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ABSTRACT 

Objective.  When testing African children with developmental and cognitive standardized tests from 

high-income countries (HIC), investigators are uncertain as to whether to apply the HIC norms for 

these tests when standardizing a child’s raw-score performance on the basis of age. The present study 

compared the construct validity of both raw and HIC-based standardized scores for the Mullen 

Scales of Early Learning (MSEL) and the Kaufman Assessment Battery in Children – 2nd edition 

(KABC-II) for Beninese children in a rural setting from three to six years of age.  

Methods.  Seventy-four children 3 to 4 yrs of age were assessed with the MSEL, and 61 eligible 

older children (5 to 6 yrs of age) were assessed with the KABC-II. Assessors spoke the instructions 

to the children and caregivers for the assessment items in the local language. The developmental 

quality of the home environment was evaluated with the Caldwell Home Observation for 

Measurement of the Environment (HOME) inventory, and a material possessions and housing 

quality checklist was used as a measure of socio-economic status (SES).  Children’s mothers were 

given the Raven’s Progressive Matrices test (nonverbal cognitive ability), and the Edinburgh 

Postpartum Depression Scale (EPDS) (emotional wellbeing).   

Results.  For the MSEL, the 4-yr old group performed significantly better than the 3-yr old group on 

both the raw and standardized score comparisons for all scales. These differences were attenuated 

when using standardized scores, although the MSEL standardized cognitive composite score was still 

highly significant between years of age. When comparing 5- to 6-yr olds on KABC-II subtest and 

global scale performance, comparisons between the raw and standardized mean score performances 

were much less consistent.  Generally, 6-yr olds performed significantly better than 5-yr olds on the 

raw score comparisons on the KABC-II subtests, but not so for standardized scores.  Parent-child 

interactions assessed through the HOME measure was associated with both raw and standardized 

MSEL cognitive composite score outcomes on a multiple regression analysis.  SES was the only 

significant predictor for KABC-II raw and standardized outcomes. 



Conclusion.  Standardization using HIC norms was not optimal, resulting in minimal impact to 

account for age when using the MSEL, and lower scores for oldest children compared with youngest 

children when using the KABC2. This is likely due to children in Benin drifting away from HIC-

based norms with each passing year of age, systematically lowering standardized performance 

measures.  These findings support the importance of having a local comparison group of reference or 

control children to allow for adjusted (for age, HOME, and SES) raw score comparisons when using 

western-based tests for developmental and neuropsychological evaluation.  

KEY WORDS: Child development, neurocognition, Mullen Scales of Early Learning, Kaufman 

Assessment Battery for Children, HOME scale, Africa 

HIGHLIGHTS 

• 4-year old kids did better than 3-year olds on the Mullen Scales of Early Learning 

• 6-year old kids did better than 5-yr olds on the Kaufman Assessment Battery – 2nd edition 

(KABC-II) 

• These age differences were less consistent when standardizing with HIC norms 

• Mullen and KABC-II performance predicted by maternal Ravens Matrices, HOME, & SES 

• Mullen and KABC-II performance were not correlated with maternal depression 

  



Neurocognitive testing in West African children 3 to 6 years of age: challenges and implications 

for data analyses 

INTRODUCTION 

Because of the paucity of neurocognitive testing developed and normed in sub-Saharan African 

countries (Semrud-Clikeman et al., 2016), several tests assessing child neurodevelopment developed 

in Western countries have been used in this region (Bangirana, John, et al., 2009b). Local or country-

based normative data is usually not available for such measures, resulting in a variety of statistical 

strategies for standardizing test scores on the basis of age (Bergemann et al., 2012). With the 

Kaufman Assessment Battery for Children (KABC) for example, some studies standardize test 

scores using age-matched community controls ((Boivin et al., 2007; John et al., 2008), while others 

use standardized scores with foreign norms (Boivin et al., 2018).  

Using norms from foreign countries is of worry when comparing data from different countries. 

However, comparing standardized scores using American norms amongst exposure or intervention 

groups within the same setting may be reasonable, assuming that the age distributions are 

comparable. In fact, this approach may be necessary if a test requires standardized subtest or scale 

scores in order to arrive at a global or composite measure. This may often be the case, given that 

local or even in-country norms for a given standardized test are usually not available in the African 

context when assessing children with developmental or neuropsychological test developed in high-

income countries (HIC).   

Irrespective, unless investigators have a representative control or reference group available, they may 

not be able to standardize their performance measures for age unless they use norms for that test 

originating in HICs. When doing so, construct validity is important but not often evaluated when 

deciding whether to use “western-based” norms in standardizing a child’s test performance on the 

basis of age. The principal objective of the present study was to compare the construct validity of 



raw and standardized scores from the Mullen Scales of Early Learning and the Kaufman Assessment 

Battery in Children – 2nd edition (KABC-II) in Beninese children of 3 to 6 years of age.  

In general, when attempting to establish the construct validity of a given construct, it is necessary to 

consider a range of factors, including not only convergent or predictive validity (i.e., to demonstrate 

that the construct correlates with things that it should correlate with), but also divergent/discriminant 

validity (i.e., to demonstrate that the construct does not correlate with things that it should not 

correlate with). A multi-trait multi-method matrix is often utilized to assess these factors. In this 

case, we will attempt to do the same, comparing convergent validity over divergent/discriminant 

validity, which should enhance our ability to make reliable judgments regarding construct validity. 

MATERIAL AND METHODS 

Study Site and Population. The study population included children born of mothers enrolled in 

2011 in a trial comparing 2 intermittent preventive treatments for malaria, the MiPPAD (Malaria in 

Pregnancy Preventive Alternative Drugs) study in Benin, West Africa. Pregnant women were 

followed from the second trimester of pregnancy through delivery, and offspring were followed from 

birth to 12 months of life. About 747 offspring were assessed within the TOVI project at one year of 

age. The aim of the overall project was to assess the impact of hemoglobin concentration during 

pregnancy on offspring development (Mireku et al., 2015). Our study population included 135 

siblings of children enrolled in the TOVI project (Kobto G. Koura et al., 2013). The study was 

conducted in the district of Allada, a semi-rural area located 50 km north of Cotonou, the capital of 

Benin. The study participants were recruited in two health centers: Attogon, and Sékou.  

Data Collection Procedure. On the occasion of a home visit for the sibling of one year of age (the 

TOVI infant) between June 2011 and March 2013, a questionnaire on socioeconomic status, the 

Raven matrices (Raven, 2000b) and the Edinburgh Postnatal Depression Scale (EPDS) for the 

mother (Cox, Holden, & Sagovsky, 1987a), and the Home Observation for the Measurement of the 



Environment (HOME) Inventory (Caldwell BM, 2003) were administered. Between January 2013 

and April 2013, child development was assessed by research nurses trained specifically in the use of 

the Mullen Scales of Early Learning (MSEL) and the Kaufman Assessment Battery in Children – 2nd 

edition (KABC-II) at local health centers in siblings of the TOVI child. These siblings were between 

three and six years of age. The MSEL and KABC-II instructions for parents were spoken in Fon, the 

local language. A psychology graduate from the university of Benin along with several study nurses 

worked together to translate the spoken instructions for these tests in to the local dialect of Fon 

spoken by mothers in the study site region.  These process of adapting these measures to the local 

context is described in a previous study where the maternal questionnaires and MSEL were  used 

with the same cohort of children at 1 year of age (K. G. Koura et al., 2013). Study nurses and the 

coordinator psychologist were specifically trained by a psychologist (MJB) and the principal 

investigator to administer the MSEL, the KABC-II, and the HOME.  

Measures  

Mullen Scales of Early Learning (MSEL). The MSEL covers various domains to assess 

childhood development (Mullen, 1995). The five Mullen Scales are Gross Motor, Fine Motor, Visual 

Reception, Receptive Language, and Expressive Language. After scoring all items and computing 

raw scores, these raw scores are converted into a standardized score (T score) for each of the five 

Mullen Scales according to American norms. T scores from the Fine Motor, Visual Reception, 

Receptive Language, and Expressive Language scales are converted into the Early Learning 

Composite score, which provides the general cognitive factor underlying all cognitive performance 

(Mullen, 1995). Because the MSEL was only available in English, spoken instructions were given in 

the local language of Fon, as described previously (Kobto G. Koura et al., 2013). 

Kaufman Assessment Battery for Children, second edition (KABC-II). The 2nd edition of 

this test was published in 2004. In addition to simultaneous processing and sequential processing, 

and compared with the original KABC, it includes the global domain measures of learning and 



planning (reasoning). This test was already available in French (by Les Editions du Centre des 

Psychologie Apliquee (ECPA); French translation published and distributed exclusively by ECPA 

with the permission of AGS Publishing, Pearson Products Inc.) normed on a population of children 

in France, and used as such in Benin for the purpose of the study.  

Socioeconomic status. We used two variables to assess family socioeconomic status family 

wealth and maternal education. The family wealth scale has been described elsewhere (Kobto G. 

Koura et al., 2013). Briefly, it was assessed using a scoring instrument incorporating a checklist of 

material possessions (radio, television, bike, motorbike, and car), possession of cows and access to 

electricity. Maternal education included schooled and unschooled.  

The Home Observation for the Measurement of the Environment (HOME) (Caldwell & 

Bradley, 2003). This evaluation was done in the home of the children and their mother. It was 

adapted and piloted for this setting (Kobto G. Koura et al., 2013).  

Raven's Progressive Matrices (Raven, 2000a). This is a nonverbal test of cognitive ability 

for adults, often used in cross-cultural settings and used in this study to assess the mother’s global 

nonverbal cognitive ability. The matrices are made up of a series of diagrams or designs with one 

part missing.  

Edinburgh Postpartum Depression Scale (EPDS). We used the EPDS to assess maternal 

depressive symptoms (Cox, Holden, & Sagovsky, 1987b; Hanlon et al., 2008; Kakyo, Muliira, 

Mbalinda, Kizza, & Muliira, 2012). Scores derived from the EPDS were analyzed as a continuous 

variable. The EPDS, already available in French, was translated into Fon by consensus by our study 

psychologist and several nurses as a team, in that they knew the local dialect spoken my mothers in 

at our two study sites (K. G. Koura et al., 2013). 

Statistical analysis. Subjects characteristics were first described in total and according to the 

test involved (MSEL or KABC-II). Then, for each test, mean raw and composite scores were 



compared between 3 and 4 years of age for the MSEL, as well as a comparison between children 5 

and 6 years of age for the KABC-II. Finally, socioeconomic variables and other psychometric testing 

known to be associated with poor child development were included in the model without and then 

with age at assessment. The dependent variable was the Early Learning Composite raw and 

standardized scores for the MSEL, respectively, and the Mental Composite Index (MPI) raw and 

standardized scores for the KABC-II, respectively. Chi-square tests (or Fischer’s exact test as 

appropriate) and t-tests were used to compare percentages and means, respectively. Pearson 

correlations were computed between the HOME subscales, EPDS, Raven Progressive Matrices, and 

marital status and scores of Mullen (ECL) and KABC-II (MPI). Multiple linear regressions were 

used for multivariate analyses, in order to evaluate the significance of various home environment and 

maternal predictive variables for both the raw and standardized score outcomes. A P-value < 0.05 

was considered significant for these predictors in a multiple regression model, and for significant 

between age-group differences. All the analyses were performed with SAS version 9.2 software. 

Human Subjects Protection. The study's protocol was approved by the University of 

Abomey-Calavi’s institutional review board (IRB), New York University, Michigan State University 

IRBs, and the French Institut de Recherche pour le Développement’s (IRD) Consultative Ethics 

Committee. All women who participated in this study signed informed consent before enrollment. 

RESULTS 

Table 1 describes the population characteristics. In total, 135 children were included in the study, 74 

being assessed with the MSEL and 61 for the KABC-II. Only 38% of mothers reported completing 

any formal schooling. There was no difference regarding maternal education, HOME, EPDS, SES, 

infant’s gender, and maternal marital status between children assessed by the MSEL and those 

assessed by the KABC-II. 



Each scale from the MSEL showed higher raw scores at 4 years of age compared with 3 years of age 

(Table 2). As far as standardized scores were concerned, the four MSEL scales still showed higher 

scores at 4 years of age compared with 3 years of age, but the differences were not significant for 

two of the scales (receptive and expressive language). 

For the KABC-II, raw scores at 6 years of age were all higher than scores at 5 years of age on all but 

one subtest. However, the between age-group difference was significant for only three of the ten 

subtests (Table 3). For the standardized scores using French norms, mean performances were lower 

at 6 years of age compared with 5 years of age for seven out of nine subtests (Table 3). The 

difference was statistically significant for two of these. 

In establishing the construct validity present MSEL composite cognitive development and KABC-II 

global cognitive ability (MPI) assessment measures, HOME total score as a measure of caregiving 

quality was significantly correlated with the Raw score sums of both of these and with the KABC-II 

MPI standardized score (Table 4).  HOME caregiving quality was also significantly correlated with 

Raven Progressive Matrices performance of the mother and the Family Wealth Index.  Likewise, 

maternal Raven Progressive Matrices performance and Family Wealth Index was significantly 

related to KABC-II MPI raw and standardized global scores for the child, but not the MSEL 

cognitive composite. Edinburgh maternal depression and maternal marital status was not 

significantly correlated to HOME caregiving quality or to any of the raw or standardized MSEL 

cognitive composite or KABC-II MPI measures. 

The multivariate analyses evaluated the predictive significance of SES, EPDS, Raven’s Progressive 

Matrices, HOME, maternal marital status, and year of age. These were assessed within a multiple 

regression analysis model (with and without year of age), for both raw and standardized MSEL 

composite cognitive and KABC-II Mental Processing Index (MPI) as the outcomes (Table 5). 

Parent-child interactions assessed with the HOME inventory was associated with both raw and 



standardized MSEL cognitive composite score outcomes.  SES was the only predictor significant for 

KABC-II raw and standardized outcomes. Furthermore, the total proportion of explained variance for 

the outcome (R squared) for the multiple regression model increased dramatically from .05 to .68 

when adjusting for year of age in the model. For the KABC-II, SES was associated with the Mental 

Processing Index in both models, and R squared did not change after adjustment for age at 

assessment (Table 5). 

 

DISCUSSION 

In our Beninese sample, the MSEL and KABC-II showed reasonable construct validity in terms of 

the older age group performing better.  This was especially the case for the raw score outcomes, and 

less so for the standardized scores using American (MSEL) or French (KABC-II) norms to adjust for 

age. Likewise, for both raw and standardized overall performance outcomes, overall performance 

measures were associated with known risk factors for poor child development, including the lower 

caregiving quality as assessed with the HOME inventory for the MSEL cognitive composite 

performance, and lower SES scores for the KABC-II MPI overall cognitive performance measures. 

The MSEL was used within the TOVI study in one year old children (K. G. Koura et al., 2013). In 

this previous research, cognitive composite ability scores for the MSEL were associated significantly 

with the HOME, the Raven progressive matrices, SES, and maternal education. In this present study, 

the MSEL composite was only significantly associated with the HOME.  

As noted previously, when attempting to establish the construct validity of a given construct, it is 

necessary to consider a range of factors, including not only convergent or predictive validity (i.e., to 

demonstrate that the construct correlates with things that it should correlate with), but also 

divergent/discriminant validity (i.e., to demonstrate that the construct does not correlate with things 

that it should not correlate with). HOME caregiving quality and Family Wealth Index (a measures of 



SES) were significantly correlated with both the raw and standardized KABC-II MPI global 

cognitive performance measure of the children in the present study.  This finding has been noted 

with the KABC-II in a previous study of Ugandan school-age children (Bangirana, John, et al., 

2009a).  

Likewise, the MSEL composite cognitive development score for our present sample was 

significantly related to HOME caregiving quality, also a finding previously noted in Ugandan 

preschool-age children affected by HIV (Bass et al., 2016). However, we did not see a significant 

relationship between Edinburgh postpartum depression of mothers and MSEL cognitive composite 

development; nor between Raven Progressive Matrices test performance for the mothers and MSEL 

cognitive composite (raw or standardized).  This was the case as well in a larger sample of our Benin 

children at one-year of age with the MSEL cognitive composite (K. G. Koura et al., 2013). However, 

in that study, Raven Progressive Matrices was significant related to MSEL standardized composite 

cognitive, although this was with 1-year olds whereas our children were assessed with the MSEL at 3 

to 4 years of age in the present study. Unexpectedly, maternal depression and the Ravens Progressive 

Matrices were not associated with the HOME subscales as a measure of quality of caregiving. 

Maternal depression of Ugandan mothers with HIV can be associated with quality of caregiving as 

measured by the HOME (Bass et al., 2016; Boivin, Bangirana, Nakasuja, et al., 2013; Boivin, 

Bangirana, Nakasujja, et al., 2013).Maternal depression was not associated with marital status and 

family wealth in the present samples, although socio-economic factors can contribute to maternal 

depression and anxiety in impoverished communities in Uganda for mothers with HIV (Familiar, 

Murray, et al., 2016). 

Finally, the fact that maternal depression was not predictive of cognitive skill either at 1 or at 3 to 4 

yrs of age in our cohort of children could be seen as an instance of divergent validity. Maternal 

depression typically does not directly impact on a child’s cognitive ability level, but is more likely to 

impact on children’s cognitive skill perhaps indirectly through compromised quality of caregiving in 



mothers clinically depressed. Boivin and colleagues have observed this relationship with Ugandan 

mothers with HIV and their exposed but non-infected children (Bass et al., 2016; Familiar, 

Nakasujja, et al., 2016; Murray et al., 2016). 

Likewise, to see maternal performance on the Ravens Progressive Matrices test as not predictive of 

their infants MSEL cognitive performance at 1-year of age, but predictive at 3 to 4 years of age in the 

same cohort, may also be taken as evidence of divergent validity within the present cohort analysis. 

This is because the MSEL composite cognitive ability scores in these preschool-age children (3 to 4 

yrs) would be more evident as it could relate to maternal nonverbal cognitive ability (Ravens 

Progressive Matrices), than would likely be the case for the infant at 1 year of age. 

One limitation of our study is that the HOME was scored in relation to the TOVI child, not the older 

sibling included in the present KABC-II assessment and analyses. The HOME may vary from a child 

to another one in the same family. However, maternal education, the family wealth and the Raven 

matrices should not vary. One explanation is that the neurocognition, especially assessed by MSEL 

scores, may be more sensitive to socioeconomic factors in infancy and very early childhood, as 

compared to school-age cognitive ability as assessed with the KABC-II.  However, the quality of the 

home environment was significantly related to KABC performance at school age for Ugandan 

children (Bangirana, John, et al., 2009a; Bangirana, Menk, John, Boivin, & Hodges, 2013; 

Bangirana, Seggane, et al., 2009). 

Standardized scores are getting lower when child’s age increases. Both tests were normed on a mean 

of 100 with a standard deviation of 15. Our results show low standardized scores: about 70 for the 

MSEL composite standardized score, with a SD of 10 at 3 to 4 years of age. Average standardized 

performance for the Benin children was below 60 for the KABC-II, with a SD of 12 for 5 to 6 years 

of age. Furthermore, as children get older, standardized scores tend to decrease in longitudinal 

assessment using the MSEL for Ugandan children (Bass et al., 2017; Boivin et al., 2017). This may 

reflect the differential impact of the environment and culture on such standardized developmental 



assessments as children age in HICs versus LMICs. Furthermore, in the Beninese context, these low 

scores are probably affected by both the culture fairness of the test in such setting (test not developed 

for this population) and the impact of the risk factors potentially affecting potentially contributing to 

developmental delays (asymptomatic or symptomatic chronic infection such as malaria, helminthes, 

schistosomiasis; anemia and micronutrient deficiencies, toxic environmental exposure factors) 

(Boivin, Kakooza, Warf, Davidson, & Grigorenko, 2015). 

In the present study, scores varied according to the age at assessment in raw and standardized scores. 

Ideally, children should be tested at a same age. If this is not possible, stratifying for age should be 

performed in evaluating exposure/outcome relationships. In case of an age difference among 

exposure groups, the statistical model should control for age, even when using standardized scores 

that supposedly have already been age adjusted. 

In addition, the use of different test batteries (MSEL vs. KABC-II) – and different normative 

samples (US and French, respectively) – across age groups introduces a number of potential 

confounds that complicate interpretation of results. This could well have been the case because 

differences were found between the younger and older groups on some of the comparisons between 

years of age for those tests. Therefore, it is not clear that those differences were necessarily driven by 

older children drifting away from HIC-based norms with each passing year of age. The findings may 

be driven, to some degree, by fundamental differences in the tests and their respective normative sets 

across age groups.  

Also, it should not be taken as a given that a particular test measures the same constructs across 

cultural settings, as has been considered by other child development assessment specialists working 

in the sub-Saharan African setting (P. Holding et al., 2016a). Attempts should first be made to 

establish the invariance of the constructs across settings, and only after invariance has been 

established should the test be interpreted as measuring the same cognitive ability construct across 

those settings. Conducting this kind of analysis often requires larger samples than were collected in 



this study (Kitsao-Wekulo, Holding, Taylor, Abubakar, & Connolly, 2013). Nonetheless, it would be 

important to see in future studies if the MSEL taps into the same domains in both 3 and 4 year olds, 

or if the KABC-II taps into the same domains in both 5 and 6 year olds.  

Other studies found good construct and factor structure validity for the KABC tests in other countries 

in sub-Sahara Africa (Bangirana, Musisi, et al., 2009; Giordani et al., 1996; van Wyhe, van de Water, 

Boivin, Cotton, & Thomas, 2017). Some tests have been developed in SSA allowing for more 

relevant tools and dimensions assessed (Gladstone et al., 2010; P. Holding et al., 2016b; P. A. 

Holding et al., 2004; P. a. A. Holding, A. , 2005). However, even tests that have been well validated 

and highly contextualized for a given African setting can still be systematically biased in a different 

cultural, rural/urban, religious, or linguistic African context (Semrud-Clikeman et al., 2016). Even if 

the capacity and resources were available to validate a given test for a given context, Western tests 

and their corresponding norms from HICs still tend to be more readily available and have already 

undergone a great deal of development and validation for those country settings. The purpose of this 

study is not to emphasize on the utility of one test other another, but to empirically evaluate an 

important issue in the adaptation of western-based assessments for children – that is, how best to 

adjust performance measures for a child’s age. 

Our study was limited by its study sample. Only about thirty children were included in each age 

category. Therefore, although a trend was seen for the associations between socioeconomic variables 

and outcomes, some of them were not significant. One test was normed on the American population 

(MSEL) whereas the other one was normed on the French population from a more recent sample 

(KABC-II). This may have led to some differences in scores. Another limitation is the constraint of 

having to use norms of HICs for a given western-based test in order to arrive at the global or 

composite performance measure.  For example, the cognitive ability composite score for the MSEL 

must be derived from the standardized scale scores (Visual Reception, Fine Motor, Receptive 

Language, Expressive Language).  It is usually not compiled directly from the scale raw score 



performance, as was done in the present analysis for comparison sake. The same is true for the 

present comparison of raw to standardized global performance comparison for the KABC-II MPI 

score.  

CONCLUSIONS 

When using western-based tests developed in high-income countries (HIC), investigators working in 

Africa are sometimes uncertain as to whether to use the norms originally developed for those tests in 

order to standardize their performance measures on the basis of age. The Mullen Scales of Early 

Learning (MSEL) developmental assessment (3, 4 yr olds) and the Kaufman Assessment Battery for 

Children (2nd edition) neuropsychological assessment (KABC-II) (5, 6 yr olds) were used to assess 

children as a means of evaluating the comparative construct validity of raw and standardized score 

performances for these tests. Standardization using HIC norms was not optimal, resulting in minimal 

impact to account for age when using the MSEL, and lower scores for oldest children compared with 

youngest children when using the Kabc2. This is likely due to the rural African Benin children 

drifting away from HIC-based norms with each passing year of age, towards weaker standardized 

performance measures.  These findings support the importance of having a local comparison group 

of reference children when using western-based tests for neurodevelopmental and 

neuropsychological evaluation, statistically adjusting with important predictors of performance 

outcomes such as age, HOME, and SES. 
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Table 1. Subjects characteristics. 

  
Total MSEL KABC2 p-

value 
  N=135 N=74 N=61  

Home Observation for Measurement of the 
Environment (HOME) Inventory (median, standard 
deviation (SD) 

27.0 (2.0) 27.2 27.4 .60 

Raven Progressive Matrices scale 15.0 (3.2) 15.4 15.1 .66 
Edinburg Postpartum depression scale (EPDS) 8.0 (3.7) 8.7 7.9 .23 
Family wealth index 5.0 (2.6) 5.4 5.6 .61 
Infant’s age (years, n (%)) 
   3 
   4 
   5 
   6 

 
39 (28.9) 
35 (25.9) 
30 (22.2) 
31 (23.0) 

 
39 (52.7) 
35 (47.3) 

 
 
 
30 (49.2) 
31 (50.8) 

 

Maternal education    .25 
   None 83 (62.4) 43 (58.1) 40 (67.8)  
   Some schooling 50 (37.6) 31 (41.9) 19 (32.2)  
Infant’s gender    .37 
   Male 74 (54.8) 38 (51.4) 36 (59.0)  
   Female 61 (45.2) 36 (48.6) 25 (41.0)  
Maternal marital status    .64 
   Monogamous 82 (61.7) 47 (64.4) 35 (60.3)  
   Polygamous 
   Widow 

49 (36.8) 
2 (1.5) 

26 (35.6) 23 (39.7)  

 



Table 2 Mullen Scales of Early Learning (MSEL) raw and standardized scale and composite scores. The USA normative mean for the standardized 
scales is 50 and the raw score totals for the scales tend to be in the same range. For the MSEL composite cognitive standardized score, the mean is 100 
(SD = 15). The raw score totals for this composite tend to be higher. 

  Raw scores p-value Standardized scores p-value 

  3 years of age 4 years of age  3 years of age 4 years of age  

 Mean (SD) Mean (SD)  Mean (SD) Mean (SD)  

Scales 

Gross Motor 
Visual Reception 
Fine Motor 
Receptive Language 
Expressive Language 

 
29.8 (3.5) 
31.6 (5.1) 
30.3 (4.1) 
30.8 (4.7) 
31.7 (7.4) 

 
32.4 (3.2) 
34.9 (5.8) 
34.7 (5.6) 
33.5 (4.1) 
35.8 (8.7) 

 
.001 
.01 
<.001 
.01 
.04 

 
NA 
31.4 (7.1) 
29.9 (7.1) 
32.0 (7.4) 
33.5 (9.4) 

 
NA 
36.6 (8.2) 
35.2 (7.5) 
33.8 (4.8) 
37.1 (7.5) 

 
- 
.004 
.003 
.22 
.07 

       
MSEL Cognitive Composite Score 

Mean (SD) 
Mean minus 1 SD (n, %)  
Mean minus 2 SD (n, %) 

 
126.9 (24.6) 
6 (15.4) 
0 (0) 

 
142.8 (21.2) 
6 (17.1) 
1 (2.9) 

 
.004 
.84 
.47* 

 
66.6 (10.3) 
6 (15.4) 
0 (0) 

 
73.2 (9.4) 
5 (14.3) 
1 (2.9) 

 
.005 
.89 
.47 

       
* Fisher’s test. Raw scores for Cognitive Composite Score is the sum of the four standardized subscales visual reception, fine motor, receptive language, 
and expressive language. 



Table 3 Kaufman Assessment Battery for Children, 2nd edition (KABC-II) raw and standardized scale and global scores. The USA normative mean for 
the subtest scales is 10 (SD = 2.5) and the raw score totals for the scales tend to be in the same range, except for the Leaning scales of Atlantis and 
Rebus. For the KABC-II nonverbal (NVI) and global standardized domains, the mean is standard score is 100 (SD = 15). The raw score totals for these 
values tend to be lower. 

  Raw scores p-value Standardized scores p-value 

  5 years of age 6 years of age  5 years of age 6 years of age  

 Mean (SD) Mean (SD)  Mean (SD) Mean (SD)  

Scales 

Atlantis 
Conceptual thinking 
Number recall  
Gestalt Closure 
Rover 
Rebus 
Triangles 
Word order 
Pattern reasoning 
Hand movements 
 
Nonverbal Index (NVI) 

 

Global Domains 

   Sequential Processing 
   Simultaneous Processing 
   Learning 

 

Mental Processing Index (MPI) 

Mean (SD) 
Mean minus 1 SD (n, %)  
Mean minus 2 SD (n, %)  

 
22.0 (11.3) 
4.0 (2.5) 
4.9 (2.2) 
4.8 (3.2) 
7.5 (5.4) 
16.1 (8.2) 
5.4 (3.2) 
7.5 (2.4) 
2.7 (2.0) 
4.3 (1.6) 
 
19.5 (7.6) 
 
 
11.9 (5.3) 
10.9 (4.3) 
12.3 (4.8) 
 
 
 
35.5 (11.7) 
4 (13.3) 
1 (3.3) 

 
26.1 (15.0) 
5.1 (3.5) 
6.7 (2.6) 
6.4 (3.3) 
9.3 (4.5) 
17.1 (8.5) 
7.5 (3.2) 
8.5 (2.4) 
2.6 (1.9) 
5.3 (1.5) 
 
17.1 (5.4) 
 
 
11.5 (4.8) 
15.2 (5.6) 
11.0 (4.2) 
 
 
 
37.6 (12.0) 
5 (16.1) 
0 (0) 

 
.23 
.18 
.004 
.07 
.16 
.64 
.02 
.10 
.76 
.01 
 
.15 
 
 
.71 
.002 
.24 
 
 
 
.48 
.76 
.49 

 
5.0 (2.4) 
2.5 (1.8) 
6.8 (3.7) 
2.9 (2.2) 
NA 
7.9 (2.9) 
2.4 (2.3) 
5.1 (3.0) 
5.6 (1.8) 
6.4 (2.3) 
 
52.9 (11.4) 
 
 
76.2 
55.7 
78.6 
 
 
 
59.3 (13.5) 
5 (16.7) 
0 (0) 

 
4.7 (2.2) 
1.7 (1.6) 
7.4 (3.0) 
3.4 (1.5) 
7.4 (2.8) 
6.0 (2.4) 
2.3 (1.8) 
4.1 (2.8) 
4.3 (1.4) 
5.7 (2.0) 
 
53.6 (7.9) 
 
 
74.5 
57.3 
72.0 
 
 
 
58.6 (11.6) 
5 (16.1) 
0 (0) 

 
.55 
.07 
.54 
.35 
- 
.007 
.88 
.18 
<.001 
.21 
 
.79 
 
 
.65 
.50 
.05 
 
 
 
.83 
.95 
- 



       
Raw scores for global domains and MPI are the sum of the relevant scales. 

 

 

Table 4.  Pearson product-moment correlation coefficient matrix for principal assessments in the study  

 Raw Mullen 
Scales Early 

Learning 
cognitive 
composite 

Standardized 
Mullen Scales of 
Early Learning 

cognitive 
composite 

Raw 
KABC-II 
Mental 

Processing 
Index 

Standardized 
KABC-II 
Mental 

Processing 
Index 

HOME caregiving 
quality 

0.27* 0.16    0.33**    0.34** 

Edinburgh 
Postpartum Depression 
Scale 

0.16 -0.09 -0.13 -0.17 

Raven Progressive 
Matrices test 

0.15 0.07  0.22  0.24 

Family wealth scale 0.18 0.11    0.38**    0.38** 

Maternal marital status 0.08 0.03 -0.14 -0.15 

 HOME 
caregiving 

quality 

Edinburgh 
Postpartum 
Depression 

Raven 
Progressive 

Matrices 

Family 
Wealth 
Index 

Maternal 
marital status 



HOME caregiving 
quality 

 -0.07   0.26**   0.36** -0.14 

Edinburgh Postpartum 
Depression Scale 

  -0.05      0.08 0.08 

Raven Progressive 
Matrices test 

   0.16 -0.12 

Family Wealth Index     -0.03 

*p<0.05, **p<0.01 statistical significance. Measures: Maternal marital status 1=monogamous, 2=polygamous; Mullen Scales of Early Learning 
cognitive composite score; Kaufman Assessment Battery for Children, 2nd edition (KABC-II) mental processing composite (MPI) score.   

  



Table 5.  Predictors for Mullen Scales of Early Learning (MSEL) cognitive composite standardized score and Kaufman Assessment Battery for 
Children, 2nd edition (KABC-II) Mental Processing Index global performance scores.  

  MSEL Cognitive Composite 
Standardized Score 

  KABC-II Mental Processing 
Index Standardized Score 

 Model I  
beta (95% 
CI) 

Model II  
beta (95% 
CI) 

Model III  
beta (95% 
CI) 

Model IV  
beta (95% CI) 

Model I  
beta (95% 
CI) 

Model II  
beta (95% CI) 

Model III  
beta (95% CI) 

Model IV  
beta (95% CI) 

 R²=.12 R²=.25 R²=.05 R²=.68 R²=.27 R²=.27 R²=.28 R²=0.28 
HOME score 3.2 (-0.3;6.6) 3.4 (0.1;6.6)* 1.6 (-1.2;3.4) 1.3 (0.2;2.3)* 0.9 (-0.5;2.3) 0.9 (-0.5;2.3) 0.9 (-0.6;2.4) 0.9 (-0.6;2.4) 
Edinburgh 
Depression  
 

0.9 (-0.8;2.5) 1.1 (-0.4;0.6) -0.5 (-1.4;0.4) -0.1 (-0.6;0.4) -0.7 (-1.5;0.2) -0.7 (-1.6;0.1) -0.8 (-1.7;0.1) -0.8 (-1.7;0.1) 

Raven Matrices 0.5 (-1.2;2.1) 0.1 (-1.5;1.7) 0.0 (-1.0;1.1) 0.4 (-0.3;1.0) -0.1 (-1.2;1.0) 0.0 (-1.1;1.1) 0.0 (-1.1;1.1) 0.0 (-1.2;1.2) 
Family wealth 0.9 (-1.3;3.1) 1.2 (-0.8;3.3) 0.4 (-1.0;1.7) 0.4 (-0.4;1.1) 1.7 (0.5;3.0)* 1.7 (0.5;3.0)* 1.9 (0.6;3.2)* 1.9 (0.5;3.2)* 
Maternal 
marital status 

7.3 (-4.7;19.3) 5.5 (-5.7;16.8) 3.0 (-3.8;9.8) 1.2 (-2.7;5.2) -0.4 (-6.3;5.5) -0.1 (-6.1;5.9) -0.4 (-6.6;5.8) -0.5 (-6.9;5.8) 

Age at 
assessment 

 17.6 
(7.0;28.3)* 

 13.1 
(11.5;14.8)* 

 2.1 (-3.6;7.7)  -0.7 (-6.7;5.2) 

Models using raw scores: 
Model I - Linear model adjusting for HOME score, EPDS, Raven, Family wealth, maternal education, and maternal marital status 
Model II - Linear model adjusting for HOME score, EPDS, Raven, Family wealth, maternal education, and maternal marital status and age at 
assessment 
Models using standardized scores: 
Model III - Linear model adjusting for HOME score, EPDS, Raven, Family wealth, maternal education, and maternal marital status 
Model IV - Linear model adjusting for HOME score, EPDS, Raven, Family wealth, maternal education, and maternal marital status and age at 
assessment. 
 




