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Abstract

In the current study we examined three experimental cognitive interventions, two targeted at
training general cognitive abilities and one targeted at training specific IADL abilities, along with
one active control group to compare benefits of these interventions beyond expectation effects,

in a group of older adults (N = 230). Those engaged in general training did so with either the
web-based brain game suite Brain HQ or the strategy video game Rise of Nations, while those
trained on IADL skills completed instructional programs on driving and fraud awareness. Active
control participants completed sets of puzzles. Comparing baseline and post-intervention data
across conditions, none of the pre-registered primary outcome measures demonstrated a significant
interaction between session and intervention condition, indicating no differential benefits. Analysis
of expectation effects showed differences between intervention groups consistent with the type of
training. Those in the IADL training condition did demonstrate superior knowledge for specific
trained information (driving and finances). Twelve months after training, significant interactions
between session and intervention were present in the primary measure of fraud detection, as

well as the secondary measures of the letter sets task and Rey’s Auditory Verbal Learning Test.
However, the specific source of these interactions was difficult to discern. At one-year follow-up
those in the IADL condition did not maintain superior knowledge of driving and finances gained
through training, as was present immediately post-intervention. Hence, the interventions, when
compared to an active control condition, failed to show general or specific transfer in a meaningful
or consistent way.
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Although there is general agreement in the cognitive aging literature that cognitive abilities
decline over time, there is significant disagreement about the effectiveness of interventions
to counter those declines. Declines are observed in both cross-sectional and longitudinal
aging studies with scores on measures of fluid abilities decreasing over the lifespan on the
order of 1.5 to 2 standard deviations from the decade of the 20s to the 70s and beyond

(e.g., Li et al., 2004; Salthouse, 2010a). Early studies examined whether such declines might
be compensated for by acquired skills (e.g., in typing: Salthouse, 1984; in chess playing:
Charness, 1981) or even reversed with appropriate interventions (e.g., by training the use of
mnemonics, Kliegl, Smith & Baltes, 1989).

Large-scale interventions to try to improve cognition in aging adults began in earnest

about 20 years ago with the ACTIVE trial (Jobe et al., 2001; Ball et al., 2002). ACTIVE
compared the effectiveness of around 10 hrs of training for specific abilities such as
reasoning, memory, and processing speed and assessed near transfer to tasks assessing

the trained ability as well as far transfer to tasks of everyday functioning. It was assumed
that counteracting decline at the ability level might enable people to live independently
longer and possibly forestall or prevent the effects of Alzheimer’s disease and related
dementias. Potential promise for that approach was seen in the strong relationships observed
between cognitive ability measures and measures of everyday activity performance (Allaire
& Marsiske, 1999), though both were psychometric measures rather than representative
tasks from daily life given the time and difficulty of scoring such activities, e.g., preparing a
meal from ingredients available in a real kitchen (Neistadt, 1994).

The idea that general ability training might transfer to specific everyday activity skills

was not born out immediately in ACTIVE trial. Instead, as expected, specific transfer

was generally found shortly after training. However, testing years later provided some
evidence of general transfer relative to the passive control group, including to self-rated
difficulties with IADLs (Rebok et al., 2014) and decreases in at-fault vehicle crashes, though
paradoxically accompanied by increases in not-at-fault crashes (Ball et al., 2010). Benefits
associated with some ACTIVE interventions (e.g., reduced dementia development: Edwards,
Xu, Clark, Guey, Ross... et al., 2017; improved health-related quality of life: Wolinsky

et al., 2006) years later are somewhat more difficult to attribute to specific interventions
given the loss of randomization following booster training sessions and the number and
exploratory nature of some analyses which may have capitalized on chance. Nonetheless,
the ACTIVE trial was unique in following up participants over an extended time frame (10
years) and providing evidence suggestive of delayed effects for a modest amount of training.

However, there was a strong theoretical precedent for a specific transfer finding from

the earliest educational literature (Thorndike, 1924) and the expertise literature (Ericsson,
Hoffman, Kozbelt & Williams, 2018), suggesting that acquired skills such as reading,
arithmetic, and chess are relatively domain specific with little transfer between them even
early in life when the brain is highly plastic (e.g., Sala & Gobet, 2017). Neuroscience
approaches to transfer suggest that instead of the principle of identical elements proposed
by Thorndike, or the updated model by Taatgen (2013) that includes production rules

rather than elements, transfer might be expected based on potential structural and functional
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changes of specific brain regions that are common to tasks (Nguyen, Murphy, & Andrews,
2019).

A review of the general “brain training” literature suggested that evidence was weak that
training on an ability led to far transfer and more specifically to improvements in everyday
activities in older adults (Simons et al., 2016). However, a recent meta-analysis suggests that
there are significant improvements in far transfer tasks, on the order of d=.22, for training

of healthy older adults and those with cognitive impairment (Basak, Qin & O’Connell,
2020), though secondary meta-analysis suggests that transfer effects are generally very small
or non-existent (Sala et al., 2019). Further, Moreau (2020) has provided some evidence,
particularly for cognitive intervention meta-analyses, that estimates based on assumptions
of a unimodal distribution for effect sizes may be misleading, and that mixture modeling
may uncover multimodal distributions for effect sizes. That is consistent with the framework
proposed for understanding conflicting findings for the benefits of cognitive training by
Smid, Karbach and Steinbeis (2020), that emphasizes the role that individual differences
might play in responsiveness to training, such as differences in baseline ability, age,
motivation, personality, and genetic predispositions. Consistent with that argument, a very
recent meta-correlation analysis by Traut, Guild, and Munakata (2021) provides evidence
that inconsistent results within the cognitive training literature might be attributable to gains
being correlated specifically with initial performance, with low ability persons gaining more
from training.

What seems replicable from virtually all meta-analyses is that training on a cognitive task
results in improvement for that task. Hence, we would expect that training on an activity
that is central to independent living may be expected to benefit that activity more than
training on a general cognitive ability, at least in the short term. Training of general cognitive
abilities through education (L6évdén, Fratiglioni, Glymour, Lindenberger, & Tucker-Drob,
2020) can have long lasting effects on human performance, perhaps because the hours

of investment are several orders of magnitude greater than typical short-term cognitive
interventions (e.g., that are typically in the 10 hr range, as seen in ACTIVE). However, the
effects of educational training seem to influence the level of attained cognitive ability in
early adulthood, with minimal effects on rates of cognitive decline later in life (intercept but
not slope of age decline). Also, early in the life span, even moderate-length interventions
lasting a year, despite having been shown to have immediate medium to large effect sizes,
often experience “fade-out” after a year (Bailey, Duncan, Cunha, Foorman, & Yeager, 2020).
So, from a cost-benefit perspective, it may be better to train for near-term benefits that
minimize catastrophic failures (vehicle crash, losing financial resources to fraud) rather than
hope to show persisting general ability benefits with unknown levels of transfer to everyday
activities.

There are also several methodological limitations to previous studies that have tested
effectiveness of general ability training on independence in older adults. First, aging
researchers tend to rely mainly on cognitive ability proxies to assess independence in
everyday activities rather than direct measures of the everyday activities. For instance, many
studies have measured performance of the Useful Field of View (UFOV) test instead of
using performance data from real or simulated driving to predict driving crashes (Goode
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et al., 1998). Second, cognitive measures that are repeated from baseline to post-training
sessions can make it difficult to estimate true change due to potential practice/retest effects
(Rabbitt, Diggle, Holland, & Mclnnes, 2004; Salthouse & Tucker-Drob, 2008; Salthouse,
2010b) although increased participant age tends to minimize the practice effects as do
alternate forms (Calamia et al., 2012). Lastly, expectation and/or placebo effects have been
a methodological threat to the design and interpretation of intervention studies (Boot et al.,
2013).

In our study, we chose to focus on two requirements for living independently in much

of the United States: safe driving and prudent financial management (fraud avoidance),

two instrumental activities of daily living (IADLs; e.g., Lawton & Brody, 1969). We
contrasted specific training in those areas with general cognitive training to evaluate the
relative effectiveness of different types of training. For general training we chose two
cognitive training tasks that have shown efficacy in improving cognitive abilities: BrainHQ,
a web-based commercial program based on speed of processing training developed in
ACTIVE (Smith et al., 2009), and Rise of Nations, a strategy videogame shown to improve
executive functioning (Basak, Boot, Voss, & Kramer, 2008). For specific training, we used
a combination of a newly designed tutorial on finances and fraud (described in Yoon et

al., 2019) and AARP’s web-based training program for older adults aimed at improving
knowledge and strategies for driving. That condition was called the IADL training condition.
We planned to explore how much improvement participants experienced per unit time
invested to begin to evaluate the cost-benefit for types of training. We used a puzzles
condition as an active control training condition. This condition has been shown to control
for expectation of improvement (Boot et al., 2016), while not demonstrating improvement
on cognitive measures for short-term training relative to a training suite that exercised
cognitive ability measures in a game-like environment (Souders et al., 2017). We assessed
potential improvement for general and specific training conditions with traditional measures
of cognitive ability, self-ratings of ability during activities of daily living, as well as new
measures of daily living competence: hazard perception during simulator driving and fraud
assessment for fraud and non-fraud vignettes. We conducted assessments at baseline, at an
immediate post-test, and at a one-year follow-up. Details of the study design and baseline
results are given in Yoon et al. (2019). To guard against capitalization on chance for the
many possible comparisons across training groups and outcome measures, we registered
our analysis plan. For describing study results we adopt the following conventions. Per
registration on clinicaltrials.gov, we initially defined primary and secondary outcome
variables. We consider statistical tests consistent with our pre-registered analyses as
confirmatory tests, and all others as exploratory tests.

In the analysis plan, hypotheses about the comparative advantage of training type

(general versus specific) were to be tested by analysis of variance tests for interactions,
specifically, measurement occasion (baseline to post-test, baseline to follow-up) by training
group (BrainHQ, Rise of Nations, IADL training, puzzle control), followed by post-hoc
comparisons. We expected that specific training, the IADL condition, would generate better
performance than general training on IADL tasks relative to the puzzle control (H1).

We expected that general training, BrainHQ and Rise of Nations, would generate better
performance than IADL training on cognitive ability tests relative to the puzzle control
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(H2). We expected that the use of alternate forms and a control condition that had strong
expectations of improvement would minimize practice and placebo effects (H3), diminishing
the size of prior benefits observed for general training relative to control (reduced effect
sizes relative to earlier findings).

Transparency and Openness

The summary data presented here are also available preregistered design and analysis plan,
on ClinicalTrials.gov (Identifier#: NCT03141281). Detailed procedures and deidentified
data are available on the Open Science Framework website at the time of publication.

Design and Participants

Intervention Comparative Effectiveness for Adult Cognitive Training (ICE-ACT) was

a single-site randomized and controlled clinical trial with 4-group design including 3
intervention groups (brain training, video game training, or a directed IADL training)

and an active control group with puzzle training (see Yoon et al., 2019 for details).

This trial was conducted from October, 2017 — through August 2019 with older adults

aged = 65 years living in the Leon Country area (Florida, USA). Participants were

required to 1) have a valid driver’s license and drive at least once a month; 2) speak

English; and 3) have adequate cognitive ability assessed by the Weschler Memory Scale

I11 (story A score of =6 or story B score of >4 if they failed story A). Participants

were ineligible if they: (1) reported terminal illness with life expectancy <12 months;

(2) reported or exhibited a disabling visual condition assessed as the inability to read

printed material; (3) reported or exhibited a disabling speech hearing and comprehension
condition assessed by inability to hear and comprehend the screener's instructions; (4)
reported or exhibited a disabling speech production condition assessed as the inability

to respond with comprehensible English speech to the screener's queries; (5) reported or
exhibited a disabling psychomaotor condition assessed as the inability to use a keyboard

and pointing device. Participants were also ineligible if they had previously experienced

any of the intervention tasks used in the current trial (for more detail about ineligibility
criteria, see Yoon et al., 2019). From 595 individuals contacted for pre-screening, 230 were
randomized and the sample was more likely to be female (58%), with age ranging from 64l
to 92 years (M=71.35, SD=5.33). Participants were less racially diverse (82% White) than
the US population as a whole (76% White: https://www.census.gov/quickfacts/fact/table/US/
PST045219 ) and most had a college degree and above (64% vs. 31% with bachelor’s degree
in the US: https://www.census.gov/quickfacts/fact/table/US/PST045219 ). No statistically
significant difference in gender, age, race, and education was found among the intervention
conditions. Outcome assessments were conducted immediately (i.e., baseline), after 4-weeks
intervention (i.e., post-training assessment), and 1 year after the intervention (i.e., follow-
up). To address and trace potential practice/retest effects we used alternate forms for most

of the cognitive and IADL outcome measures across assessments (see Yoon et al., 2019

for a full list of outcome measures that used alternate forms) and measured a perception

lone participant was recruited at age 64 and turned 65 right after post-training assessment.
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of training effectiveness at post-training. The order of alternate forms was counterbalanced
across participants to control for any potential differences in difficulty. Below is the list of
measures that used alternate forms across assessments: the Fraud Detection Task [baseline
(B), immediate post-assessment (P), 12-month follow-up (F)], the Driving Simulator Hazard
Perception Task (B, P, F), IADL Training Knowledge - Driving (P, F), IADL Training
Knowledge - Finances and Fraud (P, F), a Numeracy Test (B, P, F), Letter Sets (B, P, F),

the Hopkins Verbal Learning Test (B, P, F), the Rey Auditory Verbal Learning Test (B, P,

F), Raven’s Advanced Progressive Matrices (B, P, F). The overall study design and contact
schedule is summarized in Figure 1 as a CONSORT Diagram. The trial was conducted based
on highly standardized protocols (outlined in Yoon et al., 2019) for recruitment, screening,
assessment, intervention administration (including manuals sent home with participants),
and data transfer from intervention devices, which were approved by the Institutional
Review Board (IRB) at Florida State University.

Interventions

Four different training conditions were designed to compare the effectiveness of general and
specific technology-based training not only on basic perceptual and cognitive abilities but
also on the performance of simulated tasks of daily living. After baseline assessment and
randomization, participants received in-lab training designed to encourage familiarity with
how to operate a laptop and the necessary components for their assigned intervention task
described below. Participants were then asked to train on their assigned condition for four
weeks at home (20 hours) by completing two training sessions a day for a minimum of

30 min per training session. Each session followed the previous training session's adaptive
difficulty.

Participants in a computerized cognitive training condition received three different tasks

of brain training exercises from the BrainHQ platform developed by Posit Science (https://
www.brainhg.com). The three tasks focusing on improving speed of processing were
Double Decision, Freeze Frame, and Target Tracker. The tasks are somewhat analogous

to laboratory assessment and training tasks for speed of processing: 1) Double Decision
analogous to UFQV, 2) Freeze Frame analogous to a choice reaction time task, and 3)
Target Tracker analogous to the dynamic multiple object tracking task (Legault et al., 2013).
We were interested in whether such tasks might show far transfer by way of improved
performance on daily living tests (e.g., fraud detection, hazard perception in a driving
simulator). Participants in a video game training condition were asked to play a real-time
strategy game: the Rise of Nations (RON). In RON, competing against other computer-
controlled players, gameplayers are asked to lead a nation from the ancient age to the
information age (see https://en.wikipedia.org/wiki/Rise_of_Nations for details). Participants
in a directed IADL training were asked to complete two online IADL tasks: 1) AARP
Driver Safety Course and 2) Finances and Fraud education. The AARP driver safety course
(https://www.aarpdriversafety.org) was designed to refresh an older adults' driving skills and
knowledge of safe driving strategies. The Finances and Fraud education module was created
in collaboration with an instructional design professional and used a common e-learning
platform (i.e., Articulate Storyline2; https://articulate.com/) to help participants learn how
to manage finances and protect themselves from various types of financial and online
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fraud. The user interface and level of interactivity of the Finances and Fraud education
course closely mimicked the interface of the AARP course. The order of IADL tasks was
counterbalanced across participants in this group. Because each IADL online course took
around three to five hours to complete, participants completed each course twice during the
four-weeks of home intervention to make the total number of training hours approximately
equivalent to the other intervention conditions, as training time is a potentially critical
confound across conditions. This repetition of material is somewhat similar to repeatedly
playing the same games in BrainHQ, RON, or in the Puzzles conditions. Lastly, participants
in an active control condition were asked to play three computerized puzzle games during
the four-weeks of intervention: 1) Desktop Crossword game (developed and published

by Inertia software), 2) Britannica Sudoku Unlimited game (developed and published by
Britannica Games), and 3) Britannica Word Search game (developed and published by
Britannica Games).

Primary Outcomes—The primary goal of this trial is to test near- or far-transfer

after intervention on activities of daily living and general cognitive ability (i.e., speed of
processing). To assess performance on the activities of daily living, we used four IADL
related outcome measures: (1) fraud detection scenario task; (2) driving-simulator based
hazard perception task; (3) self-reported IADL questionnaire; (4) IADL training knowledge
about driving, finances, and fraud based on quizzes from the IADL training (this test was
administered at posttest and follow up only). To assess speed of processing we used Useful
Field of View (Edwards et al, 2006) and Digit Symbol Substitution (Wechsler, 1981).

Secondary Outcomes—In addition to the primary outcome measures, we tested possible
changes in: (1) technology proficiency (Computer Proficiency Questionnaire; Boot et al.,
2015, Mobile Device Proficiency Questionnaire; Roque et al., 2018); (2) numeracy (Cokely
etal., 2012; Schwartz et al., 1997); (3) reasoning ability (Raven’s Advanced Progressive
Matrices; Raven et al., 1998; letter sets; Ekstrom et al., 1976), (4) memory performance
(Hopkins Verbal Learning Test; Brandt, 1991; Rey’s Auditory Verbal Learning Test;
Schmidt, 1996); and (5) other IADL simulated tasks (i.e., ATM banking and prescription
refilling tasks, also referred to as “Miami IADL tasks,” in the University of Miami
Computer-Based Functional Assessment Battery, Czaja et al., 2017). We also assessed
participan’s perception of training effectiveness on motor, cognitive, and IADL abilities
after intervention. There was also a questionnaire querying participant’s previous experience
with fraud, video games, any activities related to IADL, cognitive, or brain training in the
last 12- months. The previous experience questionnaire was administered at baseline and
follow-up assessments to track if there was any other exposure to those activities before the
trial or during the trial. Finally, we had a manipulation check for the IADL training tutorials
consisting of six questions that probed specific knowledge of the material presented. Three
questions were selected from quiz sessions in the AARP driver safety course and the other
three questions were selected from quiz sessions in the Finances and Fraud education
course.
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A description of the metrics used can be found in Table 1S and 2S of the supplemental
materials. For more detailed explanations of and rationale to choose each outcome
measure, see Yoon et al. (2019). The measures and analysis plans are also detailed

on ClinicalTrials.gov (https://clinicaltrials.gov/ct2/show/NCT03141281) and on the Open
Science Foundation web site (https://osf.io/kq8yz/register/565fh3678c5e4a66b558267).

It can be noted that when alternate forms were used, analysis was not conducted to ascertain
whether they were psychometrically identical, or parallel, prior to testing. However, all
analyses conducted on measures that used alternate forms were also conducted with form
order as a covariate. The counterbalancing of form order did not have a significant impact
on any of the analyses reported here, at either posttest or follow-up. Performance on
alternate forms at baseline was also analyzed independent of intervention condition, and

a significant difference was only detected among the alternate forms of non-fraudulent
vignettes. However, counterbalancing equated exposure to each form across conditions, and
finding no significant effect of counterbalance order as a covariate adds credence to the
following results.

Baseline, posttest, and follow up mean performance for each intervention condition can be

seen in Tables 1 and 2, showing primary and secondary measures respectively. Correlations
between average scores at different timepoints for each measure are provided in Tables 3S

and 4S.

Primary and secondary measures at baseline were compared against those immediately
post-intervention between the four treatment groups in 4x2 mixed measures ANOVAS.

We investigated interactions of condition and session, assessing any differential benefit at
posttest, as well as main effects of condition or session. Given that IADL post-training
knowledge was assessed only after posttest, one-way ANOVAS were used to examine any
differential benefits after posttest. Specific £, p, and Cohen’s fvalues can be seen in Tables
5S and 6S.

Primary Outcomes

Fraud Detection.: There was no significant evidence for an interaction between session and
treatment condition for identifying fraudulent or non-fraudulent scenarios through text-based
descriptions (Fs < 1; p’s > .40). Also, no main effect was evident between sessions for
fraudulent or non-fraudulent scenarios (F's < 3.7; p’s > .05) and no main effect between
treatment conditions was shown (Fs < 1.8; p’s > .15).

As an exploratory analysis, d” was calculated, comparing baseline and posttest judgments

of fraud (or non-fraud) across intervention conditions. There was no apparent interaction
between intervention and session within d” values, A3,197) = .39, p=.76, Cohen’s = 0.08.
There was also no significant effect of session, A1,197) = 3.05, p=.08, Cohen’s f=0.12, or
intervention condition, A3,197) = 1.56, p= .20, Cohen’s = 0.15.
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Driving Hazard Perception.: Driving simulator measures analyzed here included average
speed, max brake compression, and standard deviation of lane position. Average speed may
indicate levels of comfort or caution while driving. Max brake application, if elevated, may
represent a strong deceleration as a result of an inaccurate judgment of speed or distance,
that is, a failure to anticipate or mitigate a perceived hazard. The standard deviation of

lane position, as a measure of variability in lane position over time, provides a measure of
vehicular control (see Souders et al., 2020). Average speed, maximum brake compression,
and standard deviation of lane position showed no significant evidence of an interaction
between session and treatment condition (Fs < 1.6; p’s > .20). There was also no significant
main effect of session for average speed (F<.5; p> .6). However, there was a decrease in
max brake compression from baseline (M= .99) to posttest (M= .95) (indicative of better
planning for hazards), A1,116) = 7.45, p=.01, Cohen’s f=0.25, and a decrease in standard
deviations of lane position at posttest (M = 0.53) compared to baseline (M= 0.56), A1,116)
=4.13, p=.04, Cohen’s f=0.19. No main effect of treatment condition was shown for

any simulator measure (F's < 1.75; p’s > .15). Note that the sample size in these analyses

is smaller (n=120) because participants were allowed to opt out from the driving simulator
tasks due to simulator sickness. A chi-square test showed that the proportion of participants
who opted out from the simulator task did not differ by the intervention condition, X2(3,
N=202) =1.90, p=.59.

IADL Status.: Self-reported IADL status did not show significant interactions between
session and treatment condition, nor were there main effects of session or treatment
condition (Fs < 1.60; p’s > .20). The manipulation check for IADL post-training knowledge
revealed a significant effect of treatment condition, A3,198) = 20.84, p<.001, Cohen’s
f=0.56. Using Bonferroni’s method for multiple comparisons, post hoc tests confirmed

that those in the IADL condition showed more accurate knowledge of test items than every
other treatment condition. Thus, the IADL training was effective for improving specific
knowledge.

Speed of Processing.: There was no significant evidence of an interaction between session
and treatment for the digit symbol task or the UFQV task (Fs < 1.50; p’s > .20). However,
performance on the digit symbol task significantly improved from baseline (M= 45) to
posttest (M= 48), A1,198) = 41.43, p< .001, Cohen’s f=0.45. No main effect of session
was shown for the UFOV task (F's < 3.00; p’s > .05) and no effect of treatment condition
was shown for either task (F's < 1.00; p’s > .60).

In summary, type of training, whether general or specific, did not differentially impact the
outcome measures.

Secondary Outcomes—Secondary measures were also compared between treatment
groups at baseline and immediately post-intervention. As mentioned in the preregistered
analysis plan, participants’ scores on the Computer Proficiency Questionnaire (CPQ),
Mobile Device Proficiency Questionnaire (MDPQ), letter sets test, Raven’s Progressive
Matrices, Hopkins Verbal Learning Test, and the Rey Auditory Verbal Learning Test were
all transformed into z-scores prior to analyses. Z-scores were calculated using means and
standard deviations from all baseline data prior to attrition, which means that the z-score for
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a specific condition in a post-training or follow-up assessment also indicates a difference in
average score compared to the baseline average across conditions (see Table 2 for averages).

Technology proficiency.: There was no significant evidence of an interaction between
session and treatment condition for the CPQ or MDPQ (F's < 2.50; p’s > .05). Likewise, no
significant effect of session was present for either measure (F's < 3.40; p's > .05) nor was
there an apparent effect of treatment condition on the CPQ or the MDPQ (Fs < 1.10; p's >
.35).

Numeracy and Reasoning.: The Numeracy Task, the letter sets test, and Raven’s
Progressive Matrices showed no significant interaction between session and condition (F's <
1.80; p’s > .10). No effect of session was present for Numeracy or Raven’s tests (F's < .20;
p's >.70) but the letter sets test did reveal better performance at post-test (Mean z-score =
0.27) than at baseline (Mean z-score = 0.03), A1,190) = 14.14, p<.001, Cohen’s f=0.27.
Treatment group showed no main effect for Numeracy, letter sets, or Raven’s tests (Fs <
.80; p’s > .50).

Memory.: The Hopkins Verbal Learning Test and Rey Auditory Verbal Learning Test
scores did not show a significant session by treatment interaction (Fs < 1.70; p’'s > .15).
Also, neither measure showed a main effect of session (F's < .50; p’s > .50), or treatment
condition (F's < 1.20; p’s > .30).

IADL (ATM banking and prescription refill tasks).: The simulated ATM banking task
and prescription refill task did not exhibit evidence of an interaction between session and
condition (Fs < 1.60; p’s > .15). However, there was a significant effect of session for
both the ATM banking task, A1,196) = 10.87, p=.001, Cohen’s = 0.24, revealing better
performance at post-test (Mean tasks per minute = 3.1) than at baseline (Mean tasks per
minute = 2.9), and the prescription refill task, A1,195) = 6.81, p= .01, Cohen’s = 0.19,
also showing better performance at posttest (Mean tasks per minute = 4.5) than baseline
(Mean tasks per minute = 3.7). There was not significant evidence of a main effect of
treatment condition for either task (Fs < 1.40; p’s > .25).

Correlations among various IADL measures are shown in Table 7S. Self-reported IADL
difficulty is most strongly correlated with performance on the ATM and prescription tasks,
while driving simulation measures and fraud detection measures each seem to represent
distinct metrics of IADL capability. This was confirmed by a factor analysis, which showed
three distinct factors with loadings on each factor corresponding to these three groups of
correlated tasks.

Perception of Training Effectiveness—An assumption of many cognitive intervention
studies is that an active control group will equate for expectations between experimental and
control conditions (Boot, Simons, Stothart, & Stutts, 2013; Simons et al., 2016). A series of
analyses were conducted to explore this assumption within the current study. At the end of
the one-month intervention period, participants were asked to rate whether interventions
like the one they experienced could improve vision, reaction time, memory, hand-eye
coordination, reasoning, multi-tasking, and IADL performance. Although interventions did
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not result in differential objective performance improvements in most cases, interventions
were often associated with significantly different expectations (Figure 1S in Supplemental
materials). Expectations tended to be greatest for the Brain HQ condition.

For reaction time, expectation scores were entered into an ANOVA with intervention
condition as a factor. This analysis revealed a main effect of condition (A(3,185) = 12.07,
p<.001, Cohen’s f = 0.42) that was driven by greater expectations for improvement in the
Brain HQ condition relative to all other conditions (all p values < .01, with Bonferroni
correction). Similarly, for expectation for hand-eye coordination improvement, a main effect
of intervention condition was observed, A3,185) = 8.77, p<.001, Cohen’s f = 0.35. This too
was driven by greater expectations in the BHQ condition relative to puzzle game control (o
<.01) and IADL training (p < .001) conditions. Expectations for multitasking improvement
also differenced as a function of condition, A3,185) = 12.18, p<.001, Cohen’s f = 0.28.
Expectations were higher for Brain HQ relative to the IADL and puzzle conditions (s <
.01).

RON and IADL training were also associated with greater improvement expectations for
certain abilities. The previously mentioned multitasking effect was partly driven by higher
expectations for the RON condition relative to the IADL and puzzle conditions (ps < .001).
Expectations also differed for reasoning ability, A3,185) = 6.08, p<.01, Cohen’s f = 0.42.
However, contrary to reaction time and hand-eye coordination, this time Brain HQ was
associated with lower expectations compared to the RON (p < .001) and the puzzle control
group (p < .05). A main effect was also observed for IADL expectations, A3,185) = 5.95,
p<.01, Cohen’s f = 0.28. Not surprisingly, IADL training produced greater expectations for
IADL improvement compared to all other groups (p < .01). For memory and vision, no main
effects were observed (p=.078 and .063, respectively).

One-year follow-up: Similar to posttest procedure, and adhering to the pre-registration
analysis plan, follow-up scores were compared to those at baseline to investigate
interactions, as well as main effects of session and treatment condition. Mean and standard
deviation values for primary and secondary measures can be seen in Tables 1 and 2
respectively. Specific £, p, and Cohen’s fvalues can be seen in Tables 5S and 6S.

Primary Outcomes

Fraud Detection.: Twelve months after baseline, a significant interaction between session
(baseline vs. follow-up) and treatment group was present in successful fraud detection,
FA3,166) = 2.68, p=.05, Cohen’s f=0.22, potentially reflecting a relatively high rise in
successful fraud detection among those in the IADL condition and a decrease in successful
fraud detection for those in the BHQ condition from baseline to follow-up, as shown in
Figure 2S. However, no significant relationships between rates of fraud detection were
revealed in Bonferroni corrected pairwise comparisons between conditions. No significant
interaction between session and treatment was evident for detection of non-fraudulent
vignettes (F< 1.60; p>.20). No main effect of session was present for detection of
fraudulent or non-fraudulent vignettes (F's < .70; p’s > .40). Likewise, performance on
neither set of vignettes showed a main effect of treatment condition (Fs < 1.70; p’s > .15).
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Once again, d” was calculated as an exploratory analysis to compare baseline and follow-up
judgments of fraud. There was a no significant interaction between intervention condition
and session for d’ values, A3,165) = 2.28, p= .08, Cohen’s f=0.20. Similarly, no
significant effect of session, A1,165) = 1.29, p= .26, Cohen’s f=0.09, or intervention
condition, A3,165) = 0.88, p= .46, Cohen’s f=0.13, was apparent among d’ values.

Driving Hazard Perception.: During driving simulation, average speed, max brake
compression, and standard deviation of lane position showed no significant interaction
between session and treatment group (F's < 1.60; p’s > .15). There was a main effect of
session on speed, A1,98) = 11.90, p=.001, Cohen’s = 0.35, indicating higher speeds
at follow-up (M= 14) than at baseline (M= 13). Yet, neither max brake compression nor
standard deviation of lane position showed a significant effect of session (F's < .40; p’s
> .50). No significant effect of treatment condition was exhibited by speed, max brake
compression, or standard deviation of lane position (F's < 2.30; p’s > .05).

IADL Status.: Measures of self-reported IADL status revealed no interaction between
session and treatment condition, and no main effect of session or treatment condition (F's <
1.00; p’s > .35). IADL post-training knowledge did not show a significant effect of treatment
condition, A3,166) = 2.23, p=.09, Cohen’s = 0.20. Additionally, using Bonferroni’s
correction, post hoc tests revealed no significant comparisons between conditions.

Speed of Processing.: The digit symbol task and the UFOV task displayed no significant
interaction between session and treatment (s < 1.00; p’s > .45). There was a significant
main effect of session for the digit symbol task, A1,169) = 14.25, p<.001, Cohen’s f

= 0.29, indicating better performance at follow-up (M = 48) than at baseline (M = 45),

but there was no apparent main effect of session on the UFQV task (F< 3.40; p> .05).
Treatment condition did not meaningfully affect digit symbol or UFOV performance (F's <
.50; p’s > .70).

Secondary Outcomes

Technology proficiency.: CPQ and MDPQ scores revealed no significant session by
treatment condition interaction (s < 2.10; p’s > .10). CPQ scores did demonstrate a main
effect of session, A1,166) = 29.06, p< .001, Cohen’s f= 0.42, indicating more self-reported
capability at follow-up (Mean z-score = 0.26) than at baseline (Mean z-score = 0.06).
Similarly, MDPQ scores showed an effect of session, A1,166) = 12.77, p<.001, Cohen’s
= 0.28, indicating more self-reported capability at follow-up (Mean z-score = 0.23) than at
baseline (Mean z-score = 0.09). There was no apparent main effect of treatment group for
the CPQ or MDPQ (F's <1.90; p’s > .10).

Numeracy and Reasoning.: Performance on the Numeracy Task and Raven’s test did not
show significant evidence for an interaction between session and condition (Fs < 1.00; p’s
> .40). Scores on the letter sets task, however, did show a significant interaction between
session and condition, A3,160) = 2.88, p= .04, Cohen’s f= 0.23, which may have been
driven by the Rise of Nations training group, which was the lowest performing group at
baseline but the highest performing group at follow-up, as shown in Figure 3S. Bonferroni
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corrected pairwise comparisons did not reveal any significant relationships between different
conditions’ performance on the letter sets task. The letter sets task also showed a significant
main effect of session, A1,160) = 6.51, p= .01, Cohen’s f=0.20, indicating better
performance at follow-up (Mean z-score = 0.21) than at baseline (Mean z-score = 0.07).
Neither the Numeracy task nor Raven’s test showed a similar significant effect of session
(Fs<.70; p's > .40). The Numeracy task, the letter sets task, and Raven’s test indicated no
effect of treatment condition (Fs < 1.00; p’s > .50).

Memory.: Hopkins Verbal Learning Test scores showed no interaction between session
and condition (F< .20; p’s > .95). Performance on the Rey Auditory Verbal Learning

Test did show a significant interaction between session and condition, A3,169) = 3.64, p
=.01, Cohen’s = 0.25, perhaps reflecting the fact that the IADL group was the only
treatment condition to show decreased performance at follow-up compared to baseline,

as shown in Figure 4S. However, Bonferroni corrected pairwise comparisons revealed

no significant relationships between conditions. Hopkins Verbal Learning Test and Rey’s
Auditory Verbal Learning Test showed no significant effect of session (F< 3.50; p’s > .05),
and no significant effect of treatment condition (F< 1.10; p’s > .35).

IADL (ATM banking and prescription refill tasks).: Rates of completion for the ATM
task and the prescription refill task revealed no significant interaction between session and
treatment condition (£< 1.30; p’s > .30). These tasks also showed no significant main effect
of session (F< 2.60; p’s >.10), and no main effect of treatment group (F< 1.10; p’'s > .35).

Discussion

Consistent findings of cognitive ability decline, particularly in fluid abilities, has spurred
cognitive aging researchers and a growing “brain training” industry to investigate ways to
slow or reverse such changes both to improve the prospects of maintaining independent
living and forestalling severe cognitive impairment and dementia. Although training an
ability leads to improvements in that ability in the short term, there is remarkably little
evidence of transfer to everyday cognition tasks, suggesting that it may be more efficient
to train on specific tasks of everyday living. An important constraint on interpreting prior
studies of training effects has been the lack of strong control groups, particularly those
that control for expectation/placebo effects. Thus, we evaluated the effects of two types
of cognitive training, general (BrainHQ, RON) and specific (IADL driving and finance)
in comparison to an active control condition (Puzzles) for a wide range of near and far
transfer tasks. We also evaluated the potential of one-time training interventions to generate
durable effects, by assessing performance immediately post-training and after a year. We
also attempted to minimize retest effects in general by using alternate forms.

Short-term Training Effects

Contrary to prior studies, we found no differential effects (session by treatment interactions)
after approximately 20 hr of training over a one-month period at post-test when compared to
baseline performance for primary and secondary measures with our pre-registered analysis
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plan. Because there was no differential improvement in performance, we did not conduct
planned comparative effectiveness analysis, assessing gain per unit time invested.

Interestingly, the analyses of perception of training effectiveness clearly indicate that
participants expected different outcomes for different types of training, similar to the
findings of Boot, Simons, Stothart, and Stutts (2013). Expectations differences appeared

to be driven by the demands of the training tasks, for example, the Rise of Nations game
often required participants to manage multiple tasks at the same time and reason about game
strategy, while Brain HQ often required players to respond quickly to fast moving stimuli.
Results suggest caution — despite careful efforts to control expectations (in our case, the
puzzle control group was chosen based on a previous control group that produced equal

or higher expectations for improvement compared to a cognitive intervention), expectations
may still differ between groups. However, it is also important to note that despite significant
expectation differences, few performance differences were noted between groups. This
suggests that placebo effects in cognitive intervention studies may be less of a concern

than previously thought. This is consistent with a recent study by Vodyanyk, Cochrane,
Corriveau, Demko and Green (2021). In four experiments, participants’ expectations were
manipulated, but no corresponding effects were observed on cognitive outcome measures
(unlike Foroughi et al., 2016). However, given such conflicting findings, additional research
needs to resolve if and when differential expectations translate to differential performance
improvement.

Long-term Training Effects

We failed to find robust effects of either general or specific training at a one-year follow up.
Although we observed three interactions for the planned baseline to 12-month analysis, it

is worth considering that a Bonferroni correction for the 17 interactions tested at follow-up
alone, would result in an alpha of .003, which would eliminate the significance of these
interactions. However, based on pre-registration of analyses, we examined each of the
interactions. IADL training resulted in more successful fraud detection, though not better
performance on non-fraud detection. Although that result is consistent with the expectation
that targeted training is superior to general ability training, the failure to find a similar
advantage for detection of non-fraud scenarios reduces confidence in the efficacy of our
training package, as does the d’ analysis. We may be observing a differential shift in the
criterion, being more liberal in calling a scenario fraudulent. Analysis of beta values did not
reveal any interactions between intervention condition and session, nor any main effects of
intervention or session. However, those in the IADL condition did show the largest numeric
drop in beta values from baseline (M = .65) to follow-up (M= .55). That same IADL
training condition resulted in poorer 12-month performance on the Rey Auditory Verbal
Learning Test, though not on the Hopkins Verbal Learning test. We are unable to suggest

a mechanism that would result in IADL training worsening memory for list items, and the
failure to find the same effect for the Hopkins memory lists suggests that this may represent
a Type 1 error. For the reasoning outcome measure, the Rise of Nations strategy game
condition showed a greater increase than other conditions in Letter Sets performance, though
no interaction was found for Raven’s matrices. It is plausible to think that a strategy game
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would improve general reasoning performance more than other types of training, but again,
the failure to find the same effect with the Raven’s task is suggestive of Type 1 error.

Practice or Retest Effects

Caveats

We found few main effects of session, that is, few re-test effects for our outcome measures.
We attribute this in part to the use of alternate forms for most of our tests. Though alternate
forms do not always eliminate re-test effects (Salthouse & Tucker-Drob, 2008; Salthouse
2010), particularly in perceptual speed tests, they can serve to minimize re-test effects and
potentially eliminate them for the kinds of measures which used alternate forms here. While
psychometric similarity of the alternate forms was not established prior to testing, it can be
noted that very little evidence of differential improvement between intervention conditions
was present even among measures which did not use alternate forms, strengthening the
assessment that the present interventions were largely ineffective at creating general or
specific transfer.

We failed to replicate the finding by Basak, Boot, Voss, and Kramer (2008) that Rise

of Nations leads to differential improvements in executive function in older adults. This
could be due to some of the major differences between studies: 1) we used a strong (Boot,
Simons, Stothart & Stutts, 2013) control group: puzzles, that has been shown to equate

for expectation effects about improvement in cognition (Boot, et al., 2016) compared to a
no-training, no-contact control group in Basak et al. (although expectation effects were not
equated in all domains in the present experiment); 2) training procedures varied in time
distribution (20 hr over one month for our participants vs 23.5 hr over 7-8 weeks for theirs),
and in location (after initial training in the lab, in homes for our participants and always in
the lab for Basak et al.’s participants); 3) we had almost three times as many participants
per condition (an average of 57 versus 20 hence more likely to have a precise estimate of
effect size; 4) we had only one measure of executive functioning in common: Raven’s. There
is some evidence that home-based, technology-delivered practice can be effective, with little
difference between lab and home-based training (Rebok, Tzuang & Parisi, 2019), and any
large-scale (community-level) cognitive intervention will need to be carried out in the home
environment rather than in labs. Further, commercial packages like BrainHQ are usually
only available online.

Failure to find training effects can mean that training was either ineffective, or inadequate in
dose to generate near (or far) transfer effects. Countering that hypothesis, training in IADL
activities was sufficient to show that there were robust gains (Cohen’s f=.56) in specific
trained knowledge (main effect ANOVA at post-test showing superior performance by the
IADL training group) that dissipated over a year, not unlike fading knowledge of specific
course content for a cognitive psychology course (Conway, Cohen & Stanhope, 1991). Also,
dosage, 20 hr, was comparable to (e.g., Basak et al., 2008) or about double that provided

in prior studies that demonstrated training effects (e.g., ACTIVE: Ball et al., 2002). An
important caveat is that our sample was not population-representative as was the ACTIVE
sample; our sample mainly consisted of advantaged older adults (e.g., in education level:
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Yoon et al., 2019) and it may be more difficult to generate improvements at initially higher
levels of cognitive performance.

Another caveat is that alternate forms were not tested for psychometric equivalence. Further,
pre-registration of an analysis plan, while helping to guard against degrading significance
levels compared to potentially many unregistered comparisons, makes it more difficult to
justify alternative analyses which may be superior to the registered ones; here, testing

for interactions with latent rather than observed variables might result in more sensitive
interaction tests.

In spite of the caveats, among the strengths of our study were: preregistering the study
and analysis plan, the use of multiple training conditions and a strong control group,

short and long-term (one-year) assessment of performance, use of alternate forms to
minimize retest effects, and highly standardized procedures for training and testing. Our
work lends support to the claim that general cognitive training does not appear to lead

to transfer to everyday tasks (Simons et al., 2016), here measured by simulator driving,
self-rated IADL performance, detecting fraud, or the Miami computer-simulated IADL
tasks. Specific training also failed to augment performance using those same outcome
measures, though specific declarative knowledge about finances and driving was improved
and well retained, at least immediately following training. It may be necessary to augment
educational interventions (IADL training) with realistic on-road (e.g., Bédard et al., 2008)
or in-person fraud training to produce robust effects for driving performance or fraud
avoidance. The factor analysis of IADL task performance and self-ratings suggests that
everyday activities such as driving, financial management, medication management, and
self-reports of everyday task difficulties represent different constructs or skills.

Conclusions

Approximately 20 hours of training, using either training aimed at improving cognitive
abilities or training aimed at increasing specific knowledge about driving and finances, did
not provide differential benefits on a wide range of specific and general transfer outcome
measures. We also failed to find robust general improvements at retest, probably because
we used alternate forms for our outcome measures, showing partial support for our third
hypothesis (H3). At follow-up one year later, we observed a few differential changes (both
losses and gains) that failed to replicate across similar outcome measures, hence suggestive
of Type 1 error. Thus, considering post-training and follow-up results, we have found no
evidence to support our first two hypotheses (H1 & H2) regarding differential effects of
general and specific training.

Such negative findings, along with a recent failure to demonstrate memory and intelligence
benefits for new language learning after 55 hr of instruction (Berggren, Nilsson, Brehmer,
Schmiedek & Lévdén, 2020) dampen enthusiasm for expecting that it will be easy to boost
cognition to promote longer periods of independent living in aging adults, at least for those
with above average educational attainment. Whether multi-modal training (Stine-Morrow,
Parisi, Morrow, & Park, 2008; Park et al., 2014) might make a greater difference is still an
open question, or whether a combination of training types might provide greater efficacy,

Psychol Aging. Author manuscript; available in PMC 2023 August 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gray et al. Page 17

such as mixing pharmacological and behavioral interventions (Yesavage et al., 2007).
Whether such training would work better for those lower in cognitive ability and educational
attainment needs further exploration, particularly in light of recent findings of a significant
meta-correlation between initial level and gain in performance (Traut, Guild & Munakata,
2021) but also considering the view that responder analysis carries important risks (Tidwell,
Doughterty, Chrabaszcz, Thomas & Mendoza, 2014). Research stretching back at least 100
years suggests that building up skill in a specific area of human performance requires
dedicated training in that specific area. One avenue to explore would be preventing specific
catastrophic errors that endanger health and wellbeing, by using technology to augment, or
substitute for failing abilities (Charness, 2019) rather than trying to rehabilitate higher level
cognitive abilities through cognitive training.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
CONSORT diagram for Comparative Effectiveness Study
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