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Introduction Declines in memory and executive functioning often lead to difficulties
completing instrumental activities of daily living (IADLs). Prompting technologies have
the potential to help promote aging in place by providing support for the initiation and
accurate completion of IADLs. In this study, we evaluate preferences of older adults for
different levels of prompting support based on subjective and objective measures of cog-
nitive functioning. Method Participants were 170 community-dwelling older adults split
into two cognitive complaint groups: cognitive complaints and few cognitive complaints.
After completing six IADL tasks (e.g., organize a pillbox, cook), each participant was
asked to make a specific error (e.g., leave stove on) on three of the tasks. They were then
prompted to correct the error with one of three different prompt modes: verbal indirect,
verbal direct, multimodal verbal direct and video. Results The cognitive complaints
group reported greater preference for the multimodal prompt compared to the few cogni-
tive complaints group. The indirect prompt was the least preferred by both groups. Fur-
thermore, participants who recalled less on objective memory measures preferred more
support in terms of prompt mode. Executive functioning did not appear to be related to
prompt preference. Conclusion Level of subjective cognitive complaints and objective
memory performance may influence amount of support preferred in a prompt.
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As people age, declines in memory and execu-
tive functioning often lead to difficulties com-
pleting instrumental activities of daily living'
(IADLs), including cooking and managing financ-
es’. Given that the U.S. older adult population
is projected to double by 2050°, the number of
adults requiring assistance with IADLs is also an-
ticipated to increase significantly. Intact IADLs
enable older adults to age independently in their
own living spaces®, which is a goal of significant
importance to many older adults®®. Appropriate
and acceptable technology-based interventions
may provide a means by which older adults can
age successfully in their own homes even in the
face of functional declines.

Compared to nursing homes or other external fa-
cilities, research shows aging in place is benefi-
cial to the health and well-being of older adults™
and reduces personal and public expenditures
for health care and services®. Prompting technol-
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ogies have the potential to help promote aging in
place by providing support for the initiation and
accurate completion of everyday activities of
daily living, thereby maintaining safe and healthy
independent living'®™. In this study, we evalu-
ate preferences for different levels of prompting
support (i.e., indirect, direct, multi-modal) using
subjective and objective measures.

Prompting technologies are devices that deliver
verbal and/or visual cues to a user in order to
help the user initiate, correct, or complete activi-
ties independently’. They can range from sim-
ple reminders delivered automatically at regular
intervals (e.g., alarm set on phone), to more com-
plex alerts involving machine learning algorithm
systems that provide context-aware prompting"
(e.g., reminder to take pills after breakfast is
complete). Although simple time-based prompt-
ing systems are useful'!, these systems may de-
liver prompts when the user is involved in other
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activities, thereby limiting the ability of the user
to initiate or carry out the prompted task at that
given time, reducing the likelihood of task com-
pletion'®. More complex machine learning algo-
rithm systems attempt to adjust for this by using
sensors and other technologies to learn and
track an individual’s behavior'®'?'3. These sys-
tems can prompt users at appropriate times (e.g.,
when they are not engaged in other activities)
and when necessary'”"" (e.g., when user leaves
the stove on). For example, Pollack et al., de-
veloped a machine-learning prompting system,
called Autominder'®. The device will schedule
and remind users to take their medication, but
also take into account their pre-programmed dai-
ly schedule, such as their favorite television show,
in order to not send reminders that conflict with
another task a user is engaging in.

Multiple studies have found prompting devices
can help individuals maintain performance of
everyday tasks such as taking medications and
hand washing®'%?°. Prompts can be delivered
by different modes, including: text*!, audio®?,
video?®, or a combination of these methods'*?.
For example, Wade and Troy had five individuals
with traumatic brain injury pick specific IADLs
as targets (e.g., making lunch), and then person-
alized audio prompts were delivered through a
mobile phone to improve performance complet-
ing the IADLs?. Participants and their caregivers
constructed the wording of prompts and picked
their target IADLs. After 12 weeks, caregivers
reported that each participant significantly im-
proved performance on their target IADLs and
benefitted from their specific prompt. Thus, dif-
ferent individuals may require different types of
prompts. While different types of prompts have
been shown to help individuals maintain per-
formance on IADLs, there is little known about
what type of prompt mode is preferred.

Without assistive technologies, a family member
or friend often needs to provide cues or prompts
to help an individual initiate or complete IADLs.
The level of assistance required is often per-
ceived as burdensome, leading to significant
caregiver stress, burnout, and depression?®. In
an attempt to reduce caregiver support required,
researchers have investigated the relationship
between prompt level and cognition, using grad-
ed cue hierarchy systems'®*. Graded cue hierar-
chy systems start with prompts that provide less
assistance and then move on to more directive
prompts if needed. With these systems, the user
only receives the assistance required, thereby,
promoting independence.

Seelye and colleagues incorporated a graded
cue hierarchy into technology-based prompts to
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assist with IADL completion (e.g., changing light
bulb, cooking oatmeal)'®. For example, when
individuals with multi- or single-domain MCI
(Mild Cognitive Impairment) and healthy older
adults experienced difficulty with IADL comple-
tion, they received a pre-programmed prompt
initiated by the experimenter through a laptop
computer system. The prompting hierarchy be-
gan with a verbal indirect prompt that oriented
the individual back to the task (e.g., “the oatmeal
may burn if the stove is left on”), followed by
a verbal direct prompt (e.g., “you can turn the
stove off now”), and then a multimodal prompt
(e.g., a video of a person appeared on computer
screen turning the knob on the stove to the off
position, along with a verbal direct prompt), if
additional assistance was needed. Results re-
vealed that multi-domain MCI participants
nominally required significantly more prompts
to accurately complete IADLs compared to
single-domain MCI and healthy older adult par-
ticipants. However, there was no significant dif-
ference in the average level of prompt needed,
with all participants responding equally well to
the lowest level of prompting available: indirect
verbal. These findings suggest that an indirect
prompt may be enough to orient individuals
with MCl back to the task. Similarly, in a sample
of individuals with Parkinson’s disease without
dementia and healthy controls, Foster found
that only a low level of cueing was necessary to
facilitate IADL completion on the Performance
Assessment of Self-care Skills, which assesses
IADL completion within a laboratory context?’.
Although these studies identified the lowest level
of prompt assistance required to support the ac-
curate completion of IADLs, these studies did
not examine prompt preferences.

In considering prompt preference, self-efficacy
is generally described as an individual’s belief in
their capacity to execute behaviors and tasks??.
Individuals with lower self-efficacy, compared
to individuals with higher self-efficacy, are more
likely to prefer to use strategies (e.g. lists, remind-
ers) to complete everyday tasks’*?!. Assistive
technologies, such as prompting devices, can
be considered helpful strategic devices that can
assist individuals with completing IADLs accu-
rately?. An individual who has low self-efficacy
for their everyday cognitive functioning should
be more likely to endorse requiring extra assis-
tance®. Several studies have found a significant
positive relationship between self-efficacy and
objective measures of cognitive ability’***. Thus,
both subjective and objective measures may in-
fluence preference of prompt support level, such
that individuals who have stronger cognitive abil-
ities and/or perceive their cognitive abilities to be
strong will report liking a less supportive prompt.
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Abandonment rate of assistive technology is high
and older adults are more likely to utilize tech-
nologies they like and find beneficial'*. Therefore,
it is important to understand the preferences of
older adults, with and without cognitive impair-
ment, to establish and preserve use over time.
The purpose of the current study is to evaluate
preferences for different prompt modes among
older adults with and without cognitive difficul-
ties. We were especially interested in whether
perceived and objective level of cognitive abil-
ity influences preference for type of prompt. The
current study uses the same prompt modes as
Seelye and colleagues (i.e., verbal indirect, ver-
bal direct, and verbal direct/video multimodal
prompts) to evaluate prompt mode preference'®.
In accordance with self-efficacy theory, we hy-
pothesized that participants will show preference
for higher levels of prompt support as their self-
reported, or perceived, cognitive functioning de-
clines. Furthermore, we hypothesized that par-
ticipants who perform more poorly on objective
cognitive measures will also show preference for
a greater supportive prompt mode. Since execu-
tive functioning measures and memory meas-
ures have been found to significantly predict per-
formance on IADLs!, the current study focuses
on these cognitive factors and their relationship
with prompt mode preferences.

MetHoD

Participants

Participants were 170 community-dwelling older
adults. Participants were recruited through health
and wellness fairs, local referrals, advertisements,
and from past laboratory studies. To exclude older
adult participants who were likely to meet crite-
ria for dementia, participants were first screened
over the phone with a medical interview and
the ‘Telephone Interview for Cognitive Status'™.
Those who passed the initial screening were in-
vited to complete a battery of standardized and
experimental neuropsychological tests and com-
pleted IADL tasks in a campus apartment con-
verted into a research testbed and outfitted with
smart technology (e.g., infrared motion detectors).
Participants were compensated with a report
documenting their performance on the neuropsy-
chological tests, parking, and travel. This protocol
was reviewed and approved by the Institutional

did not meet criteria for dementia according
to criteria outlined by the National Institute of
Neurological and Communicative Disorders
and Stroke and the Alzheimer’s disease and Re-
lated Disorders Association®®. See Table 1 for a
breakdown of medical diagnosis and how many
participants fell within each diagnostic category.
Classification as MCI was established by consen-
sus of two experienced neuropsychologist using
established criteria®, Parkinson’s disease by a
board certified neurologist with specialization
in movement disorders, and stroke, TBI (Trau-
matic Brain Injury) and other medical conditions
(e.g., cancer) through participant self-report. In
the present study, we chose not to focus on par-
ticular medical diagnoses of participants; rather,
we opted to focus on subjective and objective
measures of cognitive and functional difficulties.

Procedure

Participants were first given a 3-hour battery of
neuropsychological tests. One week later, par-
ticipants completed six different IADL tasks in
a campus apartment testbed. These tasks in-
cluded: organizing a pillbox, sweeping & dusting,
using the microwave in a cooking task, wash-
ing a countertop, watering plants, and washing
their hands. After participants experienced each
task they were requested to complete three
of the six tasks again, but this time they were
asked to make a specific error (e.g., leave stove
on when cooking, leave water on when wash-
ing hands). After participants completed the re-
quested error, experimenters watching live video
feed in a control room upstairs intervened and
delivered a prerecorded prompt through either
a tablet or smart phone that was placed on par-
ticipants’ non-dominant forearm. All participants
experienced each of the three prompt modes
(i.e., indirect, direct, and multimodal). The ac-
tivities prompted and the prompt modes were
randomized and counterbalanced to control for
activity and order effects. The indirect prompt
was a verbal prompt that oriented the participant
back on task, but did not tell them what their
mistake was (e.g. “the oatmeal may burn if the
stove is left on”). The direct prompt was a verbal
prompt that told the participants exactly what to
do (e.g. “you can turn the stove off now”). For
the multimodal prompt, the device (tablet or

Review Board at Washing-
ton State University.

Table 1. Frequencies of participant diagnoses (n=170); FCC=Few Cognitive

Complaints; CC=Cognitive Complaints

The majority of par- Parameter Raw % cC FCC
ticipants recruited were Healthy older adults 114 67.1 41 73
healthy ~ older  adults Mild cognitive impairment 20 11.8 17 3
(n=116). The sample also Parkinson’s disease 12 7.1 6 6
included fifty-four indi- Stroke 6 3.5 6 0
viduals with various medi- Traumatic brain injury 5 2.9 3 2
cal conditions (n=54) that Other medical conditions (e.g. cancer) 13 7.6 12 1
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phone) beeped first to orient the participant to
the device, then the device showed a video of
what needed to be done, along with providing
a verbal direct prompt. After participants expe-
rienced each prompt mode they were asked to
indicate which prompt mode they liked best.

Measures

The Patient Reported Outcomes Measurement
Information System?® Applied Cognition-Abilities
Short Form was used to measure subjective cog-
nitive complaints. Participants used a 5-point
Likert scale (1=not at all; 5=very much) to rate
their experienced difficulties during the past
seven days on eight questions pertaining to dif-
ferent aspects of cognitive functioning, including
memory and executive functioning. Participant
scores were summed across questions to create
an aggregated total score for each participant.

Derived immediate and long delay story re-
call scores from the Memory Assessment Scale
(MAS)*? were used to provide information about
objective memory abilities. The MAS Story
Memory subtest requires participants to learn
and recall a short story. The full original story
was determined to have 18 ‘units’ of information
that a person could freely recall (e.g., '3 men’,
‘Volkswagen’, ‘2:30). The total numbers of ‘units’
recalled both immediately and after a 30-minute
delay were used as measures of immediate and
delayed memory.

To provide information about participants’ exec-
utive functioning abilities, the switching scores
from the Verbal and Design Fluency subtests
of the Delis-Kaplan Executive Function Sys-
tem?® were used for analyses. The Verbal Flu-
ency Category Switching task requires partici-
pants to switch back and forth between naming
a fruit and then a piece of furniture. The total
number of times participants were able to cor-
rectly switch between fruits and furniture was
used for analyses. The Design Fluency Switching
task requires participants to connect dots using
4 straight lines, alternating each line between a
filled dot and an empty dot. The total number of
boxes that participants correctly connected was

complaints. A chi-square test of independence
was then used to determine whether the rela-
tionship between preferred prompt and classifi-
cation of cognitive complaints and few cognitive
complaints is independent or if the variables are
significantly associated. For objective cognitive
abilities, Spearman correlations were used to ex-
amine the relationship between objective meas-
ures of memory and executive functioning and
prompt preferred. A hierarchical regression was
also performed to determine whether memory
and executive functioning measures would pre-
dict prompt preference, over and above demo-
graphic variables (age, education and gender).

Resutts

Subjective cognitive complaints

To create two groups that differed in self-report
of cognitive difficulties, participant scores on the
PROMIS Applied Cognition questionnaire were
first split down the median (Mdn=31). Partici-
pants reporting scores of 32 or higher were clas-
sified as having ‘cognitive complaints’, consistent
with the fact that the scores of participants in this
group fell 1.5 standard deviations or more above
the mean of the normative population. Partici-
pants who reported scores of 31 or below were
classified as having ‘few cognitive complaints’.
As seen in Table 2, independent t-tests revealed
the self-reported cognitive complaints groups
did not differ in mean age or education.

Compared to the few cognitive complaints group,
participants in the cognitive complaints group
not only self-reported more cognitive difficulties
but also performed significantly more poorly on
both the immediate and delayed prose memory
measures and the DKEFS Verbal Fluency switch-
ing measure, with moderate and small Cohen’s
d effect sizes, respectively (Table 2). The two
groups did not differ significantly on the DKEFS
Design Fluency subtest switching measure.

A chi-square test of independence examining pre-
ferred prompt and level of self-reported cognitive
complaints was significant, X*(2,N=170)=7.569,
p=0.023. The adjusted residuals method was
used in order to evaluate individual cell contri-

used for analyses.

Table 2. Demographics and cognitive measures by cognitive complaints groups;

Analyses

For perceived level of cog- 2=n<85; *=p<0.05

CC=Cognitive Complaints (n=85); FCC=Few Cognitive Complaints (n=85);

nitive difficulties, a median

MeanzStandard deviation

split on the PROMIS Ap- Farameter cC FCC ! d

plied Cognition question- Age 66.76£8.92  67.24+8.55  -0.351 0.056
naire*® was first conducted  Education 16.38+2.36  16.55+2.38  -0.486 0.072
to classify participants into  Immediate prose memory | 7.734#2.49°  9.15%2.62°  -3.58*  0.556
two cognitive complaints Delayed prose memory 7.44+2 742 8.87+2.50° -3.53* 0.545
groups:  cognitive com- Verbal fluency 11.84+3.54  13.04%3.41  -2.25% 0.345
plaints and few cognitive Design fluency 7.17+2.58° 7.41+2.26 -0.643 0.099
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Table 3. Preferred prompt level percentages

Complaints group Prompt level preferred, %
Indirect Direct Multimodal

Cognitive 15.3 353 49.4

Complaints

Few Cognitive 25.9 44.7 29.4

Complaints

butions to the chi-square results*'**. A Bonfer-
roni correction was used in order to maintain an
appropriate Type | error rate*'. There are 6 cells
in the 2x3 contingency table; therefore the alpha
was set at approximately 0.008 (0.05/6), which
corresponds to a critical value of +/-2.6.The find-
ings indicated that the amount of participants
who preferred the multimodal prompt was signif-
icantly larger in the cognitive complaints group
(49.4%) and significantly smaller in the few cog-
nitive complaints group (29.4%) than would be
expected by chance (adjusted residual=2.7). As
seen in Table 3, the few cognitive complaints
group preferred the direct prompt (44.7 %) to the
other two prompts. Additionally, for both groups,
the least liked prompt was the indirect prompt.

Objective measures

To examine the relationship between objective
measures of memory and executive functioning
and prompt preferred, Spearman correlations
were performed. Spearman correlations were se-
lected because the data were not normally distrib-
uted and prompt preference was coded as a rank
order: 1 indicating the indirect prompt, 2 indicat-
ing the direct prompt, and 3 indicating the mul-
timodal prompt; therefore, the higher the num-
ber, the more support the prompt was thought
to give. Also, since age, education, and gender
were not associated with prompt preference

tioning measures were significantly correlated
with prompt preference.

To determine whether the memory and execu-
tive functioning measures could predict prompt
preference, a hierarchical regression was per-
formed. Age, education, and gender were en-
tered in Block 1, followed by memory and ex-
ecutive functioning measures in Block 2. The
hierarchical regression revealed that the demo-
graphic variables, F(3,160)=0.076, p=0.973, did
not explain significant variance in prompt mode
preference, accounting for only .1% of the vari-
ance. In contrast, the executive functioning and
memory measures explained an additional 9.8%
of the variance and the change in R? was sig-
nificant, F(4,156)=2.454, p=0.020. The only sig-
nificant cognitive predictor of prompt preference
was the delayed prose memory score, B=-0.251,
t=-2.143, p=0.034. Next, to determine whether
the memory measures would account for signifi-
cant variance over and above the executive func-
tioning measures, a hierarchical regression was
conducted with demographics entered in block
1, followed by the executive functioning meas-
ures in block 2 and then the memory measures
in block 3. The regression analysis revealed that
together the demographic and executive func-
tioning measures only accounted for 2.6% of the
variance, with the memory measures accounting
for an additional significant 7.3% of the variance,
F(2,156)=2.454, p=0.020. The regression statis-
tics are displayed in Table 4.

DiscussioN

In this study, community-dwelling older adults
performed IADLs in a naturalistic setting. While
completing IADLs, participants performed

(age: r=-0.037, p=0.634;
education: r=0.002, p=
0.983; gender: r,=0.005, regression; *=p<0.05

Table 4. Demographics, executive functioning, and memory hierarchical

p=0.946), these variables “Model # |Parameter B t R? F AR?
were not controlled for in 1 0.001 0076

these analyses. The MAS Age 20.011 -0.141

immediate, r,=-0.200, p= Education 20.027 -0.346

0.010, and MAS delayed, Gender 0.023 -0.286

r,=-0.222, p=0.004, prose 2 0.026 0.844 0.025
recall measures were both Age -0.031 -0.345

negatively correlated with Education -0.039 -0.492

prompt preferred.  This Gender -0.029 -0.369

suggests that as partici_ Verl?al Fluency 0.107 1.189

pants recalled less on both Design Fluency -0.164 -1.858

memory measures, they 3 0.099 2.454 0.073
preferred more support Age -0.071  -0.81

in terms of prompt mode. Education -0.003 -0.041

In contrast, neither the Gender -0.083 -1.053

DKEFS verbal switching, Verbal Fluency 0.162  1.809

r,=-0.058, p=0.453, or de- Design Fluency -0.161  1.879

Ssign switching, r.=-0.082, MAS immediate free recall  -0.052  -0.44

p=0.290, executive func- MAS delayed free recall 0.251 -2.143*
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scripted mistakes and were provided with dif-
ferent levels of prompt support by the experi-
menter through an electronic device to rectify
the mistakes. Subjective self-report and objec-
tive neuropsychological measures were used
to determine the relationship between memory
and executive functioning and prompt support
level preferences. Findings revealed that indi-
viduals who self-reported experiencing cognitive
problems desired a prompt mode that provided
more support (i.e., a direct verbal cue and video
showing them exactly what to do) compared to
individuals who self-reported experiencing less
cognitive problems. The results further indicated
that difficulties with memory, in comparison to
executive functioning, were an important cogni-
tive factor influencing the level of support a per-
son desired.

According to self-efficacy theory literature?®??,
individuals who have lower self-efficacy for their
ability to complete a task accurately and inde-
pendently are more likely to prefer and/or use
external aids*®?'. Consistent with this theory, we
found that participants who self-reported cogni-
tive problems were more likely to prefer a great-
er level of support (i.e., multimodal) then those
who self-reported fewer cognitive complaints
(i.e., verbal direct prompt). The lowest prompt
support level, the indirect prompt, was the least
preferred prompt level by both groups.

Although previous studies'®?” found low levels
of prompt assistance (e.g., indirect) aided in the
accurate completion of IADLs, these studies did
not evaluate whether participants liked the in-
direct prompt. This may indicate that although
the indirect prompt is sufficient for allowing
individuals to correctly complete tasks, a more
directive prompt appears to be the more desired
type of prompt. This could reflect the fact that
the direct prompt reduces ambiguity and the
need for an individual to infer what they should
do. Such ambiguity may provoke anxiety in an
individual. Further, individuals are more likely to
use prompting devices if it improves their self-
efficacy®. Therefore, individuals may feel the in-
direct prompt offers too little support and may
not improve their own judgment of self-efficacy
for accurately completing IADLs.

Both executive functioning and memory meas-
ures have been shown to significantly predict
performance on IADLs". Difficulties with mem-
ory and executive functioning could therefore
impact a participant’s choice of prompt mode
to assist with IADL completion. However, we
found that memory measures significantly cor-
related with preferred prompt support level,
while executive functioning measures did not.
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As participants performed more poorly on mem-
ory measures, they indicated preferring more
support in a prompt, while executive function-
ing measures appeared to not affect preferred
prompt support level. Furthermore, a hierarchi-
cal regression revealed that memory measures
significantly predicted type of prompt preferred,
after controlling for demographics and executive
functioning measures. These findings suggest
that, compared to executive functioning, mem-
ory is an important cognitive factor influencing
the level of support a person may prefer in a
prompt mode. Individuals experiencing memory
difficulties might be concerned that they may not
correctly remember what they need to do, thus
preferring higher levels of support in a prompt.

These findings also suggest that prompting sys-
tems may work best if flexibility is built into the
system. As individuals experience greater levels
of cognitive difficulties, our findings suggest that
they may prefer to have prompts that supply a
higher level of cognitive support. In addition, in
both the cognitive complaints and few cogni-
tive complaints groups, there were a consider-
able amount of participants that preferred each
of the three prompt modes. This may indicate
that there are significant individual differences in
preference for prompt mode and building flex-
ibility into a prompting system may increase user
satisfaction as well as longevity.

Limitations of the present study include a sam-
ple of predominately highly educated, Caucasian
participants living in the USA, which limits the
generalizability of our findings. A less-educated
sample may not react to different prompt support
levels in the same ways as a more educated sam-
ple because they may be less comfortable with
using technology. To address this, future studies
should aim to examine preferences of prompt
support level in more diverse samples. Addition-
ally, although this study is set in a naturalistic
apartment testbed, this may not be reflective of
an individuals’ everyday environment. For ex-
ample, there were no interruptions, distractions,
and participants did not have to switch between
different tasks while completing these scripted
IADLs. Altogether, these factors may cause the
IADLs to not be as challenging as a normal home
environment, which may cause participants to
have altered reactions to different prompting
support levels. Future studies should assess pre-
ferred level of prompt support while completing
IADLs in the home environment.

Naturalistic assessment of older adults using as-
sistive technologies is an innovative way to un-
derstand and improve independence in healthy
aging. Assistive technologies, such as prompt-
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ing devices, have the ability to help older adults
stay in their homes for longer and ag in place
benefitting the health of older adults™, lessening
personal and public expenditures®, and reducing
the amount of caregiver burnout®. Prompting
technologies can help older adults initiate and
accurately complete IADLs with more independ-
ence'"™. Yet, there is a high rate of abandon-
ment of assistive technology; and older adults
are more likely to utilize technologies they like

and find useful™. These data suggests that indi-

viduals reporting subjective cognitive complaints
and experiencing objective memory difficulties
may prefer greater levels of support in a prompt.
This may be relevant information for future in-
vestigators and creators of prompting devices to
recognize. Future research is needed to further
understand factors that contribute to the prompt
preferences of older adults to better preserve use
of assistive technologies over time.
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