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Abstract

Objectives: Both cognitively impaired (CI) and non-impaired (NC) older people have challenges 

in performing everyday tasks. Previous skills training efforts in NC individuals have led to 

improvements in both functional skills and cognitive functioning. We evaluated the cognitive 

benefits of combining computerized cognitive training (CCT) with a computer-based functional 

skills assessment and training (CFSAT) program in a sample of CI and NC older adults.

Design: Randomized parallel clinical trial with two treatment conditions: up to 24 sessions of 

CFSAT training alone or CFSAT plus speed focused CCT.

Participants: NC (n=62) and CI (n = 55) older adults, ranging in age from 60 −86 years (M= 
73.12), primarily female (90%), and ethnically diverse (21% Hispanic, 52% African American). 

Participants were divided based on MOCA scores and cognitive complaints.

Setting: Three different community centers in Miami, FL.
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Measurements: The Brief Assessment of Cognition (BAC), app version, was used to measure 

cognitive performance across 6 different cognitive domains before and after training.

Results: All 6 cognitive domains improved from baseline. Multivariate analyses found the effects 

of the combined CFSAT and CCT to be superior. The interaction of training condition and 

cognitive status was not statistically significant, indicating no global impact of cognitive status on 

improvements in cognition across training conditions.

Conclusions.—CFSAT training was associated with cognitive benefits, particularly in CI 

participants. The combined intervention led to greater improvements. Consistent with results of 

previous studies, there is considerable evidence of cognitive plasticity in older adults, including 

those with CI.
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Objectives.

With a predicted increase in the prevalence of Alzheimer’s Disease (AD) of 75% in the 

next 25 years, aging-related cognitive challenges are a global concern (1). Mild Cognitive 

Impairment (MCI) is defined by cognitive functioning between normal and dementia, 

reflecting a decline in performance from a previous level. Amnestic MCI (a-MCI; 2) has 

been found to predict increased risk for developing AD (3).

Although there are multi-domain forms of MCI (4), the classic definitions of MCI excluded 

functional impairments (5). However, the evidence indicates that participants with even 

mild MCI demonstrate impaired performance on paper and pencil tasks of everyday 

functional skills (e.g., 6). Individuals with MCI performed worse than non-impaired (NC) 

older adults but outperformed those with AD (7–8). Research has found similar effects 

with computer-based functional assessments, wherein younger participants outperformed 

older participants and functional performance was correlated with cognition in both groups 

(9). Other research found functional performance deficits in older adults with memory 

complaints (10) compared to same-aged participants without complaints. Our research has 

shown that older adults with NC and CI have initial challenges in performing simulations 

of technology-based tasks such ATM and internet banking, and internet shopping (11), 

with greater challenges in CI. Considering the importance of technology for functioning, 

these challenges place older individuals at a disadvantage in terms of being able to live 

independently in the increasingly digital world (12).

Despite age-related changes in cognitive and functional tasks, considerable evidence 

suggests that older individuals retain cognitive plasticity and can benefit from computerized 

cognitive training (CCT). Reviews found significant benefits of CCT in those with subjective 

cognitive decline (13) and with MCI (14). A recent meta-analysis found that CCT was 

associated with significant improvements in processing speed, episodic memory, executive 

functioning, and working memory as well as overall performance (15).
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CCT has also been used to train cognition among non-impaired aging adults. For example, 

the ACTIVE trial found benefits of speed training on cognition among a sample of NC 

participants, aged 65 and over (16). The cognitive benefits of speed training were specific 

(17), were persistent for a decade (18), and associated with decreased risks of dementia 

compared to other interventions (19). These results have been replicated in two similar 

large-scale studies (20–21), leading to our choice of speed training as the CCT intervention.

Given the importance of functional skills to independent living, evidence regarding the direct 

benefits of CCT on real world functioning is crucial. There is minimal evidence that skills 

never performed previously will spontaneously appear after CCT. In the ACTIVE trial, 

participants showed improvements in driving performance, a pre-existing skill, after speed 

training (22). However, performance improvements did not generalize to functional skills 

not acquired at younger ages (23). Other studies have shown that participants with severe 

mental illness (SMI) who received CCT manifested cognitive gains but did not improve 

in everyday functioning (24). Further, in SMI populations outcomes such as competitively 

obtained employment improved only with the combination of skills training and CCT (25).

In this paper, we examine the cognitive benefits of combining computerized speed training 

with a previously developed computerized functional skills training (CFSAT) program in 

older adults. The analyses are based on a previous randomized controlled trial (26) that 

examined the impact of training with the CFSAT program. In that study, NC and CI 

older adults received CFSAT training, targeting technology-based functional skills, with 

half of the participants randomized to computerized speed training. The speed training 

was the Brain HQ Double Decision® program, selected because it was derived from the 

speed training interventions in ACTIVE. Six domains of functioning were trained, with a 

composite cognitive score examined. We found that the CFSAT training led to statistically 

significant performance improvements in all six domains in both NC and CI participants and 

that performance on the composite cognitive measure also improved significantly in both 

training groups, with significantly larger gains with combined training.

In a finding relevant to the potential synergy of speed and skills training, participants 

who received combined training or CFSAT alone manifested equivalent training-related 

improvements on all functional skills, although combined participants received half the dose 

of skills training. Thus, these analyses demonstrated functional skills gains in participants 

with CI and NC, as well as improvement on a global index of cognition in both groups.

Since we found a small, but statistically significant, improvement in global cognitive 

performance in participants who received CFSAT alone, we became interested in whether 

there were global vs. specific benefits across cognitive ability domains associated with 

CFSAT training. In previous studies of skills training in participants with NC, training 

new functional skills has been shown to lead to improvements in cognition, even in the 

absence of cognitive training. Chan et al. (27) found that older adults who learned how 

to use a computer to perform adaptive tasks manifested cognitive gains without cognitive 

training. Park et al. (28) showed that learning new skills through in-person training led 

to improved cognitive performance, with minimal differences between technological skills 

(digital photography and photo editing) or non-technical skills such as quilting. Leanos et 
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al. (29) found that learning multiple novel skills was feasible for older adults with NC 

and learning new skills resulted in improvements in cognitive performance. Since these 

studies examined individuals without cognitive impairments (MMSE / MOCA>26), our 

study expands those findings by comparing the cognitive outcomes of skills training for both 

CI and NC individuals.

As the CCT intervention focused on speed training, we hypothesized that combined CCT + 

CFSAT training would have a greater impact on the cognitive domains of processing speed, 

working memory, and motor speed compared to CFSAT alone. We further hypothesized that 

participants, across cognitive status, who only received CFSAT training would demonstrate 

improvements in executive functioning, as shown in the studies cited above, because the 

CFSAT training involved understanding new concepts (e.g., using ticket kiosk) and solving 

new problems (e.g., identifying the type of ticket to purchase).

Methods

Study Design

As described before (26) the study was conducted at three South Florida community 

centers: Coral Gables Adult Activity Center, Key Biscayne Community Center, and Charles 

Hadley Community Center. Following eligibility and baseline assessments, participants 

were randomized to CFSAT alone or combined training. Randomization was stratified by 

cognitive status at each site. The Institutional Review Board at the University of Miami 

approved the study. All participants signed an informed consent form. Participants unable to 

comprehend the written consent form were not enrolled.

Participants

The sample consisted of English-speaking adults, aged 60 or older, living independently, 

who had at least 20/60 vision, could read a computer screen and use a computer keyboard 

and mouse. Cognitive status was assessed using the Montreal Cognitive Assessment 

(MOCA, 30). For the NC participants the MOCA cut-off was ≥ 26 (adjusted for education 

to a cut-off of 24 for participants with low education (31) and no history of memory 

impairments. Those in the CI group had a MOCA ≥16 and ≤ 23–25 and reported a subjective 

history of memory complaints. Participants were compensated $30.00 per assessment and 

$15.00 per training session.

Participant Flow—154 individuals were screened ( supplemental Figure 1). Of these, 20 

were ineligible and 13 withdrew from participation before baseline assessment. A total of 

121 participants were enrolled and 21 dropped out before completion (7 CFSAT participants 

(6%) and 14 combined participants (12 %). Due to the COVID-19 pandemic, an additional 

6 (3 per condition) were unable to complete training. Thus, we present complete data for 94 

participants.

Procedure

CFSAT Training—The tasks included in the CFSAT program included: using an ATM; 

using a ticket kiosk; internet banking; using a pharmacy Website for online shopping and 
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prescription refill; using a telephone voice menu; and comprehending medication labels and 

organizing medications with a planner; (Figure 1). The tasks are presented in a multi-media 

format with graphic representations, text, and voice, and each task consists of multiple 

subtasks with sequentially more challenging demands. The CFSAT program was delivered 

in a PC environment with a mouse.

The training component of CFSAT is an adaptive protocol. Immediate feedback and 

graduated instruction, with increasing detailed corrective information, is provided following 

errors, followed by repetition of the instructions for the failed item. After four consecutive 

errors on an item, the program automatically proceeded to the next (see 26 for details). 

Successful mastery of a task was defined as performing all the subtasks in a task twice 

consecutively without errors. Participants participated in up to 24 one-hour training sessions, 

unless they achieved mastery on all six tasks prior to 24 sessions at which time training 

ended.

Computerized Cognitive Training—The CCT procedure was Brain HQ Double 

Decision, derived from the Speed training intervention in ACTIVE. This is a speeded multi-

tasking training program where participants perform two concurrent tasks: discriminating 

between two centrally presented items: Car vs. Truck and identifying the location of a 

concurrently presented stimulus that differs from 7 others in a semi-circular array (Route 

66). The training sequence presents the concurrent stimuli at successively shorter latencies 

following correct responses, with reductions in latency for correct discrimination of both 

central and peripheral stimuli as the training outcome.

Cognitive assessment.

Brief Assessment of Cognition: App version.—The Brief assessment of Cognition 

(BAC; 34–35) measures critical domains of cognition related to everyday functioning. The 

BAC App (36) is a tablet (i-Pad®) form of the BAC, which delivers the same assessments. 

The BAC-app has been normed in samples of healthy participants up to age 85 (n=496) and 

acceptability and performance characteristics are well understood (9).

All tests administered within the BAC App are completed with an in-person trained assessor. 

A female narrator operated by the App presents instructions and the assessor can initiate 

repetition of instructions. The BAC has multiple forms. We administered form 1 at baseline 

and form 2 at the end of training to minimize practice effects.

The cognitive domains assessed in the BAC app include:

Episodic Memory/List Learning: Subjects hear a list of 15 words to remember. Words 

are presented at a standard rate, eliminating the effects of rater variability. A total of 5 

learning trials are presented.

Working Memory/Digit Sequencing: Subjects are presented with randomly ordered 

auditory clusters of numbers (e.g. 936), which increase in length across trials from 2 digits 

to 8. Participants report the numbers in order, from lowest to highest, with 3 trials per length. 

The task terminates when all trials at a specific length are failed.

Harvey et al. Page 5

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2023 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Psychomotor Speed/Token Motor Task: Subjects are presented with a virtual bowl 

and a supply of virtual tokens and swipe a token from each side of the tablet with both hands 

simultaneously and release them into a center container for 60 seconds.

Verbal Fluency.—Subjects are given 60 seconds to generate as many words as possible 

within the category “animals”. During Letter Fluency, subjects are asked to generate as 

many words as possible beginning with the letters F and S for 60 seconds each.

Processing Speed/ Symbol Coding: Subjects match numbers to non-meaningful 

symbols based on a key. Numbers are entered on the digital keypad and appear in the 

location below the corresponding symbol. Following instructions and practice, subjects 

complete as many items as possible in 90 seconds.

Executive Functioning/Tower of London: Subjects are shown two images presented 

on opposite sides of the screen. Each image shows a different configuration of 3 colored 

balls arranged on 3 pegs. The subject is required to accurately determine the total number 

of moves required to make the arrangement of balls identical to that of the opposing picture, 

while employing the standard rules employed in tower tests (balls are moved one at a time 

and balls on top of other balls must be moved first).

Training Procedures

Participants were randomized into CFSAT only or the CFSAT + CCT training conditions, 

stratified by cognitive status and site. Those receiving CFSAT only trained for 60 minutes 

per session on the CFSAT, two tasks per day, training each task twice per session, 

before attempting the next task. The tasks were trained in the same order as the baseline 

assessment. Training progress was tracked by the application so at the next session the 

participant would begin with the next uncompleted task. As participants progressed through 

training, they trained only on tasks not previously mastered. Those in the CFSAT + CCT 

condition trained for 30 minutes on the Brain HQ Double Decision task each session before 

CFSAT training for 30 minutes. Thus, participants in this condition trained only 50% of the 

time on the CFSAT tasks.

The scheduled training protocol was two sessions per week over a period of 12 weeks. As 

reported before (26), most participants (94%) graduated or completed 24 sessions of training 

in 20 or fewer weeks, with 90% finishing in 16 or fewer weeks and 71% finishing in 12 

weeks.

Data Analyses.

One of our interests was in examining if CFSAT training alone improved cognitive 

performance and if so in which domains and participant groups. We were also interested 

in examining if cognitive improvements were found in both NC and CI participants, and if 

so, the relative effect sizes. We first examined overall changes in the 6 cognitive domains 

with paired t-tests in the entire group to substantiate overall changes from baseline. We 

present the within-sample effect sizes for changes in each of the 6 domains by group 

and condition, thus using baseline standard deviations as the index of effect size. Next, 
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we examined change scores from baseline to endpoint in the 6 cognitive domains using 

a Condition (CFSAT Only, Combined CFSAT + CCT) x Group (NC, CI) multivariate 

analysis of variance (MANOVA). Using a MANOVA allowed us to examine benefits 

simultaneously across training conditions and all cognitive domains. This analysis also 

identified any individual cognitive domains that differed in treatment response. Training 

Condition, Cognitive Status and their interaction were entered as the primary factors. 

All multivariate comparisons were performed with 6 and 85 degrees of freedom and the 

test statistic was Wilks’ lambda, with Pillais approximate F used for significance. The 

multivariate corrected changes across the individual tasks were also examined for statistical 

significance. All analyses were performed with the SPSS version 28 (37) software.

Results

The CONSORT diagram is presented in supplemental Figure 1, as it was previously 

published. The sample was primarily female (90%), aged from 60–86 years (M= 73.12; 

SD = 6.06), and ethnically diverse (23% Hispanic, 51% African American, 4% Asian; 

Supplementary Table 1). There were no differences in baseline characteristics among 

participants by treatment condition based on t-tests or X2 analyses. The CI participants had 

lower baseline composite scores on the BAC App, as well as lower education and MOCA 

scores.

Table 1 presents the scores on the BAC app domains, by baseline cognitive status and 

training condition. All 6 domains improved significantly from baseline to endpoint for the 

group as a whole, all t( 94)>2.04, all p<.05. All domains except for verbal fluency had 

significant changes from baseline at p<.001. Within subgroup effect sizes ( calculated as 

described above) ranged from d= .01 to .54 in the CFSAT condition and from .18 to .85 in 

the combined training condition.

There was a statistically significant multivariate effect of Cognitive status, Wilks’s 

lambda=.851, Pillais Approx. F (6, 85) = 2.50, p=.039, on changes in the 6 domains. 

There was also a statistically significant multivariate effect of Training Condition, Wilks’s 

lambda=.715, Pillais Approx F (6, 85) = 5.66, p<.001, on changes in the 6 domains. 

The multivariate interaction of Cognitive Status x Training Condition was not significant, 

Wilks’s lambda=.928, Pillais Approx F (6, 85) = 1.11, p=.365, indicating that the CI 

participants improved proportionately as much as the NC participants across cognitive 

domains and training conditions. The multivariate corrected main effect of Training 

Condition was significant in all 6 domains, all F(1,94)>4.04, all p<.045 (Table 1). There 

was only one significant multivariate corrected effect of Cognitive Status, wherein the CI 

subgroup unexpectedly improved more on verbal learning than the NC group.

Conclusions

Our findings indicated that CCT plus CFSAT training resulted in improvements in six 

domains of cognitive functioning among older adults with normal and impaired cognition. 

Four of the 6 domains also improved in CI group in the CFSAT condition with effect 

sizes larger than (Cohen’s) d=.40, including the Tower of London (reasoning and problem 
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solving) as hypothesized. Combined training was significantly superior to the CFSAT alone 

for improvements across all cognitive domains, based on overall multivariate analyses and 

follow-up individual domain analyses. This is not surprising as CFSAT + CCT combined 

training address a wide range of cognitive abilities. These findings replicate other studies 

cited above that have shown that CCT can improve cognition across a wide array of 

older populations (16,18). Importantly, our findings also show that aging adults with 

cognitive impairments manifest considerable evidence of plasticity and can exhibit wide-

ranging cognitive gains, in addition to improvements in functional skills. Although the 

CI participants performed more poorly overall, the only task on which they differed from 

the NC sample in training benefits was on verbal learning, where they improved more in 

both conditions than the NC sample. Although cognitive performance in the CI sample at 

endpoint was still poorer than NC participants at baseline, effect sizes for improvement 

across domains in the combined training condition were in the moderate to large range. This 

level of change exceeds expected practice effects.

There are several strengths in this study. Alternate forms were used at retest, to reduce 

practice effects. Previous studies of testing-related improvements suggested about 0.1 to 

0.2 SD practice/exposure improvements at retesting of NC and CI individuals on verbal 

learning and processing speed assessments (36). The improvements in this study for NC and 

CI individuals who received combined training, with alternative forms, were larger those 

practice effects. There were six domains of cognition examined, all of which correlated 

with performance on the six functional skills tasks in this same sample (37). The functional 

skill tasks place demands on a variety of cognitive processes such as executive functioning, 

memory, and processing speed. Another strength of our study was that the participants 

were ethnically diverse (23% was Hispanic and 51% were African American) and varied in 

educational attainment.

Study limitations include the fact that the training groups were not balanced with respect 

to cognitive status because more participants in the CI group failed to complete training in 

the combined condition. Skills training tasks were focused on skills and not the potential 

cognitive abilities required to perform those skills. We also did not include a CCT 

alone condition; but the benefits of CCT, particularly speed training, on these cognitive 

domains in both impaired and unimpaired older samples have been demonstrated repeatedly. 

Anecdotally, some of the CI participants reported frustration with the Double Decision task. 

However, we do not know if these same participants would have experienced frustrations 

with the CFSAT alone. Finally, although our sample was diverse there were more females 

than males. Although this reflects the general demographics of the older population, future 

studies should include more males. Finally, we did not collect data on the sustainability of 

the cognitive improvements but are doing so in an on-going study.

Overall, these data provide additional information regarding the benefits of combining 

computerized cognitive training with skills training. In our prior study (26) we showed 

that the combined CFSAT + CCT training condition led to equivalent gains in performance 

on the six functional skills tasks compared to twice as much CFSAT training alone. In 

total, the combination of CFSAT + CCT training has now been found to be associated 
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with improvements in performance on six different functional skills tasks as well as the six 

domains of cognitive performance across samples of NC and CI older adults.

These findings are like those found in studies that have combined skills training with 

computerized cognitive training among people SMI, finding that combined training leads 

to greater benefits on real-world functional outcomes compared to cognitive or skills 

training alone. In a study of chronic SMI patients, combining social cognitive training 

with computerized cognitive training led to greater gains in both social cognition and 

neurocognition than “monotherapy” training (38). In another study with participants with 

SMI, combined cognitive and functional skills training led to the same gains in cognition 

and functional capacity as single domain training, but real world functioning only improved 

with combined training (39). Given the minimal number of previous studies of functional 

skills training in cognitively impaired aging populations, our results will require replication. 

However, the overall results of this study suggest that combining CCT and skills training 

leads to wide ranging gains, even among aging individuals with cognitive impairments. This 

is an important finding as improvements in functional skills and cognition can enhance 

potential independence. Aging adults with and without CI demonstrate cognitive plasticity 

and can learn new things, including technology-based tasks, and improve their cognitive 

skills. Our upcoming study (NCT04679441) will address persistence of cognitive and 

functional gains and environmental transfer to activities in the real world, in participants 

who meet criteria for MCI based on formal assessments, compared to NC older individuals.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

This research was supported by NIA grants 1 R21 AG041740-01 (Czaja and Harvey), and 1 R43 AG057238-04 
(Kallestrup), as well as by a grant from the Wallace Coulter Innovation Foundation. Mr. Kallestrup is CEO of 
iFunction, Inc, and Drs. Harvey and Czaja are co-Chief Scientific directors and own equity in iFunction. Mr. 
Zayas-Bayan is an employee of iFunction. Dr. Tiberica is a former employee of iFunction.

Conflict of Interest disclosure

Mr. Kallestrup reports grants and personal fees from i-Function, Inc., during the conduct of the study; grants and 
personal fees from i-Function, Inc., outside the submitted work; and I am a Co-founder and the CEO of i-Function, 
Inc.

Dr. Tibirica reports other ( employment) from i-Function, during the conduct of the study;

Dr. Czaja reports grants from National Institute of Aging, during the conduct of the study; other from i-Function, 
Inc (Intellectual Property and ownership),

Dr. Harvey reports grants from National Institute of Aging, during the conduct of the study; other ( Equity and IP) 
from iFunction, Inc, personal fees from Verasci, related to the work personal fees from Akili, personal fees from 
Alkermes, personal fees from Boehringer-Ingelheim, personal fees from Intracellular Therapies, personal fees from 
Jazz Pharma, personal fees from Minerva Pharma, personal fees from Otsuka America, personal fees from Roche 
Pharma, personal fees from Sanofi, personal fees from Takeda Pharma, personal fees from Teva Pharma, outside the 
submitted work;

Mr. Zayas-Bazan reports other from i-Function (employment).

Harvey et al. Page 9

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2023 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://clinicaltrials.gov/ct2/show/NCT04679441


References

1. Hebert LE, Weuve J, Scherr PA, Evans DA. Alzheimer disease in the United States 
(2010–2050) estimated using the 2010 census. Neurology. 2013;80(19):1778–1783. doi:10.1212/
WNL.0b013e31828726f5 [PubMed: 23390181] 

2. Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kokmen E. Mild cognitive 
impairment: clinical characterization and outcome. Arch Neurol. 1999 Mar;56(3):303–8. doi: 
10.1001/archneur.56.3.303. [PubMed: 10190820] 

3. Albert MS, DeKosky ST, Dickson D, et al. The diagnosis of mild cognitive impairment due 
to Alzheimer’s disease: recommendations from the National Institute on Aging-Alzheimer’s 
Association workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement. 
2011;7(3):270–279. doi:10.1016/j.jalz.2011.03.008 [PubMed: 21514249] 

4. Winblad B, Palmer K, Kivipelto M, et al. Mild cognitive impairment--beyond controversies, towards 
a consensus: report of the International Working Group on Mild Cognitive Impairment. J Intern 
Med. 2004;256(3):240–246. doi:10.1111/j.1365-2796.2004.01380.x [PubMed: 15324367] 

5. Petersen RC, Doody R, Kurz A, et al. Current concepts in mild cognitive impairment. Arch Neurol. 
2001;58(12):1985–1992. doi:10.1001/archneur.58.12.1985 [PubMed: 11735772] 

6. Goldberg TE, Koppel J, Keehlisen L, et al. Performance-based measures of everyday 
function in mild cognitive impairment. Am J Psychiatry. 2010;167(7):845–853. doi:10.1176/
appi.ajp.2010.09050692 [PubMed: 20360320] 

7. Gomar JJ, Harvey PD, Bobes-Bascaran MT, Davies P, Goldberg TE. Development and cross-
validation of the UPSA short form for the performance-based functional assessment of patients with 
mild cognitive impairment and Alzheimer disease. Am J Geriatr Psychiatry. 2011;19(11):915–922. 
doi:10.1097/JGP.0b013e3182011846 [PubMed: 22024615] 

8. Goldberg TE, Harvey PD, Devanand DP, Keefe RSE, Gomar JJ. Development of an UPSA 
Short Form for Use in Longitudinal Studies in the Early Alzheimer’s Disease Spectrum. J Prev 
Alzheimers Dis. 2020;7(3):179–183. doi:10.14283/jpad.2019.5 [PubMed: 32463071] 

9. Atkins AS, Stroescu I, Spagnola NB, et al. Assessment of Age-Related Differences in Functional 
Capacity Using the Virtual Reality Functional Capacity Assessment Tool (VRFCAT). J Prev 
Alzheimers Dis. 2015;2(2):121–127. doi:10.14283/jpad.2015.61 [PubMed: 26618145] 

10. Atkins AS, Khan A, Ulshen D, et al. Assessment of Instrumental Activities of Daily Living 
in Older Adults with Subjective Cognitive Decline Using the Virtual Reality Functional 
Capacity Assessment Tool (VRFCAT). J Prev Alzheimers Dis. 2018;5(4):216–234. doi:10.14283/
jpad.2018.28 [PubMed: 30298179] 

11. Czaja SJ, Loewenstein DA, Sabbag SA, Curiel RE, Crocco E, Harvey PD. A Novel Method 
for Direct Assessment of Everyday Competence Among Older Adults. J Alzheimers Dis. 
2017;57(4):1229–1238. doi:10.3233/JAD-161183 [PubMed: 28304300] 

12. Harvey PD, Nascimento. Helping older individuals overcome the challenges of technology. Curr 
Psychiatry 2020, 19, 13–23

13. Hu M, Wu X, Shu X, et al. Effects of computerised cognitive training on cognitive impairment: 
a meta-analysis [published online ahead of print, 2019 Oct 24]. J Neurol. 2019;10.1007/s00415–
019-09522–7. doi:10.1007/s00415-019-09522-7

14. Zhang H, Huntley J, Bhome R, et al. Effect of computerised cognitive training on cognitive 
outcomes in mild cognitive impairment: a systematic review and meta-analysis. BMJ Open. 
2019;9(8):e027062. Published 2019 Aug 18. doi:10.1136/bmjopen-2018-027062

15. Sherman DS, Mauser J, Nuno M, Sherzai D. The Efficacy of Cognitive Intervention in Mild 
Cognitive Impairment (MCI): a Meta-Analysis of Outcomes on Neuropsychological Measures. 
Neuropsychol Rev. 2017;27(4):440–484. doi:10.1007/s11065-017-9363-3 [PubMed: 29282641] 

16. Ball K, Berch DB, Helmers KF, Jobe JB, Leveck MD, Marsiske M, et al. : Effects of cognitive 
training interventions with older adults: a randomized controlled trial. J Am Med Assoc. 2002; 
288: 2271–2281.

17. Edwards JD, Delahunt PB, Mahncke HW: Cognitive speed of processing training delays driving 
cessation. J Gerontol A Biol Sci Med Sci.2009 64: 1262–1267. [PubMed: 19726665] 

Harvey et al. Page 10

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2023 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



18. Rebok GW, Ball K, Guey LT, Jones RN, Kim H-Y, King JW, et al. Ten-year effects of 
the Advanced Cognitive Training for Independent and Vital Elderly cognitive training trial on 
cognition and everyday functioning in older adults. J Am Geriatr Soc. 2014.62: 16–24.\ [PubMed: 
24417410] 

19. Edwards J, Xu H, Clark D, Guey L, Ross L, Unverzagt F .Speed of processing training results in 
lower risk of dementia. Alzheimers Dement Transl Res Clin Interv. 2017;3(4):603–611.

20. Wolinsky FD, Weg MWV, Howren MB, Jones MP, Dotson MM : The effect of cognitive speed 
of processing training on the development of additional IADL difficulties and the reduction of 
depressive symptoms results from the IHAMS randomized controlled trial. J Aging Health. 2015 
27: 334–54. [PubMed: 25239928] 

21. Zelinski EM, Spina LM, Yaffe K, Ruff R, Kennison RF, Mahncke HW, Smith GE: Improvement 
in Memory with Plasticity-based Adaptive Cognitive Training (IMPACT): Results of the 3-month 
follow-up. J Am Geriatr Soc. 2011 59: 258–265 [PubMed: 21314646] 

22. Ross LA, Edwards JD, O’Connor ML, Ball KK, Wadley VG, Vance DE: The transfer of cognitive 
speed of processing training to older adults’ driving mobility across 5 years. J Gerontol B Psychol 
Sci Soc Sci. 2015 71: 87–97. [PubMed: 25878053] 

23. Willis SL, Tennstedt SL, Marsiske M, Ball K, Elias J, Koepke KM, et al. : Long-term effects of 
cognitive training on everyday functional outcomes in older adults. JAMA J Am Med Assoc. 2006 
296: 2805–2814

24. Fisher M, Mellon SH, Wolkowitz O, Vinogradov S. Neuroscience-informed Auditory Training in 
Schizophrenia: A Final Report of the Effects on Cognition and Serum Brain-Derived Neurotrophic 
Factor. Schizophr Res Cogn. 2016;3:1–7. doi:10.1016/j.scog.2015.10.006 [PubMed: 26705516] 

25. McGurk SR, Mueser KT, Xie H, et al. Cognitive Enhancement Treatment for People with Mental 
Illness Who Do Not Respond to Supported Employment: A Randomized Controlled Trial. Am J 
Psychiatry.2015. 172(9):852–61 [PubMed: 25998278] 

26. Czaja SJ, Kallestrup P, Harvey PD. Evaluation of a Novel Technology-Based Program Designed 
to Assess and Train Everyday Skills in Older Adults. Innov Aging. 2020;4(6):igaa052. Published 
2020 Dec 9. doi:10.1093/geroni/igaa052

27. Chan MY, Haber S, Drew LM, Park DC. Training Older Adults to Use Tablet Computers: Does 
It Enhance Cognitive Function?. Gerontologist. 2016;56(3):475–484. doi:10.1093/geront/gnu057 
[PubMed: 24928557] 

28. Park DC, Lodi-Smith J, Drew L, et al. The impact of sustained engagement on 
cognitive function in older adults: the Synapse Project. Psychol Sci. 2014;25(1):103–112. 
doi:10.1177/0956797613499592 [PubMed: 24214244] 

29. Leanos S, Kürüm E, Strickland-Hughes, et al. The impact of learning multiple real-world skills on 
cognitive abilities and functional independence in healthy older adults. J Gerontol B: Psychol Sci 
2019 10.1093/geronb/gbz084

30. Nasreddine ZS, Phillips NA, Bédirian V, et al. . The Montreal Cognitive Assessment, MoCA: 
a brief screening tool for mild cognitive impairment. J Am Geriatr Soc, 2005 53(4), 695–699. 
10.1111/j.1532-5415.2005.53221.x [PubMed: 15817019] 

31. Rossetti HC, Smith EE, Hynan LS, et al. Detection of Mild Cognitive Impairment Among 
Community-Dwelling African Americans Using the Montreal Cognitive Assessment. Arch Clin 
Neuropsychol. 2019;34(6):809–813. doi:10.1093/arclin/acy091 [PubMed: 30517598] 

32. Keefe RS, Goldberg TE, Harvey PD, et al. The Brief Assessment of Cognition in Schizophrenia: 
reliability, sensitivity, and comparison with a standard neurocognitive battery. Schizophr Res. Jun 
1 2004;68(2–3):283–297. [PubMed: 15099610] 

33. Keefe RS, Harvey PD, Goldberg TE, et al. Norms and standardization of the Brief Assessment 
of Cognition in Schizophrenia (BACS). Schizophr Res. Jul 2008;102(1–3):108–115. [PubMed: 
18495435] 

34. Atkins AS, Tseng T, Vaughan A,et al. . Validation of the tablet-administered Brief Assessment of 
Cognition (BAC App). Schizophr Res, 2017.181, 100–106.

35. IBM Corporation. SPSS version 28, Armonk, NY 2021

36. Goldberg TE, Harvey PD, Wesnes KA, Snyder PJ, Schneider LS. Practice effects due to serial 
cognitive assessment: Implications for preclinical Alzheimer’s disease randomized controlled 

Harvey et al. Page 11

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2023 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



trials. Alzheimers Dement (Amst). 2015;1(1):103–111. Published 2015 Mar 29. doi:10.1016/
j.dadm.2014.11.003 [PubMed: 27239497] 

37. Harvey PD, Forero DB, Ahern LB, Tibiriçá L, Kallestrup P, Czaja SJ. The Computerized 
Functional Skills Assessment and Training Program: Sensitivity to Global Cognitive Impairment, 
Correlations With Cognitive Abilities, and Factor Structure [published online ahead of print, 2020 
Sep 7]. Am J Geriatr Psychiatry. 2020;S1064-7481(20)30470-X. doi:10.1016/j.jagp.2020.08.019

38. Lindenmayer JP, Khan A, McGurk SR, et al. Does social cognition training augment response 
to computer-assisted cognitive remediation for schizophrenia? Schizophr Res. 2018;201:180–186. 
doi:10.1016/j.schres.2018.06.012 [PubMed: 29910120] 

39. Bowie CR, McGurk SR, Mausbach B, Patterson TL, Harvey PD. Combined cognitive remediation 
and functional skills training for schizophrenia: effects on cognition, functional competence, and 
real-world behavior. Am J Psychiatry. 2012;169(7):710–718 [PubMed: 22581070] 

Harvey et al. Page 12

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2023 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Highlights

• What is the primary question addressed by this study?

This study addressed the question of whether computerized functional 

skills training improved cognition in older people with normal cognition or 

cognitive impairments.

• What is the main finding of this study?

Computerized functional skills training alone was associated with 

improvements in 4/6 cognitive domains assessed in participants with 

cognitive impairments. Overall, combined computerized cognitive and 

functional skills training led to greater improvements in all 6 domains of 

cognition across the two participant groups.

• What is the meaning of the finding?

These data suggest that both older people with cognitive impairments and 

normal cognition show evidence of plasticity in their cognitive functioning 

and that combining functional skills and cognitive training leads to wide-

ranging cognitive improvements.
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Figure 1. 
Training tasks and visual depictions.
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Table 1.

Performance on Six Different Cognitive Tests at Baseline and Endpoint; Separated by Cognitive Status

Skills Only Combined Training Multivariate Corrected F Test 
(1,94)

BAC APP 
Domain

Baseline Post Test Baseline Post Test Cognitive Training

M SD M SD d M SD M SD d Status Condition

Verbal Learning

Normal 40.18 10.58 40.29 9.40 .01 39.00 8.97 42.68 9.40 .41 11.32 7.10

Impaired 26.09 7.10 30.70 9.83 .54 25.83 7.32 33.94 9.73 .95 p<.001 p=.009

Digit Sequencing

Normal 18.68 4.82 19.32 4.85 .13 18.68 4.38 19.32 4.85 .14 1.36 6.37

Impaired 12.35 4.47 14.26 4.19 .44 13.22 3.70 16.17 3.31 .85 p=.25 p=.013

Token Motor

Normal 55.96 26.65 61.57 25.37 .22 48.04 19.18 57.44 19.78 .48 2.24 8.23

Impaired 35.83 20.26 37.57 24.32 .08 33.67 16.06 42.89 18.30 .54 p=.14 p=.005

Verbal Fluency

Normal 55.54 15.67 55.96 12.92 .03 47.92 12.82 53.04 12.67 .40 2.05 13.69

Impaired 33.26 9.80 34.35 8.76 .01 32.11 10.00 37.67 8.51 .60 p=.16 p<.001

Symbol Coding

Normal 25.86 6.73 28.54 9.10 .05 25.84 9.69 28.54 9.10 .28 0.68 5.06

Impaired 19.43 8.88 22.78 8.60 .39 19.39 11.29 23.83 11.32 .39 p=.41 p=.027

Tower of London

Normal 14.39 3.88 14.89 4.07 .13 13.92 5.11 14.89 4.07 .23 0.70 4.04

Impaired 9.48 5.25 11.74 4.38 .46 9.39 5.23 12.00 5.85 .47 p=.40 p=.045

Note. d is Cohen’s effect size measure for within subgroup improvements
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