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Abstract
Although designers aim at offering the best possible user experience, products are designed for a general audience with a 
common pool of characteristics. Since intrinsic psychological characteristics model the human interaction, ignoring that each 
individual has different experiences may lead to a failed product. From these constructs, personality has shown strong results 
by shaping how users process and act on the world, and how individuals perceive and accept technology. In this work, we 
focus on conscientiousness, a personality trait that models one’s organization, persistence, and motivation for goal-oriented 
behavior. In particular, we study ( N = 40 ) whether conscientiousness affects the design preferences for graphical elements 
in a user interface. Additionally, we assess ( N = 60 ) if designing graphical user interfaces based on the design preferences 
of individuals with different conscientiousness scores affects perceived usability and ease-of-use. Results show that design-
ing interfaces for conscientiousness-based personality profiles influences user preference but has no significant effect on 
perceived usability and ease-of-use. Our findings support the incorporation of conscientiousness in the design process to 
develop graphic user interfaces that focus on goal-oriented behavior for the correct audience.

Keywords  Conscientiousness · Personality psychology · User interface design · Design guidelines · Human-computer 
interaction · User studies

1  Introduction

Research has leveraged personalization techniques to coun-
ter the limitations of the one-size-fits-all approach (e.g., [9, 
59, 73]). Indeed, while new technologies are designed for 
a general audience with a common pool of characteristics, 
each user has their own experience when they interact with 

technology, resulting in a different mental model regarding 
that artifact. Since mental models are internal mechanisms 
that allow users to understand, explain, operate, and predict 
the states of systems [28, 62, 68], their creation is typically 
tailored to individual factors. Some factors may include age, 
gender, job function, language culture, or fundamental idi-
osyncratic attributes, such as personality and motivation. By 
including such factors, designers can take into account not 
only how individual characteristics impact user interaction, 
but also consumers’ expectations from providers across a 
large range of fields.

Notably, Kostov and Fukuda [40] found that users per-
formed better when they handled an interface that matched 
their personality type. Among all characteristics of a con-
struct as complex as personality, the trait of conscientious-
ness from the Five-Factor Model (FFM) shows promise in 
the optimization of graphical user interface (GUI)s. Accord-
ing to the Dictionary of Psychology of the American Psy-
chological Association (APA), conscientiousness is “the 
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tendency to be organized, responsible, and hardworking.”1 
As such, the present work considers the aforementioned defi-
nition, characterizing conscientiousness as the preference for 
an organized approach to life as opposed to a spontaneous 
one as well as the self-use of socially prescribed restraints 
that facilitate goal completion, following norms and rules, 
and prioritizing tasks [27]. While people high on consci-
entiousness are more likely to be well organized, reliable, 
and consistent, individuals with low conscientiousness are 
generally more easy-going, spontaneous, and creative. Given 
these characteristics, we believe that customizing the way 
graphical elements of an interface are displayed may lead 
individuals with different levels of conscientiousness to be 
more prone to use or prefer a certain technology. However, 
there is limited evidence of the usefulness of designing GUIs 
based on individual psychological variables [4].

Weighting how personality affects perception [35] and 
design efficiency [71], we focus on how in-depth synergies 
between conscientiousness and GUI preferences can be 
applied to graphical user interface design in a website layout 
to accommodate the preferences of diverse users. At a broader 
level, websites currently personalize their content, optimize 
their marketing strategies, and tailor their search results using 
audience profiles encompassing demographic features, such as 
age, gender, and income [30]. Nevertheless, including person-
ality in the design process is often overlooked. For example, 
personality-based recommendation systems are more effective 
in decreasing cognitive effort and increasing users’ loyalty 
towards the system compared to other systems that do not 
consider personality information [31]. Moreover, this inclu-
sion in the design pipeline may be applied to attract larger 
audiences with a distinct personality profile, and expand the 
understanding companies have of their users, thus improving 
the quality of service and user experience [39].

Regarding our research field, the potential of GUI design 
based on personal characteristics has been studied by cus-
tomizing the display to meet certain demands [34]. Only 
Sarsam and Al-Samarraie [64] specifically address the trait 
of conscientiousness, alongside neuroticism and extraver-
sion. Their results showed how visual experience improves 
when using the interface designed based on users’ personal-
ity characteristics. Nevertheless, the trait of conscientious-
ness was not studied independently, which may hinder the 
potential of addressing it separately. From the remaining 
work, Lawrence and Selvaraj [41] actually provide design 
guidelines for extravert and neurotic learners. While extra-
vert learners can easily recollect information presented in 
blue color with “Times” font style, neurotic learners favored 
green colors with “Times” font style. Therefore, there is a 

lack of research regarding how personality and, notably, 
conscientiousness affects user preferences for certain inter-
face design features. Additionally, the set of interface ele-
ments covered by Sarsam and Al-Samarraie [64] is tested 
in the mobile context, which limits the variation of styles 
have been studied in GUI design. While Sarsam and Al-
Samarraie [64] focus on the mobile GUI context, we opt for 
a broader GUI domain: website layouts. The former con-
text has several constraints that are not present in our own 
such as the limited screen size for home, menu, or login 
screens, or the interaction actions with the GUI, e.g., hover. 
Some of their style options for the design of interfaces are 
utterly dependent on that context. Therefore, by changing 
the domain in which we are operating, the style options that 
we consider for our features are different from Sarsam and 
Al-Samarraie [64], since we are not as restricted in terms of 
context, which adds knowledge to our research field.

With this in mind, our research goal is to understand how 
this psychological construct has an effect on user preferences 
in a website layout context. Our contribution is two-fold. In 
our first study, we start by analyzing how conscientiousness 
models user preference for a large set of features and its styles 
in a website layout. Taking into account our results, we fol-
low-up with a user testing phase in order to verify how consci-
entiousness-based user preferences are affected by changes in 
each feature of the website layout. Our final results show that 
participants prefer the GUI that is designed in accordance to 
their conscientiousness level. In addition, we study whether 
a website designed specifically for the user’s conscientious-
ness level has an effect on perceived usability and ease-of-use.

The paper is organized as follows: In Section 2, we pre-
sent a selection of studies that have designed interfaces to 
match specific personality types, and examine the influence 
of different personality variables on those designs. Section 3 
follows, with a description of the methodology used to col-
lect both participants’ personality and design preferences. 
Next, Section 4 covers the study on how conscientiousness 
has an effect on user preference, perceived usability, and 
ease-of-use. Finally, we conclude our work with a discussion 
on future directions, tackling the limitations of our current 
approach.

2 � Related work

Recent research has leveraged individual characteristics to 
personalize user interfaces and improve user experience [49, 
64]. In particular, GUIs designed in accordance to user per-
sonality have been shown to affect both information-seeking 
performance and behavior [1, 36], as well as user preference 
[40]. Regarding the former, Al-Samarraie et al. [1] found that 
the traits of extraversion, agreeableness, and conscientious-
ness modeled the use of information-seeking strategies and 

1  https://​dicti​onary.​apa.​org/​consc​ienti​ousne​ss, retrieved on November 
3, 2021.

https://dictionary.apa.org/conscientiousness
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how much time users took to complete search tasks. Moreo-
ver, results suggest that participants high in conscientiousness 
engaged in some kind of mental reflection [55].

Nevertheless, it is still unclear which interface features are 
relevant for user adaptation based on personality (e.g., struc-
ture [14], navigation [23, 74], layout [7], font style attributes 
[19], font size [42, 74], buttons [33], color [15, 60], list [61], 
information density [60], support [60], and alignment [26]). 
Recent work by Sarsam and Al-Samarraie [64] tried to deter-
mine whether user experience would improve if users inter-
acted with an interface designed for their personality. First, 
the authors performed an interview with several users to col-
lect their personality data and design preferences regarding 
GUI elements. Afterwards, Sarsam and Al-Samarraie [64] 
used a k-means to group individuals in two clusters based on 
similar values on the personality traits and its facets, while 
one group had participants with higher neuroticism values, 
the other by having high extraversion and conscientiousness 
levels. Next, Sarsam and Al-Samarraie [64] used an a priori 
algorithm to create association rules of design preferences for 
each cluster, where the authors found that the design elements 
that showed greater differences among participants from dif-
ferent clusters were color, fonts, structuring, and alignment 
within the screen. After conducting user tests with both inter-
faces, Sarsam and Al-Samarraie [64] concluded that, inde-
pendently of their personality, participants’ perceptual atten-
tion was positively affected when interaction with the GUI 
design specifically for their personality group. While users 
interacted with their specific GUI, they paid less attention to 
irrelevant objects in the interface, and exhibited higher visual 
efficiency and comfort, compared to using the other inter-
face. In contrast, participants showed signs of demotivation 
when they interacted with a GUI targeted for the other clus-
ter [64]. Additionally, Lawrence and Selvaraj [41] found that 
subjects preferred different design parameters such as font 
family and color on a learning interface based on their per-
sonality. In particular, the distinct parameters led to variations 
in efficiency and recollection tasks. While subjects with high 
extraversion easily recollected information presented in blue 
with a “Times” font style, neurotic learners easily recollected 
information presented in green with a “Times” font style [41].

Although the aforementioned work focuses on GUIs in 
a typical website or application layout, there has been a lot 
of research regarding the impact of individual differences 
in information visualization [47]. Among the most relevant 
work, Ziemkiewicz et al. [78] concluded that neurotic indi-
viduals attained high accuracy on hierarchical search tasks. 
In addition, introverted participants were more accurate 
in answering the questions posed by the tasks. Moreover, 
Braun et al. [10] studied three different approaches in the 
context of a driver state visualization system. The first is 
titled quantified-self and visualizes user vitality and emo-
tion data in circular diagrams. Gamification is the second 

approach and displays current stats of car and driver in an 
interactive way. Finally, notification presents a minimalistic 
background animation combined with text notifications in 
case of negative user valence. Results show high variances 
in answers on attractiveness and dependability from par-
ticipants with high values in neuroticism and openness to 
experience. Additionally, high openness to experience led 
to directly proportional variances in perspicuity. Regard-
ing the user preferences, people high on extraversion rated 
higher the notification concept, while people high on neu-
roticism attributed better rates to the quantified-self one. In 
contrast, the gamification approach showed no significant 
results when the authors looked for interaction effects [10].

In another work, Oscar et al. [58] manipulate the visuali-
zation’s information granularity to approximate the moment 
at which an adaptive system presents a visualization to the 
user. Both neuroticism and extraversion traits showed direct 
effects on task performance regarding both accuracy and 
time to complete. In particular, the authors found that high 
values in extraversion led participants to be less likely to 
indicate that not enough detail is available to answer the 
task. Moreover, these individuals were also less likely to 
accurately complete a low need for detail task, regardless 
of whether it was a find or compare values task. Regard-
ing neuroticism, people with high values were less likely 
to be deceived by spurious correlations. Regarding consci-
entiousness, only Brown et al. [12] and Ziemkiewicz and 
Kosara [77] consider that trait in their study and they found 
no significant effects regarding information visualization.

In the light of this, there is limited evidence of the effect of 
designing GUIs based on individual psychological variables 
[4, 47]. In particular, the trait of conscientiousness has not been 
studied independently of the other traits, which may hinder 
the usefulness of this personality variable in GUI design. Our 
reasoning is based on the Five-Factor Model, since the five 
personality traits are independent of each other [51]. Indeed, 
creating user profiles based on multiple personality traits leads 
to interaction effects among them, which prevents researchers 
from isolating a personality trait in the user profile. Therefore, 
we decided to consider only conscientiousness as a factor in 
our study to verify whether it is relevant as an independent var-
iable. This trait is particularly relevant in information-seeking 
tasks given its relationship to one’s tendency of efficiency and 
organization [27]. Moreover, there is limited research in regard 
to interactions between GUI design and personality factors on 
user preferences and perceived usability. With this in mind, 
we believe that it is of utmost importance to study how an 
important psychological construct such as conscientiousness 
models these self-assessment factors. Not only it may have an 
effect on how people like the organization of the elements on 
their GUIs, it may also lead users to perceive the usability of 
it before any interaction. Therefore, the next sections present 
how our study tries to bridge this gap.
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3 � Data acquisition

The first step to understand how conscientiousness affects 
user preferences in GUI design is to collect user personal-
ity and preferences. The objective of this initial study is to 
create groups of participants based on their conscientious-
ness level and then verify which are the most common user 
preferences for these groups.

3.1 � Personality data

Personality data was collected with the Revised NEO Per-
sonality Inventory (NEO PI-R). The Portuguese version of 
the NEO PI-R was developed by Lima and Simões [46]. 
The NEO PI-R has a high internal consistency with val-
ues ranging from 0.79 to 0.86 [46]. It has 240 items and 
allows researchers to assess the FFM five personality traits 
and its 30 facets. The questionnaire identifies the inten-
sity of each personality trait of a person using high-score 
and low-score features. The questionnaire has 30 different 
subscales (one for each facet), with eight items for each 
subscale. Thus, every trait has 48 different items.

After obtaining the approval of the school’s Ethics 
Board, subjects were recruited through standard conveni-
ence sampling procedures including direct contact and 
through word of mouth. Subjects included any Portuguese 
interested in participating if they were at least 18 years 
old. Participants answered the questions in a Google form, 
using a computer and a computer mouse. Personality data 
was stored in a private institutional cloud repository with 
no association to contact data, which was stored in a local 
hard-drive, as a means to preserve the data anonymization. 
Then, we decided on how we would approach personality 
based on the results of the questionnaire.

One approach is to first convert each personality vari-
able to categorical values following either the quartile 
distributions of the sample or the Portuguese norm [46], 
and then analyze each personality variable separately. The 
other approach is by clustering users according to their 
personality characteristics and find whether participants 
with similar personality profiles share preferences for 
certain GUI elements. In our work, we focus on the first 
approach, since we are studying a specific trait instead 
of the whole FFM model. Moreover, categorizing partici-
pants based on their value on the conscientiousness trait 
scale allows us to start our research at a broader level to 
study whether there are in fact differences between people 
with distinct conscientiousness levels. Therefore, we clas-
sified each participant with a value smaller than the 50th as 
Low and greater or equal to the 50th as High. This allows 

us to limit the number of design guidelines to a practical 
level and, at the same time, present a balanced set of users.

Our final data set comprises 40 participants (25 
males, 15 females) between 18 and 36 years old 
(M = 20.80;SD = 2.95) . All participants had normal or 
corrected-to-normal vision, and there were no color blind 
subjects as assessed by a validated simplified version of the 
Ishihara test [17]. In addition, all participants worked with 
a desktop-based computer daily.

Both Low and High conscientiousness groups have 20 
participants. Figure 1 depicts the distributions of the person-
ality traits of the FFM across the two clusters as well as of 
the complete sample. As it is possible to observe, a one-way 
ANONA showed that the scores of the conscientiousness 
trait were significantly different between the Low and High 
groups, p < .001 . Additionally, the scores of neuroticism 
were also significantly different between groups, p = .008 . 
In contrast, extraversion ( p = .614 ), openness ( p = .271 ), 
and agreeableness ( p = .798 ) showed similar intercluster 
scores. These results highlight how the two groups differ 
in the conscientiousness scores and, in particular, provide 
a strong basis to derive the user preferences of each cluster.

3.2 � User preferences data

We started by choosing which features to address regard-
ing user preferences. Based on the most used GUI elements 
of the state-of-the-art (e.g., Sarsam and Al-Samarraie [64] 
and Alves et al. [4]), we chose the following:

–	 Body: It is divided into three segments: (i) margin size 
(the size of the lateral margins, where the possibilities 
are very small, small, medium, large, and very large); 
(ii) layout (whether the focus is on text, images, or both, 
i.e., neutral); and (iii) information density (the amount 
of information displayed on the interface, which varied 
between low, medium, and high density).

–	 Buttons: There are four segments: (i) horizontal posi-
tioning, in which the buttons may appear aligned to 
the left side of the interface, centered, or to the right 

Fig. 1   Boxplots of the distribution of traits between clusters and the 
sample of the first study



Personal and Ubiquitous Computing	

1 3

side; (ii) vertical positioning, where the buttons can 
be either in the header or in the footer; (iii) type, where 
the user can choose between “Previous/Next” buttons 
or the page numbering buttons, which allow the user 
to immediately navigate to the desired page; and (iv) 
shape, i.e., either curved or squared corners.

–	 Icons: Users could choose to have icons in their inter-
face and, if they did, they could choose the position in 
relation to the text (left or right).

–	 Images: Images have two components: (i) caption 
alignment, related to the caption alignment between 
being displayed on the left, center or right; and (ii) 
image side, which addresses where to position images 
(left or right).

–	 Image Slideshow: The interface features a slideshow 
with several images. The user will be able to choose 
whether he/she wants these images to change automati-
cally or to be done manually, thus giving him/her con-
trol.

–	 Menu: Refers to the position of the menu on the inter-
face. The available positions are header, footer, left, and 
right. The choice of the menu in the header also allows 
the user to choose a fixed menu or a non-fixed menu. 
The fixed menu consists of a menu that is permanently 
at the top of the interface and never disappears even if it 
descends in the content of the interface. The non-fixed 
menu disappears when the content of the page goes 
down.

–	 Text: There are four segments: (i) font family, whose 
options are serif, sans serif, cursive, monospace with 
serif, and monospace without serif; (ii) font size, where 
the possibilities are very small, small, medium, large, and 
very large); (iii) text alignment, divided into left, center, 
right, and justified; (iv) text wrapping, i.e., whether text 
wraps around images; and (v) style where users users can 
choose to present information in simple text, in bullet 
points, or in a table.

–	 Theme: The theme changed the color of text elements, 
background, and interface elements, such as buttons and 
menu bar. Although Stimpson and Stimpson [66] found 
no relation between color preferences and personality, 
recent work by Condeço et al. [15] found that extraver-
sion suggests certain color preferences. Thus, we decided 
to study color regarding conscientiousness by producing a 
total of eight different themes in shades of gray, dark blue, 
red, orange, light blue, green, pink, or purple (Fig. 2).

We believe that the number of features we are addressing 
allows us to filter which ones are relevant for the differ-
ent personality groups and provide more freedom to the 
user instead of restraining their actions in a small space set, 
which may hinder their ability to create a website layout 
based on their preferences.

3.3 � Method

Next, we conducted a testing phase with the participants 
aforementioned to obtain GUI elements preferences. To do 
so, we started by creating a customizable interface with a 
website layout. The GUI was designed for information-seek-
ing tasks, where participants have to learn about a particular 
subject. It was composed of elements relevant for this type of 
interface such as a text with a title and a subtitle, an image, 
and a slideshow of three images. The text on the interface 

Fig. 2   Different themes used in 
the adaptable GUI. The text is 
a direct translation of the native 
language, Portuguese, which 
was how the apparatus was 
presented to the participants

Fig. 3   Two examples of random states of the adaptable interface
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was lorem ipsum and the images were default gray images 
in order to avoid influencing the user by their content. Addi-
tionally, each user was presented a random initialization of 
the GUI in order to avoid bias. Figure 3 presents two exam-
ples of the GUI.

After an assistant explained how the customization pro-
cess works, participants were free to change the website 
layout for as long as they wanted. Regarding the task itself, 
participants were instructed to change the features in order 
to create a GUI as close to their preferred website design 
as possible. Based on user-centered design philosophy [54], 
subjects could manipulate the presentation of various fea-
tures through a dropdown menu present in the interface, 
which is the customization tool. Besides hiding the menu, 
the user could change its position through drag and drop 
in order to see elements that were behind it. When the par-
ticipant clicked on one of the styles for a certain feature, 
the GUI would immediately reflect the change so that the 
user could perceive the overall look of it. Each individual 
was prompted to manipulate each feature before focusing 
on achieving their preferred design so that they were aware 
of the extent in which they could manipulate the GUI. Each 
session was around 10 min. Finally, when the participant 
was satisfied with the final look of the GUI, we saved the 
preferences and thanked them for their time.

Table 1 shows the most chosen styles for each feature 
according to the level of conscientiousness. Although the 
majority of the features have the same preferred style, both 
groups diverge on body margin, image side, image caption 
alignment, font size, and button type and shape. Therefore, 
we conclude that:

–	 Low conscientiousness individuals prefer large body 
margins, images on the left side, image captions left 
aligned, small font size, and squared numbered buttons.

–	 High conscientiousness individuals prefer medium body 
margins, images on the right side, image captions center 
aligned, medium font size, and rounded “Previous/Next” 
buttons.

Following these preferences, the next step in our study is 
to understand whether interfaces created based on these 
preferences have an effect on user preference and perceived 
usability.

4 � Evaluation

Since conscientiousness has not been studied independently 
of other personality variables, our first step is to understand 
whether preference-based changes in a GUI affect the pro-
cessing of visual context. In our approach, we extract user 
preferences based on a user preference. As such, we believe 
that participants will prefer a version that is designed accord-
ing to the guidelines for their group. Therefore, we create 
our first hypothesis as:

H1: Conscientiousness affects user preference. We 
address this hypothesis by asking users to rate their prefer-
ence for each of the interfaces among a set of GUIs based 
on the design preferences which they preferred the most. 
Moreover, we want to address whether conscientiousness has 
an effect on how participants report their perceived usability. 
In particular, we believe that conscientiousness, having an 
effect on how users tend to be efficient and organized, may 
also affect how users assess whether an interface enables 
them to achieve their goals effectively, efficiently and with 
satisfaction [32]. As such, we expect that users will rate with 
higher perceived usability the interface that was designed for 
their conscientiousness group. With this in mind, we created 
the following hypothesis:

H2: Conscientiousness has an effect on perceived 
usability. Perceived usability is assessed through the Sys-
tem Usability Scale (SUS) [11] which will then be used to 
compare differences across groups in in-between and mixed 
designs. Finally, we want to verify whether conscientious-
ness models how users perceive ease-of-use. Perceived ease-
of-use is defined as “the degree to which a person believes 
that using a particular system would be free of effort” [16]. 
Since effort has been shown to be positively correlated with 
conscientiousness [76], we believe that each individual’s 
personality profile will lead them to report different levels 
of perceived ease-of-use, as they would evaluate their effort 
while interacting with the interface differently. Additionally, 
our assumption is that users rate with higher ease-of-use the 
interface that is designed to their conscientiousness level. 
Therefore, we defined the last hypothesis as:

Table 1   Styles chosen by the majority of the participants for each 
level of conscientiousness

Highlighted rows present differences in design styles from distinct 
personality groups
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H3: Conscientiousness has an effect on perceived 
ease-of-use. This metric will be assessed with the items 
associated with it in the Technology Acceptance Model 3 
(TAM3) [69]. Similarly to perceived usability, perceived 
ease-of-use scores are compared with in-between and mixed 
designs.

4.1 � Participants

This user testing phase counted with a total of 60 partici-
pants (33 male, 27 female), 29 with Low conscientious-
ness and 31 with High levels, ranging in age from 18 to 60 
(M = 23.73;SD = 8.15) . Twenty-nine were new to our study 
as a means to introduce some new variance to better under-
stand whether conscientiousness did in fact lead to different 
ratings from the users. Again, participants had normal or 
corrected-to-normal vision, and there were no color blind 
subjects as assessed by a validated simplified version of the 
Ishihara test [17].

As it is possible to observe in Fig. 4, each group of 
subjects significantly differs in conscientiousness scores 
(p < .001) . Similar to the first study, subjects have signifi-
cantly different scores in neuroticism (p = .001) , and the 
remaining extraversion (p = .332) , openness (p = .849) , 
and agreeableness (p = .849) traits do not present these 
differences.

4.2 � Apparatus

We employed the Portuguese version of the SUS [50] to col-
lect perceived usability. The SUS [11] is a subjective meas-
ure of usability that should be used right after the respondent 
interacts with a system. It is composed of ten items scored 
on a 5-point Likert scale from strongly disagree to strongly 
agree. The SUS is the most widely used measure of per-
ceived usability [45], showing strong flexibility as well as 
reliability properties [6, 44]. In particular, the SUS provides 
a unidimensional scale that encodes a global measure of 
system satisfaction as perceived by the user. Regarding ease-
of-use, it was assessed with the TAM3 [69]. We found no 
validated Portuguese translation, since most studies (e.g., 

[21, 65, 70]) just translate the original scale [69] and adapt 
to their context by replacing “the system” with their specific 
product. We used the four items to collect the perceived 
ease-of-use dimension. The perceived ease-of-use scale acts 
as a unidimensional scale that reports how effortless the user 
believes that interacting with a system is. The TAM3 has 
been shown to be a valid and robust model that has been 
widely used [38], showing a strong reliability [43].

Considering the most chosen styles, we designed one 
interface with a website layout for each conscientiousness 
group according to Table 1. The GUIs (Fig. 5a and b) are 
designed as information-seeking interfaces. For clarity, 
the GUI designed for the group with low conscientious-
ness values will be henceforth called GUI-Low, while 
the one for high conscientious individuals will be GUI-
High. There is a slideshow of images on top and three 
pages, each with images and their caption. The subject is 
related to personality models, as it is a topic not commonly 
known, so that it prompts the participant to read the con-
tent without having prior knowledge of it. While the first 
page contained general information about personality and 
how to measure it, the second page shows personality dis-
orders. Finally, the third page shows the traits of the FFM 

Fig. 4   Boxplots of the distribution of traits between clusters and the 
sample of the second study

Fig. 5   Both GUIs used for the global change design guidelines. The 
text is a direct translation of the native language, Portuguese, which 
was how the apparatus was presented to the participants
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and their descriptions. Additional material for these ses-
sions includes a list of questions that address information-
seeking behavior in order to elicit interaction between the 
subject and the GUIs, and a consent form.

4.3 � Procedure

Every session took place in a quiet room with the par-
ticipant and an assistant present. As preparation for the 
session, the assistant randomly ordered the interfaces 
according to the Latin squares technique and chose five 
questions for each interface. Each participant was asked to 
answer the following set of questions that are on the topic 
of personality psychology:

–	 What kind of concept is used in the phrase “That per-
son has no personality”?

–	 How are values measured for different personality mod-
els?

–	 Who developed the Portuguese version of the NEO 
PI-R?

–	 How many subscales and items does the NEO PI-R have?
–	 Extraversion is related to what?
–	 What reflects agreeableness?
–	 How are the symptoms of disorders experienced by the 

individual?
–	 What is the danger of personality disorders?
–	 What is the method used by the current classification 

systems?
–	 How long do symptoms have to be present to diagnose 

personality disorder in an individual under 18?

Each question could only be associated with an interface per 
participant, who was prompted to learn from the website lay-
out the needed information to answer. This design decision 
allows us to guarantee that each participant has to perceive 
and work based on the styles of the graphical features, thus 
prompting an evaluation of the general look of the website 
layout. In addition, the randomly order allows us to avoid 
the learning bias. When the participant arrived, the session 
started and the assistant introduced the study and the equip-
ment to the participant and told them what to expect to do in 
the session. The participant then sat in front of the computer 
and they were asked to fill in a consent form. Next, the assis-
tant opened the first interface in the participant’s computer 
and asked the questions associated to it, each time waiting 
for the correct response by the participant. Afterwards, the 
participant filled in the SUS regarding that GUI and repeated 
these steps for the remaining interface. Each session was 
around 20 min. Finally, the participant was asked to point 
which was their favorite interface. The assistant then thanked 
them for their time and gave them their compensation.

4.4 � Research design

User preference was assessed by checking which interface 
the users rated higher. In case there was a tie, we counted 
a preference vote for each interface. We used a chi-squared 
test of association (2 × 2 tables) [52] to study whether 
the preference counts were significantly different for both 
independent variables (conscientiousness group and GUI 
instance). For the remaining hypotheses, we used a two-way 
mixed-design ANOVA to analyze effects of conscientious-
ness (between-subjects) and the developed GUIs (within-
subjects) on the dependent variables’ perceived usability and 
ease-of-use scores. Both the conscientiousness variable and 
the GUIs’ variable have two levels: high and low for the 
former, GUI-High and GUI-Low for the latter. Regarding 
the two dependent variables, while perceived usability was 
calculated following the formula of the questionnaire [11], 
perceived ease-of-use scores are the sum of the four items 
regarding that dimension in the TAM3 questionnaire  [69]. 
ANOVAs were followed by post hoc Tukey’s range tests, 
which include Bonferroni corrections. Finally, data is pre-
sented as mean ± standard deviation.

4.5 � Results

We started by studying H1 with a chi-squared test of asso-
ciation (2 × 2 tables) [52], which showed significant differ-
ences (p = .012) in the preferences for both conscientious-
ness groups with a large effect size, � = .313 . In particular, 
65.63% of the participants from the Low group and 65.63% 
from the High level preferred the version designed for their 
degree of conscientiousness (Fig. 6). Therefore, we accept 
H1, since conscientiousness has an effect on user pref-
erences. Interestingly, our results show that the High and 
Low categorization of conscientiousness scores produces 
symmetric results between groups. This means that creat-
ing a graphical user interface based on the design prefer-
ences of a conscientiousness group leads members of that 
group to prefer that interface. In particular, it highlights the 
potential of targeting the design of graphical user interfaces 
to personality traits. Nevertheless, besides this preference 

Fig. 6   User preferences for both interfaces according to conscien-
tiousness groups
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self-assessment, it is also important to consider other metrics 
of quality, such as the perceived usability and ease-of-use.

We used a two-way mixed ANOVA to find differ-
ences between the perceived usability that participants 
attributed to each interface based on their conscientious-
ness level. There was no statistically significant interac-
tion between the conscientiousness group and interface 
preference, F(1, 58) = 2.355, p = .130, partial �2 = .039 . 
Additionally, we found no significant differences in per-
ceived usability score between high (Mdn = 88.75) 
and low (Mdn = 87.5) conscientiousness individuals, 
F(1, 58) = 1.74, p = .679, partial �2 = .003 , and between 
the interface designed for the high conscientiousness 
group (Mdn = 90) and for the low conscientiousness one 
(Mdn = 86.25) , F(1, 58) = .772, p = .383, partial �2 = .013 . 
Indeed, a closer look at the distributions in Fig. 7 shows 
that, for the GUI-Low, the participants with lower val-
ues (M = 84.05;SD = 12.29;SE = 2.57) present a smaller 
interquartile range (IQR) compared to their counterparts 
(M = 82.76;SD = 13.33;SE = 2.54) of conscientiousness. In 
addition, the mean for individuals with lower conscientious-
ness is higher compared to their counterparts. This suggests 
that individuals with lower conscientiousness levels tended 
to prefer the interface designed for them compared to peo-
ple with high conscientiousness. A contrasting effect can 
be observed in the interface designed for individuals with 
higher scores on this trait, since they also lean to higher per-
ceived usability ratings (M = 87.02;SD = 14.03;SE = 2.46) 
for the interface designed according to their preferences 
compared to participants with lower conscientiousness 
(M = 82.26;SD = 13.34;SE = 2.48) . Nevertheless, a pair-
wise comparison showed no statistically significant score 
variations across GUIs; there was a nonsignificant decrease 
of 1.293 (95% CI, −4.380 to 6.957; p = .650 ) for the low 
group and a nonsignificant increase of 4.758 (95% CI, −.729 
to 10.246; p = .088 ) for the high group from the GUI-Low 
to the GUI-High. Therefore, we reject H2, since conscien-
tiousness does not have an effect on perceived usability.

Finally, we addressed whether conscientiousness has an 
effect on perceived ease-of-use. A two-way mixed ANOVA 
showed no statistically significant interaction between the 

level of conscientiousness and GUI on perceived ease-of-
use, F(1, 58) = 1.687, p = .199, partial �2 = .028 . Indeed, 
we found no significant differences in perceived ease-of-
use score between high (Mdn = 24.5) and low (Mdn = 24) 
conscientiousness individuals, F(1, 58) = .24, p = .877, 
partial 𝜂2 < .001 , and between the GUI-High (Mdn = 25) 
and the GUI-Low (Mdn = 24) , F(1, 58) = .281, p = .598, 
partial �2 = .005 . Taking a closer look into the estimated 
marginal means (Fig. 8) in perceived ease-of-use, we can 
see that all distributions are similar. While the GUI-Low 
led these individuals to rate ease-of-use slightly higher 
(M = 23.93;SD = 3.26;SE = .67) compared to highly consci-
entiousness participants (M = 23.55;SD = 3.92; SE = .72) , 
a dissimilar effect was present while interacting with the 
GUI-High: people with high levels rate ease-of-use slightly 
higher (M = 24.32;SD = 3.76; SE = .70) compared to their 
counterparts (M = 23.42; SD = 4.03; SE = .65) . Neverthe-
less, no conscientiousness group significantly varied their 
score across GUIs, showing a nonsignificant decrease of 
.379 (95% CI, −1.042 to 1.800; p = .595 ) for the low group 
and a nonsignificant increase of .903 (95% CI, −.471 to 
2.278; p = .193 ) for the high group from the GUI-Low to the 
GUI-High. In the light of this, we reject H3, since conscien-
tiousness does not have an effect on perceived ease-of-use.

5 � Discussion

In this section, we discuss our findings and their implications 
for design, as well as the limitations of our work.

5.1 � Explanation of findings

Our results show that conscientiousness has an effect on 
user preferences. In addition, they suggest that conscien-
tiousness does not act as a factor in the way users perceived 
usability and ease-of-use according to those preferences. We 
identified that users with low levels of conscientiousness 
prefer squared buttons, while high levels would rather have 
rounded ones. When focusing on navigational buttons, the 
former prefer page numbers and the latter “previous” and 

Fig. 7   Estimated marginal means of perceived usability across groups 
for the different interfaces

Fig. 8   Estimated marginal means of perceived ease-of-use across 
groups for the different interfaces
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“next.” Although Sarsam and Al-Samarraie [64] considered 
more personality traits, the authors also found differences 
in user preferences regarding buttons. Similar to their work 
and the work of Xavier and Gama [74], we found dissimi-
lar preferences in font size. In particular, people from the 
High group preferred medium-sized fonts, while the other 
participants chose small sizes. Additionally, we found novel 
results in the alignment of image captions, the side of the 
layout where images should be displayed, and the size of 
the margins. People with high levels of conscientiousness 
prefer left-aligned image captions, left-aligned images, and 
large margins, while people from the lower values would 
like centered image captions, images on the right side of 
the layout, and medium body margins. Regarding perceived 
usability and ease-of-use, changing the whole interface sug-
gested interaction effects with the conscientiousness trait. In 
particular, applying these styles as a whole points towards an 
effect on perceived usability and ease-of-use. Nevertheless, 
it corroborates how people perceive a website layout mod-
eled according to their preferences.

Our results are in accordance with previous work regarding 
the design of websites. Regarding self-assessment of websites, 
Fogg et al. [24] also found that 45% of consumers self-assessed 
the credibility of a website based on its design. While we found 
that participants had distinct preferences regarding button fea-
tures, and image and overall layout, Fogg et al. [24] showed that 
user pay attention to several design elements such as layout, 
typography, font size, and color scheme. Moreover, Alsudani 
and Casey [3] showed that these judgments about visual stimuli 
are conducted in a very short amount of time. Indeed, Robins 
and Holmes [63] found that individuals judged the credibility 
of the content of a website based on its appearance in 3.42 
s. Although our participants had no limit of time to answer 
any question, each user test took at least 10 min and finding 
the answers in the text covered the whole website layout, thus 
allowing participants to grasp the implications of designing a 
GUI based on the stipulated user preferences. Regarding our 
information-seeking tasks, we recognize that they were not 
complex interactions with an interface. Nonetheless, our results 
showed that just a simple interaction as searching for an answer 
in a website layout led people to prefer a more appealing GUI.

5.2 � Design implications

These results are particularly interesting to the development 
of user interfaces for the broad public, as people are more 
satisfied with a beautiful product that performs sub-opti-
mally than with a more usable but less appealing product 
[48]. As such, we believe that designers should aim at per-
forming changes that have multiple GUI elements varying 
in style rather than performing small changes in order to 
provide more consistency to the users according to their con-
scientiousness level. In addition, we believe that there is a 

possible extensibility of our approach in other GUIs besides 
website layouts.

Regarding external validity, our scope is specifically on 
WIMP desktop-based interfaces. As such, we believe that 
graphical interfaces that strongly leverage characteristics 
of a WIMP interface may show similar results to ours. For 
instance, Sarsam and Al-Samarraie [64] also considered per-
sonality profiles with significant scores in conscientiousness 
and found that users preferred a mobile interface designed for 
their personality group. Nevertheless, the personality profiles 
considered in Sarsam and Al-Samarraie [64] include more 
than one trait, while we address conscientiousness specifi-
cally. We plan on extending our approach to other types of 
paradigms such as mobile and XR. Although the paradigms 
present different design constraints and features, our finding 
regarding the effect of conscientiousness in user preference 
should be transferred, since subjects would still need to pro-
vide their self-assessment of a graphical user interface. For 
the ecological validity of our findings, conscientiousness has 
already been found to be a predictor of preferences such as 
morning or evening activities [18, 29] or media preference 
and political orientation [75]. As such, we believe that our 
findings regarding the effect of conscientiousness on user 
preference can be generalized to real-life settings.

We suggest that our findings should be applied by design-
ers on applications [37] as a means to potentially appeal to 
new users. Furthermore, psychologists have been studying 
how consistency in others helps people to predict what will 
happen when they engage with others [22], how it makes it 
easier to remember a person accurately [13], and, in most 
cases, how it lightens the cognitive load [22]. Therefore, 
designers should work with the set of expectations that peo-
ple bring to their interaction with the artifact, thus creating 
intuitive “affordances” [57].

Nevertheless, in order to apply our findings, designers are 
required to assess the scores of the user’s personality traits. 
Usually researchers use the traditional method of validated 
psychological questionnaires to assess personality. Nev-
ertheless, there are several downfalls with this approach. 
Since it takes a lot of time to answer the questionnaires, 
their static and long nature restricts practical applications. 
Moreover, users may not answer truthfully, since they may 
provide responses in a way they think is best for a given situ-
ation or due to privacy issues [25]. In this light, personality 
assessment has been expanded in recent years [4] through 
several methods such as eye-tracking [8], social media [5, 
20], and electroencephalography [67, 72]. Although there 
are still several ethical considerations to tackle [2, 53], we 
believe that current state-of-the-art sensors enable us to 
easily capture a rich stream of data on people’s behaviors 
and interactions, for instance. Then, these data can be pro-
cessed through several artificial intelligence methodologies 
to assess personality traits [8]. Coupled with the ubiquitous 
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nature of technology nowadays, we believe that in the future 
people will have their personality scores associated with an 
online identification profile. This personality profile can then 
be read by a piece of adaptive technology before any interac-
tion to customize the graphical user interface to the user’s 
personality.

None of these prospects diminishes the importance of 
allowing the user to adapt the graphical user interface after-
wards. We argue that although personality profiles encom-
pass a variety of people with similar scores in the traits, 
there can still exist differences between them. For instance, 
if we consider two facets from the conscientiousness trait 
— competence and dutifulness — two persons can have 
symmetric scores in these facets yet have the same consci-
entiousness score. As such, although they would be catego-
rized with the same personality profile in our study, these 
intrinsic differences may lead to small changes in design 
preferences, for instance. It makes sense that the user may 
still be able to have control of the final appearance of the 
graphical user interface, as the adaptation beforehand con-
verges on the common design preferences within a group 
but may not account for individual preferences independent 
of personality.

5.3 � Limitations

There are some important factors that may explain the lack of 
significance observed in some of our results. First, the number 
of participants in this experience could have been larger. A 
larger number of participants would allow conclusions with 
a stronger impact. In particular, we could have extracted a 
larger number of preferences which would allow us to explore 
more in-depth differences in preferences. Additionally, the 
user groups in both studies were significantly different in both 
conscientiousness and neuroticism scores. Although McCrae 
and John [51] focused on creating five unique, independent 
traits, research has shown that neuroticism and conscientious-
ness are negatively correlated at the between-person level of 
analysis [56]. As such, the fact that individuals from the High 
and Low conscientiousness groups have statistically signifi-
cant different scores in the neuroticism trait is a byproduct of 
a contradiction of the conceptual orthogonality assumption 
of the FFM. Nevertheless, it does not invalidate our results, 
since subjects had similar scores in the other traits, making 
conscientiousness a differential factor.

Secondly, the GUIs we designed were simple informa-
tion-seeking interfaces, composed mainly of short texts 
and images. Additionally, the tasks users had to perform 
in the sessions were also simple and straightforward. 
There may not be more significant results because chang-
ing interface features does not lead to a significant change 
in the user perception, since users were able to complete 
the tasks without much impediment. Moreover, although 

we chose the most common styles for the features, there 
are more styles that could be shown to participants that 
may have revealed other preferences. Thirdly, the inter-
faces used to illustrate the different design guidelines 
may have had an effect on how people perceived them. 
Given its information-seeking nature, people could recol-
lect past experiences regarding certain element styles and, 
therefore, assess their preference based on one particu-
lar experience instead of assuming the specific scenario. 
Finally, these effects may also be explained based on how 
people had to choose their preferences for each feature as 
a unitary style, i.e., participants chose the style they liked 
the most for a feature instead of ranking their preference 
across styles for a feature. By allowing participants to rate 
their preference with Likert scales, for example, it is pos-
sible to extract more results and avoid making users com-
mitting to a single style.

6 � Conclusions and future work

The objective of our study was to assess how the personality 
trait of conscientiousness affects user preferences. In order to 
acquire design preferences, we addressed the most used GUI 
elements of the state-of-the-art (e.g., Alves et al. [4]) and 
based their style variations on past research. Our approached 
differentiated users based on their conscientiousness level 
to then extract design preferences regarding a unique pos-
sible style of a certain feature. We found that changing a 
set of features affected individuals, specifically regarding 
the user preference of the interfaces. These results empower 
designers with new tools to develop their goal-oriented user 
interfaces for the correct target audience. In addition, design-
ers can apply the reverse technique of extracting personality 
traits from how users choose to customize their GUIs.

Future work includes recruiting a larger sample set. A 
more heterogeneous sample may allow researchers to find 
not only stronger results, but to further explore the way we 
divided the three groups between Low (0 to 25th percentile), 
Medium (26th to 75th percentile), and High (76th to 100th per-
centile). For example, future studies can consider a narrower 
division just between people that are either above or below 
the 50th percentile, or dividing them in four different groups, 
each with 25% of the population. Moreover, we can explore 
the remaining traits of the FFM, besides studying in-depth 
personality by extending our scope to personality facets. In 
addition, task types and contexts should be further explored 
as they may lead to different interactions of users given their 
individual differences. In particular, future work includes 
collecting design preferences in a more complex environ-
ment to verify how they affect user perception regarding the 
graphical elements.
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