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Abstract

The act of decision-making in the management field can be complex. All the several
industries have their own actors and very specific fields of intervention. For that reason,

visual information can be a powerful ally when correctly adapted to its focused point.

Dashboards in particular, gather all the amount of data that’s been generated every day and
translate that into visual information that helps the user to monitor the project in a more

dynamic and with much more control of the processes it is supposed to make decisions on.

Within the construction industry exist many sub-industries that contribute for the thousands
of components that comprises a structure, a building, a final product. The wood construction
is very common in Scandinavian countries and specially in residential buildings, in which it
is necessary to install waterproofing systems for the so called “wet rooms”, in constant

contact with moist or water.

This study aims to develop a visual model that make possible the analysis, creation and the
evaluation of dashboards that will support the decision-making process of the project
manager, focusing on the management side of the product rather than the production. This

is comprised by several stages of development which results in a high-definition prototype.

The user played an important role in this work throughout surveys and direct observation of
testing, so it could evaluate the potential of the system to be used frequently. For the focus
group, 6 participants were part of the testing sessions for the first version of the prototype.
The score average was 74,6 in the System Usability Scale, with the prototype being

considered as Good.

Keywords: waterproofing systems dashboards, information visualization, decision-making
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Abstract

O ato de tomar decisdes em gestdo pode ser complexo. Todas as industrias tém os seus
proprios atores e campos de intervencdo muito especificos. Por esse motivo, as informagdes

visuais podem ser um aliado poderoso quando adaptadas corretamente ao seu ponto de foco.

Os dashboards, em particular, reinem toda a quantidade de dados gerados todos os dias e
convertem em informagao visual que ajudam o usudrio a monitorar o projeto de uma forma

mais dindmica e com muito mais controle dos processos nos quais ele deve tomar decisoes.

A constru¢do em madeira ¢ muito comum nos paises escandinavos e especialmente em
edificios residenciais, nos quais ¢ necessario instalar sistemas de impermeabilizacdo para as

chamadas “divisdes humidas”, em constante contato com dgua ou humidade.

Este estudo tem como objetivo desenvolver um modelo visual que possibilite a analise,
criacdo e avaliacdo de dashboards que dardo suporte ao processo de tomada de decisdo do
project manager, com foco no lado gerencial do produto e ndo na produg¢ao. Isso ¢ composto

por varios estagios de desenvolvimento que resultam em um prototipo de alta definigao.

O usuario desempenhou um papel importante neste trabalho ao longo de pesquisas e
observag¢ao direta de testes, para avaliar o potencial do sistema a ser usado com frequéncia.
Seis participantes fizeram parte das sessdes de teste da primeira versao do prototipo que teve

média de 74,6 no System Usability Scale, com o protétipo sendo considerado Bom.

Palavras-chave: dashboards de sistemas de impermeabilizacdo, visualizacdo de

informagao, tomada de decisao
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Abstract

Beslutsfattandet inom forvaltningsomradet kan vara komplicerat. Alla de olika branscherna
har sina egna aktdrer och mycket specifika insatsomrdden. Av den anledningen kan visuell

information vara en kraftfull allierad ndr den dr korrekt anpassad till sin fokuserade punkt.

Speciellt dashborderna samlar in all mdangd data som genereras varje dag och dversitter den
till visuell information som hjélper anvéndaren att dvervaka projektet i en mer dynamisk och

med mycket mer kontroll 6ver de processer som den ska ta beslut om.

Inom byggbranschen finns manga underindustrier som bidrar till de tusentals komponenter
som bestér av en struktur, en byggnad, en slutprodukt. Trdkonstruktionen &r mycket vanligt
i skandinaviska lander och speciellt i bostadshus dédr det &r nddvéndigt att installera

vattentitningssystem for vatrummen, i stindig kontakt med fukt eller vatten.

Denna studie syftar till att utveckla en visuell modell som mojliggor analys, skapande och
utvérdering av dashboard som kommer att stodja beslutsprocessen for projektledaren, med
fokus pad produktens ledningssida snarare @n produktionen. Detta bestar av flera

utvecklingsstadier som resulterar i en hdgdefinitionsprototyp.

Anvindaren spelade en viktig roll i detta arbete genom undersokningar och direkt
observation av tester, sd att den kunde utvérdera potentialen for systemet som anvénds ofta.
For fokusgruppen var 6 deltagare en del av testsessionerna for den forsta versionen av
prototypen. Podnggenomsnittet var 74,6 1 System Usability Scale, dir prototypen

betraktades som bra.

Nyckelord: dashboards for vattentdthetssystem, informationsvisualisering, beslutsfattande
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1. Introduction

The growing amount of generated data has a direct connection to the increasing role of

information systems in daily processes around all industries.

It’s not surprising the fact that with all this data, comes a need to organize it properly and
connect the diversity of subjects in order to potentiate the information that the user will have
access to. According to the definition of data, “Data are entities that, of themselves, lack any
meaning. They constitute the “bricks” with which we build information and our

communicative processes.” [1, p. 8]

One way to facilitate the output of that information is through visualization. Relying in the
definition of the word, it is “an activity in which humans beings are engaged as an internal

construction in the mind”[1, p. 7][2].

These two definitions make more sense when connected with a third: decision-making.
Before, this type of interaction was limited to the management layer of the company.
Nowadays, thanks to the access to information systems, it is possible to extend it to the lower

levels of the business.[3, p. 500]

One of the expected contributions from this work is to improve the management experience

of the end user through the use of information visualization techniques, namely, dashboards.

1.1. Objectives and expected results

The main objective of this work is the proposal of a visual model oriented to dashboards, so
it will help the interpretation of Key Performance Indicators (KPI) within the construction
industry[4], more specifically within waterproofing systems and extended to lamination and
processing of non-woven products, plastics and products that sustains the isolation of
housing.

For that reason, it is expected to divide this process into four main stages:

e KPIs identification, selection and analysis;



e Identification of the visual model of the end-users, tasks and selection of more
appropriate visual techniques to be used by the dashboard;
e Proposal of a visual model;

e Dashboard prototype implementation and testing.

In order to evaluate the model, it is expected to develop a high-fidelity prototype, built taking
into account the results from the users’ enquiry. In that stage, the evaluation metrics will be
noted and analyzed, as well as the several testing scenarios and these will be used as a basis

for the further development of the prototype.

1.2. Research Methodology

1.2.1. Systematic literature review

A systematic literature review (SLR) is “a means of identifying, evaluating and interpreting
all available research relevant to a particular research question, or topic area, or phenomenon
of interest” [5, p. 1]. The goal is to have a rigorous result which gives a strong literary

background and a good first step for the work to be developed later.

The research will then follow three main steps: Planning, Conducting and Reporting the

Review, which are available in posterior sections of this document.

Planning phase comprises of the identification of the need for review, specifying the research
questions and developing the review protocol. Conducting phase is the selection of the
studies and data extraction. This is based in the review protocol stated in the previous item.
Finally, the reporting the review phase is the summary of the extracted data and the report

of the results.[6]

The phase of review protocol consists in a search of literature, using several search strings
and connections between at the designated data sources them that establishes a link to

retrieve the most relevant articles to be considered in the SLR.



1.2.2. Design Science Research

The methodology adopted in this study is the Design Science Research (DSR).This method
involves creating artifacts or design theories as a basis for improving existing practice of
research methods and focuses on two fundamental principles, related to information systems:
the creation of knowledge from artifacts and the analysis of them for analysis of performance
and results. Being a method that requires the generation of knowledge, it can be summarized
in a process composed of cycles, and the outputs may arise from new models, to frameworks,

architectures, methods or new design theories.[7][8]

According to Hevner [9], there are three fundamental cycles in this process: the cycle of
relevance, design and rigor. The relevance cycle between the present environment
(application domain, technical systems, problems and opportunities) and the DSR consists

of the collection of requirements and the field test.

The design cycle comprises the construction of the design, the artifacts and the processes, as
well as their evaluation. The rigor cycle between DSR and the knowledge base, comprises
basic knowledge and subsequent additions (scientific theories and methods, meta-
architectures)[ 10]. It is important to mention the cognitive processes inherent to this method,

which include abduction, circumscription, deduction, reflection and abstraction [11].

Assuming that one of the objectives of this research is to propose a visual model and
implement an artifact for evaluation purposes, the Design Science Research is potentially
one of the most appropriate method to be used. It is also expected that there is already an
existing practice for the design and creation of visual dashboards, and in order to adapt it to
the existing data requirements and potential end-users needs, it is intended, through this

method, to achieve this goal.[8]



1.3. Thesis organization

This Thesis is developed under six main chapters. In Chapter 2, a literary review is done in
order to serve as a basis for the construction of the visual model to be suggested. Chapter 3
describes the relevant phases of analysis and selection of indicators and visual techniques to
be used in the prototype. Chapter 4 is mainly focused in the model implementation as well
as the main results from the tests. In Chapter 5 the results of the evaluation methods are
presented according to the suggested visual model and this document ends with a critic of
the model implementation and which are the main conclusions and suggestions for future

work in Chapter 6.



2. Related Work

The goal for this chapter is the reviewing and mentioning of the most relevant definitions
that will serve as a background for the development of the conceptual model, which is an
interactive dashboard within the waterproofing systems and sub-industries of construction

for decision-making in the management of the aforementioned industries.[12]

2.1. Information Visualization

By exploring the definitions of what is a visual technique and the elaboration of dashboards,
it is possible to describe five stages of a dashboard development [13]. Also, it is possible to
bridge a gap between this phase and the discussion about the several relationships between
these tools, from demand until the implementation process and the adoption of these
systems. They mention the four factors for the need for dashboards (LaPointe, 2005): poor
organization of decision-relevant data, managerial biases, increasing demands for marketing
accountability and the need for cross-departmental integration in performance reporting

practices.

The findings on this article show that the main attention to dashboards are drawn by CMOs
(Chief marketing officer) and CEOs (Chief executive officer) of larger corporations. It
shows that these tools represent a way to integrate the firm level elevating it to trade market.
The display of key metrics facilitates the communication between departments and business
units. Also, it helps to diminish the inconsistencies across the organization as well as a main

tool for decision making as it was expected.

When considering the potential of learning abilities from these tools, dashboards can work
as a tool for capturing and visualizing traces of learning activities [14]. By using learning
analytics, it is possible to define more accurate goals for learners. They used their own work
data to present the several solutions. The findings of this paper show that besides showing
different possibilities of dashboard solutions, the authors also found several research issues

when concerns the development and evaluation of learning based dashboards, mainly based



on the low amount of available data for this subject which limits the investigation, which

can relate to the study as it has limited amount of data to establish a future proper solution.

The potential of dashboards extends to other sectors. In the medical sector, this can also be
a powerful means to improve decision-making and lower medical error. Moniz [15]
developed a dashboard to facilitate the analysis and evaluation of the health care data by
professionals in the clinic and assist them in decision-making. The study was carried out
involving several phases of interview, prototyping and evaluation of the suggested visual
model. This study is particularly useful, since it structurally illustrates the process of creating

dashboard models.[16]

Moore [17] conducted a study which has the goal to elucidate the main principles that should
be adopted when developing visualizations that help effective strategic decision making. The
research questions were focused in main themes as value, use, consumption, speed, meaning,
trust and confidence. The findings include the realization about the value of the generated
data and for the desired visualized effect, as well as the accuracy of the data. This study is
relevant as it describes the challenge of dealing with great amount of data, the importance
of that information and how to make a suitable selection in order to improve the decision-

making process more effective.

Also, the organizations can use data visualization to improve decision making and
operational execution [18]. There are three main activities: display reporting, operational
alerting and visual discovery and analysis for different functions in an organization.
Visualizations enable new forms of collaboration on data, as well as the main user profile
for dashboards. The organizations face a lack of connection in dashboards between mobile
and desktop platforms, where there is a great space for improvement, as well as the purpose
of the dashboard itself for the organization. This report is highly relevant for this research as
it has a broad approach to the visualization techniques and focusing in the main issues for a

visual dashboard when it has the purpose for business decisions.[19]



2.2. Dashboards and Visual Techniques

A successful dashboard design translates the right metrics into several charts and gauges on
a single page. This means that the author of the dashboard has to consider the right story to
tell the readers, in this case, the end-users.[20] The way that story is told can influence the
understanding of the entire narrative, and the misuse of the data can lead to a completely

different route of the storyline, which means a complete distinct ending.[21][22]

This can be translated into the decision-making process. It is crucial to be aware of the right
information to the right audience.[23][24] When compared to traditional dashboards, today’s
dashboards have the ability to increase the interaction between the user and the key metric
(between the reader and the storyline), and from this involvement, it increases the interest

value and a better end decision.[25]

For every design, the author must ask himself first three main questions[26]:

1. “Who is my audience?”
2. “What value will the dashboard add?”
3. “What type of dashboard am I creating?”

Audience

The author must know what motivates the audience and figure out how to adapt similar
messages to distinct users. This is possible by structuring the information, decode the
workflow and how does that translate in the daily tasks, the level of knowledge of the
audience regarding the level of detail, analytical capabilities and the users comfort zone and

the data expertise.



Value

The dashboard author needs to define what is the importance of the information, the goals
and expectations for specific groups, the actions to be included and the time it will take to
be executed, possible exceptions and alerts, the communication of progress and success, and

a common interface so it will generate familiarization and recognition.

Creation

Traditionally, the creation of a dashboard is defined by some visual techniques that will fit
in just one page, showing real-time information and general knowledge of a business. For
the current times, that kind of approach can be very limiting. Each situation is different,
makes what makes a good dashboard is how fluid is the data translated into visual graphics,
the level of interactivity, timeless of data and analytical capabilities.[27] Before even
considering the technique, the metrics to be considered have to be chosen and that’s a

challenge (according to Figure 2.1)

Common
Actionable interpretation
The perfect metric
Creating an ideal metric is no
easy task. Assessing the metric
o . Transparent,
based on four key criteria aids Accessible, a—
i i i credible data
in crafting an impactful e
measurement.

Figure 2.1:Consideration of the best metric

The conception of a dashboard and the way it looks depends mainly in four categories: Form,

Structure, Design principles and Functionality.[28]

The Form of a dashboard comprises how it will look: if it’s a one page, if it’s an animated
screen, for example. There are a few factors that influence the form of the dashboard:
timelessness, aesthetic value, mobility, connectivity, data detail, data density, interactivity

and collaboration.[29] These are illustrated in Figure 2.2:



Paper Paper Excel Online app E-mail/text Large screen
One-pager Presentation message

Aesthetic
Mobility

Connectivity

Data Density
Interactivity

Collaboration

Figure 2.2:Influence of form when it comes to platform

The structure of a dashboard influences the way the dashboard looks at the problem. Going
from a Question, through the data parameters and chart category and finally to the mapping
of data to chart elements determines the way that the message is delivered and is different
from department to department. The right model is more specific and when it comes to

structure, it falls into three different categories: flow, relationships and grouping.[26][30]

A flowed structure is more suitable for a sequence of events along time. When the data to
focus involves the relationships between entities or measures, the most suitable type of
structure is maybe a mathematical, organizational or functional relationship. If the author

wants to emphasize a hierarchy of categories, then should choose a grouping structure.

After the definition of the structure, some principles of design should be considered, such as
Compactness and modularity, the gradual reveal of the information (growing from the key
metric, to the context around it and finally the breakout), the guide attention, lead to action

and explanation before information.[31]



2.3. Technique Design

When considering the interface design of a dashboard, it should be considered how clear and
easy to the eye it should look. This being said, it is relevant to organize the visuals properly,
leaving some room for the user to “breathe”, with a suitable and homogeneous color palette

and with harmonious typography.[32]

When considering data, there are two types of data: categorical and quantitative. Categorical
data is the type of data that can be grouped by type or category. Quantitative data is all the
information that can be measured.[33] An example of categorical data is the departments
within a company, such as Human Resources, Production, Sales or Research and

Development. Quantitative data can be the number of employees, the marker share, etc.[34]

When considering the process of dashboard elaboration, the first step is the idea of the
solution (or problem formulation), the second step the prototype (or building, intervention
and evaluation) and the last step the test phase (or reflection and learning). Phases one and
two occur parallelly and all comes with a result of a last stage that is the formalization of

learning (or writing the document).[8] Figure 2.3 illustrates the process.

S1: Problem Formulation

P1: Practice-inspired Research &>
P2: Theory-ingrained Artifact

$3: Reflection
and Learning

P6: Guided
$2: Building, Intervention, Emergence
and Evaluation

P3: Reciprocal Shaping

P4: Mutually Influential Roles
P5: Authentic and Concurrent
Evaluation

J

S4: Formalization of Learning

P7: Generalized Outcomes

Figure 2.3: Method for the construction of the dashboard
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When selecting the right type of charts or tables, we have to consider what was said prior
regarding the type of data.[35] Considering nominal or ordinal data, a bar chart or a line
chart can be the most suitable.[36] The most decisive factor in the type of visual technique
to be shown is the chart category which can be divided into four different sub-types:

Distribution, Composition, Relationship or Comparison and Trend.[31]

If it is important to understand how the elements spread across one or more axis, it is better

to use a distribution type of chart, such as a Bar chart or scatterplot.

On another hand, if the division of the data into different pieces is what it matters, then the
composition is the most suitable such as a pie chart, a bar chart or a tree map.[34] When
considering the evolution of an element across, or trend, a line chart and area chart are more

suitable[37].

Figure 2.4 [38] of the right charts to be used depending on the category the data fits in.
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Figure 2.4: Types of charts to be used in a dashboard, depending on the category

There are other visual techniques besides the traditional bar charts, line and point charts.
Other visualization techniques can represent the relationships between multiple variables.

One example is parallel coordinates, which plots the data on parallel axes connecting the

corresponding points with lines (Figure 2.5).
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Figure 2.5: Example of parallel coordinates for automotive data

Source: [37, p. 8]

Maps can be used to do a cartographic projection and use the data to cross with the map
information and generate a visual output.[39] For example, when tracking the variation of
position in time, it generates a movement line, which can be set in a Flow Map. When
focusing in geographical areas, the choropleth maps are a great tool to emphasize the data

using a color scheme connected to a map (Figure 2.6).[40]

The Maps can also be complemented with pie charts instead of colors for example or other

types of charts, to add more data information, being called graduated symbol maps.

Figure 2.6: Choropleth map for obesity in the USA in 2008
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When connecting several layers of hierarchies, the solution can be intricate and complex to
understand. Usually is similar type of data that can be related with some visual link, as for
example a node-link diagram, which appears to look like a tree with several branches

representing the layers (Figure 2.7).

This type of technique can have several alternative schemes such as a dendrogram with

leaves the nodes of the tree at the same level, or setting them in a color scheme for distinction.
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Figure 2.7: Radial Node-link diagram for a package hierarchy

Other techniques that can be used to illustrate hierarchy can be tree maps, radial space-filling

or icicle tree layouts.

As said prior, when exploring the visualization through relationship, then it is interesting to
consider how networks can be related. This can be done visually by creating a series of lines
that cross the area and connecting the nodes that comprise the network layout (see Figure

2.8), with the alternative of an arc diagram or a matrix view.
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Figure 2.8: Example of a force-directed layout

2.4. Using KPIs in Dashboards

In order to lower the uncertainty of decision making, it is important to analyze a certain
number of key indicators. For this reason, management executives, from top layer positions
to middle managing sectors, all rely in visual tools to help them evaluate and strategize the

direction of the department.[41] They base their evaluation in KPIs.[42]

Vilarinho and Sousa suggest on how to develop dashboards for small-to-medium enterprises
(SMEs) in order to improve the performance of productive equipment and processes[43].
This follows the processes of product development until the dashboard layout, considering
visual management and continuous improvement approaches as well relevant data selection

and the maturity of the information.

At the same time the dashboards were being developed, the company’s information system
was also being improved so it could show three sides of the dashboard: operational, tactical
and strategic.[44] This is relevant for this research as it focuses in the development of a

visual technique for a smaller company, as it happens in this case as well.
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Bititci focus on developing the visual strategy and performance management techniques and
how these tools impact of the management decision-making of organizations[45]. To be able
to perform this study, the author relied on qualitative case studies of seven manufacturing
SMEs across Europe. Other elements to be considered for this purpose are the influence of

people engagement and communication.

This research also shows that for long-term influence, it could be necessary to undergo an
organizational culture adjustment. This paper is relevant for this research as it analyses the
impact of visual strategy tools in organizations and how it influences the inner dynamics as

well as the effects in different sizes of the company.

Dita researched the implementation of a business intelligence (BI) solution in a
manufacturing company, with main focus on predictive analysis[46]. This has the objective
of improving the process of decision-making on the operational level. The interesting fact
of this master thesis is the focus on the project managing process and the way that a BI tool
can help with optimizing the later phases of this. The generated dashboards are more focused

in predictive analysis.

Gongalves Teixeira[47] argued that success in a BI project "can be measured through three
levels: reports output level (enables the consult of information); cooperation level with other

areas; and support level to the short time.”

The need to identify the main features, uses and benefits of performance dashboards, due to
the low adoption of these tools by sales managers in Finland was a topic of research also[48].
There were four distinct purposes for the dashboards: monitoring, problem solving,
rationalizing and communication and consistency. It was seen a correlation between the

utilization of dashboards and user productivity.

The research conducted by Shi focus on propose an automatic approach to extracting KPIs
from engineering projects related data[49]. The reason for this is connected with the amount
of generated data from complex operational processes. There is also the objective of

demonstrating how the domain knowledge can make the process of KPIs identification and
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visualization easier. The findings of this research proposed a conceptual model for a KPIs

identification approach, and then evaluated by applying industrial data.

Zander and Hedin focus in which KPIs are most interesting for organizations in the
construction industry and the most relevant for a BI application[50]. The data collected for
this research was gathered by interviews and literature studies, ending in the most common
KPIs for this industry. Finally, from that list, the most relevant indicators are selected to be
visually represented. The findings of this paper show that there are a few key indicators that

are desired to be shown from different perspectives, as pretax profit margin.

Also, it is important to mention that, although this is a research paper for the construction
industry, there are many subsections within it, so for each sub-industry, the importance of
the KPIs differ. It is also important to think about color scheme when developing a
dashboard, as well as the choice of the correct chart and color changes the purpose of the
visualization.[51] Most important is to consider that the user should not be flooded with
information, as it has a limited amount of capacity to absorb the data and can prejudice de
effectiveness of the dashboard. This is relevant for this research, as the wood sector is a sub-
sector of the construction industry, and within it lays the water-tight systems, a very unique

sector that will define the design of the visual technique.

2.5. Conclusion

In this chapter, were analyzed several relevant papers to this thesis. It’s possible to see in
Figure 2.9 that the majority of the papers were released after 2010, peaking at 2016 with five
papers. In fact, 84% of the total documents were written in this decade, proving that the most

relevant information is relatively recent.
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Figure 2.9: Distribution of the selected papers throughout the years (number x years)

Considering the type of publication for the research, the large majority of documents are
reports (with 14 papers) followed by articles (with 9 papers). The considered reports also

include thesis and thesis proposals.

It’s also relevant to understand the main theme for every selected paper and its relevancy to
the research. The majority of papers are related to dashboards and visual information in
construction, followed by the more enterprise related documents and general approach to the

visual information theme.

Considering the relevant information to be included in the literary review, Figure 2.10
illustrates the number of papers that answered to each research question. The matrix of

Publication Type and Selected Documents can be seen in Annex A.

25
20
15 W Yes
10 - Partially
54 E No
O .
RQ1 RQ2 RQ3 RQ4

Figure 2.10: Number of papers that answered to the research questions

Figure 2.11 shows a summary of the main research areas that contribute for the development

of the visual model.
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Figure 2.11: Main areas of research

It’s relevant to mention how transversal is Visual Information (VI). During the process of
development, it will gather several distinct knowledge fields that combine the transformation
of data, to the interpretation of the end-user movements and wishes. It’s a highly subjective
chain of events as the design choice needs to be as universal to understand as possible,

without being bland or monotonous.

It’s been shown that there’s a complexity of techniques that improve (or potentially ruins)

the user experience and what is the main goal of the dashboard.

As said prior, the visual information and dashboards in particular are a non-stagnant field,
so it was important to do research to recent articles and not relying in outdated information,

that can happen quite fast in this sector.

In terms of preferable visual techniques to be applied to dashboards, table 2.1 illustrates the
summary that relation with different KPIs, based on the articles discussed prior in this
chapter and considering the relevancy for the construction industry. The matrix of Research

Questions and Selected Documents can be seen in Annex B.
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Table 2.1: Summary of indicators and preferable visual techniques

Indicator Visual technique
Pretax profit margin per project Bar chart
Pretax profit margin per customer | Bar chart
Chargeability Line chart
Purchases Bar chart
Tenders to be approved Table
Time tracking Line charts

Costs tracking

Pie Charts; Bar charts

Resources

Bar charts; tables

The next chapter will introduce the suggested visual model for this Thesis.
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3. Conceptual Model

In this chapter will be discussed the conceptual model for the development of a dashboard
towards the interpretation of specific KPIs within the sub-industry of construction in order
to track projects and to be a tool to allow the improvement of decision-making, applicable
for the case study and extended to the sector of waterproofing systems and construction

industry in general.

3.1. Framework

For the relevance of this study, the main focus will be within a sub-sector of construction
industry. In Sweden, the majority of residential and office buildings are built in wood. This
comes with a complex chain of processes until it ends in the components that comply the

structural elements[52].

Within it, the company that the study is focused, acts in the isolation of the rooms that may
be exposed to continuous or temporary events of moist or to water. That is a highly regulated
sector in Sweden, with strict rules and directives[53]. Also, every two years, it is conducted
a major test that gathers the most sold brands of these types of products for the Swedish /
Scandinavian market and it evaluates the quality in terms of local infiltrations, emulating

real life situations[54].

It is a current problem the fact that many decisions are made without the optimal information

to be used as a background and that can lead to poor decisions.[55]

In order to gather the user requirements and elaborate a conceptual model for the dashboard
valid for the companies that can act within the waterproofing sub-industries, a case study
will be conducted. It will focus on a company that acts in this branch of market
(approximately 66% of the total Swedish market). Although it would be desirable to involve
other similar companies due to time and managerial limitations only this one will be
considered. Because its significance within the Swedish market is high, it is assumed that

the conceptual model can be easily applied to other similar companies.
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The company to be studied has its headquarters in Linkdping, in southern Sweden, and
develops technical products based on paper, nonwoven and several types of plastic materials.

Further details are given in chapter 4, to explain the framework.

In terms of the quality tests that motivated the case study, there was an evolution of results
from the first to the second test [56], but the brands represented by the company, showed a

decrease in success results [57].

This was the beginning for the tracking of the main variables that form a project. With almost
three years of gathered data, the main issue was to re-organize all this information in a way
that could improve the management of the projects, optimize time and resources
management as well as find out which are the main weaknesses so it could trigger a

optimization action towards it.[58]

Also, it is a motivation the integration of KPI already in use for some projects, but not a tool
commonly in use in the company. Having the access to the raw data and the possibility to
calculate the indicators via middle calculations, it can be a powerful tool to “make or break”

a project.

In order to begin this process, it was conducted a systematic review of literature[5] (resulted
in chapter 2), in which was first performed an extended research of documents and articles
to understand the universe of the information visualization and in what way it can help to
interpret the KPIs results of the construction industry, and to lead to a suggestion of a

cognitive model.

This model will focus in the analysis of the information that the user pretends to see. For this
reason, it is a model focused in the user. The first goal is to define which visual technique is
more suitable for the user’s needs and that means that is crucial that the user is also part of

the idea and development of the dashboard and in the process of design of it.
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The process of dashboard development follows a flow illustrated in Figure 3.1. It is
important to mention that, for each distinct phase, the iterative process means that it can

always go back to the idea point.

Ideate Prototype

-

Design Iteration

Figure 3.1: Phases of model development

The Idea phase comprises the analysis and selection of Indicators that will be displayed in
the dashboard. Part of the Prototype and Build phase will be the low definition version of
the dashboard and later the high definition version, compiling the several chosen visual
techniques that, then will be tested in a usability evaluation (in the “Analyse” phase), and

finally making sure that the model follows the initial requirements.

The phases of Prototyping and Analysis (or Usability evaluation) will be executed and
explained in Chapter 4.

The next sub-section will present the method for analysis and selection of the indicators to

be feature in the functional prototype to be later developed.

3.2. Analysis and selection of the Key Performance Indicators

To be able to choose the right indicators to be displayed, it is necessary to know the user and
understand which are the main problems, the pattern of usage and which style of user we are
dealing with.[59][60] This is important so, in further stages of the process, to be able to

establish distinct scenarios of usage to be tested.[61]
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For that reason, the process was divided in sub-sections: analysis of the user, selection of the

indicators, evaluation techniques and evaluation.

According to Gongalves et al [62], a way to identify and characterize the group of users
could be through a pre-test enquiry, in which it is possible to know the target group and

gather the necessary information to later, elaborate a series of tasks scenarios to be tested.

3.3. Users’ analysis

As said in the section above, an enquiry is an important tool to know the users. Although
this type of survey should have a great amount of answers, due to the specificity of the study
and the lack of people to test properly, the enquiry and further tests were focused in the target
group, which consists in six users, all having some kind of familiarity with the data and the

visual techniques. The enquiry can be consulted in Annex C.

The focus group has ages from 25 to 44 years old and with the following job titles: 1 intern
in product development, 1 product development engineer, 2 managers of production, 1

economist and the company CEO. Table 3.1 summarizes the group characteristics.

Table 3.1 Focus group characterization

Result (number &
Variable Group
Percentage)
Gender Male 4 (67%)
Female 2 (33%)
Age 18 -24 0 (0%)
25-34 3 (50%)
35-44 3 (50%)
45 - 54 0 (0%)
+55 0 (0%)
Experience in the Less than 1 year 0 (0%)
company 1 —2 years 2 (33%)
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3 — 5 years 1 (17%)
More than 5 years 3 (50%)
Company sector Product Development 2 (33%)
Production 2 (33%)
Top Management 1 (17%)
Economy 1 (17%)
Information Technologies | Beginner 0 (0%)
(IT) experience Advanced Beginner 1 (17%)
Competent 5(83%)
Expert 0 (0%)

One of the first questions had the intention to understand the familiarity of the user with

several visual techniques, and which of them are used more often (see Figure 3.2).

4 (66.7%)

5(83.3%)

1(16.7%)
1(16.7%)

Tables
Spreadsheets
Data sheets
Histograms|—0 (0%)
Scatterplots(—0 (0%)

Statistics 1(16.7%)
2(33.3%)

Common chart maps|—0 (0%)

Bullet graphs|—0 (0%)

Heat maps| -0 (0%)

Gauges and dials|—0 (0%)

Geo maps|—0 (0%)

Sparklines|—0 (0%)

Text charts| 0 (0%)

Time tables|—0 (0%)

Tree maps(—0 (0%)
Spatial maps N1 (16.7%)

Variance charts| -0 (0%)

Logical maps|—0 (0%)

Word clouds 1(16.7%)
Data constellations|—0 (0%)

0 1 2 3

6 (100%)

2 (33.3%)

o
(=2

Figure 3.2: Visual techniques used more often

Interesting to notice that all enquiries use spreadsheets and most of them line charts, followed
by bar charts. Also, data sheets, summary and reports are somewhat popular amongst the
users. This means that the six users, on a daily basis, tend to rely on three main visual

techniques.

25



When considering the most appealing KPIS to follow the progress in a project, there was no
answer that collected the unanimity of responses, but three KPIS gathered 66,7% of
responses, these being “Logged in Time in Main Project Categories”, “Ratio of Cost /
Budget” and “Cost Performance Index”. With 50% of preference comes “Logged in Time
in Specific Projects”, “Ratio of Completed / Estimated Tasks”, “Estimated Time per Task”

and “Schedule Performance Index” (see Figure 3.3).

Luyycu I NNE a Vgl Fiyjece
Categori..
Logged in Time by Project
Responsible
Percentage of time by Project
Responsib

4 (66.7%)
3 (50%)

1(16.7%)

1(16.7%)
0 (0%)
0 (0%)
Location of Project Destination|—0 (0%)
1(16.7%)
1(16.7%)
1(16.7%)

Estimate Time per Person in
Specific Pr..

Ratio of Completed /

Estimated Tasks

Estimated Time per Task 3 (50%)
Logged in Time per Task 1(16.7%)
Schedule Performance Index 3 (50%)
Cost Performance Index 4 (66.7%)
Project Health 2 (33.3%)

0 1 2 3 4

3 (50%)
4 (66.7%)

Figure 3.3: Most interesting KPIs

There is a main concern regarding the costs of a project rather than Time or Resources, with

even no interest at all of having more information about a project location.

Three main fields of project monitoring were then tracked, with three separated questions
focusing to ask users which visual techniques would be more appealing to track the “Time”,

“Resources” and “Costs” of a Project.
When considering the “Time” tracking in a project, the answers were mainly focusing in

three different type of charts: Line (50%), Bar and Pie charts (33% both), according to Figure
3.4.
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Tables
Spreadsheets
Data sheets
Histograms
Scatterplots| -0 (0%)
Statistics|—0 (0%)

-0 (0%)
Common chart maps| 0 (0%)
Bullet graphs|—0 (0%)

Heat maps|—0 (0%)

Gauges and dials[—0 (0%)
Geo maps|-0(0%)
Sparklines|—0 (0%)

Text charts[—0 (0%)

Time tables|—0 (0%)

Tree maps| -0 (0%)

Spatial maps|—0 (0%)
Variance charts|—0 (0%)
Logical maps|—0 (0%)

Word clouds| -0 (0%)

Data constellations|—0 (0%)

0 1 2 3

2 (33.3%)

3 (50%)

2 (33.3%)
—1(16.7%)

1(16.7%)

Figure 3.4: Visual techniques to track the time in a project

Regarding the tracking of the resources, the answers mainly focused in spreadsheets

(83,3%), followed by Line and Pie charts (50% both), according to Figure 3.5.

Bar charts 2 (33.3%)
Line charts —3 (50%)
Pie charts 3 (50%)
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Figure 3.5: Visual techniques to track the resources of a project

Finally, regarding the costs of a project, the users were unanimous for a technique, with all
of the six answers choosing Pie Charts as the best, followed by Bar charts (83,3%) and Line
charts (50%), according to Figure 3.6.
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Figure 3.6: Visual techniques to track the costs of a project

After this first step of the enquiry, the questions were directed to a more specific theme,
leading the enquired user to think about the visual aspect of a dashboard and evaluate specific
examples of dashboards applying the data used by them. The first example asked the user to
consider the main indicators featured in the dashboard, and for each of them, to enunciate

which attributes were more important for a clearer understanding.

The answers varied for each indicator, but overall, it is possible to say that the user is more
sensible to the color scheme and font choices, followed by the technique itself, more relevant

for ratio interpretations and indexes. The results are displayed in Figure 3.7.

BN Colour [ Font Size B Line thickness B Zoom W Visual technique

Gantt chart Task progression Ratio Price Schedule Performance Index Cost Performance Index

Figure 3.7: Results for the first dashboard, visual attributes more important
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As a closing to the enquiry, it was shown an example of a dashboard with some of the asked
KPIs and the visual techniques prior in the survey, but this time with the goal to capture the
user’s attention to the design and understand one more time what appeals to the enquired
person in terms of sensibility to color scheme as well as variation of visual techniques. This
was thought with two direct questions. The first so the user could locate the asked KPI in
the dashboard and the second to the changes it would be necessary to each of the shown

indicators.

The results for the last dashboard tended more towards the color scheme, font size or motion.
Most of the attributes were satisfying to the user according to the amount of “no changes

necessary” answers (see Figure 3.8).

B Typeof Chart M Zoom Motion WM Font [ FontSize MMM Colour Scheme [ Nothing

1 1 II I_IIII II_I II Il II II_IIII

Top row, Left Pie Chart Top row, middle Pie Chart Geo map Bottom row, Left Pie Chart Center Gauge Chart Bottom row, Right Line Chart

4

Figure 3.8: Results for the second dashboard, visual attributes to change

3.4. Selection of the Indicators

Considering the answers to the enquiry explained in the sub-section before and the results
shown in Annex C, it was possible to select the more relevant indicators to be feature in the

prototype and to be tested afterwards. These are:

IND1: Logged in time by every project responsible in main project categories. The projects
are divided into four categories: “Customer Maintenance”, “New business”,
“moisture sensors” and “consulting”;

IND2: Logged in time by every project responsible in specific projects. In this indicator,
every company which falls into a new or recurrent product, will have a new specific
project opened and the time tracked;

IND3: Cost performance index. The measure of completed work for every unit of cost spent;

29



IND4: Schedule performance index. The measure of how close the project is to being
completed when compared to the schedule;
INDS: Ratio of Completed tasks with the number of total estimated tasks;

INDG6: Project health. An indicator that shows the present status of the project.

3.5. Selection of the Visual Techniques

In the previous section, six indicators were chosen and will be part of the dashboard. The
next step is to analyze each one of them and select the most suitable visual technique to

compose the dashboard to be tested in the prototype phase.

IND1: Logged in time by every project responsible in main project categories.

As stated prior, this indicator is the one that will lead as it will focus the logged in time in
the four main categories “Customer Maintenance”, “New Business”, “Moisture Sensor” and
“Consulting”. It is a time tracking indicator, and considering the preferences of the users,

the best technique to display that is through a chart.

One of the goals of this indicator is that, after being accessed, to be able to disclose more
details on each of the projects. The amount of time logged through a timeline is interesting
to analyze, considering that for each category, the lines and colors will make them distinct.

The suggested chart for this indicator is a line chart.

IND2: Logged in time by every project responsible in specific projects.

The goal of this indicator is to provide more information when compared to IND1. For this
one, each project (usually attributed to a customer), will be more detailed. The focus here is
to have a percentage of time for each project that will be connected with INDI1. For that
reason, the most suitable chart is a pie chart, considering is also a time tracking indicator and

is included in the user’s preferences.
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IND3: Cost performance index. The measure of completed work for every unit of cost

spent

For this indicator, it is important to know the connection between the ratio between the
completed work and every unit of cost spent. It is a measure of cost, and according to Figure
3.8, six out of six users chose pie charts as the best visual tool for this. Due to the fact that
this is an index that varies from 0 to 1, it doesn’t make sense to use a chart but instead a
visual technique that is appealing and strong to the eye. For that reason, a Gauge display

suits best.

IND4: Schedule performance index. The measure of how close the project is to being

completed when compared to the schedule

Similar to IND?3, this index also is the ratio between time to completion of the project when
compared to the scheduled time. Due to the fact that it varies from O to 1, it should have a
visual tool that is simple and appealing, so a Gauge display is also a suggestion for this

indicator.

INDS: Ratio of Completed tasks with the number of total estimated tasks

This indicator is related to IND4, but in this case, is focused in the number of tasks that were
set for each project, and by the time of analysis, should be measurable when compared to
the total amount of tasks. A suitable technique for this indicator is the bar chart, as, for each
project, different color bars, alongside with the percentage of completion makes it clear to

track the project progress.

INDG6: Project health.

This indicator is, perhaps, the most important of all six, as it works as an analysis summary.

It is highly dependable on IND2, IND3 and IND4, and will establish a relationship between

them in order to deliver to the user the information about the overall status of the enhanced
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project. It should show as text, highlighted with simple color code, green, yellow or red,

representing the urgency of attention to the selected project.

3.6. Dashboard Construction

All the focus users work in an office environment with a fixed workstation and screen of
approximately 21 inches. This means that in general, this is the physical space where the
information may be displayed, and thus identifies the visual area that can be exploited by the

dashboard to map the results.
Another relevant aspect is how should be the information organized visually. Which
indicators to highlight and interactions between them. The size and color scheme are also

important, as clearly stated by the users’ preferences.

Table 3.2 shows the main techniques to be developed between indicators.

Table 3.2: Relationship between indicators’ framing, highlight and links

Indicator Theme Framing Highlight Linking
Logged in time for Project Project

INDI1 . . ‘ IND2; IND5

main categories responsible category
Project .

) ) ) Project

IND2 Specific projects responsible; IND1; INDS
category

project category

Cost performance

IND3 ) Project name Task name IND4; IND6
index
Schedule .
IND4 ) Project name Task name IND3; IND6
performance index

Project Task name;

INDS Ratio of tasks responsible; Project IND1; IND2
Project responsible;
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Category;

Project name

Project

category

IND6 Project health

Project
responsible;
Project
Category;
Project Name;

Task name

Task name

IND3; IND4

3.7. Conclusion

This chapter focused on the design of the conceptual model for the dashboard as well as the

first contact with the focus group to identify their requirements and perceive their current

interaction with visual techniques to map the KPIs. Besides this, it also aimed to identify if

these techniques should be considered in the dashboard or others ones are more suitable.

It was also possible to establish a workflow between the initial phase of enquiry and the

process of choosing the indicators and visual techniques, as it is not always possible to follow

exactly the user’s preferences but giving focus to the most effective technique instead.

Six indicators were chosen and adjacent visual techniques (that are illustrated in Table 3.3),

and the next chapter will describe the phases of prototype implementation, based on the

defined conceptual model. Those phases are the dashboard construction and the usability

evaluation.
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Table 3.3: Indicators’ summary and visual techniques

Logged in time by every project responsible

IND1 _ _ _ _ Line Chart
In main project categories
Logged in time by every project responsible
IND2 _ =8 _ _ Y EVELY PIO) P Pie Chart
in specific projects
IND3 Cost performance index Gauge display
IND4 Schedule performance index Gauge display
Ratio of completed tasks and the number of
IND5 ) Bar chart
total estimated tasks
IND6 | Project health Text
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4. Prototype

The development of the dashboard comprises the considerations mentioned in prior chapters

and the tasks of development of a prototype should respect some directives of good design.

It is important to perform the dimensioning with reliable metrics according to the user

requirements and the distinct scenarios.[25]

The following sub-sections will show how this process developed, presenting the data source

and the means to transform this into an operational prototype and respective evaluation.

4.1. Case Study

The company in which this study is focused is called Staga Sweden AB, a Linkdpings-based
company, in southern Sweden, that develops technical products based on paper, nonwoven
and plastic. The company is part of a small group named Staga Group, consisting in Staga
Sweden (Mother Company) and daughter companies Nordic Barrier Coating AB (NBC),
Nordic Textile Converting AB (NTC) and Tabey AB. The entire group has a similar vision

and work focus, as said prior, within the Nonwoven and technical paper industry.

Important clients are set in the automotive industry, graphic paper, medical and construction.
A key segment for the company is the waterproofing system that is applied into the wet

rooms, mostly in wood construction.

Staga's wet room items are produced to meet the latest industry regulations BBV 10: 1[53]
and can thus be part of a certified wet room system. The produced system is made of foil
type and is set up as a wallpaper on floors and walls of wood-based construction structures.

The existent items in the system are:

» Well Cuffs
* Fiber strip
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* Adhesive tape

* Internal corner
* Pipe collars

* Wet rooms foil
* Wet rooms strip

» External corner

It is also within the company's business concept to be able to measure the moisture in which
the products are used. Apart from this main sector, other components of the business include
the trading and unwinding of technical paper, extrusion, lamination and plastic-based rolls
for several end-uses as well as general development within the industry in the means of

consulting work for other companies.

The typical cooperation synergy between departments when it comes to a new project, has
some directives to follow, not in a strict policy, but an overall agreed strategy of work. This
is valid for the present times, and because it is a company that is relatively new to the market
(10 years), it’s constantly growing in means and people, and one of the current challenges is

the organic grow of the company and match it to the IT tools and organizational framework.

Figure 4.1 illustrates a typical cooperation map, when focused on the Research and
Development department (R&D) and how it connects to the Production Department and

Economy.

Another relevant point to raise is the fact that this company, as a group, is formed by
approximately forty people. Twenty two people works now in the Mother Company and
when considering the concepts of “Departments”, this is taken into account that it is a
growing company, in which, for example, for the R&D department, the main key actors are

just two people, with four extra current collaborators.
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Figure 4.1: Collaboration map between the three main departments regarding a R&D Project

4.2. Data Gathering

The data used for this work was gathered from a Project Management online tool called

9]

“Teamwork Projects”’, in which each Project collaborator can access when it’s given

permission and control each project.

All the companies within the Staga Group are present in this project management tool as
well as the main customers. Once the user logs in, it is possible to get a full picture of the
current active projects and from this point on can access the main tasks and deadlines for

any of them (see Figure 4.2).

' www.teamwork.com
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Dlj projekt dar jag ar en observatér

Figure 4.2: Teamworks Project layout

Each project has attached several tasks to it. These tasks are added when a new project is
originated and the estimated time of completion for each task is also added at this point.

With this action it is possible to generate a Gantt chart, also available by Teamworks.

The project collaborator (customer or employee) can add a task, log in time, cost or see the
real-time status. This is a company policy to increase transparency between the customer
and supplier, as it can be seen how each task is going until the project is completed and if

it’s necessary to perform changes.
Although there are many possibilities, Teamworks is mainly used for tracking the main

collaborators project performance focusing on time / task ratio. It is possible to check the

main characteristics of a collaborator for a specific period (see Figure 4.3).
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Figure 4.3: Teamwork'’s specific time, tasks description

From this stage it’s possible to extract and export the main project’s characteristics to an

excel file, which generates the raw data.

To transform and process the raw data, it was used Power BI Desktop? which was a clear
software to manage all the categories and with the advantage of allowing a student license

to use, for the purpose of this work.[63][64]

The following process flow (Figure 4.4) illustrates the chain until the elaboration of the
dashboard?:

Raw Data = Data Transformation =
Teamworks O Microsoft (O Power Bl (O Dashboards |
Project ~ ~-—————— - Excel | 7T C » Desktop -3 >

Figure 4.4: Data Process Flow

2 https://powerbi.microsoft.com/sv-se/ (visit in March 21, 2020)
3 https://www.archimatetool.com (visit in March 21%, 2020)
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4.3. Middle calculations for the KPIs

In order to represent the KPIs in the dashboard, some middle calculations will be necessary
to be performed, as the raw data doesn’t give this information directly. For that reason, the

next sub-sections will identify the formulas to be considered.

4.3.1. Cost Performance Index

According to Roseke [65], the cost performance index (CPI), can be defined as Equation 1.

Earned Value
Actual Cost

Equation 1: Cost Performance Index Calculation

Cost Performance Index =

It is important to mention that this indicator is possible to calculate considering the project
as a sum of tasks, with each task being assigned both start and finish dates and budget. The
Earned Value can be calculated by multiplying the percentage of completion of task and the
task budget. On the other hand, the Actual Cost is calculated by the amount spent on the
task.

If CPI is less than 1, the task is over budget.
If CPl is 1, the task in on budget.

If CPI is greater than 1, the task is under budget.

Considering the information above, the necessary data to perform the calculation is

illustrated in Figure 4.5.
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— | ® Earned value ‘—’

e Actual Cost ® Cost performance
index

Project Responsible
Project category
Project name

Task name

Task estimated time
Task logged in time
Hour rate

Budget at completion
Estimated total time
Total logged time

Figure 4.5: Phases and necessary data to calculate the CP

4.3.2. Schedule Performance Index

The schedule performance index can be defined as [66] illustrated in Equation 2.

Earned Value

Schedule Performance Index = Planned Value

Equation 2: Schedule Performance Index Calculation

To interpret the values:

If SPI is less than 1, the task is behind schedule

If SPI is 1, the task in on schedule.

If SPI is greater than 1, the task is ahead of schedule.

Similarly to the cost performance index, this is also a ration between values, but in this case
we have to consider the planned value, that can be calculated by the multiplication of the

percentage of completed planned of the task by the task budget.

The necessary data to perform the calculation of this index is illustrated in Figure 4.6.
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— | * Planned value ‘—P ® Earned value ¢ Schedule
performance index

Project Responsnble
Project category
Project name

Task name

Task estimated time
Task logged in time
Hour rate

Budget at completion
Estimated total time
Total logged time

Figure 4.6: Phases and necessary data to calculate the SPI

4.3.3. Ratio of completed tasks with total estimated tasks

The calculation of the ratio between the completed tasks and the total number of estimated
tasks is a direct division between these two numbers. The necessary data to perform that

calculation is displayed in Figure 4.7.

— |* Sum of completed — | * Sum of estimated — | * Ratio calculation
tasks tasks

Project Responsible
Project category
Project name

Task name

Task estimated time
Task logged in time

Figure 4.7: Phases and necessary data to calculate the ratio between completed and estimated tasks.

4.3.4. Project Health

As stated prior, the output of the project health is a text with a featured color that will express
the general status of the project. This is highly dependable on two other indicators and the
result will return the text and color schemes according to Table 4.1. It is important to mention

the fact then, when the task is 100% done, the status will be displayed as “Complete”.
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Table 4.1: Output of Project Health indicator

CPI Text Color
<1 Over budget Red
>0.5 and
o Over budget Yellow
=1 On budget Green
>1 Under budget Green
SPI Text Color
<1 Behind schedule Red
>0.5 and
< Behind schedule Yellow
=1 On schedule Green
=1 Complete Green
>1 Ahead of schedule Green

4.4. Prototype implementation and KPIs mapping

During the stage of drawing the main goal is to transfer to a concrete visual tool, what was
suggested from the enquiry results. With the indicators being chosen to be interpreted
visually, the main concerns are the correct proportion of detail, as too much information (or

too little) can lead to a bad result, as well as bad coding.[62]

In a first step, it was necessary to test the visual proposals of the model for the several
indicators and possible interactions.[67] For that reason, the most effective way is through a
low fidelity prototype, in paper, where the ideas can turn rapidly into something visual and
immediately can be detected imperfections in the logic and corrected instantly. Figure 4.8

illustrates the results for that process (remaining images can be seen in Annex D).

43



7
______

Figure 4.8: Low fidelity prototype for the indicator IND1

Every indicator was developed separately in Microsoft Power BI Desktop and after that, the
entire dashboard was created, introducing all the indicators and evaluating the best position

and dimensions for each.

For the first indicator, IND1, the main idea was to include the information that the users
stated in the enquiry being the most relevant, so in a line chart and for a timeline, all the
main categories of projects were included, as well as the time logged in for each of it, for all

the users, according to Figure 4.9.

Decimal Hours by Date and Project Category

Project Category ® Customer Maintenance & Development @Fuktsensor ®New business

Decimal Hours

Figure 4.9: Functional prototype for IND1

One of the requirements was the ability to filter the information by responsible, project and
project category, so with this function, the user can see the adjusted information. This is

illustrated in Figure 4.10.

44



Decimal Hours by Date and Project Category

Project Category @ Customer Maintenance & Development ®New business

Decimal Hours

den 8 mar den 15 mar den 22 mar den 29 mar

Figure 4.10: Project Category by user for IND1

The second indicator, as stated prior on this document, gathers the logged in time for the
specific projects, and according to the enquiry results, the best visual tool should be a pie

chart. Figure 4.11 illustrates the result of the indicator.

Decimal Hours by Project

Project
3 ®Maskin underhall
155 5.4 53 (18 .46%) ®Mote & Ovrigt
5 HJM ®Kerakoll
17,75 ®Svenska Kakel
(6,18%)

®Kullafarg
®Fonus
Fuktsensor

51,333 @Persson
(17 88%)

@®Gunnar Engstrand

®New Business
44,584 {15,53%) ®Enkla Produkter

®Radon
Figure 4.11: Functional prototype for IND2
Similarly to indicator IND1, this also has the ability of being filtered by project responsible,
Project and Project Category, with the results adjusted if the user chooses to see a specific

project responsible, for example, as illustrated in Figure 4.12.
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Indicators 3 (IND3) and 4 (IND4) are somehow related to each other, so it would make sense

Decimal Hours by Project

5,5 (4,22%) (1,92%)

15,5 (11,9%) (40,69%)

17,75

(13,63%)

33 (25,34%)

Project
® Maskin underhall

@ Svenska Kakel
®Fonus
®Persson

@ Mote & Ovrigt
® Enkla Produkter

®Radon

Figure 4.12: Filtered projects by user for IND2

to develop them side by side and locate them close by within the dashboard.

The gauge displays represent the indexes for the CPI and SPI when the user presses a specific
task, project or project category, with this indicator adjusting the value automatically and

showing the max value for the chosen category as a comparison element. Figure 4.13

tllustrates this information.
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Average of CPl and Max of CPI

0.74

Average of SPI and Max of SPI

0,00 0,96

0.37

Figure 4.13: Functional prototype for IND3 and IND4

0,00 0,40

Indicator 5 (INDS), as stated prior, represents the percentage of completed tasks in a bar
chart for a clear vision of the information and with the possibility of scrolling the graph if

the information becomes too extent (see Figure 4.14).

Average of Actual Complete (%) by Task

Task

0% 20% A0% 60% 80% 100%
Average of Actual Complete (%)

Figure 4.14: Functional prototype for IND5

For this indicator, there is also the possibility of filtering the information by project

responsible, project and project category (see Figure 4.15).
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Average of Actual Complete (%) by Task

40 60 R0 100
Average of Actual Complete (%)

Figure 4.15: Specific project tasks by user for INDS

Lastly, indicator 6 (IND6) is the simplest one visually, but the one that required more

adjustments during the development of the prototype.

The first idea was to generate a single text bar with the result of the analysis in one sentence,
comprising information for both budget and schedule, followed by a colored background,

ranging from red to green.

The main challenge was the effectiveness of this idea, as it was more difficult to generate a
productive coding cycle in Excel to generate the correct text and visually, it was limited,
because most of the results were a yellow background, due to one of the indexes not

matching.

For that reason, the bar text was divided in two. One analyzing the cost performance index
(on the left) and one analyzing the schedule performance index (on the right) with

independent color schemes, although following the same strategy as the initial idea.
The result is a better visual output, as the message is simple to decipher and the juxtaposed

colors are not aggressive to the eye. Figure 4.16 illustrates one example when the indexes

don’t have the same result.

over budger | FEHRABERGAUIER

Figure 4.16: Functional prototype for IND6
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4.5. Dashboard final presentation

Based on the results of the low fidelity prototype, the placement of the indicators should
save the largest area for the most important information. For that reason, the dashboard was

divided in two halves, with a larger area dominant by the most important indicator.

On the top half, it was clear that IND1 needed more area, as for a timeline chart, it’s
necessary to have a clear perception of the four distinct categories and the logged hours, as
well as enough space to understand trends. The remaining area was saved for the two
indexes, CPI and SPI, on the right side, as they are important to analyze, but more important

is the visual output of IND6.

The bottom half comprises the most important and decisive indicators, with a significant
area being reserved for the more appealing pie chart and the display of the specific projects,
on the right side. The left side was saved for the percentage of complete tasks. This indicator
could have less area, but to maintain a good proportion and not exceed area to the top half
of the dashboard, it was decided to maintain a good proportion and extended the text bar of

IND6 and have highlighted texts.

In Figure 4.17, it is possible to see the placement and approximate dimensions of every

indicator.
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Figure 4.17: Indicators location in the dashboard

Considering the interactions between the indicators, some filters were created in order to
adjust the information on the entire panel. The filter bar is located on the right side of the

dashboard and easily accessible.

The most important filters to consider in this case are mainly the Project Responsible, as the
information can become a bit too complex when more responsibles are added to the projects,
especially on indicator INDI.

As said prior, when the information becomes too extent in INDS, it is available a scroll bar.
In terms of color schemes, it was important to maintain a neutral color throughout the

dashboard, in order to highlight the IND6 and also the diversity of colors in IND2. Figure

4.18 illustrates the functional prototype after the placement of the indicators and filters.
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Decimal Hours by Date and Project Category

Project Category @ Customer Maintenance & Development ®New business Average of CPl and Max of CPI
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x

g Average of SPI and Max of SPI
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Average of Actual Complete (%) by Task
Decimal Hours by Project

Project
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Task

@Svenska Kakel
®Fonus

Produktionsrelaterat - U ®Persson

Prover A4 pd NW material till FS @ Mote & Ovrigt

®Enkla Produkter

A 60°
Average of Actual Complete (%)

under budget on schedule _—

®Radon

Figure 4.18: Functional prototype used during the test sessions

4.6. Conclusion

In this chapter it was possible to interpret the indicators generated in the concept model and,
connecting that information with the results and preferences from the enquires, to suggest a

visual prototype based in the case study company.

This was possible with the execution of a low-fidelity prototype and after this, to generate

the middle calculations and visual techniques more suitable to fit in the indicators.

In the next chapter, the further steps of the dashboard evaluation will be described, as well

as the results of the tests.
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5. Evaluation

This chapter describes the stage of testing and evaluation of the prototype that was developed
throughout the process. The focus group will be the same that answered the enquiry for the

visual techniques.

According to the distinct test scenarios that will be elaborated in this chapter, the users will
be exposed to a series of questions and tasks requirements within the dashboard and the

results will be noted and interpreted further.[68]

This will be possible by stating four different stages of evaluation: definition of evaluation

methods, planning the tests, usability tests and analysis of the results.

In order to be able to evaluate the usability and functionality of the dashboard developed in
this document, it was decided to use tests with several distinct scenarios, observations (both
quantitative and qualitative) as well as an enquiry of usability evaluation System Usability

Scale (SUS).[62] These documents are illustrated in Annexes E and F.

The goal of these tests is to evaluate the capacity of learning of the participant, the time that
the user spends when interacting with the dashboard as well as the efficiency of the tasks,
the errors when fulfilling the tasks and comfort of usability, the interaction between the users
and the visual techniques and if these interfere in the decision-making process and finally to

identify specific problems regarding usability and design.

All these factors will be described in the following sub-chapters.

5.1. Definition of Scenarios

According to Nielsen, when evaluating usability, there is no need to have more than five
users to obtain the best results [69]. This is not general though, as for every human factors
issue, it can depend on the end goal, and when one wants to aim for statistics results, then it

is optimal to rely on more users for the tests.[70]

53



For this case in particular, the tests were performed with six users, divided into four different
scenarios. Table 3.1 in chapter 3 resumes the characteristics of the professionals involved in

this study.

The test scenarios were elaborated, considering that all the questions covered the main
indicators and the different points of view in order to make a decision regarding a determined

project.

The evaluations must be done considering the most important indicators for usability, those

being efficiency and satisfaction.[71][72]

Table 5.1 resumes the four different scenarios and the tasks to be performed under the test

sessions.

Table 5.1: Scenarios to be considered during test sessions

Can you identify the number of categories logged in by the team?

Which categories did Responsible 1 focus time in?

Which day has more logged in hours by Responsible 2?

For that day, which category has more hours?

Can you identify which projects are under the category “Customer Maintenance”?

Which projects were focused by Responsible 27

Under project “X”, can you identify which tasks are completed?

For the same project, what is the Project Health status for 3 tasks that are undergoing?

Can you identify the CPI and SPI for each of those tasks?
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Scenario 4 (S4) — The understanding of the Project Health indicator determines the

ability of making a decision regarding a specific project

Which projects are “over budget”?

Which projects are in worst condition regarding the costs? Identify the CPI for each

of them.

Which projects are “behind schedule”?

Which projects are in worst condition regarding the schedule? Identify the SPI for

each of them.

Regarding the approach of testing, the users have no previous contact with the high-
definition prototype as it is expected this to be evaluated as a first approach and depending

on the user’s IT knowledge.

It was created a guide for helping the participant to understand what is expected from

him.[73]

This guide includes an introduction, the inclusion of demographic information, the scenarios,
a closed answer enquiry to evaluate the efficiency of the dashboard and a SUS enquiry. This

is available in Annex F.

5.2. Test Sessions

The test sessions were performed under closed doors, with just the presence of the user. The
tools for the tests were a desktop computer with Windows 10 installed and the dashboard
was tested in Microsoft Power BI. It was asked the users to speak while exploring the
dashboard, and that was captured via audio recording, according to Thinking Aloud

method.[74]

Table 5.2 summarizes the general duration and main statistics for the sessions.
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Table 5.2 Results and main statistics during test sessions

Results

(minutes)
Shortest Time 18:00
Longest Time 45:02
Average 26:53
Median 21:48
Standard Deviation 10:51
+1 Standard Deviation 37:44
-1 Standard Deviation 16:02

Visually, it is possible to see the distribution of the average times per user in Figure 5.1.

0:43

0:36 ,

0:28

0:21

0:14

0:07

0:00 T T T T T |

Figure 5.1: Distribution of average time per user

From Table 5.2 and Figure 5.1 it is possible to compare the six users, and all have results
within the intervals of +1 SD and -1 SD. User 5 was the fastest and has the professional title
of Production Planning responsible, which is used to KPIs daily, but was the user with least

questions and feedback.

User 3 was the one that took more time to complete the scenarios, but on the other hand, was

also the one that gave more feedback and pointed more fails in the system.

56



5.3. Quantitative and qualitative evaluation by observation

During the test sessions with the six users, these were followed by the evaluator whilst

completing the scenarios and its tasks.[75] It was possible to take several notes during this

process and elaborate the evaluation metrics, described in Table 5.3, and from these, two

metrics were focused on IND2 (ME-1) and IND6 (ME-4). From the five metrics, three

evaluate all indicators.

Table 5.3 Metrics of evaluation by observation and tools during testing

Metric of
Description Tool of testing Phase of testing
evaluation
Be able to identify | Audio recording. While the user is
ME-1 the Projects in the Thinking aloud completing each
dashboard (IND2) method. test scenario.
Time of conclusion | Measured time . .
) ) While the user is
of a task whilst the user is .
ME-2 _ ) completing each
(Efficiency when | completing the test )
) ) test scenario.
doing tasks) scenario.
Measured time ] )
Time to actina . . While the user is
whilst the user is )
ME-3 task (Efficiency ) completing each
) completing the test '
when doing tasks) ) test scenario.
scenario.
Identify Budget & | Audio recording. While the user is
ME-4 Schedule Project Thinking aloud completing each
Health (IND6) method. test scenario.
Identify problems ) )
o . Audio recording. . .
with interactions, o During the entire
ME-5 _ ' Thinking aloud '
visual techniques, test session.
' method.
design.

57



From metric ME-1, it was important to understand if the users could identify correctly all
the projects that were displayed in the dashboard, and all six users were able to do that with

considerable easiness.

The first scenario focus on IND1 and all users identified the logged in time graph, taking
more time to identify the categories within it. The first contact with the filters was tested in
task 2 from the first scenario, and all users took more time to think how to function with the

filters, especially user 2, from the economy department.

Metric ME-4 was focused on INDG6, project health, tested in scenario 4, and the highest
difficulty was related with the relationship between the project status in IND6 and CPI and
SPI indicators, and the filters to choose the different status of budget and schedule. User 2

was the one with the most difficulty to use the filters.

The summary of time per user in the four different scenarios, considering the time to act in

a task (TAT) and the time for conclusion of a task (TCT) are displayed in Figure 5.2.

05:02,4
04:19,2
03:36,0
02:52,8

mTCT
02:09,6 B TAT

01:26,4

00:43,2

00:00,0
P1P2 P3 P4 P5 P6 P1 P2 P3 P4 P5 P6 P1 P2 P3 P4 P5 P6 P1 P2 P3 P4 P5 P6

Figure 5.2: Duration of execution of a scenario per user (Px)
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It was possible to see an increase of user familiarity with the dashboard as each participant
acted faster, in average. This changed when the complexity of the task increased, especially

in scenario 4. The summary of metrics ME-2 and ME-3 are displayed in Table 5.4.

Table 5.4 Results for metrics ME-2 and ME-3

S1 S2 S3 S4
TAT | TCT | TAT | TCT | TAT | TCT | TAT | TCT
Shortest Time 00:3800:5400:15|00:16 | 00:12 | 00:32 | 00:13 | 01:52
Longest Time 01:53]02:08{01:0300:52|01:12|01:53 | 01:33 | 02:47
Average 01:05|01:31|00:34 | 00:34 | 00:39 | 01:11 | 00:51 | 02:12
Median 00:5801:31{00:29 | 00:34 | 00:40 | 01:07 | 00:54 | 02:06
Standard Deviation |00:29|00:30|00:19|00:17 | 00:21 | 00:36 | 00:27 | 00:22
+1 Standard Deviation | 01:34 | 02:01 | 00:53|00:51 | 01:00 | 01:47 | 01:18 | 02:34
-1 Standard Deviation | 00:36 [ 01:01 | 00:15|00:18 | 00:17 | 00:35 | 00:23 | 01:51

Scenario 1was focused in indicator IND1 and it was the first approach of the user to the
dashboard. That explains the higher average per user, as wasn’t familiar with the visuals or
the filters. The TAT has the highest average (1 minute and 5 seconds) for this scenario which
explains that the user needs to spend more time thinking before acting. The second highest

value for the TCT (1 minute and 31 seconds) also corroborates that fact.

Scenario 2 focused in indicator IND2 and all the users were faster to complete the two tasks,
as possible to see in Figure 5.2. For this scenario, it was asked the user to apply two different
filters to have the required information about IND2, and apart from user 2 who took the

longest time, in general, all the users were faster.

Scenario 3 focused on the interpretation of indicators IND3, IND4 and INDS5 and the
interaction between these. After a simpler scenario, the goal was to increase the complexity
of the tasks in the last two scenarios, asking the user to connect different indicators and using
filters. User 4 was the fastest to complete the scenario (with TCT of just 32 seconds), but
this is a user familiar with the cost and schedule indexes (plant manager), not having any

difficulties to finish the tasks.
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Although user 2 works in the economics department and most familiar with the indexes, it
was the user with most difficulty exploring the dashboard for the most complex scenarios

and didn’t rely on the filters, taking more time to finish the tasks.

In Scenario 4 the users had most difficulties, mainly being able to correlate the indexes with
the status and applying the correct filters. Almost 100% of the users had filters activated that
they forgot to reset in order to proceed in the test, making them to doubt the answer and

spending more time correcting the filters that were asked.

That fact allied to the higher number of tasks to be performed with larger amount of
information to be extracted, contributed for higher averages of TAT (51 seconds) and TCT

(2 minutes and 12 seconds).

IND3 and IND4 had most problems, with 5 out of 6 users not using them as expected, mainly
being confused by the correlation of the average value and the max value. The titles being

too small and the filters too discrete were also other problems raised by the participants.

The metric of evaluation ME-5 has the goal to identify all the problems regarding the usage
of the dashboard when it comes to design, filters, color scheme, visual techniques, amongst

others. Table 5.5 summarizes the main problems identified by the users and the evaluator.

Table 5.5 List of problems in evaluation metric ME-5

Identified Problem Description

ME-5-01 Is not possible to reset filters.
ME-5-02 Filter boxes are too small.
ME-5-03 Indicators need to be highlighted.

The titles should be bigger; it would be easier to identify the
ME-5-04 o

indicators.

In indicator INDS3, the filter should be fixed when a task is
ME-5-05

selected and not reset.

In indicators IND3 and IND4, the gauge displays to max
ME-5-06

values are not clear.
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0 In indicator IND®6, the project health should be more clear
ME-5-07
when alternating from projects to tasks.
ME-5-08 It lacks the inclusion of total cost for comprehension of CPIL.
In indicator INDS5, it’s not clear when all tasks are in fixed
ME-5-09 . ) ‘
window or if there is a drop-down bar.
It should be possible to filter projects by total cost and not
ME-5-10 .
just by CPL
ME-5-11 In indicator INDI1, the days axel should be more clear

5.4. Quantitative evaluation by enquiry

In Annex E, it is presented the guidelines that the user had to follow during the test and after

the participant finished each scenario, had to answer two quick questions of satisfaction.

After the last scenario was completed, then the user had to answer three questions of system

satisfaction in a scale divided by 5 levels (Strongly Disagree, Disagree, Neutral, Agree and

Strongly Agree).

These questions connected the user’s satisfaction with the easiness to complete the tasks and

the time that he took to complete the scenario.

Figure 5.3 illustrates the answers for the first scenario.

Q1

Q2

Scenario 1

Agree mStrongly Agree

4 -

Figure 5.3: Enquiry results for Scenario 1
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The users tended to be optimistic for the first contact with the dashboard, showing an overall

satisfaction completing the tasks.

In Scenario 2, as said prior, the user was more familiar with the dashboard and considering
the answers from Figure 5.4, the users were generally more satisfied when comparing to

scenario 1, apart from user 4, which was more conservative in the answers to these enquiries.

Scenario 2

Neutral Agree mStrongly Agree

Figure 5.4: Enquiry results for Scenario 2

In scenario 3, it was possible to see a tendency of less satisfaction when the complexity of
the scenario increased, with all users being satisfied but two being neutral when considering

the time to finish the tasks. Figure 5.5 illustrates the results for this scenario.

Scenario 3

Neutral Agree mStrongly Agree

Q1 4

Figure 5.5: Enquiry results for Scenario 3
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When comparing the results of Scenario 4 (Figure 5.6) with Scenario 3, it is possible to see
that, this being the scenario with most tasks and more complex, it showed in the satisfaction
results that the users had more distinct answers. User 3 had the most questions for this

scenario and the results for his own performance were below the previous scenarios.

Scenario 4

m Disagree Neutral Agree mStrongly Agree

Figure 5.6: Enquiry results for Scenario 4

After the conclusion of the scenarios, the users filled in an enquiry with the following

questions:

1. By using this system, I’ll improve the project monitoring.
2. The interaction of these indicators are a good tool for feedback and cross information.

3. This system will be helpful to reduce project errors when considering time and costs.

The answers were generally positive, with only users 3 and 4 answering “Neutral” to the
abilities of this system to reduce project errors, as these users had a considerable difficulty
to correlate the indexes with the status of the project. This explains the more conservative

approach. Figure 5.7 illustrates the results for the system enquiry.
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System Evaluation

Neutral mAgree wmStrongly Agree

Q1

Figure 5.7: Enquiry results for System Evaluation

It is important to mention that answers were given taking into account that this was the first
approach to a new visual tool by a small group of users. This explains the bigger impact of
neutral answers in the overall result. A longer period of testing and the correction of errors

of this first prototype would help to improve the satisfaction rates.

5.5. SUS enquiry evaluation

The System Usability Scale (SUS) enquiry is a quick evaluation which allows the evaluator
to get a fast answer about the usability of a system.[76] This is a tool that retrieves the

opinion of a test participant in 10 questions, after the testing of a system.[77]

The answers vary between 0 and 100, and each answer is graded in the Likert scale of 5

points. Table 5.6 summarizes the scoring system and the ratings.[78][79]

Table 5.6 SUS Score and ratings

SUS Score | Grade | Adjective Rating
>80.3 A Excellent
68 —80.3 B Good
68 C Okay
51-68 D Poor
<S5l F Awful
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The ten questions that the users had to answer are presented next[80]:

I would like to use this system frequently.

I believe this system is more complex than necessary.

I think the system is easy to use.

I think I would need someone experienced to help me using the system.
I think all the functionalities in this system are well integrated.

I think this system has too many inconsistencies.

I think the majority of people would be able to use this system quickly.

I think this system is too complicated to use.

A S R o S

I felt confident when using this system.

10. I had to learn a lot before being able to use this system.

Figure 5.8 shows the results for the enquiry (the full enquiry is available in Annex F). The
average of the system is 74,6, which according to Table 5.6 it’s “Good”. The standard

deviation is 8,9 and the median 75.

M Strongly Disagree M Disagree W Neutral Agree W Strongly Agree

Q1

Q2

Q3

Q4

Q5

Q6

Q7

Q8

Q9

Q1o

Figure 5.8: SUS Enquiry results
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When considering the learning need for the user, question 4 shows an average 3,3 and
question 10 an average of 1,2. In one hand 4 participants confirmed that they would need
experienced help to use the system, but all users disagreed on learning a lot before being
able to use the system, which is a strong lead that it was the experience of the first prototype
and finding the first errors that had the consequence of more formal answers to the learning

experience.

When considering the wish to use this system more often, 4 out of 6 users agreed, with just

2 being neutral whilst only 1 user believing that this system is more complex than necessary.

In terms of inconsistencies, all six users disagreed or strongly disagreed that there were too

many inconsistencies.

5.6. Conclusion

In order to confirm that the design choices were the correct ones for the conceptual model,
it is necessary to translate them into a prototype and test it. The first contact with a user that
had no direct input in the modelling of the system and is not biased is crucial to understand

if the dashboard is working properly.

In general, the prototype had a SUS score of 74,6, being considered as “Good”. There were
no big incongruences found in the prototype, but some improvements to be done to the
filtering and titles, as well as improve the appearance of indicators IND3 and IND4, so it is
more obvious the information that is expected to be shown and to improve the interaction

with IND6.

It was interesting to confirm that the higher the complexity of the scenario, that the user

would take more time to think and to act within the task.
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The next chapter will focus on the discussion of the evaluation methods of the conceptual

model as well as the limitations, conclusions and suggestions for future work.
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6. Conclusions and future work

The Visualization Information field has the great potential to improve the analysis of a

project and minimize human errors when it comes to decision-making.

It is being highly used in the industrial world, with visual techniques being used to optimize
the production lines and extended to management top layers to analyze sales and the

company health in financial terms.

It can be extended to customer satisfaction, employee performance, project status, amongst
others. The possibilities to apply a visual technique are almost endless, and all is necessary

is the data that is constantly being produced and is even more valuable than oil nowadays.

This was one of the motivators to apply the visual information into the construction industry
where this study was focused on. Although there are already studies in this field, for the
particular case study no documents were found. The company is acting in such a niche
market (from technical paper, to medical solutions, or waterproofing systems) that it was

known from the beginning that this was going to be the biggest challenge.

The intention of this study was to focus in the waterproofing systems produced by this
company but can be extended to the remaining products. It was found that when it comes to
a project analysis, within this field, the enquiries and people working at the company were
more interested in more general indicators, from a management point of view, in contrast

with the possibility to focus on the waterproofing products and the production line itself.

The next step was to generate a conceptual model that could be applied to the management
side of the waterproofing systems, which KPIs were more interesting to be calculated and

indicators for this particular product.
The results from the prototype tests proved that the overall system had a “Good” rate within

the users. On the other hand, it was also experienced that, with such small focus group, if

one person has a different answer, it can influence the entire rate of the system. Ideally, the
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focus group should be extended to other companies that work with waterproofing systems

for wood construction and get different points of view.

6.1. Objectives and expected results

The main objective of this testing phase was to generate a prototype that was easy to
understand and intuitive not just for the Research and Development professionals, but also
for the others involved in the monthly meetings where the projects are discussed and this

tool will be used.

The evaluation methods proved to be satisfactory, as the six indicators were tested from four

different test scenarios, with increase of complexity in scenarios 3 and 4.

The results showed that the users, after spending more time familiarizing with the dashboard
and the filters, were generally faster in the second scenario (more simple), and took more
time to solve more complex tasks, proving that they needed more time to think and act when

interacting and connecting different types of information.

For a first contact with the prototype, the general satisfaction results were positive and from
the testing sessions, eleven different errors were found, and will be important to improve the

dashboard and increase the user experience in the future.

Of all indicators, IND3 and IND4, CPI and SPI indicators, respectively, were the ones with
most questions and doubts. Not about the indicators itself, but the choice of the visual
technique for it and the interpretation of the max value and average value. The usage of

filters was another fact to be considered and to be improved.

Of all the evaluation metrics, it was possible to test successfully all of them.
For the usability evaluation, it was used the SUS enquiry and the goal was to reach rate
“Excellent” (>80,3). That goal was not reached, as the system reached an average of 74,6

with standard deviation of 8,9 and median of 75,0 and being rated as “Good”.
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In general, it is possible to say that this conceptual model for the generation of visual
dashboards was very useful to improve the focus group experience and already started a

discussion to improve the prototype for future usage.

6.2. Limitations

There were several limitations to take into account when doing this study.

As said prior, the niche in which this industry is focused difficult the research process as
there weren’t many documents or references to rely on for the waterproofing systems. The
closest industry was the construction industry in Sweden, but with very little information as
well. The first challenge was to gather the more general information and start focusing in

this sub-industry.

The evaluation of the model itself is based in the user, which plays a key role from the design
stage to the prototype test.[81] For that reason it would be better to have a larger focus group,

but due to the subject of the study being limited, it would be difficult to find more test users.

Related to the research and testing itself is the subject of the study. As said, the waterproofing
systems for wood construction is such a focused industry that would be hard to find specific
indicators just for this matter. For that reason, and also due to the user being part of the
design process, more general indicators were chosen to be evaluated, which leads to a
conceptual model and prototype that can be extended to niche industries with focus in project

management and decision-making.

6.3. Future work

After the evaluation of the prototype and gathering the user opinions and errors found in the

prototype, one of the future goals is to improve the dashboard and present an updated version
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to the users, as this is a tool that has the objective to be used in monthly meetings to help

monitoring the waterproofing projects.

Another point to be focused is a simplified version of this prototype based on the indicators
chosen from the conceptual model and with visual techniques that will allow the daily work
with these types of products. This second prototype is already under development and started

being discussed after the testing sessions.

Figure 6.1 illustrates the second screen to be added to the dashboard, in which the
participants suggested to include the additional information regarding estimated costs and
average costs, as well more detailed information about the time of the projects and the clearer

information for the Schedule and Cost indicators in the form of bar charts.

This second dashboard serves as a complement to the more detailed one that was tested in

this study.
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Figure 6.1: Prototype for the second dashboard screen under development
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Annex A: Publication type and field of the selected papers
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M Book m Article mReport

m Construction
m Enterprise
m General

" Medical
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Annex B: Matrix of Research Questions and Selected

82



. 9107 uopne| ] [ensiq oy SwSeurl :SWASAS UOHEULIOJ JUWATeUR]
. o 6002 RZZB UOIEZI[eNsT A UONEULIOJU] 0} UOLINPOIU]
. ° o 9107 T1opur] uSisap poxjuad 1asn & YIm ejep AISupur poos Jo uorjesyensia Supraolg
. . o 600C Josaip (PApAAU ST [OILASAI JEYA PUE ‘MOY Jeym ‘AYA) :IAIOS © S SPIROqUSE(]
. . o o €10z Jouziy | 9oueuLopad 19alo14 SuLiopuopy pue SuLNSealy 0} OpING) 7 :SPIEOqUSE(] PUE ‘S[TY ‘SOOI JuawaTeue]y 10alo1]
¢ ¢ o 810C SVS SonAJeuY [ensiA SV Y ere Sig o) saiseg] woig :sanbluyoa, uonezensi\ eeq
. ° . . 9107 SIeA uoryewriojur 193{01d UOKONISUd W) [Ba1 U0 PAskq UONEZENsIA ejep Jo Joedun ayy Sunednsaauy
. ° . . 6107 it yoeoxddy sisjeuy aanoipalq v :Auedwo)) SuLmyornueyy € ur uonnjog 30uag o] ssauisng e Jo uonejuawduy
. . . €00z | uenysayeg Apnys ase © :wajsAs Aempeol Jo UOONISU0d pue uSisap ay) SuzensiA|
o ° . . L10T Teqg Sunyeq\-uoIsIoa( uononsuo)) poddng oy uoreuLioju] Joj sjsanbay Jo uonezensIA Ble(
o . . . 6107 SIBAOY aseyq udisa( Sump yoddng uorsioa(] se preoqyse uoewoJu] Suppng
D . . . S10T JUN yoeoxdde paseq a3pejmoury © :s09f01d SunaawGua aAneI0qE[0d J0f S| LY Susyensia pue Sukpuopy
¢ ¢ 810¢ Zuo SOOI Spreoquise( 9p 03B 9 OIPOI
. . 0z TSy £y07eg 107 WAJSAS UONEIUNUIWIO) PUE UOHEULIOJU] W] [6aY UOHINKSUO)
0 o o o L10T 100 Sunyew uorsoap a13ajens asumdo o ejep Jo uonesensi|
. o o o €107 13ppoIg SUOISIOAP SSAUISN] Ja}}aq 10§ AT2AOISIP PUE UOHRZIENSIA Bje(
. . 9107 SqqI0) sisAleuy Agja( pue Juowageueyy oun ] oAneaouu] Hoddng o3 (1g) S|9POjA uonewLoju] Suppng Jo Juawdojaad
0 o o o 9107 Sy SuonestuEE10 Jo saonaeid Juaageuew doueuL0jIad ) U0 SWAISAS JuoweSeurm dourmL0zId [ensia Jo Joeduy
. . . o 0102 [9za], 50569 UBZexg uo 1odax Apyg uONoNISUd U juawafeuen [ensi
. . o o €107 spep sj09fo1 StraomSuyg aAjeI0qE[0)) W eje(] X3, SnoeuaSoIajo ] Jo uonezensiA
. o . ¥10z HOQIaA seyunpoddo yoreasar amyny pue MAIAIAAO Uy :spIeoqysep Sumea]
. . o o 6002 f1ossy ©)p JuowiaSeUew UONINISU0D JO UoKejuasaIdal [ensi |
o o o 7107 | vemeT-ngaA s1a5euBw So[es w0} AUAPIAT :JuoteSeurM dourmLI0zIad Ul SpILOUSEp JO aSh Ay,
o . . 8107 ©SN0g $559001d pue Juawidinba aananpoxd Jo aoueunozrad aaoidun 0y ST 1oy spreoqysep Sudojanag
. . . 6107 Japuez Ansnpur uoronsU0d AUy} Ul §[00) SUL{RW-UOISIP U S| LY Swsy)
(fwog ¢pasodord aq 03 spreoqysep
Pa1ORIND 3q 0} UoEILOUL | 3y U0 ejep [qy Jo Suddew ¢sseo0id JAnsnpu uononnsuod 10y
Tey pue aImonns [ensIA Joj a[qeins Jsouwl | Sunyew-uoisioap oy} 1of SIq| POOM AU} UM TINS © 10}

£$90IN0S *$AIISLIAJIRIRYD
) papast si ejep Yoy

a1} pue J[qereae sanbruyaey
[enstA 3y are ey A

JUBAQ[AI JSOW Y} A8 YOI A\

SPIBOQUSEP AT [NjOS MOH

s1adeg

83



Annex C: Enquiry to choose the dashboard indicators
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Enterprise Dashboards Enquiry

Questions  Responses . Tots points. 0

Enterprise Dashboards Enquiry

The growing amount of generated data has a direct connection to the increasing role of information
systems in daily processes around all industries.

It's not surprising the fact that with all this data comes a need to organize it properly and connect the
diversity of subjects in order to potentiate the information that the user will have access to. According
to the definition of data, “Data are entities that, of themselves, lack any meaning. They constitute the
“bricks” with which we build nformation and owr communicative processes ”

One way to faciitate the output of that information is through visualization. Relying in the definition of
the word 1t is "an activity in which human beings are engaged as an internal construction in the mind”®

These two definitions make more sense when connected with a third: decision-making. Before, this
type of interaction was limited to the management layer of the company. Nowadays, thanks to the
access 1o infformation systems, it is possible to extend it to the lower levels of the business.

This study has the goal to build a dashboard to optimize the monitoring of a project, mainly within the
construction sub-industries but extended to the technical paper and nonwoven.

For that reason, you were invited to participate in an enquiry to understand which indicators and visual
techniques would be more appealing for the industry we work for.

By participating in this study, you accept the fact that | will gather some data for academic purposes.

Thank you for your time.

Age?*

Short answer text




How long have you been working in this compamy?
() Lessthan 1 year
O 1-2years

() 3-Syears

() Morethan 5 years

oo
(o)}



How would vou consider yvourself & an Information Technologies (IT) wer, based in frequency and
experience of wage?

() Beginner
O Advanced Beginner
O Competent

() Expent

Of the following viswual techniques, which ones do you use more often? (You can select multiple

___ Barcharts

| Line charts
e
Pie charts
o “
 Tables ‘
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Spreadsheets

T
» 1M« (R Tk

WAy Pl A DRAGE D O

Data sheets

. LT e

Histograms

Scatterplots
:'--‘. Y
Statistics



Summary sheets / Report charts

Common chart maps

Bullet graphs

Geo maps
® A
Yo s

Sparklines

Text charts

&9
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Time tables

Treemaps

-
=

Spatial maps

o
Rt

Variance charts

Word clouds



Data constellations
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Which, of the following indicators, are most significant 10 ack a projeat evolution? (You can choose *

multiple answers)

Logged in Time in Main Project Categories

Logged in Time in Specific Projects

Logged in Time by Project Responsible

Logged in Time throughout time period

Percentage of time by Project Responsible for Project
Location of Project Customer

Location of Project Destination

Estimate Time per Person in Main Project Categories
Estimate Time per Person in Specific Project Categories
Percentage of Completed Tasks

Ratio of Completed / Estimated Tasks

Ratio of Cost / Budget

Estimated Time per Task

Logged in Time per Task

Schedule Performance Index

Cost Performance Index

Project Health

Other_
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1f yous amswered "Other” in the previow question, which visual techni que combination would vou suggest?

Short answer text

When wacking the "TIME" of a project, which visual rechnique do vou think it suits best? (You can
select multiple answers)

::&nw-h

_--llllllll
PR Y
-

___ Linecharts

Pie charts

Tables
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(2
(2
LAJ
(8]
e
e
A
LB
Er
-
(.

Scatterplots

- .

- . eLe :‘.

b R

- " - .
« &

- . . 2e
-~ e

o ;f‘.r

- e, o

- . -. B

L I I S

 Summary sheets / Report charts

Common chart maps

 Bullet graphs



~2a
Vi 8

Gauges and dials

Sparklines

Text charts

Time tables

Treemaps



Spatial maps

Word clouds

Data constellations
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Other...

When wracking the RESOURCES" of a project, which visual technique do vou think it suits best?
(You can select multipk answers)

Bar charts

| _-.lll il
~--=BNRNNRR]

o

| Linecharts

__ Piecharts

Tables
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*__fr__&r_r
)

Spreadsheets

Data sheets

u

Scatterplots
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Summary sheets / Report charts

Common chart maps

Bullet graphs

Text charts
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Time tables

Treemaps

Spatial maps

o v
Rt

Variance charts

Word clouds

E'j ;hbtiOf.trm



Data constellations

| Other..

When wacking the "COSTS" of a project, which viswual wechnique do vou think it suits bes? (Youcan *
select multiple amswers)

" Tables
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!___.Lr__mr_r
Mol

Scatterplots

Wiy

Spreadsheets
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Summary sheets / Report charts

Common chart maps

Bullet graphs

Text charts
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Time tables

Treemaps

Spatial maps

o S
Rt

Variance charts

Word clouds
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 Data constellations

__| Other_.

1f you answered "Other” in the previows questions, which visual wechnique combimation would you suggest
for "TIME", "RESOURCES" and [ or "COSTS™?

Long answer text
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Consider the following image. If the purpose was to highlight the sales value, what do you thinkit  *
should be changed? (You can choose several answers).

City:  Houston

Country: United States Houston, Texas
State:  Texas

profit:  ($10,154) High Sales: $64,505
Sales:  $64,505 Low Profit: ($10,154)

The colour of the indicator 1o be highlighted

The font

The size of the font

The line thickness

Zoom

Other.
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Consider the following dashboard. In your opinion, for each indicaor, which visual arribures are

maost importan?

Sense PO Syrmem. ol

B - - o e e e S B Tasks progreson

o
0w
acex

P i i
—

= e
_ I
==
g

=]
| —

| S—
. .

m
.=

jpanmani

- [ ] [y
[—
E——

sincew; e o= B oagpetem B B © uggertme >

Colour Font Size Line thickness Zoom Visual techniq...

[
|

Gantt chart o _J J -

Task progress_.. o Ij l:] I—| B

Ratio Price | | |

Schedule Perf.. ] J J JJ :
Cost Perform.. _ J J J _
Logged in Tim_. -~ J L L .
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Consider the following dashboard. For the specified month, I want 1o know the percentage of time logged

in for "Customer Maintenance” Which indicator shows that i nfor mation?

Oyt

et
Rl -.~
- ‘ L 19 \ :
. W0 1
- . ‘4 “ - e
. T e s s 0 D weh W
. - .
P
.
: : “—\W
. I
.

1. 1 (Top row, Left Pie Chart)

2. 2 (Top row, middle Pie Chart)

3. 3(Geo map)

4. 4 (Bottom row, Left Pie Chart)

S. 5 (Center Gauge Chart)

6. 6 (Bottom row, Right Line Chart)

7. Don't know / Don't want 1o answer
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Consider the same dashboard. For each indicator, choose the visual anribute thar vou would change. (You

can choose several answers)

St (o

Top row, .

Top row, .

Geo map

Bottomro..

Center Ga..

Bottomro..

Typeof C

-

[

TTTRTTRLTS

Zoom

.

@-—-

L)

-

Motion

-

L M‘-h-ﬁl

Font

-

Font Sze Colow Sc..

O

EWPERTLL B

Nothing

Cr T O
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Annex D: Low fidelity prototypes for the indicators

110



111



Annex E: Usability Test Session Guide
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Usability Test Session Guide

The dashboard you’re about to test is comprised by three main sections: logged in
time by user and project category; Specific Projects and Tasks; and Schedule and Cost
Indicators and Project Health.

During the test session, it is highly recommended that you speak whilst you think,
indicating when you are starting a tasks within each scenario. This session will be

recorded (audio).

After you finish a scenario, you should fill in an enquiry associated to that scenario.

At the end of this session, you’re asked to fill in a system usability enquiry.

Thank you for helping improving this system.

Demographical Data
Age _ 1824 25-34 3544  45-54 455
Gender Male Female
Job Title
Work experience
o ~ <lyear  1-2years _ 3-5years __ >5years
(in this company)

Scenario 1 (S1) — Identify the several project categories focused during the analysis

period
e Can you identify the number of categories logged in by the team?
e Which categories did Responsible 1 focus time in?
e Which day has more logged in hours by Responsible 2?
e For that day, which category has more hours?

Please, evaluate how much you agree according to the following scale.

Strong] Strongl
. & Disagree Neutral Agree &Y
disagree agree
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In general, I’m satisfied with the [] [] [] [] []

easiness that I concluded the tasks.

In general, I’m satisfied with the [] [] [] [] []
time that I took to finish the tasks.

Comments

Scenario 2 (S2) — It is important to know which projects were involved during the

period of analysis

e Can you identify which projects are under the category “Customer
Maintenance”?
e Which projects were focused by Responsible 2?

Please, evaluate how much you agree according to the following scale.

1 2 3 4 5
In general, I’m satisfied with the [] [] [] [] []
easiness that I concluded the tasks.
In general, I’m satisfied with the [] [] [] [] []

time that I took to finish the tasks.

Comments

Scenario 3 (S3) — Within each project, before making any decision, it’s crucial to
understand tasks were completed, undergoing and what is the status concerning time

and cost.
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e Under project “X”, can you identify which tasks are completed?

e For the same project, what is the Project Health status for 3 tasks that are
undergoing?

e Can you identify the CPI and SPI for each of those tasks?

Please, evaluate how much you agree according to the following scale.

1 2 3 4 5
In general, I’m satisfied with the [] [] [] [] []
easiness that I concluded the tasks.
In general, I’m satisfied with the [] [] [] [] []

time that I took to finish the tasks.

Comments

Scenario 4 (S4) — The understanding of the Project Health indicator determines the

ability of making a decision regarding a specific project

e  Which projects are “over budget”?

e Which projects are in worst condition regarding the costs? Identify the CPI for
each of them.

e Which projects are “behind schedule”?

e Which projects are in worst condition regarding the schedule? Identify the SPI
for each of them.

Please, evaluate how much you agree according to the following scale.

1 2 3 4 5
In general, I’m satisfied with the [] [] [] [] []
easiness that I concluded the tasks.
In general, I’m satisfied with the [] [] [] [] []

time that I took to finish the tasks.
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Comments

System Evaluation Enquiry

Please, evaluate how much you agree according to the following scale.

1 2 3 4 5
By using this system, I’ll improve [] [] [] [] []
the project monitoring.
The interaction of these indicators [] [] [] [] []
are a good tool for feedback and
cross information.
This system will be helpful to [] [] [] [] []

reduce  project errors  when

considering time and costs.

Comments
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Annex F: System Usability Scale (SUS) Enquiry
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Usability Evaluation
Please, evaluate how much you agree according to the following scale.
Strongly Disagree Neutral Agree Strongly
disagree agree
1 2 3 4 5
I would like to use this system
[] [] [] [] []
frequently.
I believe this system is more
[] [] [] [] []
complex than necessary.
I think the system is easy to use. [] [] [] [] [
I think I would need someone
experienced to help me using the [] [] [] [] []
system.
I think all the functionalities in this
‘ [] [] [] [] []
system are well integrated.
I think this system has too many
' o [] [] [] [] []
Inconsistencies.
I think the majority of people
would be able to use this system [] [] [] [] []
quickly.
I think this system is too
, [] [] [] [] []
complicated to use.
I felt confident when using this
[] [] [] [] []
system.
I had to learn a lot before being
, [] [] [] [] []
able to use this system.
Comments
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Annex G: High fidelity prototype used during tests
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Decimal Hours by Date and Project Category

Project Category @ Customer Maintenance & Development @Fuktsensor ®New business Average of CPl and Max of CPI

20
15
0,00 . me 43,22
10
Average of SPI and Max of SPI
5
0

0.99

Decimal Hours

den 8 mar den 15 mar den 22 mar den 29 mar 0,00 1,25
Date
Average of Actual Complete (%) by Task
Decimal Hours by Project
ce. ] Project
Adnesiontest o fait prepare s2... | ! e
bestilining av material \%W,_,.M.__wm _JM 5.4%) {1,04%) e ®Mote & Oviigt
% @vDs: Gkero pro [ (557%) ®kerakoll
= Gora prototyper | 17,75 ®Svenska Kakel
thopsattring. [ ¢ 1) ®Kullafirg
susteing | ®Fonus
Konstruera |
Kontaktade kuncer | EEEEEEEE @Fuktsansor
30 51333 @Persson
0% 20% A0% 60% 80% 100%  (1045%) (17.88%)
Average of Actual Complete (%) ®Gunnar Engstrand
41 (14.28%) ®New Business

44,584 {15,53%) ®Enkla Produkter
@®Radon
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