization solutions, because it can display multiple out-
comes of the same dataset. It also usually focuses on creating exploratory analysis. An

example of this is a scatter plot (see image 20). [9. p. 145-147]
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Image 20. A scatter plot visualization on how gold purity (carat) affects the price [18].

Mapping geospatial data is a method to display datasets that contain geospatial prop-
erties. This is utilized to show for example how the data proportions are divided in differ-
ent geological locations. An example of this is the choropleth map (see image 21). [9. p.
145-147]

Alaska
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Image 21. A choropleth map showing presidential election results by county. Red indicating re-
publican and blue indicting democrat majority [19].

The selection of an appropriate visualization method is influenced by the definition work
of the visualization needs [9 p. 145-147]. Visualization methods are to be tools to achieve

a desired result specified by the data itself and the customer need.

4 Dashboard design

4.1 Dashboards and their benefits

The benefits of data visualization and more precisely dashboard reports are a well-stud-
ied subject. The theory is based on the limitations and characteristics of human cognitive
processes. Human cognition tends to naturally divide objects to groups according to their
characteristics, such as colour, shape, positioning or surroundings. Data visualization is
based on presenting a large amount of data in an easily understandable form by utilizing

the traits mentioned earlier. [9. p. 145-147]

The first purpose of a dashboard is to provide a visualization of the status of a company
or its specific unit. This status can indicate for example how well goals are reached, how
a product is performing in comparison with a competitor's one, or how well system is
working. These same views are also often used to find deviations or anomalies that may
even form patterns in a longer term. Data visualization is used among other things to
predict product demand, for example because of public holidays or possible flu seasons

that may cause an increase in sick leaves. [20.]

Because a dashboard can present more data in a comprehensive way than for example
a traditional table report, it enables people using it to be better informed. A limitation with
a traditional table reports such as an Excel sheet is that the data is not well structured,
thus making it difficult to make comparations with more than a few values. This problem
is magnified if the user is trying to find any patterns or deviations in the data set because
usually the values are relatively homogenous. Data visualization or a dashboard aggre-

gates the data set in a way that values of same category are easier to compare to each
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other. This enables the whole decision-making process to be based on more data in
quantity and quality. [9. p. 145-147, 21.]

Dashboard reports are only not usable when comparing high level sales figures. They
are also a relevant tool for asset or employee management. Visualizing employee data
can among other things be used to detect the need for training. For example, if a single
person is continuously exceeding the average time with a specific type of task, it might
indicate a need for further training. [21.] With assets, for example coffee automats, a
dashboard can show for example if an individual coffee automat unit has a need for
maintenance considerably more often than similar models. This information could indi-
cate that either there is a major problem with the machine itself and the maintenances
are only a symptom, or that the machine’s production capacity is for example consider-

ably undersized.

4.2 Context and content

The first and most important step of designing a dashboard is to understand the customer
needs for the visualization [20]. The business case determines what is important to follow
or highlight from the data set. For example, a dashboard for following fulfiiment and re-
sults of an audit or guarding contract consist of considerably different element than a
dashboard that measures sales. In the first mentioned example management is more
interested in exceptions or deviations in routine. After the deviations are pointed out, it is
interesting to find out if there is a pattern to them. In the latter example trends and pat-
terns are usually considered more interesting because the context is usually higher-level
decision making. Before starting the analyzation and visualization work it is imperative
to determine the problem in need of solving, or the type of information that is wanted to
be gathered [12].

Context of the dashboard not only includes the business case but also the person view-
ing the visualization. The most important feature of this person is their role in the organ-
ization, which determines how and what information should be displayed. A chief exec-
utive officer is likely to be more interested in higher level figures than an area manager.
[20.]

According to studies there are three main use cases for a dashboard [22]:
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. To monitor the viewer’s own performance. For example, a view for an em-
ployee to observe the progress and results of work.

. To monitor the performance of others. For example, a view for an employee
to compare own performance to an average result, or a view for a lower
level manager to see how employees are performing.

. Administrative observation. An example of this is a dashboard of high level
sales, or for system performance.

Usually a dashboard consists of multiple different visualizations that show different data
based on visualization needed. Understanding the nature of the data and recognizing
the valuable pieces of it is also imperative when choosing the visualization methods. The
presented data affects strongly on chosen methods because each method classification
is designed to show certain traits of the data sets, for example a line chart being ideal to
show trends, patterns and changes happening over time. Another example are circular
visualizations such as pie or donut charts that are comprehensible when comparing hi-
erarchical relationships. However, this visualization type does not provide accurate in-
formation about quantities or their comparation due to human perception which has not
evolved to support accurate decoding of areas, angles, or distances along a curve. [10.]
The methodologies are based on these natural characteristics and it is imperative for the

visualization choices and the dashboard to follow these classifications. [9. p. 145-147]

The readability and comprehensibility are significantly affected by the overall dashboard
design including visualization placement, colouring choices, and chart ranges. It is ad-
visable to maintain consistency to avoid misinterpretation. For example, having multiple
charts visualizing similar comparable data but with different scales may cause the viewer
getting a wrong impression. The objective is to display as much data as possible to max-
imize the effectiveness of the dashboard. On the other hand, the readability needs to be
preserved. The viewer’'s cognitive load is increased with the amount of data or visual
stimuli, which in turn increases the effort needed to comprehend the visualization. [5.,
11.]

To transform the presented dataset into a more comprehensive format, it is advisable to
use slice-and-dice method that means dividing the dataset into smaller and more easily
understandable groups. Usually groups are divided according multiple parameters to
achieve more specific results. [24.] This is the basis of the name slice-and-dice which
refers to cutting the dataset into smaller pieces in multiple dimensions. For example,
grouping a maintenance dataset according task type and handling organization renders

it as more comparable. Adding drill down functionality to the visualizations is a method
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to increase the amount of data available on a same dashboard, while keeping the cog-
nitive load smaller at any given time. The method is based on keeping the accuracy and
level of the presented data in line with the user’s need, while allowing user to penetrate
a deeper and more precise layer of data by clicking a chosen point of interest. Hence the
name drill-down functionality. Drilling down on deviations might provide useful infor-
mation and help to understand their possible causes. For example, if a specific mainte-
nance task with a specific employee is consistently longer than average, it is likely solv-
able by offering more training. [20.] An opposite functionality for drill-down is called roll-
up. It increases aggregation level offering a higher, less precise but more complete view,
of the data set. [25.] Roll-up functionality is used among other things when comparing
higher data groups. For example, instead of comparing individual persons between each
other it might be more feasible to compare the different suborganizations they represent
to determine if there are performance differences caused by a higher level, such as a

process.

4.3 Visualization frameworks

The market offers an abundance of JavaScript-based visualization frameworks that are
supported in most modern browsers. There are both commercial and open-source solu-
tions for visualization. This section introduces D3.js framework that has become a de-
facto visualization framework in the market, and thus is used as a benchmark when eval-

uating compatible solution.

D3.js is an open source framework that approaches data visualization by binding the
data to the elements. This way it is different when compared to most other frameworks
that are based on libraries containing a certain amount of visualization methods linked
to suitable data. This difference renders the learning curve of D3.js significantly steeper
because each visualization enables but also requires a significant number of configura-
tions. However, this cultural difference also makes D3.js a more flexible solution since it

is not bound to certain supported methods and functionalities. [26.]

When choosing the visualization framework, it is imperative to understand the needed
scope of the visualizations. There is ready desktop software, such as Tableau, on the
market containing sophisticated data analyzation tools and support for multiple data

sources. For example, when visualizing big data that has multiple data sources it was
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discovered that using Tableau provides sufficient results in a short time whereas D3.js
was not able to entirely visualize the whole data set within given time. However, D3.js
provided a highly interactive visualization of a portion of the data set, which might be the

desired outcome in some use cases. [27.]

5 \Visualization solution development

5.1 Building the user interface

The visualization solution was built to the Reslink Solutions’ platform that already con-
tained tools and frameworks that were used to build the user interface and functionality.
To ensure the best user experience, using these tools was considered the best option
[11]. The overall visual appearance was following a modified Vendroid theme throughout
the platform, and it was decided to follow this theme in the visualization containers as

well.

The responsive design has been implemented with Bootstrap grid framework. This ena-
bles designing visualization widgets that are rearranged and resized according to the
size of the screen or window. This framework ensures the fulfiiment of the responsive-
ness requirement. Moreover, this allows more customizability in the visualization config-

uration phase, since Bootstrap utilizes predefined classes for the grid size definition.

Different options were researched and compared before implementing the actual frame-
work for data aggregation and visualization. The options consisted of two frameworks
already partially used in the platform, Telerik Kendo Ul and Morris.js. Two other frame-
works were also taken into the consideration, D3.js and Chart.js. The criteria for the

framework is as follows:

. support responsiveness
. drill-down functionality
. ability to bind data from a remote source

. include sufficient visualization and aggregation methods
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D3.js is a well-known open source framework, and it was considered the most versatile
framework of this comparation in terms of chart types. It has become the de-facto Ja-
vaScript visualization framework due to its vast selection of visualization types and func-

tionalities. It was being used as a baseline for the visualization framework evaluation.

Morris.js is an open source framework that is used in Vendroid Admin Panel theme chart
examples and promoted through the theme library already installed on the platform. The
scarce selection of visualizations discovered in early stages of the research showed that

this specific framework will not fulfil the needs for a generic visualization solution.

Chart.js is an open source framework like D3.js. This framework offers drill-down func-
tionality by updating the data source and binding remote data with JSON. The concern
with this framework was the visualization library that would probably serve most of needs

but was still considerably narrower than those of D3.js or Kendo Ul.

Telerik Kendo Ul is a commercial framework already in use as a table and a scheduler
component in the Reslink Solutions’ platform. This framework enables roll-up, drill-down
and slice-and-dice techniques with a seriesClick functionality by updating the visualiza-
tion data. The framework supports remote data and offers a considerable amount of vis-

ualization and aggregation types.

All of the researched frameworks enabled responsiveness, which made it an insignificant
term for search. The selected visualization framework was Telerik Kendo Ul. It was not
considered as a better option compared to an open source D3.js in terms of functionality
or available visualizations. However, risk related to compatibility using a commercial
product was considered smaller. Kendo Ul was also considered a more viable option in
terms of user interface consistency because parts of the framework were already in use

in the platform.

The HTML of the platform is compiled by Smarty framework that utilizes HTML templates
and enables assigning values from server-side. This framework was used with the visu-
alization solution to keep the platform’s code base uniform, and to enable using the same
HTML template file to any kind of dashboard.
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5.2 Modular structure, configurability, and usability aspect

The Reslink Solutions’ platform that the visualization solution was built on, is based on a
modular structure that determines which database tables and which functions are used,
and how the platform’s user interface is rendered. The modules are sectioned to higher
level categories, such as” defines” including for example user credential of customer site
definition, and “"reports” including transaction data in a table format. To allow fast deploy-
ability and configurability, and thus ensure global nature of the solution, the visualization

solution was built to utilize this structure.

The dashboard creation and configuration process were split into two new modules:
Widgets and Dashboards. These two modules are used for definition and maintaining
purposes. Dashboard module is used for high level default values for each widget.
Widget module is used for controlling widget shape, placement, and size, and to enable
overriding the default values. There needs to be a third module linked to the specific
dashboard record to have access to view the created dashboard. In the platform all mod-
ules are controlled from a master module. To improve the user experience of the dash-
board creation process, a necessary step of creating the module for the dashboard view
was automated. To decrease the repetitiveness of the dashboard creation, sequence

also creates a view module for the dashboard (see image 22). [4., 7.]
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Dashboard
definition

Module definition

Linked widgets

Image 22. Module usage and their logic in configuration: Dashboard configuration (A) is used to
define Module configuration (B), which defines who can view the content and where in the
portal it is placed. The dashboard linked to the module configuration is used to get Widget
configuration (C) from the database to render the wanted widgets.

The dashboard module allows a high-level configuration for all widgets that are con-
nected to it. The dashboard definition module was implemented to improve usability in
terms of efficiency [4, 7]. An assumption was made that most of the visualization ele-
ments on the same dashboard are going to present data from the same data set. Ena-
bling the user to define the default values for all widgets makes the dashboard configu-
ration process faster and less repetitive. A decision to support a customized JavaScript
file was made because it was deemed to be a faster task for a software developer than
to have all the configurations available in for example widgets module. The available

configurations are as follows:

. Dashboard id is the attribute that is used to tie the dashboards data and
linked widgets to the part of the Reslink Solutions’ platform. This definition
allows a string entry allowing use of more comprehensive ids.

. Dashboard name is used as the displayable name of the shown dash-
board.
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. Dashboard js file gives an option to set a customized JavaScript file to
fulfil for example drill-down needs. If left empty the dashboard will use the
default JavaScript file.

J Dashboard user level determines the user level of the dashboard.

. Dashboard form determines a specific digitalized form to be used as a
dashboard dataset.

. Dashboard key field sets the default column to be used as a key value of
the dashboard widgets.

J Dashboard value field sets the default column to be used as a value of
the dashboard widgets.

. Dashboard module determines which transaction database table the
widgets linked to the dashboard use by default. This can be redefined in
the widget definition.

. Dashboard SQL enables an accurate definition of database query result
filtering. The query is set to contain location and user information joined to
the selected transaction table data. With this field the default query filtering
of linked widgets is set.

In turn the widget definition module offers a wider variety of configurations to be made in
order to keep the built solution as generic as possible. The balance between flexibility,
configurability and control, and efficiency and learnability were the basis of the widget
definition process. It was deemed necessary to provide an ability to configure as many
features in the widgets as possible. Therefore, similar kind of properties, such as data
binning, aggregation and grouping are all separately configurable. To ensure better us-
ability, some configurations have default values that were deemed to be most frequent
choices, such as pie charts showing proportionally binned data, or a column chart show-

ing unbinned data [7.] The available configurations are as follows:

. Widget id and widget order are used to determine the order in which the
widgets are rendered on the dashboard. Widget order dictates the vertical
and id the horizontal alignment of the widgets.

. Widget name is used in the header panel of the widget placeholder of the
dashboard. This can be used as a topic for the widget.

. Widget user level allows to limit the user rights of a single widget. This is
also used to display reports through the mobile app.

. Linked dashboard determines to which dashboard id the widget is linked
to.

. Widget type is a classification of the widget. It is used in Kendo Ul to de-
termine what kind of chart is rendered.

. Widget group determines if the widget is a chart or something else, such
as a map or a welcome banner. This information is used on rendering dash-
board tiles, to keep widget look uniform.
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. Widget class determines the class attributes of the HTML element that is
rendered according to widget definition. This can utilize for example Boot-
strap grid system by defining the widget size and behaviour on various
screen sizes.

. Widget datatype allows to define a query level aggregation for the specific
widget configurations. The implemented binning methods are a row count,
average and percentage calculation.

. Widget aggregation allows configuring which aggregation function is used
in Kendo Ul chart tool. There is no default value to allow unaggregated
visualizations.

. Widget data grouping determines which data field is used as a grouping
parameter in Kendo Ul charts. A default value is set as timestamp but can
be set to be for example according location or employee name.

. Widget module defines which database table the widget module utilizes.
If this is left empty the widget will use by default the setting from dashboard
linked dashboard definition.

. Widget form determines a specific digitalized form to be used as a widget
dataset.

. Widget key field is used to define the database column used as a key
value of a key-value-pair. For example, it would be the question of a ques-
tion-answer-pair. If left empty, the widget will use the default value set in
dashboard definition.

. Widget value field defines the value field of a key-value-pair. In a ques-
tion-answer-pair it would be the answer. If left empty, the widget will use
the default value set in dashboard definition.

. Widget SQL gives an option to set a specific search criterion in the data-
base query. For example, if it is wanted to visualize only certain values, the
database query can be refined here. This field also enables having a cus-
tom data query if used in co-operation with widget binning type 'custom’.
When left empty, the dashboard definition is used.

5.3 Data integration

The dashboard rendering process is divided into two separate sequences, one for a call
for mobile dashboard and one for a call for an administrative dashboard. The difference
between these two sequences is called the endpoint script. When making a dashboard
call in the Reslink administrative platform, the executed module configuration and user
session parameters are used by a dedicated generic PHP file that first makes a call for
a dashboard definition by using the language key set in the module definition. This lan-
guage key is compared to dashboard ids in data base and the definition of the matching

dashboard is returned. The right widgets are queried from data base with a combination
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of the dashboard identity and user level information. All widgets are compiled to an array

passed to the Smarty engine that in turn renders the HTML (see image 23).

Dashboards data

mySQL T Widgets data table
mySQL
Render HTML
Module marked as a A
dashboard. A PHP file is Populate chart Call Kendo Ul
executed. object function
4

Call dashboard.js

A

JSON AJAX

REST API

Image 23. Dashboard data connection and population

The mobile dashboard call is done by an HTTP request that has the users credentials, a
dashboard handler parameter, and a dashboard name as a payload. First the endpoint
handler script makes a check for the validity of the user credentials used to fetch organ-
ization and user level information. Like in the administrative dashboard call the dash-
board identity, combined with user level, is used to prepare a MySQL query to fetch
widgets for the dashboard. Widgets are rendered according to dashboard configuration.
The difference to the administrative portal dashboard is that by default only chart widgets

are included (see image 24).
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Image 24. Mobile dashboard request and data connection and population

Smarty is a framework used widely in the Reslink Solutions’ platform. It allows a condi-
tional HTML rendering according variables passed from PHP. This enables the use of a
single Smarty template for every dashboard and makes same solution applicable for a
variety of needs. For example, chart objects are rendered as HTML whenever the array

object has a type 'chart’ (listing 1).

{elseif S$object.group=='chart’}
<div class="panel-heading vd bg green”>
<h3 class="panel-title”>{$object.title}</h3>
<div class="vd panel menu”>
<div data-action="minimize” data-original-title="Minimize”>
<div data-action="refresh” data-original-title="Refresh”>
<div data-action="close” data-original-title="Close”>
</div>
</div>
<div class="panel-body-1list pd-15 style="display: block;”>
<div id="{$object.id}”></div>

</div>

<script>

{Sobject.type}Chart (*{$Sobject.id}’, ‘{$object.aggr}’, ‘{Sobject.grouping}’);
</script>

Listing 1. Smarty framework using conditional structure to render HTML and creating a Ja-

vaScript function definition using objects from an array of variables passed to it.
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The Smarty template for dashboards makes a call for a JavaScript file, either a default
or a customized one set in the dashboard definition, containing a function for each chart
type. They are called dynamically for each chart object rendered according to the code
example above. For example, a column chart calls a columnChart function passing chart

id, aggregation method and data grouping settings to be used when rendering the chart.

Each chart function connects the created chart to the HTML element that has the chart
id as an id attribute. Since the element id is a unique value this configuration enables the
ability to have multiple charts of same type at the same time. The created chart object
calls a data caller JavaScript function passing chart id and grouping parameter. The
called function makes an AJAX call to the REST API including the chart id as a payload
to the call (listing 2).

var dataSource = new.kendo.data.DataSource ({
transport: {
read: {
url: apiUrl,
dataType: “json”,
by
b

Listing 2. Creation of a Kendo Ul DataSource object

If the data caller JavaScript function gets a response from the REST APl in JSON format
it will call a function that converts timestamp objects to date objects. This is because
Kendo Ul framework contains functionality that scales charts automatically to an ade-
quate timeline format. For example, if visualization is from a period of a few days, the
chart is rendered to show data on daily basis. If the data set contains data over months
the framework will use a more compressed timeline format, for example moths or weeks.
After the date conversion the data set is grouped according to widget configuration (list-
ing 3). The response from REST APl is returned as a Kendo Ul data source object to the

function making data call.

schema: {
parse: function(data) {
S.each(data, function (i, wval) {
val.timestamp = kendo.parseDate(val.timestamp)
1) :
return data;

Listing 3. An example of timestamp objects being converted to date objects.
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5.4 REST API

The data for dashboards is fetched from a REST API developed for the purpose. The
data is queried by making an AJAX call and having the needed parameters in the query
URL. The REST API developed for providing data for dashboard utilizes an already ex-
isting parent class that takes a handler type, dashboard in this case, as a parameter and

redirects the call to the right end.

The end for dashboard makes a check for two values in the query URL: chart type and
widget ID. The widget ID is used to fetch the configurations defined for the specific
widget. If module, value field, key field, or SQL filtering is not set in widget configuration
it is fetched from the dashboard definition. The values in widget and dashboard configu-
ration are used to populate a generic MySQL query string which is used in most binning
options. Because the generic query joins data from multiple data base tables the module
setting determines prefixes to the key and value columns to ensure there are no ambi-

guity in the query (listing 4).

$sql = “select ({Spre}.{SkeyField}) as ‘key’, ({Spre}.{S$valueField} as
‘value’ ”..
if (lempty ($filter)) $sql.="S$filter”

Listing 4. Dynamic MySQL statement that is populated by widget definition

The logic of the REST API is based on a switch sequence and data binning types are
set as cases. If binning type is left empty, the API uses widget type to determine which
case to use. If a case is not found and the widget type is not included in cases, the API
will fall back to the default case, which uses only the generic MySQL statement populated

with configuration data. The other binning options are as follows:

. Average

. Score

. Count

. Pie (widget type specific)

. Gauge (widget type specific)

If the defined MySQL statement including field, filtering and binning configurations gives
a result, the API will reformat the data. Each binning case, barring gauge and pie, in-

cludes timestamps of result rows in two different formats: One with only date, and one
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with date and time information. Also, each binning case, with the same barring, includes
the linked employee and location information to each row. Key and value columns are
reported as "key” and “value” to each widget to keep the data references uniform and

thus, as generic as possible.

5.5 Proof-of-concept dashboard

The context of the proof-of-concept dashboard built with the developed visualization
builder solution is a mobile application that includes for example a simple digitalized audit
form. The form produces transactional data that is calculated and presented for dash-
board. The form consists of three questions with answer options red, amber and green.
These options are scored as red being 1, amber being 2 and green being 3. The option
also enables users to give a comment or take a picture related to the answer. The appli-
cation also includes possibilities to contact Reslink Solutions’ digitalization services, to
leave general feedback about the application and to see visualizations straight from the
mobile application. All data sent from the application is parsed into a database table as
key-value-pairs maintaining also form identity, timestamp, and transaction reference in-
formation. These transaction references are also utilized to recognize which user has
submitted the data.

The application is designed to be a simple give-away product and it enables a maximum
organization level of three people. Because of the nature of the product, all three people
are given both a manager level access to the administrative panel and an employee level
access to the mobile application. These two user levels were treated as baselines in
order to provide sufficient and informative dashboards, one for employee level and one
for manager level users. In this case it was decided to offer the employee level visuali-
zations only through the mobile application. This is based on previous customer cases
that have indicated that other than administrative personnel seldom require credentials
to the administrative panel portal. The manager level visualization dashboard is placed
into the administrative panel as a landing page to show the usage of the application

throughout the whole company.

The difference between these two dashboards was determined by two main factors. The
first parameter is the device used to view the visualization, to design the wanted widgets

to serve the purpose and offer a better user experience [28.]. The second parameter, to
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enhance the value and user experience of the dashboard, is determining which data is

interesting from the user viewpoint, and which data can be shown and to whom.

The administrative level dashboard was designed to be more than a data visualization
dashboard. It was decided to be more of a portal landing page giving information about
filled forms but also welcoming the users and being used as an opportunity to present
the possibilities of the platform due to the nature of the product. The visualization meth-
ods were chosen according to the give-away digitalized form context. Previous customer
cases regarding audit forms have indicated that the information of an average result, the
amount of auditions done over a span of time, the division of answers, and a daily aver-
age are considered as needed information. To improve the intuitiveness and thus usa-
bility, the colour theme of both dashboards, mobile and administrative, was set to follow

the theme of red, amber and green [6].

A map was included to indicate the physical locations of the generated transactions [9
p. 145-147].

A radial gauge chart was implemented to indicate the all-time average score of the
audition forms. The visualization method was chosen because in its simplicity it offers

the information in a form that is familiar to many users. [9. p. 145-147]

A column chart was implemented to display the amount of completed audit forms. The
x-axis unit is date and time to visualize the auditing intervals. [9. p. 145-147] In order to
provide more information to the user while keeping the number of visual stimuli reason-
able, drill-down functionality was implemented to this chart. By clicking a data series, the

selected date’s data is regrouped with employee information. [5., 9. p. 145-147]

An area chart was added to visualize the average score of the audit form over time. A
line chart was initially considered due to its natural ability to indicate trends over time. [9.
p. 145-147] The type was revised, and area chart selected to provide better readability
of a larger object compared to a thin line. Also, in this case, to keep the visualization
easily comprehensible, it was deemed viable to provide more accurate data with a drill-
down functionality. By the first click the chart shows the division of the red, amber, and
green answer from that date. By the second click it shows the proportional division be-

tween questions in the selected result. [5., 9. p. 145-147]
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A pie chart was chosen to visualize the division between red, amber, and green an-
swers. With only three groups a pie chart is a classic tool to visualize the divisional pro-

portions of the parent group. [9. p. 145-147]

The mobile dashboard offered for employee level users was simplified to keep the user
experience intact on a smaller screen. The first division was to remove all non-chart
visualizations to improve the usability by removing unnecessary objects from the view. It
was also deemed that the employee level user gains little added value from the radial
gauge chart presenting company-wide all-time average score. To provide the most inter-
esting information to the employee level user, all other chart type visualizations were

included but showing only the user’'s own performance data. [22.]

5.6 Data integration to an external Bl-software

To enable a broad range of visualization services, a data integration was researched.
The purpose of the integration is offering an always-available stream of data to be used
in an already existing Business Intelligence software. Microsoft Power Bl was used as a
research target because it is a widespread Business Intelligence tool, and by having a

data integration to it, would cover a relatively sizeable portion of the need.

According to both example Microsoft Power Bl documentation, it can handle data in
JSON format [29]. Since data for the JavaScript-based dashboard solution is delivered
as JSON, it was reasonable to research if the same or a similar REST API would provide
the sufficient data connection. This would also enable the customer to have the data on

demand.

The use of a REST API was confirmed with an experiment by Microsoft Power BI. It was
able to fetch the data using only a link leading to an ending point providing a JSON
response. This JSON response was successfully pivoted from key-value-pairs to a col-

umn-based data table, and further rendering visualizations of the data.

The needed REST API ending point for data integration could be for example structured
in a very similar fashion than the mobile dashboard. In both cases an authentication is
needed. However, whereas the mobile application is always linked to a certain customer

environment and organization, the data integration API could enable data security issues
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with a simple mistyping or malicious intents. Most likely this API call type would need to
include an API key, defined to a specific portion of the Reslink Solutions platform. The
data rendering would also be different since, unlike in the mobile dashboard use case,
in this case the JSON is delivered as such without a need to render HTML elements out

of it (see image 25).

Authentication

Requested

AJAX dataset

A

Power BI API end point

JSON

Image 25. An example structure of a data integration API call.

Microsoft Power Bl supports a wide variety of data formats to be integrated into it. For
example importable files, such as CSV and Excel spreadsheets, and database formats,
such as MySQL and PostgreSQL, are supported. Reslink Solutions’ platform already
enables data sending automatically. For example, an already built-in Mobile Service API
enables transaction forwarding to a web service provided by the customer. This can be
utilized if the customer’s web service is configured to store the data sets into a supported
database, and which in turn is imported to Power Bl. However, the problem with this
approach is that the customer needs to have a web service configured and maintained
in order to be able to have the data connection. Another example is automatic reporting
that enables sending scheduled Excel or CSV reports via email. From the customer’s

perspective this has significantly less steps to take into consideration, but on the other
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hand the updated data is not available on-demand, and the automated reports only in-
clude reports from a single suborganization of the customer’s administrative environ-
ment. [29.]

6 Conclusions

6.1 Research problem solution

The primary research problem of determining and developing a solution for a general
tool to build responsive dashboards was approached by utilizing Reslink Solutions’ mod-
ular platform structure. It was deemed vital for the success of the process to utilize the

properties already found in the platform.

The first prototype required the user to define all three module layers, modules, dash-
boards, and widgets manually. It was determined that all these modules are needed in
the process: Widgets module defining the single widgets, Dashboards module defining
the high-level default values, and the Modules level defining the position and accessibility
of the dashboard. The process was streamlined according to user feedback that the
module for dashboard accessibility and position should be created automatically by en-
abling user level settings in the dashboard module. This change was made during the
project and as a result, the increased efficiency improved the dashboard definition pro-

cess.

The current implementation of the visualization building tool allows dashboard definition
supporting multiple different data querying and aggregation settings. According to user
feedback there is still room for improvement, such as adding a date range picker to the
proof-of-concept dashboard. However, the current implementation documented in during

this thesis can produce multiple different dashboards.

The most feasible outcome of this research and development process is the REST API,
which also provides a solution to the secondary research problem of enabling data inte-
gration to an external Bl software. The REST API is the centre piece that enables all
needed visualizing solutions: A built dashboard, a mobile dashboard and in the future,
the data integration. As such the REST API is configured to support data queries on

transactions, which are sent from the mobile applications. In the future it might be needed
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to broaden it to support any database table and entirely customized queries instead of

filtering.

6.2 Future development

The configurability and modular structure of both widgets and dashboards enables addi-
tional use cases of the developed solution in the future. The first suggested expansion
is to have dashboards both as reports and as administrative. This functionality is mainly
supported already due to the configurability of both querying and framework aggregation.
Other, still a hypothetical, expansion is utilizing the widgets in other definition modules,
such as user credentials to visualize for example the division between different user

groups.

The whole variety of Kendo Ul visualization types has not been utilized, but the imple-
mentation was able to provide the proof-of-concept dashboard. However, the develop-
ment process raised questions about the framework’s overall capabilities. Some aspects,
such as hierarchically presented groups seemed to be somewhat lacking for example in
donut chart type. In the future it might be feasible to reconsider another visualization
frameworks should the need arise. The designed structure allows a customized JavaS-

cript file, which enables further experimenting with other frameworks.

6.3 Overall success

This research and development process can be viewed as a success. During this pro-
cess the ground work for a general visualization solution has been laid. The solution is
already able to fulfil the requirements for fast deployability, configurability and responsive

design, and with future iteration the scope of this solution can be broadened significantly.

The results of this work have opened possibilities for overall improvements for both us-
ability and functionality in multiple sections of the platform, which were not involved in

the process.
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