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Abstract

We designed a feasibility study to evaluate a mobile-based vocational skill building coaching technology (aka Mobile
Coach) intervention by using an ecological design approach. We compared the Mobile Coach to a standard job coach
(no Mobile Coach technology) assistance in a facility that employs adults with significant cognitive disabilities (CDs).
Twenty working-age adults with CDs were enrolled in this feasibility study and were asked to use the Vocational Mobile
Coach Technology (on an iPad) to assist with their daily job functions. Project-specific usability and self-satisfaction
survey was used to evaluate the user experience in performing the selected work assembly tasks with the Mobile Coach

and without it. This report has the goal to describe our feasibility study design, methods, and results.
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Introduction

The World Health Organization (WHO) estimates that
15 percent of the world’s population lives with some
form of disability and almost 4 percent of them are
15-year-old and older requiring specialized services
and care to function in our society." The number of
people with disabilities who experience significant dif-
ficulties in functioning is increasing, in part due to
ageing populations as well as an increase in chronic
health conditions worldwide.'** Often, people with dis-
ability experience poorer health outcomes, have less
access to education and work opportunities, and are
more likely to live in poverty than those without a dis-
ability (WHO).! Therefore, the ability to work and suc-
ceed in maintaining employment status during working
age is extremely important for people with disabilities.

In 2021, it will be the 31st Anniversary of the
Americans with Disabilities Act (ADA) that prohibits
employment discrimination against people with disabil-
ities.” Despite the signing of the ADA, people with

disabilities in the United States continue to experience
disproportionately lower rates of employment and sig-
nificantly lower wages than people without disabilities
and only one in three individuals with disabilities are
employed.” Although the trends in the employment-
population ratio and the labour force participation
rate have overall improved in the United States for
people with disabilities, these indicators continue to
fall behind those for people without disabilities.* In
2019, the employment-population ratio of Americans
with disabilities was 19.3 percent, compared to 66.3
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percent for people without disabilities.” Moreover,

when people with disability were employed, 82 percent
were either under-employed or worked part-time.” In
2020, due the COVID-19 health crisis, there was a sig-
nificant increase in the unemployment rate for people
with disabilities.® These employment disparities are
even worse for people with Cognitive Disabilities
(CDs) who usually experience cognitive function chal-
lenges with tasks that required orientation, attention,
learning, reading, memorizing, speaking, and social
skills. Unfortunately, these tasks are critical for good
workplace performance.’

For occupational activities that require planning,
memorizing tasks, and locations, such as custodial
duties, mail delivery, grounds maintenance, and assem-
bly warehouse errands, the inability to memorize task
order and places are the primary barrier for individuals
with CDS to attain to a productive, safe, and enjoyable
work environment.®® Technology trends and demo-
graphics support the development of mobile technolo-
gy applications for the working needs of adults with
CDs.* % Mobile technology can be described as any
device with internet capability that is accessible from
anywhere the user is, including smartphones and tab-
lets.!! In 2019 in U.S.A, over 90% of Americans own a
mobile technology of some kind (i.e., smartphones) for
emailing, instant-messaging, or information-seeking.'?
The benefits, ease of access, and ubiquity of online and
mobile internet solutions make these mobile platforms
attractive for the use and assistive technology needs of
individuals with CDs."?

A Mobile Internet Device (MID) is described as a
handheld device that is portable, can access the inter-
net, and has down-graded computing capability com-
pared to other portable computing devices like
laptops.'! MIDs have extended multimedia capabilities
for handheld devices and are generally the size and
shape of a typical tablet. MIDs are not used with the
intention to replace mobile or smart phones and are
designed to be used as companion devices.'” In addi-
tion, handheld devices can be especially helpful for
individuals with physical and mental frailty.'*'*

Mobile technology can be designed to be easily
accessible, providing an opportunity to assist in occu-
pational and training settings for individuals with
CDs."” Therefore, we designed a novel Mobile Skills
Vocational Coach or Mobile Coach Technology
(MCT) device aimed at assisting in job training for
individuals with CDs.

The purpose of this pilot study was to evaluate the
feasibility of the MCT in an ecological environment
(warehouse) that employs adults with significant cog-
nitive impairments. More specifically, we want to
assess whether working-age adults with CDs who
used the MCT (on an iPad) will show higher

satisfaction in performing the selected work assembly
tasks (i.e., easier and better to do the task) as compared
to a non-MCT group.

Methods

This study is part of a series of development and
research projects from the Rehabilitation Engineering
Research Center for the Advancement of Cognitive
Technologies (RERC-ACT).'® The engineering of the
MCT device was based on a series of iterative design
research processes prior to this feasibility pilot study.'®
The iterative design was used to inform the protocol
and consisted of several visits and observations in the
real-world environment. Job coaches for people with
CDs participated in the development of the protocol.
Therefore, we are now reporting the results of the fea-
sibility pilot study that used an ecological approach to
evaluate the MCT for working age adults with CDs.
The study protocol was approved by the Colorado
Multiple  Institutional =~ Review  Board  Ethics
Committee and followed the principles embodied in
the Declaration of Helsinki.

Participants with cognitive disabilities

Working-age individuals with CDs from the Goodwill
Industries Workday Program, ages 18-64, who met the
criteria for Disability Benefits accordingly to the
United States of America Social  Security
Administration'”'® and by their state of residence,'®"”
were invited to participate in a single testing session of
a technology-based mobile context-aware prompting
system technology. The technology was designed to
coach and aid individuals with Intellectual and
Developmental Disabilities (IDD) in performing
assembly tasks.®'® All participants, or their legalized
authorized representative (LAR), signed an informed
consent form and completed a demographics survey.
The survey collected information about education
level, disability type and living arrangements. For the
purpose of this study, participants were only included
in the study if they could express some sort of commu-
nication, either orally or by using a communication
device and able to move objects (cases/boxes) from
one room to another.

Instrumentation

The MCT is a prompting tool run on an iPad intended
to assist individuals with cognitive impairments to
work more effectively within jobs that require them
to move from one location to another (mobile job).
Mobile jobs are defined as jobs where the user is
required to walk a distance to perform the job (i.e.,
warehouse workers; custodians; grounds keeper;
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Figure |I. MCT model and architecture.

etc.).”!> The MCT is a cloud-based application that
prompts the users through a series of tasks required
to complete a specific job, like stock a box on a shelf.
The tasks for the mobile job required navigation,
object recognition, object transportation, and task
sequencing. Figure 1 represents the architecture for
the MCT system.

The MCT is a heuristic model that could assimilate a
current activity, past work performed, and determine
the next activity that should be performed. A Task
Server received an incoming event and determined the
next, best action to perform. The results were delivered
to a Data Presentation Layer, the mobile worker’s
prompting device (iPad) via the cloud. For this study,
the Task Server was configured to recognize time
events and gesture events. Navigational events were
considered during the design; however, the perfor-
mance and precision of the chosen technology was
not sufficient to support this interface. The MCT has
a touch-based screen (iPad) that has a virtual agent
(job coach) that introduces instructions related to
tasks. If the participant did not understand the instruc-
tion or forgot the step, the system would re-introduce
the information when participants touch the screen.

Procedures

Ecological environment. The Mobile Coach Project team
worked in conjunction with Goodwill Industries of
Denver Job Day Program. Goodwill Industries has a
contract with Century Link, where they supplement the
packaging of residential telecommunication equipment
(e.g., DSL modem). Goodwill Industries receives the
equipment on a pallet. Depending on the type of resi-
dential telecommunication equipment, each pallet con-
tains 12-24 cases, and each case contains 10-14
residential devices. Once delivered, these pallets are
temporarily stored in the Goodwill Industries ware-
house. The warehouse and the assembly area are
adjoining rooms. The approximate distance from the

pallets to the assembly pods range between 50 to 100
feet.

Intervention. Enrolled participants from the Goodwill
Denver Vocational Training Day Program had the
opportunity to volunteer or decline participation in
the study. Consenting procedures were performed for
each participant, and their understanding about the
study was evaluated by asking specific questions
about the study after consenting explanation, such as
“what is this study about?” or “if you agree to partic-
ipate what do you think that you will do in this study?”
Demographic information was obtained from each par-
ticipant. Enrolled participants’ level of comprehension
and understanding was acquired by using the Mini
Mental State Exam.”°

The intervention was based on one four-hour ses-
sion. Participants were assigned to one of two groups,
one that used the MCT or one that used a standard
vocational coach. The MCT is a technology-based
mobile context-aware prompting system (CAP)
designed to job coach, train, and aid work performance
in adults with significant cognitive impairments
(Figure 1). The standard vocational intervention was
job coaching performed by a human with no technol-
ogy. Both groups were exposed to similar procedures
while performing the assembly task job despite differ-
ences in the delivery of job coaching.

MCT device tasks. The job performed by the mobile
worker included six high level tasks:

Unwrap new pallet;

Get new case/box;

Deliver new case/box to assembler (mobile task);
Retrieve completed case/box from assembler;

Place completed case/box on a pallet in the storage
room (mobile task);

Secure completed pallet.

SAEE I
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1) Did you have fun piling the cases?
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Not at all Somewhat

Figure 2. An example question on a Likert scale modified for
adults with CDs.

Completing each of these tasks required one or more
prompts. The overall sets of prompting were a collec-
tion of sequential steps and dual path decision points.
Sequential steps were incremented either via a timer
event expiring or a gesture performed by the user on
the MCT. All decision points required the user to per-
form the correct gesture.

User usability data. A project-specific survey was
designed to evaluate usability and participants’ satis-
faction with the intervention. The survey had questions
related to their experience with the coaching interven-
tion with a Likert scale response level of 1 to 5, 1 mean-
ing “Not at all” to 5 meaning “Very Much”. A sample
of how this scale was designed for adults with CDs can
be seen in Figure 2.

Results

A total of 20 participants (5 females and 15 males) with
CDs was consented and enrolled in the study.
Participants’ disabilities ranged from a variety of cog-
nitive impairments, including Down syndrome,
Autism, and brain injury. The sample was comprised
of 65% white, 20% Hispanic and 15% African
American (Table 1).

The MCT group (N =10) reported higher satisfac-
tion with the intervention as compared to the non-
MCT group. Approximately 45-100% of the MCT
responses collapsed into the “Very Much” reporting
level category on questions related to work enjoyment,
ease of work, use of the technology, and if the MCT
was helped in doing the job better. There were also
questions related to adherence, such as “Would you
like to use the MCT again?” (Table 2).

The standard human job coach group (N = 10; non-
MCT) also expressed positive satisfaction with their
standard job and in having the facility’s job coach
assistance while performing their tasks. However,
their response levels were lower when compared to
the MCT group satisfaction at 35-75% responded
“somewhat” to “very much” satisfaction with the
human job coach.

The results of the survey indicate that there were
differences in the responses between groups, and the
integration of an MCT device was well received by
the workers with CDs. Most of the participants were

extremely excited and eager to participate in the study,
as most of them wanted to use the technology. To
accommodate the high motivation to use the technolo-
gy, we provided time to “play” with the technology for
the group that was not assigned to the MCT after they
completed the experimental procedures. There were no
differences in answers between the participants who
were already competent with computers or iPads
versus those with no previous experience with comput-
er or tablet technology. In addition, 25% of the sample
were illiterate, and literacy levels did not influence per-
formance when using the MCT.

Discussion

MID technologies have improved over the years and
are more affordable and easily available than years
ago.!?? Smart technologies, particularly smartphones,
are leading the market for mobile technologies and
have the potential to be a critical assistive technology
device to assist the employment needs of individuals
with a variety of cognitive impairments.®?® This tech-
nology is designed to be easy to use, as it can be manip-
ulated by touch or voice command.'® The ease of access
and use of the mobile solution technologies make
MIDs an attractive platform for helping individuals
with cognitive impairments to perform tasks that
require prompting assistance, such as an assembly job
assignment.”'%-?!

The results of this pilot study support the notion
that MIDs and related technologies can be easily engi-
neered and adapted to suit the user needs. They can
present an effective, accessible, and integrated system
to meet the assistive occupational needs of individuals
with CDs. These technologies should also be affordable
and tailored accordingly to the person’s physical and
cognitive abilities.”! Mobile technologies are recog-
nized as flexible and powerful tools that can enhance
human performance if the technology features are
designed with the user in mind.?* For individuals with
disabilities the habitual involvement with these devices
may have a positive and lasting impact on users’ ability
to think, remember, pay attention, regulate emotion,
and communicate.”®> These technologies, if properly
engineered, can have a powerful impact in the quality
of life of a person with a disability by decreasing dis-
ability stigma and increasing socialization, societal
engagement, and self-esteem by empowering the per-
son’s abilities.**

Although, the study results support the feasibility of
the MCT as an innovative employment solution for
people with CDs the study also had several limitations
such as sporadic MCT malfunction during the experi-
ment. However, this occurred only during one trial and
we only had 2 episodes of network malfunctioning
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Table 1. Total sample characteristics.

Mini Mental
Age Gender Cognitive dysfunction State Exam (MMSE) Diagnosis
59 Male Cognitive impairment 24 Intellectual disability,Down syndrome
52 Male Cognitive impairment 21 Intellectual disability
49 Male Moderate cognitive impairment 24 Intellectual disability
55 Male Moderate cognitive impairment 26 Intellectual disability
67 Female Seizures, OCD cognitive 27 Bipolar disease, intellectual disability
impairment
56 Female Wheelchair user, seizures, epi- 25 Brain injury, Intellectual disability
lepsy, cognitive impairment
56 Male Moderate cognitive impairment 23 Intellectual disability
33 Male Moderate Autism, moderate 17 Intellectual disability
cognitive impairment
54 Male Moderate cognitive impairment 23 Chronic schizophrenia, Intellectual
disability
49 Male Moderate cognitive impairment, 27 Intellectual disability
gait problems
25 Male Moderate cognitive impairment 25 Autism, intellectual disability
44 Female Moderate Cognitive Impairment 23 Down syndrome, intellectual disability
44 Female Moderate cognitive impairment, 25 Down syndrome, Intellectual disability
Raynaud’s
37 Male Moderate cognitive impairment, 23 Down syndrome, intellectual disability
hyperactivity
24 Male Moderate cognitive impairment, 30 Intellectual disability
ADHD, OCD, depression
30 Male Moderate cognitive impairment, 24 Spina bifida, intellectual disability
cerebral edema,
hydrocephalus
50 Male Mild cognitive impairment 30 Autism Asperger syndrome, intellectual
disability
34 Male Developmental delay due to 27 Intellectual disability
premature birth
39 Male Cerebral Palsy, mental retarda- 23 Intellectual disability
tion, hydrocephalus, physical
disability
48 Female Down Syndrome, visually 25 Intellectual disability
impaired, mild cognitive
impairment
OCD: obsessive compulsive disorder; ADHD: attention deficit hyperactivity disorder.
Table 2. MCT user survey responses rate.
MCT user survey Not at all (%) Somewhat (%) Very much (%)
QI: Did you have fun piling the cases? 0 Il 89
Q2: Were you good at piling the cases? 0 0 100
Q3: Was piling the cases easy? I 22 67
Q4: Would you like to work at piling cases again? I I 78
Q5: Was it easy to remember where you were in the job? I 22 67
Q6: Was it hard to use the mobile coach device? 33 56 11
Q7: Was it easy to understand the mobile coach instructions? 11 0 89
Q8: Did the mobile coach device help you do your job better? 0 55 45
Q9: Did the mobile coach device make it easy to get help? 0 55 45
Q10: Did you like the speed of the mobile coach device? 0 45 55
QI1: Was the talking face on the screen helpful? 0 22 78

(continued)
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Table 2. Continued.

MCT user survey

Not at all (%) Somewhat (%) Very much (%)

QI2: Did the pictures on the screen help you?
QI3: Would you like to use the mobile coach device again?
QI4: Did the mobile coach device give you help
when you needed it?
QI15: Would you rather have. ..

0 I 89
0 22 78
I 33 56

I) a person as a 2) use the
job mobile coach
coach (33%) device only
(0%)

3) have a person
and the mobile
coach device
(66.7%)

during the trial day. This technology malfunction was
carefully recorded and after the system was restored
and functioning, the timer and data collection system
were re-started, and the trial was resumed. Another
limitation was the short time that each participant
was exposed and used the MCT (4 hours). Future stud-
ies could provide more detailed information related to
the technology adoption and adherence if workers are
exposed to the intervention longer. Another limitation
of this study was the ecological environment. Since the
intention of the study was to test the technology in a
real-world setting, we had to deal with non-controllable
factors that a real working warechouse presents, such as
constant loud noise and other unexpected distractions.
On two occasions, we had to postpone a planned visit
to the facility due the absence. In addition, we had to
deal with continuous stops during the experiment due
to breaks and lunch times as part of the worker sched-
ule. Although this study was designed as a feasibility
study, the small sample size limits the generalizability
of our results. After the study implementation phase,
we also learned that the vocational coaches could have
been important participants in the study. They are
another population that can contribute with important
design and such as the practical adaptation of the MCT
system into their job coach program and work routine.

Conclusions

The findings of this feasibility study indicate that our
MCT device has translational and pragmatic implica-
tions, particularly in settings that employ and provide
vocational training for individuals with CDs. The
results support that the MCT is feasible and that
working-age adults with CDs can benefits of mobile
technologies to improve work performance and enjoy-
ment quality. Therefore, this technology system has the
potential to assist workers with CDS in vocational
training and job tasks that require memorizing steps
that involve well-ordered action in conjunction with
good spatial recognition. It is important to note that
the program has great potential for commercialization
and knowledge transfer. Despite the several limitations

impacted the study’s generalizability, we were able to
recruit a well-balanced and heterogeneous sample for
comparisons between groups. In addition, due to the
ecological element of the study, we used mix-methods
appraisals (qualitative and quantitative) to evaluate the
MCT feasibility. Further research is recommended to
evaluate a longer duration experimental design in a
larger sample for the successful adoption and adher-
ence of the MCT for workers with CDs.
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