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Abstract

Efficient Input Solutions for User Interfaces Primarily
Intended for Information Presentations

Hassan Odimi

The user interfaces of administrative information systems are typically based on
screens serving both input and output functions. However, in numerous usage
situations, such as healthcare, the primary purpose of these screens involves providing
information to professionals. Therefore, these screens could be highly optimised using
spatial and visual cues to support efficient search and reading. Accordingly, this thesis
conducted a literature review to understand the drawbacks of the available interface
solutions and how screens could potentially be optimised for information
presentation. To delimit the thesis scope, reading and searching medical records
constituted the main focus of the review.

The results indicated that the cognitive cost of visual clutter and scrolling could
hinder the reading process. Moreover, related work and recommendations on
designing support for finding and reading information were reviewed. However, a
method to enter and update the data was perceived to be missing. Therefore, a
general design hypothesis was suggested to enable input on screens optimised for
reading.

The central theme of the input solution focussed on preserving the screen’s original
layout. This was accomplished using separated, yet fixed panels containing only the
necessary instructions for each input task. Furthermore, the interface supports users
by providing visual feedback on their actions and the system status.

Following this, the keystroke-level model (KLM) was used to evaluate the efficiency of
the proposed solution for expert users. The results demonstrated that the solution
could be as efficient as, or in some cases, better than the conventional interfaces.

Finally, an empirical study was conducted with 16 participants to evaluate the
solution’s efficiency for inexperienced users who briefly interact with the concept of
reading screens. The results indicated that the reading screen scored significantly
better than the standard option in terms of task times and mouse travel averages.
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1 Introduction 

 

Nowadays, people depend on information systems more than ever, as they have become an inte-

gral aspect of users’ daily activities in almost every domain. As a result, the focus has substantially 

shifted in recent years towards what is called ‘User-Centred Design’. Numerous authors have 

insisted on the importance of this design philosophy. For instance, Benyon (2019) argued that 

such an approach is so essential that it justifies being expensive and time-consuming. He ex-

plained that it concerns focussing on people’s needs rather than technology, designing for diver-

sity, and including users in the design process (Benyon, 2019, p. 12,22). However, according to 

Norman, this approach can become harmful when it is overused, since users are constantly chang-

ing. This makes the interfaces that users wanted less efficient as they gain proficiency in using 

the system. An alternative approach is to centre the design process on the activities that users 

perform instead (Norman, 2005). 

Furthermore, prioritising user needs can sometimes lead designers to create comprehensive 

solutions that support all these demands equally. These types of solutions seek to balance several 

conflicting demands and make the system usable by everyone. For example, most systems are 

designed to combine input and output functionalities in one screen. However, these multi-purpose 

screens can hinder skilled users who are primarily interested in finding and reading information 

to support their decision-making process. Moreover, including instructions and elements that en-

able data input on the same screen will prevent users from conducting effective visual queries. 

Therefore, there is a need to create screens optimised for search and reading. 

Visual search refers to the ability to locate particular items in a visual scene. However, since 

research has revealed that it is difficult to predict a consistent pattern in advance, some visual 

features can be used to drive visual attention towards the desired location (Benyon, 2019, p. 518). 

This ability to direct attention towards valuable information can be used to create the reading 

screens mentioned earlier. Such screens can prove beneficial for situations where physicians re-

view medical records to diagnose a patient, for example. 

Reading screens can be beneficial for numerous administrative systems, such as finance and 

banking, business, government digital services, and others. However, this work primarily focus-

ses on reading the medical records and finding solutions to enable input on their reading screens. 

This was necessary to delimit the thesis scope and explore this area in some depth.  

In order to identify the disadvantages of the current solutions and gain insights regarding how 

medical workers read the records, a literature review was conducted. The main findings of this 

review indicated that navigation, visual clutter, and scrolling played a vital role in hindering the 

reading process and imposing an extra cognitive load on users. Therefore, suggestions to improve 

the interfaces of similar systems included reducing the number of windows switching, eliminating 

the need for scrolling, and using fixed positions and visual encoding of screen elements (Borälv 

et al., 1994). 

Overall, the reviewed suggestions and guidelines were found to emphasise enabling pattern 

recognition and reducing the cognitive cost imposed on users. However, the design of the reading 

screens’ input methods was perceived to be less prominent in the literature. Therefore, to meet 

the first goal of this thesis—namely, developing a design hypothesis for an efficient input method 

that can be combined with reading screens—a design-thinking method was employed to produce 

a set of potential solutions. These solutions were later reviewed to select the most suitable option 

for further evaluation.  

The second thesis goal was to evaluate the suggested solution’s efficiency for expert users. To 

achieve this, the analysis has to be low-level, as this allows comparing the new design with the 
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conventional input solution. Therefore, an estimation of both solutions’ efficiency was calculated 

using the keystroke-level model (KLM), since this enables such comparison.  

Finally, the third thesis goal was to evaluate the proposed design’s efficiency for inexperienced 

users. Therefore, an empirical study was conducted with 16 participants with only a brief interac-

tion with the interface. Insights from the literature review and the evaluations are presented in the 

upcoming sections in greater detail. 
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2 Purpose 

The primary goal of this thesis is to propose a design hypothesis for an efficient input method for 

screens primarily optimised for finding and reading information. 

2.1 Research Questions 

This work aims to address these research questions to fulfil its primary purpose: 

 
1. What would an efficient design solution look like to enable efficient data input for 

screens initially intended for information presentation? 

2. How efficient is the proposed design for long-term usage by expert users? 

3. How efficient would the proposed design be for users who have brief interactions with 

its interface? 

2.2 Delimitations 

The input method’s proposed design hypothesis is initially optimised for efficiency, primarily 

using keyboards, and to a lesser extent using a mouse. Therefore, other entry modalities, such as 

voice recognition, handwriting, and gesture recognition, are not addressed by this solution. Fur-

thermore, implementing a fully functional and interactive version of the input method so it can 

later be tested with its potential users remains beyond the scope of this project. 

Moreover, the methods utilised to test the design exclusively focus on the cost of use in the 

long term and the cost of first-time use after a momentary interaction. This makes ‘efficiency’ the 

primary concern of the testing. Measuring other aspects of usability, such as satisfaction, would 

require different types of experiments that are not conducted here due to time constraints. 
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3 Theory and Background  

Interacting with computer systems to read information, enter data, and make informed decisions 

has become an essential aspect of people’s daily tasks in almost every work domain. This inter-

action is usually accomplished through a ‘User Interface’ (UI) functioning as the primary com-

munication tunnel between the system and user. 

In the early stages of information system development, designers typically designed the screen 

output and the end results first, followed by working on the necessary input to produce the desired 

output. This traditional approach worked with old systems that converted input data into a struc-

tured output. However, the continuous shift of focus toward users, and how they communicate 

with the system, led to user-centred systems in which the distinction between input and output 

became less transparent. This can be explained by the fact that users often work with a varied mix 

of input, screen output, and data queries as they conduct their routine tasks (Shelly and Rosenblatt, 

2011, pp. 336–337). 

Although the tasks performed by users became a complicated mixture of manipulating inputs 

and reading outputs, the design recommendations and user interface guidelines seem to treat those 

two aspects of the UI as separate components. For example, Shelly and Rosenblatt discussed some 

guidelines for designing data entry interfaces for users who spend most of their time entering data. 

These guidelines were based on general principles of interface design. Furthermore, they dis-

cussed separately the design of output screens and reports and how the layout of these forms 

should be designed to be attractive, balanced, and easy to read. 

Balancing between the input and output functionalities can pose a significant challenge, since 

most of the administrative information systems are used to perform mixed tasks. As a result, de-

signers tend to combine those two aspects in a comprehensive standardised solution. However, 

Goransson et al. argued that, as the complexity of the information system increases, the possibil-

ities of developing standardised solutions to the interface problems becomes more limited. There-

fore, the solutions must be application-specific to be effective. Moreover, the interfaces should 

not be treated as a separate part of the system, but should rather be specified from the expected 

use situations and evaluated within the same context (Goransson et al., 1986). 

Typically, professionals in numerous situations often use computer screens as the primary 

source for finding and reading information, with an occasional need to enter or update the data. 

A typical example of such situations is when physicians are searching for information concerning 

a patient’s medical history. Therefore, reading information from screens primarily designed to 

support data input is suboptimal for several reasons. First, a vast amount of screen space is allo-

cated for the graphical symbols and instructions needed to make the input faster. Second, the 

visual means that would enhance the reading cannot be fully employed, since they would obstruct 

efficient input. Besides, using these visual means may contradict some principles of designing 

input interfaces. 

3.1 Visual Search and Usability 

The Electronic Health Records (EHR) systems offer an excellent example of use situations where 

doctors must find and read patient information efficiently to make the right decision regarding the 

appropriate treatments. However, the usability issues present with the interfaces of such systems 

can possess severe consequences and lead to medical accidents and errors. For example, if the 

screen layout makes it difficult for users to locate critical information, then it becomes more likely 

for such important information to be excluded from the decision-making process (Kushniruk et 

al., 2015). 
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3.1.1 Navigation and Scrolling 

Another issue related to reading information was found in a study seeking to detect usability 

problems in structured data entry interfaces in dentistry. In order to link a diagnosis with a planned 

treatment, users need to navigate several tabs, and when it comes to the tab for selecting the 

treatment, the interface fails to indicate the previously selected diagnosis. This led to cognitive 

difficulty for users attempting to retrieve the necessary information from memory (Walji et al., 

2013). 

Similarly, a literature review conducted by Roman et al. (2017) identified several safety con-

cerns that violated the usability heuristics related to EHR interface navigating, such as the follow-

ing: 

• Fragmented displays preventing a coherent view of patient condition. 

• Disruption in the cognitive and clinical workflow. 

• Showing irrelevant and non-applicable menu options as clickable. 

• Scrolling back and forth through a large amount of information to locate information 

or data entry prompt or to correct an error. 

Furthermore, Roman et al. listed some potential solutions to these problems that they identified 

in the literature they reviewed. Such solutions suggested grouping relevant information together 

on one page, minimising within- and between-page navigation using one of several methods, and 

integrating relevant data using fewer windows and screens (Roman et al., 2017). These sugges-

tions indicate the necessity of having screens primarily optimised for locating and reading infor-

mation efficiently. 

As mentioned earlier, standardised solutions offer numerous disadvantages and can force users 

to find workarounds to overcome them. One particularly interesting issue was identified by 

Blijleven et al. (2017) among several workarounds. In a case study performed at one of the largest 

university hospitals in the Netherlands, Blijleven and his colleagues found that, despite the EHR 

under observation offering an extensive standardised template to enter the data, users still pre-

ferred copying data from previous progress notes and pasting it in new ones with the required 

modifications. The reasons given for not using the standardised templates were ‘the excessive 

scrolling up and down’ to follow the data fields that were misaligned with users’ workflows. Fur-

thermore, users found the template to contain too much irrelevant screen clutter, as well as incon-

sistency in placement for some of the interface elements. 

The literature contains numerous studies concerning the usability issues related to various in-

formation systems. For instance, research discussing these issues in EHR systems in particular is 

abundant. However, since the primary focus of this thesis concerns developing and evaluating 

what could represent an efficient input solution for reading screens, the cost of navigation and 

scrolling is deemed the most relevant to reading information, since they affect the accuracy and 

speed of locating information. Moreover, visual clutter offers yet another factor that can affect 

readability and hinder user performance. 

3.1.2 Display Clutter 

Optimising screens to support finding and reading information requires a deep understanding of 

the information structure and the context in which those screens will be used. This understanding 

should precede other design strategies, such as using visual cues and spatial properties to support 

the reading process. Moreover, additional UI aspects, such as unnecessary scrolling and visual 

clutter, must be addressed. The reason is that these issues’ consequences for performance were 

prominently identified when reviewing system usability literature. 

Display clutter represents a widely recognised problem that negatively affects multiple aspects 

of user performance across various domains and applications. The detrimental effect of clutter 

can be found in fields ranging from performing non-crucial tasks, such as web surfing and video 

games, to critical tasks, such as aviation, security, military operations, and medical records 

(Moacdieh and Sarter, 2017, 2015, 2014). 
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However, there seems to be no unified definition of clutter that researchers refer to when dis-

cussing this topic. Furthermore, despite agreement on its detrimental effects in specific condi-

tions, there remains no agreement concerning how to reliably measure and control this phenom-

enon (Moacdieh and Sarter, 2014; Shelly and Rosenblatt, 2011). 

In a comprehensive review of the definitions and measurement methods visual clutter and its 

effects on visual search and performance, Moacdieh and Sarter (2014) cite multiple resources 

stating that, beyond delaying visual search, clutter can also increase memory load, cause confu-

sion, degrade monitoring and change detection, and infuse confidence in the wrong judgment. 

Moreover, they found that clutter adversely affects situation awareness, object recognition, lin-

guistic processing, and reading. 

3.1.2.1 Types of Clutter 

Since this thesis aims to design and evaluate efficient input methods to be used with screens op-

timised for data presentation, the aforementioned harmful effects of clutter for aspects such as 

reading and visual search are especially relevant in this context. Therefore, any design attempt 

should aim to reduce display clutter. However, it is better to first review clutter from different 

perspectives and then agree on a definition to choose the right criteria when evaluating any pos-

sible solution. 

Moacdieh and Sarter (2014) sorted various definitions and perspectives of clutter into the fol-

lowing five main categories: 

 

1. Display Density: Arguably the most accepted view on clutter, this primarily concerns the 

number and density of items displayed on the screen. 

2. Display Layout: This aspect ‘emphasises the arrangement, nature, and colour of display entities in 

addition to merely the number or density of entities present’. Therefore, poor visual design and 

structural organisation represent the primary causes of cluttering. 

3. Target-Background Similarity: According to this view, the display is considered cluttered 

when the similarity between the search target and the background (or the surrounding distrac-

tors) prevents efficiently locating task-related data. 

4. Task-Irrelevance: In this perspective, the main factor in assessing display clutter concerns 

the displayed information’s relevance to the task at hand. Therefore, according to this view, 

clutter was defined, among similar definitions, as ‘an abundance of irrelevant information’ 
(Doyon-Poulin et al., as cited in Moacdieh and Sarter, 2014). 

5. Performance and Attentional Costs: This view, unlike the previous ones, does not only 

consider the features and elements of the display as the sole source for clutter. Instead, it 

includes the effects that the screen induces on the user’s attention and performance. Primarily, 

it considers the interaction between display-based and user-based factors, such as workload, 

user experience, and task difficulty. 

 

The various aspects of clutter are interconnected, and one type can lead to another. Furthermore, 

several methods have been devised to measure the clutter of an interface. These methods vary 

depending on the properties they include in the evaluation, but they largely consist of the follow-

ing: image processing methods, performance evaluation, subjective evaluation, and eye-tracking 

(Moacdieh and Sarter, 2014). However, the design and evaluation of the input method primarily 

focusses on the performance and attentional costs of clutter, as well as the task-irrelevance aspect. 

The other remaining aspects, such as display density, layout, and target-background similarity, 

relate more to the design of the reading screen itself. 

3.1.2.2 Clutter in EHR Interfaces 

As discussed earlier, EHR systems feature numerous usability issues due to their complex nature. 

Moacdieh and Sarter (2015) conducted an experiment to measure the performance and accuracy 

of a set of 15 medical practitioners performing tasks using a patient’s medical history page. The 

researchers manipulated factors such as clutter level, stress level, and task difficulty. Furthermore, 

they employed methods such as performance and subjective evaluations in addition to using eye-
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tracking to measure the participants’ attention allocation. Their results can be summarised as fol-

lows: 

• Clutter significantly affected search times during the high-stress and difficult task con-

dition. 

• Screen time (i.e. the time spent extracting information related to the task from the in-

terface) only counted for the low-stress condition. This was necessary, since the high-

stress condition imposed a time constraint on participants. However, the clutter resulted 

in a significant increment of screen time despite the low-stress situation. 

• In terms of the noticing accuracy, in all conditions, participants missed more crucial 

information with the highly cluttered screens. 

• Search accuracy was not affected by the clutter. However, the authors argued that the 

search tasks employed in the experiment were not sufficiently challenging to influence 

the results. Another explanation was that the participants possibly compromised speed 

in favour of accuracy. 

• Clutter’s effects on search and performance were reflected in the location metrics of 

the eye-tracking data. This reflection suggests that participants were distracted by the 

irrelevant information in the display. 

• Finally, the results from the subjective evaluation demonstrated a significant increase 

in rankings between low- and high-clutter screens. Moreover, during the high-stress 

condition, ratings exhibited a significant difference in the scales of performance, effort, 

frustration, and temporal and mental demands. 

 

Interestingly, a qualitative study published two years later by Moacdieh et al. (2017) found that 

physicians were aware of clutter’s effect on safety and efficiency. Moreover, they emphasised the 

‘extreme importance’ of the information’s visual design. 

The findings from previous studies confirm that display clutter imposes cognitive costs on 

attention and performance, especially an excessive amount of information unrelated to tasks that 

the interface is optimised to support.  

This negative relationship between irrelevant information and cognitive processes was further 

discussed by Colin Ware in his book Visual Thinking for Design. Here, Ware referred to the theory 

of information foraging developed by Pirolli and Card to justify the urgent need for optimising 

the cognitive process when designing visual interfaces. This theory explains how people, in their 

pursuit of information, strive to minimise the cost of time and energy by attempting to ‘offload 

tasks onto the computer whenever possible’ (Ware, 2008, pp. 174–177). 

Ware further described details regarding the just-in-time visual queries process that the human 

brain exercises to perceive the surrounding world. He then argued that, after understanding this 

process, the goal of information design must be designing visual interfaces ‘so that visual queries 

are processed both rapidly and correctly for every important cognitive task the display is intended to sup-

port’ (Ware, 2008, p. 14). However, to be able to design an efficient input solution for the reading 

screens, it is essential to first understand how these screens can be designed to support the task of 

reading efficiently. 
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3.2 Reading Displays 

People learn how to read from an early age. In the beginning, this comprises a slow, difficult, 

frustrating process requiring them to carefully think about each syllable and word they are at-

tempting to comprehend. However, by practising this for a decent amount of time, reading be-

comes a skill that can be performed relatively easily. 

Although people used to read exclusively from printed media such as books, newspapers, and 

documents, digitisation of these materials, and the nature of modern life, has changed this. Now-

adays, people are required to read more from digital screens to complete their daily tasks. This 

shift of the reading medium has introduced numerous advantages, but it also features downsides, 

especially when compared to reading from papers. 

A vast body of research has compared reading from papers versus reading from digital screens. 

The results of these studies are mixed and usually dependent on what the study attempted to 

measure (comprehension, speed, fatigue, recall). Moreover, it depends on the type of text (narra-

tive or expository), the participants’ age and level, text length, presentation, and various other 

factors. Furthermore, attempting to determine which method is better would be redundant, since 

it would be nearly impossible to replace the current systems with paper-based alternatives if pa-

pers won the comparison, for instance. However, interface design can still make use of the fea-

tures that make reading from paper better in some circumstances. 

Mangen et al. conducted an experiment with 72 10th-grade students in Norway to explore how 

reading from a digital interface affected comprehension. The students were asked to read two 

texts (1400–2000 words) and take a test afterwards. The main finding of the study was that stu-

dents who read from papers scored significantly better in the reading comprehension test com-

pared to those who used the computer screen. They considered this to possibly be due to the 

navigation differences between the mediums, as reading from a digital display includes scrolling, 

which could have caused ‘spatial instability’ and affected the mental representation of the docu-

ment. Moreover, they argued that paper offers better access to information because of its fixed 

spatial cues. This aids in building and recalling a better mental representation when locating and 

retrieving pieces of information required to answer the test (Mangen et al., 2013). 

One can argue that accessing information should not pose an issue, since today’s advanced 

search functionalities can compensate for the disadvantage of reading from digital displays. How-

ever, examples from real-world applications demonstrate the opposite. For instance, in the study 

referred to earlier by Walji et al., the search feature of the evaluated EHR system was identified 

as a usability issue of medium priority to fix. The reason was that the search results did not match 

users’ expectations (Walji et al., 2013). Moreover, after analysing the search logs of an EHR 

system, Natarajan et al. found that 14.5% of searches were navigational. For example, the reason 

behind queries that included medical record number (MRN) was to switch patients (Natarajan et 

al., 2010). Natarajan explained that users’ ignorance of the limitations of the search functionality 

could be due to a lack of training. However, this percentage illustrates that users probably faced 

difficulties navigating and accessing information. Furthermore, when space traverse is regarded 

as a cognitive cost, an interface that enables information access via eye movements would be far 

more cognitively efficient than other methods such as mouse select, hover, or zooming (Ware, 

2008, pp. 103–104). 

Nygren et al. found that the process of reading familiar documents by skilled users can be 

divided into two components: The first is automatic, where users can gain knowledge via features 

embedded within the document itself. The second is conscious and non-automatic, requiring ef-

fortful cognitive processes to extract the necessary knowledge for the task at hand. Moreover, 

they argued that interface design can make use of features such as fixed spatial position, grouping, 

colour, typeface, orientation, and the absence of some information in order to enable users to gain 

knowledge concerning the presented information with little cognitive cost, leaving more atten-

tional capacities available to solve essential tasks (Nygren et al., 1992b). 

Furthermore, they explained that users could consciously access the knowledge gained at a low 

level from visual and spatial cues, which they could then use for task components ‘like orientation, 

navigation, choice of search strategy, discovery of errors, choice of a proper reading level and coordination 
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of values in time’. Moreover, ‘The knowledge is thus not gained by reading but by recognition of patterns 

and interpretation of the characteristics of the information media’ (Nygren et al., 1992b). 

3.2.1 Reading the Medical Records 

Nygren and Henriksson were interested in learning how physicians read paper-based patient med-

ical records, as this understanding would enable insights regarding the design of computer inter-

faces for complicated work environments, such as healthcare systems. 

They determined that the manner in which physicians read documents differs depending on 

the situation, including whether this involves examining a new patient for the first time or re-

reading a document of a familiar patient. They also found that physicians could make a quick 

assessment of case complexity by glancing the document. This assessment was enabled by the 

visual cues of the printed paper, such as the distance between red stamps in one type of document. 

Moreover, it was found that, when examining a regular patient, physicians managed to retrieve 

their conscious memory of the patient’s situation—what they called ‘a memory-picture’—by 

simply glancing at the record (Nygren and Henriksson, 1992). 

In other situations, Nygren and Henriksson found the medical record to be used as a dictionary 

to find specific facts and pieces of information, such as drug name for instance. However, if the 

physician had seen the information before, he or she would use the location as a clue and search 

the specific position to find it again. Searching for specific facts in many use situations indicated 

that the ‘reader uses knowledge about structure, sorting order and textural layout to limit the search space 

as far as possible’ (Nygren and Henriksson, 1992). 

Physicians were also found to read medical records for problem-solving. In this situation, the 

primary goal of reading was ‘to test hypotheses, or evaluate strategies of action in the lights of the facts 

in the record’. Therefore, several new facts may call their attention and help them to develop a new 

strategy if those facts stand out from the pages (Nygren and Henriksson, 1992). 

Nygren and Henriksson concluded with identifying three main types of text processing that 

occur during one of the previous reading situations: 

• Reading – The reader carefully reads word by word. 

• Skimming – The reader’s eyes wander along with the pages, reading only certain parts. 

• Skipping – The reader skips certain sections of the page. 

 

The previous reading strategies followed by physicians were found to comprise an interchange 

between reading, skimming, and skipping to find the right information that supports assessment 

and diagnosis. Therefore, Nygren and Henriksson developed design recommendations based on 

previous reading strategies. First, presenting a vast amount of information is encouraged, but the 

interface should feature a high degree of positional and textural structure that enables the infor-

mation to grab the user’s attention. Second, orientation and navigation play an essential role in 

the design, and the visual and spatial cues should be used to enable searching and reading. Finally, 

the user should be able to view the entire record to develop an idea of what may be missing, as 

the absence of information can be helpful to derive new knowledge in some cases (Nygren and 

Henriksson, 1992). 

As can be seen, a strong relationship exists between visual clutter and reading efficiency. For 

instance, designing an interface with fixed positions will not be possible when content leads to 

excessive scrolling and window switching. However, the amount of information is not the sole 

indicator of clutter, since skilled users are trained to deal with large volumes of data. Therefore, 

the quantity becomes a factor when the interface contains an abundance of unnecessary infor-

mation, or when it imposes a cognitive cost on users.  

Nygren et al. (1992a) designed an interface for reading medical records based on the recom-

mendations of their previously mentioned work on reading paper records. The solution, for ex-

ample, removed unnecessary information such as the headlines of some obvious information, such 

as name, date of birth, recent notes, and medications. In addition, the interface made all the es-

sential reading occur on one level by reducing the number of windows. Furthermore, all objects 
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possessed a fixed position, enabling users ‘to build the pattern recognition of typical records’ (Nygren 

et al., 1992a). 

Their prototype possesses numerous features, such as dynamic interactions, visual coding of 

various components, page-turning by mouse clicks and gestures, a unique scrolling mechanism 

of indexes, and a visual manner of illustrating connections between the bundles of notes. Moreo-

ver, it offers dynamic feedback including animation and position shifting to provide the impres-

sion of direction when browsing pages. 

In their argument defending the presentation and navigation method, they claimed that the 

position cues of fixed elements aid the user in searching the screen. Moreover, turning pages by 

clicking on one side of the page requires less attention compared to conventional scrolling. This 

is because, with standard scrolling, the user needs to regain orientation every time the text moves 

vertically (Nygren et al., 1992a). 

Nygren and Allard also reported the advantages of fixed layout for searching and scanning web 

pages for intranet applications. They illustrated that, after training, skilled users developed effec-

tive scanning strategies on the fixed page layout. For instance, the scanning speed improved 25% 

with practice but became constant after 200 trials. Moreover, the rate was 83% faster when the 

search target was provided with a unique visual feature, such as colour, size, shade, space, and 

inclination (Nygren and Allard, 1996). 

Tange et al. mentioned that some medical domains require a dynamic type of data entry due to 

the data’s unpredictable nature in these domains. Thus, there is a need for accommodative entry 

forms that adapt to the screen’s content. However, despite listing screen optimising using fixed 

positions cues as an effective approach to search and present data, they noted that this seems 

contradictory to the need for dynamic data entry (Tange et al., 1997). 

The previous design concepts seem promising for developing screens optimised for reading. 

However, the literature does not suggest how such optimisation would be possible in the presence 

of various input elements. For instance, input elements possess numerous visual features pushing 

for users’ attention. As a result, the recommended visual and positional cues will become less 

effective and may be perceived as clutter. 

3.3 Related Work 

Domańska (2018) offered a design hypothesis for a reading system for medical records after re-

viewing the relevant literature and conducting interviews and observations at Akademiska Sju-

khuset hospital in Uppsala. 

From these findings, her proposed design utilised navigational tools, layout, visual cues, and 

interactions to support users in dealing with the abundance of information typically needed in this 

field. Moreover, the final prototype was positively received when evaluated by a small group of 

physicians. Furthermore, it is believed that the design hypothesis ‘would enable medical staff to read 

the data in a highly efficient way’ (Domańska, 2018). However, the solution did not consider the 

challenge of inputting data with the same interface, since dealing with any additional windows or 

switching to a dedicated system for occasional input tasks would limit the design’s efficiency and 

impose extra cognitive load on users. 
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4 Finding a Potentially Efficient Design 

Creating an efficient interface design to enable input on reading screens can pose an intriguing 

challenge. Therefore, following a systematic approach to generate and refine ideas is essential. 

Design thinking was deemed the appropriate method for answering the first research question. 

4.1 Design Thinking Method 

 

Design thinking aims to generate a common starting point for designers and other entities in-

volved in the design process. However, while there remains no commonly accepted definition for 

the term ‘design thinking’ (Schallmo et al., 2018), the following definition offers insight into what 

design thinking means: 

 
The Design Thinking approach is a systematic, user-oriented approach to solving real-life problems. 
Instead of focusing on how the problem can be technically solved, the main focus is addressing the 
user’s needs and requirements. (Plattner et al., 2009 as cited in Schallmo et al., 2018) 

 

Ideo’s approach, introduced by Tim Brown, was considered reasonable when reviewing defini-

tions and approaches of design thinking discussed by Schallmo and his colleagues. The approach 

mostly consists of recommendations rather than explicit rules and constraints. Ideo’s approach 

further considers the design thinking process to be ‘a system of overlapping spaces rather than a se-

quence of orderly steps’. Moreover, those spaces represent the three phases of its procedure model—

namely, inspiration, ideation and implementation (Brown and Wyatt, 2010). 

The following briefly discusses the three phases of Ideo’s approach, as explained by Brown 

and Wyatt (2010) and Schallmo et al. (2018), as well as how these phases correspond to the dif-

ferent stages of this project: 

• The inspiration phase starts with defining the problems and opportunities after under-

standing the environment of the design challenge, taking restrictions into account. This 

was accomplished by constructing the specification of this thesis and reviewing the 

literature. 

• Ideation consists of brainstorming, sketches sessions, developing, and iteratively test-

ing initial prototypes. In the early stage of this project, brainstorming sought to generate 

numerous ideas for input solutions that could be applied to interfaces optimised for 

reading. Those ideas were then transformed into sketches and low-level prototypes for 

further examination. 

• The implementation phase consists of creating and testing high-level prototypes, then 

converting the definitive one into the final design outcome. Furthermore, a communi-

cation strategy is developed to deliver the design to its stakeholders and potential users. 

In this project, a semi-functional prototype of the selected design was created, and one 

aspect of it (locating information on the screen) was tested during the evaluation stage. 

 

The following sections primarily focus on the ideation phase and illustrate how the final design 

concept of the input method emerged and took its final form. 
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4.2 Ideas and Initial Sketches 

Work on this stage was conducted during the first few weeks of this project. The sketches devel-

oped iteratively from general ideas drawn on paper to initial sketches produced using a desktop 

version of the cloud-based tool Figma1. The sketches were evaluated by an expert in several iter-

ations, with each iteration benefitting from the prior feedback. 

Proposing a solution for inputting data on an interface was intended to enhance the process of 

finding and reading information, which further required an adequate example of such an interface 

to start with. Therefore, the layout suggested by Domańska (2018) was approximately reproduced 

for use as the default interface, serving as the basis for further sketches of the input methods. As 

in the original, the layout mainly consisted of three panels—a general panel with patient infor-

mation, problem list, and notes panels, as presented in Figure 1.  

 
Figure 1. Default Interface2 

 

In the early stage of the design process, brainstorming resulted in five ideas or approaches. These 

ideas were later sketched and evaluated. Moreover, characteristics that were considered appropri-

ate were selected to develop the final solution. The blue dashed frame illustrated in Figure 1 

highlights the area in which these five ideas will be applied. Furthermore, all the design ideas 

presented below share the concept of having a ‘switch mode button’ to indicate the interface sta-

tus, including whether it is active in reading or input mode. 

 

 
1 Figma: collaborative interface design tool - https://figma.com/ 

2 Icons made by Vectors Market from www.flaticon.com, licensed by CC 3.0 BY. 
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4.2.1 Design Idea 1 

Description: 

This solution (presented in Figure 2) depends largely on revealing all the panels’ input controls 

on its canvas once entering input mode. Therefore, screens in this design will look significantly 

different from one another when switching between modes. 

 
Figure 2. Design Idea 1 

Discussion: 

The main problem with this approach concerns the massive change in the panels’ original layout 

and the extra scrolling caused by such change. Furthermore, this idea lacks creativity and does 

not differ entirely from switching windows, since the panel’s structure will not look the same as 

the one in the reading screen. Therefore, situations that require users switching back and forth 

between modes while performing tasks will finally lead to frustration and extensive cognitive 

load (Borälv et al., 1994). As a result, this idea was entirely discarded. 
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4.2.2 Design Idea 2 

Description: 

This idea takes an entirely different approach from its predecessor, as presented in Figure 3. Once 

activating input mode, a checkbox appears next to each editable data region. At first, the user 

needs to check one or more fields to update; after clicking Select, the system generates a new 

panel containing the necessary input control elements to manipulate the information. 

 
Figure 3. Design Idea 2 

Discussion: 

However, this solution will result in a unique layout for the input panel every time the user needs 

to edit some information. Moreover, it adds extra steps between selecting and editing the data. 

Furthermore, it forces the user to decide in advance which fields need editing, and this is usually 

not the typical use scenario. Therefore, it was decided to discard this design completely. 
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4.2.3 Design Idea 3 

Description: 

This solution (presented below in Figure 4) suggests having an additional input panel next to the 

one optimised for displaying information. Editing information on other panels requires hiding the 

currently active one. The useful aspect of this approach is that it enables saving or ignoring 

changes made to elements of the same panel. Although this design duplicates the panel being 

edited, it still makes it possible to read information related to the task from other visible panels of 

the interface. 

 
Figure 4. Design Idea 3 

Discussion: 

However, the issues with this idea are the same found in Design Idea 1; in addition, having an 

extra input-dedicated panel will cause wasted screen estate and hide the panel beneath. Such ob-

struction will make it harder to read the information necessary to perform some tasks. 

Although this idea was discarded, having an option to cancel changes and revert to the original 

state of the reading panel was considered a useful feature. Therefore, adding a control panel with 

options such as revert (redo/undo) or ignore changes is considered in the final design solution. 
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4.2.4 Design Idea 4 

Description: 

The main idea behind this solution (illustrated in Figure 5) is that input controls such as text 

fields, drop-down menus, and others will appear on the same panel canvas when clicking over the 

relevant data region. For example, when the input mode is activated, clicking on ‘Single’, which 

indicates patients’ marital status in Figure 1, will reveal the correspondent input control—in this 

case, the radio button group. Moreover, when finished updating or inputting the information of a 

particular field, moving to the next field can be achieved by either clicking on other data regions 

on the screen or by pressing the tab key on the keyboard.  

However, when the input mode is activated, users may click on data regions that cannot be 

edited or modified. This data can include labels or information that they do not have permission 

to update, such as age and social number, for example. Therefore, all the data regions that can be 

interacted with or edited by the user can be highlighted in a different colour to avoid any confusion 

and play the role of a signifier. 

 
Figure 5. Design Idea 4 
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Discussion: 

The primary critique of this idea is that the input controls will continuously change the original 

layout of the interface, which can make it challenging to find information on the screen and could 

lead to unnecessary extra scrolling in some cases. 

Moreover, presenting input controls on the same panel will result in some data elements being 

moved and rearranged on the screen. Such movement may momentarily defer users’ attention 

away from the field intended to be updated, since ‘motion is extremely powerful in generating an 

orienting response’ (Ware, 2008, p. 36). 

Although this idea was discarded, since it creates motion and continuously alters the reading 

screen layout, having visual signifiers to illustrate what the user is allowed to edit was considered 

a useful element of the design, and so it is employed in the final solution. 

4.2.5 Design Idea 5 

Description: 

The concept behind this design (illustrated in Figure 6) is relatively simple. Once a user clicks on 

the data region, a floating panel containing the associated input-control, labels, and instructions 

required for the task appears, along with options to save or ignore the changes. Moreover, moving 

to other fields can be accomplished by either tabbing or using the mouse.  

 
Figure 6. Design Idea 5 
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Discussion: 

Although the need to save or ignore changes for every single (floating) input panel adds extra 

steps, this idea addresses the disadvantages of the other alternatives discussed earlier. Further-

more, it subtly separates the input controls from the interface’s original layout. Additionally, it 

limits the floating input panel to one specific region at a time, reducing massive visual obstruc-

tions, and only elements that are particularly close to the updated field may be affected. 

This solution preserves the essence of the reading screen as much as possible compared to the 

other designs. As such, it was decided to utilise its core concept of ‘floating input panels’ in the 

final solution. 

4.3 Hybrid Design Solution 

This design solution (presented below in Figure 7) employs the core idea of floating input panels 

of Design Idea 5 and borrows the useful features mentioned in  Idea 3 and Idea 4. In other words, 

it offers the ability to save or revert changes on the main level of the reading panel. Furthermore, 

it utilises visual signifiers to present elements that are allowed to be interacted with or edited. 

 
Figure 7. Hybrid Design Sketch 
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Furthermore, only elements that cannot be edited, such as locked fields, headers, or descriptive 

labels, will be highlighted in a different colour (light grey, for instance) rather than highlighting 

the editable fields. The justification for this decision is that there will be more dynamic infor-

mation displayed on the reading screen compared to instructions and labels.  

Finally, the name ‘Hybrid’ was inspired by the fact that this interface combines several design 

ideas into one. Additionally, it can be used for both reading and editing information in input mode 

with minimal effect on the reading screen’s original layout. 

4.4 Prototyping 

The prototyping phase required refinement, a variety of interactions, and some functionalities. 

However, Figma could not support such demands. Therefore, a premium version of the Jus-

tinmind3 prototyping tool was employed. In the beginning, multiple versions of the hybrid solu-

tion were created and evaluated. 

Figure 8 illustrates a prototype sharing the same layout with the previous sketches. The fields 

highlighted in green represent those updated during input mode. This feature was added to make 

the updated fields distinguishable so changes can be ignored or reversed.  

 
Figure 8. Hybrid Design Enhanced Prototype 

 

In order to make the empirical study’s objective (later discussed in Chapter 5) comprehensible 

for participants, an interface with a general theme and several data fields to fill was necessary. 

 
3 Justinmind: prototyping tool for web and mobile apps - https://www.justinmind.com/ 
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Therefore, after reviewing a few medium-sized online forms, Application for Schengen Visa (Ap-

pendix A) was deemed suitable for the final prototype’s inspiration. 

The original layout of the Schengen Visa application was designed to combine both inputting 

and reading information. The form contains approximately 38 sections to be filled by the applicant 

and 11 sections in the margin used by officials. All this information was printed on two A4 pages, 

along with a header providing a place for applicants’ photo and a consent form at the bottom 

containing approximately 585 words. In addition, the form seems to be designed to be filled tra-

ditionally by hand or by using a pdf editor, with a great deal of required information to be written 

in small areas in some sections. 

Due to the abovementioned disadvantages of the original form, a major reconstruction was 

performed to create two versions of the form. The first was intended to combine both reading and 

inputting data in a manner similar to the standard forms that people encounter on the web while 

performing routine tasks, such as financial and governmental transactions. Some established heu-

ristics were considered while designing the layout of the form. This version is referred to as the 

‘Standard Screen’ for the rest of this report and illustrated in Figure 11 (see Appendix C for a 

higher resolution). 

The interface elements used in the standard screen consisted of six input-controls of those listed 

by the Assistant Secretary for Public Affairs (2013) in Usability.gov. Those controls include the 

following: 

Text fields: Allow either single line or multiple lines of text entry. 

Dropdown lists: Allow selecting one item at a time from a predefined list of items. 

Checkboxes: Allow selecting one or more item from a set of options. 

Radio buttons: Allow selecting only one item at a time from two or more sets of options. 

List boxes: Allow selecting multiple items at a time from a list. 

Date pickers: Allow selecting a date from a calendar. 

 

Conversely, the second version of the form was primarily designed to support reading and finding 

information by removing all unnecessary labels and instructions usually intended to support in-

putting data. This version is referred to as ‘Reading Screen’, and it was designed by the supervisor 

of this thesis. Moreover, both screens were designed to convey the same information, and a list 

of fields, input-controls, and other specifications can be found in Appendix B. 

The reading screen layout was intended to make visual query processing both rapid and accu-

rate for every essential cognitive task the display is intended to support. This was accomplished 

using two primary visual channels (size and orientation of text) to easily read and find infor-

mation, besides using the spatial layout to create different graphic patterns (Ware, 2008) to sup-

port readability. 

The reading screen is presented on the next page in Figure 9, and a high-resolution version can 

be found in Appendix D. Moreover, the final prototype of the input method applied to the reading 

screen is illustrated in Figure 10 (see Appendix E for a higher resolution). 
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Figure 9. Reading Screen 

4.5 Characteristics of Hybrid Input Solution 

The final design of the input method (illustrated in Figure 10; a high-definition version in 

Appendix E) can be described in the following main points: 

• The interface possesses two distinct modes (reading and input). The state of the system 

is always visible and indicated next to a slide button that enables mode switching with 

a clear transition. 

• Tooltips are employed to provide a description when mouse-hovering on the infor-

mation displayed on the reading screen. This is expected to help new users make sense 

of the elements on the screen. 

• Labels and headers of the reading screen, alongside fields that cannot be edited by the 

user due to its nature or access privileges, are highlighted in a subdued colour. In the 

final prototype, light grey was selected to preserve the look of the original layout. 

• A panel with options such as save, cancel, undo, and redo is presented in input mode. 

Beyond its functionality, this panel can be used as a visual cue of the current status. 

• When clicking on regions that contain editable information, a floating panel appears 

fixed over that specific region. This panel includes the relevant input control(s) as well 

as all the descriptions and instructions required to perform the task.  

• Only one floating input panel is presented at a time so as to prevent obstructing other 

fields and to preserve the reading screen’s original layout. 

• Moving to the next input panel can be accomplished using the tab key to hide the cur-

rently active panel and present the next one, or by using the mouse.  

• Hiding the floating input panel can be performed by either pressing the Esc key or by 

clicking on the minimise symbol in the upper-right corner of each panel.  

• Changes made using the input control(s) are simultaneously reflected on the reading 

screen, and the affected elements are highlighted in a different colour, such as light 

yellow. This visually reflects changes and makes reverting them easier. 

• When an update to a particular field influences other elements on the screen, or when 

a specific input affects the path according to which the form will be filled, changes will 

be reflected on both the reading screen content and on the input panels that will conse-

quently appear later. 



 32 

 
Figure 10. Reading Screen with the Hybrid Design Activated in Input Mode 

 
Figure 11. Standard Screen (Content below the blue dashed line require scrolling to show) 
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5 Evaluation 

5.1 Inexperienced Users: Efficiency after a Brief Exposure 

 

5.1.1 Method: Empirical Study 

An empirical study was conducted to investigate the proposed input method’s efficiency for in-

experienced users interacting with its interface after a brief exposure. 

 The study’s primary objective was to investigate the following statement: 

‘Is there a difference in the time it takes inexperienced users to locate specific information on 

a reading screen compared to using a standard screen?’ 

The primary reason for asking the previous questions is that, if the reading screen scores improve 

with finding information, the accompanying input method can benefit from such difference. This 

difference, if it exists, can alleviate any limitations in the proposed design that may occur during 

specific usage scenarios performed by non-expert users. 

Moreover, finding the correct fields of information without further delay is more relevant in 

this case, as manipulating the input control is identical in both screens once clicked on the right 

element. Therefore, there was no need to test the input method itself with users at this stage of 

development. 

Empirical Study Design 

This study was conducted to test reading and standard screens using a between-subject design. 

Since these screens feature two fundamentally different layouts, switching between them to per-

form tasks requires constructing and recalling the relevant mental model of each. Therefore, using 

a within-subject design to test both screens with the same participant was avoided, since the se-

quence effects are expected to be strong and may confound the results (Graziano and Raulin, 

2013, p. 345). 

The screens employed during the study contained the same amount of information and used 

the layouts designed during the design thinking phase, with the visa application as the central 

theme. 

After some consultations with the supervisor, the decision was made to divide the study into 

two stages: 

1. A training session, where participants can familiarise themselves with the study’s me-

chanics and gain some familiarity with the layout and the content. Moreover, this ses-

sion enabled participants to request help or clarifications and become familiar with 

what is expected from them during the real study. 

2. An empirical study session, where participants conducted the actual test without any 

help or feedback from the experimenter. This session consists of three trial blocks, with 

each block, in turn, containing six tasks that were then randomly ordered throughout 

the second and third block. 

The tasks required users to accurately locate and click on a specific piece of information on the 

screen. Training and test session tasks are presented with their order on the next page in Table 1. 
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Confounding Variables’ Control 

Participants were randomly assigned to one of the screen types shortly before starting the exper-

iment. In addition, tasks in both sessions were carefully selected to represent a fair distribution 

across different regions on both screens. This means that task answers were located at the top, 

middle, and bottom section of the standard screen, as well as the right, middle, and left section of 

the reading screen. 

The content displayed on the screens (reading and standard) during the training session differs 

from the one used for the actual test. The data selected to populate both screens were mainly taken 

from a customised dataset, generated using an open-source tool4, and the format was set to suit 

the fields of the visa application. 

Table 1. Tasks Description and their Order throughout Blocks of Trials 

T
ra

in
in

g
 

T
a

sk
s 

ID Task (Find and click on) 

A The intended date of departure. 

B Applicant's marital status. 

C The first name of the family member who is EU, EEA or CH 
citizen. 

E
x

p
er

im
en

t 

T
a

sk
s 

ID Task (Find and click on) 

1 The surname (i.e. last name, family name) of the legal guard-
ian. 

2 The date of fingerprints collections. 

3 The applicant's nationality at birth. 

4 The applicant's means of support. 

5 The email address of the inviting person. 

6 The duration of the intended stay. 

Task Order 

Block 1 Block 2 Block 3 

T1 T4 T5 

T2 T3 T1 

T3 T5 T4 

T4 T6 T3 

T5 T2 T6 

T6 T1 T2 

 

However, due to the reading screen’s flexible design, some sections did not appear on the screen 

when a specific condition applies. This could provide reading screens with an advantage over the 

standard by increasing the content’s intensity in the latter. Such design variation will lead to sce-

narios wherein two or more sections would still appear on the standard screen, but only the one 

that meets a particular condition will be filled with information. For example, the applicant can 

be invited by either an individual (i.e. personal invitation) or by an organisation. Those two sec-

tions contain an uneven amount of data (7 and 14 fields, respectively). Therefore, the screens used 

during the test were counterbalanced to display two versions of the form. The first version shows 

the personal invitation section filled in, while the other contains the organisational invitation in-

formation section. 

Moreover, to restrict participants from accidentally peeking at the screen before starting tasks, 

black screens appeared before and after each task, with a button to show and hide the screen. This 

further made switching between the two versions of the form discussed earlier less prominent. 

Therefore, participants’ attention should be primarily focused on tasks rather than dealing with 

unnecessary confusion. Besides that, all input controls on the standard screen were locked, and 

the mode-switching button was removed from the reading screen to avoid accidental clicks and 

changes. 

Setup and Equipment 

Screens required to solve the tasks, alongside the black transitional pages in between, were ex-

ported as HTML page to be used during the study. Moreover, all pilot tests and the actual study 

 
4 https://www.generatedata.com 
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sessions were conducted using a Google Chrome browser on the Microsoft Windows 10 operating 

system. A Lenovo ThinkPad T580 laptop with a 15-inch FHD monitor at 1920x1080 resolution 

and 60Hz refresh rate was utilised, at 100% brightness level. The mouse was a Corsair Harpoon 

RGB, and a dedicated profile was created to disable all extra buttons and set the sensitivity at 500 

DPI to avoid erroneous clicking and ensure consistency. 

The screens used during the test were designed with Justinmind software to be displayed in a 

full-screen mode with an aspect ratio of 1.78 ‘HD 16:9’ landscape orientation and a canvas size 

of 1536 x 864 pixels. The header and button on the transitional black screens were located at the 

same position on both screens. Screen and mouse clicks were recorded using the Morae 5 software 

suite. 

The study took place in quiet study areas of the Department of Information Technology, 

Ekonomikum campus of Uppsala University, and the student dormitory. In an attempt to make 

the sessions similar to the natural environments, participants were given the freedom to choose 

the time and place. 

Pilot Tests 

Two pilot tests were conducted with two participants consecutively, and feedback from the tests 

was used to improve the experiment’s overall design. 

First Pilot Test: 

During the first pilot test, the participant found the instructions on the transitional black screen 

more noticeable compared to the instructions presented in the panel of the testing software ‘Mo-

rae’. Furthermore, the square buttons ‘Go’ and ‘Stop’ used to hide and show the screen drew 

participants’ attention from the buttons used to start and end the task on the autopilot panel of the 

testing tool. This mainly occurred because the large ‘Stop’ and ‘Go’ buttons were coloured red 

and white in large font. On the other hand, the start and end task buttons of the autopilot panel 

were small and grey, with no option to change their look. Moreover, participants occasionally 

ignored clicking on the ‘Stop’ button after finishing a task and instead moved to the next one 

using the ‘Morae’ panel on the same screen. 

Second Pilot Test: 

Before conducting the second pilot test, instructions were removed from the transitional screens 

and only kept in the autopilot panel. Furthermore, the ‘Stop’ and ‘Go’ buttons were replaced with 

black-and-white square buttons without any text. Moreover, six extra meta-tasks were added to 

remind the participant of clicking on the black square when finished with the task in order to hide 

the screen. 

The test instructions were found to be relatively easy to follow despite minor confusion at the 

beginning. That confusion led participants to slow down and be extra careful before interacting 

with the autopilot panel of the testing software. 

Refining Study Format 

The feedback from the two pilot tests revealed some confusion concerning the mechanism of 

starting and ending tasks. Furthermore, adding an extra 21 meta-tasks to remind participants when 

to click on the black square to hide the screen added additional complexity. As the primary pur-

pose of the study was to accurately locate and click on the specified piece of information as 

quickly as possible, the confusion caused by the test’s navigation mechanism could drive partic-

ipants away from this purpose. Therefore, a decision was made to replace the autopilot function-

ality with classical task cards (Appendix F). The cards were printed on papers along with all the 

necessary instructions required to perform the test. 

 
5 TechSmith Morae: User experience & Market Research Tool -  https://www.techsmith.com/morae.html 
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Participant Recruitments and Demographics 

It was believed that 16 participants would offer suitable statistical reliability for data analysis. 

Participants were recruited via online HCI group (2 respondents), personal recruitment (3 partic-

ipants), and through sharing the experiment advertisement with a college acquaintance (11 par-

ticipants). 

Participants came from nine different nationalities. Twelve were from Non-EU countries 

where they were expected to possess some experience with the process of applying for a visa. The 

gender distribution was even at eight females and eight males. 

Test Protocol 

The setup was prepared before the participants’ arrival at the location, and participants were ran-

domly assigned to a type of screen (reading or standard). Participants were also asked to sign a 

copy of the consent form sent to them earlier by email. The form provided a brief description of 

the study, information about confidentiality, and the right to withdraw from participation without 

any consequences. All participants received a cinema ticket upon completion of the test as an 

incentive. 

Test sessions lasted between 20 and 30 minutes, starting with participants reading the instruc-

tions that were explained briefly by the experimenter after signing the consent form. Following 

this, they received a printed copy of the assigned screen type to briefly examine so they could 

learn which type of interface they would be dealing with. 

The training session began with participants placing the task cards upside-down on the table 

and withdrawing one at a time from the top. They then read the task description, followed by 

clicking on the white square at the upper right corner to show the screen. Once the participant 

found the required piece of information, they were asked to click on it, then end the task by click-

ing the black square at the upper right corner of the screen. Participants were reminded of the 

importance of locating the correct information as quickly as possible without sacrificing accuracy. 

After the end of the training session, the experimenter informed the participants that they would 

no longer receive any help of feedback on their actions. Moreover, they were provided with a 

chance to ask questions in case they required any clarification before starting the real test.  

Participants who were curious about the test’s purpose or hypothesis were encouraged to finish 

the test first before offering them further detail. This was necessary to avoid imposing a subject 

effect on the participants. Additionally, during the real test, the experimenter sat at an angle that 

prevented direct observation, and only intervened to stop the recording and to replace task cards 

upon the end of each trial. 

After completing the test session, participants answered The Single Ease Question (SEQ) to 

rate the level of task difficulty. The answers were on a scale of seven points, ranging from very 

difficult to very easy. 

5.1.2 Results  

All 16 participants completed the study. However, one participant missed a task during the third 

trial using the standard screen. Therefore, the participant was asked to retake the last trial when 

he finished, and only the time of the single missed task was taken from the retake to fill the gap 

in the data. 

Tasks on both screens were perceived to be easy, since the averages of the Single Ease Ques-

tion (SEQ) did not exhibit any significant difference between the reading and standard screen (6.5 

and 6.25, respectively). This could be due to the tasks’ nature and participant familiarity with 

similar visa forms. 

Data Extraction 

Data extraction and task scoring were manually performed using the Morae Manager tool after 

reviewing the study session recordings. Moreover, a set of criteria were followed to ensure accu-

racy: 
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• Tasks start the moment a participant clicks on the white square button at the upper-

right corner to show the screen. 

• Tasks end once a mouse click is fully observed on what is believed by the participant 

to be the correct answer. 

• Tasks from both screens were marked using the same zoom level of 16x. 

• Few adjacent fields on the screens were perceived as confusing by the participants. The 

reason is that those fields contained highly similar information related to the same en-

tity, and they were positioned close to each other. Therefore, answers that met this 

condition were considered correct ‘alternative’ answers on both screens. Table 2 pre-

sents the tasks listed next to the accepted alternative answers. 

• Answers that were utterly irrelevant or erroneous were marked as incomplete tasks, 

and all mistakes or recoveries from previous wrong answers were logged using obser-

vation markers. 

Table 2. Alternative Task Answers 

Task 

# 
Correct answer Confused with (alternative answer) 

Frequency per trial 

block 

T1 T2 T3 Total 

Standard Screen 

Task 3 Nationality at birth Country of birth 2 1 1 4 

Task 4 
Means of support (covered by the 
applicant) 

Means of support (covered by the 
sponsor) 

2 2 0 4 

Reading Screen 

Task 1 Surname of the legal guardian First name of the legal guardian 1 2 2 5 

Task 3 Nationality at birth Country of birth 1 1 0 2 

Task 4 
Means of support (Cash, Credit 
card) 

Cost of living (by the applicant him-
self/herself) 

1 1 1 3 

 

All the raw data tables referred to in the following sections can be found in Appendix G 

Standard Screen Task Times 

First Block of Trials 

Accuracy and Descriptive Statistics  

As calculated from data in Table 6, the median of participants’ average time on task equals 18.88 

sec. The 25th and 75th percentiles are 14.13 and 27.88 seconds, respectively. 

No wrong answers were made during the first block of trials. However, participants clicked on 

alternative answers on four occasions (as listed in Table 2). 

Second Block of Trials 

Accuracy and Descriptive Statistics  

The median of participants’ average time on task equals 6.01 sec, and the 25th and 75th percentiles 

are 5.05 and 9.96 seconds, respectively. 

However, the percentage of correct answers equalled 95.83%, with two wrong answers high-

lighted in red in Table 7. Additionally, participants selected an alternative answer on three occa-

sions. 

Third Block of Trials 

Accuracy and Descriptive Statistics  

The median of participants’ average time on task during the third block equals 5.28 sec, and the 

25th and 75th percentiles are 4.96 and 7.13 seconds, respectively. 

The wrong answers made during the second block were corrected by the participants during 

this block of trials. However, one participant was consistent during all rounds and selected an 

alternative answer for task three during this block as well (choosing applicants’ country of birth 

rather than nationality at birth). 
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Mouse Travel Distances 

Data concerning mouse movement (in pixels) during the tasks were generated for further analysis 

(presented in Table 9 for the standard screen and Table 13 for the reading screen, where wrong 

answers are highlighted in red). It was expected that such measurements might provide supple-

mental information and offer an estimation of scrolling’s detrimental effect on the time for tasks, 

primarily for the tasks that required scrolling on the standard screen. 

Reading Screen Task Times 

First Block of Trials 

Accuracy and Descriptive Statistics  

The median of participants’ average time on task during the first block using the reading screen 

equalled 9.48 sec, and the 25th and 75th percentiles are 7.55 and 16.99 seconds, respectively. 

As Table 10 highlights in red, five wrong answers were identified during this block, which 

made the percentage of overall correct answers 89.58%. Moreover, three alternative answers were 

selected (listed in Table 2).  

 

Second Block of Trials 

Accuracy and Descriptive Statistics  

The median of participants’ average time on task during the first block using the reading screen 

equalled 6.76 sec, and the 25th and 75th percentiles are 5.81 and 7.35 seconds, respectively. 

Only one wrong answer continued to appear during the second trial block. This changed the 

percentage of correctness to 97.92%. However, four alternative answers were selected during this 

block. 

 

Third Block of Trials 

Accuracy and Descriptive Statistics  

The median of participants’ average time on task during the first block using the reading screen 

equalled 4.02 sec, and the 25th and 75th percentiles are 2.84 and 4.44 seconds, respectively. 

The same wrong answer made by the same participant continued to appear during the final trial 

block. The percentage of correctness thus remained the same (97.92%). Moreover, three alterna-

tive answers were selected during this block. 

 

5.1.3 Task Times Analysis 

 

Examining the results from the first block of trials, it is clear that participants provided too many 

wrong answers on the reading screen compared to the standard (5 out of 48 versus none). There-

fore, it cannot be assured that participants carefully followed the primary instruction of being 

accurate during this block. This inaccuracy makes the times recorded during the first block inap-

propriate for devising a meaningful analysis. 

However, one possible explanation for the total number of unique errors during the three blocks 

being higher in the reading screen (5 out of 144 versus 2 out of 144) could be that the standard 

layout of presenting information might be more natural to read if the users are novel to the concept 

of reading screens. 

Another explanation could be that participants felt pressured to be quick and clicked on the 

first answer that made sense to them on the reading screen. Doing so without verifying the answers 

using the tooltip to check the information labels could offer a reason for those errors. 
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The Mann-Whitney U test was deemed the appropriate statistical test for analysing the col-

lected data. This test is referred to as the nonparametric version of the parametric Student’s t-test, 

since it does not assume any specific data distribution (Mcknight and Najab, 2010).  

The null hypothesis H0 was formed as follows: 

‘There is no significant difference between the medians of the average times for standard 

screen tasks and those measured using the reading screen’. 

And the alternative hypothesis H1 was formed as follows: 

‘There is a significant difference between the medians of the average times for standard screen 

tasks and those measured using the reading screen’. 

 

The test was performed using the statistics software Prism6. Moreover, all tests were two-tailed, 

and the significance level was set to α=.05. Since the results of the first block were considered 

overly inaccurate for providing any meaningful analysis, only data from the second and third 

blocks were considered. 

Second Block of Trials 

The Mann-Whitney U test indicated no significant difference between medians of the task times 

averages using the standard screen (Md =6.01 sec) and the times using the reading screen (Md 

=6.75 sec), p = .879, U =30. 

Third Block of Trials 

The Mann-Whitney U test revealed a significant difference between medians of task times aver-

ages using the standard screen (Md =5.28 sec) compared to the reading screen (Md =4.03 sec), p 

= .002, U =4 during the third block of trials. 

 

Figure 12 on the next page illustrates the differences between average task times among 

screens during the second and third trial blocks. 

 

 
6 GraphPad Prism8: statistical analysis and graphing solution - https://www.graphpad.com/scientific-software/prism/ 
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Figure 12. Average Task Times during the 2nd & 3rd Block of Trials 

5.1.4 Mouse Travel Analysis 

The mouse-travelling distances during tasks can be assumed to possess a normal distribution. 

Therefore, using the Student’s t-test would constitute the appropriate statistical method to analyse 

the data. 

In order to investigate screen type’s effect on the mouse-travel distance, an unpaired two-tailed 

Student’s t-test with a significance level of α=.05 was conducted to analyse the data collected 

during the second and third trial blocks. 

Second Block of Trials 

There was no significant difference between the means of the mouse-travelled distances during 

tasks per participant on the standard screen (M=2879 pixel) compared to the reading screen 

(M=2209), t(14) = 1.62, p = .127.  

Third Block of Trials 

There was a significant difference between the means of mouse-travelled distances during tasks 

per participant on the standard screen compared to the reading screen, t(14) = 3.25, p = .006, with 

the reading screens scoring lower (M=1842 pixel) than the standard (M=2868 pixel). 

 

Figure 13 on the next page illustrates the differences between mouse distances between screens 

during the second and third trial blocks. 
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Figure 13. Mouse Travel Distances – Block 2 & 3 

5.1.5 Scrolling vs Non-Scrolling Tasks 

Although the Mann-Whitney U analysis of the average task times per participant indicated a sig-

nificant difference between the two screens during the third block, it was decided to conduct 

further investigation. Therefore, the data were organised based on whether or not tasks required 

scrolling on the standard screen. This was intended to determine a possible reason for the differ-

ence in times. Moreover, this was also performed to estimate scrolling’s detrimental effect on the 

participants’ average task times on both screens. 

Table 14 and Table 15 in Appendix G provide measurements of task times during the second 

and third block of the trials, as divided into scrolling and non-scrolling tasks. 

 

Scrolling vs Non-Scrolling: Task Times Analysis 

Second Block of Trials 

A Mann-Whitney U test indicated no significant difference between medians of the time averages 

for non-scrolling tasks using the standard screen (Md = 4.87sec) compared to using the reading 

screen (Md = 5.54 sec), p = .96, U =31. 

Similarly, a Mann-Whitney U test identified no significant difference between medians of the 

time averages of scrolling tasks using the standard screen (Md =6.92 sec) compared to using the 

reading screen (Md =6.54 sec), p = .328, U =22. 

 

Third Block of Trials 

A Mann-Whitney U test indicated no significant difference between the medians of the time av-

erages of non-scrolling tasks using the standard screen (Md = 4.68 sec) compared to using the 

reading screen (Md = 3.57 sec), p = .168, U =18.50. 

However, the Mann-Whitney U test for the third block identified a significant difference be-

tween the medians of the time averages for the scrolling tasks. Specifically, the reading screen 

was faster (Md =3.10 sec) compared to the standard screen (Md=6.73 sec) and p =.005, U =6. 
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Figure 14. Box Plot of Non-Scrolling Tasks’ Times 

 

 
Figure 15. Box Plot of Scrolling Tasks’ Times 

Scrolling vs Non-Scrolling: Mouse Travel Analysis 

The same division based on task types (Scrolling vs Non-Scrolling) was performed for both 

screens’ mouse-travel distances. The data measurements of mouse travel distances for the second 

and third trial blocks can be found in Table 16 and Table 17, Appendix G. 

Similar to the general analysis of mouse movement performed earlier, an unpaired two-tailed 

Student’s t-test with a significance level of α=.05 was conducted to compare the effect of task 

type (scrolling vs non-scrolling) on mouse-travel distances between the standard and reading 

screens. 
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Second Block of Trials 

There was no significant difference between the means of the mouse-travelled distances during 

non-scrolling tasks per participant for the standard screen (M=2594 pixel) compared to the read-

ing screen (M=1858), t(14) = 1.99, p = .066.  

Similarly, there was no significant difference between the means of the mouse-travelled dis-

tances during scrolling tasks per participant on the standard screen (M=3164 pixel) compared to 

the reading screen (M=2560), t(14) = 1.04, p = .317.  

 

Third Block of Trials 

Unlike the results from the second trial block, there was a significant difference between the 

means of the mouse-travelled distances during non-scrolling tasks per participant. Specifically, 

the reading screen had shorter travel distance (M=1664 pixel) compared to the standard screen 

(M=2527 pixel), t(14) = 3.66, p = .003. 

Moreover, there was also a significant difference between the means of the mouse-travelled 

distances during scrolling tasks per participant on the reading screen (M=2020 pixel) compared 

to the standard screen (M=3210), t(14) = 2.51, p = .03.  

 

 
Figure 16. Scrolling vs Non-Scrolling Tasks – Mouse Travel – Block 2 
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Figure 17. Scrolling vs Non-Scrolling Tasks – Mouse Travel – Block 3 

5.2 Efficiency of Expert Users 

 

5.2.1 Method: GOMS-KLM 

For any design to be considered satisfactory and useable, it should be efficient and effective for 

its specified users. However, to systematically examine specific aspects of design, it is crucial to 

first possess a distinct and precise definition of ‘usability’, since it is relevant in this context.  

Usability has always been the primary interest of human-computer interaction (Benyon, 2019). 

The International Organisation for Standardisation defined usability as the ‘extent to which a sys-

tem, product or service can be used by specified users to achieve specified goals with effectiveness, effi-

ciency and satisfaction in a specified context of use’ (ISO 9241-11:2018). As can be noted from this 

definition, efficiency represents only one aspect of usability, and according to the ISO, it concerns 

the ‘resources used in relation to the results achieved’. 

Task times represent one of the costs that users deal with when interacting with a system or an 

interface to achieve a particular goal. Therefore, an accurate measure of efficiency is required to 

compare the proposed input method, ‘hybrid design’, with the efficiency of the standard method. 

To perform such an accurate comparison, a quantitative analysis tool of the GOMS model known 

as the keystroke-level model (KLM) was deemed a reliable method for this purpose. 

The GOMS provides engineering tools for cognitive modelling of human performance (John 

and Kieras, 1996). Card, Moran and Newell, the creators of the original model (CMN-GOMS) 

and its KLM variant, considered users’ cognitive model to consist of four components (Card et 

al., 1983, p. 140,144): 

• A set of Goals that the user wants to achieve by using the system. 

• A set of Operators, which describe any elementary perceptual, motor, or cognitive 

acts whose execution is necessary to change any aspect of the user’s mental state or to 

affect the task environment. 

• A set of Methods or procedures describing how to achieve the goal. 

• A set of Selection rules to choose between the competing methods to accomplish a 

specific goal. 
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The KLM method, which was used to evaluate the efficiency of the two types of input methods, 

can be considered a simplified version of GOMS, as the main focus is on the low-level operators 

(such as keypresses, clicks, pointing) without an explicit analysis of the goals and selection rules 

(Card et al., 1983). 

As introduced by its original creators, the KLM model offers a simple, accurate, and flexible 

model for the time it takes an expert user to perform an error-free task with a given method on an 

interactive computer system. This model counts users’ keystrokes and includes other low-level 

operators to estimate task times (Card et al., 1980). 

The KLM analysis was calculated for both screens. The first involves an expert user utilising 

the hybrid design input method on a reading screen. The second accounts for using a conventional 

input method, such as those found in the standard screens. Moreover, the analysis was performed 

for two usage scenarios: filling an empty visa application from scratch primarily using the key-

board, and completing the six main tasks of the empirical study using the mouse (see Appendix H 

for excerpts). 

The analysis was conducted using the open-source tool Cogulator7 (Estes, 2016). Furthermore, 

the standard HTML form controls presented in one of the techniques of WCAG2.0 (Web Content 

Accessibility Guidelines 2.0) (W3C, 2016) were utilised as a reference to allocate KLM operators 

when using only the keyboard. 

Advantages of GOMS-KLM 

The literature is full of arguments and use-cases demonstrating the benefits of GOMS, since it 

has been used for so long to model human performance. To begin with, the KLM model provides 

a quick and simple tool that can be learned in a short time compared to conducting real experi-

ments. In addition, it is packaged in such a manner that it can be used by designers to compare 

two or more alternative designs in the early stages while also remaining accurate enough to aid in 

making design decisions (Card et al., 1980). 

Furthermore, the GOMS is more than a research tool, since it has been applied to multiple 

domains and real-world systems, producing useful input for the design process. Additionally, it 

can be used as a usability evaluation tool across several development stages (John and Kieras, 

1996). 

Finally, numerous researchers who have utilised the GOMS method have reported its success 

in comparing the efficacy of different systems. The comparative analysis ability of this method 

has constituted one of its main advantages since its creation (Preece et al., 2002, p. 453).  

KLM Analysis Operators 

The main operators employed in the analysis (keystroke, pointing, and homing) comprised those 

defined by Card et al., as they were confirmed to a high degree (Haunold and Kuhn, 1994). How-

ever, it was also necessary to find reliable estimations for some high-level operators that the user 

might come across while performing tasks. These operators apply to tasks such as choosing from 

Pull-Down lists, scrolling, and selecting a date from the Date-Picker input control. Therefore, 

some of the composite operators proposed by Jeff Sauro were deemed adequate for this purpose, 

especially since those operators make the process of estimating tasks faster without any loss in 

accuracy (Sauro, 2009).   

The cognitive calculator tool enables having different syntax with the same operator under-

neath to make the script readable. Furthermore, the software allows adding models and operators 

to the pre-installed ones. Therefore, some of the composite operators found in the literature 

(Sauro, 2009) were added to the calculator tool to be used throughout the analysis. Table 3 on the 

next page lists the operators employed in the evaluation and their source. 

 

 

 
7 Cogulator: A Cognitive Calculator - http://www.cogulator.io/ 
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Table 3. KLM Operators Used in the Analysis 

Operator Description Time Source 

Point 
(P) 

Pointing to a target on the screen with a mouse. 1.10 sec (Card et al., 1980; 
Kieras, 2001) 

Click 
(BB) 

Click the mouse button (pressing and releasing). 200 ms (Kieras, 2001) 

Keystroke 
(K) 

Pressing a key or button on the keyboard. 
The time for the average noncritical typist (40 wpm) is found 
recommended for most users. 

280 ms (Card et al., 1980; 
Kieras, 2001) 

Type Type a sequence of n characters on a keyboard. T= (n x K) sec (Kieras, 2001) 

Hands 
(H) 

Homing the hand(s) on the keyboard or other devices such as 
the mouse. 

400 ms (Card et al., 1980; 
Kieras, 2001) 

Mental; Think; 
Verify 

(M) 

Those accounts for the time users mentally prepare for physical 
activities, verify their input, or think about the data that should 
be retrieved from their memory to complete the task. 

1.20 sec (Kieras, 2001; Ol-
son and Olson, 
1990) 

Date-Picker The time it takes to select a date from the Date-Picker input 
control. This will vary depending on the design of the Date-
Picker component. 

6.81 sec (Sauro, 2009) 

Pull-Down List 
(No Page Load) 

Selecting an item from a Pull-Down List without accounting for 
page load. 

3.04 sec (Sauro, 2009) 

Scrolling Scrolling across the screen to reach the required field or input 
control. 

3.96 sec (Sauro, 2009) 

System response operator R(t) comprises one of the original operators of KLM. This operator 

represents the time users have to wait until the system response to a command or action. However, 

the KLM model does not demonstrate a theory of system response times, and they are only 

counted when they require the user to wait for the system. Furthermore, system responses vary 

among different systems and different commands. In addition, they are not counted in some cases, 

as expert users can overlap them with the successor mental operations, unless the response does 

not exceed 1.35 sec (Card et al., 1980). Therefore, it was decided not to include them in the anal-

ysis and assume that they are identical constants for both designs. 

Mental Times Allocation 

Mental operations (Ms) represent acts of preparation for applying subsequent physical operations 

(Card et al., 1980). This preparation includes times where the user retrieves units of information 

from long-term memory (Olson and Olson, 1990), thinks of initiating a task, or verifies actions 

and input. Although Card et al. provided some heuristics for locating mental operators in their 

book The Psychology of Human-Computer Interaction and other publications (Card et al., 1983, 

1980), deciding the appropriate amount of Ms and their location remains the most challenging 

aspect of using KLM (Kieras, 2001). 

In our analysis, some recommendations suggested by David Kieras (Kieras, 2001) functioned 

as a guideline to locate mental operators. The rules and cases applied to allocate Ms in the analysis 

include the following: 

• Consistency 

Both designs, standard and reading, utilised the exact same set of KLM operators to 

deal with each task’s input control. However, a few differences occurred on special 

occasions that were dependent on the type of screen. Those unique differences are dis-

cussed in the result section. 

• Giving attention to the number of Ms rather than the placement  

To preserve consistency and maintain a reasonably systematic comparison, mental 

times were allocated cautiously. Therefore, the number of Ms across screens did not 

differ drastically in a manner that could affect the results, and it was kept at the very 

minimum (Standard 134; Reading 133). 

• Initiating each task  

A mental operator was assigned at the start of each goal where users retrieved the nec-

essary information required to complete the task. 
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• Making a strategy decision 

 A mental operator was allocated whenever the user faced a situation featuring more 

than one option to continue filling the visa form. 

• Retrieving a chunk from memory 

An operator was used when the user recalled information from memory to deal with 

some input controls. This retrieval occurred when typing in a text field, selecting 

among multiple options of a set of Radio buttons, using a Date-Picker, or choosing 

from a Pull-Down list. 

• Verifying input 

A mental operator followed each input operation in a text field, Date-picker, or select-

ing from a set of checkboxes containing more than two options. 

• Skilled users can overlap Ms with physical operators 

This rule was only applied when estimating the time it would take expert users to per-

form input on the elements of the six main tasks used during the empirical study. This 

overlapping resulted from using the mouse to locate and point the required fields. 

Limitations of GOMS-KLM 

Likely one of the most noticeable restrictions of KLM is that it assumes users to possess a high 

level of expertise. Moreover, it expects tasks to be routine units with well-documented methods 

and the user manifesting an error-free performance. Additionally, this model only predicts one 

aspect of interface design—namely, task execution times—without accounting for other vital as-

pects (Card et al., 1980). Such aspects include, for example, but not limited to, learnability, user 

satisfaction, effectiveness, memorability, accessibility, and recovering from errors. 

Furthermore, in some cases, the literature mentioned that GOMS predictions did not match the 

empirical measurements due to users acting unexpectedly compared to what designers predicted. 

This further makes it difficult to predict how an average user will perform tasks, such as when 

using systems designed to be flexible, where errors and unpredicted behaviours accordingly can-

not be modelled. These unpredictable behaviours include, among others, individual differences, 

fatigue, social and organisational factors, mental workloads, and interruptions (Preece et al., 2002, 

p. 454). 

Finally, dealing with assigning mental operators and deciding which value to use can be con-

fusing and overwhelming, as seen from the literature (Card et al., 1980; Kieras, 2001; Olson and 

Olson, 1990), as well as from the need for more validated composite operators for everyday rou-

tine tasks similar to those proposed by Sauro (2009). 

5.2.2 Results 

As mentioned earlier, the KLM analysis was performed for both reading and standard screens 

using the same input data. Table 4 presents the results for each screen in two use scenarios. The 

first involves filling an empty application from scratch using the keyboard, while the second com-

prises a situation where a user fills the input controls of the six main tasks of the empirical study 

using a mouse. 

Table 4. KLM Task Times 

Screen 
Use Scenario

 
Full application using a key-

board 
Six input controls using a 

mouse 

Standard 430.9 sec (7.18 min) 64.5 sec (1.8 min) 

Reading 426.1 sec (7.10 min) 57.2 sec (0.95 min) 

 

It is worth mentioning that the reading screen’s adaptive nature to the content provides it with 

advantages when combined with the proposed input method. This advantage is evident in the 

example of filling the visa application using the keyboard. The reading screen’s layout does not 

display empty sections that are not relevant to the content. Moreover, when the form contains 

several related sections, and only one can be filled in, there is no need to present the other inap-

plicable options. As a result, when using this screen’s input method, users will be saved from 
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manually skipping fields and sections that cannot be filled in. Therefore, only the relevant input 

panels will appear based on the form’s previous inputs. 

However, when using the standard screen to fill the application, this takes more keystrokes 

compared to the reading screen, since users need to manually skip the inapplicable fields. For 

instance, the user needs to skip 14 input controls. This skipping is necessary, since the ‘sponsored 

invitation’ section should be empty, as the applicant is not invited by an organisation. Beyond 

this, it is also necessary to skip one more section, since the applicant’s cost of living is not spon-

sored by another party. However, assuming that the standard solution can somehow save the user 

from manually skipping irrelevant parts, a new analysis after removing all the extra operators 

required for skipping showed that it would require 426.1 sec to complete the form. This result is 

equal to the time spent using the hybrid input method on the reading screen. 

Moreover, the time difference between screens when using the mouse in the second scenario 

(updating the six input controls from the empirical study) is caused by scrolling to find the re-

quired fields on the standard screen. Therefore, assuming that all the necessary fields of the six 

tasks were on the same space with no need to scroll, the time for the standard screen will become 

56.6 sec in this case, making it faster than the reading screen by 600 ms. This minor delay is 

caused by three additional mouse clicks (200 ms each) to show the input panels on screen before 

being able to edit the relevant input control. 

Eventually, when using the Hybrid input method, the additional mouse click discussed above 

will only appear in a few cases. This will be when the input control required to edit the data does 

not possess an auto-focus feature. The autofocus usually enables users to enter or select data im-

mediately once the floating input panel appears. For example, input controls like Text fields and 

Date-Pickers possess this feature. Conversely, other fields that use controls such as Radio-But-

tons, List-Boxes, Checkboxes, and Dropdown Lists will require an additional mouse click to show 

the input panel first before being able to manipulate the input. 

It is evident from the KLM analysis times that, in most cases, the combined reading and input 

method performs better when used by experienced users. However, the KLM model does not 

account for errors and mistakes. Therefore, it is essential to perform other tests and experiments 

before generalising the results, especially when considering introducing this method to new users 

who are unfamiliar with the concept of reading screens. 
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6 Discussion & Conclusion 

6.1 The Feasibility of the Proposed Design   

The first research question concerned identifying a solution to enable efficient input for the read-

ing screen. It appears that the proposed design could constitute such a feasible solution, since it 

attempts to save the visual and positional cues of the original layout. Although the floating panels 

of the input controls will draw users’ attention, the focus will remain restricted to the task of 

updating that particular field. 

The difficulties that users face when introduced to a new system was discussed in the work of 

Carroll and Rosson (1998). From what they termed ‘paradoxes of the active user’, the production 

paradox is particularly relevant in this context. This problem occurs when experienced users con-

tinue using previous methods to accomplish tasks rather than investing their limited time into 

learning new ones. For instance, even though users might be aware that using the new methods 

would make their work more efficient, they could still prefer previous methods so they can main-

tain their level of productivity. 

Moreover, ‘assimilation paradox’ represents yet another issue that can hinder the adaptation of 

new solutions. In this paradox, experienced users have already accumulated expertise and devel-

oped patterns of behaviours that will obstruct them from establishing new ones. However, Carroll 

and Ronsson suggested, among other solutions, mitigating the effects of these paradoxes by mak-

ing it easy to learn the new system, as well as by introducing solutions that are similar to their 

previous options or conform to users’ expectations (Carroll and Rosson, 1998). It is further be-

lieved that the design proposed in this thesis falls under this approach. 

For instance, the design is optimised to perform similar to how an experienced user would 

expect when filling in a form (i.e. by using the keyboard and tabbing to move through input fields). 

This familiarity should make the training process cost less, since users can apply their previous 

knowledge to the new method. However, this only applies to the input method itself. Using read-

ing screens represents a separate matter that users can master after sufficient training and usage. 

One question arises concerning how the empty fields should be displayed so that they enable 

input. For instance, if the fields are empty, they will become invisible, and it will thus not be 

possible for users to know where to click to insert new data. One possible solution can be replac-

ing the empty fields with tags or holders possessing labels for the missing information inside 

them. These tags should appear only when switching to the input mode, however. The design of 

these tags can be decided on during the implementation phase. Examples of how such tags can 

appear would be <Email Address>, [ZipCode, Street & No., City]. 

6.2 Efficiency for Expert Users  

Regarding the second research question concerning the proposed design’s efficiency for expert 

users, the KLM analysis results demonstrated that reading screens should perform better com-

pared to the standard alternatives. However, it will be interesting to test the interface and the input 

method using skilled users to determine if their evaluation matches the KLM results. Additionally, 

it is essential to include other factors such as stress, time constraints, and task difficulty when 

evaluating the proposed design. 

Moreover, the KLM model assumes no errors or interruptions when performing the tasks, but 

this is not the case in most scenarios and domains, especially in fields such as medical care. In 

addition, it will be interesting to compare the clutter that is perceived by experts for both screens. 
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One objection regarding the design can be that, by using the fixed floating input panels, some 

parts of the reading screen will be obstructed. These parts could contain information related to the 

current task. Therefore, this will force users to depend on retrieving this piece of information from 

their temporary memory. However, since the panels are only limited to the necessary instructions 

and input control of a specific field, the effect of this obstruction should be limited to a small 

space. Moreover, a simple adjustment to the design to enable temporarily hiding the input panel 

while the user is holding a keyboard key would solve the problem. 

Eventually, if the hybrid input method is utilised with a keyboard by an expert user, the cost 

should be either equivalent to, or even better than, the cost of using the standard approach in most 

cases. However, there are a few cases where the hybrid method will be slower by a mouse click 

compared to the standard method (discussed in section 5.2.2). Nonetheless, this extra click can be 

justified by the reduction of clutter as well as the enhanced search and navigation that the reading 

screens can add to the interface. 

6.3 Efficiency for Inexperienced Users 

It is interesting to note that the significant differences between the reading and standard screens 

only occurred during the third block of trials. While three trial blocks are not sufficient to become 

skilled in using reading screens, the difference could indicate familiarity. It could be that the par-

ticipants started growing familiar with the reading screen’s layout due to the fixed positions of its 

elements. 

Another explanation for the time differences could be due to scrolling’s detrimental effect for 

finding the search targets. For instance, once the participants became more confident with their 

answers during the first and second trial block, scrolling to reach the target using the standard 

screen became the only factor slowing them. This explanation corresponds with the literature 

findings presented in section 3.1.1. Moreover, scrolling’s negative effect is further confirmed by 

the Mann-Whitney U test results for the two task categories. These results demonstrate a signifi-

cant difference in the case of scrolling tasks, while such a difference did not occur for the non-

scrolling ones (see Figure 14 and Figure 15). 

The differences between mouse distances during the third block of trials can be a result of the 

screen space variation between screens. The reading screen features less space compared to the 

standard alternative, since all the unnecessary elements were removed. Additionally, this could 

be due to participants’ personal preferences regarding the manner in which they use the mouse. 

However, the difference between screens during the non-scrolling tasks was far more significant 

than the difference during scrolling tasks (P=.003 and P=.03, respectively), even though the read-

ing screen had shorter mouse travel distances in both conditions. Therefore, the standard screen’s 

visual clutter could be the reason behind this substantial difference during the non-scrolling tasks. 

Furthermore, upon reviewing the recordings, it was noticed that participants performed unnec-

essary scrolling during task six. However, the target answer for this task could be selected without 

scrolling. Therefore, this unnecessary scrolling likely caused extra mouse travel, since the curser 

did not land on the target when participants stopped scrolling. 

Although the participants produced more errors using the reading screen compared to the 

standard, this confusion could, as explained earlier, be due to the novelty of the presentation lay-

out, as well as other factors, such as preferring speed over accuracy. However, participants cor-

rected most of these errors during the second block of trials and learned to use the tooltip tool to 

verify their answers. Moreover, it is expected that skilled users who have to deal with similar 

screens for a long time in their work should not face such an issue. 

Finally, the third research question involved evaluating the proposed design’s efficiency for 

the inexperienced users who briefly interacted with its concept. The results of the empirical study 

appear promising, as the reading screen scored better in task times and mouse travel distances on 

average compared to the standard screen. 

In conclusion, this thesis highlighted the advantages of optimising computer interfaces to sup-

port skilled users in finding and reading information. Moreover, the proposed input solution that 
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can be used with these screens appeared to provide some potential benefits, as the evaluations 

suggested. Therefore, it would be interesting to investigate how other types of applications, be-

yond medical records and visa applications, could benefit from such a solution. However, each 

system possesses unique use scenarios, contexts, and objectives. Thus, generalising the results 

presented in this work should be treated with extreme caution. 

6.4 Future Work 

There remains considerable room for improvements to the design of the proposed input method. 

For instance, it would be interesting to possess a fully functional implementation for testing and 

evaluation by skilled users in real settings. Additionally, it will be interesting to assess other as-

pects beyond efficiency. These aspects include effectiveness, user satisfaction, and learnability. 

Moreover, it will be of great interest to re-conduct the empirical study with more participants and 

a greater number of trials. This could lead to more accurate results and help determine whether or 

not the task times for the reading screen will continue to decrease. 

Finally, the proposed design can be implemented using frameworks such as Electron or Proton 

Native. These platforms allow creating cross-platform and native desktop apps using web tech-

nologies such as JavaScript, HTML, and CSS. Alternatively, it can be implemented using the Qt 

platform, which also enables creating native apps that take advantage of the native capabilities of 

the hosting operating system. 
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8 Appendices 

Appendix A - Application for Schengen Visa 
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Figure 18 The Original Schengen Visa Application8 

 

 

 

 

 

 
8 https://www.migrationsverket.se/download/18.5e83388f141c129ba6312919/1485556220819/blvisa_119031_en.pdf 

https://www.migrationsverket.se/download/18.5e83388f141c129ba6312919/1485556220819/blvisa_119031_en.pdf
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Appendix B - List of Input Controls (Visa Form) 

# Field name Input Control Length 
(characters) 

Available Options 

1 Surname (Family name) Text field 60 - 

2 Surname at birth (Former family name(s)) Text field 60 - 

3 First name(s) (Given name(s)) Text field 60 - 

4 Date of birth (day-month-year) Date picker 14 - 

5 Place of birth Text field 20 - 

6 Country of birth Dropdown list - List of countries 

7 Sex Radio buttons - • Male 
• Female 

8 Current nationality Dropdown list - List of countries 

Nationality at birth, if different Dropdown list - List of countries 

9 Marital status Dropdown list - • Single 
• Married 
• Separated 
• Divorced 
• Widow(er) 
• Other 

if Other is selected 

 Other Text field 24 - 

10 National identity number (where applicable) Text field 60 - 

 

11 (In the case of minors, info of parental authority/legal guardians:) 

Surname Text field 20 - 

First name Text field 20 - 

Address (if different from applicant) 

Street name and No. Text field 20 - 

Zipcode Text field 6 - 

City Text field 15 - 

Country Dropdown list - List of countries 

 

Nationality of parental authority/ legal guardian Dropdown list 20 List of countries 

 

12 Type of travel document Dropdown list - • Ordinary passport 
• Diplomatic passport 
• Service passport 
• Official passport 
• Other 

if Other is selected 

Other Text field 40 - 

13 Number of travel document Text field 20 - 

14 Date of issue Date picker 14 - 

15 Valid until Date picker 14 - 

16 Issued by Text field 15 - 

 

17 Applicant’s home address 

Street name and No. Text field 20 - 

Zipcode Text field 6 - 

City Text field 15 - 

Country Dropdown list - List of countries 
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Email Text field 40 - 

Telephone number(s) Text field 20 - 

18 Residence in a country other than that country of current 
nationality 

Radio buttons - • No 
• Yes 

if Yes is selected 

Resident permit of equivalent no. Text field 10 - 

Valid until Date picker 14 - 

19 Current occupation Text field 60 - 

20 Employer and employer’s address and telephone number. 
For students, name and address of educational establishment. 

Name Text field 20 - 

Address 

Street name and No. Text field 20 - 

Zipcode Text field 6 - 

City Text field 15 - 

Country Dropdown list - List of countries 

 

Telephone Text field 20 - 

 

21 Main purpose(s) of the journey Checkbox list - • Tourism 
• Business 
• Visiting family or friends 
• Cultural 
• Sports 
• Official visit 
• Medical reasons 
• Study 
• Transit 
• Airport transit 
• Other 

if Other is selected 

Other Text field 20 - 

22 Member State(s) of destination Text field 30 - 

23 Member state of first entry Dropdown list 20 List of EU countries 

 

24 Number of entries requested Dropdown list - • Single entry 
• Two entries 
• Multiple entries 

25 Duration of the intended stay or transit Text field 4 - 

26 Schengen visas issued during the past three years Radio buttons - • No 
• Yes 

if Yes is selected 

Date(s) of validity 

from Date picker 14 - 

to Date picker 14 - 

27 Fingers collected previously during the past three years Radio buttons - • No 
• Yes 

if Yes is selected 

Date if known Date picker 14 - 

 

28 Entry permit for the final country of destination, where applicable 

Issued by Text field 20 - 

Valid from Date picker 14 - 

Until Date picker 14 - 

29 Intended date of arrival in the Schengen Area Date picker 14 - 

30 Intended date of departure from the Schengen Area Date picker 14 - 

 

31 Surname and first name of the inviting person(s) in the 
Member State(s). If not applicable, name of hotel(s) or tem-

porary accommodation(s) in the Member State(s) 

Text field 40 - 

Address and e-mail address of inviting person(s)/hotel(s) temporary accommodation(s) 
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Street name and No. Text field 20 - 

Zipcode Text field 6 - 

City Text field 15 - 

Country Dropdown list - List of countries 

 

Email Text field 40 - 

Telephone and telefax Text field 20 - 

32 Inviting company/organisation 

Name Text field 30 - 

Company Address 

Street name and No. Text field 20 - 

Zipcode Text field 6 - 

City Text field 15 - 

Country Dropdown list - List of countries 

 

Telephone and telefax Text field 20 - 

Contact person in company/organisation 

Surname Text field  - 

First name Text field  - 

Address 

Street name and No. Text field 20 - 

Zipcode Text field 6 - 

City Text field 15 - 

Country Dropdown list - List of countries 

Email Text field 40 - 

Telephone and telefax Text field 20 - 

 

33 Cost of travelling and living during the applicant’s stay is covered 

By the applicant himself/herself Checkbox Item - - 

Means of support List boxes - • Cash 
• Traveller’s cheques 
• Credit card 
• Prepaid accommodation 
• Prepaid transport 

Other Checkbox Item - - 

If Other is checked 

Other (please specify) Text field 15 - 

 

by the sponsor (host, company, organisation) Checkbox Item - - 

Referred to in field 31,32 * Radio button - - 

If Referred  is checked 

Sponsor Text field 15 - 

Other * Radio button - - 

If Other is checked 

Other (please specify) Text field 20 - 

 

Means of support List boxes - • Cash 
• Accommodation provided 
• All expenses covered during 

the stay 
• Prepaid accommodation 
• Prepaid transport 

Other Checkbox Item - - 

If Other is checked 

Other (please specify) Text field 15 - 
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34 Personal data of the family member who is an EU, EEA or CH citizen 

Surname Text field 30 - 

First name(s) Text field 25 - 

Date of birth Date picker - - 

Nationality Dropdown list - List of EU, EEA countries + CH 

Number of travel document or ID card Text field 20 - 

35 Family relationship with an EU, EEA, or CH citizen 

 Related citizen Radio buttons - • Spouse 
• Child 
• Grandchild 
• Dependent ascendant 

 Citizen’s full name Text field 20 - 

Table 5. List of The Input Controls in The Visa Form 

*  Same Radio Button set 

Note: the default option shown in the dropdown menus is <Not Selected> 

 

 

Overview of Table 5 

Input Control 
Type 

Frequency of 
occurrence 

Text fields 56 
Dropdown list 15 

Date picker 12 
Radio button list 6 

Checkbox list 5 
List boxes 2 

Total 96 
 

 

Text fields width on the screen 
 

Length 
(characters) 

Width 
(pixels) 

6 50 
10 90 
15 115 
20 144 
24 175 
30 210 
40 280 
60 415 
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Appendix C - Standard Screen  

 
Figure 19. Standard Screen (High Quality) 
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Appendix D - Reading Screen Layout 

 

 
Figure 20. Reading Screen (High Quality) 
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Appendix E - Reading Screen with Hybrid Input Method  

Figure 21. Hybrid Input Method Implemented on Reading Screen 
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Appendix F – Example of the Tasks Cards 
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Appendix G – Raw Data Tables 

Standard Screen Task Times 

First Block of Trials 

Table 6. Trial Block 1 – Standard Screen Task Times 

Time on Task 

(Seconds) 
Task 

1  

Task  

2  

Task 

3  

Task 

4  

Task 

5  

Task 

6  

Participant's 

Average 

 (Seconds) 

P02 18.79 120.73 67.37 40.60 10.13 18.25 45.98 

P03 5.18 4.98 5.58 48.64 10.98 12.58 14.66 

P04 11.52 12.36 5.29 13.26 11.42 5.70 9.93 

P05 47.94 36.24 8.74 25.42 9.57 13.78 23.62 

P06 19.34 21.32 10.00 23.84 22.34 7.52 17.39 

P07 10.17 56.30 5.11 21.97 8.50 20.14 20.37 

P11 23.96 92.97 43.92 31.42 21.94 29.72 40.66 

P16 11.82 27.10 8.04 6.14 7.75 14.55 12.57 

        

Minimum 5.18 4.98 5.11 6.14 7.75 5.70 9.93 

Maximum 47.94 120.73 67.37 48.64 22.34 29.72 45.98 

Mean 18.59 46.50 19.26 26.41 12.83 15.28  
Standard Dev. 13.30 41.01 23.38 13.79 5.87 7.59  

 

Second Block of Trials 

Table 7. Trial Block 2 – Standard Screen Task Times 

Time on Task 

(Seconds) 
Task 

1  

Task  

2  

Task 

3  

Task 

4  

Task 

5  

Task 

6  

Participant's 

Average 

 (Seconds) 

P02 6.84 32.39 3.25 10.99 6.76 3.97 10.70 

P03 3.12 3.11 4.31 5.80 11.78 3.20 5.22 

P04 2.59 4.79 3.19 4.79 8.58 3.39 4.56 

P05 4.56 4.19 5.59 7.74 8.24 4.98 5.88 

P06 7.18 3.25 4.39 10.37 7.19 4.38 6.13 

P07 3.32 10.18 13.17 11.18 8.60 11.79 9.71 

P11 26.31 28.79 15.26 22.30 28.16 23.68 24.08 

P16 4.11 5.71 2.85 4.79 2.77 4.56 4.13 

        

Minimum 2.59 3.11 2.85 4.79 2.77 3.20 4.13 

Maximum 26.31 32.39 15.26 22.30 28.16 23.68 24.08 

Mean 7.25 11.55 6.50 9.75 10.26 7.49  
Standard Dev. 7.88 12.00 4.87 5.74 7.65 7.10  

Third Block of Trials 

Table 8. Trial Block 3 – Standard Screen Task Times 

Time on Task 

(Seconds) 
Task 

1  

Task  

2  

Task 

3  

Task 

4  

Task 

5  

Task 

6  

Participant's 

Average 

 (Seconds) 

P02 5.57 5.97 4.57 8.19 9.11 4.19 6.27 

P03 2.39 7.58 3.56 3.79 7.32 5.17 4.97 

P04 2.39 4.06 2.37 13.16 4.43 3.09 4.92 

P05 7.17 6.77 2.78 6.36 4.37 3.79 5.21 

P06 8.90 5.17 3.17 4.95 3.76 6.16 5.35 

P07 6.48 14.39 5.05 14.32 11.05 6.95 9.71 

P11 13.69 64.30 10.59 69.14 44.95 46.30 41.50 

P16 2.99 2.98 2.19 3.28 8.17 3.17 3.80 

        

Minimum 2.39 2.98 2.19 3.28 3.76 3.09 3.80 

Maximum 13.69 64.30 10.59 69.14 44.95 46.30 41.50 

Mean 6.20 13.90 4.29 15.40 11.65 9.85  
Standard Dev. 3.86 20.65 2.74 22.10 13.70 14.79  
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Mouse Travel Distances: Standard Screen 

Table 9. Mouse Movement Tables - Standard Screen 

Mouse Movement – Standard Screen - Block 1 
 Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Participant's Avg 

Mouse Movement (Pixels)        

P02 7170.26 9967.37 4259.68 3888.53 3878.92 3661.04 5470.97 

P03 5113.60 3370.43 4285.02 23323.78 6354.44 7610.25 8342.92 

P04 3537.05 2308.89 2529.88 2256.96 4299.84 2185.73 2853.06 

P05 3116.24 1522.30 1704.50 2635.33 2814.25 2444.29 2372.82 

P06 2991.94 2747.39 2278.67 5001.83 4438.07 2301.24 3293.19 

P07 6881.16 3844.04 1685.14 5412.32 2273.53 4110.80 4034.50 

P11 3254.44 4365.56 4338.18 5394.00 4670.37 4965.41 4497.99 

P16 3294.76 6338.18 1835.44 2770.19 3868.21 3774.09 3646.81 
        

Minimum 2991.94 1522.30 1685.14 2256.96 2273.53 2185.73 2372.82 

Maximum 7170.26 9967.37 4338.18 23323.78 6354.44 7610.25 8342.92 

Mean 4419.93 4308.02 2864.56 6335.37 4074.70 3881.60  

Standard Dev. 1742.16 2710.82 1218.12 6981.03 1233.39 1798.00  

 
Mouse Movement – Standard Screen - Block 2 

 Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Participant's Avg 

Mouse Movement (Pixels)        

P02 5524.16 6458.19 1329.29 3421.04 5488.13 5276.73 4582.92 

P03 3010.87 1978.67 2289.72 6223.72 9374.78 2093.80 4161.93 

P04 2133.21 1663.47 1344.49 1894.03 3282.86 1931.13 2041.53 

P05 1939.03 1260.13 1096.68 2460.67 1582.53 1966.80 1717.64 

P06 2886.05 1472.72 2008.95 3439.97 2644.48 2050.55 2417.12 

P07 3293.38 2166.61 1745.08 2905.88 3988.75 1924.78 2670.75 

P11 5125.50 2079.31 1559.26 4806.27 1657.27 5976.08 3533.95 

P16 2734.01 2147.38 821.94 2537.64 1011.14 2189.67 1906.96 
        

Minimum 1939.03 1260.13 821.94 1894.03 1011.14 1924.78 1717.64 

Maximum 5524.16 6458.19 2289.72 6223.72 9374.78 5976.08 4582.92 

Mean 3330.78 2403.31 1524.43 3461.15 3628.74 2926.19  

Standard Dev. 1312.62 1672.00 480.66 1417.30 2741.68 1679.39  

 
Mouse Movement – Standard Screen - Block 3 

 Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Participant's Avg 

Mouse Movement (Pixels)        

P02 4573.02 3438.67 1583.67 4771.71 3696.02 2213.69 3379.46 

P03 2460.86 4600.76 1347.22 2516.58 8297.56 4098.30 3886.88 

P04 2230.89 1203.42 1290.69 2110.70 2881.78 1935.37 1942.14 

P05 2953.32 1558.74 792.76 2495.05 2634.57 1884.76 2053.20 

P06 3238.50 1942.58 2903.47 2459.85 2896.23 3267.71 2784.72 

P07 5260.16 2138.00 1318.28 2923.45 3159.00 2685.00 2913.98 

P11 3009.94 3987.73 1355.60 5253.06 5720.92 5260.02 4097.88 

P16 1954.12 1711.74 700.42 2417.17 2229.79 2322.22 1889.24 
        

Minimum 1954.12 1203.42 700.42 2110.70 2229.79 1884.76 1889.24 

Maximum 5260.16 4600.76 2903.47 5253.06 8297.56 5260.02 4097.88 

Mean 3210.10 2572.71 1411.51 3118.45 3939.48 2958.38  

Standard Dev. 1076.15 1177.69 629.94 1119.14 1925.74 1113.88  
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Reading Screen Task Times 

First Block of Trials 

Table 10. Trial Block 1 – Reading Screen Task Times 

Time on Task 

(Seconds) 
Task 

1  

Task  

2  

Task 

3  

Task 

4  

Task 

5  

Task 

6  

Participant's 

Average (Seconds) 

P01 3.92 7.31 17.51 4.98 3.52 3.33 6.76 
P08 8.99 52.78 9.38 15.54 9.66 10.98 17.89 
P09 5.56 3.72 42.45 27.31 17.13 3.96 16.69 
P10 9.37 8.99 10.58 7.58 10.20 5.79 8.75 
P12 14.58 79.57 13.35 6.15 9.98 4.76 21.40 
P13 10.87 13.60 7.77 11.35 5.91 11.71 10.20 
P14 7.32 4.58 3.72 11.78 10.57 4.73 7.12 
P15 4.12 6.59 13.33 14.19 4.19 3.71 7.69 

        

Minimum 3.92 3.72 3.72 4.98 3.52 3.33 6.76 
Maximum 14.58 79.57 42.45 27.31 17.13 11.71 21.40 
Mean 8.09 22.14 14.76 12.36 8.90 6.12   

Standard Dev. 3.63 28.26 11.93 7.11 4.38 3.32   

 

Second Block of Trials 

Table 11. Trial Block 2 – Reading Screen Task Times 

Time on Task 

(Seconds) 
Task 1  

Task  

2  
Task 3  Task 4  Task 5  

Task 

6  

Participant's 

Average (Seconds) 

P01 4.66 6.19 3.39 3.78 2.72 2.05 3.80 
P08 6.26 22.04 3.99 3.59 2.98 2.04 6.82 
P09 9.39 3.85 21.98 3.77 6.19 3.18 8.06 
P10 13.83 2.91 5.69 11.37 4.38 4.51 7.12 
P12 10.54 10.05 3.51 12.45 12.10 4.38 8.84 
P13 4.78 6.04 3.65 4.44 13.59 6.38 6.48 
P14 12.37 6.97 4.60 4.38 9.19 2.52 6.67 
P15 3.00 2.80 2.72 2.53 2.20 1.79 2.51 

        

Minimum 3.00 2.80 2.72 2.53 2.20 1.79 2.51 
Maximum 13.83 22.04 21.98 12.45 13.59 6.38 8.84 
Mean 8.10 7.61 6.19 5.79 6.67 3.36  

Standard Dev. 3.98 6.31 6.44 3.83 4.45 1.61  

 

Third Block of Trials 

Table 12. Trial Block 2 – Reading Screen Task Times 

Time on Task 

(Seconds) 
Task 

1  

Task  

2  

Task 

3  

Task 

4  

Task 

5  

Task 

6  

Participant's 

Average (Seconds) 

P01 3.80 3.05 2.19 2.19 3.12 1.86 2.70 
P08 2.99 2.80 2.00 2.57 3.79 3.19 2.89 
P09 5.11 2.88 11.00 2.99 3.39 3.17 4.76 
P10 5.39 2.53 2.19 3.39 3.39 5.39 3.71 
P12 3.79 4.20 3.94 4.52 6.98 2.58 4.34 
P13 4.98 3.72 2.73 3.59 8.17 3.39 4.43 
P14 5.51 2.99 3.57 3.93 7.59 3.30 4.48 
P15 2.18 1.73 1.73 1.79 2.12 1.60 1.86 

        

Minimum 2.18 1.73 1.73 1.79 2.12 1.60 1.86 
Maximum 5.51 4.20 11.00 4.52 8.17 5.39 4.76 
Mean 4.22 2.99 3.67 3.12 4.82 3.06  

Standard Dev. 1.22 0.74 3.06 0.92 2.36 1.16  
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Mouse Travel Distances – Reading Screen 

Table 13. Mouse Movement Tables - Reading Screen 

Mouse Movement – Reading Screen - Block 1 
 Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Participant's Avg 

Mouse Movement (Pixels)        

P01 2724.77 1681.60 3277.98 2711.18 2710.00 941.17 2341.12 

P08 4107.11 17061.97 2947.79 4983.70 3670.80 5273.49 6340.81 

P09 3987.68 1571.22 2196.12 1679.63 7305.94 1252.46 2998.84 

P10 2766.99 2241.75 2892.56 2689.54 2024.47 1272.17 2314.58 

P12 2647.96 7402.53 3092.80 1853.11 2865.98 775.09 3106.25 

P13 2001.56 5170.60 1665.05 3999.80 3118.37 6756.78 3785.36 

P14 2603.14 1469.91 1454.97 2861.89 3749.11 2907.86 2507.81 

P15 3248.52 1747.29 3891.35 2030.89 2455.11 1741.23 2519.07 
        

Minimum 2001.56 1469.91 1454.97 1679.63 2024.47 775.09 2314.58 

Maximum 4107.11 17061.97 3891.35 4983.70 7305.94 6756.78 6340.81 

Mean 3010.97 4793.36 2677.33 2851.22 3487.47 2615.03  

Standard Dev. 724.11 5403.29 834.71 1131.02 1648.20 2233.44  

 
Mouse Movement – Reading Screen - Block 2 

 Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Participant's Avg 

Mouse Movement (Pixels)        

P01 2971.04 3467.01 1756.20 2181.02 2261.92 767.12 2234.05 

P08 3583.44 6344.65 1634.11 2416.29 2154.98 920.67 2842.36 

P09 2322.62 1440.29 1491.34 2539.77 2099.55 826.88 1786.74 

P10 2654.59 1073.06 1290.28 2179.22 2492.03 1319.12 1834.72 

P12 2078.81 1280.28 1373.18 3273.64 3417.25 976.42 2066.60 

P13 2006.12 1771.35 1353.56 2979.37 5012.48 2841.29 2660.70 

P14 3884.55 1943.11 2218.21 2027.10 3871.31 1354.02 2549.72 

P15 2294.47 1152.33 1903.76 1905.89 2167.82 763.81 1698.01 
        

Minimum 2006.12 1073.06 1290.28 1905.89 2099.55 763.81 1698.01 

Maximum 3884.55 6344.65 2218.21 3273.64 5012.48 2841.29 2842.36 

Mean 2724.45 2309.01 1627.58 2437.79 2934.67 1221.16  

Standard Dev. 699.86 1801.94 319.34 476.17 1067.00 694.16  

 
Mouse Movement – Reading Screen - Block 3 

 Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Participant's Avg 

Mouse Movement (Pixels)        

P01 2694.37 1562.35 2041.68 1958.32 3094.12 942.71 2048.93 

P08 2235.91 1043.23 1214.21 1895.69 3088.26 793.86 1711.86 

P09 2293.44 984.04 1535.33 1763.34 2729.13 1057.21 1727.08 

P10 2695.21 1012.41 1119.80 1599.52 2378.01 1810.70 1769.28 

P12 2983.17 951.79 1314.33 1755.31 2717.68 708.48 1738.46 

P13 1929.20 1067.82 1255.30 1670.95 4852.46 1807.71 2097.24 

P14 2645.79 1487.27 1367.61 2433.00 3516.91 1104.63 2092.54 

P15 2170.85 969.90 1363.12 1736.66 2202.25 839.44 1547.04 
        

Minimum 1929.20 951.79 1119.80 1599.52 2202.25 708.48 1547.04 

Maximum 2983.17 1562.35 2041.68 2433.00 4852.46 1810.70 2097.24 

Mean 2455.99 1134.85 1401.42 1851.60 3072.35 1133.09  

Standard Dev. 350.85 244.45 286.30 261.26 832.37 437.31  
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Scrolling vs Non-Scrolling Tasks 

Standard Screen Task Times 

Table 14. Standard Screen Task Times – Scrolling vs Non-Scrolling 

Standard Screen - Block 2 

Time on 

Task 

 (Seconds) 

Non-Scrolling Tasks Scrolling Tasks 

Task 
1 

Task 
3 

Task 
6 

Participant's 

Average 

Task 
2 

Task 
4 

Task 
5 

Participant's 

Average         
P02 6.84 3.25 3.97 4.69 32.39 10.99 6.76 16.71 

P03 3.12 4.31 3.20 3.54 3.11 5.80 11.78 6.90 

P04 2.59 3.19 3.39 3.06 4.79 4.79 8.58 6.05 

P05 4.56 5.59 4.98 5.04 4.19 7.74 8.24 6.72 

P06 7.18 4.39 4.38 5.32 3.25 10.37 7.19 6.94 

P07 3.32 13.17 11.79 9.43 10.18 11.18 8.60 9.99 

P11 26.31 15.26 23.68 21.75 28.79 22.30 28.16 26.42 

P16 4.11 2.85 4.56 3.84 5.71 4.79 2.77 4.42 
 

  Median 4.87 

 
 
 
  

Median 6.92 

  25% 3.77 25% 6.56 

  75% 6.34 75% 11.67 

  Min 3.06 Min 4.42 

  Max 21.75 Max 26.42 

 
Standard Screen - Block 3 

Time on 

Task  

(Seconds) 

Non-Scrolling Tasks Scrolling Tasks 

Task 
1 

Task 
3 

Task 
6 

Participant's 

Average 

Task 
2 

Task 
4 

Task 
5 

Participant's 

Average         
P02 5.57 4.57 4.19 4.78 5.97 8.19 9.11 7.76 

P03 2.39 3.56 5.17 3.71 7.58 3.79 7.32 6.23 

P04 2.39 2.37 3.09 2.62 4.06 13.16 4.43 7.22 

P05 7.17 2.78 3.79 4.58 6.77 6.36 4.37 5.83 

P06 8.90 3.17 6.16 6.08 5.17 4.95 3.76 4.63 

P07 6.48 5.05 6.95 6.16 14.39 14.32 11.05 13.25 

P11 13.69 10.59 46.30 23.53 64.30 69.14 44.95 59.46 

P16 2.99 2.19 3.17 2.78 2.98 3.28 8.17 4.81 
 

  Median 4.68 

 
 
 
  

Median 6.72 

  25% 3.48 25% 5.58 

  75% 6.10 75% 9.13 

  Min 2.62 Min 4.63 

  Max 23.53 Max 59.46 

 

Reading Screen Task Times 

Table 15. Reading Screen Task Times – Scrolling vs Non-Scrolling 

Reading Screen - Block 2 

Time on 

Task 
(Seconds) 

Non-Scrolling Tasks Scrolling Tasks 

Task 
1 

Task 
3 

Task 
6 

Participant's 

Average 

Task 
2 

Task 
4 

Task 
5 

Participant's 

Average         
P01 4.66 3.39 2.05 3.37 6.19 3.78 2.72 4.23 

P08 6.26 3.99 2.04 4.10 22.04 3.59 2.98 9.54 

P09 9.39 21.98 3.18 11.52 3.85 3.77 6.19 4.60 

P10 13.83 5.69 4.51 8.01 2.91 11.37 4.38 6.22 

P12 10.54 3.51 4.38 6.14 10.05 12.45 12.10 11.53 

P13 4.78 3.65 6.38 4.94 6.04 4.44 13.59 8.02 

P14 12.37 4.60 2.52 6.50 6.97 4.38 9.19 6.85 

P15 3.00 2.72 1.79 2.50 2.80 2.53 2.20 2.51 
 

  Median 5.54 

 
 
 
  

Median 6.53 

  25% 3.91 25% 4.51 

  75% 6.88 75% 8.40 

  Min 2.50 Min 2.51 

  Max 11.52 Max 11.53 
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Reading Screen - Block 3 

Time on 

Task 
(Seconds) 

Non-Scrolling Tasks Scrolling Tasks 

Task 
1 

Task 
3 

Task 
6 

Participant's 

Average 

Task 
2 

Task 
4 

Task 
5 

Participant's 

Average         
P01 3.80 2.19 1.86 2.62 3.05 2.19 3.12 2.79 

P08 2.99 2.00 3.19 2.73 2.80 2.57 3.79 3.05 

P09 5.11 11.00 3.17 6.43 2.88 2.99 3.39 3.09 

P10 5.39 2.19 5.39 4.32 2.53 3.39 3.39 3.10 

P12 3.79 3.94 2.58 3.44 4.20 4.52 6.98 5.23 

P13 4.98 2.73 3.39 3.70 3.72 3.59 8.17 5.16 

P14 5.51 3.57 3.30 4.13 2.99 3.93 7.59 4.84 

P15 2.18 1.73 1.60 1.84 1.73 1.79 2.12 1.88 
 

  Median 3.57 

 
 
 
  

Median 3.10 

  25% 2.70 25% 2.99 

  75% 4.18 75% 4.92 

  Min 1.84 Min 1.88 

  Max 6.43 Max 5.23 

Mouse Travel - Scrolling vs Non-Scrolling 

Table 16. Standard Screen Mouse Distances – Scrolling vs Non-Scrolling 

Standard Screen - Block 2 

Mouse 

Movement 
(Pixels)  

Non-Scrolling Tasks Scrolling Tasks 

Task 1 Task 3 Task 6 
Participant's 

Average 
Task 2 Task 4 Task 5 

Participant's 

Average         
P02 5524.16 1329.29 5276.73 4043.39 6458.19 3421.04 5488.13 5122.45 

P03 3010.87 2289.72 2093.80 2464.80 1978.67 6223.72 9374.78 5859.06 

P04 2133.21 1344.49 1931.13 1802.94 1663.47 1894.03 3282.86 2280.12 

P05 1939.03 1096.68 1966.80 1667.50 1260.13 2460.67 1582.53 1767.78 

P06 2886.05 2008.95 2050.55 2315.18 1472.72 3439.97 2644.48 2519.06 

P07 3293.38 1745.08 1924.78 2321.08 2166.61 2905.88 3988.75 3020.41 

P11 5125.50 1559.26 5976.08 4220.28 2079.31 4806.27 1657.27 2847.62 

P16 2734.01 821.94 2189.67 1915.21 2147.38 2537.64 1011.14 1898.72 
 

  Median 2318.13 

 
 
 
  

Median 2683.34 

  25% 1887.14 25% 2184.77 

  75% 2859.45 75% 3545.92 

  Min 1667.50 Min 1767.78 

  Max 4220.28 Max 5859.06 

 

 
Standard Screen - Block 3 

Mouse 

Movement 
(Pixels)  

Non-Scrolling Tasks Scrolling Tasks 

Task 1 Task 3 Task 6 
Participant's  

Average 
Task 2 Task 4 Task 5 

Participant's  

Average 
        

P02 4573.02 1583.67 2213.69 2790.13 3438.67 4771.71 3696.02 3968.80 

P03 2460.86 1347.22 4098.30 2635.46 4600.76 2516.58 8297.56 5138.30 

P04 2230.89 1290.69 1935.37 1818.98 1203.42 2110.70 2881.78 2065.30 

P05 2953.32 792.76 1884.76 1876.95 1558.74 2495.05 2634.57 2229.45 

P06 3238.50 2903.47 3267.71 3136.56 1942.58 2459.85 2896.23 2432.89 

P07 5260.16 1318.28 2685.00 3087.81 2138.00 2923.45 3159.00 2740.15 

P11 3009.94 1355.60 5260.02 3208.52 3987.73 5253.06 5720.92 4987.24 

P16 1954.12 700.42 2322.22 1658.92 1711.74 2417.17 2229.79 2119.57  
  Median 2712.79 

 
 
 
  

Median 2586.52 

  25% 1862.46 25% 2201.98 

  75% 3100.00 75% 4223.41 

  Min 1658.92 Min 2065.30 

  Max 3208.52 Max 5138.30 
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Table 17. Reading Screen Mouse Distances – Scrolling vs Non-Scrolling 

Reading Screen - Block 2 

Mouse 

Movement 
(Pixels)  

Non-Scrolling Tasks Scrolling Tasks 

Task 1 Task 3 Task 6 
Participant's 

Average 
Task 2 Task 4 Task 5 

Participant's 

Average         
P01 2971.04 1756.20 767.12 1831.45 3467.01 2181.02 2261.92 2636.65 

P08 3583.44 1634.11 920.67 2046.07 6344.65 2416.29 2154.98 3638.64 

P09 2322.62 1491.34 826.88 1546.95 1440.29 2539.77 2099.55 2026.54 

P10 2654.59 1290.28 1319.12 1754.66 1073.06 2179.22 2492.03 1914.77 

P12 2078.81 1373.18 976.42 1476.14 1280.28 3273.64 3417.25 2657.06 

P13 2006.12 1353.56 2841.29 2066.99 1771.35 2979.37 5012.48 3254.40 

P14 3884.55 2218.21 1354.02 2485.59 1943.11 2027.10 3871.31 2613.84 

P15 2294.47 1903.76 763.81 1654.01 1152.33 1905.89 2167.82 1742.01 
 

  Median 1793.06 

 
 
 
  

Median 2625.25 

  25% 1627.25 25% 1998.60 

  75% 2051.30 75% 2806.39 

  Min 1476.14 Min 1742.01 

  Max 2485.59 Max 3638.64 

 
Reading Screen - Block 3 

Mouse  

Movement 
(Pixels)  

Non-Scrolling Tasks Scrolling Tasks 

Task 1 Task 3 Task 6 
Participant's 

 Average 
Task 2 Task 4 Task 5 

Participant's 

 Average 
        

P01 2694.37 2041.68 942.71 1892.92 1562.35 1958.32 3094.12 2204.93 

P08 2235.91 1214.21 793.86 1414.66 1043.23 1895.69 3088.26 2009.06 

P09 2293.44 1535.33 1057.21 1628.66 984.04 1763.34 2729.13 1825.50 

P10 2695.21 1119.80 1810.70 1875.24 1012.41 1599.52 2378.01 1663.31 

P12 2983.17 1314.33 708.48 1668.66 951.79 1755.31 2717.68 1808.26 

P13 1929.20 1255.30 1807.71 1664.07 1067.82 1670.95 4852.46 2530.41 

P14 2645.79 1367.61 1104.63 1706.01 1487.27 2433.00 3516.91 2479.06 

P15 2170.85 1363.12 839.44 1457.80 969.90 1736.66 2202.25 1636.27  
  Median 1666.37 

 
 
 
  

Median 1917.28 

  25% 1585.95 25% 1772.02 

  75% 1748.32 75% 2273.46 

  Min 1414.66 Min 1636.27 

  Max 1892.92 Max 2530.41 
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Appendix H – GOMS-KLM Excerpts 

Hybrid Screen 
57.2 s 

Task time 
 

* Input mode of the hybrid screen is activated, and the user is using the mouse to perform six 
tasks. 

*Task 1 
Goal Fill text filed (Surname of the legal guardian) 
.Mental (1200 ms) Initiating the task 
.Hands (400 ms) on the mouse 
.Point (1100 ms) at the location of the field 
.Click (200 ms) at the field to show input panel 
.Think (1200 ms) of the required data 
.Hands (400 ms) to keyboard 
.Type chastity 
.Verify (1200 ms) 
 
*Task 2 
Goal Select from Radio button (Fingerprints collected previously) 
.Mental (1200 ms) Initiating the task 
.Hands (400 ms) on the mouse 
.Point (1100 ms) at the location of the field 
.Click (200 ms) at the field to show input panel 
.Think (1200 ms) of the required data "Yes or No" 
.Point (1100 ms) to target "Yes" radio button 
.Click (200 ms) at the button to select "Yes" 
.Think (1200 ms) of the required data "Date of collection" 
.Date-picker "Selecting the date" 
.Verify (1200 ms) 
 
*Task 3 
Goal Select from a Drop-Down list (Nationality at birth) 
.Mental (1200 ms) Initiating the task 
.Hands (400 ms) on the mouse 
.Point (1100 ms) at the location of the field 
.Click (200 ms) at the field to show input panel 
.Think (1200 ms) of the required data 
.Pull-Down_List 

 
*Task 4 
Goal Select multiple items from List Box (Means of support) 
.Mental (1200 ms) Initiating the task 
.Hands (400 ms) on the mouse 
.Point (1100 ms) at the location of the field  
.Click (200 ms) at the field to show input panel 
.Mental (1200 ms) recall the applicable answer for this applicant "Cash"  
.Point (1100 ms) at the option "Cash" 
.Click (200 ms) to select (Cash) 
.Mental (1200 ms) recall the applicable answer for this applicant "Credit card"  
.Point (1100 ms) at the option "Credit card" 
.Click (200 ms) to select (Credit card) 
.Verify (1200 ms) 
 
*Task 5 
Goal Fill text filed (Email) 
.Mental (1200 ms) Initiating the task 
.Hands (400 ms) on the mouse 
.Point (1100 ms) at the location of the field 
.Click (200 ms) at the field to show input panel 
.Think (1200 ms) of the required data 
.Hands (400 ms) to keyboard 
.Type stark.chloe 
.Keystroke Shift 
.Type @ 
.Type yahoo.com 
.Verify (1200 ms) 
 
*Task 6 
Goal Fill text filed (Duration of intended stay) 
.Mental (1200 ms) Initiating the task 
.Hands (400 ms) on the mouse 
.Point (1100 ms) at the location of the field 
.Click (200 ms) at the field to show input panel 
.Think (1200 ms) of the required data 
.Hands (400 ms) to keyboard 
.Type 12 
.Verify (1200 ms)  
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Standard Screen 
64.5 s 

Task time 
 
* The user is using the mouse to perform the six tasks measured during the experiment. 
* Scrolling operator (3960 ms from Sauro,2009). 
*Assuming that the user is expert with performing these tasks and the scrolling is very precise 
where it can show the required filed without hiding other parts of the screen that may contain 
necessary fields in the next task, therefore, the scrolling number is kept to the minimum. 
 

*Task 1 
Goal Fill text filed (Surname of the legal guardian) 
.Mental (1200 ms) Initiating the task 
.Hands (400 ms) on the mouse 
.Point (1100 ms) at the location of the field 
.Click (200 ms) at the field to apply focus 
.Think (1200 ms) of the required data 
.Hands (400 ms) to keyboard 
.Type chastity 
.Verify (1200 ms) 
 
*Task 2 
Goal Select from Radio button (Fingerprints collected previously) 
.Mental (1200 ms) Initiating the task 
.Hands (400 ms) on the mouse 
.Scrolling (3960 ms) down to make the field visible 
.Point (1100 ms) at the location of the field 
.Think (1200 ms) of the required data "Yes or No" 
.Point (1100 ms) to target "Yes" radio button 
.Click (200 ms) at the button to select "Yes" 
.Think (1200 ms) of the required data "Date of collection" 
.Date-picker "Selecting the date" 
.Verify (1200 ms) 
 
*Task 3 
Goal Select from a Drop-Down list (Nationality at birth) 
.Mental (1200 ms) Initiating the task 
.Hands (400 ms) on the mouse 
.Point (1100 ms) at the location of the field 
.Think (1200 ms) of the required data 
.Pull-Down_List 
 
 

 
*Task 4 
Goal Select multiple items from List Box (Means of support) 
.Mental (1200 ms) Initiating the task 
.Hands (400 ms) on the mouse 
.Scrolling (3960 ms) down to make the field visible 
.Point (1100 ms) at the location of the field 
.Mental (1200 ms) recall the applicable answer for this applicant "Cash"  
.Point (1100 ms) at the option "Cash" 
.Click (200 ms) to select (Cash) 
.Mental (1200 ms) recall the applicable answer for this applicant "Credit card"  
.Point (1100 ms) at the option "Credit card" 
.Click (200 ms) to select (Credit card) 
.Verify (1200 ms) 
 
*Task 5 
* This task doesn’t require scrolling since the targeted field is visible from the scrolling made 
during the previous task. 
Goal Fill text filed (Email) 
.Mental (1200 ms) Initiating the task 
.Hands (400 ms) on the mouse 
.Point (1100 ms) at the location of the field 
.Click (200 ms) at the field to apply focus 
.Think (1200 ms) of the required data 
.Hands (400 ms) to keyboard 
.Type stark.chloe 
.Keystroke Shift 
.Type @ 
.Type yahoo.com 
.Verify (1200 ms) 
 
*Task 6 
Goal Fill text filed (Duration of intended stay) 
.Mental (1200 ms) Initiating the task 
.Hands (400 ms) on the mouse 
.Point (1100 ms) at the location of the field 
.Click (200 ms) at the field to apply focus 
.Think (1200 ms) of the required data 
.Hands (400 ms) to keyboard 
.Type 12 
.Verify (1200 ms)  
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