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Abstract 
 
Complex interfaces can be subject to inferior usability, encompassing difficulties- to learn and 
handle them as well as deficient recovery from erroneous usage. This thesis seeks to establish 
potential measures employable to reduce the complexity of an interface, without negatively 
impacting functionality. Adequate usability is furthermore the highlighted stance from which 
to pursue potential solutions. 
 
Related research presented applicable knowledge in terms of clarifying usability aspects to 
consider when analyzing as well as designing a complex interface. Previously employed 
evaluation methodologies for interfaces with successful outcomes were additionally reviewed. 
Evaluation strategies for relevant surveys, prototypes and tests were consequently established. 
Succeeding literature studies, the design process of proposing an interface assembly was 
separated into three core phases. Initially, an interface subject to appropriate complexity was 
procured and investigated. The investigation resulted in an interactable prototype suitable for 
evaluation. Evaluation results from the prototype furthermore emitted the basis from which 
an actual interface implementation was developed. The accumulated results from each design 
phase in conjunction with acquired design knowledge, ultimately formed a set of proposed 
design guidelines about element distinguishment, designing for intuition and flattening of 
nested layers. 
 
The conducted design phases were concluded to incrementally have simplified a complex 
interface and substantially heightened usability. The constraint of maintaining functionality 
while reducing complexity, was exceeded by instead heightening functionality. Established 
and employed design guidelines, were concluded to correlate with the proven increase in 
usability heuristics and performance. However, which guidelines having a more drastic impact 
than others were inconclusive and subsequently proposed for future work to analyze further in 
order to potentially prioritize design considerations. 
 

Keywords 
 
Usability, complexity, simplifying, interface, UX, heuristics, graphics, interaction design, 
guidelines, prototype, frameworks, use cases. 

  
  



 
  

 
 

  



 

 

Sammanfattning 
 
Komplexa gränssnitt kan vara föremål för undermålig användbarhet. Svårigheter kan 
förekomma inom deras hantering och lärbarhet, men det finns även en ökad risk för deficit 
återhämtning från felaktigt användande. Denna studie avser etablera potentiellt 
implementerbara medel för att minska komplexiteten hos ett gränssnitt, utan att negativt 
påverka dess funktionalitet. Adekvat användbarhet är den utsedda grundställningen varifrån 
potentiella lösningar sökes. 
 
Relaterad forskning presenterade applicerbar kunskap i form av förtydliganden för aspekten 
användbarhet att beakta vid analys och design av komplexa gränssnitt. Tidigare 
implementerade utvärderingsmetoder för gränssnitt med lyckade utfall undersöktes därefter. 
Utvärderingsstrategier för relevanta frågeformulär, prototyper och tester etablerades 
följaktligen. Nästföljande litteraturstudier, planerades designprocessen att föreslå ett utvecklat 
gränssnitt till tre huvudfaser. Inledningsvis införskaffades ett gränssnitt med lämplig 
komplexitet för inspektion. Utredningen resulterade i en interagerbar prototyp passande för 
utvärdering. Utvärderingsresultat från prototypen utgjorde följaktligen grunden för en 
slutgiltigt utvecklad implementation. De ackumulerade resultaten från varje designfas 
kombinerat med inhämtad designkunskap, formade slutligen en uppsättning föreslagna 
designriktlinjer om särskiljning av element, design gentemot intuition och sammanfogning av 
nästlade lager. 
 
Designfaserna konkluderades till att stegvis ha minskat ett gränssnitts komplexitet och 
påtagligt ökat dess användbarhet. Begränsningen att bevara funktionalitet vid minskningen av 
komplexitet, överträffades istället genom att höja funktionaliteten. Etablerade och tillämpade 
designriktlinjer summerades till att korrelera med ökningen av heuristik inom användbarhet 
och prestanda. Vilken riktlinje vars påverkan var mer drastisk än andra var dock 
ovederhäftigt, således föreslogs en framtida vidareanalys för ett potentiellt utfall av prioriterade 
designriktlinjer att överväga. 
 

Nyckelord 
 
Användbarhet, komplexitet, förenkling, gränssnitt, användarvänlighet, heuristik, grafik, 
interaktionsdesign, riktlinjer, prototyp, ramverk, användarfall. 
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1         Introduction 

 
This chapter describes the problem formulation, being the foundation for the research 
conducted. What goals the research subsequently should lead to are also presented, as well as 
delimitations. 

1.1        Problem Formulation 

 
In an advancing era of digitalization, transforming analog methodologies and processes into 
software applications when applicable, has become industry standard. Some individuals are 
consequently becoming accustomed to interacting with a variety of user interfaces, where 
functionality thus potentially may be raised. This can be achieved through simply increasing 
the amount of available functions for users to interact with, although succeedingly raising 
complexity. However, users still have diverse experience levels in handling interfaces and 
usability issues scales with increased complexity. When interfaces for these applications are 
dynamic, in the sense that they can be modified by their users, complexity heightens 
additionally. With elevated complexity an interface can be cumbersome to learn and use.  
 
Gemit Solutions AB had developed a web-based software for supporting environmental work 
named EnvoMap. Within this software, a module for storing-, presenting- and handling 
analytical data resided. The module was complex in terms of usability and customization, 
reportedly misused by its end users due to its functionality not being intuitive. It was 
furthermore considered stale and rigid in terms of user experience and graphical design. 
 
Research was conducted to investigate whether a new version of the module for analytical data 
could be created, where usability and reducing perceived complexity was considered the key 
aspects. The problem was that its previously high functionality needed to be maintained. 
Concretely, this thesis was therefore to evaluate if and how achievement of high usability in 
complex interfaces could be conducted, while maintaining high functionality. The problem 
was sought to be solved without negatively impacting the user experience. Ultimately, should 
the problem be solved, a set of potentially generalized design guidelines employable to 
advantageously simplify complex interfaces by heightening usability, was to be formulated. 
The reason being no such guidelines currently existed at the time of researching this thesis. 
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1.2        Goals 

 
This chapter aims to clarify the goals and expected outcomes of the conducted thesis work. 
The outcomes are separated into three areas, namely research, implementation and analysis. 

1.2.1 Research Outcome 

The research conducted was partially expected to resolve what principles that defined usability 
in the context of UX design. The differences between the related terms UX and usability was to 
be clarified. Furthermore, the process of forming suitable tests and prototypes to validate 
adequate usability was expected to be formulated. 
 
Previous research and experiences from developing complex graphical user interfaces were 
expected to expose potential drawbacks and pitfalls to consider in their development process. 
 
Investigation of the currently used module through observations, tests and interviews with its 
end users, was expected to uncover flaws to consider during the new implementation. It 
should also have led to feedback regarding what its most used functions were, as well as 
potentially missing functionality. 
 
Research about various frameworks and methods to implement a solution, was expected to 
result in a set of specific tools to use for benefit of the implementation. 
 
Ultimately, the information collected sought to lay a foundation for the knowledge needed to 
successfully implement a simplistic user interface with high usability, while maintaining high 
functionality. 

1.2.2 Implementation Outcome 

Multiple design prototypes of varied fidelity and user tests in different phases were to be 
produced, at least one of which was interactable. 
 
The final implementation was expected to be delivered as a full new solution to the area of 
problem in the form of a functional user interface. The interface was to be subject to high 
usability while maintaining a high level of functionality.  
 
The interface was to be dynamic regarding customizability, at a minimum regarding that 
columns presenting data should be able to be easily added or removed.  
 
If the delivered implementation was delivered as a decoupled solution, it should be 
manageable to integrate into the current product solution suite.  
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As extended functionality, a customized graphical interface should have the option to be saved 
for future instantiation. 

1.2.3 Analytical Outcome 

Analysis of the test results and its validity, in the context of an interactable prototype and an 
actual implementation was expected to show design suitability in terms of usability, while 
maintaining high functionality.  
 
An analysis of the thesis procedure and implementation was expected to result in potentially 
alternative solutions in terms of implementation and evaluation. 
 
The final implementation was to be analyzed in terms of social and ethical aspects. This was 
partially done by examining the company's ethical guidelines and business model, followed by 
determining whether the product had a direct or indirect contribution to it, for instance by 
affecting the company's profitability.  
 
The impact on the host company in terms of a potential change in effectivity was to be 
analyzed, possibly affecting the work environment of the end user. An analysis of the products 
environmental impact was also to be conducted. 

1.3        Delimitations 

The main factor contributing to delimitations was the constraint of time. Due to static time 
intervals planned for various phases throughout the thesis work, certain aspects were 
deprioritized. Below follow the specified key delimitations 
 

● The generated prototypes were limited to not being of high fidelity. 
● The interface to be developed was due to its relevance to the underlying education for 

the thesis work, constrained to be in the context of a software.  
● Due to the software interface development being for a company with a web-based 

product suite, the interface was constrained to be in the context of web. 
● The user tests were constrained to the part of the system to be reworked, the current 

system in its entirety was not to be tested. 
● The supporting backend was constrained to be written in C#, as not to divert from the 

parallel systems core for manageable integration. Furthermore, this area will not be 
covered in detail in this paper, as it is not directly in relation to the research. 

● The database for the supporting backend was limited to SQL, as this was the currently 
used database within the company. Furthermore, this area will not be covered in detail 
in this paper, as it is not directly in relation to the research. 
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1.4        Author Contributions 
The relevant research conducted was mainly unanimous and therefore not presented in 
particular. In the case of individual research, knowledge was shared internally. The work to 
present in the paper and parts of the implementation that could be divided, was indeed 
divided to increase result efficiency. The workload of the overall thesis project was evenly 
distributed internally as presented below. 

1.4.1 Jonathan Lundmark 

Paper: 
Introduction, problem formulation, goals, usability definition, usability software principles, 
graphical user interface, evaluation of usability, heuristic evaluation, prototype validity, 
prototype evaluation, evaluation methodologies, evaluation results, related work, complex 
interfaces, investigation of a complex interface, use cases, data collection, performance test, 
design guidelines, design analysis, conclusion, prototype, prototype design and assembly, 
ethical aspects, sustainability. 
 
Implementation: 
Pre-evaluation questionnaire, prototype evaluation questionnaire, prototype creation and 
assembly, creation and conductance of usability- and performance tests, react 
implementation, restful backend. 

1.4.2 Simon Lundgren 

Paper: 
Gemit Solutions, graphical user interface, usability definition, usability core principles, user 
experience, implementation, evaluation methodologies, evaluation results, AngularJS, Vue.js, 
research strategy, prototype validity, evaluation results, data collection, performance test, 
result validity, alternative procedures, prospective development. 
 
Implementation: 
Prototype evaluation questionnaire, creation and conductance of usability- and performance 
tests, prototype creation and assembly, react implementation. 
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2         Theory and Background 

 
Background to the problem, information needed to follow this thesis as well as previously 
related research is presented below. Initially the area of complex interfaces is narrated by their 
definition and their identified usability issues as found in related research. Furthermore, 
design strategies encountered in research to handle usability issues for complex interfaces are 
presented in the same chapter.  
 
To understand how accounting for usability guidelines could aid in simplifying complex 
interfaces, one must first gain certain knowledge about usability itself. Therefore, the chapter 
succeeding related research about complex interfaces, defines usability and its core principles. 
Due to usability being a broader design aspect and this thesis being constrained to designing a 
web interface, usability principles specifically tuned to software are also presented. When 
designing interfaces and usability the term user experience commonly rose (UX), therefore it 
is briefly described and how it differs from usability to aid with distinguishing the terms from 
one another. 
 
In order to measure the progress, results and validity of this thesis, usability required 
evaluation. Following the informative chapter about usability with its associated principles, a 
chapter presents various relevant evaluation techniques when addressing usability. Related 
research in evaluating usability heuristically and through prototype assembly is presented. 

2.1 Complex Interfaces 
Numerous works existed within the related areas of this paper, namely interface design, 
usability and its evaluation. However, no research existed about how to specifically simplify a 
complex interface by heightening usability, while maintaining functionality. The more specific 
area of complex interfaces and their design was the categorical field of this paper and thus 
where the most related research resides. 
 
Understanding what separates a complex interface from an ordinary interface design was 
relevant in order to grasp why certain issues to handle were more prominent than others. 
Therefore, this chapter begins with defining a complex interface. Since this thesis aims to 
simplify complex interfaces through following usability guidelines, pre-existing research 
addressing usability issues with complex interfaces is succeedingly presented. 
 
To avoid potential pitfalls as well as gaining inspiration to possibly create resulting design 
guidelines, relevant design strategies for complex interfaces as found in related research are 
ultimately presented in this chapter. 
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2.1.1 Definition 

The definition of a complex interface could be seen as a display area which could be 
partitioned to a series of sub-areas, where each sub-area was a visually presented component. 
In relation to the content of an interface and its structure, certain research from Shandong 
University, China [1] suggested the complexity to be classified by mainly two attributes. One of 
which was whether the content of an interface was horizontally or hierarchically structured, 
the latter being more complex. The second attribute correlates with content dependencies, 
meaning if the presented components were independent or in relation with each other where 
more dependencies and relations meant increased complexity. Due to this thesis aiming to 
present how to simplify complex interfaces through usability and not interfaces in general, the 
above-mentioned attributes were prioritized. 

2.1.2 Usability Issues 

The term usability in the context of an interface was briefly explained as its ease of use and 
learnability. When interacting with a graphical user interface, its design played a pivotal role 
in the learning process of being able to use it effectively. Although this might have been true 
for interfaces in general, the importance of a design with adequate usability potentially scaled 
with its complexity. The reason for this was the already correlated increase in difficulty of 
usage and learning process that was associated with an increase of complexity, regardless of 
context. Thus, potentially requiring a focus towards a usability aspect when designing a 
complex interface.  
 
The working memory of the human mind, from which information was transferred when 
learning, could hold a limited amount of information. Therefore, users who interacted with 
systems that are subject to low usability, wasted most of their cognitive load on learning how 
to interact with it. Related research at the University of Sao Paulo, Brazil concluded that 
graphical user interfaces should be friendly enough to not exceed its users working memory 
capacity [2]. Minimizing the complexity of an interface, therefore reduced time and capacity 
spent on memorizing operations. Followingly, simplifying an interface also minimized the 
amount of interaction errors. The number of features of an interface was correlated to how 
problematic it was perceived by novice users, although it may be more useful for experienced 
users. An indication that an interface had a high cognitive load was when a feature was hidden 
by another feature, leading to an inexperienced user needing more time to intuitively find the 
sought feature [3], thus indicating a high complexity  
 
When creating a graphical user interface, research performed by Dr. Adriano Scoditti and 
Prof. Wolfgang Stuerzlinger about layout methods suggested that an important step was to 
define the space occupied by its involved components inside corresponding containers [4]. 
Initially the position and size of each component must succeedingly be defined. When the 
containers holding components were resized, issues were raised where each previous 
definition of size and position for a component needed adjustment. The issue scaled with the 
number of components in relation to each other. 
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2.1.3 Design Strategies for Increased Usability 

To address the handling of issues with designing interfaces that specifically rises in the context 
of complex interfaces, design strategies previously employed when designing complex 
interfaces were investigated. A complex interface may be subject to many steps of performing 
tasks. However, a graphical user interface should be subject to as few steps as possible for the 
accomplishment of tasks as researched by the interface design department of the Multimedia 
University, Malaysia [5].  Employment of familiar labels and toolbars were also concrete 
guidelines to follow for reducing the cognitive memory load of complex interfaces, thus 
heightening its usability 
 
To validate that interface functionalities were easier to grasp or explain, explanatory 
information could be shown on demand. However, Roberta Allsman from the Australian 
National University Supercomputer Facility (ANUSF) discovered that active links on keywords 
in a web interface with explanatory information for usage were not commonly used [6], when 
researching how to simplify web interfaces for massive datasets. Ultimately it was however 
considered to be appropriately left as backup for assistance, when users potentially needed it.  
 
For an interface to be perceived as less complex, the amount of controls should be minimized. 
Less controls simplified the task of finding a relevant control. The relationship between 
controls should furthermore be clear, this applied to elements in general of complex interfaces 
as researched by interface design book author Aaron Marcus [7]. Clear relationships were 
achieved by grouping related elements and dissociating unrelated elements. 
 
Strategies to employ when simplifying interfaces and reducing a users cognitive load partially 
encompassed to remove unnecessary information. Furthermore, visual aid should be provided 
for a user to act on recognition as opposed to recall, researched by Wilbert Galitz, author of an 
interface design principles and techniques book [8]. Activities and tasks of an interface should 
also be evaluated to determine whether they could be automated.  
 
There are some aspects which do not alter for complex graphical interfaces in relationship to 
simple graphical interfaces. One of these aspects was the use of colours and how it affects the 
user. Interface design research performed at Sains University, Malaysia demonstrated that 
93.33% prefer website content to be interpreted using soft colours as background as opposed 
to radiant colour [9]. The reason being soft colours are perceived less straining on the eyes 
than radiant colours. 
 

2.2 Usability 
Due to this thesis investigating potential measures for simplifying complex interfaces while 
maintaining functionality by heightening usability, the term usability required exploring. This 
chapter thus presents what usability was, its core principles and what to observe when applied 
in an engineering and software development context. Initially, the term is broadly defined 
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from pre-existing varying definitions. The core principles that applied to usability in general 
are followingly presented, majorly as defined by Dr. Jakob Nielsen but also from other 
relevant researchers. This is to gain the needed foundation of knowledge to understand from 
where certain usability aspects within software development and interface design originated. 
Ultimately pre-existing usability principles specifically for software development are 
presented, as relevant for the interface to create in this thesis. 

2.2.1 Definition. 

Usability in a general sense was according to ISO 9241 [10] defined as “the extent to which a 
system, product or service can be used by specified users to achieve specified goals with 
effectiveness, efficiency and satisfaction in a specified context of use”. 
 
One of the earlier publications regarding usability, was a book published in 1994 by professor 
Jakob Nielsen called “Usability Engineering” where usability in conjunction with engineering 
is the main content. In this research, Nielsen stated that usability was a sub-area of the overall 
term usefulness and was not to be confused with utility, where utility was the question if the 
proposed system was fulfilling the systems necessities for function. The research discussed 
that learnability, efficiency, memorability, errors and satisfaction were the five major areas to 
assess when deriving usability regarding engineering [11]. Jakob Nielsen has rephrased the key 
aspects of usability and notes that the term usability was to be referred to as “... a quality 
attribute that assesses how easy user interfaces are to use” [12]. 
 
Usability specifically researched in the context of software development, falls under the 
category human computer interaction (HCI). This area was researched by Alan Dix, who 
published a book on the subject, taking a core stance in Nielsen’s usability principles [13]. 

2.2.2 Core Principles 

To understand how to heighten usability, it was relevant to establish common denominators 
for the usability core areas. A derivation of the ISO-9421 and Nielsen's research in the area, 
summarizes the core principles of usability as following: 
 

● Efficiency: How easy it is to utilize the system, given that the user has knowledge over 
the system. 

● Memorability: How easy it is to regain proficiency after a certain absence from the 
system. 

● Errors: How many errors users make and how easy it is to recover from them. 
● Satisfaction: How subjectively pleasant the system is to use. 
● Learnability: How easy it is to grasp and gain proficiency with the system. 

 
The following chapters aim to further clarify the above mentioned areas. 
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2.2.2.1 Learnability 

Learnability was a quality that aims to assess how easy a system is to learn as well as how 
understandable it is. Since learning a system was one of the first experiences for a user, the 
learnability quality was according to Nielsen to be considered as one of the more important 
areas. Learnability was most often in regard to an inexperienced user, the attempt to grasp 
and reach proficiency with a system. It was not to be confused with experienced users 
transferring knowledge from a previously similar system. 
 
To assess the learnability quality, inexperienced users should be timed attempting to reach a 
certain proficiency level with the system [14]. When conducting this, it was important that a 
proficiency level goal has been researched with regards to daily usage and not complete 
mastery over the system. The reason for that was the fact that systems in many cases have 
edge cases that might not be needed for an inexperienced user to utilize a system to a 
functional degree  

2.2.2.2 Efficiency 

Efficiency was the performance ability of an experienced user with a system. How quickly and 
proficient a user was able to maneuver and handle different tasks within a system. 
Experienced users were those that have reached at least the proficiency level mentioned in 
2.2.2.1. To assess the efficiency quality, timely tests of arbitrary tasks should be given to a 
multitude of users with the same experience level [15]. 

2.2.2.3 Memorability 

Memorability quality was to what extent an intermittent user of a system was able to regain 
proficiency after absence. Intermittent usage referred to users with little recurring usage or 
users who temporarily stopped using the system. To assess the memorability quality, it was 
suggested by Dr. Jakob Nielsen to either perform timely tests of arbitrary tasks after a longer 
time of absence from the system, or to conduct a memory test where the test subjects have to 
explain or name certain parts of the system [16]. 

2.2.2.4 Error 

Error quality was the ability for a user to avoid incorrect usage of a system, as well as a 
systems ability to recover from incorrect usage. Error in this case was referred to an action 
that did not accomplish the predefined goal of a sought task [17]. Errors can have varying 
consequences, some errors might only amount to lower efficiency, while others may lay the 
foundation for a heavier faulty outcome.  

2.2.2.5 Satisfaction 

The satisfaction quality referred to how subjectively pleasant a system was to use. Being 
subjective, it was difficult to define the quality. However, research about the correlation 
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between website interactivity and user satisfaction suggested satisfaction to be linked to the 
fulfilling of expectations as well as users perceived performance of a system or task [18]. 
 

2.2.3 Software Principles 

According to Alan Dix, repeatable design for usability relied on maximizing the benefit of one 
good design by abstracting out the general properties that could direct a purposeful design. 
The success for usability within the context of human computer interaction, was furthermore 
subject to creative insights and a purposeful principled practice [19]. These principles for 
usability, were theoretically driven from previous existing psychological, computational and 
sociological knowledge [20]. 
 
This chapter aim to describe the principles for usability within the context of human computer 
interaction. Usability in this context could be divided into three categories, namely 
learnability, flexibility and robustness. These areas are related to this thesis due to being 
directly applicable since a web interface regardless of complexity is a software subgroup. 

2.2.3.1 Learnability 

The term learnability in the context of usability within human computer interaction, 
addressed the ease with which new users could begin effective interaction and achieve 
maximal performance as stated by Prof. Alan Dix [21]. Learnability could be divided into sub 
principles, namely predictability, synthesizability, familiarity, generalizability and consistency 
[22]. Below follows the meaning of these sub principles, in the context of human computer 
interaction. 
 

● Predictability: Ability to determine effects of future actions based upon previous 
interactions. 

● Synthesizability: Ability to assess effects of past actions and to distinguish between 
immediate and eventual honesty and assess them. 

● Familiarity: How prior knowledge influences adequate guesses of functionality within a 
system. 

● Generalizability: Potential extension of specific interaction knowledge into new 
situations. 

● Consistency: Similarities to behavior and design in different situations or tasks. This 
sub principle could furthermore be divided into internal- and external consistency. 
Where external consistency meant how consistent it was with similar tasks, design or 
functions from other applications. Internal consistency reflected a unity between 
similar components in the same system in terms of behavior and tasks. 
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2.2.3.2 Flexibility 

Flexibility was a principle within human computer interaction that, according to Prof. Alan 
Dix encompassed the multiplicity of ways a system and its user could exchange information 
[21]. It could be divided into the sub principles of dialogue initiative, multithreading ability, 
task migratability, substitutivity and customizability [23]. Below follows the meaning of these 
sub principles in the context of human computer interaction. 
 

● Dialogue initiative: Handling the freedom of input dialogue systems in terms of 
constraints imposed from the system. System driven dialogs tended to be preemptive 
as they limited the users choice of input, whereas user driven interaction favored non-
preemptiveness. An example of a system driven interaction in a graphical user 
interface, was when a user automatically was directed to a new field to fill in, after 
finishing filling in a previous field [24]. 

● Multithreading ability: Sub principle encompassing a systems ability to support a users 
interaction for multiple tasks simultaneously. Concurrency resided in this area. 

● Task migratability: Ability to pass tasks responsibility between the user and the 
system.  

● Substitutivity: Allowance of input- and output values to be substituted for each other 
when they were equivalent, elevating a systems flexibility and therefore indirectly its 
usability. 

● Customizability: The extent of possible modifications of a user interface.  
● Adaptability: Term associated with a users ability to modify a user interface, while 

adaptivity meant a systems ability to modify it. 

2.2.3.3 Robustness 

The amount and level of support that was directed towards a systems user in determining 
successful achievements and assessment of behavior that was goal directed, was regarded as 
robustness [22]. Robustness could be divided further into the abilities of observability and 
recoverability, as well as the sub principles of responsiveness and task conformance [25]. 
Below follows the meaning of these abilities and sub principles, in the context of human 
computer interaction. 
 

● Observability: Ability for a user to evaluate a systems internal state. This was achieved 
through its reachability and operation visibility. 

● Recoverability: Ability for a user to correct an action as well as restoring it. 
● Responsiveness: How a user perceived the communication rate with a systems 

stability. 
● Task conformance: To which degree a system could support all of a users tasks in terms 

of completeness. Meaning the adequacy of user provided tasks. 
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2.3 User Experience 
The relevance of a positive user experience (UX) in the context of software interaction, played 
a vital role for heightening usability and assuring continuous commercial success of software 
companies according to related research at the University of Berjaya, Algeria [26]. The term 
user experience was furthermore commonly associated to designing web interfaces in general, 
it was therefore potentially of importance being able to distinguish between UX and usability. 
 
User experience could be defined as a momentarily evaluating feeling. In a software system, 
UX unlike usability, diverted the attention from the system to the subjective feeling when 
using the system. UX was partially intertwined with the usability principles satisfaction, 
memorability and error-handling.  It was however solely focused on the overall experience 
when viewing or interacting with a system. UX was based in fulfilling the human needs for 
autonomy, competence, stimulation, relatedness, and popularity as researched at the 
University of Koblenz, Landau [27]. Since some of these needed change in correlation with 
how society changes, UX is often seen as ubiquitous and hard to gauge generically.  
 
To derive and measure UX of a system, questionnaires were according to related German 
research [28] believed to be a quick and efficient way for evaluation. These questionnaires 
could be created as an extension of usability questionnaires with focus on the experience when 
interacting with a system. 
 

2.4 Evaluation of Usability 
In order to validate and measure that a complex interface has been simplified and usability 
heightened, previously conducted evaluation forms of usability required examining. To gain 
an understanding in how to create a satisfying interface in regard to usability, evaluation was a 
tool to identify how the interface was being used. This chapter presents various relevant 
evaluation forms. 
 
Research about automating evaluation procedures discovered that usability evaluations 
mainly consisted of methods for measuring various aspects of how easy an interface is to use 
[26]. Traditionally, these methods involved monitoring subjects trying to complete certain 
pre-established goals in a provided interactive system [29]. Metrics could be recorded, and the 
users satisfaction level could be filled out in questionnaires by the participant. 
 
From previous Algerian research in the field of usability testing, a heuristic evaluation was 
defined as the most efficient technique from a comparison of seven evaluation methods [30]. 
From the same research, it was also derived that Dr. Jakob Nielsen established user testing 
with real users to be fundamental due to providing direct information about how actual user 
interact with a system. Therefore, other methods of evaluation are not discussed in depth in 
this paper.  
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2.4.1 Heuristic Evaluation 

A heuristic evaluation was according to Dr. Jakob Nielsen an engineering method in the 
context of usability to identify design flaws of interfaces and correct them through an 
interactive development process [31]. Tests were conducted around usability, and the results 
were collected by an observer who recorded the behavior and comments accepted by users. 
The evaluation itself could be led by a different person or by the observer. The test practice in 
itself could be adopted based on heuristics that were deemed more important during a 
potential pre-evaluation. After testing, an observation report could lay the foundation for 
tabulation of data from where various graphics, charts and statistical data may be generated to 
visualize the outcome. The core strengths of the methodology for heuristic evaluation were its 
low cost, speed and ease of use. 
 
When evaluating heuristics for usability, five testable rules summed up the relevant principles 
according to Iranian research about usability evaluation by Prof. Abbas Rasoolzadegan [32]. 
These areas were ease of use, ease of learning, user perception, ease to master and provided 
functionality. When testing the aforementioned attributes, appropriate metrics to record were 
chosen to gauge relevant performance. There were to which extent a task was completed, if 
mistakes were done and how many, as well as potential time for completion [33]. 
 
To further collect data and utilize the tests conducted although independent of this method, 
Slovenian research suggested a relevant questionnaire to be useful for a subject to fill in after 
the performance of tests [34]. This was in order to aid in measuring a users satisfaction and 
perceived usefulness. It was furthermore considered good praxis to conduct a pre-test 
questionnaire oriented to determine the users experience with similar products. 
 
Problem areas within usability may be defined out of the evaluation. Heuristic research within 
usability performed in Peru suggest that a mean severity rating should be applied to them 
[35]. The mean severity metric could be calculated by initially predefining severity values and 
their meaning. Each evaluator of a test suite may then assign each area with a severity mark in 
correspondence to its definition, ultimately to be summarized and divided over the number of 
evaluators. This post evaluation method aided with prioritizing tasks that affect usability.  

2.4.2 Prototype Assembly 

Prototypes of varied fidelity may be used to aid an evaluation process of determining how to 
shape an interface. In the context of interface development within web, this meant a full scale 
front-end model of a web application. It formulized the presentation of what potentially 
needed to be built. Chinese prototype research suggested that prototypes should model the 
users navigational path to access and operate an application [36]. This chapter presents how 
varied prototype fidelities impacted a design as well as prototyping strategies to potentially 
employ when drafting designs to simplify complex interfaces. 
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2.4.2.1 Fidelity 

All functionalities of the end product that are stated in the requirement gathering phase, 
should according to evaluation research [37] at the University of Mashhad, Iran also be 
available in prototypes. Different steps of development however, were subject to varied 
suitability in terms of prototype fidelity. The Iranian research demonstrated the fidelity of 
prototypes to heavily influence the feedback given, but also the amount of work required to 
create it. Within software development, the fidelity of a prototype could be independently 
varied within four metrics. These metrics were described below in accordance with German 
fidelity research performed at the Technische Universität München [38]. 
 

● Depth: To which detailed extent the product operations were complete. 
● Breadth: The amount of features the prototype supported. 
● Similarity of interaction: A comparison of how a prototype was communicated with. 

For instance, through pressing buttons or tapping a screen, compared to the actual 
product. 

● Visual representation: Aspects of graphical design choices that do not directly 
influence functionality. 

 
Swiss fidelity research [39] within game prototyping, proposed that low fidelity prototypes 
provoke more feedback on functionality, whereas high fidelity prototypes might lead to users 
focusing on minor details unrelated to the functionality of the game. 

2.4.2.2 Patchwork Prototyping 

Patchwork prototyping utilized a combination of web services, mockups, locally developed 
code and open source software. As with the case of so called mockups for web prototypes, it 
emphasized the importance of direct user involvement, as also presented in Nielsen's heuristic 
evaluation [40]. This was a potential prototyping strategy to employ when developing a 
simplified complex interface to evaluate.  

2.4.2.3 Mockup Prototyping 

Mockups were in the context of interface development the equivalent to sketches. When used 
in conjunction with use cases and associated to scenario steps, Italian research about 
improving product quality suggested they improve the comprehension of required functions 
and a shared understanding for the involved parties [41]. A problem to consider was that 
mockups could not guarantee a coherence and consistency with the actual use cases 
conductance, but they provide information on how to structure graphical user interfaces to 
support functionality represented by use cases 
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3         Methodology and Results 

 
Procedural methodologies with related results for this research is presented in this chapter.  
Initially the planned research strategy for thoroughly conducting this thesis work is presented. 
Thereafter, procurement of a complex interface with a viability motivation is conferred. 
Followingly, an in-depth investigation of current complexity- and usability issues of the 
obtained interface are presented. The iterative process of designing and assembling an 
adequate prototype is succeedingly explained. Thenceforth, methods for testing and evaluating 
the prototype with corresponding results are elucidated. Posterior analyses of evaluation 
results, the process of developing an implementation is presented. After testing and evaluating 
the interface implementation, positive results from each evaluation are concluded to form a 
set of design guidelines. The established guidelines were proposed to employ when seeking to 
simplify a complex interface through usability, while maintaining functionality. 

3.1 Research Strategy 
In order to determine the approach of the thesis work, literary studies and analysis of related 
research were performed. Thus, these studies and analysis emitted the basis from which this 
thesis was constructed.  
 
The literary studies suggested that in order to simplify a complex user interface without the 
loss of functionality, tests and questionnaires in regard to usability could prove to be of use. 
The results from the tests and questionnaires, could then act as guidelines to enhance an 
interface. The literary studies also demonstrated that the complexity of an interface changed 
in accordance with the amount of available functions. This believed to be correlated to the 
cognitive function of the user. Therefore, this was the reason for different users experiencing a 
varied complexity when faced with the same interface. 
 
In order to gain an understanding of what the important aspects of usability were in the 
context of simplifying complex user interfaces, a literary study of both complex user interfaces 
and usability was conducted independently. Subsequently, conclusions were drawn from their 
collective implication. A concerted insight was that in addition to tests and questionnaires, a 
prototype could auspiciously be used to identify and evaluate a proposed interface. 
 
Based on the findings of the literary study, decisions were made on how to potentially find a 
solution for the formulated problem of this thesis. To evaluate the complexity and usability of 
an interface and get an understanding of its weaknesses, this research decided to continue 
with the following methodology structure. 
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● Attainment of a suitable interface with identified high complexity and low usability. 
● Creation of tests for obtained interface to evaluate performance and usability in terms 

of learnability, flexibility and robustness. 
● Creation of questionnaires to evaluate the perceived complexity of obtained interface. 
● Prototype assembly based on related research artifacts and evaluation results. 
● Test- and questionnaire conductance in regard to complexity and usability of the 

prototype in an equivalent manner as with the obtained interface for comparative 
reasons.  

● Test result analysis of obtained interface in comparison with prototype, to draw 
conclusions in regard to prototype refinement. 

● Prototype reevaluation and refinement. 
● Implementation of refined prototype. 
● Test- and questionnaire conductance of interface implementation for final evaluation. 
● Analyze and identify key factors being potentially responsible for increasing usability 

and simplifying the obtained complex interface. 
● Establish a set of design guidelines if applicable, from potentially previously identified 

key factors responsible for simplifying a complex interface through heightening 
usability, as discoverable through tests, prototypes, an implementation and 
evaluations. 

3.2 Obtaining a Complex Interface 
In order to test research progress of simplifying a complex interface through adequate 
usability, obtaining a suitable interface with identified high complexity and poor usability was 
in accordance with planned research strategy a requirement.  This chapter briefly presents the 
process of a viable interface acquisition. 
 
Gemit Solutions AB was a company which during the time of this thesis, advantageously had 
announced for aid with an interface module subject to poor usability. Due to the interface to 
procure requiring a sufficient complexity for candidacy viability, the interface was briefly 
prospected. Furthermore, the company itself was audited to establish potential improvements 
for their product suite being in agreement with ethical- and sustainable aspects. 
 
The audited company Gemit Solutions AB, was an IT-enterprise that specialized in delivering 
solutions regarding processing and visualization of large amount of data sets, mainly in 
environmentally hazardous chemical regulations. Gemit offered three web-based softwares, 
namely aCurve, EnvoMap and EnvoCAS. These products had their own areas but could be 
composed together to form a complete solution in regard to visualizing and processing data 
[42]. Due to customers of the product suite mainly being water treatment plants working 
towards environmental sustainability, a potential indirect contribution towards the company's 
profitability was deemed ethical and thus defendable. 
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The interface announced for aid was a component of EnvoMap named AnalysData. Numerous 
complaints from its end-users were reported. These complaints were that although the 
interface had a plethora of functions to handle relevant tasks, it had a steep learning curve and 
was subject to difficulties within usage and memorability. Furthermore, it was perceived as 
overwhelming and complex. Programmatically, the interface component was nested with its 
backend, built with C# in conjunction with ASP.NET and an SQL database server. The 
development of an implementation anew based on a pre-existing interface, led to a decoupled 
restful backend having to be developed as a byproduct for manageable testing and integration. 
However, since the interface was reported as having poor usability and a high degree of 
complexity, it was still deemed a valid ingress point for conducting this research. 
Consequently, AnalysData was planned for a comprehensive investigation. 

3.3 Investigation of a Complex Interface 
An investigation of the previous module needed conduction to gain a foundation of knowledge, 
from which to derive an appropriate initial prototype. The investigation was performed 
partially through examining the procured interface and the establishment of use cases. 
Interviews with its developers and surveys for its end users to answer were also orchestrated 
to collect relevant information. Furthermore, performance tests were established and 
conducted on interface end users to gain metrics for which to comparatively measure potential 
future improvements. 

3.3.1 Interface Overview 

The procured complex interface named AnalysData, was briefly explained a web-based client 
handling large amounts of data for analysis. Due to its end users being water treatment plants, 
the data to be analyzed were amounts of outlet chemicals as reported by companies and a 
variety of measurement nodes. The interface was subject to three core functionalities as 
presented below. 
 

● Input of analytical data for comparative analysis. 
● Visualization of feedback in regard to reported chemical levels being within set 

acceptance thresholds. 
● Calculating and converting entered analytical data between different metric units when 

applicable. 
 
The main functionalities were presented through a set of dropdown menus and a table for 
presenting the results in accordance with the menu choices. Unit conversions to for instance 
calculate volume values based on weight values, were performed by pressing a small button 
placed in between chemical levels. Although the amount of core functionalities of AnalysData 
being small, these functions in themselves offered additional functionality. The menus were 
used to select different areas, companies, measurement nodes and for what period of time to 
either view or create analytical data entries. The table kept all the entries made by users as 



18 | Methodology and Results  
  

 
 

rows and were presented through columns for organizational areas, types of value, companies, 
dates, nodes and each available chemical. Within the table, a user could add-, edit- or remove 
columns as data entries. When adding an entry to the table, a user could select one of four 
entry presets, all of which represented different types of data. An overview of the procured 
interface can be observed in figure 3.1. 
 

 
 
Figure 3.1:  Overview of obtained complex interface. 
 
To add an entry, the user initially had to enter values in a pre-set empty row, followed by 
pressing a blue plus shaped button. If the user had not entered all the empty fields or pressed 
the unit conversion button before pressing the plus button, each field would be cleared. The 
user consequently had to re-enter the values. Calls to the database were also made each time 
the plus button was pressed. 
 
At the time of this research the current total available chemicals were above 50, which were all 
visible for every uses regardless of the users needs. Tracking of all 50 chemicals was rarely 
performed according to Gemit Solutions, which meant that many fields were not necessarily 
needed to be presented to the user. Furthermore, most of these fields also had to be calculated 
for conversion into different metrics, for instance chemical/kg to chemical/liter. Transforming 
the chemical metrics had to be manually executed by pressing a minor calculator shaped 
button placed in the middle of each table row. 
 
One of the available entries to set were chemical acceptance levels for designated chemicals. 
This acceptance level was a threshold value for which to map chemicals values, to measure 
potential thresholds being exceeded. It was inserted as a single row in the same table as 
chemical entries and was not sorted, meaning the entry although its key role could be 
anywhere in the table. 
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3.3.2 Use Cases 

To aid with the detection of flaws in terms of usability for the interface to be improved, use 
cases for it were established. This was done as a part of gaining information useful for 
developing the initial prototypes to evaluate. The fully established use cases can be viewed in 
Appendix 1, however certain observed issues are presented below. 
 

● Only data for one specific measurement node can be viewed at a time.  
● If a user presses the button to add a data entry before fields are filled out, the entered 

data resets. 
● When selecting a company for which to present data, a user was initially constrained to 

choosing the business field of the sought company. This raised a potential issue when 
not knowing beforehand to what business area a company belonged. 

● There was nothing unique identifying a data entry and they may be identical, this 
raises a potential issue when confirming the removal of entries. 

● Values regarding different metrics such as volume and weight could be altered 
manually, succeedingly disrupting their relationship. 

● When choosing what chemicals to present, every value from the database related to 
analytical data entries were selectable. Identifying database values for the current 
company and node was for instance incorrectly displayed. 

3.3.3 Data Collection 

General data about how the complex interface to work with was perceived needed to be 
collected to further gain insights into how it could be simplified through adequate usability. 
Besides investigating the interface, a survey was in accordance with related research created to 
aid with the collection of data. This chapter presents how the survey was assembled as well as 
its resulting data. It was deemed necessary to extract and analyze the results before 
proceeding with assembling an initial prototype due its potential design impact. 

3.3.3.1 Survey Assembly 

When assembling the survey, it was made generic to the extent that it should be suitable to 
answer regardless of experience level and association with the module in question. Association 
in this context referred to if the participant was an end user, developer, new user or tester of 
the interface. The aim with assembling a survey for a diverse experience level, was to acquire 
feedback from as many perspectives as possible. 
 
It was concluded that relevant data to collect would encompass who was answering the 
questionnaire in terms of role, but also demographic user data such as gender and age to aid 
with establishing a target user group. Within the context of survey respondents, it was also 
relevant to establish the experience level of the individual with the product suite holding the 
interface, the interface itself and similar interfaces. 
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After producing fields to collect user data, a survey chapter for heuristic evaluation was 
established where users could grade the current major heuristic aspects within usability. This 
was made in order to produce a partial basis for identifying and prioritizing usability aspects 
that needed attention. 
 
A survey chapter for feedback in free writing was established as the last chapter. The 
guidelines given were to specify functionality that the user wanted improved, implemented or 
removed as well as general comments. This was included to gather general thoughts and 
feedback from the user. Ultimately, a consent to use the collected data in this paper was 
collected. 

3.3.3.2 Survey Results 

The results from the first survey chapter, showed who was answering it. There were 9 
responses in total, out of which 4 were from developers, 3 from end users and 2 from testers. 
Where these individuals worked was optional to answer, but showed that at least 3 came from 
Gemit Solutions AB, owner of the complex interface to investigate. It was also registered that 3 
respondents came from separate customers to the product of Gemit Solutions AB. 
Demographically, the age span of the respondents was evenly distributed between the years of 
18 to 40 with few exceptions. There were furthermore 6 males and 3 females responding to the 
survey, thus providing a fairly diverse gender representation of the test subjects. 
 
All the respondents were familiar with the product holding the interface to examine, however 
only 77,8% had been in contact with the actual interface. The time spent interacting with the 
actual interface and the respondents experience with interfaces in general was varied, as 
presented in figure 3.2. 
 
 

 
 
Figure 3.2: Experience with the interface. 
 
Heuristically, the intuition and how easy the interface examined was to learn was averagely 
reported as non-intuitive and difficult to learn. The related heuristic encompassing the usage 
memorability, was also averaged to be perceived more negative than neutral. The results are 
presented in figure 3.3. 
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Figure 3.3: Interface Intuition and Memorability. 

 
The perceived efficiency of the module, was averagely negative, being considered more 
ineffective as opposed to effective. The error resistance of the interface ranged from neutral to 
very bad. The efficiency and robustness results are presented in figure 3.4. 
 

 
Figure 3.4: Interface Efficiency and Error Resistance. 

 
The level of satisfaction when using the module was averaged unsatisfied. The overall 
impression with the visual appearance of the interface was averagely reported between the 
choices “very unpleasant aesthetics” and “unpleasant aesthetics”. These two questions aimed 
to collect results to measure the user experience. The overall satisfaction when using the 
interface to examine and its generated aesthetic impression results are presented in figure 3.5. 
 

 
Figure 3.5: Module Satisfaction and Aesthetic Impression. 

 
Feedback regarding the complex interface when asked if the respondent wanted any 
functionality improved or any missing features implemented is presented in table 3.1. 
Furthermore, when asked if there was any feature the respondent wanted removed, 71.5% 
answered “Calculator Button” and the remaining respondents “No”. 
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Table 3.1:  Interface feedback in free writing 

 

Is there any functionality you want to be improved? Are there any missing features you want 
implemented? 

Method for sorting the table as well as automatic 
interface updates after the input of values. 

It should be easier to start loading data when you have 
enabled “AnalysData” for a new company. Now you 
have to first search for data even though there 
obviously does not exist any since “AnalysData” was 
just enabled for the company. 

Validate input fields and provide visual feedback for 
erroneous data. 

Being able to upload files that are automatically read 
into the table. 

Adding information should be easier, it is very easy 
forgetting to click the “+” sign. 

Possibility for external users to login and report data. 

The visual aesthetics and the overall user friendliness 
needs to be improved a lot. 

Possibility for external users to update contact 
information. 

Managing what columns are visible should be easier. At 
the moment it is not very logical. 

I would like it to be easier to add columns. 

The calculator sign is not clear, if no one explains what 
it is, it is hard to understand what it does. 

Ability to track custom values. 
 

No error handling present when inserting a new data 
entry. Everything is cleared if I forget to click the 
calculator before clicking the “+” sign. 

Possibility to put in historical analytical data, e.g. from 
municipal sample taking under the correct year.  

Add and remove columns. Comparison against threshold values. 

Usability and understandability could be improved. Easier to remove columns. 
 

3.3.4 Performance test 

To measure potential improvements in usability, user performance needed to be recorded. The 
results from the performance tests provided baseline values from which to compare similar 
tests applied on a prototype. Aspects that varied the performance of a prototype in comparison 
to the investigated interface, could potentially reflect similar performance changes in the final 
implementation.  
 
The time interval for which to measure certain performance related metrics, was the 
individual time of completion for a specified relevant task. During this interval, the amount of 
mouse clicks was measured. Furthermore, the travelled distance of the mouse pointer was 
recorded for each completed task.  
 
This chapter initially presents which tools that were used for recording performance metrics to 
easily replicate. Furthermore, the actual test protocol is presented as well as the collected 
results from conducting the performance tests. 
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3.3.4.1 Tools 

When conducting the performance test, some tools were needed to aid with recording and 
measuring relevant information. To record the amount mouse clicks and measure the distance 
of its pointer, a free software named Mousotron was used [43].  
 
To conduct the tests efficiently without abrupt pauses and intermittent manual calculations of 
performance metrics, the whole test suite was recorded for each participant, visually and 
audibly. For this feature, a free software named OBS that was licensed under GPLv2 was used 
[44]. This also allowed for tests to be examined at a later time, thus relevant information could 
be extracted without consuming time from the test conductance and its participants. 

3.3.4.2 Protocol 

After discussions with developers and users of the examined interface in conjunction with the 
established use cases (Appendix 1), four key tasks were deemed appropriate to test. The 
evaluable tasks were chosen due to their end user relevance and are presented in table 3.2. 
 
Table 3.2: Performance test protocol 

 

# Instruction Purpose 

1 Display analytical data for measure node “XPU Bassäng” , for the 
company “Svensk Oljeåtervinning AB” during the year 2012. 

The task involved navigating 
through an initial compulsory and 
predefined pattern. Hence it was 
subject for potential improvements. 

2 Remove an entry of analytical data for the date “2012-03-31” The task was a functionality 
necessary to use, where error 
handling could be tested. 

3 Add an entry of analytical data for the year 2012. To add an entry effectively was 
considered essential core 
functionality. 

4 Customize the interface to display “Ämne1” instead of “Ämne2” for 
both volume and weight. 

Being able to present relevant items 
for analysis, was considered 
essential core functionality. 

 

 
While recording the screen of a designated test computer, a tester was instructed to execute 
the tasks stated in table 3.2. On the screen, information identifying the tester was written out. 
The software counting the mouse clicks, travelled mouse pointer distance as well as time of 
completion for tasks was hidden in the background to not interfere with the test performance. 
The metric recording software was however configured to be displayed in the video of the 
screen recording to simplify collection of accurate data retrospectively. 
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3.3.4.3 Results 

There were 7 test subjects with various association to the examined interface who participated 
in the performance test session. After independent tests performances where subjects were 
instructed to complete the tasks presented in table 3.2, associated recordings were examined 
for accurate extraction of relevant performance metrics.  
 
Numerical values for the amount of mouse clicks, travelled pointer distance and time for task 
completion were saved for each individual task and each individual test subject. The average 
amount of time for completion of each task is presented in figure 3.6. The confidence interval 
within a confidence level of 95% was 45.2 for task one, 27.2 for task two, 8.1 for task three and 
17.0 for task four. 

 
Figure 3.6: Description of diagram - Average time in seconds (y-axis) for each task performed (x-axis). 
 
The amount of mouse clicks per task were measured and extracted for each test subject. The 
average amount of clicks was calculated based on these values and are presented in figure 3.7. 
The confidence interval within a confidence level of 95% was 19.2 for task one, 3.2 for task 
two, 3.7 for task three and 1.8 for task four. 
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Figure 3.7: Description of diagram - Average amount of clicks (y-axis) for each task performed (x-axis). 

 
As part of measuring the usability performance in terms of kinetic metrics and efficiency, the 
travelled distance of the mouse pointer when performing a task was measured. The average 
distance of the test subjects was calculated for each task and presented in figure 3.8. The 
confidence interval within a confidence level of 95% was 67.7 for task one, 65.3 for task two, 
22.9 for task three and 71.8 for task four. 

 
Figure 3.8: Description of diagram - Average mouse distance travelled in cm (y-axis) for each task 
performed (x-axis). 
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3.4 Prototype 
The literature study revealed the creation of prototypes and wireframes to be valuable tools in 
detecting design flaws and other potentially important aspects. It was therefore decided to be 
created for testing certain design ideas to heighten usability. Clear issues were briefly 
identified from the investigation of the complex interface to form a basis from which to derive 
a suitable prototype. Succeeding sketches based on the derived issues, an interactable 
prototype was established. The software used to create an interactive prototype was Balsamiq 
[45], a tool supporting drag and drop to arrange and resize elements.   
 
This chapter initially presents the process of designing and assembling an interactive 
prototype that potentially handles certain identified issues with the previously investigated 
interface. Following the process of designing and assembling a proposed prototype solution to 
simplify a complex interface through heightening usability, a chapter presents methodologies 
employed to evaluate the prototype. Evaluation results are succeedingly also presented as it 
was deemed impactful data for further refinement and assembly of an actual implementation. 

3.4.1 Design and Assembly 

Coarse sketches were initially drawn by hand in attempts to solve issues identified from the 
investigation of a complex interface, partially based on use cases (Appendix 1) and comments 
from table 3.1 in conjunction with continuous informal discussions. Issues besides the 
previously concretely observed, are addressed in this chapter on a usability basis taking a 
stance in research by Alan Dix as presented in chapter 2.2.3 Software Principles. Following 
each presented issue is an analysis and a proposal to heighten usability to be included in the 
prototype. Concrete implementational details to heighten learnability, flexibility and 
robustness are presented in this chapter. 

3.4.1.1 Learnability Issues 

In the usability term of learnability, the entries of the table in the investigated complex 
interface were considered confusing in their placement. Threshold values, analytical data 
entries as well as maximum-, minimum- and average values for the entries were in the same 
table as individual rows. They had not fixed positioning and the only way to distinguish them 
was by a column with the header “Type”, in which each row subsequently held a locked 
dropdown menu showing what type of entry it was. This was deemed subject to bad grouping 
and separation of elements, due to their difference in meaning. Nestled components with 
varied functionality in this manner, was previously concluded to partially define a complex 
interface by heightening its complexity.  
 
The learnability issues with the current design encompassed components with varied meaning 
being nestled, as described by Alan Dix in chapter 2.2.3 to disrupt internal consistency and 
synthesizability. The internal consistency was violated in terms of visually almost 
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indistinguishable rows in the table of the investigated complex interface, where information 
and functionality for each row was subject to variation.  
 
Furthermore, when adding a new data entry, data entries had to be filled out, followed by 
pressing a button in the shape of an addition sign. This was not externally consistent with how 
similar web interactions are performed, as a plus sign was usually pressed first to signal 
something to succeedingly be added. 

3.4.1.2 Component Grouping 

Within the usability aspect of learnability, potential improvements could be made with a basis 
in the previously detected issues in this context. Each type of entry in the investigated 
interfaces table with values not presenting analytical data, was separated to partially simplify 
the interface learnability. Furthermore, the separated values that were calculated and based on 
the present analytical data was decided to be grouped together to form a new table where only 
static and calculated numerical values where presented. These values were for instance 
maximum-, minimum- and average values, which could be automatically calculated based on 
the analytical data entries. In the investigated interface these values were entered manually 
and in the same table as the data entries. Since these values should not be interactable, they 
were deemed appropriate for grouping in the new prototype, to form a new static table solely 
presenting automatically calculated values of possible interest. 
 
The threshold values were not analytical data entries or calculated static values. Therefore, 
they were appropriate for grouping to form their own table in the prototype, for separation of 
functionality and information to further simplify the complexity. 
 
Since three potential tables or forms were now available as opposed to one, they needed to be 
vertically aligned to simplify tracking of information for each individual chemical. As research 
showed, the fact that humans start reading from top to bottom of an interface, this was taken 
under consideration in the ordering of the tables with. First threshold values were presented, 
then the analytical data followed by the calculated statistical metrics at the bottom since they 
were subject to infrequent usage, as the investigation of the interface revealed. An overview of 
the main prototype scene can be visualized in figure 3.9. 
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Figure 3.9: Prototype overview. 

3.4.1.3 Increasing Consistency 

In the aspect of learnability, consistency was through related research concluded impactful. 
Internal consistency was violated in the investigated interface with tabular rows holding 
varied information, although visually looking next to identical. A proposed solution to evaluate 
in a prototype was to group the different types of values and place them in separate aligned 
tables, ordered in a prioritized fashion as described in chapter 3.4.1.2 Component Grouping. 

 
Violation of external consistency was concluded due to the execution of potentially trivial tasks 
being performed wrongly. For instance, by adding a data entry through pressing a button in 
the shape of a plus sign after data had been entered. In web interfaces in general, a button to 
add something was most commonly pressed before the data to add was entered. This issue was 
identified through feedback in free writing, as collected from the survey investigating the 
complex interface under examination. The addition of data was furthermore observed to be 
used inconsistently, when conducting and recording performance tests for the examined 
interface. A solution was to conduct this task in reversed order when assembling the 
prototype. Meaning a user had to press a button to add data, before adding the entries, 
potentially increasing external consistency and thus aiding users to interact based on 
recognition as opposed to memory recall. As revealed by the preceding literature study, 
steering users towards choices and increasing consistency potentially reduced their cognitive 
load, thus decreasing the perceived complexity and increasing usability. 
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3.4.1.4 Flexibility Issues 

Within usability aspects encompassing flexibility in the context of a web interface, issues were 
identified within its sub areas of customization and dialog initiative freedom. 
 
First time usage of the examined interface displayed four dropdown menus, where the user 
had to set compulsory metrics from which to derive what analytical data to present in a 
subsequently displayed table. Here a user initially had to choose an organizational area before 
being able to choose a company within it. After the company for which to analyze data was 
selected, the user had to select a previously created measurement node and select a year for 
which to display data entries. In the aspect of dialog initiative freedom, selecting prerequisites 
was strictly constrained. The constraint was in terms of task ordering, but also in terms of 
predefined choices having to be found in dropdown menus where each menu was populated 
only if a previous menu was subject to an active selection. This made the interface inefficient 
in terms of usability when a user for example knew which company to present analytical data 
for, but not which organizational area the company was related to. A user then had to select 
the various predefined areas independently, and for each area repeatedly browse through the 
menu holding the associated companies for selection. 
 
Customizability was a sub area to the usability term flexibility, where issues also were 
identified. Although certain functionality to customize the investigated interface and thus 
potentially increase its efficiency was in place, results from the investigation concluded it 
cumbersome, time consuming and ineffective to do so. When adding or removing displayed 
columns, the chosen column was searched for in a long dropdown menu for selection, to 
succeedingly also having to verify the action being performed. Furthermore, this did not 
update the interface and the user had to search for new analytical data to observe a visual 
change. 

3.4.1.5 Reducing Constraints 

The dialog initiative freedom was subject for elevation as issues were identified within the 
usability aspect of flexibility. Out of the most commonly performed tasks of the interface, the 
initial task to simply choose for which company to display analytical data, was the most time 
consuming as derived from performance test results seen in figure 3.8. This was out of test 
observation and feedback due to users not knowing which organizational area a company was 
associated with beforehand. The proposed solution in the prototype assembly was therefore to 
loosen the imposed ordering constraint in which to interact with the selection of prerequisites. 
A user was decided for the prototype to be able to either choose a company or an 
organizational area as a starting point. Thus, removing the risk of not knowing a company's 
specific organizational area being able to affect efficiency. The visual prototype solution for 
this can be seen in figure 3.10. 
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Figure 3.10: Prototype select fields. 

3.4.1.6 Streamlining Customizability 

Options for customizability were in place for the examined interface, however as collected test 
results and feedback showed, it was subject to poor usability. Adding- and removing displayed 
columns, needed verification in the examined interface. This was concluded unnecessary time 
consuming since no values were altered, but only fully reversible visual features being shown 
or not. In the prototype, individual verifications in this context was therefore removed. 
Instead, all visual changes made to the graphical interface were saved simultaneously in the 
prototype. 
 
Initial sketches to solve the issue of effectively being able to customize the interface, focused 
on easy addition- and removal of columns. A simple addition sign was proposed in an empty 
column for a new column addition, as well as integrated removal buttons respectively. This 
design would simplify the interface visually but was still subject for individual column 
interaction, thus not sufficiently heightening its effectivity. Instead, a design where it was easy 
to overview all the columns being shown and not shown was proposed for prototype inclusion, 
to evaluate.  
 
Since only predefined chemicals were to be selected as column headers for which to show 
analytical data, these chemicals had to be iterated over for selection. To simplify this matter, it 
was deemed logical to separate them based on their metric unit, namely volume and weight. 
This was due to the separation resulting in the chemicals being split nearly in half, thus being 
subject to an even distribution in terms of amount. This formed two groups from which to 
select chemicals to display. A third group was introduced, containing columns to display 
miscellaneous values such as commentaries and date. If all of these selectable groups would 
have been available in the interface, it would increase its complexity. Hence this functionality 
was decided to be placed in a separate container, brought to front by pressing a button for 
configuration of the interface. To further justify it representing customizability, the option to 
display or not to display specific columns was extended to everything visible in the interface, 
potentially maximizing available customizability in terms of what the user visually wanted to 
be a part of the interface. The calculated metrics for maximum-, minimum- and average values 
of chemicals could now be chosen to be displayed or not. The same options were now also 
available for threshold values. In the container, the choices for displaying the calculated 
metrics, chemicals and threshold values were separated vertically to clarify their differences. 
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Chemicals being divided further into two different units as well as miscellaneous columns, was 
within its vertical space also horizontally separated to clarify their differences.  
 
To choose which elements of the interface and columns of analytical data to display or not, 
simple checkboxes were implemented for each option of the customization container. The user 
could then potentially quickly discover what was being presented and simply select what to 
display. Ultimately, all changes could be confirmed by pressing a validation button, or 
cancelled by closing the window. A visual overview of the customization container for the 
interactable prototype can viewed in figure 3.11. 
 

 
 
Figure 3.11: Container for customization of what to present in the prototype. 

3.4.1.7 Interface Templates 

In the sub aspect customizability within usability, many new choices of interface displayal was 
introduced to the prototype. Constraining them to one area as well as letting the choices be 
consistent, were means to avoid increasing complexity yet heightening functionality. To 
address the many new choices for visual representation, templates were conceptually 
introduced. An individually suitable interface should be able to be saved and loaded. Partially 
based on personal preferences, but also for certain work areas. Certain customers might for 
instance only want to track and analyze data about gas-based chemicals, a template based on 
this and other common chemical categorizations should therefore be predefined and easy to 
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load. A button to save the current design and a dropdown menu to load previously saved- and 
predefined designs were placed in the proposed customization container of the prototype. 

3.4.1.8 Robustness Issues 

Within usability aspects encompassing robustness in the context of a web interface, issues 
were mainly identified within its sub area of recoverability, but also within observability and 
responsiveness. 
 
Correcting and restoring user actions was not apparent in the investigated interface. This lack 
of functionality in conjunction with the interface being prone to certain errors, made it 
inefficient due to low recoverability. For instance, if an analytical data entry was to be added 
but certain fields were not filled out before the user pressed a button to add it, the entered 
values were simply removed and the user succeedingly had to redo everything as opposed to 
potentially changing only what was wrong. Furthermore, no feedback of this happening was 
given. 
 
Within observability, the ability for a user to evaluate the internal state of the system, was in 
many cases not apparent in the investigated interface. Feedback in terms of confirming or 
informing about relevant actions being fulfilled or not, was lacking. Observing the 
performance tests being conducted revealed if a user entered analytical data for a different 
year than the currently viewed, the user could not know if it had been correctly added or not 
since no feedback was provided nor could it be viewed.  
 
Many users reported the calculator button being odd in terms of placement as well as 
functionality. It was also optional to use it or not, possibly leading to loss of valuable analytical 
data since it automatically filled fields with calculable data when pressed. No instruction was 
present for a user when or why to use it. Some testers of the examined interface did not 
identify it at all. 

3.4.1.9 Balancing Feedback 

In many cases of the investigated interface, feedback was missing and it was subject to low 
observability. When pressing the button to add a data entry in the prototype, the area for 
which to fill in data was highlighted to clarify where to succeedingly interact. Furthermore, as 
values were added as well as potentially edited for other entries a button to save changes was 
highlighted to signal the user to press it. This was deemed to heighten the observability of the 
interface, by signaling what the next interactable step should be and thus lowering the users 
potential to perform faulty operations. Confirmation dialogs were initially sketched solutions 
for confirming actions, but was deemed inefficient when adding or editing multiple data 
entries since many confirmations would have been required. Therefore, one button to save all 
current changes, was also concluded to heighten usage efficiency. A partial of the prototype 
after pressing the button for adding a new entry is presented in figure 3.12. 
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Figure 3.12: Interface highlighting after adding a row to table. 

 
To handle the risk of users wanting to display new analytical data or leaving the application 
before pressing the highlighted button to save changes, a confirmation dialog was prototyped 
to inform the user that there were unsaved changes apparent. When removing entries for 
analytical data, a confirmation dialog was also decided necessary as it directly affected 
available data for everyone using the system. The investigation of the previous interface 
furthermore supported this due to the action not being frequently used. 

3.4.1.10 Responsive Calculations 

The calculator button residing in the examined interface was removed in accordance with clear 
negative feedback about its usability. To maintain its functionality, the calculable values were 
fully automated and responsively added as a new value was entered. This was possible due to 
the calculations being mainly unit conversions and thus mathematically trivial, hence not 
subject to a potential downgrade in performance. This functionality provided the user with 
instant feedback, potentially heightening the robustness. 

3.4.2 Evaluation Methodologies 

Analyzing that certain assembled prototype solutions would heighten usability and simplify a 
complex interface while maintaining functionality, required methods for evaluating the 
prototype.  
 
In order to draw conclusions and correlations between usability enhancement and 
simplification of the interface, an evaluation survey and performance metric gathering had to 
be done against the prototype in the same manner as with the investigated interface. 
Therefore, the evaluation procedure of the proposed prototype was identical to the procedure 
explained in chapter 3.3.2 and 3.3.3, aside from minor additions to the evaluation survey. 
These additions were questions to clarify certain prototype specific aspects in terms of 
usability.  
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The additional questions made referred to an additional feature where an user should be able 
to track values in regards to set thresholds. These questions were added to the survey in order 
to confirm the understandability of this feature according to what research suggested. 

3.4.3 Evaluation Results 

To incorporate prototype insights into an actual interface implementation, its evaluation 
results initially required collection, presentation and analysis. The results following in this 
section were based on seven survey entries and recorded performance metrics.  
 
As presented in the figure 3.13, the test subjects had a diverse demographic profile. In the total 
amount of test subjects, one was a non-related tester, two were developers and four were end-
users of the previously used interface. The male to female ratio was almost 3:1 with five being 
male and two being female. Ages of the respondents were diverse with four in the ages of 18-
30, one aged between 30-40, two aged between 40-50 and ultimately one aged between 50-
60. 

 
 
Figure 3.13: Background of respondents. 

 
Initially, heuristic usability ratings and performance metrics are presented numerically and 
visually. Furthermore, collected design feedback is presented where respondents were 
presented with an opportunity to express their opinions more freely to cover potential missing 
aspects not covered by the survey and performance tests. 

3.4.3.1 Heuristic Ratings 

For assessment of the heuristics of the prototype, multiple questions in regard to different 
areas of usability were given. 
 
The results presented that respondents were familiar with the investigated module AnalysData 
and that 85,7% of the respondents had interactions with the component each week. The 
respondents experience when interacting with complex interfaces were on the higher end of 
the scale as presented in figure 3.14. 
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Figure 3.14: Experience of investigate interface and overall experience with complex web interfaces. 

 
As presented by figure 3.15, the intuitiveness and memorability of the interface was regarded 
high. All the respondents reported the prototype as having high or very high learnability and 
was highly or very highly memorable. 

 
Figure 3.15: Experienced intuition and memorability of the prototype interface. 

 
The prototype was considered as having high efficiency and very high error resistance. As 
shown by figure 3.16 the prototype was considered robust. No answers portrayed the 
prototype as being neutral or negative in regard to error resistance and efficiency. 

 
Figure 3.16: Experienced efficiency and error resistance of the prototype interface. 

 
The satisfactory aspect of the module was reported high and the respondents pended between 
neutral to very pleased with its aesthetic design as presented by figure 3.17. 
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Figure 3.17: Experienced satisfaction and aesthetics of the prototype interface. 

3.4.3.2 Performance Metrics 

In order to gain an understanding if the prototype achieved improvements or deteriorated in 
regard to usability factors, user tests of the prototype were conducted. During these tests, data 
such as mouse clicks, mouse pointer distance travelled and time for task completion were 
collected in the same manner and with the same tools as described in chapter 3.3.3 
Performance Test. The test followed the same protocol as for the measuring the investigated 
module as presented in table 3.2 of the aforementioned chapter in order to secure a 
comparable outcome. The data acquired from these tests would then be compared and 
evaluated against the tests previously done of the investigated module. 
 
Average time taken for each of the different task given is presented in figure 3.18. The time for 
each task was the time passed from starting with the task given until it was completed. The 
decision to start the timer when starting with the task instead of when it was given was done in 
order to disregard time for understanding the task. The confidence interval within a 
confidence level of 95% was 1.1 for task one, 1.4 for task two, 1.3 for task three and 2.2 for task 
four.  
 

 
Figure 3.18: Description of diagram - Average mouse clicks (y-axis) for each task performed (x-axis). 
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Average mouse clicks for completion of each task is presented in figure 3.19. Counting the 
clicks was performed in a way where all clicks were recorded, even clicks that amounted to 
nothing. This was done to simulate realistic usage. The confidence interval within a confidence 
level of 95% was 0.3 for task one, 0.3 for task two, 0 for task three and 0.5 for task four. 

 
Figure 3.19: Description of diagram - Average mouse clicks (y-axis) for each task performed (x-axis). 

 
Average mouse pointer distance travelled is presented in figure 3.20. The mouse pointer was 
placed in the center of the screen before the first task was given. This was done in order to give 
each test-taker equal prerequisites. The mouse pointer was left in its place for each succeeding 
task to simulate a more realistic usage. The confidence interval within a confidence level of 
95% was 8.0 for task one, 11.4 for task two, 6.5 for task three and 8.0 for task four. 

   
Figure 3.20: Description of diagram - Average mouse pointer distance travelled in cm (y-axis) for each 
task performed (x-axis). 
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3.4.3.3 Design Feedback 

The evaluation survey for the prototype contained fields to provide feedback in free words. Out 
of the respondents, 42% reported that the button to save changes should be moved up, just 
below the table for which the actual changes were made. Initially it was placed to the 
rightmost side at the bottom of the components, due to this being the last place to look when 
fulfilling an action by submitting changes. However due to the high percentage of respondents 
wanting it to be moved, it was subject for reevaluation when assembling the implementation.  
 
Suggestions for improvement were mainly graphically related such as using clearer colour 
markings for threshold values as well using graphics that integrate well with the surrounding 
product suite. The naming convention for the button to configure the interface was addressed 
as misleading when stating “configuration”. This was subject for revaluation when creating the 
implementation. The displayed table was also proposed to be extended to maximize the 
amount of visualized data to avoid unnecessary scrolling. Regarding functionality, additional 
and custom threshold values were of interest for the implementation. Furthermore, it was 
reported good if data could be listed for several years as opposed to one when investigating a 
measurement node. 
 
Positive feedback mainly regarded the efficiency aspects of the prototype, more specifically the 
column handling and configuration of the interface was commented clever and very effective. 

3.5 Implementation 
The resulting prototype from the investigation of a complex interface, was according to tests 
determined simplified through adequate usability. Even though the developed prototype 
demonstrated improvements in the identified problem areas, the prototype was only 
addressing these problems in theory. To be certain that the demonstrated improvements 
would be valid in a realistic software interface, an implementation of the prototype was 
developed. The implementation was done in the form of a web-based graphical interface, 
which complied with the characteristics of the system where this research was conducted. This 
chapter presents the process performed when developing a proposed implementation. 
 
Initially test results from evaluating the assembled prototype are analyzed in this chapter. 
After establishing the validity of certain prototyped design decisions, the process of finding a 
suitable framework to aid with developing a refined implementation is described. Followingly, 
the process of designing and assembling a proposed implementation is presented. Ultimately, 
the performed evaluation process of the implementation is described with its corresponding 
results to aid in verifying that a potential simplification of a complex interface has been 
achieved while maintaining functionality. 
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3.5.1 Prototype Validity 

In order to determine the validity of the prototype, an investigation of the use cases for the 
investigated module was done to confirm the previous functionality to be maintained, as 
constrained by this thesis. In addition to this, a comparison of usage metrics between the 
investigated module and the prototype was done to gain a potential increase in certainty that 
the implementation simplified the complexity through adequate usability.  
 
All the previously concluded use cases for the investigated interface had been achieved by the 
prototype. This further demonstrates that although the interface has been simplified, it still 
meets all the requirements. Furthermore, the comparison of usage metrics between the 
investigated interface and the prototype, mediated significant improvements in terms of 
usability for the prototype. 
 
As presented by figure 3.21 the average time for each task was improved when interacting with 
the developed prototype. The average time for the tasks to show specific analytical data and 
configure the interface, were significantly lower for the prototype.  
 

 
Figure 3.21: Description of diagram - Average time in seconds (y-axis) for each tasks (x-axis) for 
investigated and prototype interface. 
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As presented by figure 3.22 the average mouse clicks for completion was improved for each 
task. The average amount of mouse clicks was especially decreased and thus improved for task 
one, where a user was to show specific analytical data.  

 
Figure 3.22: Description of diagram - Average mouse clicks (y-axis) for each task performed (x-axis) for 
investigated and prototype interface. 

 
The average distance travelled for the mouse pointer to complete each given task as can be 
seen in figure 3.23, was lower when interacting with the prototype as opposed to the 
investigated interface. Furthermore, the confidence interval was significantly lower in the 
prototype.  
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Figure 3.23: Description of diagram -  Average mouse pointer distance travelled in cm (y-axis) for each 
task performed (x-axis) for investigated and prototype interface. 

 
The comparison of the usage metrics between the investigated interface and the prototype 
interface, demonstrated improved performance metrics for every task and was therefore 
decided to be used as a basis for an implementation of the interface. 

3.5.2 Development Framework 

Complex interfaces could be found and developed in many areas within the context of software 
development. However, a web interface was partially estimated the quickest to develop in 
terms of previous experience and was also what was being sought by Gemit Solutions AB, 
offering the opportunity for this thesis. When developing a web interface, frameworks could be 
used to increase the development speed at the cost of a potential decrease in performance of 
the deployed product. Due to the time constraints of the thesis work in conjunction with the 
aforementioned arguments, a web-based interface in JavaScript was decided to be 
implemented using an extending framework for rapid development. 
 
Development of graphical user interfaces with high complexity and flexibility were trendingly 
executed through a component-based approach [46]. Succeeding this fact, a component-based 
framework was decided suitable Therefore, the most popular front-end component-based 
frameworks, Vue.js, React and AngularJS were relevant as contenders when deciding what 
framework to use for the implementation [47].  
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A positive addition to using web components, were the fact that they were essential building 
blocks for modularizing large and complex web applications into smaller fractions. German 
research about web components supported that components could be used to add or remove 
functionality from websites with a reduction in time [48]. This chapter followingly presents 
and compares certain relevant web frameworks to establish which to use for the interface 
implementation. 
 
AngularJS was a framework for JavaScript developed to simplify web-development [49]. It 
was built component-wise and enforced a model-view-controller structure. AngularJS was 
dynamic in the context of the framework rendering a view depending on what component was 
called. The components in AngularJS could have hierarchical structures in the sense that a 
component could have multiple child components within itself. The components in the 
AngularJS framework had specific methods for notifying children and parents of events, which 
in extension utilized a hierarchical structure of the framework. This enabled for a responsive 
and flexible application. 
 
Vue.js was a framework for JavaScript that was developed to be lightweight, responsive and 
easy to integrate with other existing projects or libraries. The framework extended HTML-
attributes and was subject to a component-based structure. Vue.js had dynamic and change-
specific rendering referring to a method wherein the framework was able to tell where changes 
had been made to only update those specific parts. This enabled a fast and highly responsive 
application that could contribute to user satisfaction and the efficiency of an application [50]. 
 

React was a framework for JavaScript specifically developed to aid in building user interfaces 
[51]. Encapsulated components could be built that managed their own states, to later be 
composed into complex user interfaces through various component constellations. Data could 
be changed, and components updated independently without the necessity for reloading an 
entire page. The primary aim of the framework was according to its creator to provide speed, 
simplicity and scalability. 
 
Performance tests for JavaScript frameworks had been executed and measured by Stefan 
Krause at the Lübeck University of Applied Sciences [52]. These tests measure different 
operations within each framework. Some of these operations include creating, replacing and 
deleting rows. Updates for partial components as well as start-up times were also measured. 
The tests have been executed on a website where 1000 rows initially were created. These tests 
conclude in an average slowdown median which is an estimate on how taxing the framework is 
on a website. The performance test presented the overall fastest framework to be React which 
therefore led to deciding React to be the framework to use for the implementation. 
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3.5.3 Interface Assembly 

Feedback gathered from tests and surveys about the interface to enhance and the prototype, 
laid a foundation for the implementation design and assembly. Due to the performance tests 
of the prototype showing an increase in usage efficiency as well as heuristic usability ratings, 
the core concepts developed for the prototype remained for the implementation. Feedback 
regarding prototype improvements mainly revolved around minor detailed adjustments taken 
under consideration when assembling a final solution. This chapter aims to describe the 
methodologies and results, when assembling a suggested simplified complex interface with 
maintained or heightened functionality. Initially a proposed simplified refinement of 
analytical data selection is presented where usability is intended to increase. Followingly the 
process of establishing proper means to present analytical data to heighten usability is 
described. Ultimately, a proposal to customize the interface in an intuitive and easy manner is 
described. 

3.5.3.1 Data Selection 

Due to the increase in performance when selecting what analytical data to handle in the 
prototype, certain core concepts were kept for the implementation. A key factor observed to 
contribute to the performance increase, was the possibility for a user to directly choose a 
company as opposed to initially having to find its organizational area. This feature was kept 
for the implementation. When a company was chosen, its organizational area would be set 
automatically. The previously imposed constraints of user freedom were thus loosened. To 
expand on the concept of freedom deconstrainment in an attempt to further increase 
efficiency, the selection of a year to display data was made optional for the implementation. If 
a year would not be set, all the analytical data for a selected measurement node would be 
displayed.  
 
The choices to be selected for fetching corresponding analytical data were presented in 
dropdown menus. A problem not accounted for during the prototype assembly was the 
potential of large amounts of choices, for instance many companies. A potential solution for 
this was to simply set a fixed height for the dropdown menus and make them scrollable. In 
terms of functionality this could suffice, however it would be subject to low efficiency and poor 
usability scaled to the amount of selectable choices. Forcing a user to initially choose an 
organizational area before company, would decrease the amount of selectable companies. This 
however, demonstrated in the testing of the investigated interface to introduce other issues, 
such as efficiency loss and user frustration when not knowing a company’s categorical 
belonging. To keep the prototyped solution of loosening user freedom constraints and to 
account for the possibility of many selectable choices appearing, a searchable solution for data 
selection was proposed.  
 
The inclusion of a search field as an additional element in the interface, would not simplify its 
complexity even if it increased the efficiency. Therefore, it was integrated into the dropdown 
menus, succeedingly keeping the amount of elements unchanged while solving the issue of 
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potentially having to scroll through large amounts of menu items. The search- and filter 
functionality the integrated search field offered was duplicated into each dropdown menu. 
This prevented potential future issues with handling many measurement nodes, years and 
organizational categories. Even though no such amounts of menu items currently existed 
within the aforementioned areas, the interface was developed with sustainable intents in the 
case of potentially increased future scales. For a visual overview, see figure 3.26. 
 

 
Figure 3.24: Combination of dropdown menu and search field. 

3.5.3.2 Data Presentation 

As stated in chapter 3.5.1 Prototype Validity, the prototype evaluation results deemed the 
prototype valid as a base for implementation. As this validity would apply to the presentation 
of data, the implementation was majorly done in accordance with the prototype. Although the 
presentation of data was done mostly in accordance with the developed prototype, it contained 
some changes based on user feedback and test observations presented in chapter 3.4.3.3 
Design Feedback. These minor changes are presented below. 
 

● A method to sort the data according to columns in the data table. 
● A distinct representation of values exceeding set thresholds. 
● Button replacement to accommodate familiarity with complex systems in general. 
● A button for editing a specific row of data 

 
As presented by the prototype, the implementation would consist of three tables, all with their 
own functionality. As presented by the surveys done, this subdivision of tables would enhance 
the simplicity of the module. As presented by figure 3.25, one table had the analytical data, 
one had specified thresholds and one table had minimum, maximum and average values of 
data in accordance with the analytical data. 
 
The table with analytical data consisted of rows which displayed values corresponding to 
currently selected columns. These rows were selectable to enable for a faster and more 
efficient ability to distinguish entries of interest. Every other row was also by default, coloured 
in a subtle, slight variation of white for easier distinguishability. Moreover, each row was also 
equipped with both a low opacity red bin and a low opacity blue pen. The bin represented the 
ability to delete rows and was chosen due to the natural association of the colour red being a 
warning and the bin being associated with throwing things away. The blue pen represented the 
ability to edit rows and was chosen due to the association as well. The pen would represent 
writing or an entry of some kind and the colour blue would tell the user that it is a neutral 
action that would not necessarily impact the table in any way. The icons being of low opacity 
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was in accordance with research done by Alan Dix and Nielsen that demonstrated the 
importance of preventing non-critical actions to gain too much focus from the user. These 
implementation decisions would thus enable for a more definitive memorability, learnability 
and external consistency of handling the data presentation. 
 
In the prototype, a button for saving changes was placed at the bottom right of the data 
presentation module. Although this button placement was externally consistent (according to 
research by Nielsen and Dix) in the sense that most save and confirm buttons were placed at 
the bottom right side of a page, evaluation of surveys proved that the button felt misplaced. 
The users reported that it felt like the button was not connected to the analytical data table 
and that it was hard to understand its relation to the table. To correct the reported problem, 
the button was instead placed on the bottom right side of the analytical data table. To further 
simplify the interface and to enhance the satisfactory and learnability aspects, this button 
would initially be disabled and would only be enabled when changes to the analytical data 
table had been made. 
 
As presented by the evaluation survey done of the prototype, a method for sorting each 
column would be beneficial for the implementation in terms of satisfactory and efficiency 
aspects. Based on user feedback, a sort method for sorting values either from lowest to highest 
or highest to lowest for a specific column was implemented. In order to prevent confusions as 
to the sort order of the table, it was decided to use a button in the form of an arrow in the 
direction it was sorted. Furthermore, to simplify user interaction in regards of what column 
the sort order was done after, the arrow button would be placed next to each column text. All 
the buttons placed could then be used for sorting the rows according to the specific column 
where the button was pressed. To prevent confusion regarding what column the table was 
sorted by which would enhance to efficiency of the table, the arrow button would highlight on 
the column that the table had been sorted by. This implementation of the sort could be used 
on all three of the tables but were decided to only be available on the analytical data table. This 
decision was made due to keeping the complexity of other tables low which prevented the data 
presentation module from being perceived as complex. 
 
The table with specified thresholds also consisted of selectable rows with a low opacity red bin 
for removal of analytical data. In addition to being selectable each row was colour marked, 
partially to separate the rows from each other. The values for each row were connected to the 
analytical data table and would mark values in that table if the specified threshold would be 
exceeded. The colour for these markings in the analytical data cells holding values, were 
coloured in accordance with the colour of the row holding the threshold value being exceeded. 
This would simplify these tables further and contribute to enhancing the overall efficiency 
when interacting with the tables. Furthermore, the colours of the rows were non-associative 
colours in the sense that users would not draw associative preconceptions as to what the 
colours would represent, other than the relation between the threshold and the exceeding 
value. This was in accordance with previously conducted research and was chosen in order to 
keep the other aspects of the data presentation externally consistent. This would also enable 
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for easier track keeping, which would further enhance the efficiency of the interaction with the 
data presentation component. 
 
The table with minimum, maximum and average values consisted of three rows, one for each 
respectively. These rows represented calculations for lowest, highest and average values for 
the chosen period of time. Every other row was as in the analytical data table, colour marked 
by two subtle variations of the colour white in order for easier distinguishability. Each row 
would be calculated in real time and followed changes and entries made to the analytical data 
table. This were thus deemed to enhance the satisfactory and efficiency aspects of the data 
representation module.  
 
The data presentation module was further enhanced due to the choice of the React framework 
since the framework only rendered changes. This enabled for a faster and more responsive 
module, which in turn potentially enhanced the satisfactory and efficiency aspects of the 
module. An overview of the implementation is presented in figure 3.25. 
 
 

 
Figure 3.25: Overview of the implemented interface. 
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3.5.3.3 Interface Customization 

Multiple positive commentaries were specifically given as feedback about the prototyped 
solution for customizing the interface. This fact in conjunction with the measured 
performance increase of modifying the interface led to keeping core principles from the 
prototype to the implementation. 
 
Initially, the solution for customization was only addressing column handling in terms of 
selecting which chemicals to view data for. However, since the chemical data was prototyped 
to be divided into threshold-, reported- and calculated values such as an average value, all 
presentations were decided to be subject for customization. Since not every user was 
interested in the same data, the different value representations were granted the interface user 
to decide what to view or not. Therefore, the initial column handling was reevaluated into the 
broader scope of general interface customization. 
 
The prototype proved that using checkboxes for rapid- selection and deselection of which 
interface elements to view, was effective. For the implementation, this concept was graphically 
tuned to clarify that the selections were only about what was being viewed and that they would 
not alter any values. The checkbox functionality was kept, but their visual representation was 
exchanged to a set of icons showing an open eye when selected and a closed eye when 
deselected. This was implemented to make sure that users knew selections were only altering 
what was being viewed.  
 
Chemical values could be reported in weight- and volume units. Reported values were also not 
necessarily about chemical amounts but could also be date for measurement and comments. 
These different values were respectively as successfully prototyped, grouped together. The 
checkbox groups of weight, volume- and miscellaneous values were furthermore grouped into 
a section about analytical data values. Two other sections containing calculated- and threshold 
values were furthermore created to aid in separation of presentation relevance. 
 
Due to many elements being customizable, it was deemed appropriate to be able to save and 
load an interface configuration. The use case of saving an interface was deemed to be adequate 
in saving the current configuration. Loading an interface template could beside the personally 
saved configurations be pre-configured default templates for various analysis use cases and 
customers. The template functionality was placed alongside the interface customization due to 
its association. For a visual overview of the interface customization modal opened on top of 
the main application where a preconfigured template has been selected, see figure 3.26. 
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Figure 3.26: Overview of container for interface customization. 

3.5.4 Evaluation 

In order to draw accurate conclusions from the evaluation of the implementation, 
methodologies had to stay analogous to those performed when investigating the previous 
complex interface and the developed prototype. Consequently, the procedure was identical to 
the evaluation process described in chapter 3.3.2, chapter 3.3.3 and chapter 3.4.2, culminating 
into performance- and heuristic results. This allowed for this research to investigate if the 
solutions presented by the prototype would be legitimate not only theoretically, but in 
practice. 

3.5.5 Evaluation Results 

To validate a potentially heightened usability and maintained functionality, a survey and 
performance tests were conducted for the implemented interface. The survey and performance 
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tests conducted was in regard to heuristic ratings and performance metrics when interacting 
with the implemented interface. The conductance of these were performed in an identical 
manner as with the prototype in order to more easily draw accurate conclusions by 
comparison. 
 
In order to remove potential biases or remembrance from the previously tests and surveys, 
new users inexperienced with both the investigated module and the implemented interface 
was chosen as participants. 

3.5.5.1 Heuristic Ratings 

As the previously performed survey for the prototype, this survey consisted of several 
questions which assessed different usability areas. The survey was conducted with 13 
participants which were widely spread in terms of previous experiences with similar- or 
complex web interfaces as shown by figure 3.27.  

 
Figure 3.27 - Previous interface experience. 
 
As shown by figure 3.28, the intuitiveness of the implemented interface was regarded as very 
high with only one participant grading the intuitiveness 1 point lower than maximum value. 
The memorability of the module was experienced by some participants as neutral, but was in 
majority regarded as high. 
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Figure 3.28: Experienced intuition and memorability of the implemented interface. 

 
The implemented interface was considered as having very high efficiency and error-handling. 
Only one participant out of 13 graded the efficiency and error-handling of the interface one 
point lower than the maximum value as shown by figure 3.29. 

 
Figure 3.29: Experienced efficiency and error resistance of the implemented interface. 

 
The overall satisfaction and aesthetic impression from the participants when interacting with 
the interface, was regarded as very high. As shown by figure 3.30, 12 participants graded the 
satisfactory aspects of the interface with maximum values and 11 participants graded the 
aesthetics of the interface with maximum values. 

 
Figure 3.30: Experienced satisfaction and aesthetics of the implemented interface. 
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3.5.5.2 Performance Metrics 

The performance metrics gathered were conducted as the prototypes performance test 
procedure in 3.4.3.1. The participants were all but one of those who took the survey mentioned 
in 3.5.5.1. As previously mentioned in 3.5.5.1 the participants were inexperienced with the 
investigated interface, the prototype interface and the implemented interface. 
 
Average time taken to complete each of the given tasks is presented by figure 3.31. The timer 
was started after initial thoughts and questions regarding the task had been resolved. This was 
to disregard the time for understanding the task. As presented by figure 3.31, average time for 
showing specific analytical data was 8.2 seconds, removing specific analytical data was 5.4 
seconds, adding analytical data was 11.3 seconds and configure the interface was 15.7 seconds. 
The confidence interval within a confidence level of 95% was 0.7 for task one, 0.9 for task two, 
1.2 for task three and 1.1 for task four. 
 

 
Figure 3.31: Description of diagram - Average time in seconds (y-axis) for each task performed (x-axis). 

 
Average clicks for each of the tasks is presented by figure 3.31. All the mouse clicks during the 
task was accounted for, even those that did not necessarily aid with the task. This was done to 
keep the tests as realistic as possible. As presented by figure 3.31, the average amount of 
mouse clicks to show specific analytical data was 5, remove specific analytical data was 2.3, 
add analytical data was 4.2 and configure the interface was 6.4. The confidence interval within 
a confidence level of 95% was 0.6 for task one, 0.2 for task two, 0.3 for task three and 0.4 for 
task four. 
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Figure 3.31: Description of diagram -  Average mouse clicks (y-axis) for each task performed (x-axis). 

 
Average mouse pointer distance travelled is presented in figure 3.32. In order to keep this task 
as reflective to real usage as possible, the mouse pointer was left in its place between each of 
the tasks given. As shown by figure 3.32, the average amount of distance travelled to show 
specific analytical data was 8.8 cm, remove specific analytical data was 13.7 cm, add analytical 
data was 35.2 cm and configure interface was 48.8 cm. The confidence interval within a 
confidence level of 95% was 0.7 for task one, 1.7 for task two, 2 for task three and 2.7 for task 
four. 

 
Figure 3.32: Description of diagram - Average mouse pointer distance travelled in cm (y-axis) for each 
task performed (x-axis). 
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3.6 Design Guidelines 
Iterating through the processes of investigation, testing, evaluation and analysis for a complex 
interface, a proposed prototype and an actual web implementation led to various specific 
design methodologies being applied and evaluated. The usability factors contributing to 
simplifying the complex user interface while maintaining functionality, needed concretization 
to be replicated. This chapter presents proposed design guidelines to follow when wanting to 
simplify complex interfaces by heightening usability but maintaining functionality. 

3.6.1 Distinguishment 

Grouping of related functionality and analogous representations was deemed a key factor 
when simplifying complex interfaces through usability principles. The importance of this 
factor scaled organically with the complexity of an interface, due to a potentially increased 
presence of elements. Grouping related elements alone does however not necessarily heighten 
usability, thus a related key factor is distinguishment of the formed groupings. A clear 
grouping- and distinguishment operation was demonstrated in the prototype and 
implementation when three groups of value types could be identified in a data table residing in 
a complex interface. These groups were succeedingly broken out into three although aligned 
distinguishable tables. 
 
External distinguishment between formed groups was not the only important separation. 
Internally, repeated elements within a group were also deemed distinguishable to simplify for 
a user to differentiate between multiple similar elements. Due to these elements having related 
functionality, the separation was proposed to be a subtle difference, for instance alternating 
between minor colour shade changes. 

3.6.2 Intuition 

Intuition meant to understand something without the need for conscious reasoning, thus 
potentially decreasing cognitive load as opposed to active reasoning and recallment. This is 
proposed as a design principle to heighten usability when creating complex interfaces, by 
trying to enforce intuition through certain methodologies. 
 
Intuition as a principle covers the related areas of internal- and external consistency, meaning 
that elements should behave how they are expected to behave in relation to similar elements 
within and outside an interface. This was something not relevant only for complex interfaces, 
but interfaces in general. In the implementation it was demonstrated using externally 
consistent icons such as a bin for removal and a pen for editing. It was also taken under 
consideration that users commonly start reading from the top left corner, working their way to 
the bottom right corner. Initially interacting with a toolbar and ultimately saving potential 
changes. Internal consistency was applied in the implementation through using the same 
format for multiple tables, achieved by developing reusable components as enforced by the 
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framework React. A reusable style class was also developed and used throughout the interface, 
containing the colour scheme of its surrounding product suite and the company's brand.  
 
To make a relevant interaction perceived as intuitive, a user needed to be subconsciously 
guided towards it. This could be achieved by shifting focus to the respective elements or areas. 
Relevant areas could be targeted through a subtle highlighting. The same could be achieved by 
instead of bringing an area to front, using dull and pale colours applied to elements not 
currently relevant. This was demonstrated in the implementation where each data entry had a 
small bin- and pen icon for removal and editing respectively, whose colours were pale- red and 
blue. Due to some colour being present, although dull, they were still deemed active. The 
expected outcome was to acknowledge their existence as functionality that could be 
performed, but not necessarily should be, as they were features not commonly used. 
 
Being able to associate elements or values to what they represent without it explicitly being 
explained was a key factor categorized as intuition. To achieve this without using informative 
alerts, colour associating were introduced. Not using informative alerts or explanations saved 
element space and simplified the interface visually. Related colour associations were used 
instead to achieve the same effect, this maintaining functionality. This was initially 
demonstrated in the prototype and kept for the implementation to clarify which analytical 
data values were within certain thresholds. The rows of the table containing various threshold 
values were coloured distinguishable. The corresponding cells holding the values below certain 
value thresholds in the analytical data table, were coloured with the same colour as the 
correlated threshold. Succeedingly, a user intuitively knew which analytical data values were 
within which threshold limits. An important note was that these colourings were chosen to be 
solely neutral, so as to not be externally inconsistent. As an example, using clear red- and 
green colour markings could potentially misinform a user of a value being critical or approved. 
Furthermore, the same shade of the same colours was suggested to be avoided, as this might 
intuitively indicate misleadingly different severity ratings. 

3.6.3 Layer Flattening 

The complexity of an interface was partially defined to increase with its amount of nestled 
components in depth axis. The more instances a user had to navigate through to reach a 
desired state or function, the more complex an interface was perceived. The solution was 
however not as easy as not nestling functionality at all, since an increase in interactable 
elements could impact the usability negatively as well.  
 
In order to avoid accessing certain hidden functionalities by first requiring access to other 
functionalities without increasing the amount of elements, a specific component nestling was 
proposed. The nestling was horizontal to not increase complexity and could be seen as a 
flattening of layers. Elements, functionalities or areas that were previously separated in space 
or nestled in a depth axis, could when applicable merge. This was deemed a partial guideline 
to consider when simplifying complex interfaces but maintaining functionality. An example of 
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the proposed layer flattening is demonstrated in the interface implementation where a 
dropdown menu was merged with a search field to filter the content, as demonstrated in figure 
3.24. Having a separate field to search through the menu results or nestle it in depth axis by 
placing it inside the menu would increase the complexity, either by increasing the amount of- 
elements or nestled components. 
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4         Analysis and Discussion 

 
This chapter presents analysis and discussions about the conducted research methodologies 
and results in regard to the specified goals. Initially the overall design and implementation 
results are discussed. Evaluation- and performance results are compared throughout the 
design phases and discussed. Which proposed design guidelines being responsible for certain 
usability enhancements are also discussed. Whether certain goals of this thesis were met and 
valid are also presented as well as the overall evaluation result legitimacy for performance- 
and survey tests. Alternative procedures for conducting this thesis in terms of different 
implementations and evaluations are also discussed. Followingly, future development 
prospects are discussed in terms of areas not explored in this thesis and suggestions for 
continuation. Ultimately, ethical- and sustainability aspects are discussed in terms of this 
thesis potentially impacting the respective aspects. 

4.1 Design Analysis 
This chapter initially presents a compared performance review between the various design 
phases from investigating a complex interface to creating a prototype and ultimately an actual 
implementation. Following the performance analysis, certain results that stood out are 
discussed. Furthermore, how the complexity of an interface might be subjective is discussed 
and followed by an analysis of how functionality was not only maintained but heightened. 
Conclusively, the difficulty of which proposed design guidelines were deemed the most 
impactful for a potential prioritization is discussed. 

4.1.1 Incremental Performance Increase 

For each design phase, the recorded performance metrics were on average incrementally 
increased. Besides an increase of interaction performance, a minimized confidence interval 
can be observed for each task in every measurement. High variance in previous experience 
with handling the previously investigated interface is probable cause for the comparatively 
large confidence interval of the previous interface. The substantially smaller confidence 
interval of the prototype and implementation could therefore in accordance with proposed 
design guidelines be interpreted as potentially having increased usability by achieving a higher 
intuition. The reason for a potential heightened intuition being that the performance results of 
users with high- and low experience respectively were consistent, thus the experience level was 
seemingly not affecting the performance. 
 
The average time per task was incrementally decreased from the previously investigated 
interface to the prototype and ultimately for the final implementation as demonstrated in 
figure 4.1. The most drastic performance gain was 1295% increased efficiency for task one, 
when selecting specific analytical data to present in the implementation compared to the 
investigated interface. This was believed to mainly be the result of previously being required to 
know which business area a company belonged to for initial selection as opposed to in the 
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prototype and implementation being able to select a company first, thus loosening interaction 
freedom constraints. 
 

 
Figure 4.1: Description of diagram - Average time in seconds (y-axis) for each task performed (x-axis) 
for every interface. 
 
The average amount of mouse clicks per task were decremented for almost each task from the 
various design phases as presented in figure 4.2. The improvement was overall substantial 
from the previously investigated interface to the final implementation. However, between the 
prototype and the implementation the improvement was subtle. The second and third task of 
removing- respectively adding analytical data was even subject to an average increase in 
mouse clicks. This was however as observed during the performance tests because users sorted 
data entries to find the element to interact with. The sorting required a click and could 
previously not be performed in the prototype, hence the resulting increase in mouse clicks.  
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Figure 4.2: Description of diagram - Average mouse clicks (y-axis) for each task performed (x-axis) for 
every interface. 

 
The average distance travelled per task was decremented for each task from the various design 
stages as presented in figure 4.3. Potentially indicating an improved layout with its relevant 
grouping and distinguishment of interface elements. 

 
Figure 4.3: Description of diagram - Average mouse pointer distance travelled in cm (y-axis) for each 
task performed (x-axis) for every interface. 
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4.1.2 Heightening of Usability 

Usability in the final interface implementation was due to its evaluation results considered 
proven to be heightened. Overall, users rated every usability heuristic higher in the 
implementation than the prototype. Furthermore, the usability heuristics were rated 
substantially higher than the previously investigated interface. The performance was also 
increased incrementally from the investigated interface, to the prototype and ultimately the 
implementation as can be seen in figure 4.1, figure 4.2 and figure 4.3.  
 
Performance increases that stood out were the average travelled mouse pointer distance, 
specifically for showing specific analytical data and interface configuration as observable in 
figure 4.3. With the case of showing analytical data, this was believed to be the effect of the 
proposed layer flattening, merging a search field with a dropdown menu. Users did not have to 
scroll down and select a specific company, business area or node to present data but could 
instead simply search for it and press the top result, resulting in a shorter total travelled 
screen distance. The overall increase in efficiency when customizing an interface was believed 
to be a product of the proposed design guideline distinguishment, grouping related 
information as well as clearly separating groups from each other, in this case toggling different 
values for viewing or hiding them in the interface. 

4.1.3 Perceived Complexity 

In order to appropriately measure a simplification of complexity, technical and constrained 
definitions were required. However, why an interface is perceived complex might vary 
subjectively and be the result of factors not accounted for. Different technical backgrounds 
and previous experiences with similar interfaces might affect how an interface affects a users 
cognitive load. Even though nested non-flattened functionalities partially defined a higher 
complexity, some users might consider it less complex due to their familiarity with nested 
functionality designs. 

4.1.4 Simplifying while Maintaining Functionality 

A complex interface can always be simplified by removing elements. An established constraint 
of this thesis was followingly to research how a complex interface could be simplified through 
usability guidelines, while maintaining functionality as opposed to removing it. Due to each 
core task of the previously investigated interface also being tested for the prototype and the 
final implementation, their functionality was incentivized to be kept. Not only was all 
functionality maintained, but due to the implementation of for instance interface template 
handling it was arguably heightened. Functionality was furthermore deemed heightened 
without impacting the complexity to the extent of negatively affecting usability, as increased 
heuristic ratings demonstrate. 
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4.1.5 Prioritization of Guidelines 

Specific aspects or employed strategies responsible for heightening usability and performance 
as well as simplifying a complex interface can be identified. Due to the established guidelines 
in chapter 3.6 being followed in the implementation, a correlation between their appliance and 
a succeedingly decreased complexity through heightened usability is plausible to exist. 
However, whether certain guidelines such as distinguishment of elements, designing for 
intuition or flattening of nested layers being more impactful than others, was difficult to 
determine. A prioritization was not done and there is a possibility that certain proposed 
features contributed towards a more drastic increase in usability than others. 

4.2 Research Validity 
When discussing the result validity, it is important to acknowledge that there were different 
results from different stages of the thesis. The stages of investigating a complex interface, the 
prototype and the implementation all had their own evaluations and results, where the results 
built upon one another. For example, the results from the investigation of the chosen module 
acted as a basis for development of the protype, and the results from the developed prototype 
in turn acted as a basis for the implementation. Thus, the initial investigation had to be 
concluded as sufficiently conducted in order to make sure that the followed results would be 
beneficial and of value for the continuation of this work.  
 
The chosen strategy for investigating the module was based on research from several different 
sources within the areas of usability and simplifying complex interfaces. This although, is not 
necessarily by itself a validation for the investigation being sufficient. One might argue that in 
the context of simplifying complex user interfaces with adequate usability, specific research 
that addressed the same problem formulation required presentation to validate the results. 
Although it is agreed that it would have been beneficial with existing similar research, it is 
believed to not necessarily be needed. Instead, generic research was performed about its 
respectively residing parts and interpreted in conjunction with one another. It might not give 
as much validity as similar research would but was deemed sufficient due to the generic sense 
this research was based on. However, it is worth noticing the presented research to be 
potentially biased, since most of the usability research were derivations from research 
performed by Dr. Jakob Nielsen and Alan Dix. 
 
The execution of the performance tests and surveys were done within test groups between 7 to 
13 individuals. The constellations of people had dissimilar experience in terms of using the 
investigate module and previous experiences with complex interfaces. They were also 
demographically different in terms of previous experience with the investigated interface and 
profession. This allowed for this research work to evaluate whether the proposed prototype 
had a higher degree of the usability than the investigated module, independent of previous 
experience of the investigated module. These surveys and tests could have been performed on 
a larger number of people which possible would result in better test validity and a smaller 
average deviation. The reason the surveys and tests were performed on groups between 7 to 13 
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individuals was not a research decision or will, it was what the company was able to offer due 
to the timely aspect of this work.  

4.2.1 Performance Validity 

When comparing the performance test results from the investigated module and the proposed 
prototype, a decrease in time for each task was seen. Although a time decrease would suggest 
improvements in terms of usability within the prototype, it is not certain. The time decrease 
might come from being lucky with initial thoughts of where to interact. It could also be 
because of the investigated interface being tested in a browser whereas the test of the 
prototype was done in an application with different functionality. In the browser, you were 
able to go backward, forward or reload the page, whereas the application did not allow for 
that. If this fact is taken in for account, the test could have resulted in a different time change. 
This was however deemed to not be a factor since the test was performed on multiple people 
and the risk of it being the case for all of them being low. In addition to the risk being low, if it 
did happen, it should be considered as part of poor usability and be taken into account. 
Another fact that reinforces both the prototype results and implementation results as being 
valid, is the low confidence interval presented for the prototype which means that the 
differences from different test takers were low for both the prototype and the implemented 
interface. 

4.2.2 Survey Validity 

When discussing the validity of the evaluated surveys, it is important to note that the surveys 
were produced based on previous research. The questions from the survey were purposely 
constructed to measure different usability factors as well as how complex the interface felt. 
The questions in themselves were in relation to usability areas and surveyed against the 
interface in its entirety. This meant that the survey resulted in a measurement of usability and 
complexity for the interface as a whole and not in regard to specific tasks or functions. It could 
have been valuable as an addition, to survey the interface more narrowly when performing 
specific tasks. Construction of narrow survey questions might have given a better 
understanding of usability issues for specific cases, which could further be used to enhance the 
prototype at a function specific level. This could have been beneficial but was deemed not a 
necessity due to the possibility that these questions not necessarily would give any additional 
knowledge in conjunction with the time it would take to perform this kind of survey. 

4.3 Alternative Procedures 
When conducting this research, it is important to note that different methodologies could have 
been applied to reach the constructed goals for this thesis. It is therefore deemed suitable to 
analyze and discuss alternatives for evaluation as well as implementational decisions. 



Analysis and Discussion | 63 
 

 
 

4.3.1 Implementation Alternatives 

The decision to develop an interface implementation to validate the conducted survey and test 
results is deemed beneficial, but not a necessity. The implementation did not have to result in 
a software interface. It might not have been necessary to implement or integrate anything, yet 
still reach valid thesis conclusions based on the prototype results. 
 
The implementation of this work resulted in a web-based software interface. This is not a 
necessity but rather what was suitable for this specific case, since the investigated module 
already was a web-based interface. However, it could for instance have been implemented as a 
standalone non-web application, which potentially might even give a more reliant result due 
eliminating potential internet latency issues when evaluating performance. 
 
One thing to consider when deciding on the implementation details is to avoid nesting the 
interface with a backend, if possible. In this work, the usability and complexity of the 
implemented interface had no relation to the backend. This resulted in backend 
implementational work with no correlation to the formulated problem having to be done in 
order to fulfill this research. In retrospect, it might have saved time if mockups were used for 
simulating backend calls rather than implementing a fully functional restful api. 
     
A noteworthy mention is that the React framework might not be the best possible framework 
for reducing complexity through adequate usability. React was chosen for this work due to the 
timely aspect and Reacts modularity. Furthermore, it had an overall low tax on the browser. If 
the performance aspect in terms of speed and responsiveness would be of extreme 
importance, it could be better to develop the interface with a different- or even without a 
framework. 

4.3.2 Evaluation Alternatives 

It is important to note that the evaluation of usability used in this work can be achieved 
through other means than surveys and performance tests. For instance, one available method 
would be to only follow research of different usability areas and draw conclusions from the 
investigated interface to correct them thereafter. This approach is however not believed to be 
as decisive as the chosen methodology since surveys and tests provides a broader range of 
relevant opinions due to an increased quantity, thus providing more accurate data. 
 
The survey given involved different questions regarding the overall experience when using the 
prototype- and investigated interface. The questions given were done in accordance with 
findings from the literature study research. They were expected to result in a review of 
different usability areas within the interface. Since the questions targeted the interface as a 
unit and not different specific usage situations, the survey only concluded averaged opinions. 
It might have been more conclusive and provide more certainty if different usability areas 
were questioned for different usage tasks. This however, might not necessarily give valuable 
results as every usability area might not be applicable for each task. A task specific and more 
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thorough survey could have been beneficial for this work, but was not done due to potential 
time consumption in conjunction with the possibility of not producing valuable results. 
 
The literary research performed in this work resulted in a single produced prototype. This 
prototype was then decided as the focal point for which surveys and performance tests were 
performed. If it was deemed an improvement, it would become the basis for the 
implementation. Instead of producing a single prototype, it could have been relevant to 
produce several different prototypes where each of them was surveyed and tested to find the 
most suited prototype as basis of implementation. This would potentially increase the 
certainty of the implementational basis having an adequate usability and low complexity. 

4.4 Prospective Development 
When performing this work, some areas where further research would be interesting were 
discovered. When doing the performance tests on the pre-existing investigated module, a 
rather large discrepancy was found between the users who previously had not been interacting 
with similar interfaces and those that had. To further delve on this, the users that had not been 
in contact with similar complex interfaces, also seemed unexpectedly unaccustomed to basic 
computer usage. It could therefore be worth to investigate if usability issues in software 
changes depending on the users familiarity with computers. 
 
It is also worth to note that even though the implemented interface could be considered as 
thoroughly tested and surveyed, some usability issues might not have been identified. This is 
believed to be a probable cause due to the performance tests being predefined tasks, and the 
surveys being conducted before long-term usage. It is possible that more subtle usability 
issues only present themselves after using the implemented interface for a longer period. For 
example, a usage pattern that negatively impacts the usability of the interface cannot be 
identified through a singular usage test where the participant is inexperienced with the tested 
interface. In order to check for long-term usability issues, it is recommended to perform 
additional tests and surveys when the implemented interface has been used for a longer period 
of time. 
 
Although a decrease in complexity while heightening functionality and usability can be 
measured. Which proposed guidelines being responsible for improving which aspects were not 
investigated due to several aspects being evaluated simultaneously. Future work is 
subsequently suggested for research, potentially finding which usability aspects were impacted 
more than others and by which corresponding guideline. 

4.5 Ethical Aspects 
Due to the overall increase in usability of the developed interface for analyzing data, efficiency 
was heightened and succeedingly its usage further incentivized. Ethical aspects of this thesis 
were divided into the direct consequences and effects of customers using the interface, as well 
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as indirectly in terms of potentially increasing the brand of the company for which the 
interface was developed, thus indirectly aiding the company with its goals. 

 

Addressing the direct ethical aspects, customers of the product suite containing the interface 
were mainly water treatment plants. Data subject for analysis in the interface was therefore 
majorly reported chemical emissions. Due to customers working with regulating and tracking 
chemical emissions from companies, the interface would directly aid in keeping companies 
within environmentally ethical emission thresholds. Increasing usability of the interface while 
taking customer needs into account during the development process, it was plausible to 
believe the usage of the interface increasing. Due to the direct environmentally ethical usage, a 
potential increased interface usage as result of this thesis was deemed to positively contribute 
in the context of environmental ethics. 

4.6 Environmental Sustainability 
The backend for the interface was developed as restful web services to simplify the 
development, making it an individual solution. Due to this separation from the core system, 
the possibility to enhance and sell the interface as its own product was made easy as opposed 
to nestling it with the current system. This fact in conjunction with a plausible increase in 
usage of the integrated module, is possible to increase revenue for the company Gemit 
Solutions AB. Since the company’s core business area drives environmentally important work 
forward, the interface is deemed to indirectly influence sustainability in a positive manner. 
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5         Conclusion 
The outcome of the initial literature study for this thesis was concluded to be in accordance 
with presented expectations. Succeeding literature studies, the research process of proposing a 
suitable interface assembly was as planned, separated into three core phases. The first phase 
being to obtain and investigate a complex interface, followed by the second phase of 
assembling a prototype to test ideas originating from the preceding phase with the literature 
study, ultimately the final phase being an actual implementation. 
 
An iterative process of evaluating usability heuristics and measuring performance was 
replicated consecutively for each core phase to assure comparable results. Comparable results 
were required to ascertain which design decisions to transfer for subsequent phases. The 
resulting interface implementation fulfilled the composed goals. Perceived complexity was 
measured to be substantially lower after heightening usability, thus successfully simplifying a 
complex interface. Although the interface was simplified, its functionality increased, thus 
exceeding the constraining goal of merely maintaining functionality. The developed interface 
was in accordance with established goals furthermore dynamically customizable. The optional 
extended goal of enabling saving of an interface customization for future instantiation, was 
implemented and refined to additionally handle loading of relevantly predefined interface 
templates.  
 
Another inclusion of implementational goal was to deliver a fully decoupled solution, yet 
trivially integratable with other systems. Not only was this of preference for the product owner 
of the resulting implementation, but it also allowed for effortless testing. The goal was fulfilled 
by developing a component-based web interface with the JavaScript framework React and a 
complementary yet decoupled restful backend. 
 
Analyses of the design process during the interface development in conjunction with acquired 
knowledge from the literary studies about usability were conducted. Ultimately, it resulted in a 
set of design guidelines to consider when seeking to simplify a complex interface by 
heightening usability without compromising functionality. 
 
Analyzing sustainability- and ethical aspects concluded this thesis to positively contribute 
towards them. The main reasons briefly being its probable influential drive to increase usage 
for customers working with ethical and environmentally sustainable chemical regulations. 
 
Further analyses conducted posterior the evaluated implementation, concluded the interface 
to indeed be a simplified complex interface with heightened functionality. The achievement 
was reached through heightening usability. Employment of the ultimately resulting design 
guidelines, were furthermore concluded decisive contributors to the achievement. Guidelines 
being more impactful than others were however found inconclusive, future work is thus 
partially suggested to prioritize usability aspects to consider, when seeking a reduction in 
complexity.  
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Appendix 1 - Use Cases for Investigated Interface 
Established use cases for the investigated complex interface to enhance are presented in Table 
1. The meaning of each table cell is described below. 
 

● #: Unique identifying number for the use cases. 
● Description: What the user wanted to achieve. 
● Preconditions: Predetermined conditions for the use case to be valid. 
● Actor: User performing the action within the system. 
● Trigger: Event that caused the use case to be initiated and relevant. 
● Standard flow: Succession of events and triggers to detail a successful use case. 
● Alternative flow: A different chain of events relevant to the use case. 
● Stakeholders: Individuals with interest associated to the systems behavior. 
● Note: General observation when conducting the use case. 

 
Table 1: Use cases of the investigated complex interface AnalysData. 
 

# Descr
iption 

Preconditi
ons 

Act
or 

Trigger Standard Flow Stakeholders Note 

1 A 
user 
wants 
to see 
all the 
analyt
ical 
data 
for a 
specif
ic 
node. 

The user 
has 
opened the 
EnvoMap 
Module for 
analytical 
data 

Env
oMa
p 
Use
r 

The 
user 
wants 
to 
visualiz
e a 
potentia
l trend 
in 
chemic
al 
usage 

1) The user choses a 
predefined organizational 
category from a dropdown 
table. 
2) A dropdown table is 
populated with associated 
companies, the user chooses 
the company to analyze 
3) Two dropdown tables are 
populated with nodes and 
years respectively. The user 
chooses a node and a year. 
4) The user presses a button 
that performs the search. 
5) The results are displayed 
in chronological order with 
fixed chemicals and their 
previously reported values. 
The columns are separated 
with a calculator symbol. On 
the left side of it, the values 
for the chemicals are on a 
volume basis, and on the 
right side of it per weight unit 
basis. 

User of system 
 

Only data for a 
specific node 
can be viewed 

2 A 
user 
wants 

The user 
has 
opened the 

Env
oMa
p 

The 
user 
has 

1) The user presses an 
empty field for a chemical on 
the left hand side of the 

User currently 
using 
EnvopMap, 

If a user presses 
the + sign before 
everything is 
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to 
input 
an 
entry 
for 
analyt
ical 
data. 

EnvoMap 
Module for 
analytical 
data, and 
navigated 
through the 
dropdown 
tables to 
search for 
a specific 
node and 
year. The 
results are 
shown. 

Use
r 

new 
data to 
input, 
that can 
be 
analyze
d in 
conjunc
tion 
with 
previou
sly 
entered 
data. 

separating calculator symbol.   
2) The user writes a value in 
the chosen field. 
3 ) The user repeats step 1-2 
until all the fields for the 
listed chemicals are filled out. 
4) The user sets a date for 
the sample with a date picker 
in an assigned column 
5) The user presses the 
calculator 
6) The fields to the right of 
the calculator representing 
values for the chemicals as 
weights are calculated and 
filled out by the system. 
7) The user presses a + sign 
on the leftmost side of the 
row with data 

and every 
other user 
utilizing the 
module for 
analytical data 
as the input is 
saved. 

filled out, it 
resets. 

3 A 
User 
wants 
to 
remov
e an 
entry 
for 
analyt
ical 
data. 

The user 
has 
opened the 
EnvoMap 
Module for 
analytical 
data, and 
navigated 
through the 
dropdown 
tables to 
search for 
a specific 
node and 
year. The 
results are 
shown. 

Env
oMa
p 
Use
r 

The 
user 
added 
a data 
entry 
that 
was for 
the 
wrong 
node 
and 
wants 
to 
delete 
it. 

1) The user presses a 
remove button on the 
leftmost side of the row to be 
removed. 
2) The user is prompted with 
a confirmation to remove an 
analytical data entry with a 
specific ID. 
3) The user confirms and the 
row is removed 

User currently 
using 
EnvopMap, 
and every 
other user 
utilizing the 
module for 
analytical data 
as the input 
removed is 
removed for 
everyone. 

There is no ID 
shown in the 
interface. 
Hence, when 
prompted to 
confirm, the user 
does not know 
for sure if it's the 
correct entry. 

4 A 
user 
wants 
to 
chang
e an 
entry 
for 
analyt
ical 
data. 

The user 
has 
opened the 
EnvoMap 
Module for 
analytical 
data, and 
navigated 
through the 
dropdown 
tables to 
search for 
a specific 
node and 
year. The 
results are 
shown. 

Env
oMa
p 
Use
r 

The 
user 
entered 
a data 
entry 
with 
faulty 
values 
and 
wants 
to 
correct 
it. 

1) The user presses a 
change button on the 
leftmost side of the row to be 
removed. 
2) The row is highlighted and 
values may be changed. 
3) Value-fields are clicked 
and the new values are typed 
into them 
4) The user presses an 
update button on the 
lefthandside, laying just next 
to a button for abortion with 
1px spacing 

User currently 
using 
EnvopMap, 
and every 
other user 
utilizing the 
module for 
analytical data 
as the input is 
changed for 
everyone. 

The values 
regarding weight 
and volume can 
be changed 
independently, 
disrupting their 
relationship. 
Also easy to 
accidentally 
press abort. 

5 A 
user 

The user 
has 

Env
oMa

A new 
regulati

1) The user presses a button 
to handle columns at the top 

User currently 
using 

From the 
chemicals to 
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wants 
to add 
a 
colum
n for 
a new 
chemi
cal to 
analy
ze. 

opened the 
EnvoMap 
Module for 
analytical 
data, and 
navigated 
through the 
dropdown 
tables to 
search for 
a specific 
node and 
year. The 
results are 
shown. 

p 
Use
r 

on 
require
s a new 
chemic
al to be 
tracked. 

of the site. 
2) A scrollable list showing all 
the current columns are 
displayed with the same 
options to change or remove 
them as with the previously 
displayed rows for analytical 
data entries. 
3) The user selects a new 
chemical from a pre-defined 
dropdown 
4) The user manually writes 
a yearly interval in a non-
specified form in the field to 
the right of the chemicals 
name. 
5) The user presses a + sign 
to add the chemical 
6) The results are not 
updated, the user must 
search for the specific node 
again for the chemical to be 
displayed. 

EnvopMap, 
and every 
other user 
utilizing the 
module for 
analytical data 
as the column 
is added for 
everyone. 

choose from, 
identifier values 
for companies 
and nodes are 
displayed. 
These are 
values from the 
database that 
are not 
chemicals, and 
hence should 
not be able to be 
chosen. 
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Appendix 2 - Heuristic Evaluation Questionnaire 

 

Questionnaire 
 
This survey is meant to gather information to aid in developing a new interface for 
"Analysdata" with improved usability. 
 
The data collected is anonymous and not tied to an individual personally. 
*Required 
 

● Who are you? *  
○ End User  
○ Developer  
○ Tester  
○ Other: ______________ 

  
● Where do you work? (Optional) 

○   ___________________ 
 

● Gender * 
○ Male  
○ Female  
○ Other: ______________  

 
● Age *  

○  0-18  
○ 18-30  
○ 30-40  
○ 40-50  
○ 50-60  
○ 70+  
○ Other: ______________  

 
Experience 

● Are you familiar with the product EnvoMap? *  
○ Yes  
○ No  
○ Not sure 
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● Are you familiar with its module "AnalysData" *  
○ Yes  
○ No  
○ Not sure 

 
● How many hours do you spend with it every week? * 

○ 0 h  
○ 0-2 h  
○ 2-5 h  
○ 5-10 h  
○ 10-20 h  
○ 20+ h 

 
● What is your experience interacting with similar interfaces, or complex web interfaces? 

* 
○ No experience - 0 - 1 - 2 - 3 - 4 - 5 - Highly experienced 

 
Heuristic Evaluation 

● How intuitive and easy to learn is the module? * 
○ Non intuitive and difficult - 1 - 2 - 3 - 4 - 5 - Very intuitive and easy 

 
● How efficient do you consider the module? * 

○ Very inefficient - 1 - 2 - 3 - 4 - 5 - Very efficient 
 

● How memorable is the usage of the module? *  
○ Very difficult to remember how to use - 1 - 2 - 3 - 4 - 5 - Very easy to remember 

how to use 
 

● Do you find the module resistant towards errors, is it hard to make wrong actions? *  
○ Easy to to perform faulty actions - 1 - 2 - 3 - 4 - 5 - Hard to do something wrong 

 
 

● What is your overall level of satisfaction when using the module? * 
○ Highly unsatisfied - 1 - 2 - 3 - 4 - 5 - Very satisfied 

 
● What is your overall impression with its aesthetics? * Mark only one oval. 

○ Very bad - 1 - 2 - 3 - 4 - 5 - Very good 
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Module Feedback 
● Is there any functionality you would want to be improved? 

○ _________________ 
  

● Are there any missing features you would want implemented? 
○ _________________ 

 
●  Is there any feature you would want removed? 

○ _________________ 
 

● Any other comments? 
○ _________________ 

   
Thank you for your participation! 
Your responses are anonymous and not tied to you personally. 
 

● Do you consent to the anonymous data collected to be used and publicized in a 
scientific paper? *  

○ Yes  
○ No 
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