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Abstract

Background: Fetal alcohol spectrum disorder (FASD) is one of the most common causes of preventable intellectual disability,
and the key associated deficits are in executive function (EF). Aspects of EF can be improved using cognitive training interventions.
The highest prevalence of FASD globally (at a rate of 135.1 per 1000) has been found in a South African population in the Western
Cape province. There is a shortage of specialized health service personnel, and there are limited remedial services. Computer-based
cognitive training, if age and culturally appropriate, could be an effective way to provide the interventions with minimal need
for skilled personnel and other resources. The Foundation for Alcohol Related Research has developed such a program for the
South African context.

Objective: This protocol aimed to evaluate whether it is feasible to use computerized cognitive training in a resource-poor
context to improve cognitive function in children exposed to alcohol in utero.

Methods: We are conducting a randomized controlled trial in the Saldanha Bay Municipal area, evaluating a custom-developed
cognitive training program to improve the cognitive function of children aged between 4 and 6 years who were exposed to alcohol
in the prenatal stage. Participants will be recruited from local Early Childhood Development centers. Community workers will
interview biological mothers to identify alcohol-exposed pregnancies. Alcohol-exposed children will be randomized into an
intervention or a control group of 40 participants each using block randomization. A group of 40 children not exposed to alcohol
will be included in a normative group using individual randomization. The intervention group will play the game for 6 months
(40 sessions). Normative and control groups will receive no intervention. Neurodevelopmental assessments will be done at baseline
and upon completion of the study with all participants.

Results: The intervention has started, and all baseline assessments have been done at the time of submission.

Conclusions: This study will provide insight into whether computerized cognitive training is viable and effective in the South
African context. It has the potential to provide a means of intervention globally and in other resource-poor context and expand
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the knowledge base regarding executive functioning and FASD. This paper presents the research protocol and intervention design
of the study.

Trial Registration: ISRCTN Registry ISRCTN17244156; http://www.isrctn.com/ISRCTN17244156.

International Registered Report Identifier (IRRID): DERR1-10.2196/14489

(JMIR Res Protoc 2019;8(10):e14489)  doi: 10.2196/14489
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Introduction

Background
Consuming alcohol during pregnancy is one of the most
common causes of preventable intellectual disability [1]. The
teratogenic effects of alcohol can lead to a range of physical
and intellectual difficulties and disabilities, grouped together
under the term fetal alcohol spectrum disorders (FASDs) [2].
To date, the highest prevalence of FASD globally has been
found in selected communities in South Africa, with a
prevalence rate of 135.1 per 1000 in a particular population in
the Western Cape province and 119.4 per 1000 in the Northern
Cape provinces [3-5].

Deficits in both elementary and higher order intellectual
functioning have been found in FASD. It has been established
that some of the key deficits in children are in the domains of
attention, information processing, and executive function (EF)
[6]. The deficits found in attention are associated specifically
with encoding (temporarily holding information in memory to
perform mental operations on it) and shifting (flexibly moving
attention between different stimulus dimensions), along with
deficits in executive control [7,8]. The EF that is found to be
affected includes inhibitory control, cognitive planning, and
working memory [7,9].

Cognitive Training
Dysfunctions in EF can have serious consequences and have
been associated with poor school readiness, addiction, conduct
disorder, and lower educational outcomes [10]. Owing to the
deficits in EF, individuals with FASD struggle with integrating
knowledge and basic cognitive processes required for complex
tasks [7]. Intervention in these areas is crucial as deficits have
an impact on social functioning, adaptive functioning, and the
ability to live independently. It has been shown that aspects of
EF can be improved using training and practice [11].
Interventions include physical activities such as martial arts and
yoga, improved school curricula, and computerized cognitive
training [11,12]. Cognitive training has shown to have an impact
on task performance and on fluid intelligence (Gf) tests [13-15].
Training on specific cognitive tasks induces neuroplasticity,
and although the specific mechanisms are still unclear, it is
generally accepted that training impacts synaptogenesis and
neurogenesis [16]. Evidence that these mechanisms can improve
the brain’s functioning has been found in populations including
individuals with traumatic brain injury [17], individuals with
unspecified mild or moderate mental retardation [18], and
children with FASD between the ages of 6 and 15 years [19].

The impact of the improvement in specific functions is not yet
clear, and results of studies examining this have been mixed
[14,20]. The key question in this regard is whether training can
have an impact on fluid intelligence and therefore global
intellectual functioning. Although the idea that training can
impact Gf has been challenged [15], there is some evidence to
support it [21-23]. The sequela of the cognitive deficits
associated with prenatal alcohol exposure (PAE) arguably have
the most severe impact on life outcomes [24,25]. Early diagnosis
and intervention can improve expected life outcomes [26]. Yet,
in South Africa, an acknowledged lack of specialized health
services and personnel [27] means that few affected children
will be diagnosed early, and those that are diagnosed will likely
not have access to any remedial programs or intervention.

Cognitive Training in Resource Poor Contexts
Cognitive training interventions do not translate easily into a
resource-poor context, and even physical activities such as
martial arts and yoga require a trained interventionist.
Computer-based cognitive training, if age and culturally
appropriate, could be an effective way to provide the
interventions with minimal need for skilled personnel and other
resources. Unfortunately, existing games such as cognitive
carnival or Caribbean quest [19] and other brain training games
require a level of computer literacy not routinely found among
low-socioeconomic status (SES) children owing to low levels
of exposure to computers [12]. The game, Caribbean Quest, for
example, requires children to use a keyboard and mouse. These
skills would have to be taught to the children, and in some
settings may serve as a confounder when measuring game
performance. Participants in the Caribbean Quest study also
had one-on-one sessions where they were taught meta-cognitive
skills. Although this proved to be effective, in a resource-poor
context, this would not be viable on a large scale [19].

In comparison with the Canadian study [9], children diagnosed
with FASD in South Africa live in social environments different
from those in Canada and the available resources are scarce.
Participants in the cited cognitive training studies were either
already receiving other rehabilitation services [17,18] or the
intervention went further than only providing the cognitive
training game [19]. Therefore, the question remains whether
computerized cognitive training can be adapted for a
resource-poor context and whether it will still have an impact.

One of the main differences between the 2 contexts is the access
to personal computers and laptops. To develop games for
personal computers and laptops will therefore likely exclude
many participants in low-SES communities. The required skills
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to use these devices would likely also be lacking in these
communities. Moving development to mobile computing devices
mitigates these complications. There may of course be a lack
of familiarity with mobile devices as well, but the more intuitive
touch screen interfaces will be easier to master for young
children. A move to mobile computing can also benefit children
in more developed countries as well, as their first exposure to
technology will likely also be in the form of mobile devices or
tablet computers [28]. There are of course challenges involved
with mobile computing with more issues with input lag, latency,
and less memory and processing power. The benefits do
outweigh the complications.

Over the past 3 years, the Foundation for Alcohol Related
Research (FARR) has been developing and piloting such a
cognitive training program tailored to the South African context.
The intervention is designed for eventual use on tablets or
smartphones that are becoming more ubiquitous even in
low-income communities [29]. The FARR game is focused on
exercising EFs, particularly attention, inhibition, and working
memory. From the outset, it was designed to be suitable for
children with little to no computer literacy, to need minimum
support and intervention from professionals, and have the
possibility to be scaled up as an intervention.

Methods

Overview
We are conducting a feasibility randomized controlled trial
(RCT) to evaluate the use of a custom-developed cognitive
training program to improve the cognitive function of children
aged between 4 and 6 years who were exposed to alcohol in the
prenatal stage compared with a control group.

We hypothesize the following:

1. Post intervention, the intervention group will score higher
on psychometric assessments of EFs than the control group.

2. At baseline, alcohol-exposed children (both intervention
and control groups) will score significantly lower on
psychometric assessments of EFs compared with
nonalcohol-exposed children (normative group).

3. Post intervention, the intervention group will score higher
on psychometric assessments of EFs than the control group,
but lower than the normative group.

4. Post intervention, the intervention group will show greater
improvement on psychometric assessments of EFs than the
control and normative groups.

5. Improvement in game performance will be correlated with
improvement on psychometric assessments of EFs.

6. Improvement in psychometric assessments of EFs will be
positively correlated with total time spent playing the game.

Research Ethics and Approval
Ethical approval for the protocol has been obtained from the
Health Research Ethics Committee at Stellenbosch University
(reference number: N16/05/063). The Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT) were used
in designing the study and writing of the protocol. A checklist
and populated checklist have been provided as per the
recommendations. The trial has been registered with the

ISRCTN registry (ISRCTN17244156). Should the intervention
prove successful, the game will be made available to all
participants. This would, however, require the participant to
have access to a suitable device as providing participants with
tablet computers would not be feasible.

Setting
The RCT will be conducted in the Saldanha Bay Municipal
(SBM) area in the Western Cape province of South Africa.
Saldanha Bay is the largest natural port in Africa, most of the
economic activity in the area is related to fishing, agriculture,
and iron exports. There is, however, significant income
inequality and an unemployment rate of 17% [30]. FARR has
previously conducted a prevalence study in this area, where a
prevalence rate of FASD of 64.2 per 1000 was found [31].
FARR subsequently implemented a comprehensive prevention
and awareness program between 2013 and 2016 and is currently
running an awareness program in the SBM area.

Although the aim of the intervention is to develop cognitive
training for children with FASD, it is not possible to identify
and diagnose a large group of children with FASD within the
study’s timeframe. The intervention will thus be evaluated using
children who were exposed to alcohol during pregnancy
regardless of whether they have received a diagnosis of FASD.
To screen for alcohol exposure, we will conduct in-depth
interviews with mothers of children who attend Early Childhood
Development (ECD) centers in the SBM area.

Eligibility Criteria

Inclusion Criteria
Children aged between 4 and 6 years will be eligible for
inclusion. Children must reside in the SBM area and attend or
be enrolled in an ECD center.

Exclusion Criteria
Children with a physical disability that will hamper their
interaction with the program will be excluded, for example,
severe eyesight problems.

Intervention
The efficacy of cognitive training is influenced by the time spent
interacting with the program and the difficulty of the tasks
presented, especially in terms of whether skills that are not
directly trained will improve [18]. In the first step, the specific
processes to be targeted were identified using the available
literature. In consultation with a software developer, the basic
interface and game mechanics were designed, focusing on an
intuitive interface and game mechanics that will allow the same
interaction to be used with all tasks. In the alpha (initial) version,
it is possible to select different tasks to ensure data can be
gathered for all stages and tasks. Data that are logged will
include the date and time of the play session, the response time
per item, and whether the correct response was selected for each
item.

The theoretical basis for the game design involves 2 different
definitions of scaffolding in 2 different contexts. The first refers
to work on childhood development and cognitive development.
In this context, scaffolding refers to the support of cognitive
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development by reducing a complex problem to subproblems,
and by solving the subproblems, the ability to solve the complex
problem is gained [32]. The game was developed to
incrementally increase the demands on various cognitive
abilities, with continued successes on one level of difficulty
eventually enabling success on a higher level of difficulty.

The second context of scaffolding refers to neuroplastic
scaffolding. This term is generally used in connection with
age-related cognitive decline [33], but as the target population
of this intervention frequently suffers from structural brain
abnormalities [2], the same concept of neuroplastic scaffolding
should still apply. It refers to compensatory neural activity aimed
at supporting damaged, inefficient, or poorly functioning
cognitive functions. Scaffolding happens through recruitment
of additional prefrontal cortex activity, neurogenesis (formation
of new neuronal connections), and distributing cognitive
processing over various brain structures. This theory supports
the hypothesis that practice and training can enhance the process
of scaffolding [34]. This was the driving principle behind the
conceptualization and design of the game.

To try and ensure long-term engagement with the game,
meta-game elements have been added to the game in the form
of a progress bar and animations that only appear once you have
completed a set number of tasks. There will be no external
rewards or incentives for playing. This is intentional as a key
design consideration is that it should be fitting for context where
no external rewards would be available. Tasks were designed
to require effortful use of inhibitory control, cognitive planning,
set shifting, and working memory for completion. The tasks
have been designed in such a way that regardless of which
function is being targeted, the interface and interaction with the
participant does not change. If the interaction remains the same,
it is easier to switch seamlessly between stages to maintain
optimum difficulty.

The game we have designed (1) is easy to use regardless of
computer literacy, (2) logs performance on various metrics
(response times and error rates), (3) has continuously adaptive
difficulty levels to maintain a suitable level of challenge, and
(4) will be open access (free to distribute). Before making the
intervention available, it is necessary to test whether it does in
fact have an impact on cognitive development.

An alpha version of the program was piloted on a sample of
normally developing children to ensure that the tasks escalate
in difficulty. This provided an opportunity to ensure that the
timing of visual stimuli is age appropriate for the proposed
sample’s age. The pilot also provided normative data on
participant performance to guide further development of the
program.

Control Condition
Children in the control group will not be receiving any
intervention. They will be assessed at the start of the study and
there will be no further interaction with project staff or
community workers until the intervention has run its course and
they receive the follow-up assessment.

Recruitment
Trained community workers will contact mothers through the
ECD centers. They will obtain informed consent to conduct a
maternal interview and to include their child in the study in one
of the 3 groups. The interviews will include demographic
questions and information on alcohol use during pregnancy.
The interview questionnaire has been used extensively in
prevalence studies in South Africa to identify whether children
were exposed to alcohol during pregnancy [3,31-33]. The
interview will indicate if a mother consumed alcohol during
pregnancy, and it will give an indication of the amount of
alcohol consumed. If a child was exposed to more than 3 units
of alcohol in 1 drinking session, they will be classified as
alcohol exposed. This is in line with the latest FASD diagnostic
guidelines [2].

As alcohol-exposed children are identified, they will be allocated
to the intervention or control group using block randomization
with a block size of 8. The randomization will be done by the
primary investigator using assigned study numbers to blind
them to the participants’ identity. Once a block has been filled,
the 4 participants allocated to the intervention will start the
intervention. The normative group will be recruited from
children not exposed to alcohol during pregnancy on the basis
of the maternal interviews using random number tables. A list
of study numbers will be created and entries in the list will be
selected based on the tables [35]. The primary investigator will
be blind to participants’ identities during this operation.

Data Collection
The maternal interview will be conducted by community
workers. They have extensive experience in conducting this
particular interview as they interviewed mothers during previous
prevalence studies using the same tool. Any additional
community workers required will be trained by the primary
investigator. After the training, they will conduct mock
interviews with their fellow community workers.

The neurodevelopmental assessments will be conducted by a
psychometrist with experience in assessing by using the
NEuroPSYchological Assessment, Second Edition (NEPSY-II).
The psychometrist will also have extensive experience working
with children exposed to alcohol during pregnancy and have
participated in FASD prevalence studies.

The intervention will be overseen by trained community
workers. They will be trained on how the game should be played
and instructed on how they should interact with the children
after they have mastered playing the game on their own. The
community workers will also be trained on how to copy and
secure the game logs kept on the tablet computers.

Study Procedures
Alcohol-exposed children, as assessed by maternal interviews,
will be randomized into an intervention or a control group with
40 participants in each group, using block randomization. The
maternal interview will contain questions regarding alcohol use
just before and during pregnancy, including the number of
standard units of alcohol consumed, with 3 standard units being
the threshold for determining alcohol exposure. A group of 40
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unexposed children will be randomized in a group to provide
normative data using individual randomization. An overview
of the study design is shown in Figure 1. As the participants are
drawn from a low-SES and resource-poor environment, the
performance of the normative group will serve as a more suitable
gauge of cognitive development in the participants’ specific
contexts. This will enable us to better interpret the results of the
neurodevelopmental assessments.

The SPIRIT schematic is shown in Table 1. Baseline
assessments examining cognitive function will be conducted
with all 3 groups. The intervention group will then play the
FARR game twice a week for 6 months (40 play sessions in
total). Post intervention, all 3 groups will receive follow-up
cognitive assessments. Data gathered by the game will also be
collected from the intervention group. All participants will start

the intervention at the same level of difficulty. They will be
given the opportunity to play the game during hour-long sessions
facilitated by community workers. Play will, however, be
self-directed; participants will be encouraged to play but will
be allowed to stop at any time during a session. As participants
log into the devices, they will be able to continue at the difficulty
level they had previously reached.

There are 4 different stages in the game of increased complexity.
After 10 trials in a stage, a participant automatically moves on
to the next for 10 trials. After the fourth stage, participants start
at the first stage again. The difficulty of each stage varies
independently based on a participant’s performance. Getting 8
or more correct increases difficulty, getting fewer than 4 correct
decreases difficulty, and otherwise the difficulty remains the
same.

Figure 1. Overview of study design.
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Table 1. A trial schedule per the Standard Protocol Items: Recommendations for Interventional Trials schematic.

Study periodTimepoint

AllocationEnrollment

t xt 10−t1

Enrollment

———aXEligibility screen

———XInformed consent

———XMaternal Interview

——X—Allocation

Interventions

—X——FARRb game

—X——No intervention control group

—X——No intervention normative group

Assessments

X—X—NEPSY-IIc psychometric assessment

X———Data logged by FARR game

aNot applicable.
bFARR: Foundation for Alcohol Related Research.
cNEPSY-II: NEuroPSYchological Assessment, Second Edition.

Measures
The primary outcome is EF, as measured using the NEPSY-II
psychometric assessment score. The secondary outcomes are
(1) game performance, as measured in the game log files, (2)
reaction time, and (3) increase in the level of difficulty of the
task.

Additional demographic data will be gathered during the
recruitment process. In addition to alcohol use, data will be
gathered on age, gravidity, parity, years of schooling, and
household income.

All participants will be evaluated using a selection of subtests
of the NEPSY-II that measure executive functioning and
working memory. Cognitive function, focusing on EFs, will be
measured using the NEPSY-II [36]. The NEPSY-II is a
compendium of tests based on the Luria theoretical approach
to neurological assessment. It is individually administered and
has been shown to be successful in diagnosing a range of
childhood disorders. The subtests of this test can also be selected
based on the specific domains to be tested [37].

Scores obtained on the subtests of the NEPSY-II are compared
with the scores of a normative group based on age. The
normative group of the NEPSY-II was selected to closely match
the US population between 3 and 16 years of age [38]. This
group will differ significantly from the populations of interest

in this study; however, the NEPSY-II is relatively insensitive
to language and culture differences. Although the results need
to be interpreted cautiously, the test remains clinically useful
[39]. Insensitivity to language is an important feature as the
study sample will be drawn from a predominantly
Afrikaans-speaking community, which could affect test
performance [40].

In the standardization of the NEPSY-II, subtests showed
adequate-to-high internal validity. There was no significant
practice effect with re-administration of the test in a short space
of time (around 3 weeks), supporting its use for both the pre-
and postintervention assessments in this study [41]. Inter-rater
agreement was high on both the objectively and more
subjectively scored test, and the reliability of subtests remained
stable [38]. The inclusion of the third group of children not
exposed to alcohol in pregnancy will help guide the
interpretation of results.

The NEPSY-II uses separate batteries for children aged 3 to 5
years and children aged 6 to 16 years. Between the ages of 3
and 5 years, not all subtests can be administered. We will be
focusing on the subtests that are the same for all participants
from 4 to 6 years. Participants who are aged 6 years at baseline
and/or at the postintervention assessment will be tested on 4
additional subtests to provide a broader base for comparing
game tasks and EFs (see Table 2).
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Table 2. Subtests to be assessed.

Memory and learningLanguageAttention and executive functionDomain

Memory for designsComprehension of instructionsStatueAll ages

Narrative memory——aAll ages

Sentence repetition——All ages

——Auditory attention6-year-olds only

——Design fluency6-year-olds only

——Inhibition6-year-olds only

——Inhibition naming6-year-olds only

aNot applicable.

Game Log Files
Additional data will be obtained from the log files generated
by the game. The file will record error rates and response times
for all tasks. Each child will be allocated a numbered tablet or
a profile on a specific tablet, depending on what proves the most
practical, and the log file will then be associated with their study
number.

Sample Size
A total of 120 participants will be recruited and randomized to
one of 3 study arms. This is in line with the sample sizes of
previous studies looking at FASD and cognitive functioning
[9,19,39]. Previous studies of this nature showed a medium
effect size [42-45]; however, owing to the differences in method
and there not being interventionists involved in the training
sample, size calculations were done for a small (d=0.2) effect
size. With a significance level of .05, 120 participants in 3
groups would yield a statistical power of 0.79 for the repeated
measures multivariate analysis of variance (MANOVA)
comparing the performance between the 3 groups.

There are approximately 46 ECD centers, and in SBM area,
1593 children aged between 3 and 5 years have enrolled at these
centers and 1635 6-year-olds have enrolled in Grade R [46].
Assuming a prevalence rate of 24% of consuming alcohol during
pregnancy on the basis of a prevalence study conducted in SBM
area [31], it should be possible to reach the desired sample size
through 400 interviews.

Data Analysis
For the primary hypothesis, the postintervention scaled scores
of the intervention group will be compared with those of the
control group. This will be done using a MANOVA with group
membership as the predictor variable and the scaled scores of
the 5 NEPSY-II domains (see Table 1) as outcome variables.
Discriminant analysis will be done on the outcome of the
MANOVA with the domain scores as predictor variables and
group membership as outcome variables.

During further analysis, the baseline NEPSY-II scaled scores
of the intervention and control groups will be pooled and
compared with the scores of the normative group. This will also
be done using a MANOVA with group membership as the
predictor variable and the scaled scores of the 5 NEPSY-II
domains (see Table 1) as outcome variables. Discriminant

analysis will again be done on the outcome of the MANOVA
with the domain scores as outcome and group membership as
predictor variables.

Postintervention NEPSY-II scaled scores (see Table 1) of the
intervention, control, and normative groups will be compared
using a MANOVA. Group membership will be the predictor
variable, and domain scores will be the outcome variables.
Discriminant analysis will be conducted with the domain scores
as outcome variables and group membership as predictor
variables.

Difference scores between baseline and postintervention
assessments will be calculated for all participants. These scores
will be compared using a MANOVA with group membership
as the predictor variable and changes in domain scores (see
Table 1) as outcome variables. Discriminant analysis will be
done on the results with changes in domain scores as outcome
and group membership as predictor variables.

For the secondary hypothesis, the improvement in game
performance will be quantified as how many difficulty levels
a participant has successfully completed in each of the 3
different stages of the game. This will then be correlated with
performance in the NEPSY-II domain scores in a covariance
matrix using the Pearson correlation coefficient. A separate
analysis will be done including only 6-year-old children using
the additional domains tested (see Table 1).

Additional exploratory analyses will be done comparing the
demographic information of the 3 groups. These data will be
drawn from the maternal interview. Demographic data on the
mothers of the alcohol-exposed children (both intervention and
control groups) will be pooled and compared with
nonalcohol-exposed children to ascertain if there were
significant differences between the 2 groups. This will be done
using 2 tailed t tests for independent samples. To account for
family-wise errors, Bonferroni-adjusted values will also be
calculated. The variables to be analyzed are age, gravidity,
parity, years of schooling, and income. Tobacco and drug use
will also be compared among the alcohol-exposed and
nonalcohol-exposed groups using a chi-square test.

Further exploratory analysis will be done on the game logs.
Reaction time in the various stages of the game will be used to
conduct an exploratory factor analysis. Looking for common
variations among the various game metrics may unearth
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underlying variables that better explain which EFs are associated
with which game tasks. For each participant, their reaction times
for the highest level they successfully complete will be used.
Using regularized exploratory factor analysis owing to the small
sample size, we can examine whether the conceptually different
tasks do in fact target different EFs.

Results

At the time of submission, the majority of recruitment was
completed, and the intervention phase had already started for
some participants.

Discussion

To the best of our knowledge, this study is the first of its kind
in the South African context. Although there is evidence for the
use of cognitive training games to improve executive functioning
in children with FASD, the feasibility of such an approach in a
resource-poor context has not been evaluated. This study will
provide data on both the general approach of cognitive training
games in the South African context and the feasibility of our
custom-developed game. These data will guide decision making
on whether the current program is suitable for the purpose of
remediation, whether it needs redesign, whether the method
holds promise but requires a different game or program, and
finally whether computer-based cognitive training is a feasible
strategy at all.

Should the trial show promising results, the next step would be
to use the results of this study to inform further development.
Further trials with more participants and a control group
receiving some form of intervention would provide support for
scaling up the intervention. In addition, the intervention can
then be made available to all interested parties free of charge
to provide at least some basic form of evidence-based
remediation. If there are strong correlations between the
NEPSY-II scores and the game tasks, further studies could
evaluate whether the game could be used as a screening tool
for difficulties with EFs.

As the game does not use language in any of the tasks, it can
be used outside of the South African context with ease. With
further development, it will also be available for more devices
(smartphones) and not only for tablet computers. It could
therefore be a valuable tool in other countries where remedial
resources are not available, and it can be used by caregivers and
parents to support existing remedial efforts. The nature of the
cognitive training does not limit its use to FASD remediation.
If children exposed to alcohol show improvement, theoretically,
children with cognitive deficits with different etiologies will
also benefit.

Regardless of the trial outcome, this study will add significantly
to the literature on executive functioning in children with PAE.
It will also provide more insight into how the environment and
development of children with PAE differs from children who
were not exposed to alcohol in utero.

Acknowledgments
Funding for the RCT and development of the intervention was provided by aware.org, while funding for an initial pilot during
development was provided by Innovation Edge and the Partnership for Alcohol and AIDS intervention research. None of the
funders had any involvement with the design of the intervention and neither did they have any input in writing, reviewing or
approving the current paper.

Conflicts of Interest
Authors JGL and LO are employed by the FARR that receives additional funding from aware.org for additional projects. FARR
is a nonprofit organization and the FARR game will not be monetized.

References

1. Clarke ME, Gibbard WB. Overview of fetal alcohol spectrum disorders for mental health professionals. Can Child Adolesc
Psychiatr Rev 2003 Aug;12(3):57-63 [FREE Full text] [Medline: 19030526]

2. Hoyme HE, Kalberg WO, Elliott AJ, Blankenship J, Buckley D, Marais AS, et al. Updated clinical guidelines for diagnosing
fetal alcohol spectrum disorders. Pediatrics 2016 Aug;138(2):e20154256 [FREE Full text] [doi: 10.1542/peds.2015-4256]
[Medline: 27464676]

3. Urban MF, Chersich MF, Fourie LA, Chetty C, Olivier L, Viljoen D. Fetal alcohol syndrome among grade 1 schoolchildren
in Northern Cape province: prevalence and risk factors. S Afr Med J 2008 Nov;98(11):877-882. [Medline: 19177895]

4. May PA, Blankenship J, Marais AS, Gossage JP, Kalberg WO, Barnard R, et al. Approaching the prevalence of the full
spectrum of fetal alcohol spectrum disorders in a South African population-based study. Alcohol Clin Exp Res 2013
May;37(5):818-830 [FREE Full text] [doi: 10.1111/acer.12033] [Medline: 23241076]

5. Popova S, Lange S, Probst C, Gmel G, Rehm J. Estimation of national, regional, and global prevalence of alcohol use
during pregnancy and fetal alcohol syndrome: a systematic review and meta-analysis. Lancet Glob Health 2017
Mar;5(3):e290-e299. [doi: 10.1016/s2214-109x(17)30021-9]

6. Kodituwakku PW. Defining the behavioral phenotype in children with fetal alcohol spectrum disorders: a review. Neurosci
Biobehav Rev 2007;31(2):192-201. [doi: 10.1016/j.neubiorev.2006.06.020] [Medline: 16930704]

7. Davis KM, Gagnier KR, Moore TE, Todorow M. Cognitive aspects of fetal alcohol spectrum disorder. Wiley Interdiscip
Rev Cogn Sci 2013 Jan;4(1):81-92. [doi: 10.1002/wcs.1202] [Medline: 26304176]

JMIR Res Protoc 2019 | vol. 8 | iss. 10 | e14489 | p. 8https://www.researchprotocols.org/2019/10/e14489
(page number not for citation purposes)

Louw et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/19030526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19030526&dopt=Abstract
http://pediatrics.aappublications.org/cgi/pmidlookup?view=long&pmid=27464676
http://dx.doi.org/10.1542/peds.2015-4256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27464676&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19177895&dopt=Abstract
http://europepmc.org/abstract/MED/23241076
http://dx.doi.org/10.1111/acer.12033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23241076&dopt=Abstract
http://dx.doi.org/10.1016/s2214-109x(17)30021-9
http://dx.doi.org/10.1016/j.neubiorev.2006.06.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16930704&dopt=Abstract
http://dx.doi.org/10.1002/wcs.1202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26304176&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


8. Kodituwakku PW. Neurocognitive profile in children with fetal alcohol spectrum disorders. Dev Disabil Res Rev
2009;15(3):218-224 [FREE Full text] [doi: 10.1002/ddrr.73] [Medline: 19731385]

9. Pei J, Job J, Kully-Martens K, Rasmussen C. Executive function and memory in children with fetal alcohol spectrum
disorder. Child Neuropsychol 2011;17(3):290-309. [doi: 10.1080/09297049.2010.544650] [Medline: 21718218]

10. Diamond A. Executive functions. Annu Rev Psychol 2013;64:135-168 [FREE Full text] [doi:
10.1146/annurev-psych-113011-143750] [Medline: 23020641]

11. Diamond A, Lee K. Interventions shown to aid executive function development in children 4 to 12 years old. Science 2011
Aug 19;333(6045):959-964 [FREE Full text] [doi: 10.1126/science.1204529] [Medline: 21852486]

12. Diamond A. Activities and programs that improve children's executive functions. Curr Dir Psychol Sci 2012
Oct;21(5):335-341 [FREE Full text] [doi: 10.1177/0963721412453722] [Medline: 25328287]

13. Au J, Sheehan E, Tsai N, Duncan GJ, Buschkuehl M, Jaeggi SM. Improving fluid intelligence with training on working
memory: a meta-analysis. Psychon Bull Rev 2015 Apr;22(2):366-377. [doi: 10.3758/s13423-014-0699-x] [Medline:
25102926]

14. Karbach J, Unger K. Executive control training from middle childhood to adolescence. Front Psychol 2014;5:390 [FREE
Full text] [doi: 10.3389/fpsyg.2014.00390] [Medline: 24847294]

15. Harrison TL, Shipstead Z, Hicks KL, Hambrick DZ, Redick TS, Engle RW. Working memory training may increase working
memory capacity but not fluid intelligence. Psychol Sci 2013 Dec;24(12):2409-2419. [doi: 10.1177/0956797613492984]
[Medline: 24091548]

16. Tardif CL, Gauthier CJ, Steele CJ, Bazin PL, Schäfer A, Schaefer A, et al. Advanced MRI techniques to improve our
understanding of experience-induced neuroplasticity. Neuroimage 2016 May 1;131:55-72. [doi:
10.1016/j.neuroimage.2015.08.047] [Medline: 26318050]

17. Dymowski AR, Ponsford JL, Willmott C. Cognitive training approaches to remediate attention and executive dysfunction
after traumatic brain injury: a single-case series. Neuropsychol Rehabil 2016 Oct;26(5-6):866-894. [doi:
10.1080/09602011.2015.1102746] [Medline: 26493353]

18. Ottersen J, Grill KM. Benefits of extending and adjusting the level of difficulty on computerized cognitive training for
children with intellectual disabilities. Front Psychol 2015;6:1233 [FREE Full text] [doi: 10.3389/fpsyg.2015.01233]
[Medline: 26347695]

19. Pei J. PolicyWise for Children & Families. 2011. Executive Functioning Training in Children with Fetal Alcohol Spectrum
Disorder - Final ReportURL:https://policywise.com/wp-content/uploads/resources/2016/07/178FinalReport09SMPeipdf.
pdf [accessed 2019-09-05]

20. Karbach J, Kray J. How useful is executive control training? Age differences in near and far transfer of task-switching
training. Dev Sci 2009 Nov;12(6):978-990. [doi: 10.1111/j.1467-7687.2009.00846.x] [Medline: 19840052]

21. Jaeggi SM, Buschkuehl M, Jonides J, Perrig WJ. Improving fluid intelligence with training on working memory. Proc Natl
Acad Sci U S A 2008 May 13;105(19):6829-6833 [FREE Full text] [doi: 10.1073/pnas.0801268105] [Medline: 18443283]

22. Sternberg RJ. Increasing fluid intelligence is possible after all. Proc Natl Acad Sci U S A 2008 May 13;105(19):6791-6792
[FREE Full text] [doi: 10.1073/pnas.0803396105] [Medline: 18474863]

23. Greenwood PM, Parasuraman R. The mechanisms of far transfer from cognitive training: review and hypothesis.
Neuropsychology 2016 Sep;30(6):742-755. [doi: 10.1037/neu0000235] [Medline: 26569030]

24. Sanders JL, Buck G. A long journey: biological and non-biological parents' experiences raising children with FASD. J
Popul Ther Clin Pharmacol 2010;17(2):e308-e322 [FREE Full text]

25. Streissguth AP, O'Malley K. Neuropsychiatric implications and long-term consequences of fetal alcohol spectrum disorders.
Semin Clin Neuropsychiatry 2000 Jul;5(3):177-190. [doi: 10.1053/scnp.2000.6729] [Medline: 11291013]

26. Streissguth AP, Bookstein FL, Barr HM, Sampson PD, O'Malley K, Young JK. Risk factors for adverse life outcomes in
fetal alcohol syndrome and fetal alcohol effects. J Dev Behav Pediatr 2004 Aug;25(4):228-238. [doi:
10.1097/00004703-200408000-00002] [Medline: 15308923]

27. George G, Quinlan T, Reardon C, Aguilera JF. Where are we short and who are we short of? A review of the human
resources for health in South Africa. Health SA Gesondheid 2012 Dec 11;17(1):1-7 [FREE Full text] [doi:
10.4102/hsag.v17i1.622]

28. McCloskey M, Johnson SL, Benz C, Thompson DA, Chamberlin B, Clark L, et al. Parent perceptions of mobile device use
among preschool-aged children in rural head start centers. J Nutr Educ Behav 2018 Jan;50(1):83-9.e1. [doi:
10.1016/j.jneb.2017.03.006] [Medline: 29031581]

29. Barron P, Peter J, LeFevre AE, Sebidi J, Bekker M, Allen R, et al. Mobile health messaging service and helpdesk for South
African mothers (MomConnect): history, successes and challenges. BMJ Glob Health 2018;3(Suppl 2):e000559 [FREE
Full text] [doi: 10.1136/bmjgh-2017-000559] [Medline: 29713503]

30. Western Cape Government. 2017. Socio-Economic Profile: Saldanha Bay MunicipalityURL:https://www.westerncape.gov.za/
assets/departments/treasury/Documents/Socio-economic-profiles/2017/
wc014_saldanhda_bay_2017_socio-economic_profile_sep-lg_-_11_january_2018.pdf [accessed 2019-09-05]

JMIR Res Protoc 2019 | vol. 8 | iss. 10 | e14489 | p. 9https://www.researchprotocols.org/2019/10/e14489
(page number not for citation purposes)

Louw et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/19731385
http://dx.doi.org/10.1002/ddrr.73
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19731385&dopt=Abstract
http://dx.doi.org/10.1080/09297049.2010.544650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21718218&dopt=Abstract
http://europepmc.org/abstract/MED/23020641
http://dx.doi.org/10.1146/annurev-psych-113011-143750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23020641&dopt=Abstract
http://europepmc.org/abstract/MED/21852486
http://dx.doi.org/10.1126/science.1204529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21852486&dopt=Abstract
http://europepmc.org/abstract/MED/25328287
http://dx.doi.org/10.1177/0963721412453722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25328287&dopt=Abstract
http://dx.doi.org/10.3758/s13423-014-0699-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25102926&dopt=Abstract
https://doi.org/10.3389/fpsyg.2014.00390
https://doi.org/10.3389/fpsyg.2014.00390
http://dx.doi.org/10.3389/fpsyg.2014.00390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24847294&dopt=Abstract
http://dx.doi.org/10.1177/0956797613492984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24091548&dopt=Abstract
http://dx.doi.org/10.1016/j.neuroimage.2015.08.047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26318050&dopt=Abstract
http://dx.doi.org/10.1080/09602011.2015.1102746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26493353&dopt=Abstract
https://doi.org/10.3389/fpsyg.2015.01233
http://dx.doi.org/10.3389/fpsyg.2015.01233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26347695&dopt=Abstract
https://policywise.com/wp-content/uploads/resources/2016/07/178FinalReport09SMPeipdf.pdf
https://policywise.com/wp-content/uploads/resources/2016/07/178FinalReport09SMPeipdf.pdf
http://dx.doi.org/10.1111/j.1467-7687.2009.00846.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19840052&dopt=Abstract
http://www.pnas.org/cgi/pmidlookup?view=long&pmid=18443283
http://dx.doi.org/10.1073/pnas.0801268105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18443283&dopt=Abstract
http://www.pnas.org/cgi/pmidlookup?view=long&pmid=18474863
http://dx.doi.org/10.1073/pnas.0803396105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18474863&dopt=Abstract
http://dx.doi.org/10.1037/neu0000235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26569030&dopt=Abstract
https://pdfs.semanticscholar.org/3dc8/770904be31bba06fde15ec5f56593882e88e.pdf
http://dx.doi.org/10.1053/scnp.2000.6729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11291013&dopt=Abstract
http://dx.doi.org/10.1097/00004703-200408000-00002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15308923&dopt=Abstract
http://www.hsag.co.za/index.php/HSAG/article/view/622
http://dx.doi.org/10.4102/hsag.v17i1.622
http://dx.doi.org/10.1016/j.jneb.2017.03.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29031581&dopt=Abstract
http://europepmc.org/abstract/MED/29713503
http://europepmc.org/abstract/MED/29713503
http://dx.doi.org/10.1136/bmjgh-2017-000559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29713503&dopt=Abstract
https://www.westerncape.gov.za/assets/departments/treasury/Documents/Socio-economic-profiles/2017/wc014_saldanhda_bay_2017_socio-economic_profile_sep-lg_-_11_january_2018.pdf
https://www.westerncape.gov.za/assets/departments/treasury/Documents/Socio-economic-profiles/2017/wc014_saldanhda_bay_2017_socio-economic_profile_sep-lg_-_11_january_2018.pdf
https://www.westerncape.gov.za/assets/departments/treasury/Documents/Socio-economic-profiles/2017/wc014_saldanhda_bay_2017_socio-economic_profile_sep-lg_-_11_january_2018.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


31. Urban MF, Olivier L, Louw JG, Lombard C, Viljoen DL, Scorgie F, et al. Changes in drinking patterns during and after
pregnancy among mothers of children with fetal alcohol syndrome: a study in three districts of South Africa. Drug Alcohol
Depend 2016 Nov 1;168:13-21. [doi: 10.1016/j.drugalcdep.2016.08.629] [Medline: 27610936]

32. Bickhard MA. Scaffolding and self-scaffolding: central aspects of development. In: Winegar LT, Valsiner J, editors.
Children's Development Within Social Context: Volume I: Metatheory and Theory:volume Ii: Research and Methodology.
Hillsdale, NJ, US: Taylor & Francis Inc; 1992:33-52.

33. Goh J, Park DC. Neuroplasticity and cognitive aging: the scaffolding theory of aging and cognition. Restor Neurol Neurosci
2009;27(5):391-403 [FREE Full text] [doi: 10.3233/RNN-2009-0493] [Medline: 19847066]

34. Park DC, Bischof GN. The aging mind: neuroplasticity in response to cognitive training. Dialogues Clin Neurosci 2013
Mar;15(1):109-119 [FREE Full text] [doi: 10.1056/NEJMc1207079] [Medline: 23576894]

35. RAND Corporation. A Million Random Digits with 100,000 Normal Deviates. Pittsburgh, PA: American Book Publishers;
2001.

36. Korkman M, Kirk U, Kemp S. NEPSY - (NEPSY-II). Second Edition. San Antonio, TX: Harcourt Assessment; 2007.
37. Davis JL, Matthews RN. NEPSY-II review. J Psychoeduc Assess 2010 Mar 21;28(2):175-182. [doi:

10.1177/0734282909346716]
38. Urban MF, Olivier L, Viljoen D, Lombard C, Louw JG, Drotsky LM, et al. Prevalence of fetal alcohol syndrome in a South

African city with a predominantly Black African population. Alcohol Clin Exp Res 2015 Jun;39(6):1016-1026. [doi:
10.1111/acer.12726] [Medline: 25941030]

39. Mulenga K, Ahonen T, Aro M. Performance of Zambian children on the NEPSY: a pilot study. Dev Neuropsychol
2001;20(1):375-383. [doi: 10.1207/S15326942DN2001_4] [Medline: 11827094]

40. Dalen K, Jellestad F, Kamaloodien K. The translation of the NEPSY-II to Afrikaans, some ethical reflections. Cogni ie
Creier Comportament 2007;11(3):609-620 [FREE Full text]

41. Kemp SL, Korkman M. Essentials of NEPSY-II Assessment. Hoboken, NJ: John Wiley & Sons Inc; 2010.
42. Coles CD, Kable JA, Taddeo E. Math performance and behavior problems in children affected by prenatal alcohol exposure:

intervention and follow-up. J Dev Behav Pediatr 2009 Feb;30(1):7-15. [doi: 10.1097/DBP.0b013e3181966780] [Medline:
19194327]

43. Kerns KA, Macoun S, MacSween J, Pei J, Hutchison M. Attention and working memory training: a feasibility study in
children with neurodevelopmental disorders. Appl Neuropsychol Child 2017;6(2):120-137. [doi:
10.1080/21622965.2015.1109513] [Medline: 27049769]

44. Nash KJ, Stevens S, Greenbaum R, Weiner J, Koren G, Rovet J. Improving executive functioning in children with fetal
alcohol spectrum disorders. Child Neuropsychol 2015;21(2):191-209. [doi: 10.1080/09297049.2014.889110] [Medline:
25010354]

45. Schaffer Y, Geva R. Memory outcomes following cognitive interventions in children with neurological deficits: a review
with a focus on under-studied populations. Neuropsychol Rehabil 2016;26(2):286-317. [doi:
10.1080/09602011.2015.1016537] [Medline: 25730385]

46. Wazi - ECD. Saldanha BayURL:http://wazi-ecd.org.za/profiles/municipality-WC014-saldanha-bay/ [accessed 2019-04-24]
[WebCite Cache ID 77ryDb3wD]

Abbreviations
ECD:  Early Childhood Development
EF:  executive function
FARR:  Foundation for Alcohol Related Research
FASD:  fetal alcohol spectrum disorder
MANOVA:  Multivariate analysis of variance
NEPSY-II:  NEuroPSYchological Assessment, Second Edition
PAE:  prenatal alcohol exposure
RCT:  randomized controlled trial
SBM:  Saldanha Bay Municipal
SES:  Socioeconomic status
SPIRIT:  Standard Protocol Items: Recommendations for Interventional Trials

JMIR Res Protoc 2019 | vol. 8 | iss. 10 | e14489 | p. 10https://www.researchprotocols.org/2019/10/e14489
(page number not for citation purposes)

Louw et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.drugalcdep.2016.08.629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27610936&dopt=Abstract
http://europepmc.org/abstract/MED/19847066
http://dx.doi.org/10.3233/RNN-2009-0493
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19847066&dopt=Abstract
http://europepmc.org/abstract/MED/23576894
http://dx.doi.org/10.1056/NEJMc1207079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23576894&dopt=Abstract
http://dx.doi.org/10.1177/0734282909346716
http://dx.doi.org/10.1111/acer.12726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25941030&dopt=Abstract
http://dx.doi.org/10.1207/S15326942DN2001_4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11827094&dopt=Abstract
https://psycnet.apa.org/record/2007-14944-009
http://dx.doi.org/10.1097/DBP.0b013e3181966780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19194327&dopt=Abstract
http://dx.doi.org/10.1080/21622965.2015.1109513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27049769&dopt=Abstract
http://dx.doi.org/10.1080/09297049.2014.889110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25010354&dopt=Abstract
http://dx.doi.org/10.1080/09602011.2015.1016537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25730385&dopt=Abstract
http://wazi-ecd.org.za/profiles/municipality-WC014-saldanha-bay/
http://www.webcitation.org/
                                            77ryDb3wD
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by G Eysenbach; submitted 26.04.19; peer-reviewed by J Pei, K Kerns; comments to author 14.07.19; revised version received
25.07.19; accepted 28.07.19; published 30.09.19

Please cite as:
Louw JG, Olivier L, Skeen S, van Heerden A, Tomlinson M
Evaluation of a Custom-Developed Computer Game to Improve Executive Functioning in 4- to 6-Year-Old Children Exposed to
Alcohol in Utero: Protocol for a Feasibility Randomized Controlled Trial
JMIR Res Protoc 2019;8(10):e14489
URL: https://www.researchprotocols.org/2019/10/e14489
doi: 10.2196/14489
PMID:

©Jacobus Gidion Louw, Leana Olivier, Sarah Skeen, Alastair van Heerden, Mark Tomlinson. Originally published in JMIR
Research Protocols (http://www.researchprotocols.org), 30.09.2019. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is properly
cited. The complete bibliographic information, a link to the original publication on http://www.researchprotocols.org, as well as
this copyright and license information must be included.

JMIR Res Protoc 2019 | vol. 8 | iss. 10 | e14489 | p. 11https://www.researchprotocols.org/2019/10/e14489
(page number not for citation purposes)

Louw et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www.researchprotocols.org/2019/10/e14489
http://dx.doi.org/10.2196/14489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

