
International  Journal  of

Environmental Research

and Public Health

Article

Effect of Age on the Touchscreen Manipulation Ability of
Community-Dwelling Adults

Michal Elboim-Gabyzon 1,* , Patrice L. Weiss 2 and Alexandra Danial-Saad 2,3

����������
�������

Citation: Elboim-Gabyzon, M.;

Weiss, P.L.; Danial-Saad, A. Effect of

Age on the Touchscreen Manipulation

Ability of Community-Dwelling

Adults. Int. J. Environ. Res. Public

Health 2021, 18, 2094. https://

doi.org/10.3390/ijerph18042094

Academic Editors: Thais Pousada and

Emiliano Díez

Received: 13 January 2021

Accepted: 16 February 2021

Published: 21 February 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Physical Therapy, Faculty of Social Welfare & Health Sciences, University of Haifa,
3498838 Haifa, Israel

2 Department of Occupational Therapy, Faculty of Social Welfare & Health Sciences, University of Haifa,
3498838 Haifa, Israel; plweiss@gmail.com (P.L.W.); saadalexandra@gmail.com (A.D.-S.)

3 The Arab Academic College for Education in Israel, University of Haifa, 3498838 Haifa, Israel
* Correspondence: michal.elboim@gmail.com

Abstract: Assessment of touchscreen manipulation skills is essential for determining the abilities of
older individuals and the extent to which they may benefit from this technology as a means to enhance
participation, self-esteem, and quality of life. The aim of this study was to compare the touchscreen
manipulation ability between community-dwelling older adults and middle-aged adults using a
newly developed Touchscreen Assessment Tool (TATOO) and to determine the usability of this
instrument. Convenience samples of two age groups were considered, one including 28 independent
community-living older adults aged 81.9 ± 4.2 years with intact or corrected vision and with the
abilities to walk independently with or without a walking aid and to understand and follow simple
commands, and the other including 25 healthy middle-age adults aged 53.4 ± 5.9 years. The usability
assessment was conducted during a single session using the System Usability Scale (SUS). Older
adults demonstrated poorer touchscreen skills compared to middle-aged adults. Previous experience
in manipulating a smartphone by the older adults did not affect their performance. The SUS results
indicated good usability of the TATOO by both age groups. The TATOO shows promise as a user-
friendly tool for assessing the specific skills needed to operate touchscreens. The outcomes of this
study support the suitability of touchscreen devices and applications as well as the need for adapted
accessibility for older adults. Researchers and clinicians will benefit from the availability of a rapid,
low-cost, and objective tool to assess the skills required for touchscreen use.

Keywords: hand function; touchscreen manipulation skills; disability; assessment tool; usability;
older adults; assistive technology; low cost; outcome measures

1. Introduction

Hand function is an important component of one’s ability to lead an independent and
active life within a community. This is particularly relevant among the rapidly growing
population of individuals over the age of 70 years [1]. Loss of manual hand functioning in
this age group often results from natural age-related deterioration in the musculoskeletal
and nervous systems [2]. The impact of these changes may lead to difficulties in performing
basic and instrumental activities of daily life (Basic Activities of Daily Living (BADL) and
instrumental Activities of Daily Living (IADL), respectively) [3].

The approach recommended by the International Classification of Functioning, Dis-
ability, and Health (ICF) [4] for evaluating hand function in older adults focuses on assess-
ments targeting two broad domains. The first relates to impairments in the sensorimotor
system including reduced muscle strength, reduced tactile sensibility, and slower motor
responses [3,5,6]. The second focuses on the skills needed to perform BADL and IADL,
which impact one’s independence and participation in daily occupations. The skills in the
latter domain have traditionally been assessed by observing the performance of activities
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such as tying shoelaces, buttoning buttons, selecting coins from a wallet, or pouring milk
into a cup [5–7].

In modern society, participation in daily occupations often entails access to touch-
screen devices such as tablets and smartphones due to their convenient and user-friendly
interfaces, portability, affordability, regardless of the user’s age [8,9]. These devices can
be used to operate multiple services such as banking services, access to health care, home
automation [8].

Insufficient attention has been paid to the clinical assessment of the hand function
skills needed to operate technology-based devices such as tablets and smartphones, espe-
cially the fine motor skills needed to interact with a touchscreen interface. Such data are
of particular importance to determine the extent to which older adults are able to cope
with the use of such devices that support an active lifestyle by increasing physical exercise,
decreasing social isolation, supporting social communication, and increasing participation
in meaningful occupations [10,11]. Usage of these devices may enhance the cognitive and
physical performance of community-dwelling older adults and provide monitoring tech-
nologies in order to increase their independence, autonomy, quality of life, security [12–14]
and improve their medical management [15,16].

Previous studies on the performance of older adults in using touchscreens have
focused primarily on ergonomic, design, or usability aspects, technology acceptance, usage
behavior patterns [8,14,17–20], and cognitive assessment [21]. Their use as a tool to assess
hand performance during goal-oriented touchscreen tasks has been reported with less
frequency, but there is evidence that older adults demonstrate poorer performance (e.g.,
decreased accuracy) in tablet-based puzzles compared to younger adults [22] and that,
when tracing geometric shapes with a single finger on the touchscreen of a small mobile
device, they perform more slowly and make more errors [23]. Thus, there is a need to
further assess the unique hand skills needed to operate touchscreen devices.

The Touchscreen Assessment Tool (TATOO) is a software application developed by
Danial-Saad and Chiari (2018) [24] to assess touchscreen manipulation skills. It consists of
six tasks providing information on the performance of the functional components required
to use a touchscreen effectively (i.e., tapping, pinching, and dragging). The outcomes of
each task are summarized by numeric and graphic reports (see additional detail below [24]).

The current study was designed to compare the touchscreen manipulation ability be-
tween community-dwelling older adults (>75 years) and middle-aged adults (45–65 years)
and to determine the usability of the TATOO as reported by the participants.

2. Materials and Methods

Twenty-eight older adults, aged 75 years and older, were recruited via convenience
sampling at community centers, and 25 middle-age adults, aged 45–65 years were recruited
via social media. This sample size was based on data from a previous study [25] for use
with the T-test for equal-size groups, at 5% significance level and 85% power using SAS
software version 9.4 (SAS, Cary, NC, USA). All participants were able to understand and
follow simple commands, lived independently in the community, and were able to walk on
their own with or without a walking aid. Participants were excluded from the study if they
had moderate to severe balance or gait impairments, chronic medical conditions that could
affect hand function (e.g., neurological, orthopedic, or cardiopulmonary diseases), severe
pain that adversely affected the performance of functional daily activities, or uncorrected
vision or hearing impairments.

The study was approved by the Ethical Review Board at the University of Haifa.
All participants provided written informed consent before participation, after a detailed
explanation of the study objectives and design.

2.1. Instruments

Demographic characteristics: An in-person structured interview was used to collect
personal characteristics (e.g., age, gender), health status, and answers to questions regard-
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ing level of independence in BAD and IADL. Participants were also asked about their
experience with operating technological devices, including hand dominance.

TATOO software application: The TATOO [24,26] was developed to evaluate the ability
to manipulate a touchscreen. It consists of six tasks: (1) touch the entire screen; (2) touch all
corners; (3) double tapping; (4) drag in all directions; (5) drag along straight horizontal paths
of varying lengths; (6) pinching skill (see details in Danial-Saad et al. [26]). The quantitative
task outcomes provide data on the performance of the functional components required to
use a touchscreen effectively (i.e., tapping, swiping, pinching, and dragging) including
(1) temporal variables (i.e., reaction time and task duration) and (2) performance variables
(i.e., number of fingers used to operate each skill and movement accuracy, assessed using
indices such as the number of taps completed successfully, the location of the first tap, and
the number of drag attempts successfully completed or not completed). Two additional
outcome measures—‘flight’ time and ‘touch’ time—were collected for tasks 2–6. ‘Flight’
time is defined as the time during which the hand is not in contact with the surface of the
tablet, and ‘touch’ time is defined as the time during which the hand is in contact with
the surface.

Usability Assessment: The System Usability Scale (SUS) [27] was used to obtain the
participant’s perception regarding the usability of the TATOO. The scale includes 10 items
covering three facets of usability: effectiveness, efficiency, and satisfaction. The items
were rated on a 5-point Likert scale, in which “1” indicated complete disagreement, and
“5” indicated complete agreement to 10 positive or negative statements. The total score
was calculated in two steps that entailed transformation and reversion to a 4-point scale
and calculation of the total score by summing the scores of all 10 items and multiplying
by 2.5. The tool score ranges between 0 and 100 [28,29]. Scores equal to or above 68 are
considered to be “good”, and scores below 50 are considered to be “very weak” [12,30].
Internal consistency of the SUS was found to be high (α = 0.91), and concurrent validity
was found to be moderate (r = 0.81, p < 0.001) [31].

2.2. Procedure

Each participant underwent a series of assessments conducted in a fixed order during
a single 45 min session. The assessments were: (1) an in-person structured interview record-
ing personal characteristics and data regarding experience with operating a smartphone
and frequency of use; (2) touchscreen manipulation ability: beginning with the dominant
hand, the subjects performed six TATOO tasks while sitting comfortably in front of the
touchscreen placed on a stable table. Each task was repeated once following detailed verbal
and modeling instructions. The duration of the entire test was approximately 15 min.
Subjects habitually using glasses were requested to use them while performing the tasks;
(3) TATOO usability: following completion of the TATOO test, the user was requested to
complete the SUS.

2.3. Statistical Analysis

Descriptive statistics was applied to the data regarding the personal characteristics
and experience with operating technologic devices, the six TATOO tasks, and the usability
scores. A two-way, mixed-model, repeated-measures analysis of variance (ANOVA) was
performed to examine the effect of group and hand on the outcome variables. Univariate
analyses were performed using Chi-square, Wilcoxon two-sample, or Kruskal–Wallis tests.
Benjamini and Hochberg’s [32] methods were used for adjusting pairwise comparisons;
p-values ≤ 0.05 were considered statistically significant. All statistical analyses were
performed by the R language and environment for statistical computing and graphics
(R Foundation for Statistical Computing, version 3.0.1, http://www.R-project.org (accessed
on 13 January 2021)).

http://www.R-project.org


Int. J. Environ. Res. Public Health 2021, 18, 2094 4 of 9

3. Results
3.1. Participants

Twenty-eight community-dwelling older adults with a mean age of 81.9 ± 4.2 years
(range, 75–90 years) and 25 middle-aged individuals with a mean age of 53.4 ± 5.9 years
(range, 46–63 years) participated in this study (see Table 1). All the participants reported
being independent in both BADL and IADL. Participants were all right-hand dominant.

Table 1. Characteristics of the study samples (n = 53).

Variables Middle-Age Group
(n = 25)

Elderly Group
(n = 28)

Age in years, mean ± SD (range) 53.4 ± 5.9 (46–63) 81.9 ± 4.2 (75–90)
Gender, n (%) Male/Female 7 (25)/21 (75) 6 (24)/19 (76)
Use of assistive device, n (%) 0 (0) 7 (25)

3.2. TATOO Performance Results

The results of the TATOO tasks demonstrated poorer performance by the older adult
group versus the middle-aged group in both the temporal variables (e.g., longer reaction
times, longer duration times, longer touch and flight times) and the performance variables
(e.g., greater accuracy, larger numbers of drags completed and of touches outside the
target), as shown in Table 2. These differences were significant for 80% of the variables
(28 out of 35, with p values ranging from <0.0001 to 0.04). Of the six TATOO tasks, two were
considered to be simple, since they entailed direct, single-step movements and required
less accuracy (“touch the entire screen” and “touch all corners”). The other four tasks were
more complex, since they entailed indirect, multi-step movements with greater accuracy
(“double tapping”, “drag in all directions”, “drag along straight horizontal paths of varying
lengths”, and “pinching skills”).

As indicated in Table 2, there were very few significant differences (8 out of 35 vari-
ables) when performing the tasks with the right or the left hand. No significant interactions
between hand and group were found, except for the two variables in Task 1 and one
variable in Task 4.

A significant difference (p = 0.001) was found between older adults (57.1%) compared
to middle-aged adults (100%) in terms of smartphone ownership. Regarding the frequency
of usage, all the middle-aged adults reported their use of a smartphone several times a
day, while only 57.1% of the older adults indicated using the smartphone a few times a
day, and the rest indicated not using it at all. The most common use of a smartphone by
the older adults was for communication (phoning) and photography. None of the older
adults reported using a smartphone for shopping. No significant difference was found for
the performance of selected temporal and accuracy TATOO outcome measures (those that
were found to show significant differences for age) between older adults who owned a
smartphone or who used a smartphone a few times a day and those who did not.

3.3. Usability Data of the TATOO Application

Usability of the TATOO application was reported to be good by both the older and
the middle-age group, as determined by the SUS scores (mean ± standard deviation
80.19 ± 17.91 and 82.80 ± 13.66, respectively) with no significant difference between them.
Detailed results of the SUS items are presented in Table 3.
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Table 2. Comparison of the Touchscreen Assessment Tool (TATOO) performance between age groups and with respect to
hand dominance.

Task/Variable Middle-Aged Group (n = 25)
Dominant Nondominant

Elderly Group (n = 28)
Dominant Nondominant Group (p) Hand (p)

1. Touch entire screen
Reaction time (s) 1.9 ± 1.1 1.4 ± 0.8 2.6 ± 1.2 2.3 ± 1.5 0.0002 0.02

# Taps 162.7 ± 37.7 153.4 ± 32.4 139.2 ± 32.2 114.0 ± 26.5 0.0007 <0.0001

2. Touch corners
Reaction time (s) 1.2 ± 0.5 1.0 ± 0.4 2.0 ± 1.2 1.6 ± 0.7 <0.0001 NS
Test duration (s) 10.7 ± 0.8 10.8 ± 0.8 11.6 ± 1.1 11.4 ± 1.2 0.0001 NS

# Taps 8.6 ± 0.9 8.4 ± 0.8 9.2 ± 1.9 10.0 ± 4.2 NS NS
# Correct Attempts 8.0 ± 0.0 8.0 ± 0.5 8.1 ± 0.7 9.0 ± 2.6 NS NS

# Touches outside target 0.6 ± 0.9 0.3 ± 0.6 1.1 ± 1.8 0.8 ± 1.6 NS NS
Flight time (s) 7.2 ± 0.7 7.5 ± 0.5 8.00 ± 0.9 10.6 ± 15.6 0.0002 NS
Touch time (s) 0.6 ± 0.3 0.7 ± 0.3 0.9 ± 0.6 1.8 ± 3.1 <0.0001 0.012

3. Double tap
Reaction time (s) 1.1 ± 0.5 1.0 ± 0.3 1.8 ± 0.7 1.7 ± 0.7 <0.0001 NS
Test duration (s) 8.4 ± 1.5 8.3 ± 1.2 18.2 ± 10.3 20.1 ± 11.5 <0.0001 NS

# taps 10.7 ± 2.4 10.4 ± 1.1 19.3 ± 12.0 22.4 ± 12.8 <0.0001 NS
# Correct Attempts 10.0 ± 0.2 13.6 ± 18.0 9.1 ± 2.5 8.4 ± 3.0 0.03 NS

# Touches outside target 0.6 ± 1.9 0.2 ± 1.0 1.9 ± 2.0 1.9 ± 6.0 0.0007 NS
Flight time (s) 5.3 ± 1.5 5.0 ± 1.1 13.7 ± 8.4 14.6 ± 9.4 <0.0001 NS
Touch time (s) 0.5 ± 0.2 0.7 ± 0.2 1.9 ± 2.0 4.3 ± 9.6 <0.0001 0.0004

4. Drag to different directions
Reaction time (s) 2.0 ± 0.8 1.6 ± 0.5 4.5 ± 2.6 3.3 ± 2.2 <0.0001 0.00132
Test duration (s) 29.7 ± 15.0 25.9 ± 11.9 58.7 ± 24.0 59.0 ± 24.9 <0.0001 NS
# Drag attempts 8.1 ± 3.4 6.2 ± 1.9 14.8 ± 9.4 11.1 ± 7.6 <0.0001 0.0002

# Drags completed 4.9 ± 0.3 3.9 ± 1.6 3.8 ± 1.5 4.7 ± 0.6 NS NS
# Touches outside target 1.6 ± 1.6 2.7 ± 3.7 9.6 ± 11.5 14.0 ± 11.6 <0.0001 NS

Flight time (s) 12.5 ± 6.3 9.7 ± 6.8 27.1 ± 9.9 23.1 ± 9.7 <0.0001 0.013
Touch time (s) 13.7 ± 8.2 13.2 ± 5.8 19.4 ± 7.6 17.5 ± 7.6 0.0002 NS

5. Drag along a horizontal path
Reaction time (s) 2.0 ± 1.4 1.0 ± 0.3 14.2 ± 50.8 2.8 ± 1.8 <0.000 <0.0001
Test duration (s) 13.0 ± 2.2 12.3 ± 3.7 19.6 ± 6.6 17.5 ± 4.5 <0.0001 NS
# Drag attempts 5.1 ± 2.1 4.8 ± 2.0 5.7 ± 7.3 5.3 ± 2.7 NS NS

# Drags completed 3.0 ± 0 3.0 ± 0 3.0 ± 0 3.0 ± 0 NS NS
# Touches outside target 0.4 ± 0.7 0.1 ± 0.3 0.7 ± 1.4 1.0 ± 1.4 0.03 NS

Flight time (s) 5.5 ± 1.9 4.2 ± 1.7 8.9 ± 4.1 7.6 ± 3.8 0.04 NS
Touch time (s) 5.2 ± 1.2 5.9 ± 2.4 8.2 ± 4.1 7.4 ± 2.5 0.0001 NS

6. Pinch
1.6 ± 2.2 1.1 ± 0.4 2.6 ± 2.0 1.9 ± 1.6 0.0008 NS
9.2 ± 6.8 9.9 ± 7.4 17.2 ± 12.5 12.6 ± 9.5 <0.0001 NS
4.0 ± 9.1 4.2 ± 8.8 11.6 ± 24.4 3.44 ± 6.3 NS NS
4.2 ± 6.0 4.5 ± 4.4 10.0 ± 9.1 5.6 ± 4.2 <0.000 NS
2.3 ± 1.7 2.8 ± 3.4 7.0 ± 14.5 4.4 ± 6.2 0.0006 NS

# = number; s = seconds; NS = non-significant. * participants were all right-hand dominant.
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Table 3. Means ± SDs for the System Usability Scale by item and group showing original and transformed scores.

Middle-Aged (n = 25) Elderly (n = 27)

p Value
Item Original Score

(1–5)

Transformed
and Reversed

Score (1–4)

Original Score
(1–5)

Transformed
and Reversed

Score (1–4)

1. I think that I would like to
use this system frequently. 3.4 ± 1.76 2.4 ± 1.76 3.22 ± 1.69 2.22 ± 1.69 NS

2. I found the system
unnecessarily complex. 1.28 ± 0.89 3.7 ± 0.89 1.48 ± 1.19 3.52 ± 1.19 NS

3. I thought the system was easy
to use. 4.80 ± 0.50 3.8 ± 0.50 4.52 ± 0.98 3.52 ± 0.98 NS

4. I think that I would need the
support of a technical person to
be able to use this system.

1.92 ± 1.58 3.1 ± 1.58 2.15 ± 1.68 2.85 ± 1.68 NS

5. I found the various functions
in this system were well
integrated.

4.04 ± 1.37 3.0 ± 1.37 4.11 ± 1.28 3.11 ± 1.28 NS

6. I thought there was too much
inconsistency in this system. 1.56 ± 1.04 3.4 ± 1.04 1.78 ± 1.37 3.22 ± 1.37 NS

7. I would imagine that most
people would learn to use this
system very quickly.

3.80 ± 1.68 2.8 ± 1.68 3.81 ± 1.57 2.81 ± 1.57 NS

8. I found the system very
cumbersome to use. 1.32 ± 0.95 3.7 ± 0.95 1.37 ± 1.01 3.63 ± 1.01 NS

9. I felt very confident using
the system. 4.56 ± 1.00 3.6 ± 1.00 4.51 ± 0.56 3.81 ± 0.56 NS

10. I needed to learn a lot of
things before I could get going
with this system.

1.40 ± 0.96 3.6 ± 0.96 1.63 ± 1.33 3.37 ± 1.33 NS

Total score 82.8 ± 13.7 80.2 ± 17.9 NS

SD = standard deviation.

4. Discussion

The primary aim of this study was to assess the ability of ambulatory community-
dwelling older adults to manipulate a touchscreen in comparison to middle-aged adults.
The results showed that the older adult participants demonstrated significantly poorer
performance in many of the temporal and accuracy measures, including longer reaction
and task duration times, more taps to achieve the desired goal, and more frequent taps
outside the target zones. These results support those of prior studies indicating that
older adults are less proficient in using computer input devices such as a mouse or a
touchpad [25,33]. These differences appear to be linked to an age-related decline in motor
skills, since opportunities for practice as provided by prior smartphone ownership and
usage did not affect the current between-group differences.

Age-related differences were noted in the performance of the tasks which involved
complex movements such as those that entailed rapid sequences and greater accuracy.
Significant group differences were found in the performance of the more motorically
challenging actions such as those required in the “double tapping” task [34]; the older
adult participants required significantly more time to complete this task, needed more
attempts to perform it correctly, and exhibited more taps falling outside the target zone.
These results are consistent with those of previous studies in which the performance of
older adults was related to task difficulty. For example, elderly individuals had greater
difficulty in pointing tasks or clicking, double-clicking, and dragging tasks [18,25,34].
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Our results also revealed that both ‘flight’ time and ‘touch’ time variables were
significantly longer in the older adult group for all six TATOO tasks. The longer times were
likely due to overall delays in motor performance in the elderly participants [35], likely
resulting from age-related central and peripheral neuromuscular deterioration reflected
in longer visual processing time, less effective integration of visuospatial-sensory input
and motor output, slower movement speed, less efficient planning of movement paths,
greater difficulty in target selection, and inefficient acceleration–deceleration patterns with
an increased number of sub-movements [36].

Data from assessments such as those obtained with the TATOO are designed to enable
clinicians and touchscreen software developers to provide tailor-made recommendations
for touchscreen usage and development that will accommodate each user’s abilities relative
to the specific device they use (e.g., active area size, touch sensitivity [37]) as well as those
to specific functions (e.g., dwell time, accuracy, speed). A key element for the clinical
implementation of effective assessment tools relates to their usability for a target population.
The results of the SUS indicated that participants in both groups reported good usability
ratings for the TATOO. This finding supports its suitability for use in assessing touchscreen
manipulation ability among older adults in relation to three facets of usability: effectiveness,
efficiency, and satisfaction [38].

The present results revealed very few significant differences between dominant and
nondominant hands for tablet tasks. It may be that the manipulation of a touchscreen
does not require the level of dexterity of activities such as handwriting or buttoning. It is
interesting to note that previous studies on older adults have demonstrated a similarity of
hand performance in a variety of motor tasks with a tendency for older people to use both
hands frequently (equalization of hand performance) during everyday activities [39,40].
Previous studies suggested that the phenomenon of age-related equalization between hand
performance abilities may be that age-related deterioration in hand functioning appears
to be asymmetrical, with the decline of the dominant hand being greater than that of the
non-dominant hand [39]. Finally, hand preference may be dependent on task difficulty [41],
although a consensus has yet to be determined on this issue. While the present study
indicates equalization between hand performance, it does not indicate whether this was
due to task difficulty or was related to a decreased ability of the dominant hand. Further
studies are required to clarify the relation between age-related changes in hand dominance
and touchscreen manipulation abilities in tasks of varying complexity.

Given that the study population included community-living older adults, the results
cannot be generalized to frail elderly or to those with hand impairments (e.g., due to
osteoarthritis). Other factors such as cognitive status and gender were not included in the
analyses. Since the current study did not assess BADL and IADL using standardized tools,
further examination of the relationship between functional daily care abilities touchscreen
manipulation are necessary.

Future studies should examine the manipulation of touchscreens performed in less
stable positions, such as while standing or walking in comparison to performance while
sitting; this is important, since dual tasking, a common occurrence during the performance
of many touchscreen tasks, has been shown to decline considerably in the elderly [42].
Kinematic and kinetic analyses of touchscreen use by older adults would also provide a
more detailed and comprehensive understanding of the underlying issues in the operation
of technological devices.

5. Conclusions

Older adults perform the more complex touchscreen manipulations more slowly
and less accurately than middle-aged adults, regardless of their previous experience with
smartphone manipulation. The TATOO-based evaluation of motor skill performance in
touchscreen use demonstrates good usability of this instrument, indicating its usefulness
as an assessment tool for older adults. TATOO may be an appropriate addition to the
traditional clinical assessment tools to determine the ability of older adults to enhance their
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participation in technological activities and to provide tailor-made recommendations to
adapt touchscreen devices. Finally, the current results have implications for developers
and designers of touchscreen devices for older adults; there is a need to make special
adjustments to these devices due to the decrease touchscreen manipulation ability of older
adults (e.g., larger active area size, longer task duration).

Author Contributions: Formal analysis, M.E.-G., A.D.-S.; investigation, M.E.-G., A.D.-S.; data cura-
tion, M.E.-G., A.D.-S.; writing—original draft preparation, M.E.-G., P.L.W., A.D.-S.; writing—review
and editing, M.E.-G., P.L.W., A.D.-S.; visualization, M.E.-G., P.L.W., A.D.-S.; supervision, M.E.-G.,
A.D.-S.; project administration, M.E.-G., A.D.-S.; funding acquisition, M.E.-G., A.D.-S. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by the CRSA, Center for Research and Study of Aging, Faculty
of Social Welfare & Health Sciences (Grant number: 01-2018).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Ethical Board of the University of
Haifa (protocol code 18/366 and date of approval—21.10.2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available by direct contact with the corresponding author:
michal.elboim@gmail.com and saadalexandra@gmail.com

Acknowledgments: The authors thank Chiari Lorenzo and Corzani Mattia (University of Bologna,
Italy) for developing the TATOO software application, supporting with technical issues along the
collection of data and interpreting the TATOO results. The authors thank Roei Klein for the assistance
with data collection.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Scherder, E.; Dekker, W.; Eggermont, L. Higher-Level Hand Motor Function in Aging and (Preclinical) Dementia: Its Relationship

with (Instrumental) Activities of Daily Life—A Mini-Review. Gerontology 2008, 54, 333–341. [CrossRef] [PubMed]
2. Carmeli, E.; Patish, H.; Coleman, R. The Aging Hand. J. Gerontol. Ser. A Boil. Sci. Med Sci. 2003, 58, M146–M152. [CrossRef]
3. Rand, D.; Eng, J.J. Arm-hand use in healthy older adults. Am. J. Occup. Ther. 2010, 64, 877–885. [CrossRef] [PubMed]
4. Stucki, G.; Cieza, A.; Melvin, J. The international classification of functioning, disability and health: A unifying model for the

conceptual description of the rehabilitation strategy. J. Rehabil. Med. 2007, 39, 279–285. [CrossRef]
5. Cohen, D.; Schultz, I.Z.; Sepehry, A.A.; Stewart, A.M. Assessment of Competence in Older Adults. In Handbook of Rehabilitation in

Older Adults; Springer: Berlin/Heidelberg, Germany, 2018; pp. 433–459.
6. Edemekong, P.F.; Bomgaars, D.L.; Sukumaran, S. Activities of Daily Living (ADLs); StatPearls Publishing: Treasure Island, FL, USA,

2018. Available online: https://www.ncbi.nlm.nih.gov/books/NBK470404/ (accessed on 1 June 2020).
7. Nobilia, M.; Culicchia, G.; Tofani, M.; De Santis, R.; Savona, A.; Guarino, D.; Valente, D.; Galeoto, G. Italian Version of the

Jebsen-Taylor Hand Function Test for the Assessment of Hand Disorders: A Cross-Sectional Study. Am. J. Occup. Ther. 2019, 73,
7303205080p1–7303205080p6. [CrossRef] [PubMed]

8. Ziat, M.; Yao, H.-Y.; Schmitt, R.; Hayward, V. Frontpanel: Tangible user interface for touch-screens dedicated to elderly. In
Proceedings of the 2016 CHI Conference Extended Abstracts on Human Factors in Computing Systems, San Jose, CA, USA, 7–12
May 2016.

9. Gorce, P.; Nadine, V.; Motti, L. Interaction techniques for older adults using touchscreen devices: A literature review from 2000 to
2013. J. d’Interact. Pers. Système 2014, 3, 1–26.

10. Lee, N.; Seaborn, K.; Hiyama, A.; Inami, M.; Hirose, M. Evaluating a smartphone-based social participation app for the elderly. In
International Conference on Human Aspects of IT for the Aged Population; Springer: Cham, Switzerland, 2018.

11. Hawley-Hague, H.; Tacconi, C.; Mellone, S.; Martinez, E.; Ford, C.; Chiari, L.; Helbostad, J.; Todd, C. Smartphone Apps to Support
Falls Rehabilitation Exercise: App Development and Usability and Acceptability Study. JMIR mHealthth uHealthth 2020, 8, e15460.
[CrossRef] [PubMed]

12. Khosravi, P.; Rezvani, A.; Wiewiora, A. The impact of technology on older adults’ social isolation. Comput. Hum. Behav. 2016, 63,
594–603. [CrossRef]

13. Lim, S.; Kang, S.M.; Shin, H.; Lee, H.J.; Yoon, J.W.; Yu, S.H.; Kim, S.-Y.; Yoo, S.Y.; Jung, H.S.; Park, K.S.; et al. Improved Glycemic
Control Without Hypoglycemia in Elderly Diabetic Patients Using the Ubiquitous Healthcare Service, a New Medical Information
System. Diabetes Care 2011, 34, 308–313. [CrossRef]

http://doi.org/10.1159/000168203
http://www.ncbi.nlm.nih.gov/pubmed/18997468
http://doi.org/10.1093/gerona/58.2.M146
http://doi.org/10.5014/ajot.2010.09043
http://www.ncbi.nlm.nih.gov/pubmed/21218678
http://doi.org/10.2340/16501977-0041
https://www.ncbi.nlm.nih.gov/books/NBK470404/
http://doi.org/10.5014/ajot.2019.030080
http://www.ncbi.nlm.nih.gov/pubmed/31120838
http://doi.org/10.2196/15460
http://www.ncbi.nlm.nih.gov/pubmed/32985992
http://doi.org/10.1016/j.chb.2016.05.092
http://doi.org/10.2337/dc10-1447


Int. J. Environ. Res. Public Health 2021, 18, 2094 9 of 9

14. Li, Q.; Luximon, Y.; Goonetilleke, R.; Karwowski, W. Older Adults and Digital Technology: A Study of User Perception and
Usage Behavior. In Advances in Physical Ergonomics and Human Factors; Springer: Berlin/Heidelberg, Germany, 2016; Volume 489,
pp. 155–163.

15. Kravitz, N.; Levanon, Y.; Cukierman-Yaffe, T.; Nota, A.; Kizony, R.; Rand, D. Sensorimotor and Cognitive Abilities Associated
With Touchscreen Tablet App Performance to Support Self-Management of Type 2 Diabetes. Am. J. Occup. Ther. 2021, 75,
7501205080p1–7501205080p9. [CrossRef] [PubMed]

16. Cajamarca, G.; Herskovic, V.; Rossel, P.O. Enabling Older Adults’ Health Self-Management through Self-Report and Visualization—A
Systematic Literature Review. Sensors 2020, 20, 4348. [CrossRef]

17. Caprani, N.; O’Connor, N.E.; Gurrin, C. Touch screens for the older user. In Assistive Technologies; Auat Cheein, F.A., Ed.; InTech:
London, UK, 2012; pp. 95–118.

18. Murata, A.; Iwase, H. Usability of Touch-Panel Interfaces for Older Adults. Hum. Factors 2005, 47, 767–776. [CrossRef]
19. Umemuro, H. Lowering elderly Japanese users’ resistance towards computers by using touchscreen technology. Univers. Access

Inf. Soc. 2004, 3, 276–288. [CrossRef]
20. Nurgalieva, L.; Laconich, J.J.J.; Baez, M.; Casati, F.; Marchese, M. A Systematic Literature Review of Research-Derived Touchscreen

Design Guidelines for Older Adults. IEEE Access 2019, 7, 22035–22058. [CrossRef]
21. Koo, B.M.; Vizer, L.M. Mobile Technology for Cognitive Assessment of Older Adults: A Scoping Review. Innov. Aging 2019, 3,

igy038. [CrossRef] [PubMed]
22. Givon Schaham, N.; Sternberg, S.; Rand, D. Executive functioning of older adults correlates with performance of touchscreen

app-based puzzles. Games Health J. 2018, 7, 271–276. [CrossRef] [PubMed]
23. Stößel, C.; Wandke, H.; Blessing, L. An evaluation of finger-gesture interaction on mobile devices for elderly users. Prospektive

Gestalt. Mensch Tech. Interakt. 2009, 8, 470–475.
24. Danial-Saad, A.; Chiari, L. A multidisciplinary approach for developing an assessment tool for touch screen devices. Disabil.

Rehabil. Assist. Technol. 2018, 13, 745–753. [CrossRef]
25. Hertzum, M.; Hornbæk, K. How Age Affects Pointing With Mouse and Touchpad: A Comparison of Young, Adult, and Elderly

Users. Int. J. Hum. Comput. Interact. 2010, 26, 703–734. [CrossRef]
26. Danial-Saad, A.; Chiari, L.; Corzani, M.; Laufer, S.; Gabyzon, M. Evaluation of hand skills using touchscreen technology in the

elderly population. Gait Posture 2019, 74, 11–12. [CrossRef]
27. Brooke, J.S.; Aqadus, I.P.W.J.; Thomas, B.; Weerdmeester, I.B.; McClelland, L. (Eds.) Usability Evaluation in Industry. Tay-

lor & Frances, Ltd.: Abingdon, UK, 1996.
28. Lewis, J.R.; Sauro, J. The factor structure of the system usability scale. In International Conference on Human Centered Design;

Springer: Berlin/Heidelberg, Germany, 2009.
29. Sharfina, Z.; Santoso, H.B. An Indonesian adaptation of the System Usability Scale (SUS). In Proceedings of the 2016 International

Conference on Advanced Computer Science and Information Systems (ICACSIS), Malang, Indonesia, 15–16 October 2016.
30. Baber, C.; Haniff, D.J.; Woolley, S.I. Contrasting paradigms for the development of wearable computers. IBM Syst. J. 1999, 38,

551–565. [CrossRef]
31. Bangor, A.; Kortum, P.; Miller, J. Determining what individual SUS scores mean: Adding an adjective rating scale. J. Usability

Stud. 2009, 4, 114–123.
32. Benjamini, Y.; Hochberg, Y. Controlling the False Discovery Rate—A Practical and Powerful Approach to Multiple Testing. J. R.

Stat. Soc. Ser. B Methodol. 1995, 57, 289–300. [CrossRef]
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