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Approximately 314 million people world-
wide are visually impaired, and this number 
increases by 1-2 million each year1,2. Every 7 
minutes, an individual in the USA becomes 
visually impaired3. Low vision is more com-
mon among older adults (aged 65 and older) 
as a result of age-related macular degeneration 
(AMD), glaucoma, diabetic retinopathy, or cat-
aracts4,5. More attention should be focused on 
older adults with low vision. Individuals over 
65 years of age represent a growing proportion 
of the USA population6. People aged 65 and 
older numbered 35 million in 2000, which is 
a 12 percent increase compared to 19907. The 
number of people in all age groups 65 years 
and older consistently increased during this pe-
riod, except for the population aged 65 to 69 
years old. The declining trend in the 65-to-69 
age group reflects the relatively low number of 
births in late 1920s and early 1930s7. 

The population of 56 to 69 years olds will 
increase in 2011 as the baby boomers, born 
from 1946 to 1964, begin to turn age 65. 
Older adults will likely comprise a signifi-
cantly larger proportion of the population 
by the year 20208. Of the people who have 
lost their vision, two-thirds are over the age 
of 659. Consequently, it is anticipated that the 
number of older adults with low vision (i.e., 
severe and moderate visual impairments) will 
increase dramatically in the future10.

Assistive technology 
Assistive technology is a powerful aid for 
older adults to achieve greater independence 
in everyday life. Today, there are 23,000 as-
sistive technology applications available; 
the number of which is also rapidly grow-
ing6. Riemer-Reiss11 claimed that 13.1 million 
Americans obtain benefits from some type of 
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assistive technology applications to accom-
modate for their own physical disabilities. 
Twenty three percent of older adults take 
advantage of assistive technology devices12, 
from the very simple to the complex. Simple 
applications include eyeglasses, large print 
materials, and screen-magnifiers for comput-
ers. Complex devices include modified hand 
controls for cars and wheelchair lifts.

Currently, haptic technology is used to rep-
resent complex graphic-based information 
for those with visual impairment13-17. A hap-
tic device interacts with virtual reality inter-
faces that users manipulate to receive me-
chanical feedback ( for instance, vibrations) 
from two-dimensional or three-dimensional 
objects (for instance, images and graphs). 
The haptic interface is supported by a real-
time display of the virtual environment, in 
which users can explore a virtual object by 
pushing, pulling, feeling, and manipulating 
it with a device (for instance, mouse, stylus). 
Users are able to experience simulations of 
various properties of objects, such as mass, 
hardness, texture, and gravitational fields. 
Haptic technology is relatively new, but is 
widely used across a variety of domains, in-
cluding the automotive, mobile phone, and 
entertainment industries; education, train-
ing, and rehabilitation; controls and assistive 
technology development, and medical sci-
ence; and the scientific study of touch18,19. 

Older adults are assisted in everyday life 
by haptic devices6,20. For example, access-
ing and seeing light switches is enhanced 
by touch-sensitive switches. A stove timer 
in the kitchen can be replaced with a timer 
that generates vibration. Individuals become 
more cautious about what they touch rather 
than what they see21. The sense of touch 
contributes to a variety of perceptual func-
tions such as (i) assessments of an object’s 
dynamic and material properties, (ii) verifica-
tion of engagement and completion, (iii) con-
tinuous monitoring of ongoing activity and 
gradual change, (iv) building mental models 
for invisible parts of a system, and (v) judg-
ments of other people21. Examples of hap-
tic technology applications for older adults 

include an omni-directional mobile wheel-
chair with a haptic joystick22, an intelligent 
walker with haptic handle bar23, and vibrat-
ing insoles for balance improvement of older 
adults24. However, very few studies have 
considered the inclusion of older individuals 
with low vision in haptic technology design. 

Dissatisfaction

A national survey on technology abandon-
ment reported that almost one-third (29.3%) 
of all devices previously used were com-
pletely abandoned25. The abandonment of 
assistive technology is still of great interest 
to today’s researchers11,26,27. In particular, a 
recent study reported that the adoption rate 
of haptic technology is low28. Unfortunately, 
the discontinuance of the use of assistive 
technology devices results in a waste of time, 
money, freedom, and loss of function in indi-
viduals with disabilities11,25. Factors that cause 
abandonment include lack of user opinion in 
developing the device, poor device perform-
ance, and changes in user needs25. 

Of all the factors that lead to abandonment, 
the most significant is the failure to meet 
user needs29 as feedback from an intended 
user with disabilities indicates: “Talk to the 
user. Be a little more considerate of the end-
user. Don’t assume anything. Ask the con-
sumer. Listen to me! I know what works for 
me”25,p42. Although older adults with low vi-
sion are categorized into a group with visual 
disability, they are less likely to be invited to a 
design process. Accordingly, their needs will 
probably not be represented in the design.

Changes with age

A progressive decline in sensitivity with age 
results from physiological changes in the 
skin30. Pacinian corpuscles, Meissner’s cor-
puscles, and Merkel’s disks are known re-
ceptors contributing to the detection of vi-
brotactile stimuli at threshold31. Goble and 
colleagues30 showed that the number of Pa-
cinian and Meissner’s corpuscles gradually 
decreases with age. In addition, Kenshalo32 
explored tactile absolute thresholds with age. 
The results showed that older participants 
were significantly less sensitive to mechani-
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cal stimuli (tactile and vibration) in both ar-
eas compared to their younger counterparts.
 
Sensory tests (for instance, threshold meth-
ods) often show differences between young-
er and older individuals. For instance, the 
vibrotactile thresholds detection test30 was 
conducted in younger (aged 18-33 years, 
mean=22 years) and older (aged 57-78 years, 
mean=67 years) individuals. After partici-
pants were instructed to hold a contactor, 
a 10 Hz stimulus was initially presented in 
5-ms bursts in durations at 2s intervals. Par-
ticipants were then presented with 10 blocks 
of 30 trials that consisted of 10 sinusoidal 
frequencies (10, 25, 50, 80, 120, 160, 200, 
250, 320, and 400 Hz). The results showed 
that the sensitivity of older participants was 
significantly worse than in their younger 
counterparts. The threshold difference be-
tween the two groups was 10 dB on average 
(ranged from 8 dB to 12 dB).
 
Older adults are vulnerable not only to 
age-related visual impairments, but also to 
age-related touch impairments. As a result, 
the deficit sensory inputs from the sense 
of touch would influence brain plasticity in 
older adults with residual vision in a different 
way than their younger counterparts with re-
sidual vision. Ultimately, it would lead to dif-
ferent performances (i.e., capabilities in the 
haptic modality) and behaviors (i.e., interac-
tions with HUIs, Haptic User Interfaces). A 
better understanding of haptic capabilities 
of older adults with residual vision will even-
tually contribute to a better design of haptic-
based assistive technologies. For instance, a 
group of elderly users who are less sensitive 
to a certain tactile feedback will be recom-
mended to be given a higher frequency or 
stronger magnitude of tactile feedback (for 
instance, Novint Falcon Device) compared 
to their younger counterparts.

Aim

Although both younger and older people 
with residual vision are placed in the same 
disability category, older adults additionally 
experience age-related sensory degeneration. 
In particular, changes occur in the sense of 

touch, which leads to limited haptic sensory 
inputs. According to the mechanism of brain 
plasticity33, such a deficient sensory input is 
likely to affect one’s brain plasticity, which 
would ultimately influence one’s perform-
ance and behavior with haptic interfaces.

Thus, it is anticipated that the performance 
and behaviors of older people with residu-
al vision will be different from that of their 
younger counterparts with residual vision. 

In short, the primary aim of the present 
study is to characterize the haptic capability 
of younger and older adults with low vision, 
and its influence on their needs in HUIs. 

Methodology

We measured haptic capability (Study 1) 
and perceived HUI needs (Study 2).

Participants
To distinguish between younger and older 
individuals by age in this research, cogni-
tive function was considered. Salthouse has 
conducted the most extensive and carefully 
argued work with regard to the aforemen-
tioned question34. Salthouse’s theory35, 36 
indicates that the variance in cognitive func-
tion resulting from age can be understood 
by the speed of information processing (for 
instance, encoding and retrieval). The speed 
of information processing and the working 
memory capacity decline with age, which 
will limit the rate at which older adults can 
acquire and learn new technology37, 38. In-
deed, empirical evidence relevant to Salt-
house’s processing speed theory has been 
found in a number of previous studies, and 
the decline in speed tests (for instance, the 
speed of information processing) was ob-
served particularly in participants aged 65 
and over39-42. Thus, in this study, those 65 
years of age and older were considered old-
er participants. Younger participants were 
defined as those under the age of 30 in this 
research. Cognitive decline associated with 
information processing and working mem-
ory capacity begins at the age of 3033,43. 
Participants were compensated at a rate of 
US$10 per hour.
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We used the classifications for visual 
impairment as described by WHO44. 
Thus, an individual with residual vi-
sion (or low vision) refers to one 
who is visually impaired but partially 
sighted, which is further divided into 
two categories: category 1 (moderate 
visual impairment) or category 2 (se-
vere visual impairment). The vision 
acuity of individuals in the moder-
ate category was worse than 20/70, 
but equal to or better than 20/200. The vi-
sion acuity of individuals in category 2 was 
worse than 20/200, but equal to or better 
than 20/400. An individual with intact vi-
sion was defined as belonging to category 0 
(no visual impairment), where vision acuity 
was equal to or better than 20/70.

We included 10 younger individuals and 10 
older individuals, all with low vision. Given 
α=0.05, 10 participants per group is deemed 
to be sufficient to reliably detect a statistical 
difference between groups, with a risk for 
a Type I error of 0.05 and a Type II error of 
<0.03, with a power greater than 0.70.

The visual impairment of older participants 
resulted from their age-related visual sensory 
deficits, while their younger counterparts 
became visually impaired due to abnormal 
medical conditions related to gene, glauco-
ma, and cataracts (Table 1). Both age groups 
were large print readers. None were Braille 
readers. A Snellen chart was used to meas-
ure visual acuity of each of the participants. 
Participants were asked to review the in-
formed consent form (offered in large print) 
and sign it before the start of the studies.

Haptic capability
In Study 1 the target users’ haptic percep-
tion was measured by a magnitude esti-
mation technique. Magnitude estimation 
is a psychophysical scaling technique that 
helps determine how much of a given ob-
jective stimulus an individual subjectively 
perceives45. Analysis of haptic perception is 
often conducted by a physical measurement 
of roughness46, which is typically measured 
by using sandpaper stimuli47-51. Therefore, 

the haptic perception of participants in this 
study was investigated in a roughness test 
using sandpaper samples.

Experimental design Study 1
A 2(age)x3(stimuli) mixed factorial design was 
used. One goal was to examine whether age 
differentially influenced individuals with the 
same visual acuity (i.e., low vision). Inde-
pendent variables included age and objective 
stimuli (sandpaper). The dependent variable 
included perceived intensity of objective stim-
uli. Sample size estimation was based on the 
International Organization for Standardiza-
tion (ISO) standard ISO 11056:199952, which 
estimates a minimum of 5 participants for 
magnitude estimation experiences. Addition-
al parameters used were α=0.05, Type II error 
risk of <0.30 and acceptable power >0.70.  

Materials and equipment Study 1
The objective stimuli were rectangular sam-
ples (9 in x 11 in) of standard commercial 
grades of sandpaper (for instance, 3MTM 
aluminum oxide sandpaper). This research 
referred to the ISO 6344 standard53 that de-
fines different grades of sandpaper: fine (120 
grit), very fine (320 grit), and extra fine (400 
grit). The ‘grit’ Is a reference to the number 
of abrasive particles per inch of sandpaper. 
Any used sandpaper was immediately dis-
carded so that each participant was given 
new sandpaper samples. Alcohol was used 
to clean the surface of participants’ fingers 
thoroughly before each test. Documents in 
the design sessions, including informed con-
sent, were accessible to participants through 
various modes, for example, audio tape, de-
signer’s oral explanations, or descriptions on 
a computer screen.

Table 1. Characteristics of younger and older participants; 
SD=standard deviation 

Characteristic 
Younger Older 

Mean SD Mean SD 

Age 20.7 5.2 81.9 6.9 
Age of onset of 
visual impairments 

5.3 9.0 60.3 17.4 

Duration of visual 
impairments 

15.4 8.2 21.6 16.4 

Visual acuity in 
decimal notation 

0.13 0.11 0.18 0.11 
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Procedure Study 1
A representative participant with visual im-
pairment conducted a walkthrough to make 
sure that the location for the experiment was 
safe from any potential barriers. 

The magnitude estimation test was conduct-
ed52,54. Each participant was given the sand-
paper stimuli in counterbalanced order across 
participants. Each participant was instructed 
to touch the sandpaper using the fingers of 
the dominant hand. Because the speed of 
one’s finger movements is less likely to in-
fluence one’s perceived roughness, at least 
within the range of approximately 1-25 cm/
s49, there was no requirement for participants 
to finish a magnitude estimation in a certain 
amount of time. Participants were allowed to 
move the fingers around and touch a sandpa-
per sample from all directions. The researcher 
helped the participant locate the sandpaper 
sample if needed. Participants were also per-
mitted to touch an assigned sandpaper sam-
ple as often as he or she wanted. To avoid a 
decline in finger sensitivity, participants were 
given short breaks when he or she felt the fin-
gers became less sensitive or if he or she felt 
any discomfort. We also applied the recom-
mendation of Suzuki and colleagues49 who 
set an upper limit for the number of trials: a 
participant should be required to take a break 
after every 28 judgments.

As Stevens45 recommended, one judgment 
was completed per stimulus per participant. 
A pre-identified reference sample (or ‘modu-
lus’) was used to develop a common scale 
among participants. The reference was a 
numeric value fixed by the researcher. Par-
ticipants were instructed to assign numerical 
values to the magnitude of given stimuli (i.e., 
three different grits of sandpaper samples) 
compared to the fixed value. Participants 
were told that, if the roughness of a piece of 
sandpaper seemed twice as intense as the 
previous sandpaper sample (for instance, the 
first value=10), a number twice as large (for 
instance, 20) should be assigned. Participants 
were instructed to use round numbers such 
as 5, 10, and 15 in the scaling technique. Ses-
sions lasted 30 to 45 minutes. 

Data analysis Study 1
Data were log transformed54. Given a set of 
modified data, Shapiro-Wilk tests revealed 
that the set of modified data included 
non-normal data so a non-parametric data 
analyses such as Mann-Whitney test and 
Friedman’s analysis of variance (ANOVA) 
were conducted. The aforementioned tests 
contributed to the investigation of the ma-
jor effects of age and objective stimulus (i.e., 
sandpaper). To explore the interactions of 
AGExSANDPAPER, an Adjusted Rank Trans-
form (ART) test was conducted55. Wilcoxon 
tests were used to further validate the results. 
A Bonferroni correction was also applied, so 
all effects are herewith reported at a 0.02 
level of significance.

We sought to answer the following research 
question: To what extent do younger and 
older users with low vision share a com-
mon haptic perception of the same ob-
jective stimulus? A statistical analysis was 
performed on the dependent variable (i.e., 
perceived roughness) with ≤0.05 to explore 
age and objective stimulus effects. In addi-
tion, interaction effects were investigated. In 
the age-related individual-difference study, 
the following alternative hypotheses were 
considered:
[Age effect] Perceived roughness will be dif-
ferent for different age groups
[Objective stimulus effect] Perceived rough-
ness will be different based on variations in 
objective stimuli.

Haptic user-interface needs
Study 2 aimed to explore the degree to 
which participants shared common user 
needs in HUIs.

Experimental design Study 2
We used a between-subject design. The in-
dependent variable included age (younger 
and older). The dependent variable was par-
ticipants’ agreement on the list of statements.

Materials and equipment Study 2
Prior research by the authors produced a list 
of 49 user needs in HUIs, especially for us-
ers with low vision (Appendix A)56. We used 
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these needs to examine the degree to which 
participants shared preferences for interface 
designs. A questionnaire was designed based 
on the list. Each statement was followed by 
a five-point Likert scale: 1=strongly disagree, 
2=disagree, 3=neutral, 4=agree, 5=strongly 
agree. A participant was given a large print 
of the list to complete the assessment. 

Procedure Study 2
Participants were given guidance to become 
familiar with the experimental equipment, 
procedures, and environments where the 
experiments were conducted, such as the 
arrangement of chairs, desks, doors, and 
safety-related gadgets, if available. After the 
orientation procedure, the researcher did not 
move anything in the room without inform-
ing the participant. Participants were given 
the set of statements (Appendix A), and in-
structed to rate each HUI design idea by in-
dicating how much he or she agreed with 
it. All participants were able to obtain any 
necessary information regarding this study 
(for instance, experiment protocols, materi-
als, and terms) through introduction sessions. 
In addition, the questionnaire method was 
performed in the presence of a researcher. 
Participants were allowed to ask questions 
if they had. Participants were compensated 
at a rate of $10 per hour. Sessions lasted ap-
proximately 60 to 90 minutes.

Data analysis Study 2
All statistical analyses were conducted with 
SAS software version 8.2. The Shapiro-Wilk 
tests were performed to check the normal-
ity of the data. Participants’ responses (i.e., 
agreement scores) were analyzed using an 
independent-samples t-test (for normal data) 
or a Mann-Whitney test (for non-normal 
data). More specifically, statistical analyses 
were conducted using groups based on vi-
sion level as the independent variable. Study 
2 sought to answer the following research 
questions: To what extent do younger and 
older users with low vision share a common 
preference for HUI design? The following al-
ternative hypotheses were considered: HUI 
needs will differ: (i) for the two age groups, 
or (ii) the two vision groups.

Results

The duration of vision loss was not differ-
ent between the two age groups, t (18)=1.07, 
p=0.30.

Haptic capability
The AGE x SANDPAPER interaction was not 
significant, F(2,36)=1.06, p=0.36. The main 
effect of AGE was not significant, U=414, 
p=0.59. However, the analysis did reveal an 
effect of SANDPAPER, χ2

(2)=38.03, p<0.001. 
Wilcoxon tests indicated that the perceived 
roughness at 120 grit, 320 grit, and 400 grit 
sandpaper samples differed at p<0.02 (Fig-
ure 1). 

HUI needs
This research calculated Cronbach’s alpha 
as the measure of internal consistency reli-
ability. After five of the 49 HUI items were 
removed due to low reliability, Cronbach’s 
alpha for the younger group was 0.81 and 
the older group’s alpha value was 0.86. 

The summated rating (or cumulative scores) 
represented each participant’s overall agree-
ment with the ratings that he or she assigned 
to the list of HUI user needs. The cumulative 
scores of younger participants were com-
pared with those of older participants. The 
Shapiro-Wilk tests indicated that the data 
were normal (younger, W=0.87, p=0.10; 
older, W=0.91, p=0.30). Therefore, the two 
age groups’ scores were analyzed using an 
independent-samples t-test. This analysis re-

Figure 1. Range and medians of perceived rough-
ness in the sandpaper test with grades fine, very 
fine and extra fine. The bottom and top of the 
box are the 25th and 75th percentile and the band 
near middle of the box is the 50th percentile. The 
lines refer to the minimum and maximum of all 
the data
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vealed no difference between the two age 
groups, t(18)=-0.73, p=0.48.

The item rating (or individual score) repre-
sented each participant’s agreement with 
the rating that he or she assigned to each 
item of user needs. The set of scores of the 
younger participants were compared with 
that of the older participants across all items. 
This analysis revealed statistically significant 
differences between the two age groups in 
terms of the following user needs:

(i) After hitting a virtual button, a user should 
receive verbal feedback about the button’s 
function, such as Undo, Help, and Find; 
younger (Median=5.0), older (Median=4.0), 
U=22, p<0.05. 
(ii) A user should be allowed to assign a cer-
tain point as a reference point based on the 
user’s preference; younger (Median=4.5), 
older (Median=4.0), U=18, p<0.05. 
(iii) The color of user interfaces should allow 
a user to change colors, for example, black 
and white, yellow on black, and inverted 
brightness; younger (Median=4.5), older 
(Median=3.5), U=23, p<0.05. 

With regard to the three user needs above, 
younger participants showed higher agree-
ment scores compared to their older coun-
terparts; however, both age groups’ agree-
ment scores were still above 3.5, between 
Neutral and Agree, indicating that both age 
groups were in favor of the three user needs.

Screening out of HUI user needs with 
lower agreement scores such as ‘Disagree’ 
(score=2) or ‘Strongly disagree’ (score=1) 
can deliver a refined set of HUI user needs. 
Both younger and older participants (strong-
ly) disagreed with the statement ‘A virtual 
spherical widget should not be used’ (mean 
agreements scores 2.4 and 2.9, respectively). 
Younger but not older participants (strongly) 
disagreed with the statement ‘Virtual widg-
ets should not all be arranged on the same 
sagittal plane (parallel to the midline of 
body’ (mean agreement scores 2.8 and 3.7, 
respectively).

Discussion

We had anticipated that the perceived inten-
sity of older participants would be different 
from their younger counterparts when the 
same objective intensity according to the 
brain-plasticity theory as mentioned in the 
abstract. By considering international stand-
ard protocols52, 54, the same value of the 
magnitude estimation for the two groups re-
fers to the same haptic perception in relation 
to a relative estimation to a standard stimu-
lus although authors acknowledge that the 
overall (absolute) response strength could 
possibly differ between the groups. Contrary 
to our expectation, we found that the per-
ception of the same objective stimulus was 
not significantly different between younger 
and older participants.
 
When a sensory modality is damaged, brain 
plastic changes occur and continue with 
age57. However, since the duration of vision 
loss did not differ between the younger and 
the old, the time intervals for brain plastic 
changes to occur were equivalent. Thus 
both groups possibly shared the same de-
gree of brain plastic changes and enhance-
ment of haptic perception. 

Explaining similarity
However, Mora et al.’s study57 revealed that 
the degree to which the brain reorganizes its 
structure indeed varies at different ages; that 
is, greater changes were observed in younger 
individuals than in their older counterparts. 
Given those researchers’ result, despite the 
same duration of vision loss, greater brain 
plastic change would be typically expected 
in the younger group than the older group. 

Based on the logic above, younger partici-
pants with low vision in Study 1 were still 
anticipated to show a significantly different 
haptic perception compared to their older 
counterparts in the magnitude estimation 
test. We found, however, additional factors 
that could possibly explain why younger 
participants with low vision did not show 
a significantly different haptic perception 
compared to their older counterparts: (i) the 
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onset of vision loss and (ii) the level of ex-
pertise in a haptic-related task. 

The onset of vision loss
First, the two age groups had slightly differ-
ent vision conditions in terms of the onset of 
visual impairment, which might affect brain 
plastic changes and mental models mitigat-
ing differences. On average, younger partici-
pants in the present study had experienced 
vision impairment at the age of 5.3 years 
while older participants experienced their vi-
sion loss at age 60.3. More specifically, eight 
(80%) of the younger participants experi-
enced their vision loss at or before the age 
of 7, which is a critical period in which one’s 
visual imagery and mental model construc-
tion are significantly influenced58. Further-
more, 60% of all younger participants with 
low vision were visually impaired from birth. 

While younger participants in the present 
study were considered a congenital or ear-
ly-onset visual impairment group, older par-
ticipants were considered a late-onset visual 
impairment group. Indeed, many prior re-
searchers59, 60 have pointed out that the on-
set of vision loss affects the degree of brain 
plasticity and capability in the remaining 
modalities of people with visual impairment. 
For instance, Marmor and Zaback61 empiri-
cally witnessed that individuals with early-
onset visual impairment took longer and 
made more errors than those with late-onset 
visual impairment when performing a men-
tal rotation test with 3D objects. The same 
mental rotation test was also conducted by 
including individuals with congenital visual 
impairment and late-onset visual impair-
ment62. Those who were visually impaired 
from birth took longer compared to partici-
pants with late-onset visual impairment. 

Although the age factor might help younger 
participants have haptic perceptions, their 
early-onset vision loss possibly interfered 
with the younger group’s performance. 
Based on all discussions above, it is pos-
sible to expect that haptic performance of 
younger individuals with low vision (early-
onset) would not be different from their 

older counterparts (late-onset) despite age 
differences. 

Level of expertise
Second, in addition to the onset of vision 
loss, level of expertise in a certain task as-
sociated with a sense of touch might also 
influence younger participants’ brain plastic 
changes and performance. Dulin63 explored 
the relationship of participants’ performance 
with various levels of expertise in raised line 
materials. ‘Expert’ participants who were 
visually impaired from birth outperformed 
‘non-experts’ with early- and late-onset vis-
ual impairment. Additionally, ‘expert’ par-
ticipants with early-onset visual impairment 
outperformed ‘non-expert’ participants with 
late-onset visual impairment. 

Consequently, it is possible that a high level 
of expertise in a certain task is one of the 
critical attributes driving brain plasticity with 
positive outcomes. None of the participants 
was a Braille reader. There was no particular 
event that significantly enhanced a partici-
pant’s haptic capability through brain plas-
ticity before the experiment. 

It is possible that the degree to which the 
structure of the brain changed was not 
enough to invoke a significant enhancement 
of younger participants’ haptic perception. In 
addition, older participants with low vision 
in the present research were a group who 
actively engaged in cognitively and physi-
cally stimulating activities, such as computer 
classes, local community meetings, and regu-
lar exercises. Such an enriched environment 
typically helps older adults defend against 
negative physical, sensory, and cognitive as-
pects of aging33 64, which might also contrib-
ute to the similarity of the two age groups.

Sharing preferences
No differences were found in the overall 
preferences on the HUI designs. Differences 
were found for only three HUI design ideas, 
but none of those three was strongly disliked.

However, it turned out that younger and 
older groups generally viewed the restric-
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tion of using a particular shape of haptic 
widgets unnecessary. It can be interpreted 
that, instead of merely avoiding complex im-
ages or shapes, it is recommended to pro-
vide appropriate assistive functions or tools 
for users to better locate and understand 
such complex figures as haptic widgets.

A new model 
Based on findings and inferences, our brain-
plasticity framework was accordingly modi-
fied by adding new attributes: duration, on-
set, level of expertise in a haptic task, and 
enriched environment. Given the similarity 
in haptic capability between the two age 
groups with low vision, HUI designers can 
develop a haptic system with a certain range 
of force feedback magnitude (for instance, 
frequency of vibration) that is applicable to 
both age groups with low vision. 

Future research could include individuals 
with total blindness in order to compare their 
haptic modality to those with low vision. HUI 
designers can, thus, take into account the to-
tally blind group’s haptic capability in facili-
tating inclusive design of haptic technology. 

In addition, future research could include 
middle-aged adults with low vision who 
are between the ages of 30 and 65. For the 
middle-age user groups, the model should be 
modified to include new factors, such as brain 
weight and neuronal degeneration. In addition, 
the stimuli (for instance, 120, 320, and 400 grits 
of sandpaper samples) might be too noticeable 

for both groups of participants leading to simi-
larity, which is referred to as a ceiling effect. In 
that regard, a future study could be conducted 
including a greater variety of sandpaper sam-
ples (for instance, 800 and 1000 grits).

The magnitude estimation test in Study 1 in-
dicated that younger and older groups with 
low vision had no significantly different hap-
tic capabilities. By applying these results a 
new model arises (Figure 2). It is evident that 
the two age groups result in being placed 
under the same condition associated with vi-
sion loss and touch sensitivity. Consequently, 
both groups might have developed similar 
mental models as a result of brain plastic 
change, which may also have accounted for 
the similarities in performance and behavior 
related to haptic technology. 

Study limitations
The list of HUI user needs was limited to four 
design situations: navigation, finding objects, 
getting an overview, understanding an ob-
ject, and discriminating between objects. Al-
though the four situations can be regarded as 
fundamental HUI design components for any 
type of device that embeds haptic technology, 
there is also a possibility that more various UI 
design components could exist. In addition, 
older and younger participants might have 
different prior experiences in using a com-
puter in terms of frequency, purpose, soft-
ware, and operating system, which possibly 
influenced the results of this research (for in-
stance, user interface preference scores). This 

Figure 2. Explaining the observed similarity in haptic capability of the younger and the older group with 
lower vision, based on the brain-plasticity theory33; HUI=Haptic User Interface
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research, however, attempted to minimize 
the gap of computer literacy between the two 
age groups. Overall, most participants who 
were invited to the present study possessed 
the knowledge and ability to use computers 
and/or other technology (for instance, cell 
phone, ZoomText and JAWS, a screen reader).
Additionally, there is the likelihood that 
participants’ preference could change if a 
working prototype were given to those par-
ticipants. Although the tangible prototype 
widgets were given to participants to help 

them understand future system interfaces 
and reduce their cognitive workload, they 
probably relied on their imagination some-
what. Each individual’s projected image 
might be varying, which is also likely to in-
fluence the results of the present study. 

Conclusion

The two age groups were similar in haptic 
capability and HUI user needs. Some differ-
ences in preference did exist, however, and 
designers should take these into account.
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