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Abstract

Sub-SaharaAfrica (SSA) children are at high-risk neurodevelopmentally due to the prevalence of
infectious disease, nutritional deficiencies and compromised caregiving. However, few mental
health screening measures are readily available for general use. The Strengths and Difficulties
Questionnaire (SDQ) has been used as a mental health screening measure in the SSA, but its
psychometric properties are not well understood. Five hundred and sixty-sixmothers completed
the SDQ for their 6-year-old children in rural Benin north of Cotonou. These were mothers who
had been part of a malarial and intestinal parasite treatment program and micronutrient
fortification intervention program during pregnancy for these children. Their study children
(N = 519) completed the computerized Tests of Variables of Attention (TOVA-visual) as a
performance-based screening assessment of attention deficit and hyperactivity disorders. In
evaluating the relationship between the SDQ and TOVA, we controlled for maternal risk factors
such as depression, poor socioeconomic status and educational level, along with the child’s
schooling status. TOVA measures of impulsivity were significantly related to SDQ emotional
and hyperactivity/inattention difficulties. TOVA inattention was related to SDQ emotional
difficulties. The triangulation of maternal risk factors (e.g., depression), the SDQ and the TOVA
can provide effective screening for mental health issues in SSA children.

Social media summary

Caregiver reports of their child’s emotional and behavioral problems are associated with a
computerized performance-based assessment of attention deficit and hyperactivity disorders in
rural school-aged African children.

Impact statement

Because it has only 25 questions to which either a parent or teacher can respond in evaluating
mental health problems exhibited by a child, the Strengths andDifficulties Questionnaire (SDQ)
is often preferred as a screening tool in low- andmiddle-income countries. The SDQ is also freely
available and easily accessible online with ample documentation for scoring in many different
languages. However, it has not been used much in sub-Sahara Africa apart from its use with
HIV-affected children in South Africa. Our study used the SDQ with mothers who have been
part of a long-term follow-up study of their child’s development, in gauging the benefits of a
comprehensive health intervention treatment package for the mothers during pregnancy. Five
hundred and sixty-six mothers whose study child had reached 6 years of age completed the SDQ
for that child and the child also completed a computerized Tests of Variables of Attention
(TOVA) assessment, providing a performance-based screening measure of attention deficit and
hyperactivity disorders (ADHD). In this article, we investigate the associations between chil-
dren’s behavioral and emotional difficulties as measured by the SDQ, and the children’s
performance-based measures on a computerized TOVA administration. The TOVA was
administered to the child in a separate room from the mother/caregiver, who responded to
the spoken items from the SDQ presented by the interviewer in her primary language (usually
Fon, spoken throughout Benin).

Cambridge Prisms: Global
Mental Health

www.cambridge.org/gmh

Research Article

Cite this article: Zoumenou R, Costet N,
Boivin MJ, Wendland J and Bodeau-Livinec F
(2025). Associations between the Strengths and
Difficulties Questionnaire (SDQ) and Tests of
Variables of Attention (TOVA) in rural
school-aged children in Benin Africa.Cambridge
Prisms: Global Mental Health, 12, e7, 1–12
https://doi.org/10.1017/gmh.2024.128

Received: 30 July 2024
Revised: 11 October 2024
Accepted: 22 October 2024

Keywords:
mental health; ADHD; children; Africa; Strength
and Difficulties Questionnaire; Tests of
Variables of Attention; psychosocial
adjustment; caregiving quality; Benin; poverty

Corresponding author:
Michael J. Boivin;
Email: boivin@msu.edu

© The Author(s), 2025. Published by Cambridge
University Press. This is an Open Access article,
distributed under the terms of the Creative
Commons Attribution licence (http://
creativecommons.org/licenses/by/4.0), which
permits unrestricted re-use, distribution and
reproduction, provided the original article is
properly cited.

https://doi.org/10.1017/gmh.2024.128 Published online by Cambridge University Press

https://orcid.org/0000-0002-0097-1777
https://doi.org/10.1017/gmh.2024.128
mailto:boivin@msu.edu
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/gmh.2024.128&domain=pdf
https://doi.org/10.1017/gmh.2024.128


In correlating the SDQ to the TOVA assessments, we controlled for maternal depression, home outcomes measurement evaluation of
quality of caregiving by the mothers, level of socioeconomic status (SES), the mother’s educational level and the child’s schooling status.
TOVA measures of impulsivity were significantly related to SDQ emotional and hyperactivity/inattention difficulties. TOVA inattention
was related to SDQ emotional difficulties. Thematernal risk factors for which we controlled in these correlations also significantly predicted
their child’s SDQ total difficulties score. This is the first study we know of in Sub-Sahara Africa (SSA) that has effectively triangulated a
child’s mental health needs with parent report (SDQ), maternal risk factors (e.g., depression) and the child’s performance on validated
behavioral measures (ADHD). Combining such measures together can be much more effective in globally monitoring mental health needs
from early to middle childhood, through adolescence.

Introduction

The Strengths and Difficulties Questionnaire (SDQ) is one of the
most widely used questionnaires that allow parents to report on
their children’s behavioral and emotional development (Goodman
1997). Other questionnaires such as the Achenbach Child Behavior
Checklist and the Behavior Rating Inventory for Executive Function
have been adapted and validated in the sub-Saharan African (SSA)
context for parent- or teacher-based mental health or behavioral
evaluation of preschool or school-aged children (Boivin et al. 2013a,
b; 2020a; Ruiseñor-Escudero et al. 2015; Familiar et al. 2016; Familiar
et al. 2015). In contrast to these instruments, however, the SDQ is
shorter than most other well-validated mental health questionnaires
(25 items), well validated inmany clinical contexts and freely available
in terms of both parent and teacher and self (adolescent) administra-
tion with scoring and other resources readily available online
(youthinmind 2022). Because of these features, the SDQ is often
considered the screening measure of choice for the early detection
of behavioral and emotional problems in school-aged children and
adolescents (Cianchetti 2020).

The SDQ contains questions about positive and negative child
attributes across five items subdivided into five scales of five items
each: emotional symptoms, conduct problems, hyperactivity/
inattention symptoms, peer relationship problems and prosocial
behavior. The emotional, conduct, hyperactivity/inattention and
peer relationship scales are added together to generate total diffi-
culties scores for the SDQ, while the prosocial behavior scale gives a
positive or “strength-” based attributes measure (Goodman 1997).

SSA children may often be at risk for developmental delays and
disorders accompanied by socioemotional symptoms and problems
(Walker et al. 2007, 2011). This is because of the high prevalence of
early exposures to infectious diseases affecting the brain and CNS
very early in childhood, with little in the way of effective screening
measures or interventions to prevent developmental delays and
disabilities (Boivin et al. 2015). The developmental delays estab-
lished early in child development in SSA children can then place
them at greater risk for mental health issues in middle and late
childhood (Davidson et al. 2015).

This makes the availability and validation of mental health
screening measures such as the SDQ of vital importance in com-
munities in SSA where children are especially at risk developmen-
tally (Lovero et al. 2022). Such mental health screening is especially
critical where the early developmental trajectory of these children is
diminished due to impoverishment, limited resources, infectious
disease, nutritional deprivation and the compounded effect of such
risk factors within their developmental milieu, especially through-
out the first 1,000 days (Worthman et al. 2016).

Toward that end, Hoosen et al. (2018a, b) published a scoping
review of the application and validation of the SDQ in Africa
(Hoosen et al. 2018a, b). They included 54 studies from 12 African
countries in their review, with most being based in South Africa.
Among these studies, the SDQ was typically used to evaluate

internalizing and externalizing symptoms in clinical populations
most often affected by HIV disease and/or exposure. The authors
concluded that while useful as a mental health screening tool in the
African context, few of these studies contributed to a better under-
standing of the psychometric and/or normative properties of the
SDQ, and little was known about its validity in assessing non-HIV/
AIDS-affected clinical samples for mental health problems
(Hoosen et al. 2018b).

An exception to this scoping review conclusion was an applica-
tion of the SDQ in Kinshasa, Congo, to evaluate its utility in
screening for school children with ADHD problems (Kashala
et al. 2006). In a sample of 357 school children between 7 and
9 years of age, the SDQ positively screened 183 children for ADHD
symptoms, and this clinical subgroup tended to be associated with
poorer school performance, greater conduct disorders as deter-
mined by teachers and younger maternal age at birth than the
children that screened negative (Kashala et al. 2005, 2006).

Garrison and colleagues used the SDQ in rural 6-year-old
children in Benin Africa, as evaluated by mothers who had been
part of malaria and intestinal parasite and micronutrient supple-
ment intervention program during pregnancy for those (Garrison
et al. 2021). Higher SDQ internalizing symptoms (emotional and
ADHD problems) were observed in children by mothers who
themselves were diagnosed for soil-transmitted helminth infection
during pregnancy. It should be noted, however, that Boivin and
colleagues observed that such infections were also associated with
significantly poorer socioeconomic status (SES) and living condi-
tions in rural Congolese school-aged children (Boivin et al. 1993).
In later studies by Garrison et al. (2022a) and (2022b) of this same
maternal/child cohort, mothers with higher depressive symptoms
also provided lower quality of care for these children as assessed by
the home observation measurement of the environment (HOME)
scale. Quality of caregiving have home mediated the relationship
between poorer living situations and corresponding depression in
these mothers, and poorer mental health outcomes on the SDQ as
observed in the Garrison et al.’s (2021) study. Unfortunately, the
results of the SDQ evaluation by the mothers for their children are
not reported in Garrison et al. 2022a.

The main objective of the present research is to evaluate the
relationship between the maternal report of their child’s mental
health using the SDQ at 6 years of age in this same Benin maternal/
child cohort as reported in the Garrison et al.’s 2021 and 2022
studies. Furthermore, we will evaluate the relationship between the
SDQ, and a performance-based computerized assessment of
ADHD domains, using the Tests of Variables of Attention
(TOVA) test. Boivin and colleagues validated the use of the TOVA
in other clinical contexts in SSA (Boivin et al. 2018; Chernoff et al.
2018). So far as we know, this will be the first time that application
of the SDQ in the clinical diagnosis of ADHD symptomology in
school-aged children as reported by parent or teacher (Kashala et al.
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2005, 2006), has been validated with a performance based screening
measure of ADHD (i.e., the TOVA).

The principal hypothesis of the present study is that performance
on the TOVA will be strongly related to mothers’ evaluation of their
child’s psychosocial difficulties as reported on the SDQquestionnaire.
More specifically, we hypothesize that overall, TOVA performance
will be most strongly related to the SDQ domain of externalizing
(behavioral) difficulties, comprised of the items on the Hyperactiv-
ity and Conduct scales. Furthermore, our present maternal/child
cohort in Benin that is the basis of the present study is well
characterized in terms of maternal risk factors such as depression,
lower SES, poorer HOME caregiving quality or other such media-
tional or modifying factors for a child’s mental health status as
measured by the SDQ. Thus, we can control for these factors when
evaluating the relationship between a parental-report measure of
mental health (SDQ) and a performance-basedmeasures of ADHD
symptomology (TOVA) (Koura et al. 2013; Boivin et al. 2021).

Methods

Study design

The study population consisted of children born to pregnant
mothers enrolled in a trial comparing the efficacy of sulfadoxine-
pyrimethamine andmefloquine from 2009 to 2010 (N = 1,027 – see

Figure 1). These two intermittent preventive treatments for malaria
in pregnancy are being used in theMalaria in Pregnancy Preventive
Alternative Drugs (MiPPAD) trial in Benin, West Africa. The
inclusion of these women took place during their second trimester
of pregnancy. They were followed until delivery and their children
for up to a year after birth. It was at this age that the 747 children
underwent their first neurodevelopmental assessment in the TOVI
(Fon languagemeaning: Child from the country) study (Koura et al.
2013; Mireku et al. 2015a). At the age of 6, 580 of her children were
reevaluated for neurocognitive development as part of the
EXPLORE study (Boivin et al. 2021). This evaluation was carried
out from June 2016 to October 2018 by psychologist and nurse
investigators specifically trained in the use of the different scales
made available to them in the Sékou and Attogon health centers.
These studies have been described in more detail in other articles
(Boivin et al. 2021; Garrison et al. 2021). Figure 1 is a flowchart
depicting this follow-up assessment with the TOVA and SDQ at
6 years of age for our present study children.

Assessment of child development

At 6 years of age, the study child and mother visited one of the two
rural health centers about an hour north of the city of Cotonou
(Attogon or Sékou). At the health center, trained investigators
obtained written consent from the parents and then administered

Figure 1. This flowchart depicts the initial enrollment of 1,027 live singletons born to mothers enrolled in the MiPADD malaria prevention during pregnancy prenatal care study.
Seven hundred and forty-seven of thesemother/child dyads were assessed a year after delivery as part of the TOVI study of child neurodevelopmental and health outcomes (Koura
et al. 2013). From this cohort, 580 mother/child dyads participated in the EXPLORE follow-up assessment when the child was 6 years of age (Boivin et al. 2021). Five hundred and
sixty-six mothers from this assessment completed the SDQ for the study child, and valid computerized TOVA tests were obtained from 519 of these children. Children having both
maternal SDQ and valid TOVA measures were included in the present correlational analysis for this study.

Cambridge Prisms: Global Mental Health 3

https://doi.org/10.1017/gmh.2024.128 Published online by Cambridge University Press

https://doi.org/10.1017/gmh.2024.128


questionnaires to the mothers and assessed the children’s neuro-
cognitive and behavioral development. If a child was sick or had a
fever when they arrived at the clinic, blood samples were taken to
determine the presence of an infection and the children were asked
to return later for neurocognitive assessments after treatment.
Children who tested positive for malaria, anemia or helminth
infection were treated according to the national treatment guide-
lines for these conditions in Benin at the time and rescheduled for
assessment in a few weeks. The maternal questionnaires and the
child neuropsychological performance tests administered at this
visit are recounted in more detail elsewhere (Boivin et al. 2021).
This article focuses on the SDQ administered to the mother to
evaluate the mental health of the study child, and the TOVA visual
test administered to the study child on computer in a quiet assess-
ment room at the clinic.

Strengths and difficulties questionnaire

The SDQ is a 25-item screening questionnaire (Goodman, 1997)
for assessing emotional and behavioral difficulties for children and
youth (Mieloo et al. 2012). For younger children, either a parent or
teacher can complete the questions, and the SDQ can be self-
administered for older children (Goodman, 2001). In this study,
the mother completed the assessment if she was the primary
caregiver. The SDQ consists of 25 items divided into five subscales:
hyperactivity/attention deficit; emotional problems; problems with
peers; behavioral problems and prosocial behavior. The five sub-
scales of five items each have aminimum score of 0 (lowest score) to
10 (highest score) and the first four subscales can be combined to
obtain a total difficulty score, which can range from 0 to 40 points
(youthinmind 2022). For the four difficulty scales and the total
score, the higher the score the more difficulties the child is reported
to have in that domain.

The five items of the prosocial scale provide a measure of
strength for the SDQ, whereby the higher the score the better the
social behavior of the child toward others. It can measure both
problem behaviors and skills at an early age and has become one
of the most widely used screening tools globally (Hoosen et al.
2018a, b). The SDQ differentiates between externalized emo-
tional and behavioral problems in children (sum of the conduct
and hyperactivity/inattention scales) and internalized (sum of
the emotional problems scale and relationship with peers scale).
Another advantage of the SDQ is that it is free and available
online (www.sdqinfo.com). In disorder screening, only the first
four scales are considered, and apart from the prosocial scale, the
combined scale score reflects total difficulties, indicating the
severity and content of emotional and behavioral problems
(youthinmind 2022). The prosocial subscale indicates an inverse
score and shows that the higher the scores, the more prosocial
behaviors or characteristics the child has (Goodman 1997).

For this study, a common translation of the oral instructions
from French to the Fon (national language of southern Benin) of
the SDQ was validated by trained investigators (psychologists and
nurses) before the start of the assessments. As most of the mothers
were illiterate, all instructions were given to the mothers and
guardians of the children by the investigators in Fon and orally
(Garrison et al. 2021).

Test of variables of attention

TOVA is a computerized visual continuous performance test
used in to screen, diagnose and monitor children and adults at risk

for ADHD (Greenberg 1993). TOVA (visual) consists of the rapid
(tachistoscopic) presentation of a large geometric square on the
computer screen with a smaller dark box either in the upper
position (signal) or lower position (non-signal). The child is asked
to press a switch held in the preferred hand as fast as possible in
response to the signal (measuring vigilance attention), but to with-
hold responding to the non-signal (measuring impulsivity). Fol-
lowing spoken instructions in the local language and practice trials,
TOVA takes ~11 min for children 5–5.5 years old, and 22 min to
administer for children 5.5 years and older. TOVA had been
adapted for pediatric HIV research in Uganda (Boivin et al.
2010a, b, 2016; Ruel et al. 2012; Giordani et al. 2015) as well as
for Ugandan school-aged children surviving cerebral malaria
(Boivin et al. 2007; John et al. 2008).

The TOVA’s primary outcome variables are response time
variability (a sensitive indication of inattention), response time,
percent commission errors (impulsivity), percent omission errors
(inattention), an ADHD index score (missed signals in proportion
to incorrect responses to non-signal) and the D-prime signal detec-
tion measure of overall test performance (correct signal “hits” in
proportion to correct nonresponses to non-signal). For American
standards, scores below�1.80 are suggestive of ADHD and higher
ones denote normal levels of attention (www.tovatest.com)
(Chernoff et al. 2018). The administration of the TOVA as part
of the EXPLORE cohort in the present study has been previous
described (Boivin et al. 2021). The TOVA instructions were spoken
to the child in the local language of Fon, translated from the script of
the instructions presented in English as part of the audio for the
initial practice portion of the TOVA, to ensure that the child can
respond correctly to the signal and non-signal stimuli before the
start of the testing session.

Socioeconomic status
We used two variables to assess family SES family wealth and
maternal education when the child was assessed at 1 year of age.
The family wealth scale has been described elsewhere (Koura et al.
2013). Briefly, it was assessed using a scoring instrument incorp-
orating a checklist of material possessions (radio, television, bike,
motorbike and car), possession of cows and access to electricity.
Maternal education included as schooled or unschooled at the
primary school level at least.

Maternal level of formal education
Themother’s educational level was categorized as either No School-
ing, Partial Primary Schooling, Primary Schooling (grade 6) Com-
plete or Secondary Schooling and beyond. None of the mothers in
the present study sample had completed university.

Child enrolled in primary school
Thismeasure was categorized as either yes or not, since the children
were almost all 6 years of age at the time of assessment, and none
had progressed beyond grade 2 if enrolled in school.

Home Observation for Measurement of the Environment
The Home Observation for Measurement of the Environment
(HOME) (Caldwell & Bradley, 1979) was administered. This evalu-
ation of the quality of the developmental environment and quality
of caregiving by the mother was done in the home of the children
and their mother when the child was assessed at 1 year of age, when
it was adapted and piloted for this setting (Koura et al. 2013).
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Edinburgh postnatal depression scale
This maternal questionnaire has been used to assess depressive
symptoms when the child was assessed at 1 year of age (Cox et al.
1987; Hanlon et al. 2008; Kakyo et al. 2012). Scores derived from the
Edinburgh Postnatal Depression Scale (EPDS) were analyzed as a
continuous variable. The EPDS was already available in French, but
any spoken instructions to the mother were in Fon by our study
psychologist and several nurses, in that they knew the local dialect
spoken my mothers in at our two study sites (Koura et al. 2013).

Statistical analysis

Maternal and child measures were summarized with means and
standard deviations for continuous variables (e.g., SDQ, TOVA,
SES, EPDS and HOME) and counts and percentage for categorical
variables (e.g., maternal educational level, child enrolled in school).
Composite cognition scores and gross motor scores from the SDQ
were related to TOVA performance domains using regression
analysis. Following unadjusted analyses with one predictor
(SDQ), multivariable general linear models were fit controlling
for maternal sociodemographic measures (SES, education level
and depression level), child’s gender, whether enrolled in school,
and HOME total score for the child’s quality of caregiving and
developmental milieu based on evaluation during a visit to the
child’s home. These factors were selected a priori based on subject
matter expertise and literature documenting these factors as poten-
tially important for neuropsychological outcomes. Based on this
modeling analysis, correlations between the principal measures
from theTOVAand the SDQwere adjusted formaternal education,
child enrolled in school or not, SES (material possessions score),
Caldwell HOME scale total score and EPDS total score.

The resulting Pearson partial correlation coefficients computed
between a TOVA and an SDQ measures evaluated the strength of
the relationship (Table 3), is equivalent to the Pearson correlation
between the residuals of the two variables after regression on the
controlling variables. This analysis uses three stages to calculate the
partial correlation between variables X1 and X2, while controlling
for the covariate measures Z1, Z2 and Z3: 1) Linear regression or
ANOVA analyses of X1 (dependent variable) on all the Z variables
(independent variables). The same for X2. For the next stage,
residuals of both regressions are derived, and a Pearson correlation
is calculated (r).

Finally, p value is computed by treating ðn�k�2Þð1=2Þr
ð1�r2Þ1=2 as coming

from a Student distribution with (n - k � 2) degrees of freedom,
where r is the partial correlation and k is the number of variables
being partialled out. The resulting Pearson product–moment cor-
relation coefficients are presented in Table 3, which is the principal
table statistically evaluating the relationship between the TOVA
and SDQ measures (after partialling out the study covariates). All
statistical tests were two-sided at a significance level of .05. All the
analyses were performed with SAS 9.4 software. SAS 9.4 was also
used to generate the histogram/box plots in Figure 2. However, the
scatterplot arrays for the TOVA and SDQ measures in Figure 3
were generated using the statistical program R (Team, 2023).

Results

Sociodemographic characteristics

Of the 1,027 children born from singleton births and born alive to
mothers in the MiPPAD clinical trial, 580 children still had their

biological mother as their principal caregiver and were assessed for
neurocognitive and behavioral development at age 6 as part of the
EXPLORE project. Age data for three children were missing and
were excluded from the analyses, as well as for two other children,
one of whom was less than 5 years of age, and the other was greater
than 8 years of age (Figure 1). The study samples consisted of
571 mother/child dyads, of whom 566 mothers completed the
SDQ questionnaire for the study child and 519 children completed
a valid computerized TOVA evaluation (Table 1). These were
almost evenly divided by gender (boys and girls) and descriptive
information for the children in this study who completed these
assessments is included in Table 1. None of the descriptive meas-
ures for the TOVA or SDQ samples in Table 1 differed from the
entire sample (All) eligible for consideration in the present analysis
in terms of a statistical comparison between the TOVA or SDQ
sample and the entire sample.

Description of SDQ and TOVA measures for present sample

Table 2 presents the histogram for the distribution of the two
TOVA measures representing overall performance on this test:
the ADHD index score and the D-prime signal detection score.
In the far-right hand column for both of these two TOVA principal
performance measures, the first (Q1) and third (Q3) quartile values
are included along with the median (Q2). The minimum and
maximum scores are also included. Of the 566 children whose
mothers completed the SDQ and the 519 children able to complete
the TOVA because the availability of electrical power for the
desktop computer and monitor used for administration and/or
completion of the testing session without outside interruption or
power failure. Five hundred and seven children had complete and
valid scores on all the measures for both the SDQ and the TOVA. It
is these children (N = 507) who are included in the principal
analyses evaluating the relationships among these two assessments.

Although in Table 2, some of the standardized measures (using
US norms) are low (i.e., D-prime standard score < mu = 100), the
distribution of continuous scores for all the TOVA performance
domains in the lower portion of Figure 2 are reasonably unimodal
with no clear basement or ceiling effect. This is depicted for the
ADHD index score and the D-prime standardized scores in the bar
graphs contained in this figure as well. The ADHD index score is
computed based on US gender and age performance measures and
can range from�10.0 to +10.0 with a mean at about 0. The ADHD
index performance is unimodal, but below the 0mean. Likewise, the
unimodal cluster for the D-prime standard score well below the
normative mean of 100, although the US norms are not represen-
tative for sub-Saharan populations for the TOVA (Boivin et al.
2007, 2020b; Boivin and Giordani, 2009; Bangirana et al. 2013).

Association of TOVA measures with SDQ parent report

Table 3 presents the partial Pearson product–moment correlation
coefficients for all the TOVAperformance outcomes: ADHD index,
D-prime signal detection score, percent commission errors, percent
omission errors, response time to signal and response time vari-
ability to signal. These are correlated with the scale scores for the
SDQ (conduct, hyperactivity, emotions and peer relationships) for
difficulties, along with the prosocial scale score. The SDQ total
difficulties score is also included along with total externalizing
(behavior) problems (conduct and hyperactivity scales) and intern-
alizing (emotional) problems (emotions and peer relationships
scales). The SDQ prosocial scale is a stand-alone measure of
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positive emotions and behaviors toward others, representing the
“strengths” portion of the SDQ.

The TOVA measure of percent errors of commission, which
indicates impulsivity as children response to the non-signal as if it
were the signal, was the performancemeasuremost strongly related
to the SDQ. A partial correlation coefficient was obtained for the
SDQ total difficulties (rp = 0.14(506), p = 0.001), externalizing
difficulties (rp = 0.13(506), p = 0.004) and internalizing difficulties
(rp = 0.10(506), p = 0.024) measures (Table 3). The relationship

between this TOVA measures of impulsivity was especially strong
with the SDQ scales of hyperactivity difficulties (rp = 0.117(506),
p = 0.009) and emotional difficulties (rp = 0.125(506), p = 0.005).
Other TOVAmeasures significantly related to SDQ total difficulties
were D-prime (rp = �0.103(506), p = 0.02) and correct response
time variability (rp = 0.125(506), p = 0.005), with the latter being a
sensitive measure of inattention. This TOVA measure of inatten-
tion was especially correlated with internalizing difficulties
(rp = 0.114(506), p = 0.01), emotional difficulties (rp = 0.114

Figure 2. The upper portion of this figure shows the histogram distribution of ADHD index scores for the Tests of Variables of Attention (TOVA) assessment for the present sample of
children. To the far right is the box plot depicting themedian (bar), first and third quartiles (bottom and top of box), and range of scores excluding the outliers (depicted individually
as data points above and below the box plot range). Similar information is depicted in the bottom portion of this graph for the TOVA D-prime signal detection measure for correct
response to signal, standardized based on American norms by age and gender.
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(506), p = 0.01) and the prosocial scale of the SDQ (rp = 0.10(506),
p= 0.03) (Table 3). Figure 3 is comprised of scatterplots between the
principal TOVA performance measures and the principal SDQ
difficulty measures with significant partial correlation coefficients
in Table 3. The scatterplot toward the lower left corner of Figure 2
depicts a strong linear positive trend between TOVA percent com-
mission errors and SDQ total difficulties, as is evident from the partial
correlation coefficient for these two measures in Table 3. The more
difficulties as reported by the parent on the SDQ, the greater the
number of impulsive errors (percent commission errors to non-signal
presentation) on the TOVA (positive correlation).

Discussion

The principal hypothesis of the present study was that performance
on the TOVA would be strongly related to mothers’ evaluation of
their child’s psychosocial difficulties as reported on the SDQ ques-
tionnaire. The hypothesis was supported in that there were several
statistically significant Pearson product–moment partial correl-
ation coefficients between SDQ (total difficulties, externalizing
difficulties and internalizing difficulties) and TOVA measures of
performance in terms of impulsivity (percent commission errors to
non-signal) and inattention (D-prime signal detection, and correct
response time variability to signal) (Table 3). More specifically,
however, we hypothesized that TOVA performance would be most
strongly related to the SDQ domain of externalizing (behavioral)
difficulties, comprised of the items on the hyperactivity and conduct
scales. This is because of the TOVA assessment focus on the twin

ADHD domains of inattention and impulsivity. In our present find-
ings, whereas the TOVA impulsivity measure (percent commission
errors) was most strongly correlated with the SDQ externalizing
difficulties scales, the inattention measures were not (e.g., percent
omission errors, correct response time variability, D-prime signal
detection). Those TOVA measures were more strongly related to the
SDQ internalizing (emotional) difficulties scales (Table 3).

Even though, the few if any of the rural children at 6 years of age
in the present cohort had any prior experience with a laptop
computer either in the home or at school, the vast majority
(519 out of 571 or 91%) were able to complete the computerized
TOVA test with valid performance measures pertaining to ADHD.
In the present study, the TOVA should not be used diagnostically
for ADHD, but as a performance-based measure of ADHD
domains to relate to the SDQ obtained from parents (caregiver
reportmental health screeningmeasure). This is because the overall
performance means on the ADHD index and the D-prime stand-
ardized signal detection measures for our present sample were well
below the expected American-based norms. However, our TOVA
test still proved useful as a performance-based measure of ADHD
propensities when used as an evaluative research tool strictly within
our present cultural and sociodemographic cultural context.

Likewise, their mothers or principal caregivers were able to
respond to the SDQ questionnaire when the questions were spoken
to them in their local language, to provide a mental health evalu-
ation of their child (566 out of 571 or 99%). The SDQ and the
TOVA can be used with school-aged children in such resource-
constrained SSA settings to screen for emotional and behavioral
problems using both parent-based report and child-based

Figure 3. These scatterplots present by row the principal Tests of Variables of Attention (TOVA) performance measures (ADHD index score, D-prime signal detection score, D-prime
standardized signal detection score, average response time to signal, response time variability to signal, percent omission errors to signal [inattention], percent commission errors
to non-signal [impulsivity]). Each of these TOVA outcomes is plotted against the principal composite sums for the Strengths and Difficulties Questionnaire (SDQ) assessment. The
SDQ rows from top to bottom are for SDQ Total difficulties, SDQ Internalizing difficulties (Emotion and Peer relations scales) and SDQ Externalizing difficulties (Hyperactivity and
Conduct scales). Each scatterplot includes a linear least square fitted line (red), whereby the slope of the line visually represents the strength of the relationship between that TOVA
(X axis) and SDQ (Y axis) measure.
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performance, respectively. The feasibility of such measures further
supports the adaptation of other such “western-based” tests that
have been previously adapted by our group in the neurodevelop-
mental and neurocognitive evaluation of this rural Benin cohort;
allowing us to gauge the impact of such outcomes in response to
perinatal and related maternal risk factors in the first 1,000 days of
SSA child development (Mireku et al. 2015b, 2016; Boivin et al.
2019, 2021; Garrison et al. 2021, 2022a).

The range and unimodal descriptive properties of our SDQ scale
and TOVA performance measures without ceiling or basement
effects fromour present sample (Table 2 and Figure 2) also supports
the utility of these screening measures for mental health and
behavioral problems in our present SSA context. Such distribu-
tive features were foundational to the statistically significant and
clinically meaningful partial correlation coefficients observed in
our present findings (Table 3). Even when controlling for mater-
nal education, child schooling, SES, HOME quality of caregiving
and EPDS maternal depression – significant relationships were
evident between the TOVA measure of behavioral impulsivity
(percent commission errors in response to non-signal) and almost

all the SDQ scales (conduct, hyperactivity and emotional difficul-
ties and problems). TOVA impulsivity (commission errors) was
also significantly correlated with the SDQ composite indices
(total difficulties, externalizing problems and internalizing
problems) (see Table 3).

The TOVA vigilance attention measures of D-prime (signal
detection measure of response to signal) and of response-time
variability to the signal (measure of inattention) were significantly
correlated with the SDQ internalizing (emotional symptoms)
measure. Together, these findings seemed to indicate that in the
present study, TOVA inattention corresponded to emotional prob-
lems while impulsivity corresponded to behavior problems in the
SDQ parent screening questionnaire. In contrast, the ADHD index
for overall risk for ADHD on the TOVA was correlated with the
SDQ prosocial scale in the expected direction (greater risk for
ADHD on the TOVA, lower SDQ Prosocial Scale score). Again,
this is the first time that the SDQ has been evaluated in terms of its
correspondence to a performance-based test for ADHD so far as we
know. Again, such correspondence validity between the TOVA and
SDQ was evidenced in a rural SSA context with younger school-

Table 1. Characteristics of the study population children completing Tests of Variables of Attention (TOVA) assessment and for mothers completing the Strengths
and Difficulties Questionnaire (SDQ) for their study child

Descriptive characteristic of study sample

TOVA sample SDQ sample All

N = 519 N = 566 N = 571

Child’s sex

Male 261 (50.3) 283 (50) 285 (49.9)

Female 258 (49.7) 283 (50) 286 (50.1)

Child age in years at TOVA/SDQ tests 6.3 (0.5) 6.3 (0.4) 6.3 (0.4)

Child in school at the age of TOVA/SDQ tests

Yes 336 (65.5) 379 (67.1) 379 (67.1)

No 177 (34.5) 186 (32.9) 186 (32.9)

Missing 6 6 6

Maternal marital status

Single/divorced/widowed 29 (5.7) 33 (5.9) 33 (5.9)

Married (monogamous) 243 (47.8) 271 (48.4) 271 (48.4)

Married (polygamous) 236 (46.5) 256 (45.7) 256 (45.7)

Missing 11 11 11

Maternal education

No schooling 338 (66.4) 359 (64) 359 (64)

Partial primary schooling 101 (19.8) 121 (21.6) 121 (21.6)

Primary schooling complete 19 (3.7) 21 (3.7) 21 (3.7)

Secondary schooling and more 51 (10) 60 (10.7) 60 (10.7)

Missing 10 10 10

Socioeconomic status (SES) score 5.8 (2.9) 5.9 (2.9) 5.9 (2.9)

Missing 8 8 8

Maternal Edinburgh Postnatal Depression Scale (EPDS) 4 (5.4) 4.3 (5.4) 4.3 (5.4)

Missing 16 16 16

Caldwell Home Observation for Measurement of the
Environment (HOME) Inventory 26.9 (2.3) 27 (2.2) 26.9 (2.2)

Missing 29 29 29
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aged children while controlling for maternal risk factors of influ-
ence for both sets of outcomes, in a well-characterizedmother/child
cohort that has been longitudinally evaluated (Koura et al. 2013;
Boivin et al. 2021; Garrison et al. 2021).

We also observed important relationships when modeling the
significance of how well our covariate measures (maternal educa-
tional level, not-at-school child, SES, HOME, Maternal depression
[EPDS]) predicted our SDQ composite indices (total difficulties,
internalizing problems and externalizing problems). SDQ scale
measures of emotional symptoms and hyperactivity/inattention
difficulties were especially well predicted by these covariates in
our present sample. This finding was consistent with the important
of maternal depression and SES for predicting SDQ emotional
problems as observed by Garrison and colleagues in this same
cohort (Garrison et al. 2021). Kashala et al. (2005, 2006) likewise
when using the SDQ to identify Congolese school-aged children at
risk for ADHD type problems, observed younger maternal age at
birth and greater difficulties in school-related performance and
conduct than non-ADHD community controls.

Strengths of this present study include a larger sample size of
boys and girls (more than 500 dyads) followed longitudinally from
birth through 6 years of age, whowere well characterized in terms of
medical and gestational history. The study was innovative in that a
performance-based measure of ADHD that was cross-culturally
adaptable and used in other rural and urban settings with at-risk
populations in the SSA, was related to a widely used screening
measure of psychosocial difficulties (SDQ) also used extensively in
the SSA. Caregiver report-based screening measures of psycho-
social, neurocognitive and other developmental difficulties are

rarely related to performance or clinically based evaluative meas-
ures for these domains. Ours is the first such study in the SSA of
which we are aware. Furthermore, because our present study sam-
ple was part of a well-characterized longitudinal cohort that has
been followed-up to the present time, we were able to control for
(partial out) various maternal and caregiving factors that may have
influenced the TOVA or the SDQ as part of our correlational
analysis. In fact, the present study cohort, now aged 13–14 years,
is undergoing another comprehensive psychosocial and neurocog-
nitive assessment, the results of which we hope to make available in
the coming year or two.

Strengths and limitations

However, a study limitation was the fact that by 6 years of age, only
about half of the original dyads for the antenatal malaria prevention
intervention were still available of evaluative follow-up with the
SDQ andTOVA, in that the biologicalmother was still the principal
caregiver. We do not know the extent to which the strong correl-
ations we observed between the SDQ and TOVA would extend to
children no longer able to caregiving situations for the child where
the biological mother was no longer present. Likewise, the extent to
those lost to follow-up would have presented with similar SDQ and
TOVA correlational findings. Finally, the TOVA is a computer-
based performance-based measure of ADHD-type difficulties and
is proprietary and can be costly for clinical application for resource-
constrained settings (US$15 per TOVA test credit – see
www.tovatest.com). Also, the TOVA necessitates a quiet and pri-
vate room for valid administration, and this can be difficult to

Table 2. Distribution of the Strengths and Difficulties (SDQ) – parent response, and Tests of Variables of Attention (TOVA-visual) scores

N Minimum Q1 Median Q3 Maximum Interpretation

Strengths and Difficulties Questionnaire (SDQ) – Parent completion for study child (N = 566)

Total SDQ difficulties 566 8.0 19.0 23.0 25.0 33.0

Internalizing difficulties score 566 0.0 4.0 7.0 9.0 15.0

Emotional difficulties 566 0.0 2.0 4.0 5.0 10.0

Peer relationship difficulties 566 0.0 2.0 3.0 4.0 8.0

Externalizing difficulties score 566 0.0 7.0 9.0 11.0 17.0

Conduct difficulties 566 0.0 2.0 3.0 5.0 9.0

Hyperactivity difficulties 566 0.0 4.0 5.0 7.0 10.0

Prosocial strengths 566 0.0 5.0 6.0 8.0 10.0

Tests of Variables of Attention (TOVA-visual) test (N = 519)

ADHD index score (adjusted by
age/gender)

519 �10.0 �4.5 �2.5 �0.8 6.0 Attention deficit hyperactivity disorders performance index

D-prime signal detection 513 �0.4 0.7 1.5 2.2 5.6 Correct responses to signal and non-signal proportional to
incorrect responses

D-prime score (standardized
by US norms)

519 40.0 57.0 72.0 84.0 124.0 Correct responses to signal and non-signal proportional to
incorrect responses (standard score)

Percent error of commission 519 0.2 8.3 15.4 34.9 86.4 Measure of impulsivity (response to non-signal)

Percent error of omission 517 0.9 15.4 26.5 42.0 92.0 Measure of vigilance attention no response to signal)

Correctmean response time to
signal (ms)

519 292.0 684.0 764.0 855.0 1,150.0 Measure of speed of responding and the reactivity

Correct response time to
signal variability (ms)

519 145.0 269.0 313.0 370.0 532.0 Measure of consistency in the speed of responding (attention
measure)

Minimum, first quartile (Q1), median (Q2), third quartile (Q3) and maximum score are presented along with a brief description/interpretation of the TOVA measures
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arrange in crowded and busy outpatient care settings in either
village clinics or large urban public hospitals in a comprehensive
pediatric care setting. Finally, both the SDQ and the TOVA require
the training of healthcare workers for proper administration, scor-
ing and interpretation of scored findings. These requirements limit
the accessibility to this performance-based measure, should a child
screen positive for behavioral and emotional difficulties on the SDQ
and further follow-up is recommended with such culture-adaptable
tests previously validated in the SSA, such as the TOVA.

Conclusion

The principal hypothesis of the present studywas that performance on
the TOVA would be strongly related to mothers’ evaluation of their
child’s psychosocial difficulties as reported on the SDQ questionnaire.
Overall, our correlational findings supported thishypothesis.Although
the TOVA is designed to evaluate comprehensively screen ADHD
problems using a performance-based and culturally adaptable
computer-based measure, only the “impulsivity” domain (i.e., percent
commission errors to non-signal) of the ADHD was significantly
related to the hyperactivity scale of the SDQ.However, other attention-
deficit TOVA measures were significantly related to the internalizing
(emotional) domain, suggesting that internalizing and externalizing
difficultiesmayhaveagooddealofoverlapwhenitcomesto thearrayof
emotional and behavioral difficulties encompassed in psychosocial
screening based on caregiver report (SDQ).We are planning a follow-
up paper to this one which will examine the psychometric properties
and factor structure of the SDQwith our rural SSA study population in

much greater detail, to see how well differentiated internalizing and
externalizing difficulties are for the scales to which they apply.

Because for the present study, we included only those mother/
child dyads where the primary caregiver was still the biological
mother, our findings may not extend to caregiver/child dyads where
the primary caregiver responding to the SDQ items for the child is
not the biological mother. Likewise, the relationship between mater-
nal risk factors in the first 1,000 days of life for the child and the SDQ
and/or TOVA outcomes for the relevant child at school age may not
be as clearly apparent in households where the primary caregiver is
no longer the study child. However, our findings do strongly suggest
that the combination of caregiver report (SDQ) with a performance-
based assessment of behavioral and social problems in vulnerable
SSA child populations is feasible and worthwhile.

Furthermore, such screening assessments to identify such chil-
dren especially at-risk for mental health issues are an important
dimension of pediatric care and the educational needs for such
children. As established by Boivin and colleagues in other SSA
contexts with school-aged children, mental health and behavioral
outcomes provide by such performance-based and caregiver-report
measures can be of vital importance in establishing the evidence-
based interventions in preventing developmental trajectories in
early childhood resulting in developmental delays and mental
health difficulties (Boivin et al. 2013a, b; Barros and Ewerling,
2016; Bass et al. 2016, 2017). As such children age into adolescence
in SSA, the SDQ as a tool for the self-report of mental health
problems can be scaled up for community-wide screening
(Lovero et al. 2022). Likewise, the present study has established
the feasibility of the TOVA as a performance-based measure to

Table 3. Partial Pearson product–moment partial correlation coefficients between SDQ and TOVA measure; adjusted for maternal education, child enrolled in
school or not, socioeconomic status (material possessions score), Caldwell Home Observation for Measurement of the Environment (HOME) scale and Edinburgh
Postnatal Depression Scale

Tests of Variables of
Attentions (TOVA – visual) Strengths and Difficulties Questionnaire (SDQ) – Parent Response for Study Child

Difficulties
total

Externalizing
diff. scales

Internalizing
diff. scales

Conduct
problems

Hyperactivity
inattention

Emotional
symptoms

Peer
difficulties

Prosocial
scale

ADHD index score (US
norms) �0.084 �0.042 �0.097 �0.029 �0.039 �0.081 �0.072 �0.089

p value .06 .35 .03* .52 .39 .07 .11 .046*

D-prime score – signal
detection �0.103 �0.068 �0.100 �0.064 �0.051 �0.093 �0.061 �0.040

p value .02* .13 .03* .16 .26 .04* .18 .38

D-prime score (standardized
US norms) �0.101 �0.063 �0.103 �0.048 �0.055 �0.101 �0.057 �0.053

p value .02* .16 .02* .28 .22 .02* .20 .23

Percent error of commission 0.14 0.129 0.101 0.091 0.117 0.125 0.024 0.028

p value .001*** .004** .024* .04* .009** .005** .59 .53

Percent error of omission 0.020 �0.027 0.065 �0.008 �0.034 0.012 0.101 .037

p value .66 .54 .15 .86 .45 .80 .02* .41

Correct response time to
signal (ms) 0.003 �0.038 0.048 �0.024 �0.036 0.029 0.050 0.097

p value .95 .40 .28 .59 .42 .51 .27 .03*

Correct response time
variability (ms) 0.125 0.088 0.114 0.072 0.073 0.106 0.071 0.100

p value .005** .049* .01** .11 .10 .02* .11 .03*

Note: *p < .05, **p < .01 and ***p < .001, denoting statistically significant thresholds. N = 507 for sample of children with both SDQ and TOVA measures available.
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evidence the benefits of caregiver-training interventions with the
mother (Boivin et al. 2020a). Triangulating a child’s mental health
needs with parent report, self-report and performance on validated
behavioral measures, can be of great value in continuing tomonitor
for ongoing mental health treatment needs across the child’s life-
span from adolescence into adulthood (Davidson et al. 2015).
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