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Abstract 

 

The shift from analogue to digital data has been a trend the last couple of decades. One 

reason for such a switch is the ease and effectiveness with which it can be stored and spread. 

Among the most common methods people use to spread their data today is by e-mail and 

therefore, the goal should be to decrease the cognitive load when utilizing e-mail services. 

The main hypothesis of this thesis is that a prototype of an e-mail application designed to 

induce lower levels of cognitive load to its users is more time effective and less mentally 

demanding than one of its market counterparts; Gmail. Male and female participants with the 

age group 18-40 (N=21) performed five different tasks on both the prototype and the Gmail 

application. These tasks were accompanied by a dual-task, which was to tap their finger(s) 

rhythmically with their non-dominant hand on a metal plate to induce further cognitive load. 

The result showed that the tasks were more mentally demanding and frustrating when using 

the Gmail application compared to the prototype. The results showed that the execution time 

for five out of five tasks where longer when using the Gmail application compared to when 

using the prototype, but only three out of five had a statistically significant difference in time.  

Keywords: usability, cognitive, load, tapping, email 
 
 
 

Abstrakt 
 

Växlingen från analogdata till digitaldata har varit en trend de senaste två decennierna. En 

anledning till en sådan förändring är fördelarna i att mer lätthanterligt kunna spara och sprida 

digitaldata. Bland de vanligaste metoderna människor använder idag för dataspridning är e-

mejl och därför bör vi sträva att minska den kognitiva belastningen vid användandet av e-

mejl tjänster. Hypotesen av denna uppsats är att en e-mejls applikations prototyp designad för 

att ge mindre nivåer av kognitiv belastning är mer tidseffektiv och är mindre mentalt 

belastande än en av dess marknadsmotparter; Gmail. Manliga och kvinnliga deltagare i 

åldersgruppen 18–40 (N=21) fick utföra fem olika uppdrag utförda på både prototypen och 

Gmailapplikationen. Uppdragen var kompletterade med ett samtida sidouppdrag vilket var att 

under uppdragens gång slå deras finger rytmiskt mot en metallplatta med deras icke-

dominanta hand för att öka kognitiv belastning. Resultaten visade att uppdragen krävde mer 

mentala resurser och att deltagarna hade högre frustrationnivåer under användningen av 

Gmailapplikationen än på prototypen medan 3 utav 5 uppdrag visade statistisk signifikant 

skillnad i tid. 

Nyckelord: användbarhet, kognitiv, belastning, tapping, email 
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Cognitive load and its impact on usage of email applications 
 

Introduction 
 

Today many companies and institutions are using digital formats to spread and/or 

save information (Columbus, 2018). When it comes to the spread of information email is one 

of the most popular tools used by private individuals and by companies.  This means that it 

would be positive to create a way to make the human user experience as pleasant and 

effective as possible when handling a digital interface. This is often referred to as usability 

which Nielsen (2019) defines as “…a quality attribute that assesses how easy user interfaces 

are to use...”, interfaces being the screen and buttons an individual use in a computer 

program.  One obstacle in developing usability seems to be that according to Miller (1956) 

and Baddeley (1976) our working memory is limited which is one of the main viewpoints of  

Swellers (1988) cognitive load theory. 

The purpose of this study is to research if decreasing cognitive load when using 

desktop email applications is possible by creating an email application prototype with criteria 

from Mayer and Moreno (2003). Therefore 21 participants were asked to rate their experience 

of cognitive load and effort when performing tasks using Gmail and a prototype built to 

induce lower levels of cognitive load while also comparing time differences between the 

tasks performed on both Gmail and prototype 
 
Cognitive load  
 

CLT or cognitive load theory proposed by Sweller (1988) builds on the basis that 

learning and problem solving is most effective while the underlying task conditions are 

aligned with the human cognitive architecture. Although this cognitive architecture is only 

vaguely known, the results of studies by Sweller (1988) and Sweller and Chandler (1994) 

makes it a discernible feature. Sweller (1988) creates a theory around schemas and that 

schemas form the cognitive structures that make up the knowledge base of a person. These 

schemas are what makes us think in different ways and how we can perceive multitudes of 

elements as a single element, for example, a wall is a wall we do not perceive it as a thousand 

bricks. Sweller (1988) proposes that there are three types of cognitive load, intrinsic, germane 

and extraneous. 

Sweller (1988) explains Intrinsic load as the complexity of the information or 

assignment, this essentially means that how hard a piece of information is to grasp for an 

individual is measured in its intrinsic load. Germane load Sweller (1988) defines as the 

cognitive process of building schemes while being introduced to new or different tasks. 

Therefore, performing tasks which use pre-existing cognitive schemes could be a way of 

further decreasing germane cognitive load. The third type of cognitive load, extraneous load 

reflects the way that information is presented to the user and that it may create unnecessary 

steps of dealing with a problem. This will increase the cognitive load and time necessary for 

the user the finish a task or learn new information. 

CLT (Sweller, 1988) proposes that fewer distractions in the environment and in an 

individual’s visual and auditory field is vital to induce lower levels of cognitive load. He 

continuous to say that a proper combination of auditory and visual stimuli in the task at hand 

helps in learning and problem-solving process. This is because we can unburden for example 

the visual stimuli processes and equipoise the stimuli to the auditory processing system. This 

is supported by the working memory model (Baddeley & Hitch, 1974) which CLT is based 

on, where working memory uses the visuospatial sketchpad for visual stimuli which is 

separate from the auditory stimuli’s phonological loop. The visuospatial sketchpad is used for 
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visual navigation and the phonological loop holds sound based information for 1-2 seconds.  

These are both parts of working memory which helps us to remember smaller segments in a 

bigger task to accomplish what we set out to do.  
 

Induce cognitive load by tapping 
 

During the experiment the participants had to use their fingers to tap in a steady 

rhythm to induce further cognitive load while performing the given tasks. This dual-task 

method influenced by Albers (2011) was chosen because only using an email application was 

not considered to be cognitive load inducing enough to observe significant differences in 

cognitive load between the Gmail application and the created prototype. Therefore, this 

method was used to make participants use more of their cognitive resources, making the tasks 

at hand harder to accomplish. Albers (2011) researched tapping as a measure of cognitive 

load and website usability, while also using a TXL-score survey (see appendix B) (Hart & 

Staveland,1988). He draws the conclusion that tapping is a simple measuring and valid tool 

for evaluating cognitive load. 
 

Method 
 
Development of email prototype 
 

Mayer and Moreno (2003) conducted a study based on the cognitive load theory and 

its impact on e-learning. They came up with nine different criteria which was used to 

decrease the amount of cognitive load and to help the test persons learn more efficiently. 

These guidelines are well suited to be used in an application navigation setting which is why 

these criteria have been selected to be applied in the study. 

Mayer and Moreno’s (2003) criteria can be summarized into: 

1. Off-loading: Move some essential processing from visual channel to auditory channel. 

2. Segmenting: Allow time between successive bite-size segments. 

3. Weeding: Eliminate interesting but extraneous material to reduce processing of 

extraneous material. 

4. Signaling: Provide cues for how to process the material to reduce processing of 

extraneous material 

5. Aligning: Place printed words near corresponding parts of graphics to reduce need for 

visual scanning. 

6. Eliminating redundancy: Avoid presenting identical streams of printed and spoken words 

7. Synchronizing: Present narration and corresponding animation simultaneously to 

minimize need to hold representations in memory 

8. Pre-training: Provide pretraining in names and characteristics of components. 

9. Individualizing: Make sure learners possess skill at holding mental representations 

The ninth criteria, Individualizing, has been left out in this study because measuring 

participants skill at holding mental representations would be too time consuming (Mayer & 

Moreno, 2003). These criteria were also complemented by Piernik’s (2017) eight tips of how 

to reduce cognitive load based on Sweller’s (1998) study as well as Chandler’s and Sweller’s 

(1991) study. These criteria include using already existing schemes and reducing visual 

clutter.  

Based on these criteria (Mayer & Moreno, 2003; Piernik 2017), an email prototype 

was designed. This prototype was designed to induce lower levels of cognitive load and it 

was built using Adobe XD CC. The four most essential categories of an email account were 

included in the prototype; inbox, trash, draft and sent (figure 1). Furthermore, when viewing 
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emails in these categories: “name”, “email address”, “subject” and “time” when message was 

received (or sent) was shown (see figures 1, 2). 

 
Figure 1. Prototype screenshot of inbox 

 

 

 

 

 

 

 
Figure 2. Prototype screenshot of trash tab 
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When sending an email an address book and an attach function was implemented, 

other than that a send button and a subject and receiver entry field (see figure 3).  

 

 
Figure 3. Prototype screenshot, view when creating a new email. 

 

With this method applied to the prototype non-essential content is removed and 

breaks the application procedures into smaller and more defined segments. Concrete 

differences with the prototype are that it is scaled down, the four main tabs Inbox, Trash, 

Draft and Sent which also exists in Gmail, are what you in the prototype see most clearly. 

They are grouped together and always viewable at the same time, contradictory to what you 

have in Gmail where you must scroll between different tabs on a side menu (see figure 4).  

 

 
Figure 4. Gmail application inbox 

 

 

In the Gmail application the first sentences of an email are visible from the inbox. 

This feature does not exist in the prototype due to the criteria of weeding. Although 
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interesting, the first sentences of an email should only be in focus when that certain email is 

opened (Mayer & Moreno, 2003). This change was also considered due to the criteria of 

Segmenting, for example; the first sentences competed with other relevant information such 

as the subject of an email, which in Gmail is clumped together with the first sentences in the 

inbox overview (see figure 4, 5). 

The “Create new email” button has gotten a higher priority in the prototype because 

the main objective of an email account is to send emails. It is in the prototype highlighted as a 

picture of a letter signalling in an easy and intuitive way that the user is supposed to click 

here to create an email. Comparing this with the Gmail application where the button with the 

same function is smaller than the tab used to sort commercial adds in your inbox.  

When making the “create new email” window the prototype only prioritized the most 

vital functions of creating an email, for example adding files, email subject and receiver. The 

Gmail application instead of creating a clean interface has a lot of variance when it comes to 

the “Create new email” window. For example, it has options for changing fonts, coloured 

text, different buttons when adding photo or a file. This was not deemed effective in making 

of the prototype when sending an email and therefore minimalistic design was prioritized. 

(Piernik, 2017; Mayer & Moreno, 2003) All forms of settings in the prototype are under the 

gear icon which is a sign for settings commonly used in Apple products (Apple, 2019) and 

the Gmail application (see figure 4,5). 

 

 

 

 
Figure 5. Gmail application, view when writing an email 
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Participants 
 

Of the participants (N = 21) who took part of the study all of them where students, 9 

women and 12 men, All participants were recruited from the campus area in Umeå, Sweden 

The age span ranged from 18-40, 9 participants aged 18-24, 11 aged 25-30 and 1 participant 

aged 31-40. Participation was voluntary and compensation was not handed out in any form. 

20 of the 21 participants had experience in the form of weekly or daily interaction with the 

desktop version of the Gmail application. 
 
Material 
 

Materials used for the experiment was a metal plate, used as a fixed point for the 

tapping. This was complemented with a microphone pointed towards to metal plate, asking 

the participants to tap loud enough to record the sound. This to make the participants 

prioritize the tapping enough not to stop. Before the test began a “basic information survey” 

(see appendix A) was distributed to all participants with questions regarding age, sex and 

previous experience with computer email applications and the Gmail application. The 

experiment with the Gmail application and prototype where then performed by the 

participants on an ASUS Zenbook laptop with a HP computer mouse. While a participant 

where performing a task the Samsung Android stopwatch application was used to record the 

amount of time required for each task. Each participant completed two NASA TXL surveys, 

one after using the Gmail application and one after using the prototype, to record the amount 

of participant’s self-assessed performance and cognitive load (see appendix B). A HP-

pavilion laptop was used to save the time data from each task and each survey was done from 

the ASUS laptop using google forms. 
 
Procedure 
 

A pilot study was conducted to eradicate errors in the test design which could have 

negative effects of the study’s internal validity. After the pilot study a manuscript for the 

experiment responsible was written to ensure that the participants all got the same 

information. The experiments were conducted in two separate study rooms, each sound 

isolated and empty except for the participant and the experiment responsible. The study 

consisted of three surveys and five tasks each for the prototype and the Gmail application. 

First every participant was informed of their rights, then the basic information survey was 

filled in. This basic information survey targeted questions such as; age group, sex, and 

previous experience of desktop email applications also if they have used the Gmail 

application in the present or past. The age groups where categorized in 18-24, 25-30, 31-40, 

41-55, 56-70 and 70-100. The participants where asked how many times they used to check 

their emails on a computer per week, excluding mobiles and surf pads. 

The last question was formed into three alternatives, first, those who used Gmail as their 

main email account second, second those who had used it previously to another email 

account and third, those who had never used Gmail (see appendix A). 

After finishing this survey, the first participants began with either the prototype, or 

Gmail application, this was decided in the participants chronological order, odd numbers got 

to start with the prototype and even numbers the Gmail application. The participant then got 

instructions for how the experiment would be executed. They would get one task in paper 

form at the time and would then get time to understand the task and ask essential questions if 

needed. When a task began a stopwatch would start and not stop until the participant said that 

they had completed the task or wanted to stop. At the same time a task was executed the 
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participant would with their non-dominant hand tap their finger(s) on a metal plate with the 

instructions of doing so approximately one time per second in a rhythmic order. The metal 

plate was accompanied by a microphone and the participants was urged to tap loud enough 

for the microphone to record the sound. This was done to emphasize the importance of the 

tapping and make participants think that the tapping was measured, which it was not, the 

main focus was still on the Gmail application or the prototype task at hand 

The tasks performed on both the prototype and Gmail application where: 

Task 1: Create a new email, first add the file “videos” to the email then send to 

“svadwi95@gmail.com” using the address book. 

Task 2: Answer one email that was received 12 of April 2019 with an empty message 

Task 3: Look up the email in the trash which is from Mats, which time was it received? 

Task 4: Go to trash and revive an email to inbox with the subject “important”. 

Task 5: Log out from application 

After performing the five first tasks on either prototype or Gmail application the participants 

filled in a NASA TXL index, to measure self-assessed cognitive load and performance (Hart & 

Staveland, 1988; Albers 2011). The same procedure was then applied to either the Gmail 

application or prototype depending on which the participant began the experiment with. 

 

Data analysis 

All the variables were checked for normal distribution, if the Shapiro-Wilk test 

resulted in a significance level of p < 0.05 the data was concluded not to be normally 

distributed. If the variables to be compared followed a normal distribution an independent t-

test was used to look for significant differences between the Gmail application and the 

prototype, if there was no normal distribution a Wilcoxon test was used. To test for learning 

effects between the participants, statistical tests compared task performance for the first 

application used (either Gmail or the prototype) to performance with the second application 

used. Learning effects were tested to see whether doing a task the second time was easier, 

independent of what application was used. All executed statistical tests were performed in 

SPSS software. 
 

 
Results 

 

The basic information survey result showed that weekly usage of desktop email 

applications was high. 9 of the participants checked their email several times a day on a 

computer while 5 participants did it once every day, 6 participants 2-3 times a week on a 

computer and only 1 participant never checked their email on a computer. 13 of the 21 

participants used the Gmail application as their main email account while 7 had used it 

regularly before, one participant which never used a computer for checking their email also 

had no previous experience with Gmail. 

When calculating the means of the task times the experiment shows that task 1 took 

36.99s using the prototype and 59.66s on the Gmail application. Task 2 took 12.3s on 

prototype and 26.48 on Gmail application, Task 3 22.6s on prototype and 23.94 on Gmail 

application, task 4 14.42s on prototype and 63.13s on Gmail application and task 5 4.78s on 

prototype and 7.7s on the Gmail application (see Figure 6) Resulting in a mean total task time 

of 88.91s on prototype and 171.02s on the Gmail application (see Figure 7). Standard 

deviations for the task times are relatively big which suggests the data is divided over a large 

spectrum and do not point towards the mean (see figure 8). 
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Figure 6. Task time means 

 

 

  
Figure 7. Total task time mean 

 

Standard deviation for tasks (s) 

Task Proto1 Proto2 Proto3 Proto4 Proto5 Gmail1 Gmail2 Gmail3 Gmail4 Gmail5 

STD 13.92 6.77 10.29 5.36 1.73 50.47 28.34 14.53 55.01 6.43 

Figure 8. Standard deviation for tasks 

 

The mean TXL score was calculated showing a mental demand score of 2.71 on 

prototype and 3.04 on the Gmail application, physical demand 2.11 on prototype and 2.47 on 

Gmail application, Temporal demand 3.5 on prototype and 3.76 on Gmail application. 

Frustration rates of 2.78 on prototype and 3.38 on Gmail application, effort rate of 2.14 on 

prototype and 3.57 on Gmail application (see figure 9).  
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Figure 9. TXL category score means 

 

 

A Wilcoxon test was executed on each of the five different tasks used on both 

prototype and Gmail application. Task 2, task 4 and task 5 shows a statistically significant 

difference (p < 0.05) while task 1 (p =. 063)  and task 3 (p =. 903) showed no significance at 

all. Although the mean time for task 1 on prototype showed mean 36.99s and Gmail 59.66s, 

(p =. 063)  which could trend towards a significant result. Task 3 with the mean 22.60s with 

prototype and 23.94s using the Gmail application did not have a significant result. (See figure 

6). 

A Wilcoxon test was executed on the TXL-score variables which showed a statistical 

difference (p < 0.05)   in the mental demand, physical demand, frustration and effort category 

(see figure. 9). The means from the TXL survey shows a higher mean for the mentioned 

demands, effort and frustration levels when using the Gmail application compared to the 

prototype. The results show that the Gmail tasks in general takes longer time to accomplish 

and induces higher cognitive load and demands a bigger effort from the participants. 

Non-measured observations by the experimenter regarding the participants’ tapping 

was that for every participant it started with a consistent rhythm. After ca. 10 seconds into 

each task the rhythm started to fluctuate, observations also showed light tremors in some of 

the participants’ fingers. Sometimes participants stopped tapping for a few seconds to 

complete certain stages of the tasks at hand. This especially happened when using the Gmail 

application compared to the prototype. It was also noticed that most of the participants who 

did not suffer rhythmic fluctuations or tremors began to tap with more force than before at 

approximately the same time as when the rhythmic fluctuations started for the other 

participants. To check for learning effects a statistical analysis was executed on the time data 

of performing a task for the first time vs. the second time. For some tasks, this data was 

normally distributed, for others not; accordingly, either t-tests or Wilcoxon tests were 

performed as appropriate. There was no significant statistical evidence for a learning effect to 

be involved.  

 

 

 



11 
 

Discussion 

 

The statistical Wilcoxon tests showed a significant level of difference in physical 

demand, mental demand, temporal demand, frustration and effort levels when using the 

Gmail application compared to the prototype. This corresponds with the hypothesis although 

was not expected when viewing the data over how the majority of participants did have 

previous experience with the Gmail application. The time consumption shows statistical 

differences in tasks 1, 2 and 4. The prototype was designed to induce lower cognitive load 

and time consumption (see figures 6,7, 9) and seems to have accomplished its goal. The 

results therefore suggest that the criteria developed by Mayer and Moreno (2003) and criteria 

by Piernik (2017) are a valid method to lower cognitive load when using email applications. 

But these results alone are not comprehensive enough to draw any form of definitive 

conclusion, mostly because of the small participant sample (N=21) further studies are needed. 

Although one could draw the conclusion that these results trend towards that implementation 

of these criteria when building email applications would be beneficial and likely make the 

usability of a certain application more efficient and user friendly.  

Based on the presumption that if half of the participants or none had earlier 

experience with the Gmail application, maybe there would be a stronger significant time and 

TXL-score difference in all the tasks. A reason why Task 5 did not show a statistically 

significant time difference could have been because of its simplicity. Logging out is a 

common activity when you use your email application and it does not take more than a few 

seconds (see figure 6). Regarding possible biases of creating tasks where the prototype would 

exceed the Gmail application, sending email, answering email, attaching files to email, 

looking up received date and being able to navigate through the application tabs was deemed 

reflective of how a common individual would use an email application.  

The observations by the experimenter of the participants’ tapping patterns also 

suggest that tapping was a sufficient dual-task to use for inducing intrinsic cognitive load as 

in Albers’ (2011) study, although in future studies these tapping patterns should be 

objectively measured and quantified to get a more refined picture of how the method itself 

affects the tasks at hand. Intrinsic load could also have been affected in the way the tasks 

were presented, how they were written, and the terminology used. But this should not be an 

issue, given that the terminology was simple, and all participants were presented with the 

instructions in the same manner, using the manuscript. Even if the instructions increased 

cognitive load, they would have done so in all tasks, both for the prototype and Gmail 

application. From this, and the results showing no learning effect, it can be concluded that the 

way the tasks were presented do not have any impact on the results derived from the data.  

Looking at the previous experience of the participants you could draw the conclusion 

that germane load is low when using the Gmail application because participants’ earlier 

experience with this application has given them existing schemes for that application. The 

prototype has been designed with the intention to look very basic and to also make use of 

earlier created cognitive schemes to create a low germane load, for example by using a gear 

icon as the setting button, having the tab menu in the header and presenting emails in a list 

you can scroll through. This is the usual way an email application is designed, so the 

participants should have had an easy time using the prototype.  

The extraneous load was reduced in the prototype by weeding out certain information 

and icons and leaving only the essentials; this was probably the one type of cognitive load 

that was lowered the most. Comparing the Gmail application and prototype there is an 

immense difference in the multitude of icons, patterns and bits of information in Gmail 
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compared to the prototype. By cancelling out these “distractions” and only leaving the 

essentials the prototype established a lower cognitive load inducing interface. 

First when designing the study, a method was suggested as an alternative of using a 

TXL-score index. This was measuring how the finger tapping rhythm was interrupted or 

skewed while performing the tasks. However, for this experiment this method was not used 

due to it being too time consuming. The TXL-score leaves it up to the participant to self-

evaluate how frustrating and mentally demanding the task was, which means it is an effective 

tool of how to quantify the participants’ self-perceived cognitive states. The TXL index is a 

very established method in the usability field and is proven by Albers (2011) and Hart & 

Staveland (1988) to be a valid tool to use when researching cognitive load in computer 

systems. 

A problem with the approach of using Adobe XD CC is its non-interactive abilities, it 

just has clickable properties and therefore it was not possible to type in the prototype, just to 

click buttons with the computer mouse. This in turn means that participants had to visually 

search through the address book in the prototype while they could type the email address in 

the Gmail application, and typing is a necessity in task 1 of the Gmail application. To 

counteract this problem suggestions for future studies would be to use a kind of interactive 

software to build the prototype. A drawback of the Gmail application implementation is that 

20 out of 21 users had earlier experience with that particular email application, this probably 

makes the results less significant than it would otherwise be. For future research I would 

recommend using a less popular email application. Although you could argue that even 

though 20 out of 21 participants had earlier experience the results still points towards the 

prototype as being less demanding on cognitive load. 
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Appendix A – Basic information survey 
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Appendix B – NASA TXL index 

 

 


