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Abstract 

Introduction Culturally validated neurocognitive measures for children in Low‑ and Middle‑Income Countries are 
important in the timely and correct identification of neurocognitive impairments. Such measures can inform develop‑
ment of interventions for children exposed to additional vulnerabilities like HIV infection. The Battery for Neuropsy‑
chological Evaluation of Children (BENCI) is an openly available, computerized neuropsychological battery specifically 
developed to evaluate neurocognitive impairment. This study adapted the BENCI and evaluated its reliability and 
validity in Kenya.

Methodology The BENCI was adapted using translation and back‑translation from Spanish to English. The psy‑
chometric properties were evaluated in a case–control study of 328 children (aged 6 – 14 years) living with HIV and 
260 children not living with HIV in Kenya. We assessed reliability, factor structure, and measurement invariance with 
respect to HIV. Additionally, we examined convergent validity of the BENCI using tests from the Kilifi Toolkit.

Results Internal consistencies (0.49 < α < 0.97) and test–retest reliabilities (‑.34 to .81) were sufficient‑to‑good for most 
of the subtests. Convergent validity was supported by significant correlations between the BENCI’s Verbal memory 
and Kilifi’s Verbal List Learning (r = .41), the BENCI’s Visual memory and Kilifi’s Verbal List Learning (r = .32) and the BEN‑
CI’s Planning total time test and Kilifi’s Tower Test (r = ‑.21) and the BENCI’s Abstract Reasoning test and Kilifi’s Raven’s 
Progressive Matrix (r = .21). The BENCI subtests highlighted meaningful differences between children living with HIV 
and those not living with HIV. After some minor adaptions, a confirmatory four‑factor model consisting of flexibility, 
fluency, reasoning and working memory fitted well (χ2 = 135.57, DF = 51, N = 604, p < .001, RMSEA = .052, CFI = .944, 
TLI = .914) and was partially scalar invariant between HIV positive and negative groups.

Conclusion The English version of the BENCI formally translated for use in Kenya can be further adapted and inte‑
grated in clinical and research settings as a valid and reliable cognitive test battery.
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Introduction
Human Immunodeficiency Virus (HIV) is a neurotropic 
virus that can infect the nerve cells [1]. Widespread 
access to antiretroviral drugs (ARVs) has reduced the 
severity of HIV related brain diseases [2]. However, 
even when children are on ARVs and virologically sup-
pressed, they may continue to manifest neurocognitive 
impairments [3–5]. The monitoring of neurocogni-
tive performance among children with HIV should be 
included in a comprehensive HIV management plan [6, 
7]. However, in sub-Saharan Africa (SSA) the lack of 
adequately standardized neurocognitive tools that are 
easy to implement [2] at a relatively low cost inhibits 
the implementation of recommended neurocognitive 
monitoring among HIV-positive children. To address 
this gap in health care, it is important to identify and 
validate neurocognitive measures that can be easily 
implemented in health care settings within the African 
setting. Given how limited the resources are in many of 
these settings, neurocognitive tools for use in SSA need 
to be open-access and relatively easy to administer so 
that they can be implemented by para-professionals or 
professionals with limited training. These tools should 
also be engaging to the children.

In recent years, there has been a proliferation of com-
puterized neurocognitive tools which are relatively easy 
to implement, yet many of these tools have largely been 
developed and tested in high-income countries [6]. They 
include the NIH toolbox, Conner’s Continuous Perfor-
mance Test, Attentional Network Task (ANT), CNS 
Vital Signs and Pediatric Immediate Post Concussion 
Assessment and Cognitive Testing (Pediatric ImPACT) 
[8–13]. Due to potential measurement biases that may 
arise from adopting test from one context to another, it 
is crucial that these new promising tests are thoroughly 
evaluated in the SSA context [2, 14–16]. Here, we study 
the psychometric properties and potential utility of the 
computerized Battery for Neuropsychological Evaluation 
of Children (The BENCI) which covers several neuropsy-
chological domains [17] and was originally developed in 
Spanish for Ecuadorian children. The BENCI measures 
the seven cognitive domains with the following sub-
tests: Simple Reaction Time, Visuo-motor, Continuous 
Performance, Verbal Memory, Visual Memory, Verbal 
Comprehension Images, Verbal Comprehension Figures, 
Phonetic Fluency, Working Memory, Abstract Reasoning, 
Semantic Fluency, Go/NO-GO, Spatial Stroop, Alternate 
Visuo-motor, and Planning-Attraction Park tests [18]. 
See Table 1 for their specific domains and administration. 
The fact that the BENCI is openly available and comput-
erized makes it relatively easy to access and administer. 
It is also enjoyable for children [19], hence curtailing 
for loss of interest and distraction, which may result in 

low completion rates, missing responses, and erroneous 
responses.

Since the BENCI is a promising tool with its psycho-
metric properties already documented in Morocco 
among 7, 9, and 11 year old children in schools, its adap-
tation and implementation in Kenya among children 
living with HIV and children who are HIV negative can 
expand our school-age children toolbox and provide clin-
ics with rigorously validated measures [20]. Data from 
Moroccan children supported a factorial structure of 
executive functioning with inhibition, flexibility, fluency, 
reasoning, and verbal memory in the Arabic version of 
the BENCI [20]. In deciding the executive function tests 
to include in the factorial model, the previous study 
acknowledged the lack of a theoretical model that could 
explain the battery’s structure. Hence, we opted to use 
Diamond model’s [21] of executive functioning to cre-
ate our model. We included verbal tests as indicators of 
executive function because tests of verbal memory [22, 
23] have been associated with executive function out-
comes with up to 55–60% shared variance [22]. How-
ever, factorial structure and measurement invariance 
with respect to HIV status has yet to be evaluated in a 
similar LMIC region. Measurement invariance evaluates 
whether the subtests are loaded similarly onto the latent 
factors and whether groups based on, e.g., educational 
attainment, health status, ethnicity and age can be mean-
ingfully compared [24]. Since the language of instruction 
in the Kenyan schools is English [25] we choose to adapt 
an English version of the BENCI. Moreover, computer-
ized assessment is rare in Kenya, and this study with the 
computerized BENCI is an important first step to assess 
the feasibility of reliably evaluating neurocognitive func-
tions using computerized measures in the Sub-Saharan 
context. To conduct a comprehensive evaluation of the 
BENCI, we carried out the following:

1. Adapted the BENCI in a culturally appropriate adap-
tation format and user-centered testing

2. Evaluated its internal consistency and test–retest reli-
ability

3. Examined the associations between the results of the 
BENCI (a computerized test) and those of a paper-
and pencil standardized test

4. Evaluated differences in performance and measure-
ment properties among children who are living with 
HIV versus those who are not living with it.

Methodology
Participants and settings
A total of 604 (311 females, 291 males and two with 
missing gender information) children from Nairobi 
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participated in the study. Nairobi is the capital city of 
Kenya with a 87.1% literacy level and the language of 
instruction in the schools is English [25]. We recruited 
two samples from different study sites. One group of 
children was sampled from a children HIV outpatient 
programme. The programme, implemented in seven 
resource poor settings in Nairobi, included children liv-
ing with HIV of different ethnic backgrounds who receive 
home-based care. The sample of children not living with 
HIV was drawn from three primary schools in Nairobi. 
The schools were chosen on the basis of their similar-
ity to most schools in Kenya with regards to the mode 
of education at that time which was the 8.4.4 system 
with the examining body under the Ministry of Educa-
tion being the Kenya National Examination Council 
[26]. These children come from diverse socio-economic 
settings with most of them from middle-class families. 
We chose this to rule out the impact of sharp socioeco-
nomic status differences. The study sample size compu-
tation was based on data from an earlier study in Africa 
that found the means on the KABC – 2 to differ between 
HIV-infected (N = 93) and uninfected (N = 106) [27] by 
µ1 = 184.7(sd = 63.72)andµ2 = 200.6(sd = 68.72)  , 
respectively, yielding a Cohen’s d of 16.1/66.3 = 0.24. 
Together with an alpha level of 5% and a power of 80%, 
these resulted in a total sample size of 544 respondents, 
thus the target sample size was 272 children living with-
out HIV and 272 children living with HIV, respectively. 
We slightly oversampled to address any potential loss of 
data due to missingness.

Measures
The BENCI: The existing BENCI test was first devel-
oped in Ecuador and offers norms for children aged 6 
– 17 years in Ecuador, 7, 9 and 11 years in Morocco and 
6—8 years in Palestine [18, 19]. The test can be adminis-
tered within 75  min with one 10-min break in between 
the 14 neuropsychological tests. On average, however, 
the administration takes around 90  min. The test can 
be administered by skilled psychologists with additional 
training specific to BENCI.

Paper and Pencil Measures: To test convergent valid-
ity of the BENCI, we used paper and pencil tests that 
are internationally accepted and standardized and have 
previously been adapted and validated in a rural Ken-
yan community [28]. This so-called Kilifi Toolkit covers 
executive functioning, memory, and attention and can be 
administered within 120  min. The neurocognitive tests 
have good psychometric properties with split- half reli-
ability between 0.70 and 0.84 while internal consistency 
is ≥ 0.70 among 7 – 11  year old children in Kenya [28]. 
Table 1 lists tests in Kilifi toolkit and the BENCI. As part 

of our study, we also measured age, gender, height, and 
weight.

The BENCI Adaptation process
The adaptation process was guided by the translation and 
adaptation guidelines of the International Test Commis-
sion [29]. We obtained authorization to adapt the origi-
nal BENCI test and the original test developers including 
MPG who also had an advisory role in test adaptation. 
Since the original BENCI was in Spanish, the transla-
tion was the first stage of adaptation where one bilin-
gual researcher translated it from Spanish to English 
and another native English speaker checked the English 
translation for linguistic and semantic consistency. Clini-
cal psychologists in Kenya, in discussions with other 
professionals in Spain, evaluated the tools’ structure and 
appropriateness against the tool’s original markers in 
terms of sentence structure and familiarity of images in 
the Kenyan context. This work was complemented by a 
pilot study involving 5 females and 3 males with a median 
age of 13 years to check the appropriateness of the items, 
pictures, and instructions. The pilot study involved 
administering all the sub tests within the BENCI and 
later interviewing each child individually on how they 
experienced the tests.

In terms of the BENCI administration, some chil-
dren expressed that the sustained attention test was too 
lengthy which lowered their enthusiasm for doing the 
rest of the tests. This was discussed with the study team 
and changes were made to place the sustained attention 
test right before the 10  min’ break. Children tended to 
touch the screen with their fingers playfully even when 
not responding and this resulted in unintended responses 
especially in the Visual Memory and Verbal Memory 
with Delayed Trial test. Hence, BENCI administrators 
were instructed to caution the children against moving 
their hands on the screen if they did not have any inten-
tion to respond.

In language, some English words in the instructions of 
some BENCI subtests were unclear to some young chil-
dren. An example is the word ‘figures’ which was changed 
to ‘shape’ as Kenyan children are more familiar with the 
latter than the former. Some instructions were not clear 
enough, hence recommendations were made to ensure 
that children understood what to do when a certain stim-
ulus appeared, especially in the verbal comprehension 
subtest. In the Continuous performance test, instructions 
on pressing screen right after letter X appeared after let-
ter A were not clear. We therefore agreed that we would 
draw a letter A followed by letter X to help in indicating 
when the screen should be pressed. Several instructions 
were changed to simpler English. Young children had 
a better understanding of the test requirements when 
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additional information was given in Kiswahili – the 
national language of Kenya.

Cultural adaptations were also made to images in the 
verbal comprehension test, as young children did not 
recognize some animals like the difference between a 
squirrel and a rabbit, while some animals had some strik-
ing resemblance to animals familiar to the Kenyan chil-
dren. Images within the visual memory subtest, which 
could not be recognized by children, were also changed, 
or scoring changed to include the interpretation that 
was familiar to the children. For example, some children 
could not differentiate between cloud and bush as the 
images were similar so both answers were integrated as 
the correct answers in the scoring guide. See Fig.  1 for 
the pictorial presentations on the changes made in the 
BENCI.

Procedure
In the clinics, a database of children aged 6 – 14 years old 
was generated and the children were informed to come 
to the clinic on a certain day of the week when the pro-
gramme arranged for some fun activities to take place. 
Most of the time the assessment day fell on a weekend 
and on the same day as the children were scheduled for 
their clinical appointments. On the scheduled day, the 
children and their parents were randomly identified 
and individually informed about the study with volun-
tary participation of the children being requested. We 
included children aged 6–14 years1 that are HIV-positive 
and not having any comorbid conditions as reported in 
their medical reports. We did not include children with 
comorbid and/or severe medical conditions associated 
with being HIV-positive as indicated in their medical 
reports, as well as children who did not meet the age cri-
teria. In the school setting, the children were randomly 
selected from their classrooms, which ranged from 
Grades 1 to 5. In this population, we included children 
aged between 6 – 14 years old and not having any medi-
cal condition as reported by the school and the students 
themselves. Children who did not meet these condi-
tions were excluded from the study. The institutions 
provided a room where the neurocognitive assessments 
could be carried out. Relevant subtests in Kilifi toolkit 
(see Table  1) were administered with paper and pencil 
by a trained interviewer [28]. For test–retest reliability, 
38 HIV negative children (21 females) were re-assessed 
2 months after the initial assessment.

Analyses
Data from the BENCI was automatically captured in 
the tablet as programmed in the original Spanish ver-
sion and exported to an Excel sheet. The Kilifi Toolkit 
data were input into Excel sheets and codes/matching 
identifications were realigned to ensure correct match-
ing with similar cases in the file with BENCI data. We 
double-checked the age, gender, and clinic/school group-
ings to ensure the correct ID matching. Analyses were 
run in SPSS version 20 and AMOS version 22. We used 
Alpha = 0.05 as the nominal significance level.

Data were cleaned by first having a visual inspection 
of a scatter plot and statistical evaluation of each of the 
subtest scores for outliers. Data with influential outli-
ers were then evaluated through a three-step process 
to identify if certain scores should be deleted. First, we 
checked the residuals of the regression of age on the sub-
tests where cases with high standardized residual value, 
low effect size, and low p-value were noted. Second, we 
evaluated cases with z scores beyond z =|2| for possi-
ble deletion. Third, we conducted a case-by-case check 
to evaluate whether a certain score would be expected 
given other subtest scores from these participants. For 
instance, we discarded scores on the Verbal Memory 
Immediate hits and Continuous Performance hits sub-
test that had z-scores below -3 and whose z- scores 
were not expected for the age groups we were look-
ing at. Through this process, we decided whether cer-
tain scores should remain as they are or identify them 
as missing. We then carried out a missing data pattern 
analysis where Little’s MCAR test statistic was signifi-
cant (χ2 = 2455.2, DF = 1725, p < 0.001), highlighting that 
scores were not missing completely at random. However, 
a check on whether the missingness was significantly 
related to age, HIV status, and date of data collection, 
uncovered no significant relationship with the missing-
ness pattern in subtest scores. We could, therefore, not 
identify what the missingness was related to.

Internal consistency in terms of Cronbach’s Alpha 
(KR-20 for dichotomous items) was determined for all 
seven tests for which item-level data were available. We 
opted for Cronbach’s Alpha because it is widely used 
in testing the internal consistency of the items within a 
test that reflects the degree to which items covary posi-
tively. The test–retest reliability was analyzed using ICC 
and Pearson’s correlations. We then checked whether 
the performance within the BENCI subtests aligned with 
developmental models’ expectation of growth in cogni-
tive performance as children grew in age. Convergent 
validity was analyzed using Pearson correlation where 
scores of the BENCI subtests were correlated with the 
raw scores of corresponding subtests in Kilifi Toolkit. We 
hypothesized that tests measuring the same cognitive 

1 The original plan was to include children aged 8 – 11 years but we included 
also 6, 7 and 12 – 14 year olds (N = 52, 9.5%) because they were in the same 
grade.
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Fig. 1 Translation and cultural adaptations made in BENCI
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domain would correlate positively. We compared differ-
ences between HIV-positive and HIV-negative groups 
with t-tests and considered possible floor and ceiling 
effects by checking histograms and outliers by calculating 
skewness for each subtest.

We run a confirmatory factor analysis in AMOS to 
assess the construct validity the BENCI using a model 
of Executive Function proposed by Diamond, in which 
executive function comprises reasoning, inhibition, flex-
ibility, fluency, and working memory cognitive functions 
[30]. The model fit was evaluated with the Chi-square 
tests, Root Mean Square Error of Approximation 
(RMSEA), Comparative Fit Index (CFI), and the Tucker-
Lewis Index (TLI). A model is considered a good fit if the 
value of RMSEA is below 0.06, and CFI and TLI above 
0.90 respectively.

Results
The two test batteries were administered among 274 
children living with HIV and 330 children without HIV 
with a mean age of 9.48 (SD = 1.31), of which roughly half 
were male. Table 2 summarizes the demographics of par-
ticipants in the two groups. The second assessment of the 
BENCI among 38 Children not living with HIV consists 
of 21 females, with a mean age of 9.18 (SD = 1.21).

Scale attenuation effects
Using correlational and descriptive statistics includ-
ing histograms, we evaluated attenuation patterns in 
the BENCI tests. Eight of the BENCI subtests exhibited 
ceiling and floor effects that tend to suppress correla-
tions and reliabilities. Specifically, on Verbal Compre-
hension Figures, 30% (N = 181) of the sample scored the 
highest possible score of 8 hits, while on Verbal Com-
prehension Images hits, 51% (N = 308) of the sample 
scored the highest possible score of 8 hits. Other sub-
tests with ceiling effects included Continuous Perfor-
mance hits, Go No Go hits, Working Memory hits, and 
Spatial Stroop. Both Verbal Memory Recognition 13.4% 
(N = 16) and Visual Memory Recognition 16.7% (N = 20) 

showed some ceiling effects meaning that the number 
of participants having the highest scores was almost 
equal to those with average scores. At the same time, 
floor effects were evident on the Planning Time of First 
Option and Spatial Stroop errors scores. Semantic Flu-
ency hits 13.4% (N = 16), Phonetic Fluency hits 16% 
(N = 19), Verbal Memory Delayed hits 16.8% (N = 20), 
and Planning time total 33.9% (N = 38) showed some 
floor effects. This meant that the number of partici-
pants having the lowest scores was almost as equal to 
those with average scores. The floor and ceiling effects 
highlighted that these subtests psychometric function-
ing could be improved by adding easier and more dif-
ficult items, respectively, in any future revisions of the 
BENCI. The remaining BENCI subtests showed no such 
attenuation effects.

Internal consistency of the BENCI
We computed the Cronbach’s Alphas (KR-20  s) for 
seven of the subtests with dichotomous item scores. 
The internal consistency of the BENCI subtests var-
ied from poor to excellent reliability. As shown in 
Table  3, the Language Comprehension tests, Verbal 
Comprehension Images, and Figures, had the few-
est items (N = 8) and Cronbach Alpha 0.49 < α < 0.68 
which was the lowest among the other BENCI sub-
tests. Low Cronbach Alphas tend to suppress cor-
relations, but most of the BENCI subtests had high 
Alphas. The Abstract reasoning, Planning, Go No Go, 
Spatial Stroop, and Processing Speed tests correlated 
well with themselves (0.75 < α < 0.97 or alpha range 
from 0.75 to 0.97) hence showing that there was little 
random measurement error.

Possibly due to the ceiling effects being less severe 
because of lower mean scores, we found Verbal Com-
prehension Figures and Images tests to show higher 
internal consistencies among children living with 
HIV (0.57 < α < 0.68) than among children not living 
with HIV (0.35 < α < 0.56), whose scores were more 
affected by the ceiling effect. In the Abstract reasoning, 

Table 2 Socio demographic information

Variables HIV Negative N (%) HIV Positive N (%)

Gender Male 163 (49.40) 148 (54.00)

Female 166 (50.30) 125 (45.60)

Missing 1 (0.30) 1 (0.40)

Age in months (Mean ± SD) 117.2 ± 16.24 119.40 ± 14.63

Age in Years (Mean ± SD) 9.41 ± 1.37 9.56 ± 1.24

Nutrition Weight in kg (Mean ± SD) 34.98 ± 7.12 32.27 ± 5.85

Height in cm (Mean ± SD) 136.34 ± 8.00 133.02 ± 8.11
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Planning, Go No Go, Spatial Stroop, and Processing 
Speed sub-tests the items had acceptable and excellent 
(0.76 < α < 0.97, or alpha range from 0.76 to 0.97) inter-
nal consistency showing that the tests are reliable for 
both children living with HIV and those not living with 
HIV, as shown in Table 4. The Alphas in the latter tests 
were higher in the lower-scoring sample of children liv-
ing with HIV than in children not living with HIV due 
to less severe attenuation effects in the former group.

Tests retest reliability of the BENCI
Table  4 presents the Intraclass Correlation (ICC) of 
the test and retest scores of the BENCI and the Pear-
son correlations between the repeated measurements 
among the 38 children not living with HIV. The Intra-
class correlation for specific tests ranged from -0.34 
to 0.81. The coefficients were rather high in Sustained 
Attention RT, Immediate Visual Memory, and Alter-
nate Visuo-motor Coordination (ICC range from 0.74 to 

Table 3 BENCI items internal consistency

BENCI Subtests No. of Items Skewness Overall Cronbach’s 
Alpha

HIV Negative 
Cronbach’s Alpha

HIV Positive 
Cronbach’s 
Alpha

Verbal comprehension images Time 8 3.113 .689 .519 .682

Verbal comprehension images Hits 8 ‑1.302 0.592 0.386 0.602

Verbal comprehension figures Time 8 1.926 0.613 0.56 0.609

Verbal comprehension figures Hits 8 ‑.737 0.496 0.349 0.571

Abstract reasoning Hits 25 .019 0.832 0.813 0.781

Abstract reasoning Time 25 .851 0.890 0.904 0.875

Go No Go Total Hits 101 ‑.745 0.870 0.824 0.895

Go No Go Total Time 101 1.136 0.879 0.872 0.864

Planning Total time 12 .895 0.753 0.760 0.744

Spatial Stroop Hits 90 ‑.933 0.973 0.966 0.975

Spatial Stroop Time 90 ‑1.701 0.950 0.924 0.959

Processing speed Reaction Time 50 1.598 0.832 0.832 0.822

Table 4 Reliability test–retest of the BENCI battery

Test (N = 38) First Visit Mean (sd) Second Visit Mean (sd) ICC CI 95% Pearson 
correlation

Visuomotor Coordination (TT) 73,772.32 (34,587.11) 54,539.74 (27,326.12) .66** .35—.82 .51**

Alternate Visuomotor Coordination (TT) 75,473.65 (32,581.90) 50,385.71 (23,478.43) .74** .49—.87 .62**
Sustained Attention CPT (CA) 49.06 (12.06) 51.70 (6.26) .13 ‑.74—.57 .08

Sustained Attention CPT (RT) 626.96 (191.41) 618.57 (196.13) .81** .62—.90 .68**
Immediate Verbal Memory (CA) 5.19 (2.60) 6.26 (3.38) .58* .12—.77 .39*

Delayed Verbal Memory (CA) 5.30 (3.01) 5.58 (3.00) .71** .44—.85 .55**

Verbal Recognition Memory (CA) 18.89 (3.49) 20.00 (3.08) .41 ‑.15—.70 .26

Immediate Visual Memory (CA) 5.76 (2.60) 6.30 (3.29) .75** .51—.87 .61**
Delayed Visual Memory (CA) 5.35 (3.22) 6.47 (3.29) .55* .13—.77 .38*

Visual Recognition Memory (CA) 44.30 (6.08) 45.47 (4.11) .52* .07—.75 .38*

Comprehension of Images (CA) 7.53 (0.97) 7.78 (0.42) .49* ‑.01—.74 .45*

Working Memory (CA) 11.58 (5.69) 13.76 (4.92) .71** .43—.85 .55**

Reasoning (CA) 13.89 (4.11) 15.74 (4.39) ‑.34 ‑1.63—.32 ‑.15

Semantic Fluency (CA) 8.00 (3.01) 6.84 (3.58) .64* .30—.81 .48*

Phonetic Fluency (CA) 4.89 (2.48) 5.68 (2.83) .48* ‑.00—.73 .32

Go/No‑Go (CA) 0.87 (0.14) 0.84 (0.16) .43* ‑11—.71 .27

Go/No‑Go (RT) 0.64 (0.08) 0.66 (0.11) .14 ‑.71—.56 .08

Selective Attention (RT) 575.21 (148.28) 573.16 (153.80) .66** .32—.83 .49*

Planning FO (RT) 5047.03 (5865.45) 2600.13 (3168.40) .43* ‑.11—.71 .32*
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0.81, r = 0.68—0.62). Moderate correlations were found 
in Immediate Verbal Memory, Delayed Visual Memory, 
and Visual Recognition Memory (ICC range from 0.52 to 
0.58, r = 0.39—0.38). Test retest reliability was poor for 
Go/No-Go (RT), Sustained Attention CA, and Reasoning 
(ICC range from 0.14 to -0.34, r = 0.08—-0.15).

The test–retest reliability results showed that most of 
the tests were consistent on the two occasions (2 months 
in between t1 and t2). With clear significant gains in per-
formance as expected by increasing test familiarity and 
maturation for fifteen out of nineteen subtests, except for 
Sustained Attention CPT, Verbal Recognition Memory 
(CA), Reasoning (CA), and Go/No-Go (RT) that showed 
no clear improvements in mean performance.

Convergent validity
Table 5 presents the correlations between corresponding 
BENCI and Kilifi toolkit tests. The attention, memory, 
inhibition/planning, reasoning, and flexibility tests in 
the BENCI and Kilifi were expected to correlate. How-
ever, some of these tests did not correlate as expected due 
attenuation effects, while others correlated as expected 
despite the attenuation effects.

In domains of reasoning, several inhibition, and a few 
memory-related tests in the BENCI were positively cor-
related with tests in Kilifi toolkit, supporting convergent 
validity across these domains. The BENCI’s Working 
Memory test was expected to correlate with Kilifi’s Self-
Ordered Pointing Test (SOPT) because they both meas-
ure working memory. However, the BENCI Working 
Memory test did not have a significant correlation with 
Kilifi’s working memory test, Self-Ordered Pointing Test 
(SOPT). This could be because the BENCI Working 
Memory test showed ceiling effects and might have been 
too easy for most test takers.

Kilifi’s Verbal List Learning Test and Nonverbal Selec-
tive Reminding Memory test were expected to correlate 
with the BENCI’s Verbal Memory and Visual Memory 
tests because they all measure memory. However, none 
of the BENCI’s memory tests had a significant correla-
tion with Kilifi’s Nonverbal Selective Reminding Memory 
Test (NVSRT). Moreover, the BENCI’s Verbal Mem-
ory Recognition and Visual Memory Recognition tests 
had no significant correlation to any of Kilifi’s memory 
tests. This outcome could be because the BENCI’s Ver-
bal Memory Recognition and Visual Memory Recogni-
tion tests had some ceiling effects while Kilifi’s NVSRT 
had floor effects. However, the BENCI’s Verbal Memory 
Immediate hits had a significant correlation with Kilifi’s 
Verbal List Learning’s (VLL) Immediate Memory Span 
(r = 0.37), Level of Learning (r = 0.40) and Total cor-
rect answers (r = 0.41). In addition, the BENCI’s Verbal 
Memory Delayed Trial was also significantly correlated 

with Kilifi’s Verbal List Learning’s Immediate Memory 
Span (r = 0.21). Moreover, the BENCI’s Visual Memory 
Immediate hits had a significant correlation with Kilifi’s 
Verbal List Learning’s (VLL) Immediate Memory Span 
(r = 0.23), Level of Learning (r = 0.34) and Total correct 
answers (r = 0.32). In addition, BENCI’s Visual Mem-
ory Delayed Trial was also significantly correlated with 
Kilifi’s Verbal List Learning’s (VLL) Level of Learning 
(r = 0.23) and Total correct answers (r = 0.25). The sig-
nificance was found despite the BENCI’s Verbal Memory 
Delayed showing some floor effects. The rest of the mem-
ory tests in the BENCI and Kilifi had no ceiling or floor 
effects. The correlation between Kilifi’s Verbal List Learn-
ing’s (VLL) Level of Learning and Total correct answers 
and the BENCI’s Reasoning test was not expected. As 
expected, the BENCI Abstract Reasoning Test signifi-
cantly correlated with Kilifi’s Raven’s Progressive Matrix 
(RPM) (r = 0.21). Both reasoning tests had no attenuation 
effects.

Kilifi’s People Search test and FNRT test were expected 
to correlate with BENCI’s Continuous Performance test 
and Spatial Stroop Attention test because they all meas-
ure attention. Among the attention tests, the BENCI sus-
tained attention test, Continuous Performance hits and 
reaction time test, did not have a significant correlation 
with Kilifi’s visual sustained and selective attention—Peo-
ple Search test (r = -0.10; r = 0.12), as well as auditory sus-
tained and selective attention test—Forward Digit Span 
total score (r = -0.14; r = 0.07). People Search test had 
floor effects while Continuous Performance hits had ceil-
ing effects. Moreover, the BENCI tests that contain an 
attention component, Reasoning (r = -0.37) and Working 
Memory (r = 0.19) were also significantly correlated to 
Kilifi’s People Search. Kilifi’s People Search and its corre-
lation with the BENCI’s Reasoning and Working Memory 
tests was unexpected as these BENCI tests are not pri-
marily meant to measure attention.

BENCI’s Spatial Stroop was expected to correlate with 
Kilifi’s Contingency Naming test (CNT) because they 
both measure flexibility. However, the Spatial Stroop 
test, had no significant correlation with the Contingency 
Naming test (CNT) (r = 0.03). The Spatial Stroop test 
showed ceiling effects while CNT had no attenuation 
effects.

Kilifi’s Tower Test was expected to correlate with the 
BENCI’s planning test because they both measure inhibi-
tion. This is indeed the case, as the BENCI Planning Total 
Time test had a significant association with Kilifi’s Tower 
test (r = -0.21). However, BENCI’s Planning Time of First 
Option test had no significant association with Kilifi’s 
Tower test (r = -0.11). This results should be interpreted 
cautiously because the BENCI’s Planning Total Time test 
had some floor effects while the Planning Time of First 
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Option had floor effects indicating that items were rela-
tively difficult for our test takers.

Overall, in the reasoning domain, much convergence 
between the BENCI and Kilifi Toolkit was supported, 
whereas in the memory and inhibition domains there was 
only partial convergence. Subtests in the flexibility, atten-
tion, and working memory domains showed little conver-
gent validity with the Kilifi mostly because of attenuation 
effects.

The BENCI functionality in age and HIV groups
As can be seen in Table 6, children not living with HIV 
outperformed those living with HIV on all BENCI tests. 
However, the mean group difference was significant in all 
subtests except Continuous Performance Test hits and 
reaction time, Go No Go hits, Verbal Memory Recogni-
tion hits, and Planning total time.

We checked whether the performance within the 
BENCI subtests aligned with developmental models’ 
expectation of growth in cognitive performance as chil-
dren aged, and report Pearson correlations between age 
in years and the BENCI subtest performance for the 
children living with HIV- and those not living with HIV 
separately in Table 7. We hypothesized that children not 
living with HIV would significantly outperform those 
living with HIV. Among the children living with HIV, 
there were significant associations in the expected direc-
tion between age and Verbal Comprehension Images 
hits, Verbal Memory hits, Verbal Memory Recognition 
hits, planning total time, Planning Time of First Option, 
Abstract Reasoning hits, Visual Memory Immediate 
hits, Visual Memory Recognition hits and Spatial Stroop 
omission errors. Among children not living with HIV, 
there was a significant association between age and Con-
tinuous Performance reaction time, Processing Speed 
reaction time, Verbal Memory hits, Abstract Reasoning 
hits, and Visual Memory Delayed hits. The lack of signifi-
cant correlations between some cognitive indicators and 
age could be because of attenuation effects, but might 
also relate to sampling issues (e.g., older participants 
appearing in the sample because of delayed development 
and the repeating of grades in school).

Confirmatory factor analyses
We tested the construct validity of Executive Functioning 
as proposed by Diamond for normal development [30]. 
According to his model, the subtests that measure inhibi-
tion, flexibility, reasoning, memory, and fluency together 
constitute executive functioning [30]. These are tests that 
evaluate the ability to make decisions, exercise self-con-
trol, pay attention, be creative, solve problems, and plan 
towards having good health and success in life. These are 
considered core functions in the brain hence the name 

executive functions. We fitted a confirmatory factor 
analysis model previously fitted successfully in the Arabic 
version of the BENCI [20] and sought to adjust the model 
slightly to improve fit if necessary.

A second-order model with Executive Functioning as a 
second-order latent factor and five first-order latent fac-
tors (i.e., Fluency, Reasoning, Memory, Inhibition and 
Flexibility) measured by the specific the BENCI subtests 
(Fig.  2) was specified and tested with the pooled sam-
ple including missingness handled by Full Information 
Maximum Likelihood. The model fit indexes suggested 
a good fitting model (χ2 (100, N = 604) = 245.55, p < 001, 
RMSEA = 0.049, CFI = 0.908, TLI = 0.875). However, this 
model had several issues. First, the Fluency factor was 
estimated to have a negative residual variance that we 
fixed at zero. Second, in this revised model, the Verbal 
memory factor also yielded an estimate negative resid-
ual variance that we treated similarly by fixing it at zero. 
Third, in the third model, the residual variance of the 
Alternate Visuo-motor total time also needed to be fixed 
to zero. Next, we considered modification indices and 
found that the model could be improved if we included 
a covariance between the residuals of Reasoning and 
Flexibility and between the residuals of Semantic Flu-
ency correct answers and Verbal Memory Recognition 
correct answers. This further modified model showed 
an acceptable fit (χ2 (101, N = 604) = 205.73, p < 0.001, 
RMSEA = 0.041, CFI = 0.934, TLI = 0.911). Figure  2 pre-
sents the standardized factor loadings. An inspection of 
this model showed that not all indicators of Inhibition 
(Go No Go RT = λ -0.46; Go No Go CA = λ 0.74) had 
significant loadings on their respective factor, indicat-
ing that these specific tests did not measure Inhibition as 
intended (Fig. 2). It also showed that the latent factor of 
Inhibition did not load on the Executive Functioning fac-
tor. Therefore, we removed the Inhibition factor together 
with its indicators and tested a second-order factor 
with only four factors. This model fitted well (χ2 (51, 
N = 604) = 135.57, p < 0.001, RMSEA = 0.052, CFI = 0.944, 
TLI = 0.914). Figure  2 presents the factor loadings of 
this model. Therefore, the five components of Executive 
Functioning as validated before did not all show up in the 
Kenyan sample, while Executive functioning comprised 
of fluency, reasoning, verbal memory, and flexibility was 
found to fit well in the Kenyan sample. The final model 
with four factors each measuring executive functioning 
supports the construct validity for the BENCI battery, 
despite Heywood cases on the Alternative Visuo-motor 
subtest.

AMOS treats missing data using full information maxi-
mum likelihood, which is considered a robust method 
for treating missing data. However, we checked whether 
model fit would be affected when using a dataset with 
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Table 6 Mean group differences in BENCI subtests responses

N Mean Std. Deviation Std. Error Mean Mean Difference Significance 
(2-tailed)

Verbal Comprehension Figures Hits HIV negative 317 7.030 .990 .056 .498 .000

HIV positive 258 6.530 1.171 .073

Verbal Comprehension Images Hits HIV negative 318 7.540 .743 .042 .760 .000

HIV positive 259 6.780 1.220 .076

Continuous performance Hits HIV negative 322 47.329 12.756 .712 1.928 .097

HIV positive 264 45.401 14.891 .916

Continuous performance RT Median HIV negative 318 585.997 149.796 8.400 20.093 .061

HIV positive 260 565.904 107.263 6.652

Go No Go Hits HIV negative 315 42.333 8.007 .451 .287 .709

HIV positive 258 42.047 9.968 .621

Go No Go Mean RT HIV negative 315 .825 .007 .000 ‑.002 .023

HIV positive 252 .827 .009 .001

Processing Speed Median Reaction Time HIV negative 313 584.931 146.541 8.283 20.6036 .048

HIV positive 267 564.328 102.179 6.253

Phonetic Fluency Hits HIV negative 319 5.100 2.729 .153 1.658 .000

HIV positive 271 3.440 2.546 .155

Semantic Fluency Hits HIV negative 321 7.310 3.295 .184 1.909 .000

HIV positive 271 5.410 3.440 .209

Working Memory Hits HIV negative 319 10.510 6.060 .339 1.955 .000

HIV positive 270 8.560 6.314 .384

Verbal Memory Hits HIV negative 264 6.240 2.249 .138 .747 .000

HIV positive 206 5.500 2.040 .142

Verbal Memory Hits Delayed HIV negative 317 4.670 3.192 .179 1.125 .000

HIV positive 270 3.540 2.706 .165

Verbal Memory Hits Recognition HIV negative 317 18.310 3.533 .198 .517 .089

HIV positive 270 17.790 3.810 .232

Planning Total Time HIV negative 303 18,178.770 12,791.017 734.825 148.873 .891

HIV positive 259 18,029.900 12,776.036 793.864

Planning Time of First Option HIV negative 304 3404.050 3027.831 173.658 ‑567.889 .036

HIV positive 259 3971.940 3316.305 206.065

Abstract Reasoning Hits HIV negative 319 14.870 4.835 .271 4.261 .000

HIV positive 269 10.610 4.775 .291

Visual Motor Total time HIV negative 320 70,080.740 28,797.814 1609.847 ‑18,559.339 .000

HIV positive 254 88,640.080 35,451.218 2224.407

Alternative Visual‑Motor Total Time HIV negative 315 74,940.830 36,611.539 2062.827 ‑22,239.897 .000

HIV positive 255 97,180.730 45,435.071 2845.254

Visual Memory Immediate Hits HIV negative 278 6.140 2.295 .138 1.277 .000

HIV positive 207 4.860 2.030 .141

Visual Memory Delayed Hits HIV negative 273 6.150 2.459 .149 1.289 .000

HIV positive 201 4.860 1.990 .140

Visual Memory Recognition Hits HIV negative 314 44.580 5.122 .289 1.527 .003

HIV positive 264 43.050 6.975 .429

Spatial Stroop Hits HIV negative 328 66.500 21.956 1.212 7.270 .000

HIV positive 270 59.230 23.769 1.447

Spatial Stroop Omission Errors HIV negative 328 9.050 10.469 .578 ‑5.962 .000

HIV positive 270 15.010 16.667 1.014

Spatial Stroop Commission Errors HIV negative 328 11.710 15.242 .842 ‑2.719 .032

HIV positive 270 14.430 15.571 .948

Spatial Stroop Mean Time HIV negative 328 979.504 223.457 12.338 ‑68.133 .001

HIV positive 270 1047.638 249.922 15.210
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no missing data. On running the model with no missing 
data, the model fit was excellent (χ2 (51, N = 327) = 64.07, 
p > 0.05, RMSEA = 0.028, CFI = 0.968, TLI = 0.958). This 
shows that the BENCI does have good construct validity 
though some changes in some test items and instructions 
are needed in future revisions of some subtests.

Measurement invariance
We set out to test whether the BENCI behaves the same 
way across the HIV-positive (N = 274) and HIV-neg-
ative groups (N = 330) using measurement invariance 
testing with multi-group confirmatory factor analysis. 
We used the factor model that was identified as having 
an excellent fit using the pooled sample as the basis and 
modified it to have only the four correlated first-order 
factors (i.e., Fluency, Reasoning, Memory, and Flexibil-
ity, each of them had their observed indicators) but no 
second-order factor (which is not required for testing 

measurement invariance). The model fit was excel-
lent (χ2 (47, n = 604) = 107.76, p < 001, RMSEA = 0.046, 
CFI = 0.960, TLI = 0.933) as shown in Fig. 3.

We first tested for configural invariance where all fac-
tor loading, item intercepts and residual parameters 
were freely estimated. The model fit indexes suggested 
a well-fitting model (χ2 (94, N = 604) = 175.09, p < 0.001, 
RMSEA = 0.038, CFI = 0.941, TLI = 0.902). The fac-
tor loadings of all the indicators in both groups were 
significant.

We then specified a model for metric invariance where 
all the factor loadings were restrained to be the same 
across the two groups and all the other parameters were 
freely estimated. This model had a good fit (χ2 (102, 
N = 604) = 198.35, p < 0.001, RMSEA = 0.040, CFI = 0.930, 
TLI = 0.893). On comparing the configural to the metric 
invariance model, we found that there was no statisti-
cally significant difference between the chi-square values, 
suggesting that the metric invariance was supported 

Table 7 Age correlations in BENCI subtests responses

b . Correlation is significant at the 0.01 level (2-tailed)
a . Correlation is significant at the 0.05 level (2-tailed)

HIV Positive HIV Negative

Pearson 
Correlation

Sig. (2-tailed) N Pearson 
Correlation

Sig. (2-tailed) N

Age in years 252 292

Verbal comprehension Images Hits .188b .004 239 .038 .520 283

Continuous Performance Hits ‑.050 .435 244 ‑.004 .945 288

Continuous Performance RT Median ‑.054 .409 240 ‑.168b .004 285

Go No Go Total Hits .074 .253 239 ‑.023 .698 281

Go No Go Mean RT ‑.113 .085 233 .048 .422 281

Processing Speed Median Reaction Time ‑.123 .053 247 ‑.156b .009 279

Phonetic Fluency Hits ‑.063 .321 250 .034 .571 284

Semantic Fluency Hits .025 .689 250 .006 .921 286

Working Memory Hits ‑.046 .468 249 ‑.100 .094 284

Verbal Memory Hits .156a .032 190 .255b .000 234

Verbal Memory Hits Delayed .048 .450 249 ‑.006 .921 282

Verbal Memory Hits recognition .151a .017 249 .034 .564 282

Planning Total Time .128a .049 238 ‑.015 .803 267

Planning Time of First Option .237b .000 240 .006 .922 269

Abstract Reasoning Hits .156a .014 248 .210b .000 284

Visual Motor Total Time ‑.126 .055 233 ‑.083 .161 285

Alternative Visual Motor Total Time .105 .108 237 ‑.006 .914 281

Visual Memory Immediate Hits .160a .027 191 .082 .196 248

Visual Memory Delayed Hits .096 .195 185 .230b .000 243

Visual Memory Recognition Hits .150a .019 245 .037 .541 279

Spatial Stroop Hits .106 .095 249 .034 .561 292

Spatial Stroop Omission Errors ‑.152a .017 249 ‑.082 .163 292

Spatial Stroop Commission Errors ‑.013 .838 249 .003 .964 292

Spatial Stroop Mean Time ‑.017 .788 249 ‑.072 .218 292
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Fig. 2 1: Five Factor Executive Function Model (χ2 (100, N = 604) = 245.55, p < 001, RMSEA = .049, CFI = .908, TLI = .875). 2 Five Factor Executive 
Function Model (χ2 (101, N = 604) = 205.73, p < .001, RMSEA = .041, CFI = .934, TLI = .911) ns – not significant. 3 Four Factor Executive Function Model 
(χ2 (51, n = 604) = 135.57, p < .001, RMSEA = .052, CFI = .944, TLI = .914)
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(Δχ2 = 23.26, DF = 8, p = 0.003). This meant that the fac-
tor loadings were invariant and the indicator items across 
groups have the same associations with the latent con-
structs. Differences in other fit indexes also showed that 
the metric invariance was tenable (ΔCFI from configural 
to metric model < 0.01).

A scalar invariance model was then specified where 
the item intercepts and factor loadings were restrained 
to be the same across groups, while the latent mean of 
the latent factors in the HIV-positive group was released 
(with an aim to check latent mean differences in flexibil-
ity, fluency, verbal memory, and reasoning). This model 
had a poorer fit compared to the metric invariance model 
(χ2 (110, N = 604) = 245.12, p < 0.001, RMSEA = 0.045, 
CFI = 0.901, TLI = 0.860). On comparing this scalar invar-
iance model to the metric invariance model, there was a 
worsening fit due to constraints on the intercepts; this 
was due to a statistically significant difference between 
the chi-square values of the scalar invariance and metric 
invariance model (Δχ2 = 46.77, DF = 8, p < 0.001). The CFI 
difference also showed that the scalar invariance was not 
holding across all subtests (ΔCFI = 0.029). This indicates 

that some intercepts were not invariant and that these 
subtests are uniformly biased.

Using modification indices, we then specified a partial 
scalar invariance model where we constrained one inter-
cept for each indicator at a time and tested whether this 
restraint resulted in a significant chi-square difference. 
For items for Verbal Comprehension (figures) CA and 
Visual Memory Delayed CA, the tests showed significant 
chi-square difference hence we freely estimated these 
two intercepts across groups while holding the rest of 
the intercepts and factor loadings to be the same across 
groups. This partially invariant model fitted well (χ2 (108, 
N = 604) = 218.38, p < 0.001, RMSEA = 0.041, CFI = 0.920, 
TLI = 0.884). The fit for the partial scalar invariance was 
better than the strict scalar invariance, and the differ-
ence between the chi square values between this model 
and the metric invariance model shows that partial sca-
lar invariance fits reasonably well (Δ χ2 = 20.03, DF = 6, 
p > 0.001). The CFI difference also showed that the partial 
scalar invariance was tenable (ΔCFI 0.010).

To summarize the series of measurement invariance 
tests, we conclude that metric invariance is achieved 

Fig. 3 Four Factor First Order Model (χ2 (47, n = 604) = 107.76, p < 001, RMSEA = .046, CFI = .960, TLI = .933)
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indicating that factor loadings of the BENCI are com-
parable across the HIV-positive and HIV-negative sam-
ples, and we can compare the association of the BENCI 
with other invariant constructs across the two groups, 
but not the mean comparisons of Verbal Comprehension 
(figures) CA and Visual Memory Delayed CA. These sub-
tests are not well-calibrated. A partially scalar invariant 
model fitted the data reasonably well meaning you could 
compare mean difference for most of the subtests with 
caution for Verbal Comprehension Figures CA and Vis-
ual Memory Delayed CA.

Discussion
This study aimed to validate the BENCI battery in Kenya 
with children living with HIV and those not living with 
HIV and contribute to a toolset of evaluation tests for pri-
mary school students in Kenya and other similar settings. 
There were four main analyses to address internal con-
sistency, test–retest reliability, convergent validity, and 
construct validity among 6 to 14-year-olds. The adapta-
tion of the English version of the BENCI resulted in a 
battery with good test–retest and validity checks. We dis-
cuss each finding and its implications in detail.

Reliability
Some subtests were found to have floor effects due to 
having too many difficult items while others had ceil-
ing effects due to having too many easy items. Too few 
and easy items resulted in ceiling effects for the language 
tests. The BENCI’s subtests showed poor to excellent 
internal consistency with most subtests showing higher 
alpha values for the HIV-positive group than the school 
sample. This was likely caused by smaller attenuation 
effects in the subtests with ceiling effects or the HIV-
positive group showed more variation in true scores 
leading to higher Alphas as seen in the N-back working 
memory test [31]. The internal consistencies in our study 
were similar albeit slightly lower than those found in the 
Moroccan sample [20], possibly because the level of dif-
ficulty of the test items suited the younger cohort in the 
Moroccan sample better than in our data. This points to 
the need to develop age-appropriate norms and to add 
items with age-suitable difficulties in future revisions.

Our results for the BENCI test–retest reliability were 
fairly similar to a previous study conducted in Morocco 
[20]. The Arabic adaptation of the same tool reported 
Intraclass correlation to range from -0.23 to 0.81, simi-
lar to our study [32]. However, the poor test–retest reli-
ability of the reasoning test could be due to the relatively 
long-time interval between the two assessments in our 
study as a longer interval may create changes in the 
construct [33]. It is possible that the respondents were 
thinking about the test items more often than before the 

first administration [33]. The latter is more likely with 
children who have high mental imagery skills meaning 
they are likely to think about the test items quite often 
and grow familiar with them and forthwith give differ-
ent responses in the second assessment [34]. A child may 
respond substantially different in a language test whose 
retest is one year compared to verbal memory because 
their language ability has improved well past their mem-
ory ability. Studies on cognitive tests have had a re-test 
time interval of 15 to 60 days though there were recom-
mendations for within a 14-day lapse of time especially 
for tests such as visual memory which would lose reliabil-
ity over longer durations [20, 33, 35–37]. However, some 
studies have shown that for verbal memory and visual 
motor speed tests, the test–retest reliability with a one-
year time-lapse remains stable while for language tests 
a recommendation for not less than 14  days has been 
made [36, 38]. The mixed results in our study suggest that 
the test domains and time lapses play a role here [37]. 
Our test–retest results in attention tests are also simi-
lar to those of other studies that show higher reliability 
in attention speed tests compared to accuracy tests [39]. 
Tests that call for speed over accuracy have been found to 
have high reliability than those that call for accuracy over 
speed [39].

Convergent validity
BENCI attention tests do not correlate with Kilifi’s Peo-
ple Search and Forward Digit Span as expected, but they 
showed convergence with tests that had attention com-
ponents. Studies have cited the tendency of attention 
tests to confound with other cognitive functions [40–42]. 
In our study, similar administration processes between 
tests with attentional components could have contributed 
to convergence as seen in the BENCI’s Working Memory 
test with Kilifi’s People Search test. These two are atten-
tional control tasks as they call for a response to correct 
stimuli during incorrect stimulus thereby inhibiting a 
response. Correlations between attention tests have been 
found to support convergent validity with a range from 
low- to-moderate. Speed measures have higher signifi-
cant correlations compared to accuracy attention meas-
ures [39, 43]. In our study, however, the BENCI attention 
accuracy tests showed moderate convergent validity 
while attention speed measures showed weak convergent 
validity. Poor convergent validity between some attention 
tests has been documented in other studies [40]. In the 
memory domain, BENCI’s working memory and Kilifi’s 
people search correlated well, a finding that has also been 
found in other studies comparing working memory tests 
to attention tests [37, 41, 42].

BENCI’s Visual Memory test showed a weak correla-
tion with Kilifi Toolkit’s Nonverbal Selective Reminding 
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Memory Test (NVRST). The administration is similar 
between these two tests. An explanation for this could 
be found in studies showing the impact of familiarity 
with the tools on scoring. In our study, the NVRST test 
involved memorizing the shape formed by a set of 8 dots 
and then replicating the shape by placing a marble on a 
set of dots. In the BENCI version, the child was supposed 
to memorize several images and then correctly point 
them out when shown amidst a set of other pictures; a 
task that would involve other cognitive functions such 
as visual-motor coordination. Pointing out pictures is 
a familiar learning concept in the Kenyan context. This 
is because among the methods used in teaching pre-
schoolers is by pointing out images and encouraging the 
children to read and memorize their names. The admin-
istration was fairly similar but their scores in terms of 
correct answers were not highly correlated. Probably 
other psychological processes are involved in the BENCI 
subtest that are not in the Kilifi subtest. There are some 
studies that have found a similar lack of correlation 
between tests. In a study done in Zambia, a non-verbal 
test called draw-a-person was locally adapted and the 
two tests, the original and adapted one, were compared 
and found to not be correlated [44]. However, when the 
ratings were done by adults and correlated to educational 
outcomes, the two tests had significant correlations. Fur-
ther research can explore similar comparisons between 
uncorrelated tests to find out if other psychological pro-
cesses are involved. Such an evaluation could be similar 
to the one conducted in the Zambian study. This is in try-
ing to find out whether the BENCI visual memory test 
expectations do truly reflect the cultural indicators for 
non-verbal memory. However, the NVRST in the form of 
Children’s Memory Scale (CMS) dot location subtest has 
also been found not to have significant correlations with 
the Lebby-Asbell Neurocognitive Screening Examination 
(LANSE) visual memory test [42]. In addition, NVRST 
administration involves visuomotor coordination and 
other cognitive functions in addition to memory.

Computerized assessments are preferred due to ease 
of administration and scoring as well as precision [37]. 
However, Kenyan children are not very used to comput-
erized assessments and a lack of familiarity may intro-
duce variance in test scores that are not related to the 
construct being measured. Some of the factors that have 
been known to introduce construct irrelevant variance 
with computerized assessments include proficiency with 
the computer-based tests, ease of interaction with the 
platform, speediness of the tests and test-taker’s anxiety 
[45]. Some administration processes, such as tasks call-
ing for inhibitory control, within the tablet may affect 
some domains more than others [46]. The lack of famili-
arity and some administration processes associated with 

tablet-based testing could affect convergence validity 
when compared to some paper-based tests. However, 
there are some studies that have shown no significant 
differences in test performance between tests using com-
puter-based platforms and those using paper-based ones 
meaning that variation in convergence may apply to some 
tests more than others [46]. To reduce variation in some 
of these tests, studies have suggested several approaches 
including reducing the difficulty level of computer-based 
tests as well as clarifying the relationship between tasks 
and the expected test takers performance [45, 47]. It is 
however, beyond the objectives of this study to investi-
gate approaches that would have worked best in reducing 
validity variance between the BENCI and Kilifi toolkit. 
These are next level questions to consider.

The lack of convergence in some tests may also be con-
tributed to by lack of a common construct between some 
of the BENCI and Kilifi toolkit tests. Since the latter is the 
gold standard, comparing it to a test that that does not 
capture the same constructs may give us erroneous find-
ings. Differences in correlations between measures have 
been found to increase when comparisons are made to 
alternate measures with low convergence validity [47]. 
Improvements and adaptations of some of the BENCI 
tests may improve convergence with the Kilifi toolkit 
tests.

The BENCI functionality in age and HIV groups
The BENCI highlighted clear mean differences between 
the HIV-positive and HIV-negative groups. Just as indi-
cated in the BENCI results, tests can have mean differ-
ences but the score differences between the groups may 
not be significantly different as seen in the scores for cor-
rect answers in the inhibition test and time taken in the 
planning test. An earlier study showed that certain tests 
like inhibition and planning can have the ability to dif-
ferentiate healthy from unhealthy populations but the 
difference in scoring within the tests may not be signifi-
cantly different [48]. However, the BENCI did affirm what 
other studies have found that children living with disease 
score lower than children living without disease in tests 
of working memory, inhibition, memory, and planning 
among other cognitive functions [42, 48–50]. Moreover, 
taking more time when doing a test has been associated 
with taking more mental effort to achieve a desired out-
come, in this case a correct response, entails a healthy 
approach to inhibitory tasks [30]. Better performance 
in correct answers is denoted by higher scores while in 
reaction time it is denoted by lower scores. Therefore, for 
children having high reaction time, performance will be 
regarded as poor. Overall, this is true when the depend-
ent variable is time but not when it is accuracy. For exam-
ple, higher reaction time is worse than a lower one in 
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Selective Attention, Sustained Attention and Go/No-Go 
tests. These findings add to the body of literature on the 
significance of testing for cognitive deficiencies among 
unhealthy children.

Construct validity
The planning test did not have significant loading on the 
inhibition factor in the pooled sample and subsequently, 
this factor did not load well onto executive function. This 
has not been the case in another Sub-Saharan African 
study that supported the construct validity of a planning 
test [51]. Inhibitory control has been found to be higher 
in children within settings that emphasize obedience and 
self-control such as East Asian countries and been found 
to be lower, to a point where there are no significant age 
differences, among children in developing countries and 
communities [52]. The study also reported cross-national 
differences in inhibition, shifting, and updating. We 
would then expect the children in this study to have the 
BENCI inhibition tests to load onto executive function 
just like other western adapted tests have done in a sub-
Saharan setting. This is more so since inhibition tends 
to develop rapidly among younger children hence, we 
would not expect a lack of this cognitive function among 
6- to 14-year-olds even though inhibitory control tends 
to mature at adolescence [30, 53]. However, studies look-
ing into whether maturity of inhibitory control affects 
how well the function can load into an executive func-
tion model may clarify the results we found in this study. 
Observations of the school and home executive function 
stimulation activities give a broader picture of the activi-
ties emphasized and how they encourage inhibitory con-
trol development. These observations could be integrated 
in further research with the BENCI. Flexibility on the 
other hand builds developmentally onto inhibition and 
loaded well on executive function. This finding does not 
reflect the arguments pointed out earlier on inhibition. 
Inhibition is a first-order component that appears around 
6–8  years and flexibility is a second-order component 
that appears later in development [54]. Since flexibility 
loaded well onto executive function, the lack of signifi-
cant loadings in the inhibition construct could potentially 
be because of the lack of culturally aligned items in the 
inhibition tests or a problem with instructions. The find-
ings in the construct validity indicators call for a develop-
mental approach when interpreting scores and the need 
to norm the BENCI for age groups.

The BENCI also showed support for metric and par-
tial scalar invariance as opposed to strict scalar invari-
ance. This means that the BENCI items are loaded onto 
the latent factors similarly across groups, hence can be 
compared across the groups. The same applies to items 
per subtest. However, comparability of means between 

the latent factors was not supported in its entirety 
meaning that we cannot compare the means of flu-
ency, flexibility, verbal memory, and reasoning across 
the groups. We can choose to create separate norms for 
HIV + and HIV- groups since the tests behave differently 
in the two groups, but this will not give us an opportu-
nity to compare performance. One of the options that 
can enable performance comparison is to create norms 
with the healthy and optimally functioning group but 
caution should be integrated when norming for Verbal 
Comprehension Figures and Visual Memory Delayed 
tests. We may underestimate or overestimate between-
group abilities due to miscalibration of the tests and 
the results may be marred with measurement bias. This 
means that we may not have true between-groups con-
struct differences due to other construct irrelevant vari-
ables causing differences in test scores. In this case, we 
may choose to correct for intercept differences during 
norming by estimating their effect sizes and relating this 
to effects on the norm scores [55]. As an alternative, we 
can choose to carry out a study on why the two tests are 
biased and correct for any item level (attenuation effects 
in Verbal Comprehension Figure). We are yet to come 
across a study that investigates measurement invari-
ance of a neurocognitive tool in Kenya and its regions. 
Children studies that we have come across are based 
in high income countries [56] and cannot be compared 
to our setting due to different group dynamics and cul-
tural dynamics that underlie cognitive performance and 
developed test items [24].

Limitations
In this study, one drawback was that the results could 
only be generalized in a community setting and not a 
clinical one. We could not find comparison tests for some 
domains due to the limited availability of validated tools 
within the Kenyan culture.

The study also noted that some subtests had floor and 
ceiling effects, which compromised the interpretation 
of other findings. In this case, any results pertaining to 
the subtests having ceiling and floor effects should be 
interpreted with caution. Moreover, further studies may 
revise the tests by perhaps adding more items to the 
tests with ceiling effects and decreasing the difficulty of 
the items in the tests with floor effects so as to match the 
difficulty to ability level and reduce attenuation effects. 
In addition, age-appropriate norms for the subtests 
should be considered.

The methods used to capture reaction time and total 
time may not have been completely accurate because 
the paper–pencil tests used a stopwatch that is prone to 
administration errors while the IPad-based tests used 
an internally configured watch. In the paper-based tests, 
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errors may be integrated when timing is not stopped 
immediately a task is completed or when an administra-
tor gives more time for task completion than would be 
required. These can create systematic or random meas-
urement errors where the latter could suppress cor-
relations. This may have been the case in convergent 
validity where random measurement could have sup-
pressed some correlations. Nevertheless, the possibility 
of errors in paper-based tools is another reason to prefer 
automated computerized tests with internalized and con-
sistent timing across participants.

Conclusion
The Spanish version of the BENCI was successfully 
adapted to English, and its psychometric checks showed 
that it had good convergent validity in reasoning and some 
memory and inhibition tests. However, further research is 
needed to fully understand the non-verbal memory, work-
ing memory and flexibility tests from a convergent validity 
view. The BENCI was also found to have good discrimi-
nant validity with only a few tests not showing a signifi-
cant difference between the case and control populations. 
Construct validity showed good goodness of fit indicators 
though the inhibition did not load onto executive function 
as expected. Future language adaptations can consider 
Kiswahili translations which is Kenya’s national language.

HIV is a known risk factor for poor neurocognitive 
outcomes due to its negative impact of CNS and expo-
sure to a host of negative psychosocial factors. We there-
fore hypothesized that children living with HIV would 
perform worse than those who are uninfected. Confirm-
ing our hypothesis, children living with HIV performed 
significantly worse than those who were uninfected, 
thus showing that the BENCI is sensitive to a well-docu-
mented biological risk factor.
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