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Navigation och informationsarkitektur i intelligenta 
elektriska test- och verifieringsverktyg 

 
SAMMANFATTNING 
Den här uppsatsen är en fördjupning i området människa-dator interaktion och användbarhet och börjar med en generell introduktion om ämnet 

inbyggda system som används i elektriska test- och verifieringsverktyg i industrin. Fortsättningsvis beskrivs en problemformulering och en 

förklaring av de produkter som är i fokus i denna studie. Företaget som studien är utförd hos utvecklar och tillverkar olika typer av 

provutrustning för elkraftsbranschen. Sådan mätutrustning ingår i begreppet intelligenta elektriska test- och verifieringsverktyg och hanteras 

med hjälp av inbyggda pekskärmar. Att ha ett användarbart grafiskt gränssnitt är viktigare idag än det var för många år sedan, detta eftersom 

företag konkurrerar med användbarhet i produkter och inte enbart med teknisk prestanda [4]. Därför är det viktigt att designa ett 

användargränssnitt och navigationsstruktur för att sammanföra ett företags alla produkter och skapa en känsla av igenkänning mellan dem. Ett 

bra mått på igenkänningsfaktorn är i det här fallet ett användargränssnitt och en navigationsstruktur som är igenkänningsbara och förstådda när 

slutanvändaren interagerar med olika typer av produkter.  

Informationsarkitektur och användardesign är inte alltid prioriterat hos ett industriellt företag då budgeten för tekniken är långt större än för 

användardesignen. Tidigare handlade informationsarkitektur mer om teknik, men nuförtiden är det mer om systeminformation och dess innehåll 

[8]. I den här studien har tre metoder använts för att samla data till och besvara frågan ”Är det möjligt att designa en homogen 

navigationsstruktur till olika typer av slutanvändare av elektriska test- och verifieringsverktyg?”  

Den här studien visar att det är svårt att erhålla ett rättframt och entydigt svar på ämnesområdet hur man designar en hållbar och homogen 

informations- och navigationsstruktur för intelligenta elektriska mätutrustningar. Studien påvisar också att en mängd information kan inhämtas 

genom att studera användbarhet med hjälp av olika testmetoder. Allt detta i syfte att ge en plattform till utvecklarna som kan agera grund för 

deras utvecklingsarbete med gränssnittet.  
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ABSTRACT 

This degree project begins with a general introduction of the topic 

embedded systems in electrical testing and diagnostic devices in 

industries within the field of human-computer interaction. Then it 

continues with a deeper view of the problem area and the specific 

products which are in focus of this project. The company which the 

study is carried out in, produces and develops many types of test 

equipment (in a more generalized term called smart electrical testing 

and diagnostic devices) to the electrical supply industry. The 

importance of a usable user-interface is greater today than several 

years ago as the competition between companies include not only 

technical performance but also usability [4]. Therefore it is highly 

important to design a user-interface and navigation structure to 

combine a company’s all products and create a sense of recognition 

within them. A high level of recognition is in this case, a user-

interface and a navigation structure that are recognizable and 

understandable when the end-user interacts with different products. 

The information architecture and user-interface design is not very 

often prioritized in a company as the budget is often much greater 

for technology than it is for information architecture. Prior the 

information architecture was more about technology but today it is 

about system information and content [8]. In this study, three 

methods are used to make an attempt to collect data to answer and 

discuss the research question “Is it possible to design a homogenous 

navigation structure in electrical testing and diagnostic devices for 

different end-user types?”  

This study shows that it is very difficult to get a straight forward 

answer to how a sustainable and homogeneous information 

architecture and navigation structure for smart electrical testing and 

diagnostic devices should be designed. Although, the results could 

give a substantial input and information towards a common user-

interface platform and act as guidelines for the development of 

products. 

Keywords 

User Experience (UX); Navigation; Information Architecture (IA); 

Testing and diagnostic devices; Embedded systems 

1. INTRODUCTION 
Today, it becomes more and more usual to integrate the software 

into the hardware of a product, so called embedded systems. It used 

to be more common that the hardware was separate from the 

software. This study’s outsourcing company was in that situation 

and their products used to have external laptops instead of embedded 

systems. The embedded systems are a new trend in the technical 

society and in the area of human-computer science. It is now both 

cheaper and faster than before to develop products since there is 

more knowledge about this kind of technology and programming 

[3]. Therefore it is a greater possibility to actually implement these 

embedded systems in practice. 

In the earlier production of technical products, there was no 

difference between the user-interface design and implementation of 

the software. Engineers and designers used their technical expertise, 

such as programming, to make the product workable. Today, 

because of the larger knowledge of programming languages, the 

technical implementation is diminished. Although, the challenge of 

the user-interface design has increased due to the expectations of an 

easy to use product. There is a need of a greater focus on the 

relationship between the product and the human in the design 

process of user-interface, and not only of the product itself. [4] 

1.1 Problem area 
There is however a problem, since little is known about how to meet 

the expectations of an easy to use product in the unique products that 

are in focus of this project. The problem also includes that there is 

not a common way and a standard of how to design user-interface 

of embedded systems. An easy-to-learn and understandable product 

is the desired solution. In addition, it is desirable to create a 

navigation structure that is recognisable within the different 

products. 

This degree project focuses on two specific products of the 

outsourcing company’s test equipment. The number of products is 

limited to two due to time and size of the project. The first product 

is named product A in this study and the second one is called product 

B. They both have a touchscreen and several functions, features and 

settings in common, but the design and navigation structure differs 

between them. Product A is mainly used for measuring relay 

protections and product B is used for measuring transformers. 
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Figure 1. Design of product A. Figure 2. Design of product B. 

The two figures above, figure 1 and figure 2 shows the “settings” 

design in the two products. It is an example of how different the 

user-interface designs are in terms of style, navigation structure and 

colours. There are not many components that combine the two 

products in sense of recognition. 

Additionally, the target group of end-users contains of both basic 

and advanced end-users. In other words, the two products are used 

in different situations by different types of end-users. One problem 

is that there is a lack of studies with this distinction of end-users in 

interaction with products A and B. 

1.2 Purpose of study 
To date, there is no study on these two specific products A and B 

and little is known on the topic of a common standard for embedded 

systems. Therefore, the study aims to present alternatives on how 

there is a way to reach a common platform for user-interface in smart 

electrical testing and diagnostic devices.  The purpose of this study 

is to get information on how to design a user-interface for the test 

equipment to better create a feeling of belonging to the same 

company and at the same time find a common navigation structure 

that is easy to learn. 

Since the outsourcing company produces and develops many types 

of test equipment (in a more generalized term called smart electrical 

testing and diagnostic devices) it is important to design a user-

interface to combine all products to the same company standard. 

This means that there is a desire to reach a high level of recognition 

within the different products. A high level of recognition is in this 

case, a user-interface and a navigation structure that are recognizable 

and understandable when the end-user interacts with different 

products. The end-user should quickly understand how to navigate 

in the embedded system if there is a good level of knowledge in one 

of the other products. To get useful information about this it is 

important to study the interaction between end-users and systems. 

All end-users have diverse knowledge and expectations, since every 

person is unique. Therefore they all have dissimilar requirements of 

which settings should be visible and which settings should be hidden 

in the user-interface. In order to support this company in the most 

effective way, it is important to know who the end-users are; their 

background, their knowledge, their work environment and their way 

of interacting with the products. To be able to understand the 

usability and navigational problems it is necessary that the needs of 

the end-users are in focus. 

Products A and B will be examined and compared against each other 

with help of three different methods. A first step in this problem area 

is to investigate the existing usability and navigational problems in 

the user-interface of the two products. Further on, the study will 

observe how the end-users interact with the products A and B. 

Finally, interviews will be conducted to acquire information about 

the end-users. 

This degree project is scientifically relevant in the field of human-

computer interaction and usability because of its research in user-

interface, usability problems and human interaction with an 

embedded system. The study intends to present a common structure 

of navigation for two products which are designed for different areas 

of use. From a human-computer interaction point of view, this thesis 

of two specific products could be applied to other companies’ 

products in fields of smart electrical testing and diagnosis devices. 

If a good solution or directions for navigation structure and user-

interface are found and turns into a sort of standard, this could be re-

used in the development of new products. Additionally, this will 

save both costs and efforts [2]. 

1.3 Research questions 
The main research question of this thesis is; 

Is it possible to design a homogenous navigation structure in 

electrical testing and diagnostic devices for different end-user 

types? 

To answer the main research question there are three issues to 

investigate; 

- Who are the typical end-users and what background do 

they have (both basic and advanced end-users)? 

- Which are the main usability problems in the two 

products? 

- How should the informational architecture and navigation 

be structured to be as easy to use as possible? 

1.4 Limitations 
The number of test end-users will be relatively small due to time 

constraints of this degree project. Only two products will be 

included and the data will concern Swedish end-users in this study. 

The focus will not be in the esthetical of the design in the user-

interfaces, but rather on the navigation structures and how easy it is 

to learn the products and understand the icons. Consideration and 

notice about errors and how the end-user recovers from errors will 

not be included in the user observations. 

1.5 Outsourcer 
This study is carried out in Danderyd greater area of Stockholm in 

collaboration with a company that develops and produces smart 

electrical measurement equipment to the electrical supply industry. 

The test equipment are different kinds of instruments and products 

that are handled by integrated touch screens and used by end-users. 

The products measure the condition of electrical assets, for instance 

batteries, protection relays and transformers. Since the electrical 

substations are located in extremely high voltage environments, it is 

crucial that the electrical assets work according to certain 

requirements. Regular testing and measurements of the electrical 

assets will result in, and maintain a safe electrical network. [1] 

1.6 Plan of study 
The rest of this report is structured as follows. In section 2 there is a 

background to embedded systems, usability, information 

architecture, navigation and usability testing. Next there is a 

description of the chosen methods to examine the research questions 

in the project. The results of the study are then shown in tables and 

lists in section 4. Finally, in section 5, there is a discussion and the 

report finishes with a conclusion in section 6. 

2. BACKGROUND 
Products A and B are smart electrical testing and diagnostic devices 

with embedded software systems. Embedded systems get more and 

more common in the industrial world. That is why a new area grows 

within the industry, the focus on the end-users’ experience of the 
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product. Baily’s human performance model shows a simple but clear 

and important representation in the design process. The model 

includes three elements; the human, the context and the activity [4]. 

It shows that the human is an equal part as the context and as the 

activity. When a product works from a usability perspective, the 

usability parts are invisible for the end-users. The invisibility means 

that the end-users do not notice the navigation structures or get 

frustrated in their interaction with the product [4]. This means that 

even if the usability goes unnoticed there is a good amount of 

research and tests behind a blameless user-interface design. 

2.1 Embedded systems 
Embedded systems are as mentioned software integrated in 

hardware. Therefore the need of hardware/software interface 

codesign has increased to meet the new complex requirements. A 

new kind of engineering is essential that understands both hardware 

and software design. New approaches on higher and more abstract 

levels to combine hardware strategy and software strategy may be 

needed within the embedded systems development. [2] The 

implementation of an embedded system needs to make sure that, 

beside functionality, it meets performance, cost and reliability goals 

[3]. 

A new approach would be a more abstract level, starting with 

developing the software to communicate with the hardware. 

Because of the heterogeneity in software and hardware it makes this 

field quite unexplored since embedded system designs require both 

software and hardware knowledge. Often the design process is done 

in two steps; first is the hardware tested and then the functionality 

of software. The design process is more time consuming and less 

efficient this way. [3] 

To be able to master embedded system design, an efficient method 

to optimize the hardware-software interface should be used. To re-

use application software and hardware components across different 

products and product families a general hardware-software interface 

model is needed. [2] 

2.2 Usability 
Even though usability is a slightly wide and abstract area in the 

science, there is a definition of usability according to ISO 9241-11 

(1998) and is says as follows; “extent to which a product can be used 

by specified users to achieve specified goals with effectiveness, 

efficiency and satisfaction in a specified context of use”. [5] The 

term usability is covering how easy and useful the design features of 

an interactive system are from a more objective view. User 

experience, on the other hand is a broader concept where both the 

interaction with a system and also the end-user’s entire interaction 

with the product is concerned, included the subjective views such as 

feelings and thoughts. Usability concerns the external quality of the 

system while user experience is more about the in-use quality. [6] In 

this study both terms are included, since the usability problems in 

the systems and as well the opinions and feelings toward the 

products are covered. 

2.3 Information architecture  
Information architecture, often shortened as IA, is high-level 

overviews of user-interface components of a system. The 

architecture shows how the different components are structured and 

how the relationships among them look like. [7] Architecture-level 

information is represented in form of structures. A structure contains 

a set of elements, properties and inter-relationship information. An 

embedded system’s architecture is very complex and it is difficult to 

capture all the complexities of a system. Therefore the information 

architecture is made of several structures. The sum of all the 

structures represents the embedded systems information 

architecture. [8] 

The information architecture and design is not very often prioritized 

in a company as the budget is often much greater for technology than 

it is for information architecture. Prior the information architecture 

was more about technology but today it is more about system 

information and content. The information architecture of a system is 

important from several points of view. One point is to understand 

the end-user’s requirements and another to distinguish the 

information from the technology. Furthermore, the content of the 

system can be re-used. [7] 

It is important to look at the underlying structure of a system, since 

useful information can be gathered and managed in an effective 

approach. Enterprises often have rich data but poor information. 

This is often problematic since they have unsorted data that need to 

be organized to be useful [9]. A positive aspect of an information 

overview is that components are shown in separate domains. This 

makes it easier to develop and manage different domains separately. 

This is effective since a re-use of a design make components more 

available. [9]  

2.4 Overview 
The two figures below, figure 3 and figure 4, show an overview of 

the informational architecture of product A and product B. The 

overviews are slightly simplified and concentrated on the navigation 

parts that are focused on in this project and in the user observations. 

The arrows show how the end-user can reach to different elements 

in the system. 

Figure 3. Overview of the navigation structure in product A. 

Figure 4. Overview of the navigation structure in product B. 

2.5 Navigation 
Navigation structures are one of the most important elements in 

system usability and interface design because it is trying to solve the 

problem of disorientation feelings towards the system. The aim is to 

have an understandable and easy usable navigational system. [10] 

The fundamental principle in user-interface design is to adopt to the 

end-user’s perspective and needs. This applies for all end-users, 

since all people think and feel differently [10]. To provide all 

different end-users to interact with the system on their terms 

according to knowledge, experience, habits and conditions, the 



5 

 

system should be flexible. The flexibility includes multiple ways to 

perform tasks and navigate to functions [10]. The order of actions, 

visual presentations and information should be understandable and 

comprehensible in a system. It should never be a necessity to read 

and go through very long manuals and explanations. [10] Navigation 

paths should be as short as possible for maximum efficiency in the 

system. 

2.6 Usability testing 
Usability testing is important for several reasons. One of the larger 

goals of usability testing is to improve the profitability of the 

products. The profitability implies the user-interface design so that 

the products are both easy to learn and satisfying to use. Another 

reason is to eliminate design problems before the release of a 

product so that there is a greater possibility to establish a positive 

relationship between the customers and the company. In addition, 

the company will reach the expectations of a high quality product 

and demonstrate that the customers are important. The usability 

testing methods benefit the company among others the creation of 

historical record of usability problems for future product releases 

besides the reduction of support work. [4] 

In this study, three methods are chosen to identify usability problems 

in the two spoken products A and B, how easily used they are and 

information about the end-users. The usability testing methods are; 

interviews as a purpose to achieve a user analysis, heuristic 

evaluations to identify usability problems and “Think-Aloud” user 

observations to test how easy the two products can be learned and to 

understand the navigation in the systems. 

2.6.1 User analysis 
It is central from a usability perceptive to know information about 

the typical end- user and what the end-user’s opinions and feelings 

are toward the product. Several years ago the end-user was often the 

same person as the developer or designer of the system. There were 

few requirements to take into account, while today systems are used 

by a broader target group which also implies more requirements 

regarding the user-interface. That is one aspect why usability testing 

with the end-user is essential in the process of modern user-interface 

design. [4] In the execute phase during a product development, the 

interviews are used in a formative way (qualitative) to be able to 

optimize design and improve usability [11]. 

To gather information about the end-users, one appropriate method 

for this case is interviews. Open-ended questions in semi-structured 

interviews gather subjective data, so called preference data. Open-

ended questions mean questions that are openly asked with for 

instance the words how and why. The answers are in general more 

describing than with a simple yes or no question. The goal of the 

interview is to collect end-users’ opinions and feelings about the two 

products. The interviewer needs to prepare questions to the intended 

sessions and preferably conduct a pilot interview to see if the 

interview questions are of the right kind and appropriately asked. A 

recording tool used during interview sessions is good to have for 

later documentation. [4] 

The user analysis in this study needs to investigate both basic and 

advanced end-users so a clearer picture of who uses the products, 

how and in which environments the products are used. Other aspects 

that the user analysis enlightens are the different end-user types and 

their main differences. First step of user-interface design is to know 

the target end-users and their needs and expectations of the product 

or system [4]. 

2.6.2 Heuristic evaluation method 
The heuristic evaluation method is used to identify usability 

problems in the user-interfaces of a certain application, product or 

system. This method is often used early in the design process or in 

existing user-interfaces because it is a cheap, quick and efficient 

method. Heuristic evaluation is one of the several usability 

inspection methods, called the holistic method [12]. The goal of this 

evaluation method is to identify problems in the usability of a user-

interface design. The identification is done by a chosen number of 

evaluators who inspect the user-interface and judge its compliance 

with help of principles, so called heuristics. [13] The ten usability 

heuristics [14] are seen in table 2 together with the results from the 

heuristic evaluations. See section 4.2. 

The heuristic evaluation could be divided in steps to follow when 

pursuing the method. The steps are summarized as follows; 

1. Plan the evaluation and develop a task for the system. 

2. Choose an evaluation expert. 

3. Review the heuristics (inform the evaluation expert). 

4. Conduct the individual evaluation with the expert. 

5. Analyse the results. 

[15]. 

2.6.3 User observations 
To test the user-interface of a product, one method is to conduct user 

tests or user observations. There are different sub methods and one 

is named “Think-Aloud”. A predefined task and/or scenario is given 

to the user participant to perform while the test moderator observes. 

The advantages of “Think-Aloud” are that the test moderator can 

follow how the user participant thinks, struggles and solves design 

problems throughout the session and gather useful information 

about the user-interface design and navigation structures. This 

method can give important insights as mentioned, but it should not 

be used when the desire is to measure the time to perform a task. 

Another important aspect to have in mind is that it is not a natural 

way to use and solve design problems, but on the other hand a good 

way to gather information of what are on the participants’ minds. [4] 

There are several steps in the development of a test plan. Except to 

describe a task, decide test environment and product, there need to 

be a clear goal of the test. The goal and descriptions of the measured 

performances by user participant are important to be decided 

beforehand so there are directions to follow during and after the 

sessions. Otherwise it could be difficult to know what the collected 

data is and what to use the data for. In this study the goals of the user 

observations are to answer; 

- How easily is the user-interface learned? 

- How easily can the end-user navigate through the system 

(while performing the task)? 

- How well do end-users understand the symbols and icons? 

Which ones are problematic? Why? 

- How easily can end-users change settings? 

- How easily do end-users find the tools/options they want? 

Another reason why the test moderator should prepare before 

conduct tests is to be able to observe during the sessions. This means 

that it can be a good idea to record the sessions, so that all attention 

will lay on what the user participant says and does. The task scenario 

should contain realistic details and be explained to the user 
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participant before the session so that no or little help from the test 

moderator is needed. The user participants of the session should be 

as similar to the real end-users as possible or preferable actual real 

end-users, and the same applies for the environment. 

The method measures in some ways the effectiveness of the product 

(quantitative data with how many errors is done) and the learnability 

(how the end-users can operate the product) and in addition the 

satisfaction (in terms of the end-users’ opinions and feelings toward 

the product). [4] 

3. METHODS 
In this study, the three methods interviews, heuristic evaluations and 

user observations are selected to collect data to answer and discuss 

the research questions. This chapter describes what type of data is 

collected and how the methods are used in practice in this degree 

project. 

3.1 Interviews 
The method of semi structured interviews is chosen because it is a 

rather simple way to gather useful and important information about 

the end-users. Another goal with the interviews is to decide a 

definition between a basic and an advanced end-user. 

Four interviews with one person per interview are conducted, two 

that concerns product A and two that concerns product B. Each 

interview is sound recorded by a mobile phone and has the duration 

of under one hour. The interview questions are constructed in an 

open-ended structure to collect as much qualitative data as possible 

and at the same time avoid leading questions. The same questions 

are asked in all interviews. Due to time constrains of this study and 

few possibilities to meet end-users, the participants in the interviews 

are chosen from the outsourcing company and their participation is 

anonymous in this study. Even though the participants work at the 

outsourcing company’s engineering department, they have deep 

knowledge and often personal contact with actual end-users that use 

the products out in the field and in their daily work. 

3.2 User observations 
The user observations are done in a “Think-Aloud” session with one 

user participant à 30 minutes and are as well sound recorded. In total, 

ten sessions are completed, but five user participants per product. 

Five user participants are enough to collect enough reliable results 

because of Tom Landauer’s earlier research of number of usability 

problems found in usability tests [16]. All user participants are 

persons from the outsourcing company, from the engineering and 

sales department. The user participant reads a paper with a 

description of the task and is encouraged to speak aloud about 

thoughts toward the product system during the user observation. A 

real test object and a real product are used in all user observations 

both regarding product A and product B. The test environment is an 

office for product A and a laboratory room for product B. The idea 

behind this is to create such a realistic work situation and 

environment as possible. When the user participant says or acts if a 

certain event is problematic and has not any more ideas for how to 

proceed with the task, some guidelines from the test moderator are 

given. 

The information and the task for product A: 

Information about the test object ABB REF615: 

Type: 1-phase over current-relay 

Closing- dry contact 

PU: 0,75 A 

Time delay: 500 ms 

Serial number: IVHR91160230 

 

Do a pick up time (start) test in binary input 2 and a TRIP time test 

in binary input 3. Do the test in the main instrument and use the 

generator number 2. Do the test in advanced mode. Save the result 

in a new test file, name it to “time test” and export it to the USB. 

The information and the task for product B: 

Information about the test object: see the sign on the transformer. 

Choose configuration so that the report will be correct for the test 

object (change to “Power transformer”). Do a turn ratio test (TTR) 

for all three phases on the tap it is already set on (tap 3). Fill in all 

settings (number of taps, tap changer, nominal voltages, and test 

voltage). Do the cable connections (before the test and between 

every test phase). Do the tests with a voltage of 40 V. Make sure the 

phase deviation is in minutes, the max error is 1 % and the test 

results is shown in TTR. Save and name the test in a new file and fill 

in information about the test object. Transfer the test report on a 

USB key. 

The test is divided into the named phases; setup, settings, runtime, 

analyse and results. In every phase there are different “events” 

which the user participant should complete because of the given 

task. These events are specific steps in the interaction between the 

user participant and the system and they are observed during the 

sessions. For every event the outcome as a result is either “difficult” 

or “easy”. The distinction between the two outcomes is done by the 

test moderator and is judged based on the user participant’s reaction 

toward an event in the session. If the user participants has any 

difficulties or does not know how to continue to perform the task, 

the event is rated “difficult”. Further, if the user participant interacts 

with the product smoothly and with few frustrated comments the 

result of the event is “easy”. This distinction and rating system of 

every event is done so that the comparison between the two products 

is simpler even though they have different tasks and events in the 

user observations. The events that are in the user observations are 

listed below. Each event is written in colour that shows which test 

phase the event belongs to (setup-orange, settings-purple, runtime-

green, analyse-blue and results-red). 

Events of product A: 

1. Turn on instrument A with a click on the manual “on/off” 

button 

2. Understand where the end-user is (start in the main 

instrument) 

3. Deactivate certain parameters by a click on the button and 

notice the colour change  

4. Navigate to “home” by a click on the icon 

5. Navigate to “settings” by a click on the icon 

6. Click in a square to set “advanced mode” 

7. Navigate to “main instrument” by a click on the icon 

8. Discover the change in the “main instrument” orange 

frame 
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9. Navigate and click on the “BI” icon  

10. Understand the window (pop-up) from BI settings 

11. Choose parameters by a click on buttons and notice the 

colour change 

12. Click on the down right corner of a button “BI” to change 

a parameter 

13. Click on the green icon with a check icon to set the settings 

14. Click on the icon “ON + TIME” to test 

15. Run the test (click on the green button with check mark) 

16. Analyse the result, drag a toolbar of the top row 

17. Save by a click on the icon with a down arrow 

18. Create new file by a click on the blue icon with a paper 

19. Fill in info with keyboard (pop-up) 

20. Click on the green button (check mark) to save file 

21. Navigate to “file manager” by a click on the icon with 

several papers 

22. Choose right file in a list by scrolling with manual button 

and then with a click to mark the file 

23. Transfer file to USB key by a click on the icon with a USB 

Events of product B: 

1. Turn on instrument B with a long click on manual “on/off” 

button  

2. Navigate from “home” to “instrument” by a click on 

chosen application 

3. Navigate from “instrument” to “turn ratio” by a click on 

chosen application 

4. Change to configuration by a click on the number and then 

choose from a dropdown box 

5. Use the big keyboard to type in and change test object 

6. Change current tap and voltage parameters with the 

number keyboard (pop-up) 

7. Change nominal voltage number keyboard (pop-up) and 

observe different unit 

8. Change voltage by dropdown box 

9. Navigate to the right tap to test by scrolling down with 

finger 

10. Navigate to “settings” (understand the tool icon) 

11. Set the settings by a click on button “ok” 

12. Navigate to “schedule of connections” (understand icon 

“?”) 

13. Run the test by a click on the green button 

14. Analyse the results by scrolling down while remembering 

the parameters 

15. Save the results, navigate to save icon 

16. Navigate to “file name” 

17. Change “file name” with keyboard (pop-up) 

18. Navigate to push “ok” to save the test 

19. Navigate to icon “report” to type in more info 

20. Navigate to “save copy”  

21. Navigate to the icon of USB key (change the tab) 

22. Save the file on the USB by a click on “ok” 

23. Navigate to “loads” to see that the file is saved on the USB 

key 

3.3 Heuristic evaluations 
Heuristic evaluations are cheap and effective to perform an 

overview of the existing usability problems in the products. The 

heuristic evaluations are done in two different one hour sessions. 

The first session is with an expert of product A and the second 

session with an expert of product B. An expert in this case is a person 

in the outsourcing company that has great knowledge about either 

product A or product B. The heuristic evaluations are done from an 

expert view and therefore is one person per product chosen to 

participate. The experts in this case are two people that work close 

with the products and have great knowledge about the systems. As 

mentioned in section 2.6.2 a predefined task is essential in the 

heuristic evaluation. The tasks used for the two products are the 

same tasks as in the user observations (see section 3.2). Therefore 

are the user-interfaces in both products reviewed with the same 

events as in the user observations. All the noted usability problems 

of the experts from the sessions are documented in a table. 

4. RESULTS 
The tables and lists visualise the results from the four conducted 

interviews, the ten user observation sessions and the two heuristic 

evaluations. 

4.1 The user 
Results of the end-user regard the answers from the four interviews. 

The answers and the interview questions are converted into smaller 

texts and shown in table 1. Table 1 is an overview of each predefined 

category of an end-user. The columns from left are “question or 

aspect”, “product A, basic end-user”, “product A, advanced end-

user”, “product B, basic end-user” and “product B advanced end-

user”. Each row shows the result for each question or aspect that 

regards education, expectations, advantages, disadvantages, work 

environment and test process of the product. 
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Table 1. Results from the interviews. 

Question or aspect Product A, basic end-

user 

Product A, advanced 

end-user 

Product B, basic end-

user 

Product B, advanced 

end-user 

Who are the end- users 

(education or knowledge)? 

Technician or service 

technician. People who use 

low and medium voltage 
equipment.  

Engineers. The product is 

not made for this target 

group but for mainstream.  
If the end-user is good at 

calculate then he or she can 

use this product.  

Differs in education and 

knowledge all over the world. 

In Sweden; higher education, 
electrician or similar.   

Higher education or much 

experience. People in 

universities, for research. 

Expectations and needs of 

the product 

Quick, easy to use, cheap, 

reliable, work in the right way, 
reasonable accuracies and no 

problems with the software. 

Efficient, more help with 

test processes, evaluation of 
results and easy to use. 

Be able to perform the tests 

without any problems and 
have support of how to use the 

product. Accurate 

measurements. Easy and fast 
to use. Get help from the 

product when something is 

wrong. Get chances to redo 
tests. Few interaction steps 

that leads to mistakes. 

Same as for the basic end-

user. In addition; 
appreciate flexibility in 

the system, can work 

outside the normal 
processes, can see errors 

that are not in the standard 

measurements, 
manipulate 

voltage/current levels and 

open transparent system 
for space to do the end-

user’s own measurements. 

Advantages of the product Quick to use, easy to use, 

embedded system (not in need 
of an external PC), not too 

advanced functions and 

reasonable price. 

Can perform all expected 

tests, few limits, low cost, 
embedded system, 

calculates and generates a 

lot, easy to use, no problem 
with access to keys for 

software. 

User support in the product 

(help with cable installations, 
evaluation of data result), 

intuitive interface, fast, easy to 

learn and use, multifunctional 
product to be used from one 

test to another while using the 

same cables and easy to check 
in on the air plane. 

Same as for the basic user 

and the flexibility (manual 
control), the possibility to 

add functions and to 

decide (have control) how 
to use the product and get 

the comparability. 

Disadvantages of the 

product  

Quality issues (software and 

hardware), lack of functions in 

“test report”, too little 

performance and takes too 

long time to write with the 

touchscreen.  

No help for the end-user, 

not efficient enough, not 

made to be customized, 

poor quality and not enough 

accuracy. 

No reported problems (since 

the product is new on the 

market), but probably end- 

users will complain on the 

difficulties of the touchscreen 

and want more functions.  

Same as for the basic end-

user. 

Problems that can occur 

during test period 

Incorrect time measurements 

(in time test)  insecurity on 
the product, data result outside 

the accuracy limits, insecure 

on the connection with cables, 
dependent on the current from 

walls, could be dangerous 

when doing connections to 
current and smaller explosions 

are a risk. 

Same as for the basic end-

user.  

Forgets test equipment parts, 

broken cables, missing cables, 
transport damages, forgets to 

calibrate the product and that 

leads to wrong result data 
which leads to wrong 

recommendations to the 

customer, accidently do wrong 
cable connections or the 

hardware breaks.  

Same as for the basic end-

user. In addition; wants to 
use functions that are not 

available (perhaps higher 

current than the product is 
able to generate).  

Time to complete a test 

(time of the test process) 

The end-user has limited time 

(sometimes rents the product) 
and is pressured. Usually the 

tests take one day (depending 

factors are size of substation, 
type and size and number of 

test objects).  

Varies, half a day to one 

day. It depends on how 
advanced the test is.  

Differs and depends on test 

object. At least half a day, also 
depends on where the location 

is.  

Difficult to know, differs 

from test to test. Often 
same time as for the basic 

end-user but it takes more 

time if the tests are more 
advanced. It also depends 

if the end-user works 

alone (usually the case). 

The test process There are specific test 
protocols or standard 

protocols. 

 1. The end-user receives the 

assignment (need information 
about test objects). 

2. Transports to the 

substations with complete 

equipment (including the 
product). 

The same as for the basic 
end-user. It can differ 

depending on the test 

environment.  

1. The end-user reads the 
contract with information 

about test requirements on the 

test object.  

2. Reads old test 
documentation (often for 

comparison).  

3. Brings all necessary test 

equipment (including the 
product) to the test 

environment (usually by car).  

4. The test objects need to be 

The same as for the basic 
end-user. In addition; 

could depend on the type 

of test (perhaps in need of 
more equipment). Access 

to sky lift and other 

equipment in factories. 
The advanced end-user is 

usually not under same 

time pressure and 
dependent on product 
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3. Connects the product to test 

object and isolates. 

4. Pursues the test on all the 
test objects. 

5. Evaluates test results and 

compare with expected 

results. 

6. Saves data results as a report 
and give to customer or 

responsible person. 

off service. Isolates the test 

objects and ground.  

5. Connects test object to the 
product.  

6. Does measurements 

(usually outdoors). 

7. Does a report of data results 

and send it to customer.  

reliability as basic end-

user.  

Test environment  Substations (indoor or 

outdoor) need certain access to 
the control rooms of test 

equipment. 

Factories, offices, 

substations (commissioning 
tests, use of advanced 

applications) and 

construction environments.  

Substations and industries.  Substations, industries, 

manufacturers (in 
laboratories), fields 

(commissioning tests) and 

universities.   

Customers (who wants the 
test to be performed) 

Utility companies or 
industries. 

Owner of substations and 
high voltage networks 

(utility companies) or 

industries.  

Owner of substations, could be 
because of the customers (they 

want high delivery quality) or 

because of the insurance 
company (the owner has 

insurance on the test objects).  

Companies or specific 
customers. 

4.2 Identified usability problems from heuristic evaluations 
Usability problems identified by the experts from the heuristic evaluations are shown in table 2. Both product A and product B are in the same 

table to better be compared against each other. The empty cells under product B mean that there are no identified problems in the user-interface. 
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Table 2. Results from the heuristic evaluations. 

Heuristic number Heuristic Product A Product B 

1 Visibility of system status When the product turns on, the main 

instrument is shown. This means that the 
end-user knows where to navigate but 

not where the end-user is in the system.  

- 

2 Match between system and real world Not obvious of the possibility to activate 

and deactivate generators or different 

parameters. 

- 

3 User control and freedom Not possible to go to default (but this is 
good for the latest end-user who already 

has used the product and wants to redo 

same test). 

- 

4 Consistency and standards No standard icons for “open” and “save” 
– the icons can be misunderstood. 

When a number in the list is updated, the 
equal numbers in nominal voltage and 

tap voltage (high, low) does not change.  

5 Error prevention No error message when a too large 

number is typed in/chosen. 

Not obvious that the manual button on 

the product works also in the user-
interface. 

No information why the “hold” button is 

not marked. 

- 

6 Recognition rather than recall No menu view of binary settings (BI). - 

7 Flexibility and efficiency of use No guide for novice end-user. - 

8 Aesthetic and minimalist design The user-interface has more information 

than needed for the task given in the 

evaluation. 

Keyboard covers half of the user-

interface so the drop down list of test 

objects cannot be seen. 

Unnecessary information when tap 1 is 
used (middle part of the user-interface is 

not needed for the test).  

9 Help users recognise, diagnose and 

recover from errors 

No suggestion for solutions when error 

messages occur. 

A result is shown on “TRIP” even when 

an error is done (for example forget to 
press “ON+TIME”).  

- 

10 Help and documentation  No access to a manual. 

4.3 Findings from user observations  
Results from the user observations are shown below in four individual graphs. The first two graphs visualise the events that are rated to 

“difficult” for product A and product B. Graph 4 and 5 show the result of “easy” events in product A and product B. To the right of the graph 

is a list of the events that are visualised as different colours in the bars for each different test phase on the x-axis. On the y-axis the reported 

“difficult” events present the numbers. An event can maximum have the number five since there are five user participants per product and per 

event. Each test phase has not equal amount of events. Test phases “settings” and “results” include more events than the other test phases in 

both products.
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Graph 3 
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5. DISCUSSION 
The purpose of this study has been to investigate if it is possible to 

develop a common user-interface design for smart electrical testing 

and diagnostic devices. This implies to appearance and navigation 

structure in the products in question, despite their differences in area 

of use. In addition, another purpose has been to identify the usability 

problems since a central goal is to design recognisable and easy to 

use products. Recognition between the products entails a feeling of 

belonging to the same company and result in easier to learn products. 

5.1 Discussion of the results 
As stated in section 1.3, the main research question is as follows; 

Is it possible to design a homogenous navigation structure in 

electrical testing and diagnostic devices for different end-user 

types? 

In the attempt to answer this question, three issues have been 

addressed. The first question is; 

- Who are the typical end-users and what background do 

they have (both basic and advanced end-users)? 

The typical end-users, regarding both basic and advanced, have 

certain expectations and needs from the products. As the results in 

Table 1 show, the products should be easy and fast to use, give 

accurate measurements and have reliable software and hardware. 

The results also show that the definition of an end-user differs 

around the world. Although, the result regard mainly Swedish end-

users because of the limitations of this study. In Sweden the basic 

end-user is mostly an educated electrician or technician, and the 

advanced end-user is often an engineer or another person with higher 

education. They use the products either in outdoor environments as 

substations or indoors in utility companies. The test process differs 

as well from end-user to end-user and between basic and advanced 

depending on the measurement test. 

The complexity of the electrical supply industry and its 

measurement equipment makes it difficult to give only one 

description of a typical end-user in the two categories basic and 

advanced. Also the relationship between the end-user and the 

products are more complex to map. However, there are some 

important findings about the end-users. 

The end-users’ expectations are important to meet, but the products 

are most often used in environments with tough operating conditions 

so there is an additional demand on the products to perform well. 

Additionally, there are several aspects that has not been included in 

the study as the safety operating the products. This means that all 

the factors around end-user testing with the products needs to be in 

focus. The end-users that are discussed are Swedish and this is 

another difficulty to decide who the typical end-users are. Although, 

findings from results could certainly be applied on other countries’ 

end-users. In order to obtain a more complete and adequate 

description, there is a need for more investigation and personal 

meetings with the real end-users in their different work 

environments. 

The second question is; 

- Which are the main usability problems in the two 

products? 

Some of the most crucial usability problems with the user-interface 

of product A are; visibility of system status upon power on the 

product, settings, how to activate and deactivate certain parameters, 

poor consistency against standards to mention a few. See table 2. 

For product B some known design issues covering most of the 

“difficult” events in the study. From the evaluation it seems that 

product A has more usability problems than product B. Those were 

easier for product A to be answered because of longer market 

exposure, hence longer end-user feed-back. 

The third question is; 

- How should the informational architecture and navigation 

be structured to be as easy to use as possible? 

The overview pictures (see figure 3 and 4) of the two products A 

and B show that they have quite similar navigation architecture. 

Even so, the outcome of the user observations show that the 

navigation events differ between the two products. See graphs 1 – 4. 

The events that work well according to the user observations for 

product A are;  

- Navigate to “home” by a click on the icon  

- Navigate to “settings” by a click on the icon 

- Push in a square to set “advanced mode” 

- Run the test (click on the green button with check mark) 

- Create new file by a click on the blue icon with a paper 

- Navigate to “file manager” by a click on the icon with 

several papers 

- Transfer it to USB key by a click on the icon with a USB 

The events that work well according to the user observations for 

product B are; 

- Navigate from “home” to “instrument” by a click on 

chosen application 

- Navigate from “instrument” to “turn ratio” by a click on 

chosen application 

- Change to configuration by clicking on the number and 

then choose from a dropdown box 

- Change current tap and voltage parameters by using the 

number keyboard (pop-up) 

- Change voltage by the dropdown box 

- Set the settings by a click on button “ok” 

- Run the test by a click on the green button 

- Save the results, navigate to save icon 

- Change “file name” by using keyboard (pop-up) 

Even if the architecture of product A and B are similar, the icons and 

the navigation structures are very different. Design “usable” 

products is difficult, this is clear according to this study. Finally, it 

is difficult to compare the two products against each other when it 

comes to the navigation events, since the two products are 

completely different and measures different test objects. Even sough 

the results indicate what are problematic in the navigation in the two 

products and what actually works as easy navigation events. 

A navigation structures that worked well in the both products were 

“run the test”. The user needed to push a green button to succeed the 

task, see Figure 5 and Figure 6. 
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Figure 5. “Run” button in A. Figure 6. “Run” button in B. 

Understand the icon “home” worked well in both products, even 

though the icons looks dissimilar in product A and B. 

  

Figure 7. “Home” button in A. Figure 8. “Home” button in B. 

The “save” icon is very different from each other in the two 

products. Both icons worked, but the icon in product B was easier 

for the users to understand. 

  

Figure 9. Save button in A. Figure 10. Save button in B. 

The two pictures below, picture 11 and 12, show the ”start page” for 

the two products. It was easier for the users in product B to 

understand where to go next and that the user was in ”home”. The 

users in proudct A had more difficulites to understand where in the 

system they were and which possibilites there were to navigate 

furhter in the system.  

  

Figure 11. “Start” page in A. Figure 12. “Start” page in B. 

To change settings in the two products looks and works very 

different. In product A, navigation with settings was with popup 

windows and activate or deactivate ceratin buttons. Settings in 

prodcut B was changed by mostly dropdown menus that was easier 

for the user to navigate throw than settings in product A. 

  

Figure 13. Product A. Figure 14. Product B. 

The keyboard in product A were more problematic for the users to 

use and understand then the keyboard in prodcut B. This may be 

because the keyboard in product B was bigger and better designed 

letters and buttons. Another reason for the success in product B’s 

keyboard use was the faster interaction when the users touched the 

buttons. The keyboard in product A did not react fast on the users 

touches on the keyboard which made the users frustrated.  

  

Figure 15. Keyboard in A. Figure 16. Keyboard in B. 

The buttons of ”USB key” was very different to design in the two 

products. Another difference is that in product B, it was a descripiton 

under the button with the word ”DISK_IMG”. This made the users 

more confused than in product A since there were two choises for 

the users. The icon in product A was better understood than in prouct 

B. The USB key is shown in two different angles in the two 

products, and the one in product A was easier for the users to 

understand.   

  

Figure 17. USB button in A. Figure 18. USB button in B. 

The shown and compared icons and navigations structures above, 

show that the design in product A and product B is different. 

However, it is clear that some icons works better than others in the 

comparisions and that it could increase the feeling of recognintion 

between the products if the designed icons were the same. Another 

intresting point is that the colours, type of figures, shadows and fonts 

differs between the icons and navigation structures in product A and 

B. This is probable other factors that can change the feeling of 

recognition. A suggestion for a higher level of recognition is to use 

the same design in the navigaion structures and icons in the products. 

These chagnes could seem trivial, but it would probably make the 

users less confused it they used different products. 

Returning to the research question (see section 1.3), no straight 

forward answer can be given after this study how to design the 

common user-interface. This is due to the complexity of the problem 

as well as the lack of further and deeper usability tests on actual end-

users and in real work environments. The results of this study should 

be seen as inspiration to new design ideas and what already works 

rather than a guarantee that the products works or not works from a 

usability view. 

5.2 Discussion of the methods  
Many different factors could have significate influences on the 

results in comparison to field studies results with “real” end-users. 

In the interviews the outcome would probably be different if the 

interviewees were “real” end-users and as well the number of 

interviewees. How and which questions asked in the interviews 

could possibly have made an impact on the answers. To obtain 

opinions and thoughts from a broader audience, a questionnaire 

could have been more appropriate. 

For example, reaction upon errors and how to recover from them are 

handled (not included in this study) impact on result. Another 

important presumption to consider aligning on the results is that the 

user participants do not have the exact same experience as real end-

users or each other. The user observations only had people from the 

company that did not have much knowledge about the user-interface 

of the products. The number of user participants could also be a 

factor to unreliable results. Even though, there is earlier research that 

shows that five user participants gives reliable results in these kind 
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of user observations [16]. Since test environments are not real test 

environments, this could also impact the results. The rating of an 

event as “easy” or “difficult” is rather definite. This makes it 

difficult to tell if an event is less difficult or easy as another event 

that has the same rating. 

The experts in the heuristic evaluations, can also be very prejudiced 

since they work really close with the products and consequently be 

“blind” regarding usability issues. As well as the number of experts 

is questionable for adequate results. There are two experts in the 

evaluations due to time constrains of this project. The ten heuristics 

are quite general to be able to test different systems, therefore may 

some of the principles not be so relevant for product A and B. The 

predefined task does not cover the whole system in product A and B 

so the results could only fit that only predefined task and not the 

whole product. 

The importance to use several methods in human-computer 

interaction studies is worth to mention as well. The end-user can say 

a certain opinion about a system and in the actual usability tests do 

something else. This is why it is important to include several 

usability methods to cover both wishes and behaviours of the user. 

Although, one thing to always keep in mind is that testing is always 

an artificial situation. To truly validate all results, a control group is 

needed. This means that the same tests are done the same way but 

with a new group of test participants. In that way it is easier to see if 

the result is reliable or not. [4] Due to the format of this study, there 

were not enough of time and resources to perform this. Nevertheless, 

the results show a direction and gives a certain insight in the 

problematics and what the typical end-users (both basic and 

advanced) think about the products. 

5.3 The study from an embedded system 

perspective 
In industry, the development of embedded systems are getting more 

and more focused on the usability aspects of a product. To keep 

existing and gain new customers for a company it is important to 

have the end-users central in the product development [8]. Since the 

technology is smart electrical testing and diagnostic devices is very 

important as well, it should be a focus on the relationship between 

the end-user and the product. 

In the manufacturing industry, changes of platforms are not too 

uncommon today and probably will happen more often as new 

development tends to go in this direction. This study has shown that 

integrate usability thinking into the organisation is something that 

could make the process from an idea to a complete product smarter. 

The company of this study could have advantages of usability 

processes and tests. Since satisfied end-users often tell and advertise 

to other potential customers. This phenome is often called word of 

mouth marketing [17]. 

5.4 Future research 
It would be interesting to do further research that includes more 

products and “real” end-users. Another suggestion for future 

research is to investigate how end-users recover from errors in the 

system.  Recover from errors in the user-interface is a part of 

designing user-interface and navigation structure and therefore 

should usability tests be done that regard error messages. Further, it 

would be useful to investigate navigation structure problems with 

other usability test methods and compare those methods (and their 

results) against the methods and results shown in this paper. 

6. CONCLUSION 
The study shows that it is very difficult to get a straight forward 

answer to the research question; 

Is it possible to design a homogenous navigation structure in 

electrical testing and diagnostic devices for different end-user 

types? 

The reasons therefore are many, one major reason is that people act 

and think different due to age and experience to mention a few 

factors. Additionally, there are many different aspects to take into 

account when design a user-interface. Although, this study could 

give a substantial input and information towards a common user-

interface platform and this could act as guidelines for the 

development of products. Despite the fact that the test participants 

in this study are from engineering and sales department within the 

company and rather familiar to the products, they still encountered 

problems in the different usability tests. 

From the results it is clear that both product A and product B have 

their most challenging part in the test phases “Settings” and 

“Results”. In the same test phases, both products also have good 

navigation events. The end-users regarding both basic and 

advanced, have many expectations and needs from the product, and 

one of them is that a product is easy to use. 

Even if the study was limited and conducted with user participants 

from the company, the results could ultimately be a good input for 

improvements. The answer to the question above should definitely 

be that it is most possible to use these or similar tests to design a 

homogenous and sustainable informational architecture and 

navigation structure in electrical testing and diagnostic devices for 

different end- user types. 
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