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Data visualization in a user-friendly format is essential for the user of the application, as the 

user should be able to draw conclusions and take the necessary measures within a short time 
frame. This thesis discusses the case company’s cloud-based and real-time reporting and 
analysis tool that collects process data and measures processes in power plants and factories 
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customer’s needs. Therefore, the visual appearance of the system needs to be improved, and the 
examination of use experiences and various modern design patterns is essential for further 
development of the studied system.   
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1 INTRODUCTION 
 

The first chapter introduces the background, goals and methods, the scope and the 

structure of this thesis. In section 1.1 the background of the topic is introduced. Section 

1.2 will briefly introduce the case company and gives an overview of the studied system 

and what are the main motivations of this research. Goals and methods section will 

define the research questions and explains the methods used in this thesis.   

 

 

1.1 Background 
 

The term ‘data visualization’ may be quite new, and it is often thought that visualization 

of data is part of modern development but, in fact, the history of data visualization 

extends much further. Among others, already ancient Egyptians visualized data by using 

tables when they needed to gather astrological phenomena (Horne 2018). Also, 

according to Friendly, the signs of data visualization can be noticed, for example, from 

ancient maps, visual depictions and later into statistics, graphics, cartography and 

extensively in other areas (Friendly 2006). It can be said that data has been visualized as 

long as there have been people and the information has always been sought to bring 

forth the best possible ways. Nowadays, computers have naturally come into use with 

information visualization and it can be approached in many thousands of ways.  

 

Figure 1. gives an example of data visualization in the past and how visualization of 

data looks like nowadays. The picture on the left is a diagonal star table from ancient 

Egypt and the picture on the right is an example of modern visualization and how many 

different ways data can be visualized by computers. 
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Figure 1. Examples of ancient and modern ways to visualize data: diagonal star table 

from ancient Egyptian calendar and different kind of charts and diagrams nowadays. 

(Schutze 2019; 123rg 2019) 

 

 

The main purpose of the data visualization is to show the information efficiently and as 

simply as possible. Thus, quick glance should be enough to interpret data and make 

conclusions by the user. As Rouse mentions in the article “Data Visualization” in 

Search Business Analytics website, a general term data visualization describes any 

effort to help users understand the data by placing it in a visual context and provide 

visual presentation. Data visualization has also become a vital standard for modern 

business intelligence (BI) (Rouse 2017). As mentioned in the article ‘Understanding 

Data Visualization: Importance, Techniques, Tools and Software’ in Planning Tank’s 

website, understanding digits is hard and the numbers are difficult to interpret unless the 

data is presented in an appropriate way. In this point, data visualization becomes 

important. For example, tables, charts and diagrams look visually much better and 

readable than just a long line of numbers. Time is also one motivation to visualize data, 

because it saves time compared to, for example, reading a long report (Planning Tank 

2018).  

 

Figure 2. illustrates the different stages of data visualization (from left to right): collect 

and storage the data itself, preprocessing designed to transform the data into something 

that is wanted to be understood, display hardware and the graphics algorithms that 

produce an image on the screen and finally, the human perceptual and cognitive system 

(Ware 2004, 5).  
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Figure 2. Visualization process. (Ware 2004, 5) 

 

Data visualization is one of the main challenges in software development process, 

because the information can be shown in several different ways. It is also challenging to 

determine what is the most user-friendly design pattern for a specific software system. 

In addition to all this, the software designers must understand the psychology behind the 

user of the product, because people have so-called “encoded” thinking models and it is 

almost predetermined how they feel the application and its usability. User experience 

(UX) research is strongly related to human biology, habits and the environment. 

Generally, people are more likely to adopt the products that are similar in some way to 

previous learned systems. As mentioned in the Planning Tank’s website, human mind is 

unable to retain and comprehend a huge amount of data, and especially when it consists 

of numbers. Therefore, it is important that the numbers are formatted before any 

meaningful interpretations (Planning Tank 2018). It is therefore necessary to find and 

develop as effective way as possible to present data, as the human mind is limited. Data 

visualization has been and will be important: this thesis focuses on the visualization of 

the case company’s system, its potential and explains the importance of data 

visualization.  
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Design patterns are like fashion: people’s preferences change according to the era and 

usually, this “fashion” is dominated by large software companies whose products are 

popular and widely used. Therefore, design patterns and data visualization go strongly 

hand in hand and in this thesis, the focus is on current visualization preferences. 

 

 

1.2  Overview of practical case 
 

This thesis reviews the user interface (UI) design of the case company’s portal platform 

and proposes actions to enhance their user experience. This solution offers a user 

interface to monitor the process, for example, in power plants, waste treatment stations 

and factories (Company’s home page 2018). That  portal product needs to be developed 

and enhance the user experience of the customers, because at the moment, it only 

conforms to the standard layout. The findings of the thesis can also be utilized later in 

the design and implementation of other systems. In this thesis, this system is referred to 

as a term ‘the studied system’. The findings of this research cannot be fully generalized, 

but some elements of it can be utilized in other industries that are using maintenance 

tools and visual monitoring in their processes.  

 

 

1.3 Thesis goals and research methods  

 

The current dashboard is standardized and quite laborious to customize and as a 

practical example, the dynamic filtering of data is not possible, the main objective of 

this thesis is to find out the visualization preferences of the customers and determine 

how to use the data in the best possible ways. Therefore, the most important research 

questions in this thesis is: 

 

what kind of visualizations would be useful for the case company and for their 

customers?  
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The term ‘useful’ in this context means more pleasant and effective ways to visualize 

data. This question is sought to find answers by looking at different scientific 

publications related to the subject, exploring different design pattern, and by utilizing 

the experiences of the customers (survey questionnaire and workshop with the internal 

customers and phone interview with one external customer).  Also, current visualization 

trends and possible future prospects are being studied in this thesis.  

 

In this thesis, design guides elaborated by UI/UX professionals are sought and 

compared, and the psychological aspect and UX have been taken into account.  These 

factors are being studied through scientific research findings. The major research 

methods are the survey questionnaire, the phone interview and the workshop to identify 

customers’ preferences with the studied system. The survey will be designed by 

utilizing the previously-mentioned observations from the literature and the survey will 

be qualitative. In addition to the open questions, there will be numerical ranking system 

in the survey. An important research method in this thesis is also the workshop with the 

case company’s internal customers. In the workshop, the factors that are expressed in 

the survey are discussed and new proposals are made. Both theoretical and empirical 

research have important role in the final outcomes of the research.  

 

 

1.4 Scope of the thesis  

 

This thesis has three main themes:  

1) Exploring information and best practices of design patterns, data visualization, 

current visualization trends and psychology behind UI/UX design, 

2) The survey, the phone interview and the workshop with the case company’s 

internal and external customers, and 

3) Proposals for studied system development based on the literature and empirical 

research. 

 

The primary focus of the thesis is to map customers’ preferences to determine how the 

customers perceive the visual aspect of the case product and what kind of visualization 
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they might enhance, what potential the data has and how that can be utilized for the 

needs of the customers. Also, the thesis looks for solutions from literature related to 

design guidelines, design patterns and psychology in UI/UX design. 

 

In this thesis, only a few internal and external customers and stakeholders participate in 

the empirical part of this research, so the opinions of every customer of the company are 

not taken into account. The author of this thesis had access to the system as a normal 

user, but she did not have any admin or editing rights. Therefore, in this thesis the 

development proposals and arguments are written, and the case company decides how 

to put the proposes into practice.  

 

 

1.5 Structure of the thesis 
 

After this introduction section, the thesis proceeds as follows: The second chapter is the 

literature review, which goes through the literature related to the topic. The purpose of 

the chapter is to review scientific and non-scientific publications related to visualization 

of data, software design guidelines and design patterns, and the psychology behind 

UI/UX design. This chapter also explains why this theory part is important for the 

research. The third chapter is about the studied system and what kind of visualizations 

already exist. The fourth chapter is about the empirical research including survey, phone 

interview, workshop and analysis of the results. The fifth chapter gives the proposals on 

development proposals based on the literature and empirical research. The sixth chapter 

is discussion part that analyzes all the results together, goes through the challenges 

during the thesis and ponders the future prospects of the studied system.  The final 

chapter is for the conclusions that have been made in this research. Figure 3. presents 

the structure of this thesis visually.  
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Figure 3. Structure of the thesis. 

 

The literature review offers basic knowledge and practices for empirical research and 

also, already existing visualizations have been taken into account in chapter 4. Based on 

the theoretical and empirical part, the proposals are presented in chapter 5. These results 

and proposals are discussed more in the sixth chapter.  Conclusions are made on the 

basis of all the chapters.   
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2 LITERATURE REVIEW  
 

This chapter examines the literature, scientific publications and articles related to design 

guides, visualization and UI and UX design. Information on these topics has been 

searched for in both scientific and non-scientific references.   The section 2.1 focuses on 

principles in UI/UX design and defines terms related to the topic. The section 2.2 

discuss the psychology behind UI/UX design and will introduce the term Human-

Computer Interaction (HCI) and related literature. Also, some UX measurements are 

discussed in this section. The section 2.3 includes general design guides and design 

patterns found in scientific articles and publications that are elaborated by UI/UX 

professionals. In this thesis, current trends in the field of visualization and UI/UX 

design are important, so the section 2.4 discuss that topic more deeply. The section 2.5 

focuses on the analysis of different kind of references used in the literature review and 

section 2.6 explains the role of selected literature in this research. The aim of the 

literature review and exploration of the sources is to highlight essential point and 

information that can be used in the analysis part and the theory can be mirrored in the 

empiric research.  

 

 

 

2.1 Principles in UI/UX design 

 

The first question is, why UI design is so important. According to Google’s research, 

poor UI design is the main reason why installed applications are not used more than 

once (Kharchenko 2018). It is something what the software providers don’t want to 

happen. They want to have satisfied users or customers and thus, reach profit for the 

company. However, common reasons for bad UI designs are the lack of time, 

knowledge or skills. Poor design may, in worst cases, cause frustration, anxiety and 

increased stress for some users, and also chase away from a system permanently.  In 

extreme cases, a well-designed user interface is a safety factor: for example, in the 

systems related to air traffic control or in a nuclear power plant, where rapid reaction is 



 
 

 
 
 

12 

extremely important. (Galitz 2007, 3,5). Common UI design guides and design patterns 

are discussed more in section 2.3.  

 

The user interfaces are naturally the most visible and important part of any system, 

because it is something that can be seen, heard and touched. For a normal user of the 

system, the interface is all he or she has to use without knowing anything what happens 

behind it in code level. UI design belongs to a field of study called human-computer 

interaction that is discussed more in sub-heading 2.2.1. In general, UI is the part of a 

software that people can concretely use.  

 

There are two essential components in the UI: 

1) Input: how a user communicates his or her needs to the computer (for example, 

keyboard, mouse and touch screen are common input components), and  

2) Output is how the system conveys the information and the results to the user.  

 

A well-designed UI is able to provide a mix of good input and output mechanisms that 

satisfy the needs of the users, capabilities, and limitations in effective way. According 

to researches, the proper formatting of information on the UI has a significant positive 

effect on its performance, and not too crowded UI increases the efficiency of the system 

usage. In addition, some indirect benefits of a well-designed user UIs are, for example, 

training costs related to the system are lower and the customers of the company benefit 

from the improved service. (Galitz 2007, 35-37) 

 

UI and UX are often mixed up, but even though they go hand in hand, they are two 

different factors. UI focuses more how a product looks like and how it operates 

including, for example navigational flow and visual design (DeRome 2015). However, 

according to Hassenzahl, UX is considered as an umbrella term for many notions.  

Hassenzahl defines a term UX itself as a momentary, primarily evaluative feeling while 

interacting with a product or service. The main emphasis is on the feeling, how the user 

interacts with the system and how it works. The UX can be considered as one of the 

quality determinants of the application (Hassenzahl 2008, 1-4).  
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According to Tullis and Albert, UX includes three main characteristics which are:  

1) a user is involved 

2) user interacts with a system, product or anything with a user interface, and 

3) the user’s experience is observable or measurable.  

 

As well as a user interface design, also user experience can sometimes be vital. For 

example, the health industry is not immune to poor usability (Tullis & Albert 2013, 5).  

 

In connection with UI and UX, the term usability is also mentioned. Usability addresses 

whether or not a person is able to achieve a task or a goal with a system. Performing a 

certain task or goal does not exactly mean the whole experience with a system 

(DeRome 2015). Figure 4. shows Peter Morville’s UX honeycomb. The adjectives in 

the honeycomb define a good UX according to Morville and they can be used to 

determine questions related to the usability of the system.  

 

 

 
Figure 4. Peter Morville’s UX Honeycomb. 
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Earlier user experience was focused mainly on digital experiences, but it has also 

expanded to the physical world as well. UX is especially important for the companies, 

because a well-designed system is a great way to build loyalty and trust among the 

company and the customers. UX also has a significant impact on the company’s brand.  

Customer experience (CX) is also an important and essential term for this thesis. 

Customer experience includes the interactions a person has with a company or a brand. 

The term includes customer service, physical environments and of course, the product 

itself and the digital experiences related to it. (DeRome 2015). 

 

In addition to the terms UI and UX there is also a term user-centered system design 

(UCSD) that emphasizes that the system must serve the user of the service and the 

needs of the users should dominate the UI design and the design of the whole system. 

USCD focuses on usability throughout the entire development process and is also 

involved in the whole life cycle of the system (Gulliksen et al. 2003, 397, 401). 

Therefore, working feedback system and communication between the service provider 

and user or customer is crucial.  

 

 

2.2 Role of psychology in UI/UX design  

 

In UI/UX design the psychology and characteristics of human mind and behavior play a 

huge role and its contribution in design should not be ignored. Designers need to 

approach their work with user-centered thinking, keeping in mind the users of the end 

product and the typical human behavior, motivations and aspirations. For example, 

UI/UX designer cannot always pick random colors in the UI, and he or she must also 

understand the symbolism and associations behind the colors. With right kind of 

structure, shapes and colors the interaction between the user interface and the user 

reaches the desired goal. It can be noticed that websites and mobile applications follow 

the same kind of pattern: the reason for that is that people are more likely to get use to 

the systems that are somehow familiar, and they tend to interact with new systems in the 

same way as previous ones. Also, advertisers use human psychology to assist in setting 
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up ads in applications and websites. It is no coincidence that ads are located where they 

usually are. This section goes deeper in the psychological principles and explains them.  

 

 

According to Arhipova’s text in Tupikstudio’s web site there are six effective 

psychological principles that are often applied in the design processes and they are 

listed and defined below: 

1. Gestalt Principles 

2. Visceral Reactions  

3. Psychology of Colors 

4. Recognition Patterns 

5. Scanning Patterns, and 

6. Hick’s Law.  

 

In Gestalt principle theory, the word ‘gestalt’ means ‘unified whole’ and the aim of this 

theory is to explore users’ visual perception of elements in relation to each other and 

how they unify the visual elements into different groups. Figure 5. shows all five 

principles of Gestalt theory and explains them.  

 

 
Figure 5. Gestalt Theory. (tubikstudio.com) 
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Even though Gestalt principles are almost 100 years old, the practices are still topical 

and can be mirrored to user interfaces. Gestalt principles explains the tricks that the 

human brain tends to make, so all these factors need to be taken into account in design 

process. Proximity means that the human eye sees the objects as a group rather than 

seen individually. Therefore, in platform the user sees the entity even though the objects 

are not similar. Similarity means that when the user sees objects that are somehow 

similar (e.g. size, color, shape or value) to each other, the human brain automatically 

interpret that the individual elements are part of a group or pattern. Continuation means 

natural eye movement when the eye looks the elements and how the elements get the 

attention. Closure means that the human eye is able to fill the so-called missing parts of 

an incomplete or open form. Figure & ground means the ability to separate an object 

from its background.  

 

Visceral reactions are feelings that are written in human DNA and that means the first 

impression. The reactions determine how a person experience a system.  In UX design 

field designers benefit from this, so they will strive to create aesthetic and positive 

impression with the design. In design, that could, for example, mean high-resolution 

photos and right kind of colors usage.  

 

As previously mentioned in this thesis, colors and their usage are a big factor in design, 

because colors have a lot of symbolism that affect the human mind. They have an 

important role in brand of the product and emotions. Psychology of colors means the 

reactions that comes when the user sees a certain color or colors and their effects. 

Designers must choose the colors carefully and think about their message in a particular 

context. Table 1. tells the typical symbolic meanings of the colors in user interfaces. All 

colors may have several symbolic meanings and their usage depends on the context. 
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Table 1. The symbolic meanings of colors. (tubikstudio.com; Batagoda 2017) 

Color Symbol or meaning  

Red 

Passionate/strong/aggressive 

feelings/love/confidence/passion/anger 

Typical color used in alerts and errors 

Orange Energetic/warm/excitement 

Yellow Nature/sunlight/joy/warmth 

Green Nature/calm/renewing/inexperience  

Blue Calm/cool/distance/sadness 

Purple Mystery/magic/royalty 

Black 
Tragedy/death/mystery 

Often used to set contrasts 

White Purity/innocence/wholeness/clarity  

Pink Hope/sensitivity/femininity 
 

 

Recognition patterns means that in website or application design, there are common 

design patterns and the reason for that is the psychology of the users. When a person 

visits a website or uses an application, he or she expects to see certain things related to 

the service or product and in certain positions. For example, if a user uses travelling 

application, he or she expects to see content related to travelling. The user requires 

smooth navigation on the website or application, because human nature is naturally 

quite impatient.  

 

F-pattern ja Z-pattern are related to scanning patterns and they are applied in webpage 

and application design. The aim of these patterns is to place the elements in the site or 

application in an effective and legible manner.  Scanning patterns are related to eye-

movement and ‘scanning process’ that a human does when he or she is reading a 

website or application. F-pattern is used when, for example, a web page includes a big 

amount of content (blogs, new platforms etc.). At first, user’s eye-movement goes 
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horizontally from the top of the screen to down. Next, a user scans the content from left 

side to right vertically. This scanning process forms a F-letter-shaped pattern. Figure 6. 

shows in practice how the eye moves in F-pattern.  

 

 
Figure 6. Demonstration of F-pattern. (Nielsen Norman Group 2006) 

 

When the content of the webpage or application is simpler, Z-pattern is normally 

applied in these cases. A user does zig-zag pattern while reading a page forming a Z-

letter-shaped pattern. Figure 7. shows the eye-movement in simple way with arrows.  

 

 

 
Figure 7. Z-pattern. (tubikstudio.com) 
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In UI/UX design, Hick’s law means that if there are many options in the site, it takes 

longer to make decisions. Therefore, designers are recommended to keep unnecessary 

options away. Complicated sites cause unpleasant feelings to the users and reduce the 

usability of the site or application. (Arhipova 2018; Nielsen 2006) 

 

 

 

2.2.1 Human-computer interaction  

 

Human-computer interaction (HCI) is the study, planning and design of how computers 

and people work together and how the people’s needs are satisfied in the most effective 

way as possible. Human senses, memory, psychology and biology are strongly related 

to HCI and how human interacts with devices. Also, technological, organizational, and 

socioeconomic factors affect in HCI (Wennberg et al. 2018, 1, 2; Chakraborty et al. 

2017, 1). Figure 8. shows visually the research fields that are related to HCI.   

 

 

 
Figure 8. HCI and related research fields. (Chakraborty et al. 2017, 1) 

 

 

HCI is a broad concept and it can be considered as a forerunner to UX design. However, 

the difference between HCI and UX design is that HCI is more academically focused 
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and includes scientific research while UX design is more focused on software industry. 

UX designers utilize the findings of HCI in their design work. (Interaction-design.org 

2018)  

 

Wennberg et al. discuss the intuitive in HCI in their research paper in 2018. In the field 

of HCI, the intuitiveness is highly expressed and the term intuitive describes that 

interfaces are somehow familiar through previous experiences and how some natural 

and non-computer object would behave in the interface. The intuitive occurs when the 

user interacts with a new application and basis of the previous experiences, the user 

automatically assumes that how the interface works. The research of Wennberg et al. 

studies the connection between the intuitive and “what is considered to be natural”. In 

this context it means, for example, that the factors in UI are in natural and logical order. 

In other words, physical world is mirrored in UI. (Wennberg et al. 2018, 1, 2; Bullinger 

et al. 2001, 1-3)  

 

 

2.2.2 UX metrics  

 

Like other metrics, user experience metrics are based on a reliable system of 

measurement and all metrics have to be observable directly or indirectly. The 

measurements should provide concrete and informative data to justify a user experience. 

One of the most traditional research methods in the field of UI/UX and usability 

research includes interviews and surveys, but new technologies have also been adopted. 

For example, eye tracking has been commonly used in HCI study and explores eye 

movements in the field. Figure 6.  is a good example of the use of eye tracking. The 

system gathers data on what a user is looking and for how long. When the movement of 

the eyes is measured, it helps HCI researcher understand visually information 

processing and how different factors affect the usability of the system interface. (Tullis 

& Albert 2013)   

 

Another interesting technology presented by Tullis and Albert is used in measuring user 

experience is in the area of affective computing. In affective computing, the sensors 

measure skin conductance, along with facial recognition software that is able to analyze 
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facial expressions. Thus, user’s emotional state can be measured and analyzed with this 

tool. However, measuring emotion is quite difficult and an interview or survey may not 

always offer an effective way to measure what the test group actually feels.  Many 

participants may think too much of the “right answer” even though there is no such a 

thing in the UX and usability study and some of them may even hesitate to dare to 

express their true feelings to a stranger. Despite of challenge of measuring, UX 

researchers must understand the emotional states of the test group (Tullis & Albert 

2013, 122-128). However, this thesis does not directly utilize eye tracking or affective 

computing, but in this research, it is important to understand these methods and it will 

help to draw conclusions.  

 

Most surveys include both open-ended and rating scale questions. It has been found to 

be a working practice because it helps to analyze the results in a more comprehensive 

way. Tullis and Albert introduces the Questionnaire for User Interface Satisfaction 

(QUIS) that has been developed at the University of Maryland by a team in Human-

Computer Interaction Laboratory (HCIL). This usability and user interface 

questionnaire consist of five categories and 27 rating scales. The five categories are: 

overall reaction, screen, terminology/system information, learning, and system 

capabilities. Rating scale system provides tangible and indicative information on the 

subject under investigation, and it is not so complicated to interpret than the answers in 

open-ended questions. One of the most common ways to analyze data from rating scales 

is to compute the averages of the values (Tullis & Albert 2013, 128, 141). Some 

elements from this questionnaire has been utilized in the survey of this research.  

 

 

2.3 Design patterns and general user interface design guides 
 

This section discusses design guidelines and design patterns in general level and which 

design patterns are preferred nowadays in software development. For this section, 

literature on visual design patterns has been studied and also, a few software industry 

workers from different software companies were asked what visual design patterns they 

are using in their work. It must be noticed that the answers are based on the work of 

only a few people, so a complete conclusion on the used design patterns cannot be 
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made. All these software developers have been working in software companies for 2-3 

years. However, the answers are indicative. General design guidelines introduced in 

sections 2.3.1, 2.3.2. and 2.3.3 are utilized in many practical cases and their practices 

are also mixed with each other, and they are elaborated by UI/UX and usability 

professionals and consultants. Design guides are quite similar in some points and they 

contain some overlaps. 

 

Design patterns are an essential part of UI design: they are already pre-defined models, 

that are found to be functional, and the system itself is built around it. Design pattern 

can be described as a general and reusable model in code or UI level, and it includes 

interface elements that feel familiar to the user. Design patterns determine the layout 

and structure of the interface in general level, but they still allow flexibility. Patterns 

can also be mixed with other patterns and it is also often desirable to reach the greatest 

value (Heer & Agrawala 2006, 859). The main advantages of using design patterns is to 

save time and money and there is no need to “re-invent the wheel”. The most important 

advantage for the user is that the design patterns increase the feeling of familiarity with 

the new system. These visualization frameworks are tools developed by visualization 

researchers to facilitate the visualization of the applications and websites (Heer & 

Agrawala 2006, 853). In webpages and software, the same kind of structure can be 

noticed. The layout of the user interface is justified by the fact that users are accustomed 

to a particular structure of the system and thus, also learn other, similar system more 

easily. Design patterns offer a proven design solutions and guidelines for UI designer, 

so they do not need to start everything from the beginning. It is also said that patterns 

can improve communication between the team members because the disciplines are 

universal. (Gerchev 2012; interactiondesign.org 2018) 

 

Chen categorizes and analyzes visualization design patterns in her research and 

mentions that the emphasis of information visualization has grown significantly in 

recent years. Therefore, the visualization development process needs new technologies 

to improve its efficiency and effectiveness. Chen presents nine important visualization 

design patterns in her study: Decorated data, visual encoding, linked graphs, brushing, 

details management, progressive refinement, network flow, graphic grid and overlay. 

Figure 9. shows the relationships between these visualization design patterns. There are 
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three different kind of categories for the patterns coded with different colors: data 

patterns in pink octagons, behavioral patterns in yellow squares and structural patterns 

in blue circles.  (Chen 2004) 

 

 

 
Figure 9. Relationships of visualization design patterns. (Chen 2004) 

 

All visual design patterns mentioned in Figure 9. are used in dynamic and analytical 

data visualization. Chen mentions that the functionality of these design patterns is based 

on the fact that they are well-proven and common design practices with plenty of 

documentation and experience. (Chen 2004) 

 

Software developers were asked what design patterns they use in their work and which 

design patterns are the most important for the user interfaces. At first, they mentioned 

Model View Controller (MVC) and especially controller-part is essential part in user 

interfaces. Controller components are important for the UI, because they act as an 
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interface between Model and View components. They also named the design pattern 

they are using, among others: null object pattern, factory pattern, builder pattern and 

Unit of Work pattern (UOW) that is mainly used in database operations.  

 

 

Figure 10. explains MVC pattern visually and shows how the component and user 

interactions.  

 

 
Figure 10. MVC interactions between components. 

 

 

2.3.1 Nielsen and Molich’s 10 user interface design guidelines 

 

In 1990s, web usability consultant Jakob Nielsen and usability expert Rolf Molich 

established a list of ten UI design guidelines which can be utilized in many UI design 

cases. This design guide has also been successfully utilized with products from global 

companies such as Apple, Adobe and Google. The design decisions in the list are said to 

be well-researched heuristics and provide a stable starting point for any user interfaces.  

(Wong 2018)  

 

Table 2. lists Nielsen and Molich’s 10 user interface design guidelines. The rules are 

given also a short explanation. In the appendices section of this thesis, there is a 

worksheet for application (appendix 1).  
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Table 2. Nielsen and Molich’s 10 user interface design guidelines. (Wong 2018) 
Rule Explanation 

1. Visibility of system status Users should be informed of system operations  

2. Match between system and the real world Information should be in logical order and the 
system should model the real world 

3. User control and freedom Backward steps, undoing and redoing previous 
actions must be possible 

4. Consistency and standards Graphic elements and terminology should be 

maintained across similar platforms 

5. Error prevention Errors are kept to a minimum 

6. Recognition rather than recall Human attention is limited and only capable of 
maintaining around 5 items at time 

7. Flexibility and efficiency use Less interactions and faster navigation. User 
should be able to customize or tailor the UI that 
suits their needs 

8. Aesthetic and minimalist design No unnecessary information, as simple and 
readable as possible 

9. Help users recognize, diagnose and 
recover from errors 

Use of plain language (no e.g. too technical 
terminology)  

10. Help and documentation  Objective: the user is able to navigate the system 

without having to resort to documentation 

 

 

 

2.3.2 The Eight Golden Rules of Interface Design by Shneiderman 

 

Ben Shneiderman is American computer scientist and professor in University of 

Maryland. He has also been the founding director of the University of Maryland 

Human-Computer Interaction Lab and his specialty includes information visualizations. 

Shneiderman has published “Eight Golden Rules of Interface Design” in his book 

“Design the User Interface: Strategies for Effective Human-Computer Interaction” in 

1986 (Human-Computer Interaction Lab 2018). Schneiderman has published an article 

on Human-Computer Interaction Lab web page maintained by University of Maryland. 
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The rules are listed in Table 3. below and given a short explanation.  

 

Table 3. The Eight Golden Rules of Interface Design. (Shneiderman 1986) 
Rule Explanation 

1. Strive for consistency Consistent sequences of actions should be 
required in similar situations 

2. Seek universal usability Recognizing the need of the users and taking into 
account users’ features 

3. Offer informative feedback There should be an interface feedback for every 
user action 

4. Design dialogs to yield closure Sequences of actions should be organized 

5. Prevent errors  The user can’t make serious errors 

6. Permit easy reversal of actions Actions should be reversible 

7. Keep users in control The user wants the interface to function as 
expected 

8. Reduce user’s short-term memory load Avoiding short-term memory overload 

 
 
 
 
2.3.3 User Interface design steps in Galitz’s book 

 

The third introduced user interface design guide is elaborated by respected consultant 

and author Wilbert O. Galitz, lists important and practical UI design steps in his book. 

Galitz’s book discuss widely about UI design and its stages and his advice can be 

utilized in many UI design cases. Table 4. below summarizes UI design steps and gives 

a short explanation for each step. 
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Table 4. UI Design Steps by Galitz. (Galitz 2007) 
Steps Explanation 

1. Who are the users/customers In UI/UX design, understanding people is often difficult and also 
undervalued process that should be invested. Identifying people’s 
innate and learned characteristic and understanding their effects 
in design is the first step in designing process. 

2. Business objectives Understanding the business objectives of the product and the 
functional goals of the system. This step also includes addressing 
the establishment of design standards and style guides, and also, 
the definition of training and documentation needs 

3. Principles of good UI and 
screen design 

A well-designed screen reflects the capabilities and needs of the 
users/customers.  

4. Develop system menus and 
navigation  

The system needs a good menu and navigation features. This step 
includes the understanding how menus are used and selecting the 
proper kind of tasks and how to navigate efficiently in the system. 

5. Proper kinds of windows This task includes selecting a proper kind of window, the 
elements and their purposes and functions.  

6. Proper interaction devices Defining what devices can be used with the system. This step 
consists of identifying the capabilities and characteristics of the 
control mechanisms. 

7. Proper screen-based controls Choosing the proper kind of screen-based control for the purpose 
of the system. A good control offers a proper fit between user and 
control will lead to fast performance.  

8. Clean text/messages Creating texts in a form the users want.  

9. Provide effective feedback, 
guidance and assistance  

Good design also includes effective feedback, guidance and 
assistance for the users.  

10. Provide effective 
internationalization and 
accessibility  

Taking into account different cultural backgrounds and languages 
of the users. This step also includes special cases among users.  

11. Meaningful graphics  Graphical materials (images, videos, animations, audios etc.) are 
a huge part of visualization. It is also important to understand the 
meanings of each graphics.  

12. Colors  Colors contain a lot of symbolism and meanings and also enliven 
the look of the user interface.  

13. Organize and layout windows 
and pages 

The screen must be organized, and the elements must be 
presented clearly, meaningfully and in logical order.  

14. Testing  The importance of testing should not be underestimated. Testing 
at various stages of software development is essential.   
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2.4 Current trends and possible future guidelines in maintenance 

applications  

 

Modern application, visualization and its impacts have already been sidelined 

previously in this literature review, but this section goes deeper in that topic and 

discusses the trends in 2018 and in future in the field of software development and 

UI/UX design, especially in the field of maintenance applications.  On this section, 

some of the contents of IMC-2018 The 33rd International Maintenance conference 

have been used as background of the view and the observations made in that conference 

are based on one person’s point of view and the overall impression of the presentations. 

The conference was held in Florida, USA in 2018 and it was focused on the 

maintenance systems and their monitoring, machine learning, asset management and 

human capital management. The findings of the conference are mirrored in the studied 

system and current trends in the field of maintenance can be utilized also in the product 

development. Some of the solutions are quite similar to the studied system.  

 

There are several hot topics that are considered as modern guidelines in software 

development, for example cloud-based systems, data science, big data, IoT (internet of 

things), IIoT (industrial internet of things) digitalization. It can be noticed that in the last 

few years, the systems have become more and more cloud-based, because cloud 

systems provide more data security, lower costs, flexibility and quality control for the 

users compared to previous solutions (salesforce.com 2019). Nowadays, IoT sensors 

and AI (artificial intelligence) are widely used in the field of maintenance tools. The 

aim of these sensors and AI is to give real-time analytics and analyzes to the user. It can 

be noticed that in addition to the web-based solutions, also mobile-based systems are 

required, because the mobile devices can be used everywhere. It also seems that REST 

API (Representational state transfer, application programming interface) is nowadays 

used application interface solution.  However, it is clear that maintenance tools must be 

improved all the time, because there are a lot of equipment fails in spite of calendar 

maintenance and almost 2/3 scheduled maintenance is unnecessary. (Rahilly 2018; 

Truempi 2018) 
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New and modern maintenance systems were presented in International Maintenance 

Conference and in this thesis, these systems are used as examples and inspiration. 

Figure 11. Shows a simplified operation chart of a maintenance tool by startup company 

Petasense.  This asset reliability and optimization system (ARO) provides multi-

parametric sensor analytics and data visualization and the system has similarities with 

the studied system. Industrial IoT sensors (e.g. transmitters and vibration motes) send 

data to the cloud system and the data from the cloud is visualized and analyzed in the 

application.  (Petasense 2018) 

 

 

 
Figure 11. Asset reliability and optimization system. (Petasense 2018) 

 

On the basis of the content of the IMC-2018 conference it can be observed that in 

visualization, donut charts are widely used to visualize data. Presented systems also 

seem to prefer bar diagrams in presenting KPIs and line graphs in plant flow systems. It 

can be noticed that the systems bring all needed information together, so the customers 

do not need to use several different systems to get the data they need.  
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2.5 Analysis of the literature and publications   

 

This thesis aims to utilize diverse scientific and non-scientific references in order to 

gain a broad perspective on the subjects. Some of the references offer more theoretical 

background for the thesis and other references are more relevant to practical 

implementation. Scientific literature has been searched mainly from Google Scholar and 

from university’s library and non-scientific references have been found from Google 

search with the key words related to the subject.  

 

The most important keywords in searching for literature have been, among others: 

§  ‘design pattern libraries’ 

§ ‘UI visualization’  

§ ‘UI design patterns’ 

§ ‘psychology in UI/UX design’ 

§ ‘current visualization trends in 2018/2019’ 

§ ‘UI and UX design guidelines’, and 

§ ‘intuitive HCI’.  

 

For this thesis, literature has been systematically reviewed and one topic at a time. Also, 

the publication years of the sources have been taken into account and are the factors 

presented in literature still relevant today. Table 5. lists all scientific publications and 

literature used in this thesis and Table 6. brings together all non-scientific articles 

including conferences, internet articles, blog posts and guides related to the topics of 

this thesis. The left-most column of the table indicates the name of the publication and 

the year of publication and the next column on the right lists authors of the publication. 

The next column determines the type of publication, and the right-most column lists the 

key topics and significant characteristics and findings of the publication.  

 

 

 

 



 
 

 
 
 

31 

 

 

Table 5. References used in the research. 

Name and year of 

publication 

Author(s) Publication’s type The key topic(s) 

A Brief History of Data 
Visualization (2006) 

Friendly, M.  Research paper An overview of history 
of data visualization 

from its beginnings to 
its present 
 

A Review of Constraints on 
Vision-based Gesture 
Recognition for Human-
Computer Interaction 
(2017) 

Chakraborty, B. 
K., Sarka, D. 
Bhuyan, M.K. 
and MacDorman, 
K.F. 

 

Research paper Research fields related 
to HCI  

 

Enhancing the Explanatory 
Power of Usability 
Heuristics (1994) 

 

Nielsen, J.  

 

Research paper 

 

Heuristic evaluation of 
usability  

 
Information Visualization 
(2nd edition) (2004) 

 
Ware, C. 

 
Book 

 
Science of 
visualization, data 
types, formatting, 
physical phenomena 

behind the 
visualization, data 
layout 

Intuitive Human-Computer 
Interaction – Toward a 
User-Friendly Information 
Society (2001) 

Bullinger, H-J. 
Jürgen, Z. & 
Bauer, W.  

Research paper Development of a user-
friendly information 
society, concepts for 
improving the 
intuitiveness of HCI in 

future 
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Key Principles for User-
Centered Systems Design 
(2003) 

 
Gulliksen, J. 
Göransson, B. 
Boibie, I. 
Blomkvist, S. 

Persson, J. & 
Cajander, Å.  

 
Research paper 

 
Research on UCSD and 
applying it in software 
projects 

 

Measuring the User 
Experience (2014) 
 

 

Tullis, T. & 
Albert, B. 

 

Book 

 

Measuring UX, 
analyzing UX 

 
The Essential Guide to User 
Interface Design – An 
Introduction to GUI Design 
Principles and Techniques 

(2007) 

 
Galitz, W.O.  

 
Book 

 
The whole UI/UX 
design process and 
steps for good UI 

 

The Intuitive in HCI: A 
Critical Discourse Analysis 
(2018) 

 

Wennberg, A., 
Ählman, H. and 
Hedman, A. in 
Nordic 
Conference on 

HCI  

 

Research paper 

 

Intuitive in the field of 
HCI 

Towards Design Patterns 
for Dynamic Analytical 

Data Visualization  

Chen, H. Research paper 

 
Nine different 

visualization design 
patterns, pattern-driven 
approach for improving 
development 
productivity and 

efficiency  

User Experience (UX): 
Towards an experiential 

Perspective on Product 
Quality (2008)  

Hassenzahl, M. Research paper 

 
Implications for the 

field of Human-
Computer Interaction 
and user-centric design, 
UX and its examination 
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Software Design Patterns 
for Information 
Visualization (2006) 

 
Heer, J. and 
Agrawala, M.  

 
Research paper 

 
The most common 
visualization design 
patterns  

 

 

 

Table 6. Non-scientific references used in the research. 

Name and year of 

publication 

Author(s) Publication’s 

type 

The key topic(s) 

9 Essential UI Design 
Trends You Should Stick to 

in 2018 (2018) 

Kharchenko, N. in 
UX collective web 

site 
 

Online article Current trends in UI 
design in 2018 

 

Build Your Perfect 
Interface with UI Design 
Patterns (2012) 

 

Gerchev, I. in 
Sitepoint web site 

 

Online article 

 

Advantages of using 
design patterns and 
design pattern 
libraries 
 

 
Color, Psychology and 
Design (2017) 

 
Batagoda, M. in UX 
planet web site 

 
Online article 

 
Information of the 
psychology behind 

the colors in UI 
 

Data Visualization (2017) Rouse, M. in Search 

Business Analytics 
 

Blog article Definition of data 

visualization 

 

F-Shaped Pattern for 
Reading Web Content 
(original study) (2006) 

 

Nielsen, J. in Nielsen 
Norman Group web 
site 

 

Online article 

 

Information of F-
shaped pattern 
 
 

 
Human-Computer 
Interaction (HCI) (2018) 

 
Interaction design 
foundation web site 

 
Online article 

 
Definition of HCI 
and how it is related 

to UI/UX 
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Psychology in Design. 
Principles Helping to 
Understand Users 

 
Arhipova, A. in Tubik 
blog 

 
Blog article 

 
6 principles of user 
psychology 

The Eight Golden Rules of 
Interface Design 

 
Shneiderman, B. in 
HCI Lab – University 
of Maryland web site 

Online article 

General design 
guide for UI design 
and definitions for 
the rules 

The history of the History of 
Data Visualization (2017) 

Horne, J. in 
iDashboard web site 
 

Blog article History of data 
visualization 

 
Understanding Data 
Visualization | Importance, 

Techniques, Tools & 
Software 
 

 
Planning Tank web 
site 

 
Blog article 

 
General knowledge 
about data 

visualization and its 
importance, design 
tools and examples 

User Interface Design 
Guidelines: 10 Rules of 
Thumb (2018) 
 

Wong, E. in 
Interaction Design 
Foundation web site 
 

Online article Introduction of UI 
design guidelines by 
Nielsen and Molich 

 
What is User Experience? 
(2015) 

 
DeRome, J. in User 
testing blog 

 
Blog article 

 
Definition for UX, 
what is a good UX 

and how to research 
it, what are essential 
questions and the 
future of UX/CX 
 

IMC-2018 The 33rd 
International Maintenance 
conference 

 

Florida, USA Conference Current 
visualization trends 
 

12 Benefits of Cloud 
Computing 

Salesforce web site Online article General information 
about cloud-based 

solutions 
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2.6 Literature contribution for practical work  

 

The literature used in this chapter provides a theoretical basis for understanding the 

practical problems related to the research. The observations and findings of this chapter 

can be utilized later in the empirical part of the thesis and in system development. For 

this thesis, current visualization trends and design patterns are an essential part of this 

study. Therefore, some contents of IMC-2018 provided important and relevant 

information about the visualization aspects of maintenance tools. The interview 

questions are mainly based on the design guides and Tullis and Albert’s book about 

measuring the user experience, and some elements are also used in the workshop. The 

findings from the literature are mirrored in the studied system in chapter 5 and 

hypothetical assumptions are made about what could make the studied system more 

usable.  
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3  INTRODUCTION OF THE STUDIED SYSTEM 
 

This chapter introduces the studied system in general and gives an overview of its 

current features and visualization. The section 3.1 introduces the studied system in 

general and the section 3.2 introduces existing visualization with some examples of UI 

pictures of the system. This chapter also discuss the usability challenges, what are the 

development needs of the case product and what kind of future goals the case company 

has for the product development.  

 

 

3.1 The studied system in general  

  

As mentioned in chapter 1, the case product is a solution for monitoring the processes in 

different kind of plants and factories. This browser-based system utilizes IIoT 

technology and AI, and offers a customized, real-time and tailor-made user interface for 

every customer and improves the visual design of the site by using 3D models. The 

product also functions as a reporting and analytic tool with the case company’s other 

products and it is also suitable with other manufacturers’ equipment. The smart solution 

system offers a tool to control and supervise the plant or factory remotely. 

 

The solution brings the following benefits for the customers:  

• Low total costs 

• Optimized production  

• Unforeseen downtime is reduced 

• Fast fault analysis and maintenance plan  

• Easy access to product documentation.  

 

Based on the measurement results, equipment maintenance and replacement can be 

anticipated faster, because the system sends notifications before the actual failure, and 

thus, the productivity of the factory or plant remains optimized.  Figure 12. shows a 
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simplified chart of the process with studied system. Data process control system is 

connected to the studied system platform itself and that data processing unit can be the 

company’s own control system, or it also can be integrated in any existing hardware. 

(Company’s home page and product presentation 2018) 

 

 
Figure 12. The process chart of the system. (Case company’s product presentation 

2018) 

 

 

3.2 Existing visualization 

 

The current standard UI design pattern can be found from the appendices of this thesis 

(Appendix 2. And Appendix 3.). Figure 13. presents a real example how the 3D models 

are realized in practice on the basis of the actual equipment. The left picture is the 

customer’s pump station and on the right picture this pump station is modelled into 3D 

in the platform and allows its remote control via the platform.   
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Figure 13. Real equipment and 3D model in the system.  

(Case company’s product presentation 2018) 

 

The standard visualization guide for the product follows the case company’s design and 

brand guidelines: the fonts and the colors are predefined by the company’s most recent 

visual guideline document updated in 2018. However, in this thesis the case company’s 

logo and name are hidden from the pictures and white box with grey borders show the 

current location of the logo. Company specific colors and fonts are designed so that they 

are also suitable for mobile devices and are easy to interpret by all kinds of devices. 

Figure 14. introduces the color map of the current system and Table 7. tells the symbols 

of the colors used in the UI. The left column shows the color and the right column 

introduces the symbolic meaning of the color. Figure 15. and Figure 16. visualize the 

dynamic in the UI of the demo plant as flow charts.  
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Figure 14. Color codes. (Product’s UI specification 2018) 

 

 

Table 7. Color codes in the platform. (The company’s product design guidelines) 
Color Symbol 

Red 226/0/26 Alarm 

Green 39/145/52 OK/normal state 

Orange 255/110/0 Warning 

Blue 0/161/222 Button function 

Grey 112/111/111 Upper and lower bars 
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Figure 15. Demo plant UI flow chart. (The studied system screenshot 2018) 

 

 

 

 

 
Figure 16. Filtration show case and KPI Demos UI flow chart. 

(Screenshots from studied system 2018) 
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3.3 Acknowledged usability challenges and future system goals 

 

Even though the system already offers good features for the customers, there are still 

some crucial development targets that can be improved. One of the main challenges is 

that the customers need intuitive visualizations on their process operations and KPIs, 

but the system tools to build the dashboard does not directly allow the customized 

visualization. Therefore, the customers themselves are not able to customize the UI. 

Also, the customers themselves may not know which ways are the most effective to 

show important data and how they would get the full benefits of the system. Some 

already known usability challenges are, among others, that all information in the UI is 

not shown as effectively as possible and data visualization could be even more 

attractive.   

 

The most important evaluation indicators in this research are:  

• Effectiveness 

• Usability 

• Visuality  

• Faultlessness  

• Utility 

• Satisfactory, and 

• Learnability.  

 

The above-mentioned indicators are from International standards for HCI and 

usability, and these values are also utilized and measured in this research 

(usabilitynet.org 2006). The indicators will be measured by using simple and 

numeric measuring scale in the empirical part of this research.  
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4 MAPPING CUSTOMERS’ NEEDS 
 

This chapter focuses on the empirical part of the research that includes three parts: the 

survey questionnaire, the phone interview with one external customer and the workshop 

with the case company’s internal customers and system developers. For this research it 

is essential to know what kind of needs customers have and what do they expect from 

the system. The aim of the survey was, at first, to map customers’ needs and see 

tentatively what kind of factors have been taken into account, and act as a preliminary 

task for the workshop. The main goal of the workshop was to develop the ideas in 

smaller groups and encourage the participants to share their preferences and needs. The 

section 4.1 introduces the survey questions and justifies the choice and layout of the 

questions. The section 4.2 tells about the workshop held in February 2019 and 4.3 is 

about the phone interview with the external customer of the case company. These 

results will be discussed in the section 4.4 and analyzed in 4.5.  

 

Figure 17. demonstrate the mapping process: at first, the survey questionnaire was 

prepared by using the literature related to measuring UX. The survey questions and 

layout were discussed with the examiner of this thesis and finally, the case company 

gave their comments. When the survey questionnaire was completed, it was sent to the 

internal customers of the case company. There was plenty of discussion about the 

workflow, schedule and the topics of the workshop with the examiner of this thesis and 

the case company. After the survey and the workshop, the results are analyzed.  
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Figure 17. Mapping process.  

 

4.1 Survey 

 

Webropol was used as the platform for the survey and the survey link were sent to the 

case company’s internal customers in February 2019. The questions were formulated by 

using various references, especially Tullis and Albert’s (2013) book about UX 

measurements and usability metrics. This survey has both open-ended questions and 

ranking scale questions, because therefore, more extensive research data is obtained. 

Ranking scale questions included the rating 1-5 where 1 is ‘strongly disagree’ and 5 is 

‘strongly agree, and 2-4 something between them. The layout of the survey was aimed 

at simplicity so answering the survey questions would not take much time for the 

participants.  

 

 

The structure of the survey was as follows: 

 

§ Page 1: basic information of customers including job title and how he or she 

has learned to use the system. 

§ Page 2: 12 questions about the system.  

§ Page 3: confirmation and submit.  
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The survey was considered anonymous. The entire survey is in the appendices section 

of this thesis in appendix 4.   

 

 

4.1.1 Survey questions  

 

The questions consist of three different categories: 

1. General questions (3 questions) 

2. User interface and usability (5 questions), and 

3. Development targets and open questions (4 questions).  

 

The purpose of the general questions was to awaken the thoughts of the customers and 

to reflect on their relationship with the system. After general questions there are more 

specific questions about UI and usability of the system.  In UI and usability section the 

last question is open-ended question especially about user UI. With this kind of free text 

box, the author of the thesis wanted customers to consider the UI and usability in 

particular and if they have something specific to say about it. The last section includes 

only open-ended questions and there the customers are able to express their needs and 

development ideas.  

 

 

4.1.2 Participants in the survey 

 

The participants for the survey were selected by the case company and there were six 

internal customers of the case company. Five out of six of these people also participated 

in the workshop. The aim was to select respondents from different working areas to get 

variation in results. The hypothesis is that the case company’s internal customers have 

different perspective and approach to the system than external customers. However, 

only a small percentage of the users of the system took part in the survey, so all the 

opinions have not been taken into account in this study. It can also be assumed that the 

participants were all volunteers and willing to answer the survey. Table 8. brings 

together all participants in the survey and their job area. The left column gives a number 

for a participant and the right column tells the participant’s job area in the case 
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company. The job titles mentioned in the table are directly copied from the survey 

questionnaire. All participants in the survey were already familiar with the studied 

system and in their work, they are dealing with the studied system in one way or 

another.  

 

 

Table 8. Participants in survey. 

Participant Job area 

1 Director 

2 Manager, Business Tools 

3 Application Manager 

4 Marketing Communications Manager (Digital 
Marketing)  

5 Marketing Communications Manager 

6 Development Engineer 

 

 

4.2 Workshop 

 

The workshop related to the development targets of the studied system was held in 19th 

of February 2019 in Lappeenranta in the case company’s meeting room. The aim of the 

workshop was to go through the development targets together with the participants, find 

the most important core areas and discuss them. Four hours was reserved for the 

workshop, but the actual time was about three hours and fifteen minutes.  Two key 

questions in the workshop were:  

 

1. What could be improved, and 

2. Why should it be improved?  

 

In the first part before the lunch break the focus was on what are the development 

targets and the second part of the workshop pondered why development targets should 

be improved.  
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4.2.1 Preparing the workshop  

 

There was a week time to plan the workshop’s workflow and schedule. The original 

plan was not strict and there was enough time for tasks and discussion. The author of 

the thesis did not use any particular model when she designed the workshop, but the 

influences were taken from earlier similar events. The examiner of the thesis helped a 

lot with the workshop’s structure plan. It was also wanted that the workshop could be 

implemented without digital devices, so the tools used in the workshop were:  

 

§ Printed UI pictures (in total 17 different views from the studied system, 10 

printed copies of each)  

§ Different kind of pencils 

§ Sticky tape  

§ Post-it notes. 

 

The basic idea of the workshop was that one post-it note indicates one potential 

development target or new idea in the printed UI picture. The focus was mainly on the 

UI elements of the studied system, but also other features were pointed and discussed.  

The author of the thesis arrived 1,5 hours before the workshop and prepared the meeting 

room. One task in the workshop was to categorize the development targets to four 

different categories: UI elements, functions, new ideas and errors. The names of the 

categories were written on the paper and put on the wall of the meeting room before the 

beginning of the workshop. Figure 17. is a photograph taken in the meeting room before 

the workshop. The papers on the wall are the category papers and the UI pictures are on 

the table in colorful plastic pockets.  
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Figure 17. Preparing for the workshop (19.2.2019).  

 

 

4.2.2 Structure of the workshop  

 

Table 9. shows the rough schedule of the workshop. The workshop began with the 

introduction PowerPoint-presentation held by the author of the thesis. At first, the 

instructions and schedule of the workshop were reviewed. Then the participants had a 

moment to individual task, and they started to map the development targets in the UI 

pictures. After the individual task, the participants started a pair work and therefore, 

four pairs got time to go through the development targets together and search for more 

targets. In pair work different educational backgrounds were preferred within the pair. 

After the pair work, two pairs put their development targets pointed in the UI on another 

wall and two pairs on the other wall. Then the pairs got to tell what targets they had 

found and discuss them with everyone.  
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Table 9. The schedule and the workflow in the workshop.  

 
TIME WORKFLOW 

10:00  Introduction  
Part 1:  

§ Individual task 

§ Pair task  
§ Categorization of the development targets 

11:35 Lunch break  
12:20  Part 2: 

§ Priority points for the targets (post-it notes) 
§ TOP 3 development targets  

§ Discussion and conclusions  
 

13:15 End of the workshop 

 

 

Straight after the lunch break all participants were allowed to put the development 

targets mentioned in the post-it notes in order of priority (3 is the highest priority). The 

points were given as follows: 

• 3 points for one target that is the most important 

• 2 points for two targets, and  

• 1 point for three targets.  

 

In other words, the participants had to give their points for six development targets. 

Then the sum of the points was calculated for each development target, and it was 

possible to see what the participants thought were the most important development 

targets. After that there were a discussion and conclusion part where the results of the 

workshop were reviewed.  
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4.2.3 Participants in the workshop 

 

Eight people took part in the workshop. Five of them were the case company’s internal 

customers and all of them also participated in the survey. Also, one academic researcher 

and both of the case company’s examiners took part in the workshop. This number of 

participants was thought to be appropriate, because it was easy to operate in small 

groups. There were variations in the educational backgrounds of the participants and 

some of them knew the studied system more thoroughly than others. For example, there 

were a few persons who work with the maintenance applications and two persons from 

the case company’s marketing department. Hence, it was assumed that different 

perspectives would be revealed in the workshop.  

 

 

 

4.3 Phone interview with customer representative 

 

The interviewee was chosen by the case company. A phone interview with the case 

company’s customer representative was held in 25th of February. The interview took 

about 10 minutes and survey questions were the basis for the interview. The customer 

was asked about his relationship to the studied system and how often he uses it in his 

work. The customer said that he uses the studied system weekly and it facilitates his 

work a lot. He also mentioned that the system was quite easy to learn. Because of 

remote monitoring, he does not have to go to the pump station to check the status of the 

pump.  

 

According to customer the user interface looks fine and he has no need for other 

features than pump monitoring. The customer wondered if remote access would work 

completely and through the system could also regulate the aerators. Overall, the 

customer says he is very satisfied with the system.  
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4.4 Results  

 

This section goes through the results of the empirical part of this research that includes 

survey questionnaire, workshop and a phone interview with the customers of the case 

company. Because there was nothing new or crucial in the phone interview, there is no 

need for an own section. All important factors related to the phone interview are already 

mentioned in section 4.3.  

 

 

4.4.1 Results of the survey 

 

The survey was responded by six people and all of them were internal customers of the 

case company. According to the background questions, half of the participants were 

given official training session with the studied system. Table 10. brings together the 

questions from the survey that were using ranking scale. The left-most column shows 

the survey question and the columns in the center shows the ranking scale and how 

many participants gave each grade (1 is strongly disagree and 5 is strongly agree). The 

right-most column shows the average of the points.  

 

 

 

Table 10. Ranking scale questions.  

 
Strongly 
disagree    

Strongly 
agree  

Question 1 2 3 4 5 Average 
I think the system is useful. 0 0 0 3 3 4,5 
The system facilitates my work. 0 1 1 2 2 3,83 
The system is good for its 
purpose. 0 0 0 3 3 4,5 
Functions/tools are easy to find. 0 1 2 2 1 3,5 
I think that the user interface is 
easy to use. 0 1 0 3 2 4 
I understand the system logic. 0 0 2 2 2 4 
I think the user interface looks 
modern. 0 0 2 3 1 3,83 
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The open-ended questions and the answers are listed below. Also, number of responses 

are mentioned because all of the participants did not answer to every question. Most of 

the answers are copied from word to word and some answers are also shortened and 

words referring to the system or company name are replaced. The answers are listed on 

bullet points.  

 

Question: 11. Free word about user interface and usability. 

Number of responses: 4  
• “-- User interface has to be easy to build up with minimum knowledge of coding (with internal 

experts) and at the same time it has to deploy customer needs in usability and data visualization 
sense. Combining these two issues makes the end result somewhat on compromise...” 

• “Clean interface, not too much unnecessary information like in normal SCADA automation 
systems.” 

• “I don't like the navigation bar on the right for 2 reasons. 
1. The position is not intuitive. I would expect it to be on the left side or top left corner, above 
the content of the page. 
2. The buttons within the navigation bar seem a bit useless. Why are there 4 icons that have 
something to do with full screen/zoom & out mode?” 

• “The interface look is highly variable, and it depends on the designer. Although, there is certain 
freedom to create the interface, the tools available to it might render the job a little bit difficult as 

other options might be more suitable to the concept design.” 
 
 

Question: 12. What sort of changes the case company should do into the system to 

make it better tool for you?  

Number of responses: 4 
• “Optimize the download size of visual UIs (components, images, etc..) to gain faster global 

availability times. Use modular generic structures/UI elements as much as possible to enable fast 
UI build-up times and cost-effective internal work. Document this. Make sure you forward a 

professional brand image to our end customers where you can identify immediately product 
when you see it.” 

• “2 phase authentication, easy to modify email alarms, easier setup and deployment.” 

• “The bottom navigation bar. The company’s logo is in the middle and when I click on it, it stays 
there, and all things list mostly on its right side. Because of lack of space, I am not able to see 
everything that is stored under a certain dashboard. I would also love to be able to export in high 
resolution all possible views in the system. For example, for any view/graph/3D model that I 

have on my screen, there would be a button "Export image/screen" and it would produce a high-
resolution picture of it. The size of text next to graphs, buttons, icons is quite small even if I'm 
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checking the data on a 17inch screen.”  

• “More available widgets and more capabilities of customization.” 

 

Question: 13. What is/are the most useful current feature(s) in the system? 

Number of responses: 4 

 
• “User interfaces are easy to build up with minimum knowledge of coding. Extensive mobile 

usage support when needed.” 

• “Remote tool without additional software or hardware.” 

• “-- I guess KPI is very useful. As well as real time views to e.g. pump operations.” 

• “All at hand, no other intermediate software to create the dashboards.” 
 

Question: 14. Which features are not necessary in the system?  

Number of responses: 2 

 
• “Interactive 3D models of a pump (not in use anymore I think).” 

• “As it is a general use system, some features might seem unnecessary. However, I think all the 
components might be convenient to have.” 

 

Question: 15. Free word! Please write if you want to give feedback, have some 

development ideas or you have found errors in the system etc.  

Number of responses: 1 

 
• I am very interested in the design specs to make appealing presentation to the customers and 

how to utilize what we have to obtain the maximum benefit. 

 

 

4.4.2 Results of the workshop  

 

In this research, the workshop gave the most comprehensive results. In the workshop 

the participants pointed the development targets in the user interface and dozens of 

targets were found. Some of the targets mentioned in the workshop are more important 

and essential than others. At the end of the workshop, the working group considered the 

targets that are particularly important for the development of the system. The most 

important targets according to the participants are in bold text in the table.  
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Table 11. brings together the comments that are mentioned in the post-it notes in printed 

UI pictures. The left column shows where the development target is mentioned, and the 

right column lists the comments that are mentioned in the post-it notes.  All comments 

are not copied from word to word. In this thesis, it is not possible to use UI pictures and 

point the mentioned comments, but the case company has received a separate report 

with the UI pictures where the development targets are pointed and explained. Some of 

the comments have been refined with italics in parentheses.  

 

Table 11. Comments in the post-it notes in UI pictures.  

UI picture  Comments  
Log in page  - “The first sentence is a bit corny” 

- “Background photo could show all the products, also valves, filters…”  
- “Two-way authentication = better security?”  

Home view - “A lot of clutter”  

- “Confusing view”  
- “Security feature: last login time?” 

First view of the 
customer’s 

facility 

- “Outline? à latest update” 
- “Alarm history and alarm forwarding” 
- “What process? (Navigation bar with ‘process’ tab) Do customers understand 

directly what happens if one clicks that? à tool tips?”  

- “Spelling: waste-water à waste water” 

Customer’s 
view: pump 
station building 

- “The graphs on the left could follow the same order as on the right. Balancing 
reservoir would be on top, then process reservoir etc.” 

- “Why we have colors in here but not in other bars?” (Colors in reservoir meter) 

- “Spelling: waste-water” 
- “Where can you see what is wrong with this pump?” (Pointed one pump which has 

yellow alarm bell next to it) 

Customer’s 
view: process 
reservoir pumps 

- “The bar could be filled with color until the 1.4m level” 
- “Small font and graph” 
- “What a broken curve means?” 
- “Ugly waste of space” 

- “Target/normal values” 
- “What are these dots for? Should I click?” 
- “Gray is so depressing” 

- “Is this big box just for two small things?” 
- “Remarks too big” 
- “Latest trends” 

- “OK/not OK”  
- Design feature for tablets to show/hide areas + icon on right for ‘show all’ “ 



 
 

 
 
 

54 

Customer’s 
view: Ground 
water pump 

- “Where this pump is located?”  
- “Warning limits?” 
- “We have round bottom corner in our visual guidelines could it be used here as 

well?”  

- “Would street address/house on unit etc. information be helpful for users à more 
location data?” (Page’s name pointed on the top left corner) 

- “Color coding for safe levels? Soft alarm in ‘yellow areas’” 

- “What does this remark mean? It seems to be the name of the equipment à change 
text?” (This note is in the gray box) 

- “Color schemes according to the company’s visual guideline” 
- “Day first, it’s the most relevant info” (Date is indicated)  

- “Ground water, NOT ground-water”   

Customer’s 
view: Reports 
 

- Everything is small  
- “Why is this one orientated differently than others?” (A graph is indicated) 

Customer’s 
view: Discharge 
flows  

 

- “Small fonts”  
- “More specified topic would be better” 

- “Use/marking of units: m3 à m3” 
- “Color code to background for ‘expected areas’ like average, full 

production/processing and so on”  

- “Bar graphs seems to be for the whole day, but the tool tip says time 02:00 AM? 

à 02:00 AM data saved” 
- “Use generic navigation modals! “ 

- “Prosess à Process”  
- “Tool tips to understand what process, reports etc. means” 

Customer’s 
view: Total 
discharges and 

reservoirs’ level  

- “Should that graph cover the whole 17-18 on 18-19-hour slot?  
- “Should bar cover the area things happened?”  
- “Color consistent” 

- “Font size” 
- “Topic of this report is missing” 
- “There is no unit written for the y axis” (Diagram)  

- “This way of writing date and time is unusual for Europe, also it could be placed 
better e.g. somewhere below the graphs”  

- “Logo should be on the left (we never put it on the right)” 

- “Graph descriptions, valves are too small and even in bright grey à hard to see 
and read”  

- “What is the interruption in line?”  

- “I do not know what this lock symbol mean/what use it has for me?” 

Customer’s 
view: Analytics 

view  

- “Space, legend names, save graph” 
- “Why not separate drop-down list for each measure?” 

- “Could this be (corners) similar shape with the ones down below”  
- “Can this UI element collapse when not needed?” (Graph window indicated) 
- “Possibility to save favorite views exported to PDF” 

- “Legend should be named by measurement” 
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Customer’s 
view: reservoirs’ 
operation report 

 

- “Darker/gray/black would be better for graph y axis”  
- “What is this? Does it have pop-up help text?” (Small button indicated in the 

corner of the graph) 

- “Green/yellow/red scale, OK/not OK, gauge to left side”  
- “Warning in the meter”  
- “Too much information on one page”  

Customer’s 

view: Documents  

- “Why small letters? “ 

- “Frames?”   
- “When you are in certain view, the icon could change to make it show where you 

are”  

- “Thumbnails are too small to read” 

- “Looks messy à maybe icons instead?” 
- “ONLINE indicator to all required pages” 
- “A different picture” 
- “Ugly” 
- “Waste of space” 

Company’s 
laboratory  

- “Show Case. à showcase, no points to the end of the word” 
- “Why are those two icons gray? The documents icon is red on another view” 

- “Logo is missing from this view” 
- “Date moved and ONLINE button appeared -why?” 
- “Maybe legend of colors? “ 

- “1 value/pump visible?” 
- “Condition icon?”  
- “Why not all are in a red box?” 
- “Too dark” (The color of the model) 

- “Visual guidelines à wrong kind of green color”  
- “Wrong kind of shapes” 

- “If a view is not available, hide it”  

Company’s 
laboratory: 

pump analytics 
tool 

- “Why 100%?” 

- “m3 à m3” 
- “Overset text” 
- “Why are those fields colored? Why is one of them in a different color?” 

- “Where is the result?” (Calculate-button indicated) 
- “We do not have violet color in our visual guideline” 
- “Use minimum amount of icons if possible” 
- “What is TCO?” 

- “Number would be good…” 
- “Numbers do not make sense” 
- “Mess” 

- “Font size not consistent” 
- “What should I do with these? Click?” 
- “Could we use visual guideline color palette in these?” (Bar diagram is indicated) 

- “Could these gray ones be removed completely?” 
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Demo plant: 
pressure 
filtration KPIs 

view 
 

- “Latest patch/time, lower or higher?” 
- “Nice and bright colors” 
- “? -marks are good” (Near the graphs) 

- “Round up minutes ‘export this’ view to…”  
- “Why double scale?” 
- “What are target values?” 
- “Font size” 

- “Colors are not in line with visual guidelines” 
- “Add the lines and numbers” (A graph is indicated) 
- “Numbers could be shown outside of graph, on white background” 

- “A longer time average could be visible as a line” 
- “Use ‘UI matrix’ for layout info boxes in line and support for mobile views” 
- “Time range for visualizations? If time range is 8h are the bar graphs averages for 

that time?” 

- What does question mark do, can we have generic tool?” 

Demo plant: 
analytics 

- “I would add some lines in here” 
- “A box around each graph” 

-  “Chart scale?  
- “Too many decimals” 
- “Cloth lifetime should it have small (!) over it if life time is getting short”? 

- “Ugly” 
- “Waste of space” 
- “Why navy decimals?” 
- “Is this info useful” (A graph is indicated) 

- “Why these are not shown right away?” 
- “Is there any ready-made conclusion? Do I have to analyze in my head?” 
- “Trend’s interval and scale?” 

 

 

 After the mapping process, the participants gave their priority points to the targets. The 

points were rather scattered, but three targets got the biggest points:  

• “Green/yellow/red scale, OK/not OK, gauge to left side” (7 points)  

• “Color code to background for ‘expected areas’ like average, full 

production/processing and so on” (5 points)  

• “Everything is small” (5 points).  

 

It can be seen that two first bullet points mean quite same thing. Also, several spelling 

errors were found in the system. 
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4.5 Analysis  

 

A total of ten people, excluding the author of this thesis, participated in mapping 

development targets.  Eight out of ten people represented the case company and two 

others were outside of the company. Only one of the external customers of the case 

company were interviewed for this research and his perception of the system differs 

significantly from the perceptions of internal customers.  However, it should be kept in 

mind that only a small part of the company’s internal and external customers 

participated in the research. The case company’s external customers are only able to see 

their own facility’s views in the studied system and their use of the system may be 

limited to just a few elements. External customers do not necessarily know what they 

would require from the system. Also, the implementation of a UI/UX research via 

phone conversation may not be the most effective way to get data.  

 

The case company’s internal customers probably see the studied system much more 

critically according to the research. They have also worked with the system for longer 

than, for example, the author of this thesis who did not notice all the things they noticed. 

It is also clear that because the participants represented different field of working area, 

there were many different perspectives and it can be seen especially in the answers of 

the survey. Opinions were received, among others, from system developers and people 

working in marketing department. Also, one academic researcher participated in the 

workshop and he had never seen the system before. His perspective also brought a new 

dimension to the research and he had a different perspective on user interfaces and 

usability.  

 

On the basis of the survey questionnaire, internal customers are quite satisfied with the 

system, but it also gets some constructive criticism. Some of the answers are highly 

dependent on the person’s job: for example, in the question ‘the system facilitates my 

work’ the points are distributed (see Table 10.). On the basis of the ranking scale 

questions, the participants think that the system is good for its purpose, but it has the 

potential to become even better and more logical system.  In open-ended survey 

question the participants mentioned that the system would be better if it had more 

customization capabilities, the UI would look readable also with a smartphone, high-
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resolution pictures would be required, fonts and images would be bigger, and the 

navigation bars should be clearer. The good features of the system are, according to the 

participants, KPIs for the external customers, the system does not require intermediate 

software and the UI is easy to build up with minimum knowledge of coding.  

 

The same things that were mentioned in the survey were also mentioned in the 

workshop, but many other factors were found in addition to them. According to the 

workshop, the following things were the most relevant for the development of the 

system: 

• Use of colors   

• Spelling errors 

• Fonts 

• More consistent UI layout  

• Development of mobile views. 

 

It can be noticed that a large part of the comments was related to too small font sizes or 

element sizes. Also, the use of colors caused discussion, because all of the colors did 

not follow the company’s visual guidelines and in some points the colors should be 

utilized (for example in the meters). The participants thought that the spelling, date and 

unit errors must be fixed as soon as possible. It was also noticed that the view is not 

coherent at every view, which was seen, among others, in the names of the tabs. As 

mentioned also in the survey’s open-ended question, it was hoped that the mobile view 

would be developed.  
 
 
 

4.6 Unexpected findings 
 

The biggest surprise was that so many development targets were found and especially 

during the workshop. Even though the focus was mainly on the user interfaces and 

visualization, it was also wanted that other factors were mentioned in the survey and in 

the workshop. Some surprising factors that were mentioned in the survey and/or in the 

workshop were, for example, the security aspects and system branding. In connection 
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with the login, two-way authentication was desired and its good and bad aspects were 

discussed in the workshop. One security feature also could be the last login time shown 

in the system’s home view. It was also mentioned that the system’s brand image should 

look more professional to the customers, and to achieve it, the system must be visually 

pleasing, and the spelling errors must be removed. The color scheme of the system did 

not follow the company’s visual guideline and almost everyone noticed that factor.    
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5 DEVELOPMENT PROPOSALS 
 

This chapter focuses on the development proposal based on the theoretical part in 

chapter 2 and on the empirical part in chapter 4. Based on the analysis of the results, 

customer’s needs are identified, and optimal solution proposals are introduced. Section 

5.3 ponders how the assumptions made on the basis of the literature review appeared in 

empirical research and what is the cause for the results.  

 

 

5.1 Applying of literature-based findings 

 

In this section, the findings from the literature has been mirrored in the current system. 

The hypothesis is made before the empirical part of this research, so the findings of the 

survey or the workshop have no effect on these factors mentioned in Table 12. 

Especially the aspects mentioned in design guidelines are utilized in this section. The 

author of the thesis had access to the system, so she was able to examine it and test it 

with an external eye. The proposals are based on the views and interpretations of the 

author of the thesis. Table 13. brings together the development proposals that are found 

based on the literature. The left-most column indicates the development target in the 

system, the middle column is for the explanation and the right-most column gives an 

argument for the target and explains why the proposal would be good for the system 

development. The arguments come mainly from the design guidelines presented in 

chapter 2.  
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Table 12. Development proposals based on the literature review. 
Development target Explanation Argument based on the 

literature  

Too small elements in user 

interface 

Clarify and enlarge the UI 

elements and fonts 

Nielsen and Molich’s 10 UI design 

guidelines: “8. Aesthetic and 
minimalist design: No unnecessary 
information; as simple and readable 
as possible.”  
 

Flexibility in system Tools that allows the users to 
customize the UI view and 

filter information they need 

Nielsen and Molich’s 10 UI design 
guidelines: “7. Flexibility and 

efficiency use: less interactions and 
faster navigation. User should be 
able to customize or tailor the UI 
that suits their needs.”  

Cost analysis tool In addition to industrial 

elements also business 
analytics elements would be 
needed in platform  

Galitz (2007): “Understanding the 

business objectives of the product 
and the functional goals of the 
system. This step also includes 
addressing the establishment of 

design standards and style guides, 
and also, the definition of training 
and documentation needs.” 

Navigation in the UI The system has many ‘levels’ 
and the transition between 

views seems complex à  
Simplifying the navigation by 
making one clear main view 
and reducing levels 

Galitz (2007): “4. Development 
system menus and navigation: The 
system needs a good menu and 
navigation features. This step 
includes the understanding how 

menus are used and selecting the 
proper kind of tasks and how to 
navigate efficiently in the system.” 
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5.2 Development proposals according to the internal customers 

 

Table 13. summarizes the most essential development proposals based on the survey 

and the workshop in February 2019 (see Chapter 4 Table 10. and Table 11.). The left-

most column indicates the development target in the system, the middle column is for 

the explanation of the development target and the right-most column gives the proposal 

how the development target could be fixed. More specified report with UI pictures has 

been delivered to the case company and the company’s examiners were asked to give 

their comments and viability about the proposals. These comments and the system’s 

future prospects are discussed in section 6.3.   

 

 

 

Table 13. Development proposals based on survey and workshop. 

Development target Explanation 
Development 

proposal 
1. Navigation bars • The positions are not intuitive 

• Some buttons are useless/too many 
buttons for same purpose 

• In top navigation bar the tab that are 
not in use are in gray color 

• Simplifying the 
navigation bars in the 
UI 

• Removing unnecessary 
buttons 

• Tool tips (explanations 
for the tabs) 

• If the tab does not exist 
in the certain view, no 
need to put it there at 
all 

2. High-resolution 
UI 

• When the screen is exported, it does no 
produce a high-resolution picture  
 

• Optimization of the 
download size of 
visual components  

• Possibility to save 
views to PDF format in 
high-resolution 
pictures 
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3. Inconsistent UI 
layouts and 
navigations 

• The UI views are not consistent  

• The logo of the company should be on 
the left side of the view 

• Use of modular 
generic UI elements 

and structures à fast 
UI build-up time and 

cost-effective internal 
work 

• Use of generic 
navigation modals 

4. Security aspects • The system can be accessed with login 
credentials  

• Two-phase 
authentication to 

increase security 

• Last login time 
displayed 

5. Mobile view • The UI elements are small in mobile 
view  

• Simplified layout and 
improved view 

6. Font and element 

sizes  
• Font sizes are small almost everywhere 

in the system 
• Fonts need to be 

enlarged/optimized in 

relation to the size of 
the screen 

7. Customization  • There is no possibility to customize the 
view 

• More available widgets 

• More capabilities for 
customization  

8. Spelling and 

marking errors  
• There are some small/big letters in 

some places  

• Unnecessary dots in some navigation 
tabs  

• Marking error in units (m3 à m3) 

• Too many unnecessary decimals 

• Remove spelling errors 

• Unnecessary dots away 

• Unnecessary decimals 
away 

9. Colors • The colors do not follow the 
company’s visual guideline  

• Some colors are too dark 

• A clear visual 
guideline with the right 
kind of colors for the 
system 

• Color codes to the 
meters and warnings 
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10. Normal/target 
values  

• There is no clear indication of what the 
normal or desired values in the meters 
are 

• The target 
values/normal area 
should be mentioned 
(maybe by using color 
codes)  

• System status should 
be shown as OK/not 

OK  

• Warning limits 

11. The use of space • There are lots of empty space in the 
views 

• Some pages have too much 
information 

• Bigger fonts and 
elements 

• Simplified view à not 
too crowded 

• Clear frames for tables 

12. Names and 

locations  
• All names of the tabs are not consistent 

• Topic of the report is missing  

• No unit written for y in axis (in 
diagram) 

• Some graph and legend names are 
missing 

• More specified topics 
to the views  

• Addresses and 
locations of the 
components  

 

 

5.3 Comparison between the hypothesis and the results of empirical 

research  

 

This section explores how the proposals based on the literature and the proposals from 

the empirical part of this research differ. It can be seen that the first table is much more 

universal than the second table and the tables focuses different kind of things. It is clear 

that the internal customers have much more experience of the system and they notice 

factors that an outsider cannot see right away. For example, the spelling errors have 

been missed by the author of this thesis. Both tables mention that the flexibility could be 

increased in the system and there are too small UI elements and fonts. Table 12. also 

propose new and improved feature: cost analysis tool that is able to analyze the costs in 

the facilities. The internal customers mainly focused on the current features and their 

improvement.   
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6 DISCUSSION 
 

This chapter discuss the whole research process, the analysis of the results and ponders 

which factors led to the outcomes of the research. Section 6.2 discuss the challenges 

during the research process and section 6.3 is about the future work of the studied 

system and how the examiners of the case company evaluate which development 

proposals are feasible and which are not.  

 

 

6.1 Analysis of all results and the research 

 

An important point is that the parties involved in the research represent only a small part 

of the company’s customers, so the opinions of all stakeholders have not been taken into 

account in this study.  The participants in the empirical part of this research were also 

chosen by the case company, so the author of this thesis had no part in choosing the 

participants for that part of this research. Overall, the results were very versatile and 

main development targets were brought out.  However, external customers were not 

widely represented in this study, so if the workshop and survey had been held with 

them, the results would probably be quite different and presumably, different 

development targets would have been found in the system. The problem with external 

customers is probably that they may not even know what kind of tools and 

visualizations would serve them the most effectively. Internal customers have insider 

information about the company’s practices and visual guidelines, and they dared to 

bring the development targets boldly. That is why the survey and the workshop were 

rewarding.  

 

Even though the literature review and currently used and similar maintenance tools gave 

a broad perspective to the whole topic, the author of this thesis thinks that the most 

important and essential results were obtained from the empirical part of this study and 

the findings based on the literature and design guidelines were not enough to bring out 

the most important development targets.  

 



 
 

 
 
 

66 

Currently used maintenance tools and visualization trends act as a source of inspiration 

and the design patterns and solutions used in them can be utilized in the development of 

the studied system.  Most of the survey participants thought that the system looks quite 

modern, but it can be concluded that there is still room for improvement. The use of 

colors, the use of space and high-quality UI elements play a big role in the 

attractiveness of the system.  

 

Overall, this study achieved the desired results and the improvements of the 

development targets make the system even better and visually more impressive. Some 

of the improvements are probably easy to develop and some of them need a little more 

time and resources. The most effective way to create new interfaces would be to use 

generic UI elements and structures. The thing is that at first, these generic models, 

visual guidelines and patterns should be determined.  

 

 

6.2 Challenges during the research 

 

A few challenges were faced during this study. The main challenge was that the thesis 

guideline changed slightly during the process.  Also, a completely systematic and 

thorough literature review could not be done due to the tight schedule and one of the 

main challenges with literature review was to find relevant and informatic guides for 

design patterns. It was quite challenging to find “a recipe” for good design pattern and 

layout: there were enough information and sources on the theoretical basis of design 

patterns and on the finished outcomes, but the actual, practical midpoint of the process 

itself seemed to be lacking. Search term ‘design patterns maintenance tools’ and similar 

keywords did not give the desired result.  On the other hand, one challenge with the 

literature review was also that there were a lot of information and references about 

UI/UX design, so the search for relevant and topical information required accurate 

reading and interpretation.  

Also, empirical part of the research and its design work faced challenges. Busy schedule 

of the case company’s contact persons and matching schedules brought some problems 

and the last month of this thesis project was hectic.  Planning and implementation of the 
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workshop also brought their own challenges due to scheduling problems and the frame 

of workshop had to be completed in a relatively short time. A good thing was that after 

theoretical and empirical part the analyzing process went quite fast and easily. 

 

 

6.3 Future work 

 

The survey questionnaire report, workshop materials and the summary of all 

development proposals (Table 13.) were sent to the case company’s examiners and they 

evaluated which development targets are realistic and realizable. These comments are 

presented in simplified form in Table 14. The left-most column shows the development 

target and the next column on the right lists the possible solutions (same things that in 

Table 13.). The color boxes in the table symbolize the implementation possibility of the 

development proposals: green color means that the proposal is realizable, red color 

means that the proposal is not possible at the moment and yellow color means that there 

is a condition for implementing the development target or it is not sure if the target is 

feasible or not. The right-most column is for specific comments that are written by the 

examiners of the case company. The comments have been directly copied or they are 

shortened.  
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Table 14. The company’s comments related to the development proposals. 

Development 
target 

Development proposal Status 
Comment 

1. Navigation 

bars 

• Simplifying the navigation bars in the UI  “Depends on the 

structure of the 
software itself” 
“—the dashboard’s 
navigation link can 
be improved 

according to this 
recommendation.”  

• Removing unnecessary buttons   

• Tool tips (explanations for the tabs)  “Not possible at the 

moment” 

•  If the tab does not exist in the certain 
view, no need to put it there at all 

  

2. High-
resolution UI 

• Optimization of the download size of 
visual components 

 “At the moment, a 
tool or workaround is 
needed to obtain nice 

saved plots.”  

• Possibility to save views to PDF format   

3. Inconsistent 
UI layouts and 
navigations 

• Use of general UI modules and structures 
à fast UI build-up time and cost-effective 
internal work 

• Use of generic navigation modals 

  

4. Security 
aspects 

• Two-phase authentication to increase 
security 

• Last login time is displayed 

 “Not possible at the 
moment.” 

5. Mobile view • Simplified layout and improved view   

6. Font and 

element sizes 
• Fonts need to be enlarged/optimized in 

relation to the size of the screen 
  

7. Customization 

• More available widgets 

• More capabilities for customization  
 “To achieve this, it is 

possible to ask from 
our software 
engineers on a case 
by case basis.” 
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8. Spelling and 
marking 
errors 

• Waste-waterà Waste water  

• Prosess àProcess (p. 22 in PDF) 

• Ground-water àGround water 

• m3 à m3 

• Unnecessary dots away (p. 21 in PDF) 

• Dates:2019-02-17 à 17.02.2019 

 “For the date: the 
system gives a format 
by default.” 

9. Colors 

• A clear visual guideline with the right kind 
of colors for the system 

• Color codes to the meters and warnings 

 “--which are the 
colors that can be 
used to avoid issues 
when the dashboard 

is viewed by color 
blind people.” 

10. Normal/target 
values 

• The target values/normal area should be 
mentioned (maybe by using color codes)  

• System status should be shown as OK/not 
OK  

• Warning limits 

  

11. The use of 
space 

• Bigger fonts and elements 

• Simplified view à not too crowded 

• Clear frames for tables 

  

12. Names and 
locations 

• More specified topics to the views    

• Addresses and locations of the components     

 

 

 

Based on a review of literature and other maintenance tools, one conclusion was that in 

addition to the maintenance management dashboard, the customers are also willing to 

follow cost analysis dashboard to get the full benefits. In the future, it would be valuable 

if the studied system also could tell the user cost composition of the maintenance and 

see the whole process in the big picture. This feature was also proposed in the report 

that were send to the case company. According to the comments of the case company’s 

examiners, the studied system aims to cost analysis, but the data needed for that must be 

collected manually, and most companies handle their manual data inefficiently. 

Therefore, at the moment this type of automatic reports are useless. An appropriate 

approach to presenting costs is sought.  
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As can be seen from Table 14., most of the development proposals are feasible and 

many of them are going to be put into practice. At first, the most important and easiest 

is to correct the spelling errors mentioned in the table. In the future, the use of colors in 

the UI will be concentrated and fonts and UI elements will be optimized for different 

sizes of screens.  
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7 CONCLUSION 
 

The case company mentioned in their assignment that they want their system to be more 

visually attractive, so the main aim of this research was to find out the development 

targets of the studied system to make it more efficient, more competitive and more 

effective product. In order to achieve this goal, related literature and non-scientific 

articles were also needed as a basis to get a broad understanding of the topic. On the 

basis of the theoretical part, the empirical part of this research was designed and 

implemented. The survey questionnaire and the workshop provided a lot of good 

research material and some of the hypotheses were right and some results were 

surprising. As mentioned in previous chapter, only one of the external customers were 

interviewed for the research and the results would probably be different if external 

customers had participated in the survey and workshop. The original research question 

was ‘what kind of visualizations would be useful for the case company and for their 

customers?’ and if this question should be answered briefly, it can be said that by 

simplifying the UI view, by defining effective and general colors and by optimizing the 

elements for screens of different sizes. 

 

It is clear that without the help of the examiners of the thesis and the company’s 

customers this thesis would have become narrower and some of the most crucial factors 

would have been ignored. With the help of the internal customers’ knowledge and 

critical eye, the most significant development targets were found, and the company will 

react to the targets in a way it sees as the most suitable. This research shows that when 

the system is built and the data is visualized, in addition to attractive UI, also other 

external aspects must be taken into account. ‘External aspects’ in this case mean, for 

example, the company’s brand image, predefined visual guidelines and what 

visualization factors are connected into the brand, and also the development side of the 

product. Sometimes it can be challenging to combine perfectly working, flawless and 

effective functionalities and intuitive visualization in the same system, but it should be 

pursued.  
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APPENDIX 1.  NIELSEN AND MOLICH’S 10 RULES OF THUMB  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      



 

 
 
 

APPENDIX 2. CURRENT PLATFORM DESIGN PATTERN  

 

 



 

 
 
 

APPENDIX 3. CURRENT PLATFORM PLANT VIEW 

 

 



 

 
 
 

APPENDIX 4. SURVEY QUESTIONNAIRE 
 
 
 
 
 

Survey 2019 
 
  
 

Welcome to the survey! This survey is part of master’s thesis project ‘Development of the 
System Visualization – Industrial Case Product. ‘by Julia Tasa in 2019. The survey is 

anonymous.  
 
You may give the answers in Finnish or English. I’m very grateful for your contribution to this 
work. Thank you in advance.  
 
 

1. What is your job title? 

 
 

2. Are you the company’s employee? *  
 

 
 

3. How have your hearned to use the system? (You can choose both) 

 

 
 
 
 
 
 
 



 

 
 
 

 
 

Survey 2019 
 
 

General Questions  

 

 
 

User interface and usability  

 
 
 



 

 
 
 

 

Development targets and open questions  

 


