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Abstract

As the world around us evolves into one with an aging population, it is essential to consider
various strategies to reduce challenges encountered by older adults. Cognitive declination can
be diminished through computerized cognitive interventions that employ frameworks of
neuroplasticity to improve specific cognitive abilities. The speed of processing Brain HQ
training by Posit Science Corporation has been frequently utilized for research purposes but
its sole clinical validation of literature has yet to be reviewed. Therefore, the aim of this
systematic review is to identify the benefits this training program confers to various cognitive
abilities and everyday functions in addition to summarizing the similarities and differences
across intervention characteristics. A search on a shared database of computerized cognitive
training based research containing relevant studies from this program, PubMed and Google
Scholar revealed a final list of 23 studies that were analyzed. Information obtained were
segregated by benefits conferred to near transfer cognitive dimensions of processing speed
and attentional domains, far transfers to other cognitive abilities and everyday functioning
variables as well as intervention characteristics such as training exposure, adherence and
implementation. Overall, most studies possessed low risk of bias and were of good quality.
Small to large effect sizes were noted in near transfers to trained cognitive abilities while small
to moderate effects sizes were observed in far transfers to untrained cognitive abilities and
everyday functioning variables. Sufficient exposures at a laboratory, of four exercises and
above, over a duration of 60 minutes or more per session and a total of more than 25 hours
of training produces better effectiveness of the training program itself. Despite the presence
of other biases in each individual research, current evidence supports the notion that Brain
HQ is a clinically meaningful cognitive intervention that can promote healthy aging among
older adults.

Keywords: Computerized Cognitive Training, Posit Science, Brain HQ, Speed of Processing,
Older Adults.
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Introduction

The aging population worldwide is currently on the rise. World Population Prospects: the
2019 Revision revealed information that in 2019, every one in 11 people (9%) would be over
the age of 65. However, this figure would almost double by 2050 as one in six people in the
world would fall within that age category (16%) (United Nations, 2020). Mafauzy (2000)
mentioned that the percentage of individuals aged 60 and above in Malaysia has been on a
significant rise, from 5.2% in 1970, to 5.7% and 6.3% in 1990 and 2000 respectively. He also
predicted that by 2020, the number of Malaysians aged 60 and above was estimated to be
around 3.3 million. Confirming the above information, Hirschmann (2019) mentioned that at
present, approximately 2.17 million (6.7% of the total population) Malaysians were aged
above 65 years old and the country would face the prospects of an aging population as early
as 2030. Itis rather interesting to note that a mere 20 years ago, the population of Malaysians
aged 60 and above were estimated to be approximately half the amount at 1.4 million
(Mafauzy, 2000).

All the above figures are a clear indication that current life expectancy, in Malaysia as well as
other countries has increased, thus warranting studies on the aging population (Mafauzy,
2000; Szelag & Skolimowska, 2012). An overall decline in quality of life on each elderly
individual is bound to take place as the aging population increases, creating unique problems,
unforeseen challenges and demands on the individual’s themselves from a physical,
emotional and cognitive perspective as well as on health care and social services systems
(Jobe et al., 2001; Mafauzy, 2000).

It is a rare occasion that older adults would escape the great range of aging declination
processes. Frail older adults may experience problems such as urinary incontinence,
instability, falls and acute confusion states, just to name a few challenges (Mafauzy, 2000).
Gradual cognitive decline is rather universal and falls within the category of normal aging
processes (Edwards et al., 2013b; Wolinsky et al., 2011). It causes cognitive deficits in the
individual such as declines in memory, attention, working memory and speed of processing
(Szelag & Skolimowska, 2012; Zelinski et al., 2011). These processes would not only
compromise an individual’s capacity to complete everyday tasks efficiently, but also reduce
their ability to learn other cognitive processes and increase their risk of losing independence,
as cognition plays a vital role in our day to day functioning, which includes managing
ourselves, activities and finances. There is also an increased chance of being diagnosed with
a neurodegenerative disorder such as dementia or Alzheimer’s disease on a worst case
scenario (Acevedo & Loewenstein, 2007; Simpson et al., 2012; Zelinski et al., 2014).

Circumstances such as the above have left an essential need to identify efficient and effective
cognitive training interventions for older adults to delay the aging process and enable older
adults to cope better during this phase of life (ten Brinke et al., 2017; Sharpe et al., 2014a;
Smith et al., 2009; Wolinsky et al., 2011). Although Malaysia has a rather comprehensive
range of medical and healthcare services, there is a lack of special programs to smoothen this
transition for the aged population due to a lack of priority and personnel in the geriatric field
(Mafauzy, 2000).

Much information has been made available to reduce age related functional declines
(Castells-Sanchez et al., 2019). However, few studies have been conducted to validate if
improving cognitive functions would lead to either short-or-long term effects on an individual
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in terms of improving their ability to function and live independently (Ball et al., 2002). The
solution to the above problem resides in understanding the underlying idea of the brain.
Neuroplasticity can be defined as long lasting changes that occur in neural connections when
we learn new things (Chudler, n.d.). The neuroplasticity of the brain functions in the same
way physical training may be used to improve physical abilities in an individual. Therefore,
due to its plasticity, the brain provides a life-long capacity and opportunity for humans to
reverse or slow down the aging process through the induction of neural changes in the brain,
via cognitive training to strengthen their cognitive abilities. This is especially beneficial when
training periods are well organized and intensive practice of the new skills are enabled to
ensure learning and retention to the highest possibilities. With a well-designed cognitive
training program that targets improvement in cognitive functions of an individual, the
dimensions of negative reorganization would at least be partially transformed to promote
positive brain plasticity and a better quality of life among older adults (Mahncke et al., 2006;
Pauwels et al., 2018; ten Brinke et al., 2017; Wolinsky et al., 2013).

Computerized cognitive training (CCT) is used to enhance cognition or cognitive skills of
individuals who utilized the strategy. CCTs are cognitive interventions on an individual
electronic platform, such as a computer, laptop or tablet that requires a physical response (i.e
a button press). It is a performance based approach that promotes ease of use, great
accessibility and is certainly cost effective in this digital era we live in. A range of CCT programs
such as Brain HQ, Lumosity, My Brain Trainner, Brain Age 2 and many other have been
developed for a similar purpose, to help to delay the cognitive decline process (Blackwood et
al., 2016; Fitzgerald, 2017; ten Brinke et al., 2017).

As beneficial as it is, there are presence of some inconsistencies in the evidence related to the
transfer of the training gains to everyday functioning. As an example, many large trials that
have focused on the speed of processing (SOP) training discovered that there were some long-
term effects of the training that was visible and enduring on participant’s daily activities,
however, no immediate transfer to other cognitive tests were visible (Eramudugolla et al.,
2017; Zelinsky et al., 2011; Zelinsky et al., 2014). Griffith-Greene (2015) in a research by
Marketplace in collaboration with the chairperson of the Cognitive Neuroscience and Imaging
branch at the Brain and Mind Institute at Western University, Canada suggested no significant
improvements across memory, reasoning, concentration and planning in participants who
underwent a CCT over a short training period of 15 minutes or more, three times a week for
two and a half and four weeks. Some cognitive neurologists argue that there is not much
evidence suggesting that CCTs help to delay cognitive decline (Fitzgerald, 2017). Similarly,
Simmons et al. (2016) reported that there are “limited and inconsistent” evidence to support
the notion that CCTs can be used for a similar purpose as described above.

Nevertheless, the impact of these CCTs in enhancing specific domains of cognitive abilities are
rather impressive can be seen across some of the articles reviewed later. Several follow-up
studies of The Advanced Cognitive Training for Independent and Vital Elderly (ACTIVE) trial,
which utilized three CCTs to enhance memory, reasoning and speed of processing in healthy
older adults, showed strong transfer to the cognitive abilities on trained tasks and some
transfers to other cognitive abilities than the one trained for as well as everyday functioning,
which will be described in greater detail later in this article (Ball et al., 2002; Ball et al., 2010;
Jones et al., 2013; Rebok et al., 2014; Sharpe et al., 2014a, 2014b; Tennstedt & Unverzagt,
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2013; Willis et al., 2006). Fitzgerald (2017) specifically mentioned that participants who
received the SOP training used in this trial (which was developed by Posit Science
Corporation), were “less likely to have dementia”. Rebok, G. and Knopmann D.S. made several
statements suggesting the possibility that CCTs may have lasting benefits and arguments on
both ends of the spectrum are visible. These experts also highlighted the need for more
substantial research to be conducted to test out these claims (Fitzgerald, 2017).

Brain HQ by Posit Science Corporation (San Francisco, California, USA) is an interactive brain
training program that was developed by a team of top neuroscientists. It includes various
exercises targeted to improve cognitive abilities such as attention, auditory processing,
navigation, memory, speed of processing, people skills, visual processing and a few others.
More than a 100 journal articles that report the impact of the Posit Science Brain HQ exercises
have been published in peer reviewed journals. This program is currently available in 9
different languages (Posit Science, 2020).

The most utilized training is the SOP training program which was an adaptation from Ball and
Roenker’s visual SOP training in 2007. All tasks were maintained and modified to be self-
administrative and user friendly, gaming elements were added to improve user engagement
and increase compliance (Wolinsky et al., 2011). As many of the Posit Science’s scientists are
experts in brain plasticity, their exercises are designed to bring about changes in the brain.
Trainings include a core focus on improving speed to meet real-world requirements, with an
increasing intensity across accuracy, whilst maintaining its continuous adaptability to each
individual’s performance on relevant exercises. Exercises are designed in an attractive way
that stimulates neurotransmitters and keeps individuals engaged via increasing their
intention to continually participate in the program and gradually generalizing to real-world
experiences (Posit Science, 2020).

The aim of the SOP training is to improve the sensory search speed of an individual, be it
visual, auditory or both, and their ability to perform one or more attentional tasks quickly.
Using an electronic platform, participants are trained by gradually reducing the stimulus
duration on information processing tasks as it becomes more challenging. Most speed of
processing training begins with the introduction of the simplest tasks which then increases in
complexity to fully developed this cognitive ability in the individual. Interventions such as
CCTs are designed to extend independence and dignity of older adults (Ball et al., 2002;
Edwards et al., 2002; Jobe et al., 2001).

As mentioned previously, a random search outcome on the worldwide web would reveal a
great deal of brain training interventions to improve its functionality. Posit Science’s Brain HQ
program has the highest level of empirical evidence with regards to the effectiveness of the
exercises involved in improving a range of cognitive abilities (Posit Science, 2020). Many
systematic reviews and meta-analysis have been published comparing various cognitive
interventions and their effectiveness (Marusic et al., 2018; Nguyen et al., 2019; Sprague et al.,
2019) Some were focused specifically on systematically reviewing CCTs (Kua et al., 2018; Shah
et al.,, 2017; Sood et al., 2019). To the knowledge of the researcher, there has been no
systematic review that solely focusses on analysing the training provided specifically by the
Posit Science Corporation only, confirming novelty of this review. Therefore, the aim of this
systematic review was to examine researches that have utilized specifically the SOP training
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developed by Posit Science to provide a thorough analysis of the particular program. The
objectives that would be addressed in this review are:
e To identify benefits of the SOP training conferred to processing speed and attentional
cognitive domains;
e To summarize similarities and differences across exposure, adherence and
implementation of the SOP cognitive intervention according to their outcomes.
e Toidentify how many studies included transfers of the SOP training and which of these
have conferred benefits to cognitive abilities and everyday functions.

Methodology

This systematic review was conducted in a series of five steps identified by Sood et al. (2019).
These five steps include: 1. Identifying the research question; 2. Identifying relevant studies;
3. Screening or study selection, 4. Charting and extraction of data; and 5. Study synthesis,
collating, summarizing and reporting the results. Guidelines provided by the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) were used to ensure
high quality and consistency of the review itself (PRISMA Group, 2020; Sood et al., 2019).

Identifying the Research Question The three research questions that would be addressed in
this systematic review are:

1. Is Posit Science’s speed of processing training more effective than other strategies and
controls in improving processing speed and/or attentional cognitive domains?

2. How does exposure, adherence and implementation of Posit Science’s speed of
processing training affect its effectiveness on improving this cognitive ability?

3. Does Posit Science’s speed of processing training impact transfers to other cognitive
abilities and everyday functions?

Identifying Relevant Studies The search process for this study was carried out beginning 18t
March 2020 and completed on 3™ June 2020. Three sources of information were used to
gather data for this research, namely, a shared database of studies involving CCTs, PubMed
and Google Scholar. The PICO framework was used to determine the eligibility criteria of
research that would be included in this systematic review. Its abbreviation indicates “P” for
Population, “I” for Intervention, “C” for Comparison and “O” for Outcome (Methley et al.,
2014). The PICO for this systematic review is mentioned below:

e P (Population) — Healthy older adults
e | (Intervention) — Speed of processing training by Posit Science
e C (Comparison) — Experimental vs. control groups

e O (Outcome) - Processing speed, attention, other cognitive abilities and everyday
functions

The search was initiated by scouting for articles on a shared database with all research that
has been conducted on CCTs obtained from an employee at Posit Science Corporation. Using
the tags “Posit Science” and “trials”, the researchers were able to access all published articles
that utilized training programs owned by the corporation. These articles were further
screened to select specific researches that have utilized the SOP training program by Posit
Science.
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The articles obtained through this database search were cross referenced and checked using
PubMed and Google Scholar in addition to conducting a search on these databases. The
search strategy used on PubMed is as follows. Some search terms or key words used include:
older adults, cognitive training, computerized cognitive training, cognitive intervention,
computerized cognitive intervention, brain games, brain fitness, brain training, Brain HQ,
Posit Science, InSight, speed of processing, processing speed. Initially, the term “healthy older
adults” was included in the above list. However, it was later removed because definition of
the term “healthy” seems to vary greatly from one study to another. Therefore, this element
was screened across all reviewed articles on a case to case basis on the inclusion criteria of a
healthy older adult, defined generally as someone who is cognitively intact (with a Mini
Mental State Examination (MMSE) score of 23 and above or equivalent for other measures of
the same nature), without clinical diagnosis of mild cognitive impairment or other clinical-
based population and lacked major cognitive, psychological, neurological and/or sensory
impairments.

A total of 32 possible combinations of search categories, using the keywords above, led to the
compilation of related manuscripts. Using the advanced search option, a minimum 3 and
maximum 4 search criteria with the Boolean Phrase “AND” was used each time a search was
conducted. An example of a search with 3 and 4 criteria respectively are as follows: “Brain
HQ” AND “speed of processing” AND “older adults” (3 criteria), “computerized cognitive
intervention” AND “Posit Science” AND “processing speed” AND “older adults”. Each concept
was searched across all fields. Search results were limited to articles published in the English
language, as the author did not have professional resources to translate articles published in
other languages, as well as to avoid possible bias and misinterpretation from informal
translations, among other concerns.

Screening and Study Selection Inclusion criteria of this study were: (a) usage of Posit Science’s
SOP training as part of the research; (b) participants aged 55 and above; (c) inclusion of human
subjects only; (d) healthy participants (as defined in the previous section); (e) peer reviewed
reports of clinical trials evaluating the effects of Posit Science’s SOP CCT on formal outcome
measures or specific cognitive domains; (f) a research with reported posttest results (not a
protocol paper); (g) includes a control group of some sort (i.e active — educational
training/non-cognitive training or passive — wait-list/no contact); and (h) if several
manuscripts using data from the Advanced Cognitive Training for Independent and Vital
Elderly (ACTIVE) trial came up in the search results, they were all included for full evaluation
(Ball et al., 2002; Rebok et al., 2014; Willis et al., 2006).

Exclusion criteria of this research were: (a) no results from other CCT’s in the SOP dimension
were analyzed or used as comparisons; (b) studies of populations other than healthy older
adults, such as those that include participants with impairments, ailments, mental health
issues or deficits in initial baseline measurements; (c) conference papers; (d) review abstracts;
(e) other review articles; and (f) studies without cognition and everyday functioning related
variables as measures.

Outcome measures included in the selection criteria were: for primary outcomes the criteria

included (a) cognitive function/abilities measured using standardized measures for SOP and
Attention; (b) Intervention specifications measured by exposure (duration per session,
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frequency and total hours of contact); (c) implementation (lab or home based; number of
activities completed) and adherence (attrition rates and reasons for attrition); (d)
effectiveness of CCT, measured through effect sizes (if available) and other results. For
secondary outcomes the criteria included adaptive functioning through far or near transfer
measured by effect sizes (if available) and other results.

A comprehensive two-level eligibility process was used to identify studies that would be
included in this systematic review. The first level involved screening of articles via titles and
abstracts. The second level involved screening of available full texts.

Charting and Extraction of Data Reviewer independently screened articles by title and
abstracts along with the relevant websites to identify eligible articles. Full text records were
also viewed for further screening prior to deciding inclusion of an article in this review. Most
articles obtained from the shared database provided by the Posit Science employee included
full text articles. Non-full text articles that were deemed relevant through title and abstract
screening were searched via Google Scholar as a first step. In situations where these
manuscripts could not be obtained, specific requests were channeled to the principal
investigator of each study. Some manuscripts have been received while other are pending
receipt. In articles containing information on both the pilot and main study, only results of
the latter were utilized for the purpose of this review. Extracted data were charted on
Microsoft Word using the template in the study synthesis section.

Risk of Bias in Individual Studies Once the final selection of studies to be included in this
review was completed, the author assessed risk of bias of each individual study using the
Cochrane’s Risk of Bias Tool. This assessment was done at a study level across all seven
components to account for any heterogeneity of results: random sequence generation,
allocation concealment, selective reporting, other bias, blinding participants and personnel,
blinding of outcome assessment and incomplete outcome data. Results from this analysis
were converted into Agency for Healthcare Research and Quality (AHRQ) standards by
utilizing the relevant thresholds provided. The characteristics of these thresholds are:

e Good quality: All criteria met (i.e. low for each domain)

e Fair quality: One criterion not met (i.e. high risk of bias for one domain) or two criteria
unclear, and the assessment that this was unlikely to have biased the outcome, and
there is no known important limitation that could invalidate the results

e Poor quality: One criterion not met (i.e. high risk of bias for one domain) or two criteria
unclear, and the assessment that this was likely to have biased the outcome, and there
are important limitations that could invalidate the results

e Poor quality: Two or more criteria listed as high or unclear risk of bias

Study synthesis. The following data was extracted onto a template: study source, sample size,
age, intervention duration, frequency, intensity, number of exercises utilized, venue, control
conditions with main study outcomes at post-intervention and follow-ups. Author included
effect sizes [eta-squared (n2)/partial etasquared (pn2)/Cohen’s d] for immediate post-
intervention data including the cognitive outcome measures of processing speed and
attention. For studies that did not report effect sizes, other relevant information on
performance on a measure after training that could be used as an indication of effectiveness
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was reported. Near and far transfer to other cognitive abilities and everyday functions were
reported across studies in which the said data were available.

Results

Figure 1 illustrates the flow of studies into this systematic review. A total of 355 articles were
identified across the shared database, PubMed database and Google Scholar search engine.
208 articles were retrieved after removing duplicates. 171 articles were excluded for the
following reasons: different category of participants i.e children, adolescents, young adults,
veterans, etc.; participants that are not healthy, i.e stroke, dementia, Parkinson’s,
schizophrenia etc.; articles not related to area of research interest; non-Posit science training;
non-research based articles; non-full text articles; articles requested but not received; and
interim analyses. Upon exclusion of the above, 37 full text articles were identified and
assessed for eligibility. The final analysis was performed on 23 articles that fit the
inclusion/exclusion criteria mentioned in the previous section.

Analysis of Risk of Bias in Individual Studies. 15 studies were categorized as good quality
studies by AHRQ standards as each reported low risk of bias across all seven domains. Five
studies were classified as fair quality as most of the domains were low risk, but two domains
were classified as unclear. Three studies were classified as poor quality. O’Brien et al (2013)
rated unclear across four of the domains namely, random sequence generation, allocation
concealment, other bias and blinding of outcome assessment. Eramudugolla et al (2017) was
rated unclear across the domain of blinding outcome assessment and high risk of bias across
three domains namely, random sequence generation, allocation concealment and other bias.
Edwards et al (2002) rated unclear across three domains namely, allocation concealment,
other bias and blinding of outcome assessment. Table 1in the Appendices lists further details
the specifications accordingly.

Study Characteristics Summary. Study characteristics, intervention features and cognitive
outcomes are summarized in Table 2 of the Appendices. A total of eight studies involved the
participant database from the ACTIVE trial, three studies used the participant database from
the IMPACT trial and the remaining 12 studies were independent researches.

Adherence Rates. Adherence rates, from studies where this information was made available,
were not significantly different between TGs and CGs (Faust et al., 2020; Smith et al., 2009).
Adherence rates ranged from moderate to high for studies used in this review. Smith et al
(2009) reported a participant retention rate of 92.1% for the TG and 86.9 for the AC. In using
part of the ACTIVE trial participant data, Jobe et al (2001) as mentioned in Sharpe et al.
(2014a) at a 1-year assessment reported 98.7%, Willis et al (2006) at a 5-year assessment
reported 67% and Rebok et al. (2014) at a 10-year assessment reported 44% adherence rates
respectively. In another study by Faust et al (2020) where participants were required to
complete between 30 to 40 hours of training, only 3.5% completed less than 30 hours.

Reasons for Non-Adherence Some common reasons for non-adherence across the studies
include training non-adherence, voluntarily withdrawals, (Rebok et al., 2014; Sharpe et al.,
2014a; Smith et al., 2009), investigator drop for inclusion or exclusion reasons such as more
health problems, lower cognitive function or incompletion of assessments (Sharpe et al.,
2014a; Smith et al., 2009; Willis et al., 2006), lost to follow-up (Smith et al., 2009), or death

653



INTERNATIONAL JOURNAL OF ACADEMIC RESEARCH IN BUSINESS AND SOCIAL SCIENCES
Vol. 10, No. 11, 2020, E-ISSN: 2222-6990 © 2020 HRMARS

(Rebok et al., 2014; Sharpe et al., 2014a; Smith et al., 2009). It was also found that participants
who were older, male and less educated and were less likely to be retained at 5 years (Willis
et al., 2006).

Intervention Features

Duration Per Training Session. The duration spent on per training session differs greatly
between all studies. The longest training duration per session, a total of 90 minutes, was
reported by (Belchior et al., 2013). This was followed closely by a total of 7 studies reporting
overall durations of within 60 to 75 minutes for each session (Ball et al., 2002; Jones et al.,
2013; Rebok et al., 2014; Sharpe et al., 2014a, 2014b; Tennstedt & Unverzagt, 2013; Willis et
al., 2006). Majority of studies in this review reported a time frame of 60 minutes per session
(Anderson et al., 2014; Anderson et al., 2013; Belchior et al., 2019; Edwards et al., 2002;
Edwards et al., 2013a; Mahncke et al., 2006; Smith et al., 2009; Zelinski et al., 2011; Zelinski
et al., 2014). Two studies reported a total of 70 minutes per session (Ball et al., 2010; O’Brien
et al., 2013). Smith et al (2018) mentioned that participants underwent a period of between
50 to 60 minutes of training each time. The shortest duration was reported in two studies, a
total of 40 minutes per session, compared to other studies in this review (Faust et al., 2020;
Mishra et al., 2015).

Although Faust et al (2020) reported the shortest training duration per session, a small to
moderate sized significant effect was displayed by the visual SOP training group and
significant pre-post changes was displayed by the auditory SOP training group and control
group in processing speed. The combination of visual and auditory SOP training group did not
produce significant pre-post outcome measure changes. Ironically, Belchior et al (2013) that
reported the longest training duration per session displayed results with improvements in
scores across SOP training group from pre-test to post-test compared to other training and
control groups, however none of these results were significant. All studies within the 60 to 75
minutes and 60 minutes duration per training session showed improvements (some
significant) in processing speed with effect sizes ranging from moderate to high. O’Brien et al
(2013) which included training of 70 minutes per session reported significant improvements
across attentional domains in SOP training group compared to the control group. However,
only small to moderate effect sizes in processing speed were noted in Smith et al (2018) which
included 50 to 60 minutes training per session. Specific information with regard to results of
each study is detailed in Table 2.

Total Training Hours. Categorization of this element was divided into two. The first involves
studies that reported total training duration below 25 hours. Belchior et al (2013) reported a
total of 9 training hours while Edwards et al (2002); Eramudugolla et al (2017) and Mishra et
al (2015) reported a total of 10 training hours. Participants in the Edwards et al (2002) study
needed to complete a minimum of 8 hours of training in total to be included into the results
analysis. Both Edwards et al (2002); Mishra et al (2015) reported significantly better
performance on processing speed measures. The average amount of hours of training
completed by participants in Eramudugolla et al. (2017) was 7.9 hours and results showed
better performance and a moderate effect size on processing speed measures. However, no
transfer effects were noted on attentional domains. Belchior et al (2013) reported non-
significant but slight improvement in processing speed and attentional domains. Participants
in the Faust et al (2020) study completed 15 hours of training. Smith et al (2018) designed a
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study that included a total of 18 hours in training, 10 of which was dedicated to the initial
training sessions, and four hours for each booster session (it included two booster sessions).
Participants in this study completed an average of 8.9 hours in training. Both O’Brien et al
(2013); Edwards et al (2013a) reported that participants had to complete 20 hours of total
training. Participants in the SOP training group of the Edwards et al (2013a) study were
mentioned to have completed 15 hours of total training on average. Edwards et al (2013a)
reported significantly greater improvement in speed of processing measure scores. Results
from Faust et al (2020); O’Brien et al (2013); Smith et al (2018) are similar to the information
mentioned in the previous section.

Another group of studies that fall within the range of the above category are the ones
reporting findings from the ACTIVE Trial. Studies that were part of the ACTIVE trial that did
not include participants that were not involved in the booster training reported a total of
within 10 to 12.5 hours of training (Jones et al., 2013; Sharpe et al., 2014a, 2014b). In these
studies, improvement of performance on speed of processing was reported with moderate
effect sizes. Another study by Ball et al (2010) that analysed results from the ACTIVE trial
database and did not include participants that were booster trained involved 11.6 hours of
total training, and as long as participants in this study completed a minimum of 9 training
sessions (approximately 10.5 hours) they were included in the results analysis. Ball et al (2002)
however included participants from the initial and the first booster training in their analysis,
resulting in total training within the range of 15 to 17.5 hours. Results from this study
indicated large effect sizes on speed of processing performance all participants. Those who
received booster training performed even better than those who didn’t and control group
participants. Three other studies that fall within the range of 10 to 22.5 total hours of training
were those involved in the ACTIVE trial which included database of participants who had
completed only the initial training (10 to 12.5 hours), the initial and first booster trainings (15
to 17.5 hours) and the initial training in addition to the first and second booster training (20
to 22.5 hours) (Rebok et al., 2014; Tennstedt & Unverzagt, 2013; Willis et al., 2006). Results
of these studies reported significantly improved performance on speed of processing
measures with moderate to large effect sizes. Once again, booster trained participants
outperformed all other groups.

The second category includes all studies that reported a total of 25 or more training hours.
Three studies that were part of The Improvement in Memory with Plasticity- based Adaptive
Cognitive Training (IMPACT) trial reported a total of 40 training hours (Smith et al., 2009;
Zelinski et al., 2011; Zelinski et al., 2014). The IMPACT trial studies reported large effect size
on processing speed measures but small effect sizes on attention measure. Two studies by
Anderson et al (2013); Anderson et al (2014) reported a total of 40 training hours as well.
These studies reported improvement in speed of processing from pre-to-follow-up studies.
Another study by Mahncke et al (2006) mentioned that participants completed between 40
to 50 hours of training in total. This study reported large improvements in processing speed
with a moderate effect size on the measure. Lastly, the highest amount of total training hours
in a study by Belchior et al. (2019) where participants were required to complete 60 hours
but the SOP training group completed 66.2 hours of training on average. In this study,
moderate to large effect sizes were seen on processing speed and large effect sizes were seen
on attentional domains. Table 2 presents detailed information of the results from each study.
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Number of Exercises Each research used varying number of exercises in the SOP training.
Eramudugolla et al (2017); Mishra et al (2015); Smith et al (2018) only used one exercise.
Results from these studies showed improvements in speed of processing but at a small to
moderate effect size range and no transfers to attentional domains. All the ACTIVE trial
studies (Ball et al., 2002; Ball et al., 2010; Jones et al., 2013; Rebok et al., 2014; Sharpe et al.,
20144, 2014b; Tennstedt & Unverzagt, 2013; Willis et al., 2006); Belchior et al (2013) used a
total of four exercises as part of the SOP training program. Similar to the above sections, the
ACTIVE studies reported significantly improved performance on speed of processing
measures with moderate to large effect sizes. Once again, booster trained participants
outperformed all other groups while Belchior et al (2013) reported non-significant but slight
improvement in processing speed and attentional domains.

Belchior et al (2019); Edwards et al (2002); Edwards et al (2013a); O’'Brien et al (2013) utilized
five exercises in their respective training programs. The IMPACT trial studies Smith et al
(2009); Zelinski et al (2011); Zelinski et al (2014); Mahncke et al (2006), Anderson et al (2013),
Anderson et al (2014) used six exercises in their SOP training programs. Faust et al (2020)
utilized the most amount of exercises from Brain HQ by Posit Science in their SOP training, a
total of within five to six exercises in each training group as they studied SOP from a visual,
auditory and a combination of visual and auditory perspectives. Information on the mixed
results of these studies can be referred to in previous sections or from Table 2.

Venue of Implementation Majority of the studies reviewed in this research had conducted
SOP training at a laboratory. Amongst these, most reported improvements across processing
speed scores post-training, with moderate to large effect sizes (Ball et al., 2002; Ball et al.,
2010; Belchior et al., 2013; Edward et al., 2002; Edward et al., 2013a; Jones et al., 2013;
O’Brien et al., 2013; Rebok et al., 2014; Sharpe et al., 2014a, 2014b; Tennstedt & Unverzagt,
2013; Willis et al., 2006) except Faust et al (2020) which reported improvements with small
effect sizes in the measure.

Nine studies indulged in home-based training approaches with a majority reporting large
(Smith et al., 2009; Zelinski et al., 2011; Zelinski et al., 2014) to moderate (Eramudugolla et
al.,, 2017; Mahncke et al., 2006) effect sizes in measures of processing speed. Smith et al.
(2018) was the only study in the home-based training category that reported a small effect
size on the same measure. The other home-based training studies reported improvements in
performance of processing speed in assessments at post-tests and follow-ups (Anderson et
al., 2013; Anderson et al., 2014; Belchior et al., 2019).

Only Mishra et al. (2015) allowed a slightly different arrangement for training through which
participants could select their preferred method of training delivery prior to the initialization
of training sessions, such as participating in training at home or at a laboratory facility.
Nevertheless, once participants have chosen their preferred locations, trainings were
conducted only at that venue for the respective participant until completion. Results of this
study showed some improvements in scores on processing speed measures at post-test.
Details on significance and actual effect sizes are included in Table 2.
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Overall Performance of Training Groups

Across all researches reviewed, performances of groups that were exposed to SOP training
were significantly much better compared to that of control group strategies Anderson et al
(2014); Anderson et al (2013); Ball et al (2002); Ball et al (2010); Belchior et al (2013); Belchior
et al (2019); Edwards et al (2013a); Edwards et al (2002); Eramudugolla et al (2017); Faust et
al (2020); Jones et al (2013); Mahncke et al (2006); Mishra et al (2015); O’Brien et al (2013);
Rebok et al (2014); Sharpe et al (2014a; 2014b); Smith et al (2018); Smith et al (2009);
Tennstedt & Unverzagt (2013); Willis et al (2006); Zelinski et al (2011); Zelinski et al (2014)
with the comparative difference reported by Jones et al (2013) that despite the many
advantageous effects of training on groups, age related change in CG showed slower decline
compared to those in TGS in one of the ACTIVE trial based researches.

Effect on Speed of Processing. Effect Sizes Summary

Two studies showed small effect sizes (Faust et al., 2020; Smith et al., 2018). Jones et al (2013)
displayed small to moderate effect sizes in the dimension. Eramudugolla et al (2017),
Mahncke et al (2006); Rebok et al (2014) discovered moderate effect sizes on SOP measures.
Ball et al (2002); Belchior et al (2019) (on the first booster session) reported moderate to large
effect sizes on this cognitive ability. Large effect sizes in SOP measures were noted in (Ball et
al., 2002; Smith et al., 2009; Willis et al., 2006; Zelinski et al., 2011). Other Results Summary.
SOP training is a significant predictor of UFOV performance (Eramudugolla et al., 2017; Sharpe
et al., 2014a, 2014b) and both mediation and direct effect of training on UFOV performance
is significant (Ball et al., 2002; Edwards et al., 2013a; Edwards et al., 2002; Eramudugolla et
al.,, 2017; Mishra et al., 2015; Sharpe et al., 2014a; Tennstedt & Unverzagt, 2013). Some
significant improvements were found at post-training and all follow-ups at 3 months (Belchior
et al., 2019), 6 months (Anderson et al., 2014), 5% year (Jones et al., 2013; Tennstedt &
Unverzagt, 2013; Willis et al., 2006) and 10t year (Rebok et al., 2014). Some groups in the
Faust et al (2020) study, namely visual processing speed and accuracy training, combination
of video and audio processing speed and accuracy training and control group did not show
significant improvements in the measure. However, Jones et al (2013) reported that age
related change in control groups, showed a slower decline compared to those in the SOP
training group. This study further mentioned that participants in the SOP training group
performed at a level of about 7.6 years younger than their counterparts in the control group.
In Belchior et al (2013), the SOP trained group produced not significant but marginally better
performance on the UFOV test compared to the Medal of Honour Videogame group (TGV1)
and placebo control (PCT). Table 2 presents further details on these results.

Effect on Attention Domains. Effect Sizes Summary. Smith et al. (2009) reported small effect
sizes on attention related variables on Repeatable Battery for the Assessment of
Neuropsychological Status (RBANS) Auditory Memory/Attention measure (d=0.23). Belchior
et al (2019) found moderate effect sizes on both multiple object tracking and attentional blink
measure. For further clarifications, please refer to Table 2. Other Results Summary. O’Brien
et al (2013) found that the SOP trained group in this study showed significant improvement
in specific increase in allocation of attention through visual space during visual search and
attentional capacity versus the control group which showed no significant improvement in
the above mentioned areas. Belchior et al (2013) found that the trained group performed
better in selective attention however Eramudugolla et al (2017); Zelinski et al (2011) found
no significant impact of training on attention. In further describing the results from the
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previous section from Belchior et al (2019), videogame training group performed better in
attentional blink post-training compared to the SOP training group however these results
showed continued improvement in the SOP training group and not the videogame training
group at the 3 month follow-ups. Although the SOP training group performed better than the
videogame training group on multiple object tracking, the effect disappeared after 3 months.

Transfers to Cognitive Abilities. Memory SOP training helps to transfer an effect on overall
memory (Zelinski et al., 2011), working memory by visual SOP training group not auditory SOP
training group (Faust et al., 2020), auditory verbal learning and letter number sequencing
(Zelinski et al.,, 2011) and verbal fluency (Belchior et al., 2013) at small effect sizes.
Improvements in the training indicator of speed was associated with transfer to a relatively
easy list memory outcome (Zelinski et al., 2014).

Transfers to Everyday Functions. Driving Across two studies, highest number of collisions and
at-fault crashes reported among control group participants. Participants from TGS reported
significantly lower rates of motor vehicle collisions (MVC’s) per year of driving exposure or
per person miles driven and only 18-at fault crashes (Ball et al., 2010) and were 40% less likely
to cease driving 3 years after the 5-year follow-up assessments (Tennstedt & Unverzagt,
2013). Training also was proven to show significant reduction in completion speed and
significant increase in response time for detecting hazards on the Maze Test and Hazard
Perception Test, respectively (Eramudugolla et al., 2017). Everyday Speed and Everyday
Problems. Significant improvements on Instrumental Activities of Daily Living (IADL) or Timed
Instrumental Activities of Daily Living (TIADL) performances have been reported (Belchior et
al., 2019) at small effect sizes (Edwards et al., 2002). Some research showed no improvements
or significance in these measures (Ball et al., 2002; Belchior et al., 2019; Rebok et al. (2014);
Willis et al., 2006). Booster training groups of participants seem to show significant impact on
everyday problems task and everyday speed test (Tennstedt & Unverzagt, 2013; Willis et al.,
2006). Better performance on IADL or TIADL at the 3 months follow up with a rather small
effect size was noted in the SOP training group compared to the control group (Belchior et
al., 2019).

Discussion

This systematic review aimed to explore CCTs focused on SOP training specifically by Brain HQ
of Posit Science Corporation. Benefits of the SOP training conferred to processing and
attentional cognitive domains were evaluated across 23 studies. This review also intended to
elucidate the SOP cognitive intervention outcomes with respect to various aspects of training
namely exposure, adherence and implementation. In addition to the above, the study also
explored transfer effects the training had to other cognitive abilities and everyday functions.

The findings from this review yield important implications for research on healthy older
adults. Analysis revealed that experimental groups (groups that were provided with the SOP
training) had larger improvements across most cognitive domains and everyday function
variables examined than control groups at all levels of transfer except for one research by
(Jones et al., 2013). Retention ranged from 44.0 - 98.7% of the sample across all studies used
in this review, resulting in a rather moderately high adherence rate. In terms of duration, a
time span of either 60 minutes or 60 to 75 minutes per session provided the best results in
terms of significant improvements in scores across processing speed with effect sizes ranging
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from moderate to high. The higher the amount of total training hours, the better the
improvement on both speed of processing and attention measures with larger effect sizes as
well. Nevertheless, this could be segregated into total hours of training spread across many
continuous sessions or fewer initial training paired with booster trainings to improve
performance and effect sizes in these variables. A total number of 4 exercises and above
should be used in the SOP training to this cognitive ability. Although lab based training was
more frequently used by researchers in these studies, home-based training also resulted in
equal performances across the processing speed, with most studies across both
implementation venues displaying improvements ranging between a moderate to large effect
sizes. Upon completing the training, an overall view showed that moderate to large effect
sizes were noted in outcome measures of processing speed in most studies. However, the
same is not true for the attentional domains as very few transfers occurred from the SOP
training occurred to this domain itself, and among studies that reported some transfer effects,
only small to moderate effects were reported. Far transfers to a few cognitive dimensions of
memory and everyday functioning of driving, everyday speed and everyday problems were
noted, but only at a small to moderate impact level.

Without a doubt, all studies reviewed revealed that SOP training affects the direct measure
of speed of processing more than any other variable. Information provided in the earlier
sections clearly confirm that majority of studies witnessed a moderate to large size effect of
SOP training on participant’s performance in the processing speed dimension (Ball et al.,
2002; Belchior et al., 2019; Eramudugolla et al., 2017; Mahncke et al., 2006; Rebok et al.,
2014; Smith et al., 2009; Willis et al., 2006; Zelinski et al., 2011). Similar findings were reported
in Lampit et al (2014) upon analysing 33 studies that reported speed of processing outcomes
after participants underwent a range of CCTs, where moderate and statistically significant
effect sizes in the dimension was noted. Another systematic review by Sprague et al (2019)
mentioned that in CCTs, the most prominent and likely transfer of effects of the training are
to be witnessed in the cognitive domains of speed, verbal working memory and visual working
memory. Furthermore, Edwards et al (2018) discovered that SOP training displayed medium-
sized improvements on speed of processing when it was measured as a proximal outcome
across the studies in this review. In studies involving community based samples, large
improvements in speed of processing measures were noted. Close magnitudes were visible
when comparing effect sizes of adaptive and partially adaptive SOP training on outcome
measures in that the former produced larger and the latter produced moderate effect sizes,
respectively. Additionally, the SOP training related studies reviewed in this research showed
that performance on speed of processing tasks, that were not practiced directly as part of the
training process, showed significant small improvements. A strong possibility that larger
effect sizes are obtained in this cognitive dimension could be due to the higher the number
of participants in a study. Lampit et al (2014) conducted a fixed-analysis that displayed a
noticeably larger effect size on studies with large number of participants. Similarly, studies
analysed for the purpose of this review with a bigger sample size, such as the ACTIVE trial
studies (Ball et al., 2002; Rebok et al., 2014; Tennstedt & Unverzagt, 2013; Willis et al., 2006)
which included 2802 participants and the IMPACT trial studies (Smith et al., 2009; Zelinsky et
al., 2011) which included 487 participants reported significantly large effect sizes in speed of
processing.

659



INTERNATIONAL JOURNAL OF ACADEMIC RESEARCH IN BUSINESS AND SOCIAL SCIENCES
Vol. 10, No. 11, 2020, E-ISSN: 2222-6990 © 2020 HRMARS

Only two studies reported witnessed a small to moderate effect size of SOP training on
participant’s performance across attention related domains (Belchior et al., 2019; Smith et
al., 2009). These results were further confirmed as Lampit et al (2014), having reviewed 11
studies that reported outcomes relating to the attentional domain of cognitive abilities
mentioned that the effect sizes across these studies were small and non-significant.
Conversely, Sprague et al (2019) reported in their systematic review that although cognitive
domains of visual attention and executive function were frequently assessed in CCT related
research, consistent transfer effects were not discovered in the relevant outcome measures.
Similar to the above pattern, far transfer of SOP training to the cognitive ability of memory
was witnessed in this research with a small effect size (Belchior et al., 2013; Faust et al., 2020;
Zelinski et al., 2011; Zelinski et al., 2014). However, the systematic review and meta-analysis
by Edwards et al (2018) reported no significant effect but medium variations on the memory
construct post SOP training. A rational reasoning for the above mentioned results could be
dedicated to the idea that the generalization of effects obtained through CCTs with specific
focal points, such as SOP trainings, are rather limited and may not extend beyond the targeted
cognitive ability (Simons et al., 2006). This provides an understanding why conflicting findings
have surfaced with regard to measures of attention and other cognitive abilities such as
memory. Nevertheless, studies such as Edwards et al (2013b); O’Brien et al (2013) suggest
that SOP related training may include elements that primarily improve attention, just as
findings of this research has reported. Further affirming this information, Edwards et al (2018)
suggested that the SOP training related studies reviewed in their research showed that
performance on the cognitive construct of attention, both directly and indirectly practiced as
part of the training process, had significant small improvement effects.

Some significant small transfer effects to everyday functions of driving, everyday speed and
everyday problems were also reported in the current study (Ball et al., 2010; Belchior et al.,
2019; Tennstedt & Unverzagt, 2013; Willis et al., 2006). Once again, Edwards et al (2018)
mentioned that their review on SOP training displayed transfers to real-world abilities, as
improvements on SOP performance results in transfers to improved everyday functional
performance. In terms of adverse driving events, participants in a SOP training group were
49% less likely to experience it. In addition to the above, two studies showed that SOP training
displayed a small significant effect size on driving mobility. In relation to everyday speed and
problems, Edwards et al (2018) also discovered that results from five randomized clinical trials
showed small but significant improvement effects on IADL performance.

A well-documented fact is the idea that reduction in speed of processing would eventually
lead to a reduction in the abilities of older adults to perform everyday functions.
Consequences of this scenario could lead to a longer duration for older adults to perform
everyday activities, ultimately reducing their quality of life. Additionally, it also poses a threat
to safety and survival measures. With lowered processing speed, older adults may take an
increased amount of time to respond to sensory information subjected to threats in their
environment (Ball & Vance, 2007; Vance et al., 2010). Therefore, far transfer effects of SOP
training to everyday functioning variables visible in this study has its benefits in preventing
the above mentioned circumstances as a result of improved processing speed. As mentioned
in Edwards et al (2018), the fact that older adults rated their IADL difficulties as lower is crucial
evidence of their abilities to maintain independence. It is reasonable to accept that any
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intervention that produced an improvement on the IADL is certainly beneficial, indicating in
the case of this study that SOP training resulting in such far transfers are particularly essential.

Strengths and Limitations of Studies Included in this Review. The strength of studies used in
this systematic review relies on the risk of bias of each individual study. Cochrane’s Risk of
Bias Tool was used to assess the risk of bias of each study in this review. The final review
comprised 23 studies, majority of which were reported as good quality studies, revealing low
risk of bias. Table 1 lists detailed analysis of the risk of bias across these studies. On the other
hand, as all studies selected for this systematic review targeted healthy older adults, a
limitation could exist in the longitudinal trials and studies. The health and well-being of
participants across all research were measured at relevant points of the research. However,
in reporting their findings, some researchers failed to include updates with regard to this
information in their studies. Therefore, all research reviewed in this study function under the
assumption that the participants functioning, defined as healthy at baseline measurements,
were somewhat maintained across the years of research as their data was not eliminated for
the final analysis of results in each individual study. In reality, there could be a possibility of
some healthy adults showing cognitive declines, mild cognitive impairments or other possible
threats that could influence their performance across outcome measures recorded at follow-
up sessions.

Limitations and Recommendations at an Outcome Level. Despite the displayed evidence,
there are three limitations that exist in this systematic review. The first limitation targets
inconsistencies across outcome measures. Although the focus of this review was centered
around the impact of SOP training specifically on transfer effects to processing speed,
attentional domain, other cognitive abilities and everyday functioning, each study utilized
various instruments to measure performances across each variable. As an example, some
example of processing speed outcome measures are exercises adapted from the Brain HQ
training program (Belchior et al. 2019; Mahncke et al., 2006; Smith et al., 2009; Zelinski et al.,
2014), Useful Field of View measure (Ball et al., 2002; Belchior et al., 2013; Belchior et al.,
2019; Edwards et al., 2002; Edwards et al., 2013a; Eramudugolla et al., 2017; Smith et al.,
2018) and Wechsler Adult Intelligence Scale-IV Cancellation (Faust et al., 2020). Therefore,
results obtained from each of these measures may not be equivalent in magnitude. In future
reviews, it is recommended that all selected articles include a similar outcome measure (with
minimal variability) in assessing performance on each variable.

Secondly, large variability across training techniques and implementations made it
challenging to determine the best dosage for highly effective studies. In Eramudugolla et al.
(2017), information on exact time duration per training session was not available. A number
of studies included a range of time durations rather than specific and exact duration per
training session as well, such as 60 to 75 minutes (for most ACTIVE trial studies) and 50 to 60
minutes (Smith et al., 2018). Some studies even mentioned that duration details provided are
inclusive of break time for participants, but unclear description of this information across
studies resulted in a lack of clarity on the total amount of time spent solely at training per
session. For further information, please refer to table 2. The large variability in this dimension
made it difficult to determine the optimal dosage for CCTs that are the most effective. It is
recommended that each individual research article should include clear specification and
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details of interventions implemented, possibly following a standardized and specific
guideline, to ensure no visible gaps or doubts in this element.

Lastly, there is a possibility that a few studies that were eligible to be selected for this review
were not analyzed due to the inability to obtain full-text documents either through database
search or from the independent researchers and incomplete articles (such as missing a
particular section of the article). It is recommended in future studies, that these researches
are included as part of the review process, given the possibility of discovering all articles that
meet the inclusion and exclusion criteria of this review.

Implication of Study

The implication of this review is recognizing the Brain HQ’s SOP training as a clinically
meaningful CCT. The results of the current study clearly demonstrate that this particular SOP
training has the capacity to not only generate great effects via near transfers to measures of
processing speed, but also the ability to generalize training effects via far transfers to
everyday functioning, as observed through significant small effect sizes on participants’
performances on IADL and TIADL. The ability of the SOP training to not only improve a skill or
underlying ability but also a performance on everyday functions shows the capability of this
training to create clinically meaningful effects that enhances the lives of older adults and their
daily functioning. CCTs such as the Brain HQ by Posit Science are examples of interventions
that are low in risk and cost without creating much burden on participants, mainly due to its
advantages, ease of use and accessibility, that a program as such can be utilized for practice
on almost any readily available screen (including mobile phones, tablets, laptops and
desktops). Although only a significantly small effect size of transfer of SOP training to IADL
and TIADL was noted, this does not indicate that the effects obtained are not clinically
meaningful, as orthodoxly mentioned by Cohen. Most cognitive training studies in particular
usually generate small effect sizes (Edwards et al., 2018). In Hindin and Zelinski (2012), a meta-
analysis showed that both physical exercise and process-based cognitive training have similar
abilities to improve overall cognition, yet individuals still have a higher regard for and
genuinely accept physical exercise as a means to do so more than the other technique.
Therefore, it is timely to recognize, acknowledge and recommend the benefits of Brain HQ's
SOP training program in particular, to enhance older adults’ quality of life.

Conclusion

The field of CCTs is upcoming yet poses a great challenge to conventional cognitive training
theories. For every article or study released in attempt to question the effectiveness of CCTs,
many studies are being conducted to prove its efficiency. As some major findings of this
systematic review clearly depict, moderate to large effects in processing speed and small to
moderate effects across attentional and other cognitive domains as well as everyday
functioning variables are witnessed in trained individuals. Moderately high adherence rates
were prevalent in all studies. Regardless of venue (lab-based versus home-based), trainings
utilizing four exercises or more, with a duration of 60 minutes and above and higher amounts
of total training hours reflected moderate to large effect sizes in the studies reviewed.

The Brain HQ’s SOP training program has been utilized widely in research, making it the most

researched training program owned by Posit Science. The proclamation of such evidence-
based interventions are thoroughly convincing and is recommended for training healthy older
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adults in an attempt to delay cognitive declination and improve their quality of life. However,
statistically objective reviews concerning the effectiveness of this particular CCT is yet lacking.
It is recommended that future systematic reviews, with a sole focus on the Brain HQ SOP
training, include a meta-analysis component to further ascertain the effects of this training
on cognitive constructs of speed of processing, attention, other cognitive abilities and
everyday functioning variables as it increases the generalizability of each individual study.
Precise estimation of effect sizes would provide a clear depiction of benefits conferred from
the intervention, increasing clarity of conclusiveness between and within each individual
study as well (Lee, 2019).

Highlighted in its efficacy, Brain HQ's SOP training easily overshadows other sister training
programs targeted at improving various cognitive abilities. As noted from the findings in this
review, effectiveness of the SOP training program on improving cognitive abilities in the
attentional dimensions of healthy older adults are not as immense. Therefore, future studies
should consider including Brain HQ’s attention related training to measure its effect on
attentional domains instead, given that a higher possibility of effect transference from a well-
designed specifically targeted intervention may occur, ultimately creating greater opportunity
to enhance this cognitive ability in healthy older adults. A comparison between the impact of
SOP training versus attention training on attentional domains could be made as well to
provide further clarity on the effectiveness of each respective intervention whilst enhancing
the overall functionality of the Brain HQ program itself.

Theoretically, this systematic review has further contributed to the ideas underlying aging
and brain plasticity. CCTs have the capacity to enhance brain functioning as individuals age,
furthermore if they are in good health. Every research discussed in this study shows concrete
empirical evidence in the ability of a specifically well-designed CCT to progressively improve
cognitive functioning of healthy older adults, some to a great extent. This discovery has
further ascertained the neuroplasticity of the aging brain in its ability to assimilate and adapt
to new knowledge being transmitted via CCTs that enables improved functioning and greater
quality of life in the elderly.
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APPENDIX 2

Table 1: Risk of Bias Assessments at a Study Level in Studies Utilizing Posit Science’s SOP CCT

on Healthy Older Adults
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Appendix 3
Table 2: Summary of Study Characteristics, Intervention and Control Condition Features and
Cognitive Training Outcomes for Studies Included in the Qualitative Review.

Study Characteristics Intervention Control Cognitive Training Outcomes
Condition
Study Sample Mean Session Sessions/ Total No. of Venue Type/ Processing Speed Attention Transfer to Other
(n) Age Duration Weeks Training Exercises Activity Cognitive abilities or
(SD) (mins) (hrs) Utilized Everyday Functions
Advanced Cognitive Training for Vital and Independent Elderly (ACTIVE) trial related studies
Ball et al. TGM: 73.60 Initial: Initial: Initial: 10 - 4 Lab Passive/ -Training effects were - -No significant transfer effects
(2002) 703 (6.90) 60-75 10s/5-6w 125 No contact significant in TG on of initial and booster training
TGR: 699 CcG proximal outcomes at Post- in TG to everyday problem
TGS: Booster: Booster: Booster: 5 test, 1t and 2™ year solving, ADL and IADL
702* 75 4s/2-3w assessments reporting functioning, everyday speed
CG: 698 effect sizes of -1.463, - and driving habits were
Total (n): 1.212 and -0.867 observed across all assessment
2802 respectively. points.
-Training effects were
significant in TG who
received booster training
on proximal outcomes at
Booster 1tand 2" year
Training assessments reporting
TGM: effect sizes of -0.919 and -
283 0.347 respectively.
TGR: 301 -Booster effects were noted
TGS: in TG showing reliable
295* gains in the trained domain
(Booster — 92%, No
booster — 68% and CG —
32%).
Willis et al. TGM: 73.60 Initial: Initial: Initial: 10- 4 Lab Passive/ -TGS showed significant - -TGS did not yield any
(2006) 703 (6.90) 60-75 10s/5-6w 125 No contact reduction in processing significant effects on IADL,
TGR: 699 CG speed from baseline to 51 Everyday problem solving and
TGS: Booster: Booster: Booster 1: 5 year assessment (d= 0.76). Everyday speed of processing
702* 75 4s/2-3w Booster 2: 5 -TGS that participated in at the 5" year assessments.
CG: 698 booster training showed -After controlling based line
Total (n): significantly better for age and cognitive function,
2802 performance on processing TGS that participated in
speed at the 5 year booster training showed
assessment compared to significant improvement in
their non-booster performance on Everyday
counterparts (d=0.85). speed of processing (d=0.30)
Booster compared to their non-booster
Training counterparts.
TGM:
283
TGR: 301
TGS:
295*
Ball etal. TGM: 73.00 70 10s/5-6w 11.6 4 Lab Passive/ - - -Participants in TGS recorded
(2010) 175 (5.59) No contact 35 collisions 6 years after
TGR: 145 CG baselines and the lowest
TGS: number of at-fault crashes, 18
179* crashes, compared to other
CG:409 EGs.
Total (n): -TGS also reported
908 significantly lower rates of
MVC’s per year of driving
exposure or per person miles
driven.
-Highest number of collision
and at-fault crashes were
recorded among CG.
Jones et al. TGM: 73.80 60-75 10s/5-6w 10-12.5 4 Lab Passive/ -41.4% of initial training - -
(2013) 296 (6.01) No contact benefits was maintained for
TGR: 329 CG TGS at the 5-year
TGS: assessment, with a small to
336* moderate effect size of -3.2
CG: 698 T-Score units.
Total (n): -EGS participants
1659 performed at a level of
about 7.6 years younger
than CG participants.
-However, age related
change in CG showed
slower decline compared to
those in TGS.
Study Characteristics Intervention Control Cognitive Training Outcomes
Condition
Study Sample Mean Session Sessions/ Total No. of Venue Type/ Processing Speed Attention Transfer to Other
(n) Age Duration Weeks Training Exercises Activity Cognitive abilities or
(SD) (mins) (hrs) Utilized Everyday Functions
Advanced Cognitive Training for Vital and Independent Elderly (ACTIVE) trial related studies
Tennstedt & TGM: 73.60 Initial: Initial: Initial: 10 - 4 Lab Passive/ -Largest improvements - -TGS Booster showed
Unverzagt 703 (6.90) 60-75 10s/5-6w 12.5 No contact were seen in the TGS. improved performance on
(2013) TGR: 699 CG -Training benefits were Everyday Speed and these
TGS: Booster: Booster: Booster 1: 5 greatest immediately after effects were noticeable as
702* 75 4s/2-3w Booster 2: 5 training, but remained early as at the 1-year follow-
CG: 698 statistically and practically up assessment.
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Total (n): significant at the 5-year -TGS participants were 40%
2802 follow-up assessment. less likely to cease driving 3
-Booster performances years after the 5-year follow-
produced significantly up assessment.
better performances in the -At a 6-year period, TGS and
cognitive ability. TGR participants showed a
Booster 50% lower rate of at-fault
Training motor vehicles collisions than
TGM: CG participants.
283
TGR: 301
TGS:
295*
Rebok et al. TGM: 73.60 Initial: Initial: Initial: 10 - 4 Lab Passive/ -TGS and TGS Booster -Overall TGS participants
(2014) 703 (6.90) 60-75 10s/5-6w 125 No contact showed improvement in found it easier to perform
TGR: 699 CG the trained cognitive ability IADL activities at 10 years
TGS: Booster: Booster: Booster 1: 5 was retained for 10 years compared to CG with an effect
702* 75 4s/2-3w Booster 2: 5 with a medium effect size size of d=0.36.
CG: 698 of d=0.66 and d=0.62 -Although the performance in
Total (n): respectively. IADL activities showed
2802 -70.7% of overall TGS fluctuation in trained
participants were participants before 5 years, it
performing above their is maintained from 5 to 10
expected cognitive ability years as all participants
compared to 48.4% in CG. continue to decline.
Booster -At 10 years, 49.3% and
Training 59.5% of CG and TGS
TGM: participants reported same or
283 improved level of IADL
TGR: 301 difficulty.
TGS: -Everyday function was not
295* impacted by training or
booster training effect.
Sharpe et al. TG: 692 73.74 60-75 10s/6w 10-12.5 4 Lab Passive/ -Both the mediation and -
(2014a) CG: 691 (5.92) No contact direct effect of training on
Total (n): CG UFQV improvement was
1383 significant.
-A regression analysis
showed that UFOV scores
improves after training as it
is a significant predictor of
responsiveness.
Sharpe et al. TG: 692 73.74 60-75 10s/6w 10-12.5 4 Lab Passive/ -Regression analysis -
(2014b) CG: 691 (5.92) No contact showed that TG was a
Total (n): CG significant predictor of
1383 responsiveness to training,
indicating performance on
UFOV improves following
training.
Improvement in Memory with Plasticity-based Adaptive Cognitive Training (IMPACT) related studies
Smith et al. TG:242 75.29 60 40s/8w 40 6 Home Active/ -Training had a significant -TG showed significant -
(2009) CG:245 (6.45) Educational effect on TG (d = 0.87) improvement on RBANS
Total (n): DVD & Quiz Auditory Memory/Attention
487 measure (d = 0.23)
Zelinski et al. TG:245 75.29 60 40s/8w 40 6 Home Active/ -TG showed significant -TG no longer showed a -TG showed significant effects
(2011) CG:242 (6.45) Educational effects on directly trained significant effect on primary on overall memory (d=0.25).
Total (n): DVD & Quiz | processing speed measure measure of RBRANS auditory -TG also showed significant
487 (d=0.80). memory and attention. effects on untrained cognitive
measures of RAVLT (d=0.28)
and LNS (d=0.29).
Zelinski et al. TG:245 75.29 60 40s/8w 40 6 Home Active/ - -The model that freed the
(2014) CG:242 (6.45) Educational variances and latent changes
Total (n): DVD & Quiz for trained and untrained
487 outcomes for TG and CG in
each outcome factor score.
Improvements in the training
indicator of speed was
associated with transfer to a
relatively easy list memory
outcome.
Independent Researches
Anderson et al. TG:35 63.00 60 5s/8w 40 6 Home Active/ -TG showed improvements -
(2013) CG:32 (3.70) Educational in neural timings paired
Total DVD with perceptual and
(n):67 cognitive gains in all
measures including
processing speed.
However, similar findings
were not noted for CG.
Study Characteristics Intervention Control Cognitive Training Outcomes
Condition
Study Sample Mean Session Sessions/ Total No. of Venue Type/ Processing Speed Attention Transfer to Other
(n) Age Duration Weeks Training Exercises Activity Cognitive abilities or
(SD) (mins) (hrs) Utilized Everyday Functions
Independent Researches
Anderson et al. TG: 30 62.97 60 5s/8w 40 6 Home Active/ -TG maintained -
(2014) CG: 32 (3.80) Educational improvements in speed of
Total (n): DVD processing outcome at 6-
62 months follow-up but not

CG.

-TG showed improvement
in speed of processing
maintained from pre-
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testing to 6-months follow-
ups. Such changes was not
present in the CG.
Belchior et al. TGV1: 14 | 74.50 90 6s/2-3w 9 4 Lab Passive/ -TG produced not -TG participants performed -
(2013) TG: 16 (6.70) No contact significant but marginally slightly better on selective
PCT: 15 CG better performance on attention task at post-test
CG: 13 UFOV test compared to compared to pre-test. This
Total (n): EGV1and PCT. trend was followed by PCT
58 and EVG1 participants
respectively.
-CG participants performed
slower at post-test compared
to pre-test.
Belchior et al. TGC: 19 73.20 60 60s/12w 60 5 Home Passive/ -TGC performed better -Performance on attention -At the immediate post-test
(2019) TGV: 17 (5.50) No contact than TGV on two UFOV domains, specifically visual level, TGC and TGC did not
CG: 18 CG measures immediately after | attention, (in addition to those significantly differ from CG
Total (n): training (ES = 0.5, 0.7) and measure by the UFOV on TIADLs performance.
54 at 3-month post follow-ups subsets) are as follows. -By the 3-months follow-ups,
(ES =0.6,0.8). -TGC performed better than both TGC and TGV showed
TGV on multiple object improvement and performed
tracking (ES = 1.6) but not CG better than CG on TIADLs
immediately after training. (ES=0.8). However, no
However, these differences difference was observed on
disappeared by the 3-months this performance between
follow-ups. TGC and TGV.
-TGV performed better than
EGC on attentional blink
immediately after training (ES
=1.1). However, at 3-months
follow-ups, TGC continued to
improve, TGV showed some
declines and both training
groups were better than
control (ES =0.9).
Edwards et al. TG: 27 73.99 60 20s/10- 20 5 Lab Passive/ -TG showed significantly - -
(2013a) CG: 33 (7.48) 12w No contact greater improvements in
Total (n): CG** UFOV scores from pre-to-
60 post training compared to
CG.
Eramudugolla TG: 24 71.60 Not 2s/5w 10 1 Home Passive/ -TG performed better than -No transfer effects were -TG also reported near
etal. (2017) CG: 24 (4.07) provided No contact CG on UFOV at follow-up, observed from TG to Trail transfers to the Maze Test and
Total (n): (Particip- CG showing a moderate effect Making Test B (a measure of Hazard Perception Test, in
48 ants to size and explaining 20% of cognitive flexibility and showing significant reduction
train for variance in scores. attentional shifting). in completion speed and
120 mins significant increase in
per week) response time for detecting
hazards respectively.
Faust et al. TGVs 39 69.88 40 30s-40s/ 15 EGV: 5 Lab Passive/ -TGV showed significant - -TGV showed transfer effect
(2020) TGA: 38 (5.86) 8-10w EGA: 6 No contact pre-post changes for all to working memory (d=0.45).
TGVA: EGVA: CG ** outcome measures except TGA showed no significant
37 Alternate verbal index 2 and transfer effects.
CG: 37 between processing speed.
Total (n): 11 -TGV also showed transfer
151 exercises effects for RBRANS Total
(d=0.42) and visual
processing (d=0.35).
-TGA showed significant
pre-post changes for global
cognition and processing
speed.
-TGVA did not show
significant pre-post
outcome measure changes.
-CG did not show
significant pre-post
outcome measure changes,
except for improvements in
processing speed.
-Results showed a lack of
evidence of synergistic
combination of visual and
auditory exercises.
Mishra et al. TG: 14 71.93 40 3s-5s/ 10 1 Lab or Passive/ -Significant improvements - -
(2015) CG: 14 (7.53) 3w-5w Home No contact were only seen in the TG
Total (n): CG vs. CG for the ds50 and ds
28 100 stimuli and no others.
Study Characteristics Intervention Control Cognitive Training Outcomes
Condition
Study Sample Mean Session Sessions/ Total No. of Venue Type/ Processing Speed Attention Transfer to Other
(n) Age Duration Weeks Training Exercises Activity Cognitive abilities or
(SD) (mins) (hrs) Utilized Everyday Functions
Independent Researches
O’Brien et al. TG:11 71.86 70 20s/10w 20 (min 5 Lab Passive/ - -TG showed significant -
(2013) CG:11 (5.06) (includin 16hrs to be No contact increase in amplitude of
Total (n): g breaks) completed) CG. ** electrophysiological measures
22 reflecting the allocation of

attention through visual. space
during visual search

-TG also showed significant
increase in attentional capacity
after training.

-TG participants which did not
perform at ceiling levels
showed enhanced accuracy on
a visual search task.
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-CG did not show significant
increase across any of the

Smith et al.
(2018)

above mentioned measures.

TG: 173 81.00 50-60 Initial: Initial: 10 1 Home Active/ -TG showed bigger

CG: 178 ) 1-2s/6w Boosterl:4 Crossword reductions in UFOV scores

Total (n): Booster2:4 Puzzles at post-training (d=0.25),

351 Booster: 6-months follow-up
Informati (d=0.40) and 12-months
on not follow-up (d=0.27)
provided compared CG.

-The estimated marginal
means of achieving >0.5
SD in UFQV scores for EG
vs. CG groups are 35.0%
vs. 25.2%, 39.1% vs.
28.7%, and 40.4% vs.
25.5% at post-training, six
months, and twelve
months.

Key;  *Only results from that particular training group was analyzed for the purpose of this
research.

** No contact control group were wait-list control groups and were given an
opportunity to experience training after post-training assessments were over.

Abbreviations: TG = Training Group; CG = Control Group; TGM = Training Group Memory; EGR
= Training Group Reasoning; EGS = Training Group SOP; EGC — Training Group Cognitive SOP;
EGV = Training Group Videogame; EGVs = Training Group Visual, EGA = Training Group
Auditory; EGVA = Training Group Visual and Auditory; AC = Active Control; NCC = No-Contact
Control; EGV1 = Training Group Videogame 1 (Medal of Honour); PCT = Placebo Control
Training (Tetris).
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