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Abstract

Objective: Performing high-quality and reliable cognitive testing requires significant resources
and training. As a result, large-scale studies involving cognitive testing are difficult to perform

in low- and middle-income settings, limiting access to critical knowledge to improve academic
achievement and economic production in these populations. The NIH Toolbox® is a collection of
cognitive, motor, sensory, and emotional tests that can be administered and scored using an iPad®
tablet, reducing the need for training and quality monitoring; and thus, it is a potential solution to
this problem.

Method: We describe our process for translation and cultural adaptation of the existing NIH
Toolbox tests of fluid cognition into the Swahili and Dholuo languages for use in children aged
3-14 in western Kenya. Through serial forward and back-translations, cognitive interviews, group
consensus, outside feedback, and support from the NIH Toolbox team, we produced translated
tests that have both face validity and linguistic validation.

Results: During our cognitive interviews, we found that the five chosen tests (one each of
attention, cognitive flexibility, working memory, episodic memory, and processing speed) were
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generally well-understood by children aged 7-14 in our chosen populations. The cognitive
interviews informed alterations in translation as well as slight changes in some images to
culturally adapt the tests.

Conclusions: This study describes the process by which we translated five fluid cognition tests
from the NIH Toolbox into the Swahili and Dholuo languages. The finished testing application
will be available for future studies, including a pilot study for assessment of psychometric

properties.
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Introduction

Cognitive development in childhood lays the foundation for academic achievement and
economic production for a lifetime (Blair & Razza, 2007; Eigsti et al., 2006; Moffitt et

al., 2011; Riggins, Miller, Bauer, Georgieff, & Nelson, 2009; Rose, Feldman, Jankowski,

& Van Rossem, 2008). Worldwide, nearly 250 million children are at risk for not

meeting their full developmental potential (Black et al., 2017). As we seek to reduce

risk factors and develop interventions for children globally who are at risk for poor
development, the measurement of cognition becomes critically important (Anguera et al.,
2017; Bei, Oiberman, Teisseire, & Barres, 2018; Lambez, Harwood-Gross, Golumbic, &
Rassovsky, 2020; Sherr, Croome, Bradshaw, & Parra Castaneda, 2014; Tusing & Ford, 2004;
Vanderwood, McGrew, Flanagan, & Keith, 2002).

Multiple challenges exist when measuring cognitive development within global settings.
Performing valid, reliable, and clinically relevant cognitive assessments often requires
substantial training, prerequisite credentials, and monitoring to ensure consistent, high-
quality administration (Miles, Fulbrook, & Mainwaring-Mégi, 2016). Additionally, while
some tests are moving towards electronic scores, most are still scored manually which
introduces human error. Furthermore, substantial heterogeneity exists regarding the specific
types of assessments, which results in challenges when interpreting results across studies,
especially when the quality of each assessment is unknown. In addition, many testing

items are not contextually relevant within cross-cultural settings. Nearly all assessments
used in resource-limited settings are ones that were developed in resource-rich settings,
such as the Wechsler Adult Intelligence Scale-Third Edition (Wechsler, 1997), the Wechsler
Intelligence Scale for Children-Fifth Edition (Wechsler, 2014), the Bayley Scales of Infant
and Toddler Development-Third Edition (Bayley, 2006), and the Kaufman Assessment
Battery for Children (Kaufman & Kaufman, 1983). In some cases, these assessments are
appropriately translated and adapted to the culture in which they are used (McHenry et al.,
2021; Pendergast et al., 2018), and in some cases they have been used in countries such

as South Africa in which English is an acquired language in school (Cockcroft, Alloway,
Copello, & Milligan, 2015; Skuy, Taylor, O'Carroll, Fridjhon, & Rosenthal, 2000). However,
in many cases, there is no evidence that the assessments or translations were determined to
be appropriate for the setting, limiting the validity of the results (McHenry et al., 2018).
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The National Institutes of Health Toolbox for Assessment of Neurological and Behavioral
Function (NIH Toolbox®) is a potential solution to the many challenges faced when
measuring neurodevelopment, such as cognition, emotional, motor, and sensory domains,
in resource-limited settings. The NIH Toolbox was developed by more than 250 scientists
over six years and was sponsored by the 15 institutes of the National Institutes of Health
that comprise the NIH Neuroscience Blueprint (Hodes, Insel, & Landis, 2013). A major
advantage of the NIH Toolbox is that all measures are administered through an iPad®
tablet-based application, requiring light training to administer the evaluations and digital
scoring. This opens a myriad of possibilities for cognitive testing. However, as is true in
conventional cognitive testing, the items in the NIH Toolbox may not be culturally relevant
everywhere. This study is one of the first to describe the process by which some of the
NIH Toolbox tests were culturally adapted for administration to children outside the United
States, specifically for those children in Kenya. While the NIH Toolbox includes over 100
measures of cognitive, emotional, sensory, and motor domains, our study will focus on
five fluid cognitive measures which test attention, cognitive flexibility, working memory,
episodic memory, and processing speed.

Setting/Participants

This study was performed in two study sites in western Kenya from September 2019-June
2020: Eldoret (an urban setting) and Ajigo (a rural setting). Participants aged 3-14 were
recruited for cognitive interviews using refined translations of the five fluid cognitive
measures in the NIH Toolbox Cognitive battery. Participants were recruited from primary
schools in the area where the Swabhili and Dholuo languages are primarily spoken; the
municipality of Eldoret, Kenya was chosen for Swabhili and the Ajigo ward in the county of
Siaya, Kenya was chosen for Dholuo. Inclusion criteria were as follows: (1) between 3-14
years of age; (2) fluently spoke the specific language of interest for that study site (Swahili
for Eldoret, Dholuo for Ajigo); (3) and a primary caregiver who spoke either Swahili or
Dholuo who was available for consent and completion of a questionnaire. Three participants
for each age in years were recruited and enrolled in the study for each language. Gender and
handedness demographic data were collected on each participant.

Overview of the NIH Toolbox for Assessment of Neurological and Behavioral Function

The NIH Toolbox is a set of standardized, validated, and normed tests in the cognitive,
motor, sensory, and emotional domains that were publicly released in 2012 (Gershon et
al., 2013) and released as an iPad application in 2014. Tests have been validated for
persons aged 3-85 years (Mungas et al., 2013; Weintraub et al., 2013) and have been
translated into Spanish (Gershon et al., 2020; Victorson et al., 2013). The NIH Toolbox
Cognition Battery was normed using a U.S. 2010 Census-matched normative sample of
1,020 typically-developing children and adolescents aged 3-20 years (Akshoomoff et al.,
2014).

Five of the seven core cognitive tests available on the NIH Toolbox were chosen to use
with our population: Flanker Inhibitory Control and Attention Test (Flanker), Dimensional
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Change Card Sort Test (DCCS), Picture Sequence Memory Test (PSM), Pattern Comparison
Processing Speed Test (PC), and List Sorting Working Memory Test (LSWM), which are
depicted in Figure 1. The selected tests measure fluid cognitive abilities which assess

the individual’s ability to problem solve and process new information. These cognitive
abilities are more subject to change with biological function. In contrast, the remaining two
core cognition tests, Picture Vocabulary and Oral Reading, measure crystallized cognitive
abilities which rely more heavily on previous learning. During the original validation
studies for PC and LSWM, 18 children aged 3-5 years and nine children aged 3-6

years, respectively, out of 120 total children could not complete the task due to lack of
attention and noncompliance (Carlozzi, Tulsky, Kail, & Beaumont, 2013; Tulsky et al.,
2013; Weintraub et al., 2013). As such, in this study all children completed the Flanker,
DCCS, and PSM tests, and only children aged 7 and above completed the PC and LSWM
tests.

Selected NIH Toolbox Cognitive Tests

The Flanker and DCCS tests measure different aspects of executive function. The Flanker
test measures attention allocation, inhibitory control, and mental flexibility. It requires
participants to choose the direction of a target picture that is surrounded or flanked by
similar images which may be facing the same or different direction. In the NIH Toolbox
Flanker test, directional fish and then arrows are used for children ages 3-7 years, and
arrows for children 8 years and older. For this test, participants start with their dominant
index finger on “home base.” Home base is a printed circle with iPad positioning markers
and is provided by the test publisher. It is laid in front of the iPad and participants are asked
to return their dominant index finger to the home base after answering each item. Because
timing is used as a factor in scoring, it standardizes the distance for every participant when
touching the screen.

DCCS assesses cognitive flexibility and set-shifting. Participants are presented with three
images: one is the target and the other two provide sorting options. The participant then
selects the appropriate sorting option, in this case color or shape. To standardize response
times used in scoring, home base is also used between items.

PSM measures episodic memory. During this task, the participant is presented with a series
of images related to a story or action. Each image is presented in sequential order with an
auditory cue. Next, they are scrambled, and the participant has to order them appropriately.
LSWM measures the participant’s ability to remember a series of objects presented visually
with verbal cues. The participant then needs to mentally re-arrange these objects following
specific criteria and repeat them back to the examiner.

PC examines processing speed by having participants indicate whether two side-by-side
images are the same or different. Each of these items is timed, which factors into the scoring
of the test.

Translation and Cultural Adaptation

Figure 2 illustrates our method of translation and cultural adaptation. Bilingual members
of the Kenyan study team provided the first forward translations of the tests, and a back-
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translation was performed by a separate bilingual individual who did not have access to the
original English text. Several iterations of forward and back-translations were performed
until all site teams and the NIH Toolbox team, from Northwestern University, agreed on the
language and a preliminary finalized version of the text was generated. Cognitive interviews
were then performed in Eldoret and Ajigo, the results of which were qualitatively discussed
in a workshop held with both the Swahili and Dholuo teams, led by each Kenyan site
Principal Investigator (both PhD-level researchers, one of whom is an academic clinical
psychologist), the NIH Toolbox team, and the study Principal Investigator (MSM). During
this workshop, participant feedback gathered from the cognitive interviews was discussed
with the NIH Toolbox team and used to improve the forward translations. The NIH Toolbox
team also consulted with neuropsychologists familiar with the cognitive tests regarding
proposed alterations in test images. Three more iterations of forward and back-translations
were performed, and then a preliminary version of the iPad application was created with
translated text and audio. Fine tuning and harmonization were guided by a trilingual (i.e.,
fluent in Swahili, Dholuo, and English) member of the study team (EA). Two additional
reviewers from central and coastal Kenya (Nairobi and Kilifi) also provided feedback on
understandability of the proposed Swabhili translations in their respective regions prior to
their finalization in the iPad application.

Cognitive Interviews

Cogpnitive interviewing was used to better understand how particular words and questions
were interpreted with our first set of finalized translations. Two common methods

of cognitive interviewing include “think-aloud interviewing,” where the participant is
encouraged to speak in a stream of consciousness, and “verbal probing,” where the
participant is asked discrete follow-up questions (Willis & Artino, 2013). Frequently,

these modalities are used in conjunction. However, due to the young age of the study
participants, verbal probing was the primary technique used. The objectives of our cognitive
interviews were to improve linguistic validation and face validity. The Eldoret study team
received face-to-face training sessions on cognitive interviewing and the Ajigo study team
received similar training via video conferencing by a research assistant (MMD). Content

of the training sessions included familiarity with the tests and cognitive interview guides,
objectives of cognitive interviewing, and building rapport and interacting with a child

during a cognitive interview. Interviewers used mostly proactive with some reactive probes,
an approach best suited for our pediatric population. Proactive probes were read from a
cognitive interview guide, for example, participants were asked to name the shape of several
objects in the DCCS test. If a child did not report the intended answer, the examiner could
rephrase the question to ask, “what is this,” or “what object is this,” in order to understand if
the child was unable to identify the object, or if the word chosen to represent “shape” did not
make sense.

The cognitive interviews were administered onsite in each school by members of the study
teams. In order to minimize variability, all cognitive interviews were performed by one
person in Ajigo and two people in Eldoret. An additional member of the study team was
also present to help fill out the cognitive interview guides and organize the iPad and testing
papers.
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Abridged versions of the tests were used in order to streamline administration time while
still answering our questions about whether the translated language and images were
understandable and the ability of the child to understand and perform the test’s intended
function. For ease of use, some tests were comprised of screenshots of the test printed

on paper, while others were acceptable to administer with the iPad. Administration of

a limited number of tests using the iPad was performed to determine whether children
could understand the iPad’s touch screen function without prior familiarity. The tests
were administered in the same order for every child, and the cognitive interviews lasted
approximately 40-60 minutes. Of note, each test on the iPad is designed to be given in ten
minutes or fewer, and this extra time was comprised of the actual cognitive interviewing, as
well as breaks upon request.

The qualitative results of the cognitive interviews were discussed amongst members of the
research group, including members of the NIH Toolbox team, multiple times as revisions
were made by iterative process. Adjustments to language translations were made by group
consensus comprised of members of the study team at each site, each site Principal
Investigator, the NIH Toolbox team, and the study Principal Investigator. While the emphasis
was placed on preserving as much of the original tests as possible, some changes were
required and were at the ultimate discretion of the NIH Toolbox Team.

Ethical Approval

Results

Home Base

This study was completed in accordance with the Helsinki declaration and was approved
as an expediated study by the Indiana University Institutional Review Board (Protocol
1904295419) in the United States. In Kenya, it was approved by both Moi University in
Eldoret (IREC/2019/15) and the Kenya Medical Research Institute (KEMRI) at the Ajigo
site (KEMRI/SERU/CGHR/177/3768). Prior to cognitive interviews, written consent was
obtained from parents and verbal assent was obtained from participants 13 years and older.

All 72 children completed the cognitive interviews. Demographic data for the study
participants are depicted in Table 1. About half of the participants, 46% (n=33), were female
and the majority, 99% (n=71), were right-handed.

For purposes of this study, the English phrase “home base” was translated literally to
“shelter” or “home” in Swahili, and “starting point” in Dholuo. These translations were
chosen to convey the same concept. Flanker was the first test administered that used the
home base. A few (n=6) children aged 3-12 in both the Swahili and Dholuo versions did not
initially understand the purpose of home base, and the directions had to be repeated several
times.
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Flanker Inhibitory Control and Attention Test (Flanker)

Overall, the test was generally well-understood by children aged 7 and older. All of the
children aged 7 were able to transition from fish to arrows without difficulty, and the test for
children aged 8 and above only contained arrows. Children in the 3-6 age range (n=5) had
more issues identifying the middle fish/arrow itself, as well as determining which direction it
was pointing. Some (n=5) children aged 7-14 in the Dholuo version had trouble identifying
the middle arrow as well.

To ease administration, the test for ages 8+ was given on the iPad, and the test for ages

3-7 was given with printed screenshots of the test on paper. According to two interviewers,
the test was more difficult to administer on the iPad for the older children because many
children had not seen one before and it was distracting.

Most children required 0-1 reminders to return their finger to home base. Additionally, one
Swahili-speaking child used the non-dominant hand frequently while other children used
their dominant index finger as directed.

Dimensional Change Card Sort Test (DCCS)

Overall, in both the Swahili and Dholuo versions, matching cards by shape was more
difficult for children to understand than matching by color, particularly for children under
age 7. Some children (n=14) interpreted “shape” as a geometric shape such as a triangle
and did not extend that definition to include the shape/form of objects such as a boat.
However, despite this different interpretation, most children aged 7 and older were still able
to complete the test. Some children (n=9) were unable to match by shape at all, and instead
matched by color for all items. Some children (n=9) were able to match by shape and color
during the practice items but were unable to perform “task switching” at the end with mixed
items and instead matched by color for all items. A few children (n=4) identified colors
incorrectly but were still able to match by color.

Most children aged 7 and older needed 0-2 reminders to return their finger to home base
with the exception of one child aged 12 and one aged 7, who needed a reminder for

every item. Younger children on average needed more reminders, and five children aged
3-4 needed a reminder for every item. One Swahili-speaking child aged 5 named colors
in English and one Dholuo-speaking child aged 5 named some shapes in English. In the
Dholuo version, it was very difficult to find a Dholuo word for “shape” that conveyed the
construct that we link to this term in English-speaking cultures. The English term “shape”
is generally known in Dholuo-speaking populations, so ultimately the English word was
retained.

Picture Sequence Memory Test (PSM)

Overall, PSM was generally well-understood in participants aged 7 and older. The cognitive
interviews did not reveal any major challenges in administration in either language,

thus altering the images was deemed unnecessary for accurate administration of the

test. However, some adjustments of the translations were needed. For instance, in both
languages we replaced some English words with more descriptive words or phrases, such
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as exchanging “clown” with “entertainer,” and “ride” with “merry-go-round.” Occasionally,
the translations changed the meaning of what was happening in the picture, for example, the
English “watch the tractor pull” was ultimately translated to the Swabhili “watch the tractor
being pulled,” and the Dholuo “someone is watching the tractor pulling.” For the Dholuo
version in particular, all of the participants (n=39) interpreted the descriptions as commands
and reported it would make more sense if they were phrased as “someone is [doing this
action]” instead.

Pattern Comparison Processing Speed Test (PC)

Per the validation data described in the methods section, this test was only administered to
children aged 7 and older. PC items were shown to children with printed screenshots on
paper for the cognitive interviews. Children occasionally tried to use their non-dominant
finger to answer. However, instructions were generally well-understood and no major
changes to the translations were made.

List Sorting Working Memory Test (LSWM)

This test was generally well-understood, but there were some issues with item recognition.
Of the 36 total items (20 animals and 16 foods) shown in the test, eight were ultimately
altered (two animals and six foods). One image’s color was changed in order to better
reflect the color of this fruit normally found in Kenya (a red apple became a green apple),
five images were replaced with something of a similar size that is more familiar to Kenya
(e.g., “bear” was replaced with “hippo”), and two images were retained but renamed (e.g.,
the image for “peach” was renamed “mango”). Figure 3 depicts two practice items that
were substituted for something of a similar size that is more familiar to Kenya. The criteria
in choosing an acceptable substitution included (1) something familiar to Kenya, and (2)
retained its placement in each series in which it was included. For instance, we were able to
substitute a cheetah for a tiger although a cheetah is smaller, because its placement in all of
the testing series was preserved. We also allowed for extra terms to be used to identify some
images (e.g., “burger” or “cake” was also accepted for “hamburger.”) Upon discussion with
the group, we also accepted English terms.

Discussion

This study is the first to describe the process for translating cognitive tests of the NIH-
Toolbox beyond its English and Spanish versions. Through multiple rounds of forward and
back-translations and cognitive interviews, we learned that some language had to be adjusted
from its original English version in order to convey the intended purpose of the test. We also
discovered that some concepts, such as colors, shapes, and identifying the “middle” item out
of a group of items were more challenging for children aged 3-6 years old. Additionally,

it was more challenging for them to return their finger to the home base. Thus, for this
population, we recommend using these tests for children 7 years and older. We believe

that these tests will be valuable in future research studies, including a pilot study to assess
psychometric properties of these tests when formally administered in this population.
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We feel that the linguistic validation and face validity of this translation of select NIH
Toolbox tests were strengthened by our use of cognitive interviews. This allowed us

to determine in more detail the child’s line of thinking when choosing an answer, and
where it broke down if the wrong answer was chosen. Our cognitive interviews employed
mostly proactive verbal probing over think-aloud interviewing due to the age of the study
participants (Willis & Artino, 2013). At times, a child’s unclear answer could be subject
to reactive probing questions in order for the interviewer to better understand the child.
This method has some disadvantages; for instance, verbal probing can potentially “lead the
subject” depending on how the question is worded or asked. Furthermore, an interviewer
asking questions to a child may lead to unclear answers or lead the child to answer in the
affirmative when asked if something makes sense, in order to preserve social hierarchy.
For example, during item identification portions of our interviews, some younger children
responded to every question in the affirmative, even when the examiner ultimately felt
that the child did not actually understand. In this situation, it is important to build rapport
with the participant before and during testing, and probe more purposefully when there
are concerns regarding the participant’s response. Regardless of these issues, the cognitive
interviews did bring to light several issues in translation and unfamiliar items that were
addressed to optimize the tests.

Many prior studies have also utilized cognitive interviews to further refine translations
(Fregnani et al., 2017; Huang et al., 2012; Marangu et al., 2017; Masquillier, Wouters,
Loos, & Néstlinger, 2012). Within East Africa, cognitive interviews have aided in Swahili
translation and interpretation of questions on a tuberculosis-related stigma questionnaire
(Marangu et al., 2017) and helped find contextual differences in the Dholuo, Luganda,

and Eastern African English translations of a health-related quality of life questionnaire,
which necessitated revision (Masquillier et al., 2012). Within the latter study, cognitive
interviews revealed that adolescents did not understand the concept of “free time,” and
many interpreted the word “satisfied” to be in relation to food and fullness. These important
cultural differences may have been missed if cognitive interviews had not been conducted,
and cognitive interviewing should be an integral part of high-quality translation of cognitive
assessments.

In addition to cognitive interviews, many prior studies include a combination of forward
and back-translations and committee consensus (Bonomi et al., 1996; Cella et al., 1998;
Smit, Van den Berg, Bekker, Seedat, & Stein, 2006). We believe that our method produced
a test with both linguistic validation and face validity by placing emphasis on functional
equivalence, allowing us to convey the same message across languages while keeping the
original English text intact. Other studies have used the “decentering” method in order

to strengthen their translations (Cella et al., 1998; Lent, Hahn, Eremenco, Webster, &
Cella, 1999; Smit et al., 2006). This method can only be performed on a source test or
questionnaire that has not been finalized, as it involves adjusting the language of the source
text in order to align both the actual text as well as the conveyed meaning between the
source and target languages (Sechrest, Fay, & Zaidi, 1972). Because the NIH Toolbox has
already been validated and normed in English and Spanish in the United States, this was not
an appropriate option for our study. Decentering can be a viable option for an instrument
that will only be available in two languages, but with expansion of available languages
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comes increased complexity (Harkness & Schoua-Glusberg, 1998). For the NIH Toolbox,

it was not practical to employ this method since the eventual goal is the availability of this
application for a multitude of languages. Rather, English was chosen as the carrier language,
from which all current and future translations will stem.

Cultural Considerations

While processing feedback from our cognitive interviews, it was clear that each test required
different skillsets, and thus also required differing levels of adaptation. Ideally, every

aspect of each test would be culturally adapted to the population in question, but each
successive adaptation increases the difference from the validated and normed test in the
source language. For example, the PSM test, used to assess episodic memory, requires a
participant to recall in the same order a series of visual and audio stimuli, while LSWM,
used to assess working memory, requires the participant to process visual and audio stimuli
and reorder them mentally. Working memory is used for complex cognitive tasks and often
requires manipulation of the memories for daily activities (Tulsky et al., 2013), whereas
episodic memory does not (Bauer et al., 2013). Thus, it is much easier to utilize one’s
working memory with information or stimuli that are more familiar. Having psychologists
involved in the adaptation of items is essential to inform the degree to which cultural context
may impact the construct being measured, and a considerable amount of time was spent in
correspondence with the NIH Toolbox team on this subject.

It is also important to keep in mind the cultural differences that exist in the construct

of learning. For instance, mothers in Japan and the United States interact with their
5-month old infants differently according to their cultural constructs (Bornstein, Miyake,

& Tamis-Lemonda, 1987), and mothers who are Puerto Rican teach their infants differently
from mothers who are middle-class white Americans of non-Hispanic European ancestry
according to their cultural importance on different tasks (Harwood, Schoelmerich, Schulze,
& Gonzalez, 1999).

It is vital to keep this cultural framework in mind, as Kenyan cultural values and system

of learning may differ from elsewhere. For instance, the emphasis on speed in testing in

the United States is not shared in many other cultures (Ardila, 2005), and this may affect
tests whose scores rely partly on speed. In addition, the cultures in Kenya are viewed

to be more collectivistic and less individualistic compared to American culture (Ma &
Schoeneman, 1997; Oyserman, Coon, & Kemmelmeier, 2002). East Asian cultures are

also more collectivistic and engage in more holistic processing, and it has previously been
demonstrated that East Asians are likely to focus more holistically on an image as opposed
to Americans who focus more on the central main object (Park & Huang, 2010). This
difference in processing could affect tests such as Flanker, which require one to focus

on a central object. Furthermore, many of the children tested in our cognitive interviews
interpreted the word “shape” in the DCCS test as a word to describe a geometric shape
such as a triangle instead of accepting a broader definition, as to describe a boat. Upon
much deliberation and discussion with lead study investigators fluent in both languages, we
feel that this was not a translation issue, but instead a difference of cultures, in which this
particular concept is taught more concretely in Kenya. Because of these integral differences
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between cultures, this adaptation should only be used to compare participants within the
same region with one another, such as within a case-control or randomized controlled
study. As such, it is not possible to diagnose a delay in any of the tested domains at this
time. Large-scale validation studies are needed to obtain appropriate norming data for this
population.

Since its conception, the NIH Toolbox team has recognized that allowing their tests to

be accessible to a wide range of ages, ethnicities, and cultures would require the input

of experts, and thus several committees were formed during the development phase. The
Cultural Working Group and Spanish Language Working Group were formed to make
improvement recommendations in their areas of expertise according to literature in the field
and expert opinion (Victorson et al., 2013). During the initial Spanish translation, some of
the cognitive tests available on the NIH Toolbox, such as the Picture Vocabulary Test and
Oral Reading Recognition Test, required a complete overhaul due to the dependence on
language. However, for the fluid cognition tests, translations were proposed and reviewed by
the Spanish Language Working Group and recommendations for improvement were made as
needed (Gershon et al., 2020).

This study had several limitations, one being our use of feedback from only Kenyan Swabhili
speakers to refine our translations. The Swabhili dialect spoken on the coasts of Kenya and
Tanzania where the Swabhili language originated is referred to as “standard Swabhili,” while
different dialects of Swahili are spoken elsewhere (Duran, 1979). Thus, it is unclear whether
these tests could be used in other Swahili-speaking areas such as Tanzania or Uganda, as
these different dialects do not necessarily adhere to all of the grammatical rules of standard
Swahili. Within Kenya, we addressed these concerns by having the translations reviewed by
Swahili speakers living in central and coastal Kenya. However, the use of these tests may
be challenging in other countries where Swahili is spoken. In addition, another limitation

is the absence of a pilot study in order to verify the tests’ psychometric properties. The
scope of this study was limited to a detailed description of the methods for adaptation of
the NIH Toolbox cognitive tests. We are currently conducting pilot studies to determine

the psychometric properties of these adapted tests and determine if our translations are
functional and lead to an accurate assessment of these domains. As such, we realize

that findings from our ongoing study may necessitate further revisions to the content or
administration of our translated tests. Lastly, to better acclimate participants with the iPad
prior to testing, we have also translated the touch screen tutorial, which we recommend
study participants complete prior to test initiation.

Conclusions

This study reports the process of culturally adapting and translating some of the first
translations of NIH Toolbox cognitive tests for use outside of the United States. Our
study utilized serial forward and back-translations, cognitive interviews, group and expert
consensus, and feedback from sources living in outside areas in order to produce tests of
fluid cognition that had face validity and linguistic validation. Because of this work, five
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culturally-adapted fluid cognition tests in Dholuo and Swahili now exist for use in future
studies.
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Selected NIH Toolbox® TestsNote. Flanker, Flanker Inhibitory Control and Attention Test;
DCCS, Dimensional Change Card Sort Test; PSM, Picture Sequence Memory Test; PC,
Pattern Comparison Processing Speed Test; LSWM, List Sorting Working Memory Test.
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Figure 2.
Flowchart of the translation and cultural adaptation process
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Figure 3.
Select items from the NIH Toolbox List Sorting Working Memory Test (Working Memory),

used with permission NIH Toolbox © 2021, National Institutes of Health, and Northwestern
University. The practice images “bear” and “tiger” were replaced with “hippo” and
“cheetah,” respectively. Pictured are the Dholuo words for hippo and cheetah. These were
also translated into Swahili.
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Table 1.

Demographic data of cognitive interview population

Ajigo site (%)

Eldoret site (%)

Combined sites (%)

Female

Male
Right-handed
L eft-handed
Total

17 (47)
19 (53)
35 (97)
1(3)
36

16 (44)
20 (56)
36 (100)
0(0)

36

33 (46)
39 (54)
71 (99)
1(1)
72
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