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Abstract: The purpose of this study was to examine icon design for retirees, focusing on icon concreteness.

The study was undertaken because although older adults are increasingly likely to use computers, the
Internet, and portable computing devices like smartphones and tablets, they still face usability challenges
including cognitive and skill barriers. Previous research has shown that concrete icons increase selection

accuracy for inexperienced users. This research was an experiment m - 30), in which users were asked to
identify concrete and abstract icons. Chi-square analysis did not show a significant difference in selection
accuracy of abstract and concrete icons in an unprompted trial (y%-1.493, df -5, p -.914) or a text-prompted
trial (y2 -.715, df - 3, p - .870). However, results were significantly better for the prompted trial. The
implication is that abstract and concrete icons are equally difficult for senior adults to recognize.
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1. Introduction

On the global scale, computer and Internet use is becoming more common, though it is not yet ubiquitous.
As of December 2017, 51% of the world's population had Internet access, although this access is not evenly
distributed between global regions [1]. A global average of 38% of adults have computers available in their
households [2]. However, the biggest boost for computing power has been the emergence of mobile

computing devices like tablets and smartphones, which are both cheaper and easier to use than fixed

computers. As of 2015, there were an estimated 1.86 billion smartphone users worldwide, a figure which is
expected to rise to 2.87 billion worldwide by 2020 [3]. However, this increasing computer and Internet
access is not evenly spread. There is a long-standing digital divide, in which factors like age, education,
socioeconomics, and location determine to some extent whether an individual will use computers and the
Internet [4]. One element of the digital divide is age - older users have long been known to use computers
and the Internet at a lower rate than younger users [5]. There is some evidence that this difference is
weakening, with now only the oldest seniors showing significant usage differences [5]. However, senior
users still face significant user interface issues with computers, which have not been explored in enough

detail to optimize computers for their use. This study’s purpose was to examine one small aspect of the

computer usage needs of seniors - that of icon design, specifically icon concreteness.
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1.1. Computer Use and Elderly People

At one time, elderly people on the wrong side of the so-called digital divide, with seniors in most
countries not having the skills, tools, or even the need to use the Internet or computing technology [4]. Over
time, this has changed, and now more and more seniors are using computers and the Internet [5]. As [5]
analysis showed that Internet and computer use was not distributed evenly among seniors, with the very
old (those aged 70+) still being significantly less likely to use computers and the Internet than younger
seniors. In part, this is because younger seniors are more likely to have acquired computer and Internet
skills in the workplace and to have personal and working environments where such use is encouraged [6].
Thus, while computer use among elderly people has risen dramatically in the past several years [5], there
are still groups that may have less access than others.

Seniors face many challenges in using computers and the Internet. For example, they may experience
frustration and learning challenges when using computers, or may have cognitive or physical functional
problems that prevent effective computer use [7]. The interface design of a computing system can also pose
challenges for seniors, as interface elements like icons and menus can be hard to perceive, understand and
navigate [8]. Navigation issues from poor icon design can seriously impede system usability by seniors, as
found by several studies [9]-[11]. However, these studies have mainly focused on specific computing
contexts and programs rather than examining icon design preferences.

Computer use is still an important skill for the elderly, particularly since it can help them maintain social
and personal connections, access resources, and perform other important tasks [7]. However, to be
accessible to seniors, there is a need to consider issues like icon design to meet their needs more broadly

than previously studied.

1.2. Icon Design

An icon is a visual tool used to provide easy interaction with a computing system such as a computer,
tablet, or mobile phone, performing a single pre-defined command such as launching a program when it is
used [12]. The icon is one of the oldest elements of the graphic user interface (GUI) and is used in most
modern computing systems [12].

The icon design characteristic studied here is abstractness and concreteness. An abstract icon is one that
is not a direct visual representation of the action or tool it is associated with, while a concrete icon is one
that does have a direct visual representation of its underlying action [13]. Abstractness and concreteness
are a spectrum, rather than independent characteristics, and they have different proposed mechanisms for
action [14]. For example, while abstract icons are visually simpler and therefore easier to recognize,
concrete icons have a stronger connection to stereotypical meanings and can be more easily puzzled out by
inexperienced users [14]. Thus, early research provided conflicting answers on whether icons should be
designed as abstract or concrete. However, more recent studies have suggested that concrete icons are
more easily recognized [15]. These authors showed that icon concreteness was positively correlated to
selection accuracy, and that this effect was particularly strong for users unfamiliar with the system. Thus,
concrete rather than abstract icon design is a better choice for accuracy, especially when designing for
inexperienced users [15]. Furthermore, a cross-cultural study showed that people from both Western and
Eastern cultures (including mainly Europeans and Thai people) had a strong preference for concrete icons,
indicating that this preference may be widespread if not entirely universal [16]. One area where there is a
gap in the research is the preference for abstract or concrete icons among the elderly. One review of mobile

interfaces showed that older adults may prefer concrete icons due to lack of familiarity and cognitive
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limitations [17]. However, more evidence is needed to determine whether there is a significant

performance difference.

2. Methodology

The study was conducted using an experimental approach. The sample was selected from respondents to
a study recruitment notice. Selection criteria included that the respondents were retired and that they did
not have any significant hearing or visual impairments and were not color blind. A total of 30 participants
were selected. All participants were Thai speakers and aged over 60. The gender distribution was
approximately equal (n=16 men, n=14 women).

The study was conducted in a well-lit fixed environment. The experimental apparatus included a desktop

computer and a selection of icons from common computing environments, including OS X, Microsoft
Windows, and Internet-based icons. Microsoft Visual Basic Programming was used to produce the stand

alone software for participant to do the test. For the experiment in the stand alone software, the icons were
arranged in a circle around the center of the screen. The circular array included one target icon and seven
distractors.

Respondents were asked to do two trials, with 10 icons in each trial (five concrete icons and five abstract
icons). In both trials, the selection accuracy was the target outcome. The icons were randomly selected from
a prepared database. For the first trial, respondents were verbally prompted with the name of one of the
icons and asked to select it on the screen. For the second trial, a brief text was displayed below the icons
that explained its function. The respondents were again verbally prompted to select a specific icon. In each

trial, the number of accurate responses were logged separately for the concrete and abstract icon
categories.

SPSS (Statistical Package for the Social Sciences) version 23 was used to analyze the data from the
experiment. Results were analyzed using distribution tables and chi-square tests to determine if there was

any significant difference in distribution between abstract and concrete icons. The chi-square was accepted

as a distribution difference at p <.05.

3. Results
3.1. Trail 1: No Text Prompt Condition

Table 1. Distribution of Correct Responses in Trial 1 (no Text Prompt Condition)

Answer Abstract Concreteness
Frequency Percent Frequency Percent

All answer were wrong 8 26.7 7 233

1 correct 11 36.7 14 46.7

2 correct 6 20.0 4 133
3 correct 2 6.7 2 6.7

4 correct 1 33 2 6.7
All answer were correct 2 6.7 1 33
Total 30 100 30 100.0

In the first trial, there was no text prompt offered for the participants to match; instead, they relied on
the visual image of the icon only. Results are shown in Table 1. As this shows, accuracy rates were low, with

most respondents getting no or one icons right for both abstract (63.3%) and concrete (70%) icon groups.

10% of respondents got four or five icons correct for both abstract and concrete icons. This suggests that
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without the text prompt, there are similar accuracy conditions for both abstract and concrete icons. A

chi-square distribution test confirms this similarity (y%2-1493, df-5, p=-.914).

3.2. Trail 2: Text Prompt Condition

In the second trial, a brief text prompt explaining the icon was included underneath the icon.
Unsurprisingly, as Table 2 shows, accuracy rates for this trial were much higher. Most respondents scored
four or five responses accurate for both the abstract group (90%) and the concrete group (83.3%). In this
trial, no respondents got zero or one responses correct. Thus, inclusion of the text dramatically improved
recognition of the icon between respondents. However, once again a chi-square distribution test shows that

there was no significant difference between abstract and concrete icons (y2=.715, df =3, p=870).

Table 2. Distribution of Correct Responses in Trial 2 (Text Prompt Condition)

Answer Abstract Concreteness
Frequency Percent Frequency Percent

2 correct 1 33 2 6.7

3 correct 2 6.7 3 10.0

4 correct 12 400 10 333

All answer were correct 15 50.0 15 50.0

Total 30 100 30 100.0

4. Discussion

This research was undertaken because of the lack of research on icon design for senior users.
Concreteness of a computing icon is one of the fundamental characteristics that helps users, especially
inexperienced users, identify the purpose of the icon and effectively select it [14]. Furthermore, there are
potential advantages to both abstract and concrete icons: while abstract icons are easier to identify visually,
concrete icons have a shorter semantic distance, offering an advantage to inexperienced users [14]. Thus,
this characteristic was selected as a basic functional characteristic that could influence how well senior
users could use computers and what level of frustration they would experience. However, the results did
not show that the concreteness of an icon made a significant difference in the effectiveness of selection.
Instead, abstract and concrete icons were identified at similar rates in both trials. The main difference is
that in the trial that used a text prompt, users had much higher identification rates. This suggests that for
senior users, it is not abstractness or concreteness that matters for visual identification, but instead
availability of external information.

These results were different from those found in previous studies, which have generally identified
concrete icons as preferable to abstract icons for accuracy (though not necessarily reaction time) [14]-[16].
However, the results are not necessarily surprising given the nature of these findings and the role of
experience in selection accuracy. As one study pointed out, a preference for icon concreteness is
particularly strong among inexperienced users and those with cognitive or physical deficits that reduce
function [17]. In earlier years, this may have have been true for older adults, who were not as skilled at
using digital technology [4]. However, in recent years, older adults and seniors have become increasingly
familiar with computing technology and willing to use it [5]. Thus, the effect of concreteness as it relates to
usability for older adults may have faded.

There are still other problems that could affect individual preferences for abstract or concrete icons that
need to be considered; for example, individuals could suffer cognitive or physical issues that make icon
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recognition hard [7] or may have physical limitations such as visual impairments that affect their ability to
use such systems [8]. This study did not examine individual-level performance or cognitive deficits, so
cannot speak to those limitations. However, the findings do agree that rather than being concerned with
abstractness or concreteness as a primary point of icon design, there should be more attention paid to text
prompts and other external meaning cues [12].

5. Conclusion and Recommendations

This research examined the effect of the abstractness or concreteness of an icon on selection accuracy for
retirees. The experimental set-up used two different trials: an unprompted trial, and a trial in which a brief
visual prompt was provided alongside the icon. Unexpectedly, the results did not show a significant
difference between the abstract and concrete icons in terms of selection accuracy in either trial. However,

they did show that there was a major difference in selection accuracy between the unprompted and
prompted trials. In the unprompted trial, between 63% and 70% of respondents got no more than one

answer correct in each category. In the prompted trial, between 83% and 90% got four to five answers
correct in each category.

The findings show that providing text prompts could significantly improve selection accuracy for senior
users. The results do not provide evidence for increased usability for either abstract or concrete icons.

Based on prior evidence [15], it is probably still preferable to use concrete icons, particularly for
inexperienced user groups such as older seniors. However, this may be most effective in conjunction with a
brief text prompt Thus, the recommendation is to use both text prompts and concrete icons when
designing for seniors.

There are some limitations to this study. The sample was relatively small (n = 30) and all respondents
included were Thai, which could mean that there are cultural variances that were not observed. The study

also did not consider factors like previous experience with computers, which could affect individual
selection accuracy and preference for abstract and concrete icons. These gaps provide areas for further

research, especially focused on usability of icons for seniors.
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