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Piloting a Novel Daily Living Skills Assessment in Autistic
Adolescents and Young Adults

Rachel A. Wulff,} Ana-Maria losif2 Marie K. Krug,' Philip D. Harvey,2 and Marjorie Solomon'’

Abstract

Background: There are a few ecologically valid measurements of Daily Living Skills (DLS)—a critical
component of adaptive functioning (AF)—for autistic adolescents and young adults. This is particularly im-
portant given that DLS predict outcomes as autistic adolescents transition to adulthood.

Methods: We pilot-tested the assessment section of two modules of the Computerized Functional Skills As-
sessment and Training program (CFSAT) in 25 autistic (n=4 female) and 25 non-autistic (n=6 female)
adolescents and young adults to evaluate preliminary feasibility in an autistic sample. Tasks involved using an
ATM and ticket-buying machine. We also assessed AF and DLS with a well-validated self-report questionnaire.
We examined group differences in performance and relationships between performance on CFSAT and an
existing measure of AF and DLS. We also conducted regression analyses to investigate the associations
between age, 1Q, executive functioning (EF), and CFSAT task performance.

Results: All but one autistic participant were able to complete the CFSAT tasks. Autistic participants made
more errors, but did not take longer to complete the task, than non-autistic participants. Performance correlated
strongly with self-reported AF generally and DLS specifically. The regression analyses revealed that task
performance was associated with EF in the autistic group, but not the non-autistic group.

Conclusions: These results provide preliminary support for the use of a new performance-based ecologically
valid assessment of DLS in an autistic population. Two CFSAT modules were well-tolerated and detected
differences in DLS ability. Strong correlations with an existing measure of AF suggest evidence of construct
validity. The EF was associated with CFSAT task performance in autistic individuals. Such a tool could help
identify individuals who would benefit from a DLS intervention.

Keywords: adaptive functioning, computerized cognitive training, cognition, daily living skills

Community Brief
Why is this an important issue?

For autistic adolescents and young adults, one of the most important predictors of success after high school are
daily living skills (DLS), which are a component of adaptive functioning (AF), or the ability to operate
independently when engaged in day-to-day tasks. However, most of the measures used to assess these abilities
are parent- or child-report questionnaires, which may lack objectivity.

What was the purpose of this study?

The Computerized Functional Skills Assessment and Training program (CFSAT) is an innovative software
program that was designed to teach people how to perform daily tasks that require the use of technology. This
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study piloted two CFSAT modules in a sample of autistic adolescents and young adults. The researchers wanted
to see whether the program could be completed by the autistic participants and whether their performance
related to an existing measure of DLS and other cognitive measures known to be related to AF.

What did the researchers do?

This study piloted the assessment portion of two CFSAT modules in 25 autistic and 25 non-autistic adolescents
and young adults to investigate whether it might be a useful measure of DLS skills in autistic individuals. The
assessment portion of the program gives participants tasks to complete on a virtual ATM and Metro Ticket
Kiosk and records time to completion and accuracy. Participants also used a questionnaire to self-report DLS
and general AF and performed cognitive tasks.

What were the results of the study?

All but one autistic participant were able to complete both tasks. The autistic group made more errors but did
not take more time to complete the tasks compared with the non-autistic group. Performance on the CFSAT was
related to self-reported DLS scores on a questionnaire and to scores on cognitive tasks.

What do these findings add to what was already known?

Previous work recommended computer-based DLS programs for autistic individuals. Since our results suggest
the CFSAT is a viable computer-based program of DLS for autistic adults, CFSAT could help fill a need for
DLS tools that are more applicable to real life than currently available questionnaires. Findings provide
preliminary support that the CFSAT assessment measures DLS and could be a promising program to further
study.

What are potential weaknesses in the study?

Weaknesses of our work include that the measures used in this study only assessed two specific tasks en-
countered in daily living. Data on participants’ real-life experience were not fully collected, so the association
between the amount of real-life experience on these tasks and computer task performance will require further
study. No data asking whether the tasks studied are useful for autistic adolescents and adults were collected. The
study was small and consisted of relatively fewer women, which means that results will need to be replicated in
a larger sample.

How will these findings help autistic adults now or in the future?

This work could eventually pave the way for interventions that improve DLS (including the training version of
the CFSAT) that may be helpful for teaching autistic individuals technology-related functional skills.

Introduction

T HE TERM ADAPTIVE FUNCTIONING (AF) refers to the
ability to independently navigate multiple areas of life.
The AF is typically assessed for domains including com-
munication, social functioning, and daily living skills (DLS).
The DLS include abilities related to personal hygiene, meal
preparation, housekeeping, transportation, and money and
time management.! As one ages, these DLS become in-
creasingly important for independent daily adult life. Indeed,
AF ability and DLS are significant predictors of both post-
secondary educational attainment and everyday outcomes in
autistic adults.”?

A recent study illustrated that DLS plateaued and declined
after high school in an autistic sample.” It is, therefore, crit-
ical to develop methods of assessing and improving DLS to
identify areas where greater supports are needed.

Most AF measures are parent- or self-report questionnaires
that query components of AF, including DLS, across con-

texts. Several well-validated measures of AF and DLS in-
clude the Vineland Adaptive Behavior Scales,” the Adaptive
Behavior Assessment System5 (ABAS), or the Waisman
Activities of Daily Living Scale.® However, these question-
naires rely on subjective reports and could be biased. As-
sessments that simulate DLS tasks in the laboratory provide a
more ecologically valid way to study DLS.

Currently, the few direct assessments that measure DLS
are either outdated for younger particigants (e.g., rely on
writing checks or dialing rotary phones)’ or long.® A recent
review recommended technology-based DLS programs for
autistic adults.” Brief performance-based computer tasks that
measure DLS in contemporary (and increasingly digital)
situations could help identify gaps in DLS and augment in-
formation collected from questionnaires. They do not need to
be administered by a clinician and can enable researchers to
collect real-time data on the cognitive processes underlying
DLS. A few such measures have been examined to date in
autistic individuals.
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To understand DLS and its mechanisms, it is important to
examine other cognitive factors that may be associated with
it. Studies show small or no correlations between IQ and DLS
in autistic samples with above average or average 1Q.'%!2
The DLS have been associated with executive functioning
(EF) ability in autistic samples with average 1Q.'? In fact, a
longitudinal study of autistic children and adolescents found
that participants with lower EF ability at study entry also had
lower DLS scores several years later. Since DLS scores did
not increase as participants got older, EF might be involved in
the progression of DLS ability."?

Given the lack of empirically validated, direct assessments
for DLS in autistic individuals, the current study aimed at
assessing the preliminary feasibility of implementing the
Computerized Functional Skills Assessment and Training
program (CFSAT). Previously validated in older populations
with cognitive and functional challenges (schizophrenia and
mild cognitive impairment; MCI),M’18 CFSAT is a com-
puterized program that first assesses and then teaches adults
to complete technology-based DLS, such as using an ATM or
purchasing transit tickets. Users read prompts and complete
tasks on the virtual interface, with increasingly greater task
demands (Supplementary Fig. S1).

The tasks are first administered as an assessment to de-
termine baseline ability, then form the core of the training
tasks. The CFSAT simulations replicate everyday function-
ally relevant tasks employing digital technology in a lab
setting (or now in remotely deliverable versions). Standard
measures of accuracy and response time provide objective
measures of DLS ability. Although CFSAT cannot measure
AF as comprehensively as a questionnaire that queries all
domains of AF, it is easily and cost-effectively administered
by a computer and realistically simulates elements of DLS.
These strengths make CFSAT a promising tool to identify
people who would benefit from a DLS intervention.

Given that CFSAT has never been used in an autistic
population, the possibility of use with autistic participants
must first be established. To that end, we administered the
assessment portion of two CFSAT modules, which use the
same tasks as the training portion. We hypothesized that
autistic people in our study, who did not have an intellectual
disability, would be able to fully complete the assessment,
even at younger ages than previously studied. We also pre-
dicted that CFSAT would be sensitive to differences in per-
formance, with autistic individuals making more errors and
taking longer compared with non-autistic participants.'

These results would rule out ceiling or floor effects that
would not recommend CFSAT for use in this population. In
addition, we expected that the autistic group’s performance
on CFSAT tasks would correlate with a questionnaire mea-
sure of self-reported general AF and DLS. This would sug-
gest that both assess similar constructs, providing assurance
that CFSAT is a meaningful program for measuring DLS
(and potentially later DLS training). For an exploratory
analysis, we hypothesized that, as previously reported in
autistic participants, 1Q would not strongly predict perfor-
mance in our sample, but EF would be a better predictor.

Methods

As part of a cohort-sequential 5-year study on develop-
ment, participants completed two modules of the CFSAT
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during the second wave of data collection. Inclusion criteria
established during the first wave of the study included having
a community diagnosis on the autism spectrum confirmed by
a DSM-5 Criteria Checklist'® and the Autism Diagnostic
Observation Schedule.?’ Non-autistic participants scored 11
or lower on the Lifetime version of the Social Communica-
tion Questionnaire (SCQ),?' which queries parent recollec-
tion of social behavior and skills when their children were
4-5 years old.

All participants were required to have a full-scale 1Q
(FSIQ) greater than or equal to 70 (although verbal or non-
verbal 1Q could be lower), measured by the Wechsler Ab-
breviated Scale of Intelligence, Second Edition.?*> Females
were recruited at a 1:4 ratio to reflect the autism gender
distribution in the literature at the time.** For complete study
details, see Solomon et al.** Protocol approval was obtained
by the University of California, Davis Institutional Review
Board and written informed consent was obtained from all
participants.

Participants

Twenty-five autistic participants (age: mean 20.0 years,
standard deviation [SD]=2.8) and 25 non-autistic partici-
pants (age: mean=19.5 years, SD=3.2) completed the
CFSAT assessment. The groups differed significantly on
FSIQ (autistic: mean=102.6, SD=15.2; non-autistic:
mean=110.7, SD=9.9) (Table 1). If current questionnaire
data were not available, data from 2 years prior at study
enrollment were used (seven non-autistic, seven autistic
participants for SCQ; two non-autistic, one autistic partici-
pant for Adaptive Behavior Assessment System, Third Edi-
tion [ABAS-3]). Five autistic and seven non-autistic
participants were missing ABAS-3 scores. The Lifetime
version of the SCQ was used, and ABAS-3 scores are age-
adjusted, so previous scores were valid.

Materials

Computerized Functional Skills Assessment and Training
program. Asdescribed in Czaja et al,25 the CFSAT includes
computer-based simulations of everyday living tasks. Each of
the two administered modules consisted of six subtasks with
progressively more challenging demands. For the ATM
module, participants were required to perform tasks such as
checking balances and transferring money. For the Kiosk
module, participants were required to purchase metro tickets,
and add money to existing transit cards.

Real-time completion time data were collected directly by
the program as were total errors. Error feedback was deliv-
ered by repetition of the original instructions in a pop-up,
with four consecutive errors on the same item leading to a
“forced progression’’ to the next item. The CFSAT was de-
livered in person. Four modules were excluded, as these tasks
were targeted for older adults. These modules included
medication management and telephone and Internet pre-
scription refill, which was not relevant to our sample with a
few participants on medication (a medication-free sample
was initially recruited for imaging purposes).

Internet banking was not administered because of the
length of the assessment and time limitations in the current
study. It also bears mention that the two selected modules had
factor loadings in both control and clinical adult populations
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TABLE 1. PARTICIPANT DEMOGRAPHIC AND CLINICAL CHARACTERISTICS
Autistic Non-autistic

Variable n % n % p*
Gender

Male 21 84 19 76

Female 4 16 6 24 0.48

Mean SD Range Mean SD Range

Age (years) 20.0 2.8 15-24 19.5 3.2 14-24 0.51
1Q scores

Full scale 102.6 15.2 74-129 110.7 9.9 94-129 0.08

Verbal 99.7 16.3 58-135 107.5 11.0 85-137 0.07

Nonverbal 104.9 17.7 63-132 111.1 12.2 83-140 0.18
ABAS GACP 854 15.7 58-118 112.1 114 86-120 <0.001
ABAS practical skills® 84.0 15.2 57-110 111.3 12.0 81-120 <0.001
ABAS community use” 6.5 3.8 1-13 11.6 1.9 7-13 <0.001
SCQ° 22.8 5.9 12-33 2.4 2.7 0-9 <0.001
ADOS-2 CSS 79 1.9 4-10 n/a n/a n/a n/a

“Group differences were assessed using a chi-squared test for gender, two-sample #-tests for age, and Wilcoxon rank-sum tests for IQ,

ABAS, and SCQ scores. All tests were two-tailed.

"Data missing for: five autistic and seven non-autistic participants.

“One autistic participant.

ABAS, Adaptive Behavior Assessment System; ABAS GAC, General Adaptive Composite Score of Adaptive Behavior Assessment
System (Self-Report); ADOS-2 CSS, Autism Diagnostic Observation Schedule 2, Calibrated Severity Score; SCQ, Social Communication

Questionnaire; SD, standard deviation; n/a, not applicable.

on the single overall performance latent trait (confirmed with
maximum likelihood tests of goodness of fit) that were sim-
ilar to each other (0.92 and 0.93, respectively) and similar to
the average factor loadings for the other 4 modules (mean
loading=0.89)."”

Adaptive Behavior Assessment System, Third Edition. The
ABAS-3 is a self-report questionnaire that comprehensively
assesses AF.® It provides a General Adaptive Composite
(GAC) score, and composite scores on Conceptual, Social,
and Practical skills. The Practical skills domain—a measure
of DLS—contains skills needed to take care of oneself in
home, work, and classroom settings, address personal and
health needs, and function within a community.

This domain also has a Community Use subscale that di-
rectly queries ATM use. Higher scores reflect stronger AF.
The ABAS-3 is better suited for individuals with higher in-
tellectual ability than the Vineland Adaptive Behavior
Scales” since it covers more advanced abilities and has a self-
report form for those aged 16 and older.

NIH Toolbox Cognition Battery. The NIH Toolbox Cog-
nition Battery?® was used to measure EF and completed at the
same time as the CFSAT. It consists of seven tasks completed
on an iPad and produces scores of Total Cognition (fluid and
crystalized). Unadjusted scores were used to better examine
the independent effects of age.

Analysis

For each participant, CFSAT errors and time to completion
were averaged across the two modules to create overall
measures of performance. Group differences in average er-
rors and completion time were assessed using Wilcoxon
rank-sum tests, given non-normal data distributions. Con-
vergent validity was examined by calculating Spearman’s

rank correlations between average errors and completion
time and self-reported scores of AF and DLS within groups.
Within each group, we used false discovery rate with al-
pha=0.05 to correct p-values for multiple comparisons.

We used linear regression analysis to examine the effect of
NIH Toolbox Total Cognition scores (representing EF),
FSIQ, and age on task performance in the autistic and non-
autistic participants. Thus, for both average errors and aver-
age completion time, we fitted two separate models to
examine the two predictors of interest, NIH Toolbox Total
Cognition scores, and FSIQ, independently. The outcomes
were log transformed to improve distributional assumptions.

The terms included in each model were group (Autistic,
Non-autistic), age (centered at the mean), Total Cognition
score (or IQ, respectively; centered at the mean), and the
interaction between Total Cognition (or IQ, respectively) and
group. The interaction terms between Total Cognition/IQ
scores and group test for differences in the effect of Total
Cognition/IQ scores on performance between groups.

Results

All participants completed both modules except for one
autistic individual who opted to end the Ticket Kiosk module
before completion. This individual asked for help reading and
clarifying the prompts to the extent that administration was
biased. Another autistic participant’s error score on the ATM
module was missing due to an administration error.
A Wilcoxon rank-sum test revealed that the autistic (medi-
an=15.5) group made significantly more errors than the non-
autistic (median=3.5) group (z=3.04, p<0.01), but com-
pletion time did not differ between groups.

In the autistic group, Spearman’s correlations corrected for
multiple comparisons showed that making fewer errors on the
CFSAT were strongly associated with higher General Adaptive
Composite Score of Adaptive Behavior Assessment System
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(Self-Report) (ABAS GAC) scores, p(19)=-0.56, p=0.03
and higher ABAS Practical skills scores, p(19)=-0.54,
p=0.03. Shorter completion times, but not error rates, were
strongly associated with higher ABAS Community Use
scores, p(20)=-0.65, p=0.01.

No correlations were significant in the non-autistic group.
In a post hoc analysis, we examined history of ATM use,
which, as mentioned earlier, is assessed directly in the
ABAS-3, in both groups. Most non-autistic participants had
experience with ATMs (17/18, 94%) versus only a little more
than half of the autistic participants (11/20, 55%).

In the regression analysis using the NIH Toolbox Total
Cognition score to predict task performance, older age was
associated with fewer errors and shorter completion times
(Table 2, Model 1). The interaction between group and Total
Cognition scores was significant, such that higher cognition
scores predicted better task performance in autistic but not non-
autistic participants. In autistic participants, for every 1-point
increase in cognition score, the number of errors decreased by
about 5.4%, and the completion time by about 1.9%.

The pattern for the regression using FSIQ was similar, but
the interaction between group and IQ score did not reach sta-
tistical significance in the model predicting errors (p=0.08).

In a sensitivity analysis restricted to the participants who had
both ABAS-3 and complete CFSAT data, we added real-life
self-reported ATM experience (a question on the ABAS-3),
coded yes/no, to the models. The magnitude of the association
between cognition scores and task performance was similar to
the original analysis, with the number of errors decreasing by
about 6.5%, and the completion time by about 1.8% for every
1-point increase in cognition score in autistic participants.

Discussion

This pilot study investigated a performance-based measure
of DLS by comparing task performance between autistic and
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non-autistic participants and relating performance to existing
measures of DLS (ABAS-3) and EF (NIH Toolbox Cognition
Scores). Virtually all autistic participants were able to com-
plete the two CFSAT modules studied. The autistic group
made more errors but did not differ from the non-autistic
group on completion times. This made more errors correlated
with lower self-reported general AF and DLS in the autistic
group.

Autistic participants who took longer to complete the tasks
also self-reported lower ABAS-3 Community Use scores.
Although 1Q and EF measures correlated in the whole group
[7(48)=0.71, p<0.001], the EF measure predicted CFSAT
performance better than IQ in the autistic group. Neither
measure predicted performance in the non-autistic group.
Although comprehensive data concerning participants’ ex-
perience with the CFSAT tasks were not collected, self-
reported experience using an ATM was added to the models.
This only slightly influenced the magnitude of the relation-
ship between EF and CFSAT performance in autistic
participants.

These data provide preliminary support for using CFSAT
as an assessment of DLS in an adolescent and young adult
autistic population. The program was difficult enough to
detect a broad range of DLS levels without ceiling or floor
effect in the autistic group. The autistic group made more
errors, with more than a quarter of the autistic sample making
as many or more errors than the bottom 5% of the non-autistic
group. Thus, the assessment portion of CFSAT could be used
to identify participants who would most benefit from the DLS
intervention.

The CFSAT errors correlated highly with self-reported AF
and DLS in the autistic group, suggesting construct overlap
between CFSAT and an existing measure of AF. It is nota-
ble that although the tasks tested here were highly spe-
cific, CFSAT errors still also corresponded to a generalized
measure of AF, the ABAS GAC. Faster completion times

TABLE 2. SUMMARY OF THE LINEAR REGRESSION MODELS PREDICTING AVERAGE ERRORS AND COMPLETION TIMES

Errors® Completion time®
Model term Estimate (SE) p Estimate (SE) p
Model 1
Intercept 1.139 (0.140) <0.001 1.898 (0.048) <0.001
Age (years) —0.085 (0.027) 0.003 —-0.024 (0.009) 0.01
Autism diagnosis 0.567 (0.182) 0.003 0.056 (0.063) 0.38
Total cognition —0.004 (0.018) 0.82 —0.002 (0.006) 0.75
Autism diagnosis X total cognition —0.051 (0.020) 0.02 —0.017 (0.007) 0.02
R 60.9% 54.7%
Model 2
Intercept 1.115 (0.135) <0.001 1.900 (0.039) <0.001
Age (years) —0.100 (0.031) 0.002 —0.030 (0.009) 0.002
Autism diagnosis 0.690 (0.190) <0.001 0.076 (0.055) 0.17
FSIQ —-0.001 (0.013) 0.94 —0.004 (0.004) 0.29
Autism diagnosis X FSIQ —0.028 (0.016) 0.08 —0.012 (0.005) 0.01
R? 46.4% 56.0%

We averaged the number of errors and completion times for the two modules. Participants who had data for only one of the modules were
not included in this analysis (two autistic participants for errors models and one autistic participant for completion time models).

“From linear regression models using log transformed number of errors and completion time as dependent variables and the terms listed
in the first column as indegendent variables. All continuous variables (age, Total Cognition, FSIQ) were centered at their mean before being
included in the models. R represents the percent of the total variability in the outcomes explained by each model. The results were similar
when real-life self-reported ATM experience (a question on the ABAS-3), coded yes/no, was added to both models.

ABAS-3, Adaptive Behavior Assessment System, Third Edition; FSIQ, full-scale 1Q; SE, standard error.
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correlated with the ABAS subscale that measures ATM use in
real life (no data on real-life ticket machine use was avail-
able). This suggests that familiarity with an ATM could in-
crease speed. For those without experience using an ATM, a
program such as the intervention part of CFSAT could in-
crease familiarity in a controlled, safe setting.

Given that EF ability has been shown to predict DLS,"?
results of regression analyses using NIH Toolbox Total
Cognition scores as a measure of EF were not surprising.
Toolbox scores were a significant predictor of CFSAT per-
formance in autistic but not non-autistic participants. Given
this association, it is possible that interventions that improve
EF could also promote DLS, or, as previously reported,*’
training on DLS with the CFSAT could exert a beneficial
effect on EF.

This study is limited by a small sample size, which con-
strains the analyses conducted and the breadth of conclusions
that can be drawn. The CFSAT may not be appropriate for
autistic people with an intellectual disability. The study was
also initiated before recent work, suggesting a more even
gender distribution®° and thus our autistic participants may
not be fully representative.

Finally, with more extensive data about prior technology
use in our sample, the researchers could have examined how
familiarity with the task affected performance, which is an
interesting future direction. In the current study, only 55% of
autistic participants reported prior experience using an ATM.
A further documented lack of experience with these
technology-based DLS tasks would speak to the need for a
program such as CFSAT.

In conclusion, CFSAT appears to provide a way to mea-
sure DLS in autistic adults without intellectual disability.
Although this study only looked at two DLS, using an ATM
and a Metro Ticket Machine, new CFSAT modules that
simulate other important DLS (e.g., mobile phone usage,
online shopping, and arranging home deliveries) have been
developed in later editions of the CFSAT. Thus, in the future,
it may be possible to implement a wider array of modules
with autistic people. The intervention portion of CFSAT
could be used to scaffold the development of important life
skills, including those that are reliant on practice.
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