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As the older adult population continues to expand, the demands on the healthcare system intensifies, necessi-
tating the development of technologies that effectively accommodate the requirements of older adults. While
Artificial Intelligence (AI) systems hold promise as a solution, they have not been designed to accommodate the
sensory and cognitive changes typical of aging individuals. The current study investigates the use of an Al-
powered communication device for the assessment of neuropsychological tests to an older adult population.
Twenty-four (twelve females) older adult participants completed three memory tasks using the Al device: logical
memory, poem recall, and the backward and sequencing digit span tests. Significant negative correlations were
found between the age of the participants and performance on the Logical memory and digit span tests. The Al
device effectively identified age-related memory changes comparable to those observed with human adminis-
trators. Implementing this technology in healthcare offers several advantages: alleviating healthcare pro-
fessionals' workload, improving standard of care by reaching underserved populations, and facilitating

continuous screening for early identification of prodromal stages of neurodegenerative diseases.

1. Introduction

Aging, caused by the accumulation of damage in cells over time, is a
natural and progressive process that occurs in every human being. With
senescence, physiological changes in all organ systems emerge. Over the
course of a lifetime, organ function begins to decline, leading to a
cascade of age-related diseases and conditions. The risks for neurode-
generative conditions and diseases significantly increases with age and
many older adults live with multiple comorbidities (Guo et al., 2022).
Currently, societies across the world are facing a looming health crisis
with an increasing aging population, mostly attributed to the “baby
boomer” generation. By 2030, one in six people in the world will be 60
years or older (World Health Organization, 2022), and in Canada and
the US this number will be even larger with one in four and one in five
respectively (US Census Bureau, 2018). Facilities for long-term senior
care, more commonly used in North America, soon will not be capable of
accommodating for this aging population. Two important repercussions
are of concern. First, a growing cohort of older adults will not have
access to the limited assisted living options thus, increasing the time that
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this population will be living independently. Second, the health care
workforce will encounter unprecedented strain due to escalating care
demands. One solution that can alleviate these concerns is the integra-
tion of artificial intelligence (AI) systems into the everyday lives of older
adults and their caregivers. In general, Al will allow for remote acces-
sibility, enabling better quality of life for older adults living at home.
Furthermore, these devices can help augment the abilities of health care
professionals; as a result, workloads can be decreased while increasing
productivity.

Advances in Al have led to ‘superhuman-level’ performance in
different tasks. This was made clear over two decades ago, in 1997,
when IBM's Deep Blue computer defeated the world's top-ranked chess
player, Garry Kasparov. Significant changes have taken place since the
era of Deep Blue. Most notably the computer power, the amount of data
that is available for training and analyses, deep learning enabling
models to learn hierarchical representations of data, and cloud
computing (Dean, 2022). Although Al is still far from replicating the
complexity of the human brain, Al has been successful at completing
distinct tasks at a level outperforming humans (Mnih et al., 2013, 2015).
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For example, billions of people around the world use face and voice
recognition systems and benefit from the use of Google's search engine,
Google maps, Google Lens, Google assistant or Google Home, and (more
currently) ChatGPT, together with a vast amount of other AI powered
systems. Although less notoriously but more importantly, Al systems
have revolutionized scientific research, medical imaging, and healthcare
(Yu et al., 2021; Sirilertmekasakul, Rattanawong, Gongvatana, & Sri-
kiatkhachorn, 2023). Because of Al's capacity to gather, process, and
analyze large amounts of data, it can produce meaningful information
and form reliable predictions. In healthcare, Al has not only improved
workflow in healthcare facilities, but it has been particularly valuable at
detecting meaningful changes in a patient's health at early stages,
achieving high diagnostic precision, and reducing false positives (Ardila
et al., 2019; Kaiser, Hitzl, & Iglseder, 2014; McKinney et al., 2020; Yu
et al., 2021). In research, neuroscientists have used Al to gain deeper
understanding into the human brain and to enhance the accuracy of
diagnoses for neurodegenerative conditions such as Parkinson's (Park,
Kim, Kim, & Lee, 2020) and Alzheimer's disease (Chen et al., 2020).
Overall, Al has accelerated the pace of scientific research and healthcare
delivery while simultaneously improving precision.

Unfortunately, even when societies are facing a crisis with a rapid
growth of an older population, the technological industry has placed
little attention to gerontechnology (defined as software and devices built
with the focus to fulfill the needs of older people; Chen, 2020). The
currently available Als are not suitable for older adult populations as
they are not user friendly, nor designed for a population in which sen-
sory abilities (i.e. vision, audition, and touch) decline with an increase in
age (Volter et al., 2021). In 2022, the WHO warned about the risks of
ageism in AI (World Health Organization, 2022). They stated that age-
ism may be encoded in the data of Al powered systems. For example, it is
likely that some AI devices are trained on data derived from younger
populations due to a younger generation that is familiar with techno-
logical devices. Training, validation, implementation, and assessment of
these systems in older adults is needed. The WHO further remarks on the
fact that speech recognition systems have left older adults at a disad-
vantage, as Als are optimized with speech patterns of the average young
adult. In fact, Als for speech recognition are less accurate at identifying
older-adult voices when compared to younger populations (Kwon et al.,
2016). Older adults appear to have a different notion of an Al device,
they do not see the benefit or value in them (Trajkova & Martin- Ham-
mond, 2020), and as a result less speech data has been gathered from an
older adult population. Furthermore, Al devices must account for the
differences in speech patterns that appear with aging. Older adults tend
to have slower: articulation speed (Lee, 2011), speech rate (Lee, 2011),
fainter pitch (Kim, 2003), and poorer speech intelligibility (Kwon et al.,
2016). Moreover, in an older population there is the prevalence of
neurodegenerative diseases such as Parkinson's in which speech im-
pediments such as hypophonia and dysarthria are common. Speech
recognition systems must also account for hearing loss, as older pop-
ulations hearing sensitivity diminishes (Glyde, Hickson, Cameron, &
Dillon, 2011). It is critical, therefore, to develop speech recognition
devices that account for these sensory deficits found commonly in an
older population (Pacala & Yueh, 2012). The use of speech devices in
aging research and in health care in general should be versatile to
include simple tasks, such as medication reminders, or complex ones
such as administrating cognitive or neuropsychological tests. Such a
device could help with the current and looming health care crisis. It will
reduce workload and avoid burnout of health care providers.

In this study, we assessed an Al-powered speech device: Audio Board
for Robotics and Automation (ABRA; Reverb Robotics, Lethbridge,
Alberta, Canada) as a tool for research and health care in an older
population. Despite the expected limitations we would face when col-
lecting data from an older population (i.e. lower accuracy for speech-to-
text, difficulty for the user to hear the output, and various other char-
acteristics about older adults' speech that may prove challenging for the
Al device to understand), we chose to use state-of-the-art artificial
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neural networks for speech understanding and speech output to allow
two-way voice communication between the human and the system.
Specifically, ABRA was used for the assessment of commonly used
neuropsychological memory tests (the Weschler's memory scale and the
digit span test). Understanding the shortcomings of these state-of-the-art
models will help inform how to better improve them when targeting a
specific population such as older adults. We hypothesized results from
the neuropsychological tests administered by ABRA would be reliable
enough such that it could be used to aid the human health care worker in
data collection.

2. Methods
2.1. Participants

Twenty-four older adult participants (12 females and 12 males) be-
tween the ages of 63 to 78 (M = 70.6, SD = 4.7, Mdn =71) took part in
the study. A priori power analysis was conducted using G*Power (Faul,
Erdfelder, Buchner, & Lang, 2009) to determine the required sample
size. Although power calculations were performed for multiple effects
observed in our preliminary investigation, our target sample size was
based on the analysis requiring N = 23 participants. This calculation was
derived from the significant correlation found between participant age
and Logical Memory delayed recall scores (r = 0.53). This specific
analysis was chosen as the primary basis for the sample size determi-
nation because it represents a key preliminary finding related to age
effects, and the required N of 23 is slightly more conservative than
calculations based on other significant effects observed (e.g., N = 19 for
age/digit span correlation; N = 8 for immediate/delayed unit scores). A
correlation analysis (¢ = 0.05, Power = 0.80, two-tailed) indicated a
minimum N = 23. Participants lived independently, were able to give
informed consent, and to complete all testing. They were also absent of
speech or hearing impairments, and without any diagnosed neurological
conditions. Educational attainment was evenly represented among
participants, with comparable numbers across high school (n = 6),
college(n = 7), bachelor's (n = 5), and graduate (n = 6) levels.
Furthermore, all participants were Caucasian, with 79 % of them being
retired and 83 % married. Recruitment solely happened through word-
of-mouth around the Lethbridge community primarily via the experi-
menter's personal and professional connections. Some of the participants
had previously taken part in other research studies at the University of
Lethbridge, indicating familiarity with the research process and a will-
ingness to participate in cognitive testing. The experiment was approved
by the University of Alberta Research Ethics Board 2 through the Alberta
Research Information Services System.

2.2. Al system-hardware and software

All memory tests consisted of speech interactions between the
participant and the ABRA. The following sections outline the hardware
and software used to develop the speech interaction.

2.2.1. Hardware

The speech interaction device utilized in this study was an end-to-
end hardware and software platform supplied by Reverb Robotics Inc.
(https://reverbrobotics.ca). The single-board computer was equipped
with custom audio hardware, comprised of four high-resolution digital
microphones and speaker output. The microphones enabled ABRA to
capture voice input for speech recognition, whereas the speakers played
audio, and executed text-to-speech functions. To facilitate user inter-
action, the board, microphones, and speaker were housed within a
custom 3D-printed case (see Fig. 2) so that users could engage with it as
a self-contained unit.

2.2.2. Software
The provided system bundles state-of-the-art artificial neural
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networks for speech recognition, natural language understanding, and
speech output to allow two-way voice interaction between humans and
machines (see whitepaper for details: https://reverbrobotics.ca/wh
itepaper/).

We implemented the memory tests using the Python programming
language (https://github.com/reverbrobotics/seniors_rero_ai_experime
nt) and integrated with the board's provided API. We structured each
memory test using a state machine. The process began with an instruc-
tion state followed by a confirmation state that would continue until the
participant confirmed that they understood the instructions (see Fig. 1).
After this confirmation, the experiment consisted of prompts from
ABRA, each requiring a response from the user. ABRA played all prompts
using its on-board Text-To-Speech functionality, and captured partici-
pant responses through its built-in speech recognition system (Vosk;
Alpha Cephei Inc. (2023)). During the experiment, we used a feature of
Vosk that limits the accepted vocabulary from the participant, depend-
ing on the task being completed. For example, responses were limited to
digits during the backward and sequencing digit span tasks. Responses
and timing information were stored in a text file using CSV format.
Audio recordings of each response were also saved to ABRA for post-hoc
analysis. All raw data (sans audio recordings for privacy) are available at
https://osf.io/9m586/

2.3. Cognitive tasks

Three memory tasks were administered through the ABRA. ABRA
was placed in the middle of a tabletop, located in front of the participant
(see Fig. 2; its location did not change between participants). Three
working memory verbatim tasks were administered; 1) logical memory
task (WAIS-III-CDN; Wechsler, 2001), 2) poem recall task, 3) backward
and sequencing digit span task (WAIS-IV-CDN; Wechsler., 2008). These
specific neuropsychological tests were chosen for three main reasons:
First, the Wechsler neuropsychological tests have been recognized as
some of the most effective tools for classifying stages of none, mild, or
severe cognitive impairment (Battista, Salvatore, & Castiglioni, 2017).
Second, these are also among the recommended measures for cognitive
assessment of older adults with dementia (Bossers, van der Woude,
Boersma, Scherder, & van Heuvelen, 2012). Third, it was important to
tap on the distinct types of verbal memory. The logical memory task
primarily assesses both short-term and long-term verbal episodic
memory, which involves the encoding, storage, and retrieval of verbal
information that is associated with a particular event or experience. In
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Fig. 2. Participant setup.
Note. Consent was obtained from the participant for use of this image for
publication.

contrast, the poem recall task focuses on short-term memory, particu-
larly the ability to recall verbal information verbatim without significant
processing or contextual manipulation. The backward and sequencing
digit span task, on the other hand, measures verbal working memory, as
it requires participants to not only hold verbal information temporarily
but also actively manipulate and transform that information. This task
differentiates itself from the others by engaging cognitive processes
related to mental manipulation and sequencing, rather than simple
storage or recall.

2.3.1. Logical memory

The task consisted of three sections: logical memory I, and logical
memory II. All three parts are based on two stories (A and B). A delay
time of 20-30 min is given between logical memory I and the other two
sections. The logical memory I consists of an immediate recall of both
stories. The logical memory II consists of a delayed (after 20-30 min)
recall of the stories.

Confirmation
"Yes"

Next
Prompt

Fig. 1. Diagram of the basic state machine used throughout the experiment.

Response
‘ Prompts

No

Remaining

Note. Instructions are given to the participant, and once confirmed will move on to the Prompt. A set of a Prompts are given to the user, each requiring a Response.

Once all Prompts have been exhausted, the experiment is concluded.
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2.3.2. Poem recall

The task consisted of three different poems (“Invention” by Billy
Collins, “The moment” by Margaret Atwood, and “Stopping by woods on
a snowy evening” by Robert Frost). Each poem was broken down into
sentences of similar length. ABRA communicated this poem in a
sentence-by-sentence structure. The participant's job was to recall the
sentence as accurately as possible and to recite it back.

2.3.3. Backward and sequencing digit span

The task consisted of two sections. The backward digit span and the
sequencing digit span. The backward digit span consists of a series of
digits (between 1 and 9) that need to be recalled by the participant and
communicated verbally in reverse order. For example, if the series of
digits where 1 and 2, the participant would answer 2 and 1. Per trial, the
number of digits ranged from 2 and up to 8. Two trials were given per
block, with the test ending if the participant got the two trials wrong.
The sequencing digit span was similar to the backward digit span, except
the digits given had to be repeated in order (starting from the lowest).
For example, if the series of digits were 2-4-1; the participant would
answer 1-2-4. In this case, per trial, the number of digits ranged from 2
and up to 9. The task also ended when the participant incorrectly
answered two of the trials.

The experiment was broken down into four parts, administered in the
same order for all participants: 1) logical memory task (part I), 2) poem
recall task, 3) backward and sequencing digit span task, 4) logical
memory task (part II).

2.4. Procedure

Participants were first asked to read and sign a consent form. As well,
they were asked to fill out a demographic form which asked their per-
sonal details (contact information, sex/gender, race and ethnicity,
marital status, and educational level). Participants were then seated at a
table in front of ABRA (see Fig. 2). Once the participant was ready, the
researcher prompted the Al device to start the experiment. Note that the
experiment pace was based on the participant; ABRA continuously
checked for participant readiness, if the participant was not ready to
commence (or continue) ABRA would wait and ask again (the experi-
ment would not continue until the participant was ready).

ABRA started the first part of the experiment with the set of in-
structions of the first section of the logical memory I-immediate recall (i.
e., “I am going to read a short story to you. Listen carefully and try to
remember it just the way I say it, as close to the same words as you can
remember. When I am through, I want you to tell me everything I read to
you. You should tell me all you can remember even if you are not sure”).
Further, ABRA followed with questions to confirm understanding (i.e.,
“Do you understand?”) of the instructions given previously and to check
for participants readiness (i.e., “Let me know when you are ready to
start”). Story A was then told by the Al device and the participants
replied with as much as they remembered from the story. After, ABRA
checked for any missing information (i.e., “Is there anything else you
want to add?”), if there was any, the participant replied, and if not,
ABRA continued onto story B, the same follow up question after story A,
followed story B.

Further on, ABRA continued to the second part of the experiment, in
which instructions of task 2 (poem recall) were given to participants (i.
e., “I will read a poem, when I pause you may recite back what I said as
accurately as possible. After you recite it back, we will continue to the
next verse, until the poem is finished”). As in part one, ABRA checked for
participant's understanding (i.e., “Do you understand?”) and readiness
(i.e., “Let me know when you are ready to start”). ABRA moved on in a
sentence-by-sentence structure; for example, ABRA said: “Tonight the
moon is a cracker” to what the participant was expected to respond:
“Tonight the moon is a cracker”, and so on, until the three different
poems finished.

ABRA then followed into part three of the experiment, in which the
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set of instructions for task 3 section 1 (backward digit span) were given
to participants (i.e., “I am going to say some numbers. Listen carefully, I
can only say them one time. When I am through, I want you to say the
numbers backward. For example, if I say 7, 1, then you would say “1,
7.”7). Once again, ABRA checked for participant's understanding and
readiness. Once the participant was ready the task began. The task
continued until the participant missed two of the trials with the same
number of digits, at which point ABRA stopped the task. ABRA then
followed onto section 2 (sequencing digit span) set of instructions (i.e.,
“Now I am going to say some more numbers. After [ say them, [ want you
to tell the numbers in order, starting with the lowest number. If I say: 2,
4, 1. Then, you would say: 1, 2, 4”). Like in section 1, ABRA stopped the
task when the participant missed two consecutive trials with the same
number of digits.

In part four of the experiment, ABRA first began with the set of in-
structions of the logical memory II-delayed recall (i.e., “Do you
remember the stories I read to you a little while ago? I want you to tell
me the stories again. Tell me everything that you can remember about
the first story. Start at the beginning™). ABRA checked if the participants
needed a hint about the story A (i.e., Do you need a hint about the story
topic?”). If participants needed a hint, then ABRA told them the hint (i.
e., “The story was about a woman who was robbed”) if they did not, the
participant would answer “no” and then ABRA continued (i.e., “Now tell
me everything that you can remember about the first story”). Partici-
pants answered everything they remembered about the first story (i.e.,
story A). After they were finished, ABRA checked for any missing in-
formation (i.e., “Is there anything else you want to add?”). For the
second story (i.e., story B), the same procedure were followed as for
story A, except, the hint was different (i.e., “The story was about a
weather bulletin™).

2.5. Data analysis

2.5.1. Logical memory

The logical memory immediate recall (part I) and logical memory
delayed recall (part II) consisted of two scores (unit and thematic). The
“unit” score accounted for the participants' ability to recall the details of
the story, whereas the “thematic” score accounted for the participants'
ability to recall the overall theme of the story. One point was awarded
for each response. A total unit score of 25 points for each story (A and B)
was awarded. Therefore, for part I-immediate recall a perfect score was
50 points and for part II-delayed recall a perfect score was of 50 points. A
total thematic score of 15 points for part I-immediate recall were given
and a total of 15 points were given for part II- delayed recall. Partici-
pants performance before and after were examined with paired-samples
t-tests.

2.5.2. Poem recall

Number of verbatim errors were counted. Three types of errors were
recorded: omission, substitution, and addition errors. An omission error
was recorded when the participant missed one word during the sentence
recall. For example, the sentence given was: “It will waste away to
nothing, nothing but stars in the sky” and the participant answered: “It
will waste away to nothing, but stars in the sky”. A substitution error was
awarded when the participant substituted a word for a similar word
during the sentence recall. For example, the sentence given was: “His
house is in the village though™ and the participant answered: “His house
isin the village of". An addition error was recorded when the participant
added a word to the sentence. For example, the sentence given was:
“knowing at last how you got there” and the participant answered:
“knowing at last how you know you got there”. A repeated measures
ANOVA was used to investigate differences between errors. Significant
main effects were analyzed with post-hoc comparisons, and the fam-
ilywise error rate was controlled with the Bonferroni correction.
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2.5.3. Backward and sequencing digit span

For both tasks, two scores were recorded: the “sum of the items”
score and the “longest span” score. Participants received one point for
each series correctly recalled and zero points if they made a mistake. The
maximum “sum of the items” score was 16 because there were eight
sequences for each, the backward and the sequencing digit span. The
length of the maximum number of digits recalled made up the “longest
span” score. For example, if the series given was “1-3-6-7-8-4", and the
participant answered it correctly but made two consecutive mistakes on
the next series (i.e., “1-3-6-7-8-4-97), the participant would be awarded
a score of 6, for the “longest span” score. The “longest span” given for the
sequencing span was nine and for the backward span was eight. Par-
ticipants performance in the sequencing and backward tasks were
examined with paired-samples t-tests.

Because the tests in this study assessed primarily memory, and
memory declines with age, we investigated if the results from any of the
tests were correlated with age using a bivariate correlational analysis
(Pearson's r). Age was included with the results of all the tests (unit score
- immediate recall, thematic score-immediate recall, unit score-delayed
recall, thematic score- delayed recall, sum of Items score sequencing,
longest span sequencing, sum of items score backward, longest span
backward, omission errors, substitution errors, addition errors) as
dependent variables. Alpha level for all comparisons was 0.05.

3. Results
3.1. Cognitive tasks

Sex was accounted for as a variable of interest in the study, however,
there were not main effects or interactions with any of the dependent
variables. Therefore, this independent variable was excluded from all
analyses.

3.1.1. Logical memory test

Grand mean scores are shown in Table 1. Paired sample t-tests were
conducted, to compare the two scores (immediate and delayed recall)
from the unit and thematic scores of the logical memory task. There was
a significant difference between the immediate recall and the delayed
recall concerning the unit scores and an approaching significant differ-
ence in the thematic scores (see Table 1). This suggested that partici-
pants recalled better the details and theme of the story immediately after
it was read to them when compared to 20-30 min after.

3.1.2. Poem recall

Grand means for all omission, substitution, and errors are shown in
Table 2. A repeated measures ANOVA was used to investigate differ-
ences among the different types of errors, and the familywise error rate
was controlled with the Bonferroni correction. The analysis was signif-
icant (Fz,46) = 58.38, p < 0.001, r? = 0.7). Participants made signifi-
cantly more omission errors compared to substitution errors, and
participants made more substitution errors when compared to addition
errors (all comparisons were significantly different from each other p <
0.001).

3.1.3. Backward and sequencing digit span
Grand mean scores are shown in Table 3. Paired sample t-tests were

Table 1
Means and standard errors for the dependent variables.
Dependent Immediate Delayed t statistics
variables recall recall
Unit score 229 + 2.0 185+ 1.5 t23) = 6.1, p < 0.001, d; =
1.24
Thematic score 10.9 + 0.5 10.1 £ 0.6 t23)- 1.9, p = 0.06, d; =
0.4
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Table 2

Means and standard errors for the dependent variables.
Dependent variables Values
Omission errors 34+39
Substitution errors 8.9+ 0.9
Addition errors 23+0.5

Table 3
Means and standard errors for the dependent variables.
Dependent Backward Sequencing t statistics
variables digit digit
Sum of items 7.4 £0.28 6.4 + 0.31 ti23) - 3.03,p < 0.01,d, =
score 0.62
Longest span 3.9+0.2 4.5+ 0.18 tes)- — 3.02,p < 0.01, d;
score = —0.62

conducted to compare differences between the sequencing and back-
ward digit tasks, concerning the sum of the items and the longest span
scores. There was a significant difference between the sequencing and
backward digit tasks. As hypothesized, participants remembered more
digits and achieved a longer span in the sequencing compared to the
backward digit task.

3.2. Correlation analysis

Table 4. shows the results of the correlation analysis. There were
significant negative correlations (all ps < 0.05) between age and per-
formance in the unit score-delayed recall, thematic score-delayed recall,
sum of items score- sequencing, and the longest span score-sequencing;
the older the participant the lower their score or span (worse perfor-
mance). Correlations between age and unit score-immediate recall and
thematic score-immediate recall were not significant, although all ps <
0.1 were in the right direction (with an increase in age a worse perfor-
mance at the task). No significant correlations were found between age
and the sum of items score-backward, longest span score-backward,
omission errors, substitution errors, or addition errors.

3.3. How does the AI compare to human administration of the logical
memory test?

Data (N = 24) from a previous study with a human administrating
the Wechsler logical memory test (Coelho et al., 2020) allowed for a
comparison with the administration of this test using the ABRA (current
study). A semi-random (matched for age) cohort of participants were
chosen from Coelho et al.” (2020) dataset. A participant sample between
the ages of 60 to 85 (M = 702, SD = 5.8, Mdn = 70.5) were included for
comparison purposes. Independent sample t-tests revealed no differ-
ences in age between the human and the ABRA groups (t46)—= — 0.9,p =
0.4, d; = —0.3). Logical memory test immediate and delayed recall
scores were compared between the samples matched by number of
participants. Group differences were investigated with independent
samples t-tests for each score. There were no significant differences
between the human and ABRA administration in unit and thematic
scores for both immediate or delayed recall-(all ps > 0.2).

4. Discussion

As the global population ages, researchers and health care pro-
fessionals must seek strategies to lessen the strain on health care re-
sources without compromising quality of care. Maintaining and
preferably enhancing the standard of care for older adults amidst this
crisis is crucial. Al systems are essential tools that can help tackle current
and upcoming health care challenges. Al has proven useful to societies
worldwide, by achieving complex tasks with unparalleled precision and
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Table 4
Correlation matrix for the dependent variables.
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Wechsler Logical Memory Test

Wechsler Digit Span Test

Poem Recall Task

US-IR TS-IR US-DR TS-DR SI-B

LS-B SI-S LS-S OE SE AE

Age ~0.37* ~0.36* —0.47%* —0.53%x*

-0.63%%*

—0.57%*** -0.28 —0.26 0.28 0.11 0.32

Note. US-IR (Unit Score- Immediate Recall), TS-IR (Thematic Score- Immediate Recall), US-DR (Unit Score- Delayed Recall), TS (Thematic Score- Delayed Recall), SI-B
(Sum of Items-Backward), LS-B (Longest Span-Backward), SI-S (Sum of Items-Sequencing), LS-S (Longest Span-Sequencing), OE (Omission Errors), SE (Substitution

Errors), AE (Addition Errors). p < 0.1%, p < 0.05%, p < 0.01**,

speed. Unfortunately, not much work has been dedicated to developing
Al systems that acknowledge an older population by addressing their
specific needs, and their sensory and cognitive capabilities. Therefore, in
the current study, we aimed to administer well-established neuropsy-
chological tests via an Al-powered speech device that allowed for a two-
way voice communication between the older adult and the system. We
hypothesized that ABRA would reliably collect data from an older
population enabling the assessments of these tests without human
intervention. Introducing such a device in research and healthcare set-
tings would offer three advantages. First, Al devices can facilitate more
efficient (i.e., fast and precise) administration of cognitive tests than
human-led collection. Second, AI devices can increase productivity by
enabling researchers and healthcare professionals to allocate more
attention to tasks requiring human guidance and interaction. Third, the
possibility of remote assessments becomes possible through the use of Al
devices, alleviating access concerns among older adults living in rural
and remote areas.

In the current study, three memory tasks were administrated via the
ABRA: the logical memory task (WAIS-III-CDN; Wechsler, 2001), the
poem recall task, and the digit span task (WAIS-IV-CDN; Wechsler.,
2008). The logical memory and the digit span tests are two well-
established and commonly used neuropsychological tests which have
proven sensitive at distinguishing between healthy aging, compared to
mild cognitive impairment, and those with more severe cognitive
impairment like Alzheimer's (Bruno et al., 2021; Chapman, Anand,
Sparks, & Cullum, 2006; Kessels, Overbeek, & Bouman, 2015) and
Parkinson's disease (Cooper, Sagar, Jordan, Harvey, & Sullivan, 1991;
Werheid et al. 2002, Warden, Hwang, Marshall, Fenesy, & Poston,
2016). Despite their established effectiveness, to our knowledge, these
tests have not been previously administered using an automatic two-way
voice communication speech technology. Our hypothesis was sup-
ported, the ABRA proved reliable for administering all tests used in this
study. The semantic verbal fluency test has been mostly administered
using automatic speech recognition and speech-to-text in young adults
(Pakhomov, Marino, Banks, & Bernick, 2015) and older adults (Konig
et al., 2018; Troger et al. 2019). Taken together these studies and the
results from the present investigation have produced positive results,
demonstrating automatic speech recognition is feasible for the assess-
ment of neuropsychological function.

The results of the logical memory test showed that older adult par-
ticipants had better recall regarding the details of the story (unit score)
immediately after ABRA's presentation when compared to the delayed
recall of the stories (after 20-30 min). These results are in line with
human administration of this test (Bruno et al., 2021). Previous research
performed in a large database of participants, has shown that there is a
significant main effect between the two time points of the unit score
(immediate versus delayed recall) on participants that are cognitively
healthy, with cognitive decline, or mild cognitive impairment (Bruno
et al., 2021). Regarding the thematic score, a significant difference be-
tween the two time points was not found on the current study. This
result has been found before with human administration of the test. For
example, Chapman et al. (2006), found that healthy “young-old” and
“old-old” adults recalled the overall theme of the stories, with minimal
change in performance from the immediate and delayed thematic
scores. Since the major work of British psychologist Bartlett (1932), it
was suggested that individuals remember the main idea of the story

better than the details even at different delayed time points. Other re-
searchers have more recently supported these findings, where older
adults recall better the gist of the story rather than the details (Adams,
Smith, Nyquist, & Perlmutter, 1997; Barber & Mather, 2014). It appears
that the results of the thematic portion of the test, are similar when
administered through ABRA,; participants recalled as much information
immediately after or with a 20-30 min delay.

When asked to recall verbatim stories or (in this case) more specif-
ically, poems, older adult participants omitted words (omission errors),
substituted words (substitution errors), and added words (addition er-
rors). They significantly omitted more words than they substituted, and
they significantly substituted more words than they added. Davis, Alea,
and Bluck (2015) observed similar results in an older adult group, when
asked to recall stories, participants made more errors of omission than
errors of substitution or addition (or as they called them change errors
and errors of commission, respectively). Interestingly, Davis et al.
(2015), also showed that details that were perceptual (e.g., “fireworks
were spectacular”) or emotional (e.g., “impressed with the evening™) in
nature, tended to be omitted more frequently in the older adult popu-
lation. Poems tend to contain more perceptual and emotional details;
thus, this may be one of the explanations behind a greater number of
omission errors.

The results from the digit span tests assessed via ABRA, showed that
participants recalled more items in the backward digit span task when
compared to the sequencing digit span, but participants achieved a
longer span in the sequencing digit span when compared to the back-
ward digit span. A research study in a large sample (N = 1205) of older
adults revealed similar results (LaBelle, Lee, & Miller, 2019). Older
adults recalled significantly more items (or total number of sequences)
in the backward digit span compared to the sequencing digit span (M =
7.7 versus M = 6.20, respectively) but the span was significantly longer
for the sequencing digit span when compared to the backward digit span
(M = 4.64 versus M = 4.13). These researchers suggest that the longest
span seen on sequencing digit span may be due to having an already
established knowledge of the natural number sequence (e.g., 1, 2,3,
4...). It is important to note that the mean scores of the backward digit
span (M = 7.5) and SDS (M = 6.7) administered through ABRA, are in
line with the mean scores from this and other studies in older adults
(Werheid et al., 2002; Wisdom, Mignogna, & Collins, 2012).

Furthermore, our results of the correlation analysis align with pre-
vious research showing that age is negatively correlated with perfor-
mance on the Logical Memory and Digit Span tests of the WAIS-III-CDN
and WAIS-IV-CDN batteries, respectively. The scores on the delayed
portions of the logical memory test were negatively associated with
participants' age. In two large (N = 1250) census studies with partici-
pants between the ages of 16 and 89, researchers found an age associ-
ated deterioration in immediate and delayed recall of this test (FHaaland,
Price, & Larue, 2003; Price, Said, & Haaland, 2004). Furthermore, age
was also significantly negatively correlated with the sum of items and
longest span for the sequencing digits task. Overall, the digits task is
suggested to be an important measure in neuropsychological testing in
patients with dementia (Bossers et al., 2012) and has been associated
with diagnosis of neurocognitive disorder in a sample of veterans
(Lumpkin & Sheerin, 2019). Thus, on these two tests of the Wechsler
battery, ABRA was a sensitive tool to identify age-related changes even
with a relatively small sample. Notably too, is the finding that the score
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of the logical memory test (both immediate and delayed) when collected
by ABRA agree with those administered by a human experimenter
(Coelho et al., 2020). Together, this further supports our premise that
the ABRA can perform analogous to a human examiner.

The implementation of ABRA in the neuropsychological assessment
of older adults presents several challenges that warrant careful consid-
eration. A central issue stems from the current generation of older adults'
limited knowledge and understanding of Al and its mechanisms. Gian-
nouli (2023) argues that this knowledge gap may be contributing to
feelings of apprehension and distrust, with many participants expressing
a clear preference for human examiners over Al-administered assess-
ments (Giannouli, 2023). With respect to our study, some participants
expressed similar concerns “human interaction is preferred”, but others
indicated that they would use the device for cognitive games, medica-
tion tracking, and daily health checks. Nevertheless, if ABRA was to be
integrated into healthcare settings, these concerns must be addressed to
ensure effective and ethical application. Encouragingly, there is evi-
dence that older adults demonstrate a willingness to learn about Al and
its practical applications (Giannouli, 2023). Therefore, it is crucial to
develop targeted educational programs that demystify Al, specifically
explaining how devices such as ABRA function and contribute to as-
sessments may reduce negative perceptions and promote greater
acceptance. Fostering this understanding will be critical to ensuring the
successful adoption of Al-based tools in neuropsychological practice.

Employment of automatic speech recognition devices for cognitive
assessment in older adults yields numerous benefits for research and
health care areas, beyond mere efficiency gains for health care pro-
fessionals. First, assessment via Al offers a natural and comparable way
to an in-person test administrator. Second, use of a speech device
breaches any unfamiliarity with technological devices the older adult
patient or participant may have (Sirilertmekasakul et al., 2023). Third,
and most importantly, remote administration enables inclusion of hard-
to-reach populations and facilitates the continuous screening of older
adults. This in turn, could help early identification of prodromal stages
of neurodegenerative diseases as Alzheimer's disease and Parkinson's
disease. Finally, ABRA's dynamic, real-time response capabilities open
the door to implementing tasks that are more ecologically valid, not only
in verbal assessments but also in other domains such as spatial and ex-
ecutive functions (Tragantzopoulou & Giannouli, 2024).

In sum, the current study demonstrated that the assessment of neu-
ropsychological tests via ABRA an Al-powered speech device is reliable,
and analogous to the standard human-administered version in an older
population. While this study was investigatory in nature, we were
pleased to find that the barriers of use were lower than we expected; the
older population was capable of understanding and using the technol-
ogy. Future studies should focus on examining the reliability of other
neuropsychological tests administered through this device or similar
speech devices. Harnessing the potential of this technology can assist us
in addressing present and future health care challenges more effectively.

4.1. Limitations

A notable limitation of the current investigation was that all the tests
were manually scored by a human. Neuropsychological evaluations
have and continue to be primarily executed by trained human exam-
iners. Although care was taken to ensure consistency and accuracy in
scoring the current results, manual scoring introduces the possibility of
human error and subjective bias. This method is also more time-
consuming and resource-intensive compared to automated methods.
Potential future versions of ABRA should be end-to-end in that collection
and scoring is done automatically. We are currently incorporating the
necessary tools to ABRA, so it can accurately analyze the data. We
believe researchers and health care professionals will greatly benefit
from this, as it will drastically reduce workload requirements.
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