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Abstrakt 

 

Nuvarande datorbaserade medicinska system som används inom hälsovård, såsom 

analysprogram, har utvecklats vilket har lagt fokus på att skapa användargränssnitt baserade 

på kognitiva teorier, för att förbättra användbarheten för slutanvändaren. Vilka kognitiva 

vetenskapsteorier kan appliceras på gränssnitt för analysprogram, med inriktning på en 

sökfunktion av data, inställningarna för initiala parametrar och visuell representation av data 

(i denna studie, program specifikt för rörelsedetektering) för att optimera användbarheten för 

slutanvändare? Denna studie har totalt 8 deltagare, som genomgick 2 utvärderingar av 

MoLabTM, ett analysprogram. Utvärderingen bestod av en observationsstudie följd av en 

semistrukturerad intervju, bestående av 10 frågor. Efter den första utvärderingen 

sammanställdes problemen, varpå 10 riktlinjer skapades baserat på flertal kognitiva 

vetenskapsteorier. Riktlinjerna användes för att reformera analysprogrammets nuvarande 

utformning och skapa en prototyp. Prototypen utvärderades senare av 5 av de tidigare 

deltagarna, vilket visade en ansenlig förbättring av analysprogrammets användbarhet. Efteråt 

skapades en high-fidelity prototyp. Resultaten av denna studie visar att användningen av 

kognitiva vetenskapsteorier i analysprogrammen (med inriktning på sökfunktion av data, 

inställningar av initiala parametrar och visuell representation av data) i form av riktlinjer 

optimerar användbarheten för slutanvändaren. Vid vidare forskning kan andra delar av 

analysprogram eller andra program undersökas med hjälp av de alstrade kognitiva 

riktlinjerna, för att studera om det optimerar användbarheten för slutanvändaren. 

 Nyckelord: Kognitionsvetenskapliga teorier, analysprogram, användbarhet, 

användarvänligt gränssnitt. 

Abstract 

 

Current computer-based medical systems used in health care, such as analysis programs, has 

evolved which has redirected the focus to creating user-interfaces based on cognitive 

theories, to enhance the usability for the end-user. Which cognitive science theories can be 

applied to interfaces of analysis programs, focusing on a search function of data, the settings 

of initial parameters and visual representation of data (in this study, programs specifically for 

motion detection) to optimize the usability for the end-user? This study has a total of 8 

participants, who underwent 2 evaluations of MoLabTM, an analysis program. The evaluation 

consisted of an observation study followed by a semi-structured interview, consisting of 10 

questions. After the first evaluation, the problems were compiled, hence 10 guidelines were 

raised based on numerous cognitive science theories. The guidelines were used to reform the 

current design of the analysis program and create a low-fidelity prototype. The low-fidelity 

prototype was later evaluated by 5 of the previous participants, which showed an experienced 

improvement of the usability of the analysis program. Afterwards a high-fidelity prototype 

was created. The results of this study show that by using cognitive science theories in 

analysis programs (focusing on search function of data, settings of initial parameters and 

visual representation of data), in the form of guidelines, optimizes the usability for the end-

user. In further research, other parts of analysis programs or other programs can be 

investigated using the raised cognitive guidelines, to study if it optimizes the usability for the 

end-user. 
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Reformation of a user-interface from a cognitive science perspective  

 

The technical development of computer-based medical systems has evolved (Reid, 

Compton, Grossman & Fanjiang, 2005) as well as design research (Forlizzi, Stolterman & 

Zimmerman, 2009) which has redirected the focus to create user-interfaces based on 

cognitive science theories to create user-friendly design (Patel & Kushniruk, 1998). Prior 

usability studies of computer-based medical systems have discovered several usability issues, 

in which the interface layout and navigation were the most problematic areas of the system 

(Shyr, Kushniruk & Wasserman, 2014) and (Karsh & Alper, 2005) investigated an analysis 

software for clinical use and studied numerous steps of the software. They found several 

problems in each step of the system such as the search function of data, the settings for initial 

parameters and the visual representation of the data. In this study the authors concluded that 

the usability issues they found in their study were due, among other things, to not creating a 

system for the explicit and for the relevant end-user, specifically for the studied program. 

 Design of interfaces based on cognitive aspects increases the end-user’s 

comprehension of the product’s obligations and its limitations. This amplified understanding, 

results in that the end-user perceives the interface more intuitive, and hence more acceptable 

(Tang & Patel, 1994). A design whose process interacts in parallel with the user’s mindset, 

generates a simplified use of the end-product, enhanced learning as well as increased 

credibility (Coll & Coll, 1989). People who work with designing interfaces and who possess 

a thorough understanding and knowledge about people’s cognitive abilities, and can apply 

scientific perspectives on design, results in computer-based medical systems being developed 

into design that reforms and benefits the end-users cognitive abilities (Patel & Kushniruk, 

1998). 

An approach for achieving an intuitive, easy-to-learn interface, easy to remember, and 

efficient use without any problems, is to use a user-centred design (Stanziola et al., 2015). 

This design process means that users are constantly in focus and the design solutions are 

based on their evaluations, which are constructed on an iterative process. Implementation of 

user-centered design in computer-based medical systems has shown that end-users 

experienced an incremental improvement (Stanziola et al., 2015). This perceived 

improvement is the result of an increased understanding of the end users’ context (Wong, 

Turner & Yee, 2013). Evaluation consisting of several participants delivers better results than 

by executing the evaluation of a single person. Studies have shown difficulties and not 

reliable results with evaluations only consisting of one person (Nielsen & Molich, 1990), thus 

a user-centered approach is considered better than a single person executing reforms. 

 Although there is no unifying theory of design where the best theory is composed and 

used ubiquitous, there are several similarities between various design methods and between 

different designers. This makes design research difficult since the design process turns out 

differently for every type of creation. Despite this, a study by Forlizzi, Zimmerman and 

Stolterman (2009), shows a common element in various design research, the theoretical 

contribution to the research. Several designers in the study had equal thoughts about 

theoretical contributions, and all of them found that these contributions were of importance 

and were used during the design research. Some of the theoretical contributions used in 
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design are grounded on cognitive science and are based on the model of work memory, 

theories of two-way coding and cognitive load (Wang & Shen, 2012). 

There are several specific types of computer-based medical systems used in 

healthcare, one of these are analysis programs for bodily mobility (Bamberg et al., 2008), 

(Wang, Tan, Hu & Ning, 2003). In such systems, pedestrian movement is measured, which is 

an important aspect of the specific care for patients with reduced mobility. These programs 

can be essential for diagnosis and rehabilitation. There are several variations in how motion 

measurement is practiced, and today it may involve gathering qualitative data through patient 

observation or assemblage of quantitative data in advanced lab environments. A commonly 

used system of advanced measurement is optical motion analysis, which involves the use of 

high-speed cameras that film the body’s motion process, creating a three-dimensional 

projection (Karaulova, Hall & Marshall, 2002). These systems require larger survey 

environments and high-performance signal measurement devices, which means that the 

systems are complex and expensive (Lui, Inoue & Shibata, 2009). Thus, there is a demand for 

new useful and portable systems that can provide quantitative data. 

University Hospital of Umeå, department of Biomedical Engineering, R&D (MT-

FoU), operates research, education and development. They are involved in the realization and 

development of technical tools in medicine. The department has developed an alternative and 

portable motion measurement system, MoLabTM, which was started by a company about 

innovation. This system consists of a measurement program and an analysis program that 

enables analysis of input data. 

The purpose of this study is to evaluate the analysis program, MoLabTM, through a 

user-centered perspective and apply cognitive aspects - focusing on the general common 

parameters in analysis programs - to create an innovative design for the current interface of 

MoLabTM. The aim is to redesign the user-interface so that the end product will be 

experienced more efficient and user-friendly for the end-users. By using a cognitive science 

perspective, theoretical contributions will arise, which can be used during design research by 

several designers, despite the fact that there is no unifying theory of design. Theoretical 

contributions are a common element used by designers (Forlizzi, Zimmerman & Stolterman, 

2009), hence these cognitive theoretical contributions can be converted as merged cognitive 

theories for designers to use during design research.  When examining a specific system, the 

results relate primarily to the specifically investigated system. The results can, however, be 

used as a basis for similar systems, which must then be further investigated.  

 Our research question is: which cognitive science theories can be applied to interfaces 

of analysis programs, focusing on search function of data, the settings of initial parameters 

and visual representation of data (in this case, programs specifically for motion capture) to 

optimize the usability for the end-user? 

 

Method 

 

Participants 

 

A total of 8 people participated (1 woman, 7 men). Due to the functions, terms and 

data used in MoLabTM, desired participants were people that possess knowledge about 
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kinematics. Two of the participants were considered as creators and expert users of the 

original software MoLabTM. The rest of the participants were current students and former 

students of physiotherapy and occupational therapy, 4 of them studied physiotherapy and 2 of 

them studied occupational therapy.  

 

Instrument and material 

 

Obs-Studio was a program used to record sound and capture screen interaction of the 

computer that the participants were using during the observation test. The participants 

interactions with MoLabTM and their comments during the act were therefore recorded and 

stored. There was also a semi-structured interview at the end of the observation test, with a 

total of 10 questions regarding the participants experience of MoLabTM (see Appendix A to 

review the interview questions). The observation test and the semistructured interview were 

performed individually on the students at Umeå University in a booked group room. The 

expert users were tested individually in a group room at MT-FoU. The material for this study 

is also MoLabTM, which will be demonstrated below. During the second evaluation the expert 

users were excluded. 

System description. To gain knowledge about the system before the evaluation, a 

walk-through of this program was executed with an expert user. A user manual was also 

given to read to comprehend some of the functions that were not mentioned during the walk-

through. After reading the manual that describes the software and its functions, and the walk-

through with the expert user, a system description was made. The system description gave an 

improved overall picture of the software and its functions. It also gave an overview of how 

the various components of the system are connected (Figure 1).  
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Figure 1. Overview of the MoLabTM.  

 

Home is the start page of the program (Figure 2), where the user can choose between 

four different options to analyze data. Open measurement is the relevant option for this study. 

When the open measurement function is chosen, the search function appears (Figure 3). This 

enables the user to search for a specific person’s data by entering first name, last name, id, 

birth date, protocol and observation date. When the desired data is chosen, the user is 

supposed to continue by clicking the button “Open”.  
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Figure 2. The home page. 

 

 
Figure 3.  The search function with two protocols for the user to choose between. 

 

 After choosing the desired data, the analysis page appears (Figure 4). Neither the 

graph nor the skeleton appears on this page. The graph is supposed to show the data in the 

form of wavelengths and the skeleton is supposed to show the movement of the measured 

data. To use the script function, the user is supposed to click on the checkbox of Rep 1. After 

the repetition is chosen, a pop-up window appears with several scripts (Figure 5). If the user 

clicks on the repetition text, it will be highlighted with a blue color which indicates that the 

user can use the data on the skeleton, by clicking on play. Then the skeleton will appear and 

move according to the data. After a script is chosen, a preview comes into sight (Figure 6). 

This preview provides information about the chosen data. After the review the user is 
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supposed to click “Close” or “Abort” if an error appears.  

 

 
Figure 4. The first view of the analysis page, with the control panel to the right. 

 

 
Figure 5. The different choices of scripts for the user to choose between. 
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Figure 6. The preview of the script. 

 

 After the preview, the user is encountered with several functions in the lower menu 

(Figure 7). The user is then supposed to right-click on the button “processed” in the data 

processing menu, and thereafter choose “Plot” to plot the processed data. The user can also 

choose to plot specific body segments. After the selected segments are plotted, the user gets 

an overview of the graph and the skeleton (Figure 8).  

 

 
Figure 7. All the functions are shown in the lower menu.  
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Figure 8. The overview of the chosen data, in the form of a graph and a skeleton. 

 

 To get a report of the data, the user selects “Report” in the panel to the right, 

thereafter a pop-up window appears, in which the user finds the various options of different 

reports (Figure 9). After a specific report is chosen, the user gets the desired report in a new 

window, which can be saved or printed out (Figure 10). After the user has done its task and 

saved the report of the current showing data, the user is supposed to click on the button 

“Finish” in the right panel (Figure 11). Thereafter the user will end up at the home page 

again.   

 

 
Figure 9. The pop-up window for report, with 5 different options to choose between. 
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Figure 10. An overview of a chosen report, which can be scrolled. 

 

 
Figure 11. The finish button in the panel on the right side of the interface. 

 

Procedure 

 

To recruit participants with no prior experience with the MoLabTM, but who possess 

knowledge of kinematics, several university lecturers at the department of social medicine 

and rehabilitation were contacted. Supplementary participants with no experience of 

MoLabTM, but with knowledge of kinematics were recruited as private contacts by email 

communication. The client of this project was contacted, as well as his coworker, to recruit 

some expert users of this program. The client and his coworker were considered as expert 

users since they both had worked with the programming and the development of the program. 



12 

 

After the recruitment was completed, the participants were going to test the analysis 

program, individually, by being given a task. This task intended the participant to open a file 

with existing data of recorded movement to analyze it, and thereafter the participant had to 

print out a report of the produced data. The participant had also been given the requirement to 

use the “think-loud” method, whilst they navigated around the analysis program. This gave 

information about their current thoughts and opinions about the program. After the 

participants completed their given task, they were initially asked 10 questions, in the form of 

a semi-structured interview, about their thoughts and the overall experience of MoLabTM.   

Through the collected data, all of the problem areas of the program were compiled, 

with a particular focus on all the experienced difficulties with the search-function of data, 

settings of initial parameters and the visual presentation of the data. By the compilation, 

numerous guidelines were raised, the guidelines were based on literature search and involved 

several cognitive theories about perception, learning, memory and how the human brain 

interprets information. Based on the developed cognitive guidelines, a prototype was made. 

The prototype was then evaluated by 5 of the former non-expert participants, they were given 

the same tasks as their first evaluation and were supplemented with the same 10 questions, in 

the form of a semi-structured interview, as before. 

After the evaluation of the first prototype, a final prototype was developed, based on 

all of the individual participants experiences and opinions of it and according to the 

previously drafted cognitive guidelines. 

 

Results 

 

After the first evaluation of the current version of MoLabTM, a compilation was made 

based on the assessment with both the inexperienced participants and the expert users (see 

Appendix B for more information about the compiled issues). The following issues were 

discovered: 

 

● The data of the chosen person in the search function did not appear on the analysis 

page. The data only becomes visible once the user chooses which repetition and script 

they want to view. After they have chosen repetition and script they must also plot the 

processed data. This procedure was considered confusing for the inexperienced 

participants since they did not understand whether there exist data for the chosen 

person or not. 

● The function where the user should choose which repetitions to view was poorly 

constructed. The participants in the evaluation had difficulties understanding the 

difference between the possibility to mark the checkboxes next to the repetition 

options and the option to highlight the text on the different repetitions by clicking on 

the text so it became blue.  Several of the participants had also difficulties 

understanding the abbreviations of terms such as “rep 1”. 

● The participants found the skeleton confusing since it had no function when clicking 

on it, yet the skeleton segments that were clicked on, were highlighted in an orange 

color which the participants initially thought meant that the highlighted segments 

were directly plotted in the graph. 
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● The button for the graph settings was hard for the participants to comprehend because 

it only appeared as a white square and did not implicate a button for graph settings. It 

was also difficult for the participants to understand how to zoom in to and out of the 

graph since that function did not have any buttons. 

● The preview-window when the participants had chosen a script was considered 

unnecessary and confusing. The inexperienced participants did not understand what 

the preview intended, several of them thought they had done something wrong and 

did not know where to click to continue the task. 

● The inexperienced participants had difficulties knowing what steps to take in which 

order. They did not know which of the functions to choose first to get the chosen data. 

Since all the functions did not have a description nor a user manual, the inexperienced 

participants had to guess throughout the process, this lead to some of them not 

fulfilling the given task. 

● The function and the term “script” were problematic for the inexperienced 

participants to understand since none of them had used that word before, therefore, 

the participants did not know what the term and function implicated. 

● The functions in the processed data-menu was hard for the participants to understand 

since there were many unfamiliar terms used. The participants did not detect that 

these functions were clickable. This was considered problematic since the processed-

button laid amongst these functions and was the function where the user is supposed 

to choose specific body segments to be plotted in the graph. 

● The participants did not find a function that was able to reset the chosen parameters. 

This meant they had to restart and repeat the entire process, which they found 

problematic. 

 

The guidelines 

Based on the compilation of the first evaluation, 10 guidelines were raised. Using 

guidelines while designing an interface provides the end-user a more sufficient experience, 

with less errors, and thus more appreciation. Composed guidelines should, however, be 

conducted in a simple and compressed manner (Molich & Nielsen, 1990), to prevent 

difficulties for the designer to apply several guidelines while designing an user-interface. The 

assembled problems found in the first evaluation became the basis for the literature search to 

find relevant cognitive science theories to solve the discovered problems. To find relevant 

cognitive science theories to solve the found issues, the issues were complied. Thereafter 

parallels were drawn between the issues, to see if some of the issues had similar basic 

problems. These problems were later studied to see which cognitive problems they related to, 

such as attention problems, memory problems and problems within the visual field. When all 

the issues were connected to cognitive problems, a literature research was made, to find out 

how to solve the cognitive difficulties the users had experienced, based on the found theories 

all of the cognitive problems were solved, and hence the issues found in the first evaluation.  

 The guidelines provide solutions for several of the discovered issues, and can 

therefore be applied in various situations.   

1. Grouping components - To optimize the user’s understanding of which information is 

linked to each other, the analysis program should contain organized and grouped 



14 

 

information which express the relationship between different information outputs 

(Ware, 2012). 

2. Placement of text and images - People can quickly identify text that is displayed in 

their right visual field, due to the left hemisphere that is associated with analytic 

processing and linguistics, hence the text in an analysis program should appear on the 

right side of the interface. Images, on the contrary, should be placed on the left side of 

the interface due to the human brain which quickly identifies images in the left visual 

field, as a result of the right hemisphere that is associated with perceptual and spatial 

processing (Durrani & Durrani, 2009). 

3. Familiar symbols - Usage of familiar symbols can make the user recognize and 

associate the symbol on the interface to already prior knowledge, and therefore get an 

understanding of what the object’s function is (Dillion, 2003) (Ware, 2012). 

Therefore, using this guideline in analysis programs can make the user of the program 

understand the function more accurately. 

4. Pop-out effect -  To achieve a pop-out effect that catches the user’s attention, the 

usage of special characteristics of an object can be effective, like color or shape 

(Duncan & Humphreys, 1989). In analysis programs, colors and shapes can be an 

effective way of getting the attention of the user and antagonize the error of a user not 

perceiving the necessary information. This is achieved by making the information, 

icons and buttons distinctive with a particular feature against a neutral background 

which makes it easily recognizable for the visual system. 

5. Working memory – Only a few components can be recalled by the working memory 

(Baddeley, 1992); hence all the chosen parameters should be kept visible for the user. 

This to avoid the confusion and memory loss of what data and methods the user has 

chosen during the session with the analysis software. 

6. Cognitive load theory – A person can process a limited amount of information 

(Merrienboer & Sweller 2005). Since the user is focused on several tasks whilst 

analyzing data, such as problem solving and learning the data, the information in the 

user interface should not be overwhelming for the user to interpret. Therefore, the 

analysis program should contain several functions that the program is able to perform, 

to focus the user on one task at the time. 

7. Usage of acquainted terms to enhance learning – It is easier for a person to 

comprehend new information and learn new tasks by drawing parallels to their 

knowledge of the world (Grace-Martin, 2001). Thus, the usage of terms in analysis 

programs should be referred to the common knowledge of terms and not new terms 

that are difficult for the user to comprehend, this will enhance the learning for the 

user, and increase their comprehension of the software. 

8. Familiarity of the software – People tend to enjoy and recognize familiar effects 

(Zajonc, 2001); hence the analysis program should contain familiar actions and 

functions as they have a tendency to remind people of similar actions they use in their 

daily technology. 

9. Consistent explanation of functions – Functions with no explanations can prime 

people to acquire the meaning of the function inaccurately (Sorden, 2005). This false 
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knowledge can lead people to use the analysis program improperly, which results in 

inefficient effort and incorrect comprehension of the function. 

10. Excluding inessential information – People learn and comprehend ongoing 

information better if inessential information is excluded, since they do not get 

distracted by the extraneous information and therefore the focus is only directed to 

process the relevant information for the current task (Mayer, Griffith, Jurkowitz & 

Rothman 2008). Thus, the analysis programs should not contain inessential 

information, in the form of a pop-out window or buttons, that can distract the user. 

 

The low-fidelity prototype 

 

 Following the compilation of the cognitive guidelines, a low-fidelity prototype was 

made, based on the assortment of all the found issues in the first evaluation, and the 

conceived guidelines. The low-fidelity prototype was made digitally to transform the 

concepts of the guidelines into interactive, visual design, excluding the aesthetic part of the 

design. The prototype only consists of interaction between the key elements of this project. 

This section will bring forth all the parts of the low-fidelity prototype and the applied 

guidelines.  

 The start page of the program (Figure 12) consists of three options, where 

unnecessary information has been removed, such as the home-button and the top menu from 

the previous interface. This removal of unnecessary information is according to the guideline 

“Excluding inessential information”, since the removed objects were not considered essential. 

The top menu has been replaced with a menu with only essential options for the user. The 

three respective options on the start page consists of, beside the text, an icon which refers to 

the text of each option. This adjustment refers to “Familiar symbols” in the guidelines and 

facilitates the comprehension of the option, to expedite the process. 
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Figure 12. The start page of the low-fidelity prototype.   

 

The search function of the low-fidelity prototype (Figure 13) consists of different 

input-fields where the user is supposed to fill in first name, last name, birth date of, etc. The 

design of the search function refers to the guideline “Grouping components”, which places 

the input-fields and the representation of the requested data near each other. This grouping of 

components simplifies the view and understanding of the relationship between information.  

 

 
Figure 13. The search function where the user chooses data. 

 

The analysis page of the low-fidelity prototype (Figure 14) consists of a control panel 

to the right, and a menu. To the left the graph appears, and the skeleton, both of them appear 
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as soon as the user opens the analysis page. The top menu from the two previous pages is 

located above the main operation.  

The guideline “Grouping components” refers to all the changes and replacements of 

objects in this design. The skeleton has been moved to the left, with associated buttons. The 

buttons consist of an icon, beside the descriptive text, to easily describe the action of the 

function, such as the play-button and the stop-button, which refers to “Familiar symbols” in 

the guidelines. The placement of the graph, in the middle and the control panel to the right 

and the lower menu also refers to “Grouping components”, since they are associated to each 

other. According to the guideline “Placement of text and images” the text should be placed on 

the right side of the interface, and the images on the opposite side, hence the replacement of 

the images and the text.  

The buttons above the graph attribute the possibility to zoom in to and out of the 

graph, and to set the scene for the graph. The icon chosen for this kind of action refer to the 

guideline “Familiar symbols”, which helps the user to understand the action of the button.  

 The control panel consists of 6 different functions, represented by an icon, refer to 

“Familiar symbols” in the guidelines, and an instructive text beside each function. This is 

according to the guideline “Consistent explanation of functions”, which facilitates the users 

understanding of each function and therefore improves the overall experience of the program. 

The relevant information for the functions is placed next to each other according to 

“Grouping components”, which helps the user to comprehend what information is associated 

to which function in the control panel, and what steps to make in which order.  

 The lower menu on the analysis page consists of three different operations, where the 

user can see the chosen parameters, choose between advanced settings and to write notes.  

 

Figure 14. The analysis page, with the graph to the right and skeleton to the left. 

 

 The pop-up window (Figure 15) gives the user the opportunity to choose which 
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method to analyze. The pop-out effect, in the shape of a window gives the user a specific task 

to focus on which refers to “Cognitive load theory” and “Pop-out effect” according to the 

guidelines. This action also refers to recognizable methods of working with other programs, 

according to “Familiarity of the software”, with a pop-up window, the red cancel-button and 

an apply-button. The choice of a red cancel-button is according to the “Pop-out effect” as red 

is a distinguishing color to the colors of the other buttons.   

 The window is divided into two sections, the top section enables the user to choose 

between the two regular analysis methods, with a description next to the buttons. The 

description text is written according to “Usage of acquainted terms to enhance learning” and 

“Consistent explanation of functions”, which enables the user a greater understanding of the 

terms and the functions. The second section is aimed for advanced analysis methods. The two 

sections are divided in order two group them as two separate operations which is according to 

the guideline “Grouping components”. 

 

 

Figure 15. The window where the user can choose between 6 options and thereafter click on 

apply. 

 

 The analyse body segments function enables the user to choose which body segment 

to analyze and plot (Figure 16). This pop-up window has a familiar constitution as the 

analysis method refers to the same above-mentioned guidelines. This window is divided into 

two sections in which the section above gives the user the opportunity to plot all of the body 

segments, with a description next to it. The section below enables the user to choose 

segments individually by clicking on the button “Joint angle” for example. When the user 

clicks on one of those functions a new pop-up window appears. This window consists of the 

same foundation as the “Analyze body segments” and enables the user to choose from all 
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available segments of the chosen angle (Figure 17). The window is constructed with 

checkboxes for each individual segment, and a button which marks all the checkboxes. This 

is referred to the guideline “Familiarity of software” and attribute to several current programs 

which enables the user to mark all checkboxes by clicking on one button. This window 

consists of two buttons below which are the same as the previous window “Analyze body 

segments”. 

 

Figure 16. Pop-up window that enable the user to analyze body segments. 
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Figure 17. If the user has chosen to analyze “Joint angles”, the user is presented with a new 

window with all the segments for the specific angle.  

 

 The report function (Figure 18) consists of five different options for the user to select 

in the form of a pop-up window as the previous mentioned functions, this to direct the focus 

of the user to a specific task according to the guidelines “Pop-out effect” and “Cognitive load 

theory”. Once the user has chosen a specific report, a new window with the chosen report 

pops out that enables the user to either save the report or to cancel the ongoing action (Figure 

19).  

 The save-button and the cancel-button are both consistent with already existing 

programs and softwares, which is referred to “Familiarity of the software”. The red cancel-

button is also referred to the “Pop-out effect” as it has a different and distinguishing color 

than the colors of the other buttons, such as the blue and the gray buttons.   
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Figure 18. The pop-up window that enables the user to print a specific report. 

 

 

Figure 19. An example of a chosen report.  

 

 The current parameters in the lower menu (Figure 20) gives the user an overview of 

the chosen parameters and is always visible for the user, this is according to the guideline 
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“Working memory”. This section of the lower menu will prevent the user from forgetting all 

the chosen parameters during the analysis-process. The current parameters also refers to the 

guideline “Cognitive load theory”, since this section reduces an additional task to remember 

whilst focusing on other functions in the software.   

The advanced settings in the lower menu enables the user to operate on advanced 

settings of the program (Figure 21). According to the guideline “Grouping components”, the 

advanced settings whose all of them belongs in a advanced category, should be grouped 

together. The section of advanced settings was created, and partly hidden, if so the potential 

user would have to utilize advanced settings. The partly concealed section refers to 

“Excluding inessential information” which helps the user to not get distracted by additional 

functions that are not used consistently.   

The lower menu consists of a section called “Notes”. This section enables the user to 

write notes about the specific showing data (Figure 22).  

 

 
Figure 20. The lower menu at the bottom of the right side of the analysis page shows the 

current parameters that the user has chosen.  
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Figure 21. The section “Advanced settings” in the lower menu.  

 

 

Figure 22. The “Notes” function. This is where the user can document their notes. 

 



24 

 

By clicking on the button “Exit project” in the right panel, the user gets a pop-up window that 

questions if the user wants to exit or cancel (Figure 23). If the exit-button is chosen, the user 

will get to choose between canceling or proceeding with the exit by a pop-up window.  

 

 

Figure 23. The “Exit project” pop-up window. 

 

The second evaluation 

To get an understanding of how the low-fidelity prototype works for the end user, 

another evaluation was performed. To get an equitable comparison with the original system 

and the low-fidelity prototype, the same evaluation method was performed, with the same 

questions, to get the users opinions and later adjust the high-fidelity prototype based on the 

gathered data (see Appendix C for more information about the compiled issues).  In the 

second evaluation, the expert users were excluded. The following issues of the low-fidelity 

prototype were discovered: 

 

● When using the reset button, all the settings and chosen parameters gets reset. There is 

no pop-up window that controls whether the user wants to reset the data or not. There 

is no indication of which settings the function resets. The reset button was appreciated 

by the participants, but they did not understand exactly what was supposed to get 

deleted. One suggestion was to indicate what is getting deleted and if the user wants 

to execute it or not, or to enable the user to choose which parameters to reset.   

● When choosing different body segments to analyze, the information of chosen 

segments shows up in the current parameters window. The participants appreciated 

this but they wanted to be able to see current chosen body segments on the skeleton. 
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Suggestions were to highlight the specific chosen parts of the skeleton, to get a better 

visual representation. 

● The zoom function and settings for the graph was difficult to see, which led to the 

user not using the functions. The color contrasts of the symbols and the background 

was too low.  

● Some of the participants wanted a step by step structure of the system, but a majority 

of them preferred it as it is, more freely structured so that the user can work on its 

own. 

● The participants mentioned that the information text, that is placed to the right in the 

control panel, was hard to read because of how small it was and preferred if the text 

was larger.  

● In the control panel section, there is a question mark above in the right corner. This 

symbol works as a switch button to hide or show the information text. Participants 

experienced that this show and hide function is unnecessary and that the information 

text should always be placed there.  

● Some of the participants mentioned that a “maximize” button on the graph would be 

appreciated when analyzing a lot of data at the same time in the graph.  

 

The high-fidelity prototype 

When constructing the high-fidelity prototype, the cognitive science guidelines were 

used, and the gathered data from the secondary evaluation on the low-fidelity prototype. The 

evaluation provided essential information to further improve the prototype. Some problems 

with the low-fidelity prototype were detected and some adjustments of the prototype were 

made, mostly on the analysis page.  

The participants did not have problems using the start page (Figure 24), which led to 

not reconstructing it. The only thing that was removed was the sensors button in the upper 

menu, because the function was unnecessary. In that case the guideline “Excluding 

inessential information” was used. 
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Figure 24. The start page of the high-fidelity prototype. 

 

 On the search function page (Figure 25), the title “Search for opportunity” has been 

added above the search functions, based on the guideline “Consistent explanation of 

functions” to indicate what the purpose of the page is and to keep the design consistent 

throughout the whole system. In addition to that, the placement of the back-button and the 

next-button was changed. The color of the back button was also changed to red, to attain 

consistency with the design of pop-up windows in this specific program. This change is also 

made to consistently follow the guideline “familiarity of the software”. The search functions 

for “First name” and remaining input fields are placed in a different order to maintain an 

optical balance of the objects with no empty space. The “First name” and “Last name” input 

fields were also placed next to each other instead of apart. The “Grouping components” 

guideline was used to gain efficiency on this page, by grouping the the section above where 

the user can search for data and the section below, which present the searched opportunity.  

While using the search function and typing in letters to search for a specific 

participant, the system automatically matches the current letters with stored data and 

alternatives show up in the lower section. This to simplify and minimize the time spent on 

searching for opportunity. When choosing data, the user can use the next-button, or double 

click the chosen person. 



27 

 

 
Figure 25. The search function. 

 

On the analysis page (Figure 26), in the control panel, the information text has been 

reformulated to give the user a better guidance throughout the program. The text describes 

what function the user is supposed to begin with, which provides better navigation and is 

based on the guideline “Consistent explanation of the functions”. The drop down list was 

removed and replaced with a listbox, which provides a better overview of the repetitions. 

When choosing desired repetitions, the possible alternative is the only clickable option. This 

change is according to the guideline “Excluding inessential information”.   

The color of the zoom function and the settings function for the graph is changed into 

black, to achieve a greater contrast with the background. The specific symbols were chosen 

based on the “Familiar symbol” guideline. The functions are also placed on the right side of 

the graph, next to the exit cross, because the participant prefered it that way. It may have been 

prefered that way to achieve similarity of other systems. By clicking on the squared symbol 

next to the exit cross, the graph window gets bigger and enables the user to study the data in a 

larger window. This function may enhance the analysis process when a lot of data is shown in 

the graph. The chosen symbol is according to the guidelines “Familiar symbols” and 

“Familiarity of the software”. 

On the skeleton window a small information text has been added to indicate and 

clarify how to use the skeleton, based on “Consistent explanation of functions”. 
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Figure 26. The analysis page. 

 

 The adjusted parts of the analysis method window (Figure 27), are the placement of 

the buttons and keeping the information text in a smaller field. There is also an added grey 

filter on the background when smaller pop-up windows are present, to indicate that the pop-

up window is active and clickable, and not the background. That adjustment is added because 

of the guidelines “excluding inessential information”, “pop-out effect” and “familiarity of the 

software”. 
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Figure 27. The analysis method window. 

 

 The analyze body segment-function (Figure 28) looks the same as the earlier version 

of the prototype. No changes has been made because no problems were detected during the 

evaluation. An added function is when choosing a segment to analyse, the chosen body 

segments are highlighted on the skeleton and the background of the skeleton changes (Figure 

29). This illustration complements the current parameters function, and makes the chosen 

segments visible at all time. By enabling visual feedback at all time the user does not have to 

remember the chosen parameters, this to prevent memory loss. The guidelines for this added 

function is “Working memory” and “Cognitive load theory”.  
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Figure 28. Analyse body segments window. 

 

 
Figure 29. The analysis page shown after selecting body segments. The skeleton’s lower part 

is highlighted, to indicate which body segments of the patient is showing up in the graph. 

 

 Regarding the current setting function (Figure 30), the advanced settings were 

considered unnecessary and was therefore removed based on the guideline “Excluding 
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inessential information”. Notes and current settings are still functioning as they were in the 

low-fidelity prototype.  

 

 
Figure 30. The lower menu showing Current settings.  

 

 When clicking on reset parameters, the user gets various alternatives (Figure 31). The 

user can choose which specific parameters they want to delete, or if they want to reset all the 

chosen parameters. This gives the user more control and flexibility. The guideline 

“Consistent explanation of functions” were used when creating the button “Reset all 

parameters”, and forming a title that describes what the pop-up window function is. The 

guideline “Grouping components” were used to group all of the parameters that the user was 

able to reset.  
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Figure 31. The reset parameters window.  

 

 When clicking on the report button, the user gets different alternatives of report 

templates to choose between (Figure 32). When clicking on one of them, a report is shown 

instantly and the user can choose to save the report or cancel (Figure 33). No changes have 

been made on this window, nor the exit window (Figure 34), since the previous reformation. 

  

 
Figure 32. The report window where the user chooses report template. 
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Figure 33. The report review where the user can choose to save the report or cancel. 

 

 
Figure 34. The exit window. 
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Discussion 

 

This study has focused on redesigning the current version of MoLabTM search 

function of data, the settings of initial parameters and visual representation of data by using 

cognitive science theories, to optimize the usability for the end-user. This to investigate and 

enable  cognitive science guidelines that can be applied and optimize corresponding steps in 

other analysis programs. The discovered problems in the first evaluation became the basis for 

the literature search to find relevant cognitive science-theories to solve the discovered 

problems. Discovered problems in the secondary evaluation were further adjusted with 

applying the guidelines. 

The search function of the data did not appear problematic for the participants in the 

original system. Yet some changes of the design was made by using the cognitive guidelines 

“Consistent explanation of functions”, “Familiarity of the software” and “Grouping 

components”. When comparing the participants experience using the original search function 

and the redesigned one, no difference of user behavior or issues were detected. This means 

that the used cognitive guidelines may not be necessary to improve the user experience of the 

search function of data in MoLabTM. However, this does not imply that the guidelines are 

unnecessary or unuseful in other analysis programs search function for data, and needs to be 

further tested.  

The setting of initial parameters was highly problematic for the participants in the first 

evaluation and was therefore reconstructed using the cognitive guidelines “Cognitive load 

theory”, “Pop-out effect”, “Familiarity of the software”, “Familiar symbols”, “Usage of 

acquainted terms to enhance learning”, “Consistent explanation of functions”, “Excluding 

inessential information”, “Working memory” and “Grouping components” to enhance the 

usability. This showed an extensive improvement of the usability in the second evaluation, 

and suggests that the guidelines may improve the usability of the setting of initial parameters 

in other analysis programs.  

The visual representation of data was problematic at some parts, and later adjusted by 

application of the cognitive guidelines “Grouping components”, “Placement of text and 

images”, “Familiarity of the software”, “Familiar symbols”, “Usage of acquainted terms to 

enhance learning”, “Consistent explanation of functions”, “Working memory” and 

“Cognitive load theory”. Less issues were discovered after applying these guidelines which 

led to improvement of the usability of the visual representation of data in MoLabTM. This 

suggests that the guidelines may be effective to achieve enhanced usability in other analysis 

programs  visual representation of data. 

When comparing the overall issues the participants experienced during the evaluation 

of both the original and the reformed system, the participants experienced less problems 

while using the reformed one. None of the participants (non-experts) were able to accomplish 

the task that was given in the first evaluation of the original system, but in the second 

evaluation, all of the participants managed to accomplish the task and experienced an 

immense improvement of the usability. By using the 10 guidelines based on cognitive science 

theories, the redesigned system got an optimized usability, and thus became more user-

friendly for the end-users. 
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When considering how to construct the low-fidelity prototype, paper-based models 

was the first thought of idea. A low-fidelity prototype is not expected to look like the final 

result and therefore it is not supposed to look like a fully working product. Low-fidelity 

prototypes are considered simple, cheap and quick to produce. This also means that 

modifying the prototype is a simple process. A high fidelity prototype is supposed resemble 

the final product and is prefered as a working prototype (Preece, Sharp and Rogers 2015).  By 

using a high-fidelity prototype that is running and appears as a thorough design of a system, 

there is a risk that the users do not complain when the prototype resembles a working system. 

Retting (1994) argues that high-fidelity prototypes can cause problems such as reluctancy to 

reformation and modification of the prototype, taking long time to construct and set 

expectations too high etc. There is also a possibility that testers adapt their thoughts and 

comments to the full working prototype and focus on the superficial aspects more than the 

content. Therefore, after time of consideration, the parts of MolabTM that were supposed to be 

reconstructed consisted of many steps, if a paper-based prototype was built, it would have 

been time consuming and therefore a software was used instead. Studies have shown that 

both low fidelity and high fidelity prototypes can uncover usability issues equally good and it 

is up to the designers whether a low or high-fidelity prototype is a working concept for their 

practical goals (Walker, Takayama & Landay 2002). 

 During the design process, thoughts of whether the system should be redesigned as a 

step by step navigated system or not was difficult when the expert users, as well as the non 

experts, had different opinions about that. The majority liked a more freely controlled system, 

and therefore the design was based on those opinions. The original program was designed as 

a free controlled system and participants found it usable as it is, but experienced that they 

were in need of better navigation throughout the program. It would probably have been 

effective if one more prototype were constructed with a step by step concept to compare with 

the other prototype (Dow et al., 2011). 

 The software design was requested to be based on and adapted to a previous 

redesigning work of the appurtenant software named MoLabTM Measure. The request was to 

provide a similar style as the redesigned software, keeping the programs consistent with each 

other and this will make it clear that the softwares belong together. Considering this, the 

choices of colors and the basic elements of the design were obligated due to consistency, 

which led to the design being constricted. 

 The focus of this study was to enhance the search function of data, the settings of 

initial parameters and visual representation of data using cognitive science theory as 

guidelines. In further research, different parts of analysis systems could be investigated. Also, 

investigation of whether the cognitive science guidelines could be applied on different 

systems than analysis systems could be an alternative. The raised cognitive guidelines were 

based on cognitive theories, which could be applied on this reformation. However, other 

cognitive theories can exist for this type of reformations and can be used in further research, 

but were not obvious based on this study. 
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Appendix A 

The the semi-structured interview questions used in the first and second evaluation. 

 

The questions in the semi-structured interview were used and asked to the participants, to get 

an improved understanding about the thoughts and opinions about the program. The 

questions were supposed to give a better overview of the experience of working with 

MoLabTM.  

 

 

1. Tell me about your experience using the software? 

2. Did you find the software problematic at any point, and what was the issue? 

3. Why do you think you encountered those problems? 

4. Would you have liked something to be different? 

5. Do you consider anything missing in the software? 

6. What would you like to be added in the software? 

7. Were there anything you found complicated to understand and use? 

8. Were there anything you found simple to understand and use? 

9. How was your experience of the severity of setting the initial parameters of the data 

you choose? 

10. How was your experience of the severity for the search function to find data to 

analyze? 
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Appendix B 

The issues found in the first evaluation 

 

The issues were compiled in a table (table 1) to get an overview of the issues found in the 

first evaluation of the program MoLabTM. 

 

Table 1 

 

Complied issues table 

  

The problems  Number of participants who 

experienced the problems 

Quotes 

   

The data of the chosen 

person in the search function 

did not appear on the 

analysis page. 

2 of the expert-users and 6 

of the non expert-users. 

“Did I do something wrong? 

Why is not the chosen data 

showing? Is it something 

wrong with the program?” 

Quote by physiotherapy 

student  

The difference between 

clicking in the checkboxes 

of the repetition and by 

clicking on the text.  

6 of the non expert-users. “Why is not anything 

happening when I am 

clicking in the checkbox? 

And why did the text 

suddenly become blue? I do 

not know even what I 

clicked on to make it blue”  

Quote by physiotherapy 

student  

The name “rep 1, rep 2, rep 

3” of the different repetitions 

to choose between. 

4 of the non expert-users. “What does rep 1 mean? 

Should I know what it 

means?” Quote by 

occupational therapy student 

The function of the skeleton 

was difficult to understand 

since it changed form when 

clicking on it and did not 

move when clicking on it.  

4 of the non expert-users. “Why is not the skeleton 

moving when I am clicking 

on it? Where should I click 

instead to make it move?” 

Quote by physiotherapy 

student  
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The button for the settings of 

the graph.  

2 of the expert-users and 6 

of the non expert-users. 

“The settings-button is very 

hard to find and to 

understand that by clicking 

on the button I can change 

settings for the graph” Quote 

by an expert-user 

How to zoom in and out in 

the graph. 

2 of the expert-users and 5 

of the non expert-users  

“I tried everything I can 

think of and I still do not 

know how to zoom in. Is it 

even possible to zoom in?” 

Quote by occupational 

therapy student 

The preview-window when 

the participants had chosen a 

script was considered 

confusing. 

5 of the non expert-users  “Did I do something wrong? 

Do I have to restart 

everything because of this 

window?” Quote by 

occupational therapy student 

In which order to use the 

functions.  

6 of the non expert-users “I don't even know where to 

begin? Where should I click 

to begin and I am done by 

clicking on one thing only?” 

Quote by physiotherapy 

student 

The function and the term 

“script” was considered 

difficult to understand and to 

use. 

6 of the non expert-users. “I think I should click on 

script, but I do not really 

know what that means? 

Maybe it will just show a 

written script of something?” 

Quote by occupational 

therapy student 

The functions to use when 

plotting data were not 

visible. 

6 of the non expert-users “Now that I have checked in 

the checkboxes, where do I 

plot? I can not find any 

functions that enables me 

that” Quote by occupational 

therapy student 

The term “processed” that is 

used in a function that 

enables the user to plot. 

1 of the expert-users and 5 

of the non expert-users 

“This term do not provide 

the user with information 

about its functions, it is hard 

for the user to understand its 

meaning and purpose” Quote 

by an expert-user 
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The reset function was hard 

to find 

1 of the expert-users and 6 

of the non expert-users 

“The reset-function is hard 

to find since it is “hidden” in 

another window, in a map 

mixed with other functions” 

Quote by an expert-user 
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Appendix C 

The issues found in the second evaluation 

 

The issues were compiled in a table (table 2) to get an overview of the issues found in the 

second evaluation of the program MoLabTM. 

 

Table 2 

 

Complied issues table 

  

The problems  Number of participants who 

experienced the problems 

Quotes 

   

Not understanding what the 

reset function does. 

6 of 6 experienced this issue. “Oh, everything got reset? I 

thought that it worked as an 

undo button, that resets 

parameters one at a time.” 

Quote by physiotherapy 

student 

Representation of chosen 

parameters is not clear 

enough. 

3 of 6 experienced this issue. “The current parameters 

function is good, but I would 

like something more visual. I 

thought the skeleton would 

show something more than 

moving” Quote by 

occupational therapy student 

Difficulty in perceiving the 

setting buttons for the graph 

5 of 6 experienced this issue. “I totally missed those 

buttons, I didn’t see them at 

all”. Quote by physiotherapy 

student  

Not enough step-by-step 

navigation  

2 of 6 experienced this issue. “I would like it to be more of 

a step-by-step outlay”. 

Quote by physiotherapy 

student  

Information text to small 4 of 6 experienced this issue. “The text is hard to read due 

to the small size.” Quote by 

occupational therapy student 
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The Information button is 

not used (the question mark) 

5 of 6 experienced this issue. “That button is 

unnecessary.” Quote by 

physiotherapy student 

The graph is too small 3 of 6 experienced this issue. “If I had a lot of data present 

in the graph I would not be 

able to see all of it now 

because of the small size of 

the graph window”. Quote 

by occupational therapy 

student 

 

 


