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Abstract

Background: Robotic kits are a popular, modern pastime primarily marketed and de-
signed for younger generations. Kits designed for use by older adults have the potential to 
promote cognitive, physical, and social engagement.
Objective: This study sought to determine characteristics and abilities of older adults that 
predicted efficiency, perceived usability, and engagement in building a market-available kit.
Methods: Fifty-nine adults, 25 males, and 34 females, ages 55 to 87 (M = 70.80, SD = 
8.44) completed a series of assessments for spatial visualization, visual abilities, working 
memory, and dexterity before assembling a robot kit.
Results: Backwards regression was utilized to create significant prediction models for five 
outcome variables: time on task, perceived system usability, task engagement, distress (i.e. 
negative affect), and worry (i.e. self-focused attention).
Conclusion: Results indicated that younger individuals and those with higher spatial vis-
ualization ability completed the build faster and perceived the kit to be more usable. 
Dexterity in the non-dominant hand also predicted faster build times. The findings of this 
study can be used to inform gerontechnological designs of assembly kits. Future studies 
can examine if the important factors identified here are predictive of performance in 
building more complex robotic kits.
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O r i g i n a l  R e s e a r c h

Introduction
The global population is in the midst of an un-
precedented surge in individuals classified as 
older adults, defined as those aged 60 and older. 
From 1980 to 2017 the number of adults in this 
age category doubled to 962 million across the 
globe (UN, 2017). By 2050 that number is ex-
pected to double again, resulting in over 2 billion 
older individuals (UN, 2017).

This new reality has led to a concurrent growth 
in the field of gerontechnology which focuses 
on adapting and developing technologies aimed 
at the older populations. Even in the absence of 
chronic illnesses, aging is accompanied by physi-
ological and cognitive changes that must be ac-
counted for in designing for older adults (Simone 
& Haas, 2009).

The current study focuses on build-at-home ro-
botic kits, a modern pastime popular with chil-
dren and young adults which has not been so 
readily accepted by older adults. Market-availa-
ble kits often have design characteristics, such 
as small pieces and tools, which may prove frus-
trating to the older generations. The current pro-
ject is one in a series intended to produce robot 

kits designed for use by older adults. Such kits 
can provide a new recreational activity for older 
adults that introduces and engages them with a 
new technology that promotes cognitive, physi-
cal and social engagement. The relative benefits 
of each is discussed below.

Cognitive engagement
Complexity of robot kits can vary widely due to 
factors such as the number of pieces, how the 
pieces are to be connected, and programming 
requirements. Regardless of these differences, 
the user must always reason through instructions 
while simultaneously building the robot, all the 
while recognizing and correcting any missteps.

Cognitive function
Research exploring the effect of mental exercise 
on continued cognitive function has elicited 
mixed results. Hughes, Sun, Change, & Ganguli 
(2018), identified a positive relationship between 
total cognitive activities and intellectual function-
ing. Conversely, Salthouse (2006) compared ac-
tivity levels and performance on cognitive tasks 
for participants aged 20 to 91 and found no evi-
dence for the “use it or lose it” hypothesis that 
participation in cognitively challenging activities 
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throughout the lifetime resulted in sustained cog-
nitive functioning.  Nevertheless, no evidence 
exists that engaging in cognitive activities does 
any harm to older adults, and the possibility of 
potential benefits is reason enough to continue 
such activities into old age (Salthouse, 2006). Ad-
ditionally, Simone & Haas (2009) identified that 
participation in leisure activities can influence the 
overall health and happiness of older adults.

Physical engagement
Building robotic kits rely heavily on the use of 
the upper limbs. Pieces and tools must be ma-
nipulated into place and grip strength is often 
required to connect pieces. While declines in 
motor function are present even in healthy aging 
individuals, evidence supports that continued 
use of the upper limbs and hands can help pre-
serve higher levels of functionality.

Hand-arm Function
Decline in upper limb sensorimotor functions, 
such as gripping and manipulating objects, mani-
fest even in healthy aging (Hackel, Wolfe, Bang, & 
Canfield, 1992). Difficulty with precision, reduced 
hand/finger strength, and decrease in speed of 
movements are also common in older individuals 
(Bowden & McNulty, 2013). These decrements in 
hand-muscle abilities are associated with a de-
creased ability to complete activities of daily liv-
ing independently and thus can lead to a loss in 
quality of life (Gulde & Hermsdörfer, 2017).

While the effect of mental exercise in prolong-
ing cognitive function is unclear, the ability of 
even moderate physical exercise to prolong 
physical performance is well established across 
academic and medical domains. Targeted ex-
ercises have been shown to improve hand and 
finger strength in healthy individuals (e.g. Olaf-
sdottir, Zatsiorsky & Latash, 2008), as well as 
in those suffering from arthritis (e.g. Bergstra, 
Murgia, Te Velde, & Caljouw, 2014). For those 
with arthritis, improvements in strength have 
been found to transfer to improvement in daily 
functioning without exacerbating arthritic pain 
(Bergstra, et al., 2014). Thus, even for individuals 
with hand dexterity and strength declines, ac-
tivities that focus on these muscle groups may 
provide physical benefits.

Moreover, interventions that provide cognitive 
and motor components may be the most effec-
tive at helping individuals maintain their current 
level of function while simultaneously protect-
ing against functional losses (Levin, Netz, & Ziv, 
2017). Robotic kits provide concurrent motor and 
mental challenges, as one must reason through 
instructions of the build while utilizing hand and 
arm movements to produce the requisite actions.

Social engagement
Contemporaneous with physical and cognitive 
stimulation, the building of robotic kits can also 
foster social engagement for older individuals. 
Loneliness and social isolation are growing con-
cerns within the older adult populations. Builds 
can foster social connections when completed 
with peers and with younger individuals, such as 
grandchildren.

Loneliness and social isolation
Loneliness and social isolation can have deleteri-
ous effects on functioning and are both associat-
ed with an increased risk of mortality. Loneliness 
is a subjective emotional state where one feels 
disconnected or isolated from others. Social iso-
lation can be objectively measured by quantify-
ing the quality and amount of social contacts. In 
studying the objective measure of social isolation 
and the subjective feeling of loneliness, research-
ers have found that both are comparable to other 
risk factors, such as disease and smoking, in pre-
dicting mortality (Holt-Lunstad, et al., 2015).

Increased social contact can be a factor in curb-
ing cognitive impairments, even in individuals 
with dementia. Bennett, Schneider, Tang, Arnold, 
and Wilson (2006) conducted a longitudinal 
study of elderly individuals with varying dementia 
diagnoses in which they collected periodic meas-
ures of cognitive function and social network size 
(measured as the number of visitors received per 
month) and, postmortem, analyzed the brain tis-
sue of participants. Results indicated that partici-
pants with smaller social networks suffered the 
greatest decrements in cognitive function, regard-
less of specific diagnosis (Bennett et al., 2006).

Similarly, Biddle, et al. (2019) found that adults 
with the highest social engagement levels had a 
substantially reduced risk of developing Alzhei-
mer’s disease when compared to their less ac-
tive counterparts. Studies confirming the positive 
effect of social networks on cognitive function 
have also noted that such relationships enhance 
the overall social engagement of older individuals. 
Furthermore, the interactions promote cognitive 
and physical activities which are also associated 
with higher independence and better quality of 
life (Simone & Haas, 2009). Building robotic kits 
can provide an avenue for fostering social con-
nections with peers and with younger generations.

Intergenerational play
Intergenerational play, especially play with grand-
children, has benefits for all parties. Grandchil-
dren experience the comfort and security of a 
guardian while grandparents enjoy benefits that 
arise from teaching and nurturing (Agate, Agate, 
Liechty, & Cochran, 2018). Intergenerational play 
taps into the benefits of both social networks and 
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leisure activities, thereby providing older adults 
opportunities to be socially active and engaged.

Robotic kits are already targeted at the younger 
generations, with some kits recommended for 
children as young as three years old. Thus for 
many grandparents, building robots may already 
be of interest to their grandchildren. Expanding 
designs to encompass the skills and abilities of 
older individuals, introduces another avenue for 
intergenerational play.

Current study
The current study was intended to identify char-
acteristics and abilities of older individuals that 
predicted performance, perceived usability, and 
engagement in building a market-available ro-
botic kit. Participants were assessed for contrast 
sensitivity, spatial visualization, working memory, 
personality, and dexterity. These characteristics 
may be important predictive factors that can in-
form the design of kits to be built by older adults.

Methods
Participants
Participants were 59 community-dwelling older 
adults, 25 males and 34 females, ages 55 to 87 (M 
= 70.80, SD = 8.44). Participants were recruited 
from the general Orlando area through the Learn-
ing Institute for Elders (LIFE) at UCF, the Senior 
Tars (STARS) at Rollins, and community centers. 
To qualify for the study, participants had to score 
a minimum of 26 on the Montreal Cognitive As-
sessment (MoCA; Nasreddine et al., 2005).

Materials
A short demographics questionnaire was used to 
record information about age, ethnicity, highest 
educational level attained, and current or previ-
ous profession.

Utilizing a STEREO OPTEC 2000, visual acuity, 
color vision, and contrast sensitivity were as-
sessed using the Snellen chart (Snellen, 1862), 
Ishihara test (Ishihara, 1972), and the Function-
al Acuity Contrast Test (FACT; Ginsburg, 1996), 
respectively. In the FACT test, the individual is 
shown circles containing gradient lines and must 
identify if the lines are oriented to the right, left, 
or vertically. The FACT uses five different sized 
gratings of varying spatial frequencies and nine 
contrast levels. The last grating orientation cor-
rectly identified by the participant is plotted on 
the contrast sensitivity curve.

The five-factor model of personality was meas-
ured using the Mini-International Personality 
Item Pool (Mini-IPIP; Donnellan, Oswald, Baird, 
& Lucas, 2006). The Mini-IPIP uses 20 questions 
to measure levels of extraversion, agreeableness, 
conscientiousness, neuroticism, and intellect/im-

agination (i.e. openness).

Spatial visualization is a class of spatial ability 
that refers to the ability to mentally rotate 2- and 
3-dimensional objects. Spatial visualization was 
assessed with the 30 questions Revised Purdue 
Spatial Visualizations Tests: Visualization of Ro-
tations (Yoon, 2011). The test shows an exemplar 
three-dimensional object rotated along one or 
more axes. The participant is then shown a tar-
get object and asked to indicate which of five 
answer options represents the target if it was ro-
tated along the same axes as the exemplar.

Working memory is the ability to temporarily 
retain and process mental information. Working 
memory capacity was assessed with an n-back 
task (Kirchner, 1958), specifically a computer-
ized digit-span two-back task. Participants were 
presented with a list of numbers, one at a time, 
and were instructed to indicate when a number 
matched the target number from two steps prior. 
Participants completed three rounds, each con-
sisting of 30 numbers presented. Accuracy was 
averaged across the rounds.

Dexterity of the hands and fingers was measured 
with the Perdue Pegboard, Model 32030. The 
board consists of four cups at the top contain-
ing small metal pins, washers, and collars. Below 
the cups are two parallel columns of 25 holes 
into which the pins can be inserted. Washers 
and collars can then be placed over a pin. The 
four tests administered with the Pegboard are a 
right-handed test, a left-handed test, a test us-
ing both hands, and an assembly test. In the first 
three, participants are given 30 seconds to place 
as many pins into the holes starting from the hole 
closest to the cups. The participant first com-
pletes the task with the dominant hand, then the 
non-dominant hand, and lastly with both hands 
simultaneously. The fourth task is a test of fine 
finger dexterity and requires participants to use 
both hands to form patterns of assemblies con-
sisting of a pin, a washer, a collar, and another 
washer. The assembly task is scored as the total 
amount of pieces placed in one minute.

The System Usability Scale (SUS; Brooke, 1986) 
was used to assess the perceived usability of the 
robotic kit. The SUS consists of 10 items (e.g. I 
thought building this robot was easy to do) rated 
from “Strongly agree” to “Strongly disagree”. 
The items were tailored to this experiment such 
that “robot” was substituted for “system”. SUS 
scores are converted to percentile rankings and 
total ratings above 68 are considered above av-
erage usability for a system.

The Short Stress State Questionnaire (SSSQ; 
Helton, 2004) is a 24-item scale that measures 
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pre and post-self-appraisals of task engagement, 
distress, and worry. The three scales represent 
aspects of stress states that are important to hu-
man performance: (1) task engagement refers to 
motivation, interest and focus on task, (2) distress 
is a measure of negative affect, and (3) worry is 
primarily a cognitive measure of self-focused at-
tention and cognitive interference. Participants 
use a scale from 1 (Not at all) to 5 (Extremely) to 
rate how well a word describes them (e.g. Dissat-
isfied, Alert) and how well a statement describes 
their thoughts (e.g. I am committed to attaining 
my performance goals). The same items are pre-
sented before and after the task and final scores 
are derived by subtracting pre-scores from post-
scores for each subscale.

A qualitative, open-ended questionnaire was 
used to derive feedback about the overall build 
experience and impressions about the kit com-
ponents including instructions and pieces.

The robot kit utilized in this study was the forklift 
build for the Thames & Kosmos’ Remote-Con-
trol Machines DLX (Figure 1). The authors con-
ducted numerous build sessions with a variety of 
kits. The present kit was found to contain larger 
pieces, while not overly large, and could be con-
nected without the use of a tool. Additionally, 
the selected build was estimated to require less 
than an hour to assemble. The instructions for 
the forklift build were provided in a bound, color 
booklet. Steps for the build were numbered by 
the manufacturer.

Procedures
Participants were asked to complete the demo-
graphics survey, the Mini-IPIP, and the spatial 
visualization test online prior to the in-lab ses-
sion. A small portion of participants requested 
to complete the surveys in person and was given 
the opportunity to do so after completing the ro-
bot kit build.

In the lab session, participants were first screened 
with the MOCA and any participant who was 
unable to score a minimum of 26 was dismissed 
from the study. Those who completed the 
MOCA then completed the vision assessments, 
the n-back, and the Perdue Pegboard Test. The 

three assessments were 
administered in random 
order. Subsequently, the 
participant completed 
the Pre-SSSQ survey.

After completion of all 
pre-surveys and assess-
ments, participants were 
seated at a table with the 
instructions and pieces 

for the Remote-Control Machines DLX forklift 
build. Participants were given only the instruc-
tions and pieces required for the subject build. The 
pieces were divided into plastic containers with 
the same groupings for all participants (see Figure 
1). Researchers drew attention to the illustration of 
the final build and highlighted the differences be-
tween two small types of connectors of the same 
color (see Figure 1). The participant was then in-
structed to work on the build alone but to ask the 
researcher if there were any questions or concerns.

Start and end times of each build were recorded. 
Additionally, every 15 minutes the researcher 
noted the participant’s progress by recording the 
current step number. If the participant asked for 
help or seemed to be having difficulties, the re-
searcher would assist as needed and log the step 
number and assistance details on a log sheet. 
Whenever possible participants were encour-
aged to work through any difficulties on their 
own. If a participant was still building after 90 
minutes, the researcher would take a more ac-
tive role in helping complete the build, while still 
allowing the participant to lead the process.

Once the forklift was complete, participants were 
given the remote control for the robot and given 
free rein to utilize the robot as desired. Participants 
chose to drive it around, use the forklift to trans-
port objects, and some took videos or pictures.

Once the participants were done using the robot, 
they completed the Post-SSSQ and the SUS, in 
randomized order. Lastly, the researcher orally 
administered the qualitative questionnaire, after 
which the participant was debriefed and allowed 
time to ask questions about the study.

Results and discussion
Backward linear regressions were conducted us-
ing SPSS to determine the best prediction model 
for each of the outcome variables - time on task, 
perceived system usability, task engagement, 
distress, and worry. The regression steps were 
done manually by excluding the variable with 
the lowest beta (β) from the subsequent analysis 
until the model contained only significant pre-
dictors. The initially included predictors for all 
regressions are outlined in Table 1.

Figure 1. Completed build (left) and initial set-up of pieces (right).
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Race/ethnicity and educational level were ex-
cluded due to a lack of variability among the 
sample. Contrast sensitivity was chosen as the 
best predictor of visual ability as it is considered 
a stronger indicator of real-world vision func-
tion than visual acuity (Norton, Corliss, & Bailey, 
2002). Contrast sensitivity requires individuals to 
distinguish images from a range of background 
contrasts as opposed to visual acuity, which tests 
vision under ideal lighting and contrast conditions 
(i.e. well lit black text on a white background).

Four female participants were excluded from 
analysis; three chose to end the study before 
completing the kit (one was uninterested in 
the activity and two stated that the kit was too 
difficult) and one did not complete the spatial 
visualization test. The age distribution was not 
significantly different for the remaining fifty-five 
participants (M = 70.20, SD = 8.29; 21 males 
and 34 females). 

Time on task
Time on task was measured as the total min-
utes from the start to the end of the build (M = 
65.25, SD = 27.61). The results of the regression 
revealed spatial visualization, age, and dexterity 
in the non-dominant hand as significant predic-
tors of time on task (Table 2). Spatial visualization 
was the strongest predictor (β = -.546), with fur-
ther stepwise regression analysis indicating that 
spatial visualization accounted for 39.9% of the 
variance in time on task.

Time on task was the main performance meas-
ure included in this study. Whereas participants 
were not instructed that they should complete 
the build as quickly as possible, the builds were 
conducted in quiet rooms with minimal distrac-
tions to encourage a focus on the task at hand.

High spatial visualization ability was the strong-
est predictor of faster completion times. The 
task required participants to manipulate pieces 
to match illustrated instructions. Those with the 
strongest ability to perform these manipulations 
mentally likely spent less time moving the actual 
pieces around as they matched components to 
the illustrations.

The younger age range of participants also pre-
dicted faster completion times. This study in-
cluded individuals ranging from age 55 to 87. 
The ages of 65 and 85 are traditionally consid-
ered milestones in aging with greater aging-re-
lated declines in cognitive and physical abilities 
accompanying each increasing age range. The 
significant contribution of age to performance is 
in line with this traditional model of aging.

Greater dexterity in the non-dominant hand was 
also predictive of less time on task. Building a 
robot kit requires constant use of both hands as 
one hand is often used to hold the current con-
figuration while a piece is pressed into it. This 
particular kit also required the building of differ-
ent sections of the robot and then bringing these 
sections together at a later step. The consistent 
reliance on both hands may explain why those 
with more dexterity in the non-dominant hand 
were able to complete the build more quickly.

Perceived system usability
The SUS is a widely-used and robust subjective 
measure of system usability. SUS scores above 
68 are interpreted as average usability of the 
system. Scores above 68 indicate greater usabil-
ity and scores below 68 less usabilities. Across 
participants, all measures of central tendency 
fell below the 68 cut-offs (M = 63.59, Median = 
65.00, Mode = 65.00), indicating that overall the 
participants perceived the kit used to be of less 

 

 

 
β



6

Older adults and robotic kits

than average usability. Scores ranged from 30 to 
98 also indicating a large variance among indi-
vidual participants.

Backwards regression identified spatial visualiza-
tion and age as the statistically significant predic-
tors of system usability ratings (M = 63.59, SD 
= 18.36); F(2, 52) = 16.798 (p < .001), R2 = .392, 
RAdj

2=.369, bspatial = 1.308 (SEb=.289), βspatial = 
.497, t(54) = 4.525, p < .001; bage = -.674 (SEb = 
.243), βage = -.305, t(54) = -2.774, p < .01. Spatial 
visualization ability was again the strongest pre-
dictor in the model, accounting for 30.3% of the 
variance in system usability ratings.

In line with time on task, higher kit usability rat-
ings were associated with younger aged partici-
pants and those with higher spatial visualization 
scores. Therefore, these two predictors account-
ed for variance in objective measures of perfor-
mance as well as the subjective perception of 
the usability of the kit overall. That is, partici-
pants that completed the build faster were also 
more likely to rate the system as more usable. 
Once again, the greatest predictor was the ability 
to mentally hold and manipulate objects.

Distress
To control for potential differences from the pre 
to post scores for the SSSQ scales, scores for task 
engagement, distress, and worry were standard-
ized before analysis.

Dexterity in the dominant hand was the best 
predictor of variance in distress (M = 0.175, SD 
= 0.364) but the model was non-significant; F(1, 
53) = 2.924 (p = .093), R2 = .052, RAdj

2=.034, b = 
.039 (SEb = .023), β = .229, t(54) = 1.710, p = .093.

Task engagement
Regression analysis revealed contrast sensitivity 
and age as the significant predictors of task en-

gagement, though the model accounted for only 
13.9% of the variance (M = 0.062, SD = .163); 
F(2, 52) = 4.185 (p < .005), R2 = .139, RAdj

2=.106, 
bcontrast = .014 (SEb=.006), βcontrast = .347, t(54) = 
2.543, p < .05; bage = -.006 (SEb = .003), βage = 
.291, t(54) = 2.138, p < .05.

Task engagement refers to focus and motivation 
in building the robotic kit. While not a strong 
predictor, age was significant in this model. 
Younger participants showed a greater increase 
in focus during the task.

As higher contrast sensitivity was the main pre-
dictor of task engagement, visual ability had 
some effect on the mental focus allotted to the 
task at hand. Sutter, Ladwig, Oehl & Müsseler 
(2012) previously determined that older adults 
relied more on visual ability than proprioceptive 
feedback in the completion of motor tasks. The 
importance of visual ability in engagement may 
be reflected in this finding.

Worry
Three predictors were included in the final regres-
sion model which accounted for 37.2% of the 
variance in worry (M = -.57, SD = .60; Table 3). 
Working memory (β = .547) was the strongest 
predictor, while neuroticism (β = -.358) and spa-
tial visualization (β = -.362) accounted for approx-
imately equal portions of the remaining variance.

Worry is primarily a cognitive component of 
stress state that refers to cognitive intrusion from 
self-focused attention (Shelton, 2004). Higher 
working memory capacity was the largest pre-
dictor of increased worry scores. Thus, it seems 
that individuals with higher working memory 
scores were most apt to complete the build 
while also maintaining inward focus.

Lower spatial visualization also predicted a great-
er increase in worry scores, which may be a re-
sult of greater self-doubt with the reduced ability 
to mentally manipulate the pieces. As the entire 
build relied on object manipulation, this resulted 
in greater cognitive intrusion for these individuals.

Higher neuroticism scores predicted a stronger 
drop in worry scores. When examining pre- and 
post-robotic kit activity worry scores by the 
quartiles of neuroticism, it was evident that par-
ticipants high in neuroticism had significantly 
higher pre-task worry scores (M = 20.70, SD = 
4.72) than participants in the first (M = 14.60, SD 
= 4.42), second (M = 14.79, SD = 5.11), and third 
quartiles (M = 14.73, SD = 4.47) of neuroticism 
scores (F(3,51) = 4.37, p = .008, ηp

2 = .20). This 
indicated that they were more worried about the 
task before they engaged in robotic kit build-
ing. However, after building the kit, scores on 
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worry were lower for all groups, but were not 
significantly different between the neuroticism 
quartiles (F(3,51) = 0.98, p = .41, ηp

2 = .05) indi-
cating that the high neuroticism groups drop in 
worry score was highest. This is evident in the 
regression model which shows a more negative 
difference between pre- and post-scores for par-
ticipants with higher neuroticism.

Conclusions and future research
Build-at-home robotic kits are a popular, mod-
ern pastime primarily marketed and designed 
for younger generations. Kits designed for use 
by older adults have the potential to promote 
cognitive, physical, and social engagement. The 
regression model established for each outcome 
can aid in informing the selection and design of 
robotic kits for use by older adults.

Higher spatial visualization scores were signifi-
cantly predictive of lower time on task, lower 
self-worry, and higher perceived system usabil-
ity for the kit used in this study. Future research 
should focus on instructions and designs that 
may compensate for low spatial visualization 
skills. For instance, online instructions could al-
low for virtual rotation of pieces and configura-
tions which may facilitate builds. Furthermore, 
creative designs may reduce the need for the 
rotation of pieces during the building process.

The significance of age in objective task perfor-
mance and subjective appraisals of the kit us-
ability highlights the importance of providing a 
range of complexity and difficulty levels in kit 
designs. Variability in kit design can then target a 
wider array of preferences and abilities.

The pieces of the current build were relatively 
large compared to other market-available kits. 
Furthermore, no tools were required. Neverthe-
less, the dexterity of the non-dominant hand 
had an influence on the performance of the 
build. Having older adults complete builds with 
a wider array of connector sizes and types can 
aid in establishing design guidelines for pieces 
that continue to provide physical engagement 
without exceeding capabilities.

Overall the current study identified important 
characteristics and abilities which influenced 
performance in building a robotic kit. Robotic 
kits represent a modern technology trend that 
can be introduced as a new pastime for older 
adults. Future studies can help determine if these 
factors are predictive of performance in build-
ing more complex kits. Additionally, the design 
of robotic kits that facilitate use by older adults 
should account for these factors, especially by 
identifying ways to bolster individuals with lower 
spatial visualization abilities.
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