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ABSTRACT
The design of graphical user interfaces has been evolving from skeuomorph interfaces – which use
elements that mimic the aesthetics and functionality of their real-world counterparts – to minimalist
and flat designs. Despite the growing popularity of these new design approaches, they can be
challenging for older adults who experience a decline in visual and cognitive abilities. Still, little
is known about user performance, aesthetic perception, and preference of older adults,
particularly in comparison to younger users and traditional skeuomorph interfaces. In this paper,
we examine the performance and aesthetic perception of older (65–77 years old) and younger
(20–40) adults with three design approaches: skeuomorph, skeuominimalist, and flat design.
Results show flat design is either slower or less accurate than traditional skeuomorph interfaces
for older adults across three tasks: visual search, identifying clickable objects, and multiple page
navigation. Younger adults were less susceptible to performance differences between design
approaches, but still subject to ‘click uncertainty’ with flat interfaces. Skeuominimalism did not
show clear performance benefits over flat design or skeuomorphism, while the latter reduced
the performance gap between age groups. Finally, younger adults preferred the simplicity of
skeuominimalism, while older adults preferred skeuomorph interfaces because of the perceived
usability, beauty, and trustiness.
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1. Introduction

Over the last decade, the design of graphical user inter-
faces has seen several changes relating to its visual
appearance. Skeuomorphism is being increasingly
replaced by minimalist user interfaces. Skeuomorph
design describes interface objects that mimic their real-
world counterparts in how they appear and are used
(Norman 1999). Apple’s iBooks app (iOS 6) is a great
example of a skeuomorph design as virtual books
resemble real books and are displayed in a virtual book-
shelf. This interface presents familiar concepts and three-
dimensional features (e.g. depth, shadows) that enable
users to identify interactive objects and understand
how to operate them.

However, since the advent of Windows Phone 7 in
2010, flat user interfaces have been widely adopted
from mobile to Web interfaces. For example, Apple
shifted from skeuomorphism to flat design since iOS 7
(2013). Flat design adopts a minimalist approach
where interfaces are stripped down to their barest essen-
tials. Abstract graphic forms replace realistic icons (e.g.
the ‘hamburger’ icon) and bold colours are used to fill

spaces. Text is often used with condensed and light vari-
ations of typefaces resulting in low density of screen
information. This design philosophy emerged as skeuo-
morph interfaces grew increasingly complex and
cluttered. The flat design represents a self-contained
two-dimensional digital environment where there is no
place for anything replicating three-dimensional objects
of the real-world (Banga andWeinhold 2014). Flat inter-
faces are designed to be perceived as modern and mini-
malistic without visual distractions that can help users of
all ages to focus on what matters the most. After its intro-
duction, flat design was widely criticised by human–
computer interaction experts1,2,3,4 as it ignores the
three-dimensional nature of the human brain. For
instance, visual cues that reference real-world properties
such as texture, lighting, and shadows are removed from
flat design, which can render interfaces harder to under-
stand and use (Burmistrov et al. 2015; Creager and Gillan
2016).

Aiming to bridge the gap between skeuomorphism
and flat design, in 2014, Google proposed material
design, often connected with a skeuominimalist
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approach (Page 2014). As in flat design, skeuominimal-
ism aspires to minimalist user interfaces; however, it
leverages depth effects such as lighting and shadows to
provide meaning about interactive elements. Material
design is the design approach nowadays used throughout
Google’s wide array of web and mobile products. It is
assumed that this design approach can be a compromise
between the unnecessary and overly complex visuals of
skeuomorph designs and the lack of affordances of flat
interfaces. This is particularly relevant for those who
experience decline in perceptual and cognitive abilities
associated with age (Cansino et al. 2013; Ishihara et al.
2001; Spear 1993). However, little is known about the
user performance and perceived aesthetics of older
adults, especially in comparison to younger adults who
grew in a digital world.

While previous research has investigated the benefits
and costs of different interface designs, it is often
restricted to younger adults’ performance (Burmistrov
et al. 2015; Wu et al. 2015; Creager and Gillan 2016;
Zhang, Wang, and Shi 2017). Although previous efforts
have been taken to examine the effect of age when
using multiple design approaches there are three main
limitations: first, most studies only investigate skeuo-
morph and flat designs, which correspond to both
extremes of a continuum of design approaches (Cho
et al. 2015; Oswald and Kolb 2014; Backhaus, Trapp,
and Thüring 2018). Hybrid approaches, such as skeuo-
minimalist design (e.g. Google’s material design), are
neglected. Second, studies are usually limited to subjec-
tive preference and fail to quantify users’ performance
(e.g. speed and errors) (Backhaus, Trapp, and Thüring
2018; Robbins 2014). Third, the current body of litera-
ture reports mixed findings on how age affects aesthetic
perception and user performance of different design
approaches(Cho et al. 2015; Oswald and Kolb 2014; Rob-
bins 2014). For instance, while (Cho et al. 2015) shows
that the degree of realism of skeuomorphic design is
positively correlated with preference, (Robbins 2014)
reports that older adults preference was split between
skeuomorphic and flat design. On the other hand,
(Oswald and Kolb 2014) demonstrate that older adults
experience more challenges with skeuomorphic inter-
faces than flat interfaces. All these limitations suggest
the need for a more comprehensive examination of
how age affects aesthetic perception and user perform-
ance across multiple design approaches.

In this work, we systematically investigate the effect of
design using three design approaches: skeuomorph,
skeuominimalist, and flat. We report on a study with
20 older and 20 younger adults, comparing user per-
formance and perceived aesthetics. This research is
necessary as the world population is ageing (He,

Goodkind, and Kowal 2016) and older users are increas-
ingly using technology, particularly the Web (Kohlba-
cher, Herstatt, and Levsen 2015). Understanding how
to create interfaces for this age group is crucial to guar-
antee an inclusive information society and access to a
wide range of services from shopping and transportation
to health and communication. The present study aims to
work towards inclusive technologies that can cope with
the differences that come along with natural aging age
(e.g. decline in memory ability, colour perception, and
visual acuity) by extending the current body of knowl-
edge on interface design.

The main contribution of this paper is a thorough
investigation on how efficiency, effectiveness, and per-
ceived aesthetics are influenced by age group in a conti-
nuum of design approaches (i.e. skeuomorph,
skeuominimalist, and flat) across three representative
tasks of Web usage: visual search, clicking objects, and
multiple page navigation. The study has three main
goals: first, to examine user performance and perceived
aesthetics of older and younger adults; second, to analyse
the differences (and similarities) between user interface
design approaches and the relationship with age group;
and finally, to investigate how user performance varies
with type of task.

1.1. Empirical studies on user interface design

Skeuomorphism has been the ‘de facto’ design approach
over the past decades, until 2010 where Windows intro-
duced flat design on its mobile operative system. Since
then researchers have been trying to understand how
these two design approaches compare against each
other. Stickel, Pohl, and Milde (2014) compared a set
of native iOS 6 (skeuomorph) and iOS7 (flat) system
icons in terms of user preference. They then examined
these icons using a qualitative inspection method.
Results suggest that the missing information resulting
from design simplification can play a major role in
lower acceptance rates, leading the authors to conclude
that flat design should put more focus on the semantics
of interface elements. In another study (Li et al. 2014),
flat icons were rated higher on semantic scales such as
‘timeless’ and ‘simplicity’, but fared worse than skeuo-
morph icons on ‘identity’, ‘interest’, and ‘familiarity’.
The authors suggest that both design approaches cannot
co-exist or be replaced by each other, therefore designers
may be forced to choose between them depending of
context or target user group.

Oswald and Kolb (2014) investigated the effects of
learnability of both design approaches based on users’
subjective impressions, showing a trend to flat designs
to become more accepted as ‘serious’ and ‘professional’

2 I. C. V. P. URBANO ET AL.



as users get acquainted with new interaction metaphors.
However, the authors warn that these subjective attribu-
tions may be disconnected from factual usability per-
formance. Page (Page 2014) studied the role of
skeuomorphism and flat design in design education,
showing that both approaches are relevant in user inter-
face and could be used to explore other concepts such as
skeuominimalism. Wu et al. (Wu et al. 2015) investi-
gated the difference of users’ emotion experience
between skeuomorphism, flat, and skeuominimalist
design in a car navigation interface. The lowest experi-
ence rating was given to skeuomorphism and the highest
to skeuominimalist design.

Schneidermeier, Hertlein, and Wolff (2014) directly
compared Windows 7 (skeuomorph) against Windows
8 (flat) and showed that the older version of the oper-
ating system was more usable. Similarly, Burmistrov
et al. (2015) showed that flat interfaces require higher
cognitive load, more time, and are prone to more errors
when compared to their skeuomorph counterpart. The
authors strongly suggest not replacing interfaces devel-
oped over decades of research with flat designs. Creager
and Gillan (2016) studied the effect of shading gradi-
ents on the findability and discoverability of user inter-
face elements. Their findings indicate that shading can
aid users in search tasks, but its overuse can be con-
sidered a distraction. They advocate the use of
almost-flat design. Zhang, Wang, and Shi (2017) ana-
lysed the emotional cognition of skeuomorphism and
flat design icons. Results show that icons with skeuo-
morphism elements are preferred and load off the trou-
ble users may have in understanding how to use digital
products.

More recently, Xi and Wu (2018) investigated user
performance in visual search tasks between four icon
styles: line, Metro, flat, and skeuomorphism. Users had
the highest search efficiency in abstract icons such as
line and Metro style icons, second in flat icons, and the
lowest in skeuomorphism icons. Spiliotopoulos et al.
(Spiliotopoulos, Rigou, and Sirmakessis 2018) examined
how users perceive skeuomorphism and flat designs at
the level of icon design. Results did not show significant
differences in terms of icon recognizability, task com-
pletion time or number of errors but (novice and expert)
users perceived flat design as more usable. However,
when executing web tasks there was a correlation
between skeuomorph design and increased experienced
difficulty. Moreover, flat design allowed expert users to
execute their tasks faster. The authors finish stating
that age may be an important factor influencing per-
formance and preference over design approach, as
older people that have not been using technology all
their life may behave differently. Indeed, all previously

reported studies are restricted to younger adults. Even
so, results are often contradictory.

1.2. Age-related changes and user interface
design

Aging leads to gradual decline in sensory, cognitive, and
motor abilities (Ketcham and Stelmach 2001; Ishihara
et al. 2001), which affect how older adults perform with
computer tasks. Reduced visual perception is a main con-
tributing factor on how older users perceive and interact
with technologies, since most user interfaces are highly
visual. Older users may face greater difficulties at locating
targets on screen and perceiving changes due to reduced
visual acuity, which can also affect reaction and task com-
pletion times (Bobeth et al. 2012; Czaja and Lee 2009).
Decline in tactile spatial acuity can also affect computer
tasks that require orientation and hand dexterity (Stössel
2009; Huppert 2003). Similarly, reduced cognitive func-
tions may also have an influence on computer navigation
and retrieval tasks (Crabb and Hanson 2016). It is impor-
tant to notice that although in HCI research an age
threshold is typically used (often 65) to classify a user
as an ‘older’ adult, age alone does not define this group.
Rather it is defined by its common characteristics that
may vary by context and individuals’ life experiences
(Vines et al. 2015). Giving this set of characteristics, it
can be difficult to isolate which specific factors contribute
to differences in performance.

Research has shown age-related differences in point-
ing (Rogers et al. 2005; Cabreira and Hwang 2018),
web browsing (Hanson and Crayne 2005), and touch
performance (Findlater et al. 2013). It was also observed
that increased physiological tremor is negatively corre-
lated with text-entry performance (Nicolau and Jorge
2012). However, few studies have examined the effect
of interface design approach on user performance and
aesthetic perception for older adults.

Cho et al. (Cho et al. 2015) explored the value of
skeuomorphism as an icon style for older people with
ages ranging from 65 to 90 years. They concluded that
the degree of realism is positively correlated with both
preference and understandability. Robbins (Robbins
2014) examined icon preference for skeuomorphism
and flat design in three age groups (younger: 13–16,
middle: 27–45, older: 46+). While the author found
that middle age participants prefer flat designs, both
the younger and older adults were split on the two design
approaches. More recently, Oswald (Oswald 2018) con-
ducted a comparative usability study between flat design
and skeuomorphism. There was no clear conclusion as
both design approaches demonstrated advantages and
disadvantages; however, older and novice users
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experienced more challenges using skeuomorph inter-
faces than flat interfaces. Backhaus, Trapp, and Thüring
(2018) also compared the usability of skeuomorph and
flat interfaces with a cohort of 24 participants split
between younger and older users. Participants were con-
sidered ‘young’ if they had used a personal computer reg-
ularly before the age of eighteen (‘digital natives’
(Prensky 2001)), and older otherwise (‘digital immi-
grants’). Older participants showed a preference for
skeuomorph designs whereas younger adults favoured
flat design. The younger group rated visual aesthetics,
status, and positive emotions higher for the flat design
compared to the older group.

These mixed findings suggest a need for more com-
prehensive examination of how age affects aesthetic per-
ception of different design approaches. Moreover, few
studies have compared design approaches beyond quali-
tative measures and subjective preference. Despite the
growing popularity of flat and skeuominimalist inter-
faces, little is known about the objective performance
benefits/drawbacks and aesthetic perception of these
design styles for older adults, especially in comparison
to younger adults and traditional skeuomorph interfaces.

2. Method

The goal of this study was to examine age-related differ-
ences on user performance and aesthetic perception with
skeuomorph, skeuominimalist, and flat interfaces.

2.1. Research Questions

The study aims to answer four main research questions:

1. What is the overall user performance difference – in
terms of speed and accuracy – among skeuomorph,
skeuominimalist, and flat interfaces?

2. What is the user performance difference within differ-
ent types of tasks – visual search, clicking objects, and
multiple page navigation – among skeuomorph, skeuo-
minimalist, and flat interfaces?

3. What is the user performance difference between older
and younger adults when using each of the design
approaches?

4. What is the aesthetic perception and preference of
older and younger adults?

2.2. Participants

We recruited 20 adults aged 20–40 (M = 24.6, SD = 5.2)
and 20 adults aged 65–77 (M = 70, SD = 4.3). The
younger (Table 1) and older (Table 2) groups contained

8 and 15 female participants, respectively. All younger
participants used computer and mobile devices on a
daily basis. Regarding older adults, all but 4 participants
reported daily mobile use. The majority of older adults
also reported regular computer use (9 daily and 5 at
least once a week). Only one participant had never
used a computer or mobile device, but received short
training on how to interact with the computer using a
mouse. We recruited younger participants from a local
University using word of mouth and snowball sampling.
Older participants were recruited from a local Senior
University using a similar approach. Participation was
voluntary and no compensation or incentives were
given. None of the participants had severe visual or

Table 2. Demographic information and technology experience
and use of the older participants group.

Part. Age Gender
Tech Experience

(yrs)
Computer

Use
Mobile Device

Use

O1 64 F 20 daily daily
O2 64 F 20 daily daily
O3 73 F 1 never daily
O4 74 M 10 never daily
O5 66 F 5 monthly daily
O6 77 M 6 monthly daily
O7 69 F 35 daily daily
O8 66 M 26 daily daily
O9 75 F 0 never never
O10 67 F 15 > monthly daily
O11 73 F 20 daily never
O12 65 F 10 > weekly daily
O13 75 F 20 daily daily
O14 71 F 10 daily never
O15 67 M 34 daily daily
O16 73 F 20 daily never
O17 66 F 7 monthly daily
O18 77 M 8 > weekly daily
O19 71 F 4 > weekly daily
O20 67 F 18 > weekly daily

Table 1. Demographic information and technology experience
and use of the younger participants group.

Part. Age Gender
Tech Experience

(yrs)
Computer

Use
Mobile Device

Use

Y1 22 F 11 daily daily
Y2 20 F 6 daily daily
Y3 20 F 13 daily daily
Y4 22 M 8 daily daily
Y5 23 F 10 daily daily
Y6 24 M 10 daily daily
Y7 24 M 10 daily daily
Y8 22 M 13 daily daily
Y9 23 M 12 daily daily
Y10 23 M 13 daily daily
Y11 21 F 11 daily daily
Y12 21 F 10 daily daily
Y13 29 F 18 daily daily
Y14 20 M 13 daily daily
Y15 21 M 11 daily daily
Y16 22 M 14 daily daily
Y17 32 M 18 daily daily
Y18 30 M 16 daily daily
Y19 33 M 19 daily daily
Y20 40 F 25 daily daily
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motor impairments. They were all able to see the screen
content and operate a mouse device.

2.3. Apparatus

The experimental testbed was built in HTML5, CSS, and
Javascript. It ran on a laptop computer (Asus VivoBook
S4) in the Chrome browser. The laptop had a 14-inch
display, was set to a resolution of 1920 × 1080, and was
wirelessly connected to Logitech M235 optical mouse.
All participants’ actions were logged for analysis
purposes.

2.4. Tasks

We investigated user performance across three types of
tasks:

(1) Visual search – a search for an icon depicting a
specific object (e.g. ‘calculator’ – see Table 3) in a matrix

of 4 × 4 icons presented on the screen. The position of
the target icon was randomly distributed between the
16 possible positions of the matrix. Participants were
instructed to click the icon that corresponded to the tar-
get object.

(2) Clicking objects – ‘click uncertainty’ is often
pointed as one of the drawbacks of flat design as interac-
tive elements are not easily understandable making an
interface harder to use. In this task, participants were
instructed to click all screen objects that look clickable
(buttons, menus, images, links, etc. – Table 4) in a web
page (See one example in Figure 1). For each webpage,
we designed 3 versions that corresponded to the 3 design
conditions (skeuomorph, skeuominimalist, flat) of the
study. Moreover, as participants were exposed to all
design conditions, and to mitigate learning effects, for
each version we create 3 alternatives of similar complex-
ity (i.e. same number and type of clickable objects). The
main difference between webpages was the content/

Table 3. Icons used in the experiment.
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theme (books, food, baby clothes). For instance, if a par-
ticipant was exposed to the books-related webpage in the
skeuominimalist conditions, s/he would not experience
the same webpage in the following design conditions.

(3) Multiple page navigation – Participants were
invited to complete a multi-step task that require them
to navigate through 3 web pages and select multiple
interface elements. Similarly to the clicking objects
task, in order to mitigate learning effects, we built 3 inter-
faces of similar complexity for each design condition, i.e.
we guaranteed that participants could complete the task
with the same number of clicks (N = 5). Also, button
sizes were the same and interactive elements were placed
in similar positions. However, the content of each website
was different for each task. The navigation tasks were: ‘buy
2 pacifiers and let us know the opening hours of the store’,
‘place an order for the book’ – ‘O Principezinho’ – and
print the list of suggested readings’, and ‘order 2 shrimp
and vegetables dishes and check the phone number of
the restaurant’ (Figure 2). The task ended when partici-
pants performed the last required mouse click. Overall,
we designed 3 versions of each website (one for each
design approach) resulting in 9 different websites.

The icons – shown in Table 3 – were derived from
existing icons. We tried to keep a consistent set of
graphics within each design type, manipulating some
of the icons – in their colour and contrast, shadows
and layer effects (using Adobe Photoshop).

3. Procedure

The procedure fit in a single session: while we did not
impose duration limits, each session took approximately
20 min for younger adults and up to 40 min for older

adults. At the beginning, participants were informed
that the overall purpose of the study was to investigate
how user performance is affected by interface design.
Participants then used the laptop computer to complete
a background survey, which included demographic data
and technology experience. Next, they used the compu-
ter with a randomly assigned design approach (skeuo-
morph, skeuominimalist, flat) with the three tasks
(visual search, clicking objects, multiple page navigation)
in a randomised order within each design condition.

For each task, instructions were presented on screen
in text. Participants were invited to clarify all doubts
before selecting the ‘next’ button to start the tasks.
They were instructed to complete the task as fast and
accurately as possible. The instructions remained vis-
ible on the top of the screen during the execution of
tasks.

At the end of the study, participants were invited to fill
a debriefing survey about aesthetic perceptions and over-
all preference. They were presented with design
examples (as shown in Table 3) to differentiate the
types of interface design. We presented the whole set
of icons so that the difference in design type would
become clear and to reduce the influence of preference/
dislike for a specific icon of one design.

3.1. Dependent measures

The performance was measured using time to complete
task and number of errors. In addition, we used semantic
differential scales to measure aesthetic perception for each
design approach. These scales are widely used in the litera-
ture – e.g. Nagamachi (2011) suggests that every artefacts
can be described in a vector space defined by semantic

Table 4. Example of elements of ‘Clicking Objects’ task for all three designs.
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words; and Wu et al. (2015) used them when comparing
skeuomorph and flat designs. We measured 8 pairs of
adjectives (‘complex-simple’, ‘rough-fine’, ‘traditional-
modern’, ‘boring-interesting’, ‘ugly-beautiful’, ‘unreliable-
trustworthy’, ‘hard-easy’, and ‘slow-fast’) that were
evaluated on a 7-point scale where ‘4’ served as a neutral
response. Participant preference regarding each design
approach was also gathered at the end of the session.

3.2. Design and analysis

We used a within-subjects design where each participant
experienced all conditions. For each design condition,
each participant performed three tasks, resulting in a
total of 9 trials per participant. We also had a between-
subjects factor, which was age group: older and younger
adults. In summary, the study design was: 20 partici-
pants × 2 age groups × 3 designs × 3 tasks.

Figure 1. Example of screen displayed to users in ‘clicking objects’ task in the flat design condition.
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We ran a 2-way mixed ANOVA with age group
(2 levels) and design condition (3 levels) as the between
and within factors, respectively. Observed values were
tested for normal distributions (Shapiro-Wilk’s test) and
homogeneity (Levene’s test). In case data failed any of
these assumptions, we applied a data transformation (e.g.
log, square root) to guarantee that the data fit the mixed
ANOVA assumptions. In such case, the appropriate trans-
formation was applied on all samples of the measure being
analysed. We also tested for homogeneity of covariances.
When we did not have homogeneity of covariances we
separated the analysis into individual repeated measures
ANOVAs for each age group. Finally, we tested for spheri-
city (Mauchly’s test) and used the Greenhouse-Geisser cor-
rection when the assumption was not met.

Perceived aesthetics were measured through 8 seman-
tic differential scales. As ordinal measures rule out para-
metric analysis, we used the nonparametric Aligned
Rank Transform procedure (Wobbrock et al. 2011;
Higgins and Tashtoush 1994; Salter and Fawcett 1993),
which enables the use of ANOVA after alignment and
ranking of data, maintaining the integrity of interaction
effects. Although we can analyse both main effects and
interaction effects on the transformed data, cross-factor
pairwise comparisons cannot be safely conducted.
Thus, we used either nonparametric Mann–Whitney U
tests or Wilcoxon signed-rank tests on the original data
for between- or within-subjects analysis, respectively.
Bonferroni corrections were used for the post-hoc
comparisons.

Figure 2. Main and Secondary pages in the ‘multiple page navigation’ task for the three designs, in the ‘recipe’ scenario.
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Correlations between technology experience (years
using technology and experience with computers and
tablets) and user performance in all tasks were measured
using the Pearson or Spearman correlation methods
depending on the normality of the variables.

4. Results

Our goal is to understand users’ age-related differences
in performance and aesthetic perceptions when using
interfaces built following three different design
approaches: skeuomorph, skeuominimalist, and flat
design. We analyse user performance across three differ-
ent tasks (i.e. visual search, clicking objects, and multiple
page navigation) in terms of speed and error rate. We
focus on understanding whether there are differences
between age groups and design approaches as well as
interactions between these two factors.

4.1. Visual search

In the visual search task, participants had to search for an
icon depicting a specific object and select it.

Older adults are slower with flat design. Completion
time results are shown in Figure 3. There was a statisti-
cally significant interaction between age group and design
on completion time, F(1.435, 54.514) = 4.643, p < .05,
partial η2 = .109. Data are mean ± confidence (α = .05),
unless otherwise stated. Completion time was statistically
significantly greater for flat design (22.3 ± 1.2s, p < .05)
compared to skeuomorph design in the older adults’
group. We did not find statistically significant differences
between skeuominimalist (15.2 ± 3.5 s) and both skeuo-
morph (11.3 ± 2.3 s, p = .197) and flat (22.3 ± 1.2s,
p = .241) designs. Completion time in the younger adults’
group was not statistically different across design
approaches, F(2, 38) = 1.975, p = .153, partial η2 = .094.

Design does not influence error rate in visual search.
Error rate indicates percentage of selections of incorrect
icons. There was no statistically significant interaction
between factors, F(2, 76) = 1.897, p = .157, partial
η2 = .048. However, the main effect of age group showed
a statistically significant difference in mean error rate
between younger and older adults, F(1, 38) = 13.362,
p < .001, partial η2 = .26. Mean error rates (see Table 5)
experienced by older adults were statistically significantly
greater compared with younger adults. Regarding design,
we did not find a statistically significant main effect in
mean error rate between design approaches, F(2, 76) =
5.126, p = .051, partial η2 = .076.

4.2. Clicking objects

In this task, participants were exposed to a webpage and
were invited to select all screen objects that looked click-
able. Errors correspond to objects that were clickable but
not selected by participants or objects that were selected
but were not clickable.

Younger adults are generally faster. There was no stat-
istically significant interaction in completion time
between factors on completion time, F(2, 76) = 2.827,
p = .065, partial η2 = .069, nor as a main effect between
design approaches, F(2, 76) = 1.617, p = .205, partial
η2 = .041. The main effect of age group showed a statisti-
cally significant difference in mean completion time
between user groups, F(1, 38) = 89.406, p < .0005,
η2 = .702 (see Table 6 for completion times).

Greater click uncertainty with flat design. Figure 4
shows mean error rates for each factor. There was no
statistically significant interaction between age group
and design condition on error rate, F(1.69, 64.235) =
2.609, p = .08, η2 = .064. Unlike mean completion time,
the main effect of design showed a statistically significant
difference in mean error rate between different design
approaches, F(1.69, 64.235) = 9.983, p < .0005, η2 = .208.
Namely, we found statistically significant differences

Figure 3. Completion time in visual search task across all design
approaches and age groups. Lower is better. Error bars denote
95% confidence intervals.

Table 5.Mean error rates of both younger and older adults in the
‘visual search’ task for each of the design conditions.

Skeuomorph Skeuominimalist Flat

Younger Adults 6 ± 6% 1 ± 2.6% 12 ± 8.6%
Older Adults 14 ± 9.6% 27 ± 12.7% 31 ± 15.5%

Table 6. Mean completion times ± standard deviation (in
seconds) of both younger and older adults in the ‘clicking
objects’ task for each of the design conditions.

Skeuomorph Skeuominimalist Flat

Younger Adults 34 ± 4.8s 27 ± 3s 28 ± 3.6s
Older Adults 119 ± 25s 133 ± 31.9s 121 ± 30.7s
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between skeuomorphism (younger = 6 ± 3%, older = 10 ±
3.2%) and flat designs (younger = 11 ± 4%, older = 25 ±
7.7%, p < .0005). However, there were no statistically sig-
nificant differences between skeuominimalist (younger =
7 ± 3.3%, older = 17 ± 7.7%) and both skeuomorph
(p = .155) and flat designs (p = .093).

4.3. Multiple page navigation

In this task, participants were instructed to complete a
composite task that consisted of multiple steps and navi-
gating through 3 web pages to reach the goal. Deviations
from the optimal navigation path were considered errors.

Design has no effect on speed in composite tasks. There
was no statistically significant interaction between fac-
tors, F(2, 76) = 2.995, p = .056, partial η2 = .073. Never-
theless, the main effect of age group showed a
statistically significant difference in mean completion
time between younger and older adults, F(1, 38) =
100.502, p < .0005, partial η2 = .726. Mean completion
times are illustrated in Figure 5. As with previous task
types, older adults (skeuomorph = 100 ± 24.4s,

skeuominimalist = 101 ± 25.6s, flat = 133 ± 41.4s) were
statistically significantly slower than younger adults
(skeuomorph = 36 ± 6.1s, skeuominimalist = 28 ± 4s, flat
= 29 ± 6.1s). Regarding design, we did not find a statistically
significant main effect in mean error rate between design
approaches, F(2, 76) = .955, p = .389, partial η2 = .025.

Flat design promotes more errors for older adults.
There was a statistically significant interaction between
age group and design on error rate, F(2, 76) = 8.357,
p < .005, partial η2 = .18. Error rate (see Table 7) was stat-
istically significantly greater for flat design (p < .005)
compared to skeuomorph design in the older adults’
group. We did not find statistically significant differences
between skeuominimalist and both skeuomorph
(p = .391) and flat (p = .097) designs. Error rate in the
younger adults’ group was not statistically different
across design approaches, F(2, 38) = 2.326, p = .111, par-
tial η2 = .109. These results suggest that ‘click uncer-
tainty’ is diluted in goal-oriented tasks.

4.4. Perceived aesthetics

Perceived aesthetics were measured through eight 7-
point semantic differential scales (Table 8): ‘complex-

Figure 4. Error rate in clicking objects task across all design
approaches and age groups. Lower is better. Error bars denote
95% confidence intervals.

Figure 5. Completion time in multiple page navigation across all
design approaches and age groups. Lower is better. Error bars
denote 95% confidence intervals.

Table 7.Mean error rates of both younger and older adults in the
‘multiple page navigation’ task for each of the design conditions.

Skeuomorph Skeuominimalist Flat

Younger Adults 9 ± 5.1% 3 ± 3.1% 6 ± 4.7%
Older Adults 13 ± 6.9% 20 ± 9.9% 35 ± 9.8%

Table 8. Perceived aesthetics across all differential scales.
Median [Inter Quartile

Range]

Younger Older

Simple-Complex Skeuomorph 5 [1.25] 4 [.25]
Skeuominimalist 3 [1.25] 3 [2]
Flat 2 [1.25] 2 [.25]

Rough-Fine Skeuomorph 3 [2] 3 [1.25]
Skeuominimalist 7 [1] 6 [.25]
Flat 7 [1] 6 [1.25]

Traditional-Modern Skeuomorph 5 [4.25] 5 [3]
Skeuominimalist 6 [1] 5 [2.25]
Flat 6 [3] 5 [4.25]

Boring-Interesting Skeuomorph 5 [2] 7 [.25]
Skeuominimalist 6 [2] 6 [1.25]
Flat 6 [2] 6 [3.25]

Ugly-Beautiful Skeuomorph 4 [2] 7 [1.25]
Skeuominimalist 6 [1.25] 6 [1]
Flat 6 [1.25] 6 [1.75]

Unreliable-Trustworthy Skeuomorph 5 [3] 7 [0]
Skeuominimalist 6 [1] 7 [1]
Flat 7 [1] 7 [1]

Hard-Easy Skeuomorph 5 [2.25] 7 [0]
Skeuominimalist 6 [1.25] 6 [.25]
Flat 6 [2] 5 [1.5]

Slow-Fast Skeuomorph 5 [2.25] 7 [0]
Skeuominimalist 6 [1] 6 [.25]
Flat 6 [1.25] 5 [2.5]
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simple’, ‘rough-fine’, ‘traditional-modern’, ‘boring-
interesting’, ‘ugly-beautiful’, ‘unreliable- trustworthy’,
‘hard-easy’, and ‘slow-fast’.

Skeuomorphism is a complex design for younger adults.
There was a statistically significant interaction between
age group and design on simple–complex differential
semantic scale, F(1.702, 64.666) = 11.044, p < .0005, par-
tial η2 = .225. Data are median [Interquartile Range]
unless otherwise stated. Younger adults perceived skeuo-
morph design significantly more complex (5 [1.25]) com-
pared to older adults (4 [0.25], U = 90.5, Z =−3.068,
p < .005), which had a neutral rating. Perceived complex-
ity of skeuomorph design was greater than both skeuomi-
nimalist (p < .0005, younger = 3 [1.25], older = 3 [2]) and
flat (p < .0005, younger = 2 [1.25], older = 2 [0.25])
designs; however, there was no statistically significant
differences between age groups (p>.05) for these two
design approaches.

Skeuomorph UIs are rougher. There was a statistically
significant interaction between factors on rough-fine
differential semantic scale, F(1.11, 42.166) = 5.930,
p < .05, partial η2 = .135. Younger adults (7 [1]) perceived
skeuominimalist interfaces as finer than older adults (6
[0.25]). No other statistically significant differences
between age groups were found. However, there was a
statistically significant main effect of design, F(1.276,
48.48) = 127.843, p < .0005, partial η2 = .771. Particu-
larly, skeuomorph design (younger = 3 [2], older = 3
[1.25]) was rated as rougher than both skeuominimalist
(p < .0005, younger = 7 [1], older = 6 [0.25]) and flat
design (p < .0005, younger = 6 [1], older = 6 [1.25]).

Skeuomorphism is interesting and beautiful (only for
older adults). There was a statistically significant inter-
action between age group and design on boring-interest-
ing differential semantic scale, F(1.566, 59.501) = 14.284,
p < .0005, partial η2 = .273. Older adults perceived skeuo-
morph design (7 [0.25]) significantly more interesting
than younger adults (5 [2], U = 53.5, Z =−4.128,
p < .0005). We found similar results for the ugly-beauti-
ful semantic scale with a statistically significant inter-
action between factors, F(1.669, 63.429) = 11.885,
p < .0005, partial η2 = .238. Older adults rated skeuo-
morph interfaces with a median of 7 [1.25] out of 8
points while younger adults had a more neutral view (4
[2], U = 59, Z =−3.996, p < .0005). There were no stat-
istically significant differences between age groups in
the remaining design conditions on both boring-interest-
ing and ugly-beautiful scales with median rates of 6
points across conditions.

Flat is perceived as modern as skeuomorph. Although
flat and skeuominimalist interfaces are usually associated
with modern designs, we did not find statistically signifi-
cant main effects of age or design nor an interaction

between factors in the traditional-modern semantic
scale. Younger adults obtained a median of 5 [4.25], 6
[1], and 6 [3] points in skeuomorph, skeuominimalist,
and flat design, respectively. Older adults rated skeuo-
morphism with a median of 4 [3] points, skeuominimalist
with 5 [2.25] points and flat with 5 [4.25] points.

Skeuomorph design is perceived as less trustworthy by
younger adults.We found a statistically significant inter-
action between factors on unreliable-trustworthy differ-
ential semantic scale, F(2, 76) = 27.292, p < .0005,
partial η2 = .418. Skeuomorph was perceived as signifi-
cantly more trustworthy by older adults (7 [0]) compared
to younger adults (5 [3], U = 34.5, Z =−4.926, p < .0005).
There were no further age-related differences in both
skeuominimalist (younger = 6[1], older = 7[1], U = 163,
Z =−1.117, p = .327) and flat designs (younger = 7[1],
older = 7[1], U = 194, Z =−.182, p = .883).

Opposing views on ease of use. There was a statistically
significant interaction between age group and design on
hard-easy differential semantic scale, F(1.659, 63.052)
= 19.624, p < .0005, partial η2 = .341. Overall, both user
groups rated design conditions positively, i.e. greater
than 4 points. Older adults perceived skeuomorph design
significantly easier to use (7 [0]) compared to younger
adults (5 [2.25], U = 50.5, Z =−4.44, p < .0005), while
flat design (younger = 6[2], older = 5[1.5]) was perceived
as significantly harder (U = 114, Z =−2.420, p < .05). We
did not find statistically significant differences between
age groups with skeuominimalist design.

Skeuomorph design was perceived as faster by older
adults. Similarly to hard-easy scale, there was a statisti-
cally significant interaction between factors on slow-
fast differential semantic scale, F(2, 76) = 19.553,
p < .0005, partial η2 = .34. There were statistically signifi-
cant differences in speed perception between younger (5
[2.25]) and older adults (7 [0]) with skeuomorph inter-
faces (U = 22.5, Z =−5.109, p < .0005). Overall, we
found statistically significant differences between all
design conditions for older adults with skeuomorphism
being considered the fastest, followed by skeuominimalist
(6 [0.25], Z =−2982, p < .01), and flat designs (5 [2.5], Z
=−3.308, p < .005). Regarding younger adults, significant
differences were only observed between skeuomorph and
skeuominimalist (6 [1], Z =−2.447, p < .05) designs.

4.5. Subjective preference

At the end of the experiment, participants were inquired
about their preferred design approach. While none of the
younger participants chose the skeuomorph design,
fifteen (75%) older adults preferred the skeuomorph
interfaces. A 95% adjusted-Wald binomial CI ranging
from 52.8% to 89.2%, shows a lower limit above the
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three-choice change expectation of 33.3%. Interestingly,
none of the older participants had a preference for skeuo-
minimalist design. On the other hand, thirteen (65%)
younger adults choose skeuominimalist design as their
preferred condition, which also shows a lower limit
above the three-choice change expectation (43.2% to
82%).

5. Discussion

In this section, we answer the research questions pro-
posed at the beginning of this study and limitations of
our work.

5.1. Answering the research questions

1. What is the overall user performance difference – in
terms of speed and accuracy – among skeuomorph, skeuo-
minimalist, and flat interfaces?

Overall, participants were slower and less accurate
with flat design compared with skeuomorph design.
Such difference was more noticeable with older partici-
pants. For instance, older adults took on average nearly
twice as much time completing visual search tasks with
flat design compared with skeuomorph design. Regard-
ing error rates, older adults experienced an increase of
more than two-fold for all types of tasks. On the other
hand, younger participants were less susceptible to
speed differences between designs, but flat design was
on average less accurate than skeuomorphism. Particu-
larly, younger participants also experienced ‘click uncer-
tainty’ with flat interfaces, resulting in an 80% increase of
error rates when trying to select all clickable elements on
a flat interface compared to skeuomorph. These findings
extend previous work limited to younger adults showing
similar performance decrease (Burmistrov et al. 2015).

In addition, we did not find statistically significant
differences between skeuominimalist design and the
remaining design approaches for all types of tasks and
both user groups. Although skeuominimalist design is
highly inspired by minimalistic and flat interfaces it con-
tains some 3D features (shadows and lightning) that give
meaning to interactive elements (Creager and Gillan
2016). We did not find skeuominimalist interfaces to
be statistically easier or faster to use than flat interfaces
across three types of tasks, suggesting it does not com-
prise all the advantages of skeuomorph design.

Design Implication 1 – Use skeuomorphic design for an
overall faster and easier experience: results show that,
across multiple tasks, on average both age groups were
faster and less erroneous with skeuomorphic interfaces.
This is especially visible for older adults.

2. What is the user performance difference within
different types of tasks – visual search, clicking objects,
and multiple page navigation – among skeuomorph,
skeuominimalist, and flat interfaces?

Visual search tasks were slower with flat design for
both user groups, although there was no significant
difference in error rates. These results suggest that par-
ticipants can eventually find the intended interface
elements but require on average 24% (younger adults)
and 98% (older adults) more time than with skeuomorph
design. On the clicking objects task, both user groups
were susceptible to the ‘click uncertainty’ phenomenon
with flat design where participants are unsure whether
UI components are interactable. Younger adults experi-
enced an error rate increase of 80% from skeuomorph
to flat interfaces while older adults obtained an increase
of 154%. In multiple page navigation tasks, we did not
find statistically significant differences between design
approaches for younger adults, suggesting that this user
group was able to compensate the flat design’s limit-
ations by leveraging task-related information. On the
other hand, older adults experienced a 2.6-fold increase
in error rates from skeuomorph (M = 13%) to flat design
(M = 35%).

Design Implication 2 – Younger adults can cope with
challenges of flat design: although younger adults experi-
ence ‘click uncertainty’ and are slower in visual search
tasks with flat interfaces, results show they are able to
cope with these limitations in more complex goal-
oriented tasks.

3. What is the user performance difference between
older and younger adults when using each of the design
approaches?

There is a significant difference in performance
between older and younger adults. The former take
longer and commit more errors when completing visual
search, clicking objects, and multiple page navigation
tasks than the latter. Still, the performance gap between
younger and older adults is greater in both flat and
skeuominimalist designs, making skeuomorph design
the optimal approach to reduce the performance gap
between age groups.

This result can be justified in part by the higher cog-
nitive load required by flat when compared to skeuo-
morph interfaces (Burmistrov et al. 2015), which may
have a greater impact on the performance of older adults
due to a decrease in their perceptual and cognitive abil-
ities (Cansino et al. 2013; Ishihara et al. 2001; Spear
1993). In addition, Zhang, Wang, and Shi (2017)
reported that skeuomorph interfaces may ease people’s
understanding on how to use digital products, which
may of greater importance for older adults who are less
familiar with technology. Still, further research is needed
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to understand what specific user characteristics related to
aging are more relevant for such difference in
performance.

Design Implication 3 – For a compromise solution
use skeuomorphic: if designing for a broad age range
using a single design style, skeuomorphic interfaces
close the performance gap between younger and
older adults.

4. What is the aesthetic perception and preference of
older and younger adults?

Younger and older participants have clear preferences
for skeuominimalist and skeuomorph designs, respect-
ively. Younger users see skeuomorph interfaces as com-
plex and rough, while perceiving skeuominimalist
designs as fast and easy to use. This result is in line
with prior studies (Li et al. 2014) where flat icons were
considered as timeless and simple, but at the cost of iden-
tity, interest, and familiarity. This study extends prior
knowledge that is centred on younger adults, showing
that older adults have mostly opposing views, regarding
skeuomorph design as interesting, beautiful, trustworthy,
fast and easy to use.

Design Implication 4 – Design skeuominimalist inter-
faces for younger adults and skeuomorphic for older
adults: users’ subjective preference may be considered
the ultimate design goal when building commercial pro-
ducts for consumer adoption. In this case, younger adults
will prefer skeuominimalist interfaces while older adults
will choose skeuomorphism.

5.2. Limitations

To guarantee internal validity, we designed a controlled
experimental study with three design approaches and a
limited number of tasks. However, we acknowledge
that further work should investigate whether our
findings apply in real-world settings where type of con-
tent and task represent the diverse body of user interface
designs. Such research should be done in a much larger
scale with hundreds of design variations and thousands
of participants to help dilute the effects of individual
designs. In addition, we did not control for graphic or
design familiarity, which may have played a role, for
instance, in the identification of icons that are similar
to the ones of a particular system (e.g. iOS or Android
devices). Similarly, fine-grained characteristics of icon
design such as shape, line width, or colour could explain
some of the results (Cao et al. 2019; Gong et al. 2016).
For instance, colour consistency between icons has an
impact on visual search efficiency. Users are faster to
visually identify icons that look apart, which can explain
why flat designs were slower in visual search tasks.
Although, investigating age-related differences in fine-

grained characteristics of icon design can provide
valuable insights, generalising results to the numerous
combinations used in design practice is a major chal-
lenge. We opted to assess age-related differences in
using three overarching design approaches that inher-
ently use colourful icons ranging from skeuomorphism
to flat design.

Our study featured a single session, which gives us a
snapshot of user performance. It would be interesting
to assess user performance over time. A longitudinal
study could unveil how differences between design
approaches evolve; whether they remain or how they
converge over time. If they converge, how long does it
take for users to reach similar levels of performance
between flat and skeuomorph interfaces? This is particu-
larly relevant as younger users might be more open to
innovations and take less time to adapt to technological
changes (Pohlmeyer 2012). Yet, this effect may disappear
over time (Schneidermeier, Hertlein, and Wolff 2014). In
addition, this study presents a clear analysis of the per-
formance and preference of interface designs in laptop
computers. Although these results can shed some light
on how both user groups may perform overall, further
studies are needed to understand the effect of interface
design on other platforms (e.g. in smartphones or
tablets). For instance, while one may expect similar per-
formances in visual search tasks on tablet devices, this
may not hold for smartphones due to their smaller
form factor.

It is worth highlighting that our older adults group
had lower technological expertise than younger partici-
pants. In fact, their life experiences with technology are
expectedly different. While younger users grew up
using computers, older participants had contact with
information technologies later on their lives. Thus, it is
likely that experience level may be playing a role in our
results. We tried to control for expertise measured as
the number of years participants have been using tech-
nology in general and their experience with specific
devices such as computers and tablets. However, we
did not find statistically significant correlations between
experience with technology and the performance – both
in time and error rate – of older adults (nor participants
in general) in all tasks – exception made to a negative
correlation between the completion time on the multiple
page navigation task when using the flat design and older
participants’ experience with technology. Although this
data does not show a clear impact of expertise in user
performance, it also does not explain what exactly con-
tributed to the results attained in this study.

Although age is probably not an influence factor per
se, but a placeholder for common user characteristics,
such as knowledge, habits, abilities, etc. (Vines et al.
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2015), further research is needed to understand the effect
of each of such characteristics, including expertise.

6. Conclusion

We have investigated user performance and aesthetic
perception of younger and older adults with three dis-
tinct design approaches: skeuomorph, skeuominimalist,
and flat. The study showed that flat design is either
slower or less accurate than traditional skeuomorph
interfaces across three tasks: visual search, clicking
objects and multiple page navigation. User performance
differences are particularly noticeable in older adults that
can take twice as much time to complete certain tasks
and be half as accurate with flat interfaces compared to
skeuomorph. The benefits of skeuominimalist interfaces
are inconclusive as we did not find a performance gain
over flat or skeuomorph designs. On the other hand,
skeuomorph interfaces have shown to reduce the per-
formance gap between older and younger participants.
Regarding user preference, results show a clear, yet con-
trasting, choice pattern between age groups; younger
adults prefer the skeuominimalist design, while older
adults prefer skeuomorph interfaces.

Notes

1. http://belveal.net/2013/03/19/where-have-all-the-
affordances-gone, last visited 22/01/2019

2. https://alistapart.com/article/flat-ui-and-forms, last vis-
ited 22/01/2019

3. https://www.nngroup.com/articles/windows-8-
disappointing-usability, last visited 22/01/2019

4. https://www.cooper.com/journal/2014/01/your-flat-
design-is-convenient-for-exactly-one-of-us, last visited
22/01/2019
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