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Background: The Bayley Scales of Infant and Toddler Development, 3rd Edition (Bayley-III) is 

frequently used in international child development research. No studies examine its psychometric 

properties when culturally adapted within the Kenyan context.

Aims: To culturally adapt the Bayley-III for use in Kenya and evaluate its validity and reliability.

Methods and Procedures: Forward and backward translation, cognitive interviews, and a brief 

pilot of culturally adapted items were performed. This psychometric study was part of another 

study on children born to mothers with HIV in Eldoret, Kenya. One hundred seventy-two children 

aged 18–36 months were assessed for cognition, receptive/expressive communication, and fine/

gross motor domains using the Bayley-III. Confirmatory factor analysis (CFA), inter-scale Pearson 

correlations, internal consistency, t-tests, and test-retest reliability were performed.

Outcomes and Results: The mean age of children was 22.8 (SD 4.5) months old; 52.7% (n = 

89) were male. CFA revealed that both two- and three-factor indices had good and comparable fit. 

Pearson correlations were high between fine motor and receptive communication (r >0.70). 

Internal consistency was very strong for all of the subtests, with Cronbach coefficient alpha scores 

ranging from 0.88 to 0.96. Known groups/convergent validity was confirmed with stunting and 

parental concern for delays. Test-retest reliability was good and did not differ substantially across 

groups.

Conclusions and Implications: The Kenyan adapted Bayley-III is a psychometrically 

acceptable tool to assess child development. The scaled and composite scores should not be used 

to define Kenyan developmental norms, but it can be useful for comparing groups within research 

settings.
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1 Introduction

Approximately 250 million children worldwide are at risk for not reaching their full 

developmental potential, with the vast majority residing in low- and middle-income 

countries (Black et al., 2017). International public health systems work to improve 

infrastructure to support child growth and development, and research is necessary to 

understand the factors impacting child development to provide guidance on policy and 

healthcare decisions. However, researchers face major challenges in identifying the 

appropriate tools for measuring development in cross-cultural settings. While there have 

been efforts to develop and validate measures for use within the local contexts of low- and 

middle-income settings, including the Malawi Developmental Assessment Tool (Gladstone 

et al., 2010), the Kilifi Developmental Inventory (Abubakar, Holding, Van Baar, Newton, & 

Van De Vijver, 2008), and the Rapid Neurodevelopmental Assessment (Khan et al., 2013), 

there is still a need to evaluate measures which are more widely used globally. Use of global 

measures provides the potential to compare the scores of these locally adapted measures 

across settings.
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The Bayley Scales of Infant and Toddler Development, 3rd Edition (Bayley-III) is a well-

known developmental assessment that is validated and normed for the United States (U.S.) 

population (Bayley, 2006). Bayley-III is often used internationally and adapted for local 

contexts; however, many studies do not outline the adaptation process or evaluate its 

psychometric properties (McHenry et al., 2018), raising concerns regarding the validity and 

reproducibility of the resulting data.

Psychometric studies of the Bayley-III have occurred in multiple countries across the world 

(Hua et al., 2019; Ranjitkar et al., 2018; Yu et al., 2013). Within sub-Saharan Africa, studies 

have been performed in South Africa (Ballot et al., 2017; Pendergast et al., 2018), Ethiopia 

(Hanlon et al., 2016) and Malawi (Cromwell et al., 2014). Most of these studies have found 

the Bayley-III to be a valid assessment tool for development; while some caution on the 

limited applicability of the U.S. norms within local populations (Cromwell et al., 2014). No 

studies on the validity of the Bayley-III have been performed in Kenya, and thus it is unclear 

how it will perform psychometrically within this setting. The objectives of this study were to 

culturally adapt the Bayley-III for use in Kenya and to evaluate the content, construct, 

convergent validity, and reliability measures for this adapted scale in Kenyan children aged 

18–36 months.

2 Materials and Methods

This study was carried out as part of a larger project focused on development in children 

born to mothers infected with HIV (NEURODEV study- PI:MSM).

2.1 Setting

The cross-sectional study took place in Eldoret, Kenya, within the Academic Model 

Providing Access to Healthcare (AMPATH) consortium. The AMPATH HIV care program, 

born from a 20-year partnership between Indiana University School of Medicine (IUSM), 

Moi University School of Medicine (MUSM), and the Moi Teaching and Referral Hospital 

(MTRH) in Eldoret, Kenya, has enrolled over 160,000 patients and currently provides care 

for approximately 15,000 children who are HIV-positive and HIV-exposed in 65 clinics in 

western Kenya (Einterz et al., 2007; Inui et al., 2007). The children and their caregivers were 

recruited for the NEURODEV study from a large urban hospital and associated pediatric 

HIV clinic within AMPATH’s catchment area between 12/2017 and 9/2019. Inclusion 

criteria were as follows: age 18–36 months and speaking primarily Swahili within the home. 

The study aimed to recruit up to 75 children per group, among the following groups: HIV-

infected, HIV-exposed, and HIV-unexposed. All participants from the NEURODEV study 

with Bayley-III data were included in this study. No other exclusion criteria were applied.

2.2 Bayley Scales of Infant and Toddler Development, 3rd Edition (Bayley-III)

The Bayley-III is an internationally known assessment of development published in 2006 

and is commonly used in research settings (Bayley, 2006; McHenry et al., 2018). The 

Bayley-III measures five broad developmental domains: adaptive behavior, cognitive, 

communication, motor, and social-emotional. Only the cognitive, communication, and motor 

domains were adapted due to the complexities of cross-cultural expectations for behavior 
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and social-emotional development. This is consistent with other studies that have used the 

Bayley-III in international settings (le Roux et al., 2018; Wedderburn et al., 2019). The 

communication domain consists of expressive and receptive communication subtests. The 

motor domain consists of fine and gross motor subtests. The scaled scores were reported and 

standardized against a normed population from the U.S. with a mean score of 10 and a 

standard deviation (SD) of 3 (Aylward GP & J, 2019).

2.3 Methods of Adaptation of the Bayley-III

The following steps were taken to ensure the appropriate interpretation of the test items and 

to support content validity:

2.3.1 Forward and Backward Translation—All spoken instructions and anticipated 

participant answers were pulled from the Bayley-III administration manual. The English text 

was translated into Swahili by one trained translator. The Swahili translations were then 

back-translated into English by a separate translator. The two English versions were 

compared for equivalence by the research team. When inconsistencies arose, they were 

discussed by a Kenyan pediatric neurologist (EO) and clinical officer (ARO), as well as a 

U.S.-based pediatrician (MSM), for consensus on harmonizing the language for functional 

equivalence. All changes were reviewed and approved by an academic clinical psychologist 

(ACH).

2.3.2 Cognitive Interview—Cognitive interviewing involves interviewers asking 

respondents to think out loud as they process candidate questions in detail, using the think-

aloud strategy to better understand recall and thought processes related to a testing item and 

identify potential sources of response error (Willis & Miller, 2011). Cognitive interviewing 

was performed within this study to ensure that wording of the instructions and tasks, as part 

of the Bayley-III administration, were clear and unambiguous, which is essential for cross-

cultural research. Cognitive interviews of Bayley-III test items were performed with 10 

caregivers of young children. The average age of the caregiver was 33.5 years (Standard 

Deviation (SD)= 6.2), and all were female. Half of the participants identified as a housewife 

(5/10), three were casual laborers, one was a farmer, and one was a business owner. The 

average age of the youngest child within each household was 3.1 years (SD=0.9).

2.3.3 Cultural Adaptation of Test Materials—During the translation process, it was 

learned that gender-specific pronouns are absent from the Swahili language; therefore, the 

expert panel removed assessment questions requiring gender-specific pronouns from 

scoring. Cognitive interviews revealed unfamiliar images used within the Bayley-III; 

specifically, the washing machine and cooking on a stove. These images were exchanged for 

more familiar, culturally appropriate images. Alternative names were allowed for images of 

an apple and cookie, which are more commonly referred to within the culture as fruit and 

biscuit respectively. Children had difficulty with color-matching and naming within the 

cognitive, receptive communication and expressive communication subtests. Color names 

and concepts exist within the Swahili language and the Kenyan culture; however, these skills 

are not taught to young children with the same frequency that they are taught in the U.S. 
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After a review of expert consultation and cognitive interview data, the color items remained 

as an area appropriate for testing.

2.3.4 Brief Initial Pilot—The adapted and translated language and potential testing 

items were used in trial administrations of the adapted Bayley-III. Debriefing occurred after 

each administration, under the guidance of an expert panel consisting of a pediatric clinical 

psychologist (ACH), a neuropsychologist, a Kenyan pediatric neurologist (EO), and other 

Kenyan staff. Modifications were made by an iterative process to ensure appropriate 

understanding while keeping test administration as close to the original version as possible. 

A total of 17 trial administrations of the adapted Bayley-III were performed to ensure stable, 

consistent administrations without new cultural issues arising. The mean age of the children 

was 2.5 years (SD=0.6), and 47% (8/17) were female.

2.4 Training and Quality Control of Bayley-III

One Kenyan clinical officer, the equivalent of an advanced practice provider within the U.S., 

was trained to administer the Bayley-III. This included in-person training on the theoretical 

background of the scale and the clinical administration of the Bayley-III by a highly trained 

clinical psychologist. The clinical officer performed video-taped administrations which were 

reviewed by the clinical psychologist, who provided feedback. This was repeated until the 

clinical psychologist was confident in the abilities of the clinical officer to perform the 

Bayley-III independently. Periodic review of administrations were performed to ensure 

quality control.

2.5 Administration of Bayley-III Within the NEURODEV Study

A brief questionnaire related to the NEURODEV study was performed with the caregiver 

before the administration of the Bayley-III. This questionnaire included the following 

information: maternal education level, anthropometrics, pre-term birth status, concern for 

and family history of developmental delay, time left alone during the week, and HIV-status. 

During the completion of the informed consent and questionnaire, the child participant was 

given a drink and snack prior to the administration of the Bayley-III. Five subtests of the 

culturally adapted Bayley-III, gross motor, fine motor, cognition, receptive communication, 

and expressive communication, were administered to children ages 18–36 months old. The 

test took between 45–90 minutes to administer to each child, and each session was video-

recorded for quality control. Occasionally, a break was needed for a nap or additional snack 

during between subtests, and infrequently, children would be unable to complete the Bayley-

III due to temperament. Caregivers were compensated 500 Kenyan shillings ($5USD) for 

study-related time and transport. The children were given a small toy, such as a ball.

2.6 Study Sample

The characteristics of the study sample are shown in Table 1. The 184 children enrolled in 

the study were on average 22.8 (SD=4.5) months of age, and 154 (91.1%) were born after 37 

weeks. Approximately 65% of mothers had at least some secondary school education, which 

is aligned with national surveys indicating that 66% of Kenyan females ages 15–17 years are 

enrolled in secondary school (UNICEF, 2018). There were 31 (18.0%) mothers who 

reported concerns about developmental delay in their child and 23 (13.5%) reported having a 
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family history of children with a developmental delay. Twelve of the enrolled children were 

unable to complete the Bayley-III due to behavioral or temperament issues.

2.7 Ethical Approval

This study was approved by the Indiana University Institutional Review committee as an 

expedited study (#1601531540) and by the Moi University Institutional Research and Ethics 

Committee (IREC/2016/09) before initiation of study activities. The changes made within 

this adaptation were made under consultation with Pearson Licensing.

2.8 Statistical Analysis

2.8.1 Baseline Characteristics—Baseline variables were summarized using mean and 

SD for continuous variables along with frequency and percent for categorical variables. 

Differences were compared between males and females by using the t-test and Chi-square 

test.

2.8.2 Validity—Construct validity was evaluated using confirmatory factor analysis 

(CFA). CFA was conducted to test the hypothesized factor structure for Bayley-III. Three 

models with one to three factors were evaluated and compared. The one-factor model was 

organized with five subtests as indicators of a general factor. The two-factor model was 

arranged with two motor subtests and two communication subtests on one factor and the 

cognitive scale on another factor. The three-factor model was specified to have two motor 

subtests on the first factor, two communication subtests on the second factor, and the 

cognitive scale on the third factor. All models allowed factors to inter-correlate (based on a 
priori theory) and assumed that residual errors were uncorrelated. The raw scores of five 

subtests were used. The CFA models were evaluated based on six methods: (1) chi-square 

goodness-of-fit test comparing the sample and fitted covariance matrices; p-value greater 

than 0.05 indicates good fit; (2) adjusted goodness-of-fit index (AGFI) with good fit ≥ 0.90; 

(3) the root mean square error of approximation (RMSEA) with acceptable fit < 0.08 and 

good fit < 0.05; (4) Schwarz’s Bayesian criterion (SBC) for which smaller is better; (5) 

Comparative Fit Index (CFI) for which ≥ 0.90 indicates good fit; and (6) standardized root 

mean square residual (SRMR), with good fit < 0.08 (Kline, 2015). The CFA models were 

assessed for all ages combined, as well as separately by two age groups (18–22 months, and 

23–35 months), gender (female and male), and HIV status (uninfected and exposed cohorts).

Pearson’s correlation was used to examine the pairwise correlations among five raw subtests 

of Bayley-III in the three age groups. The following guideline was adopted to interpret the 

correlation magnitude, which was consistent with this area of research: very high (0.90 to 

1.00), high (0.70 to 0.90), moderate (0.50 to 0.70), low (0.30 to 0.50), and negligible (0.00 to 

0.30) (Mukaka, 2012). Additionally, to evaluate the sensitivity to developmental changes, 

the crude linear regression model and scatter plot was employed to assess the association 

between each raw subtest and age. The slope and R2 were estimated based on these models.

The Bayley-III cognitive, communication, and motor scale scores were compared across 

four indicators of potential developmental impairment to evaluated convergent validity. 

Malnutrition is commonly cited as a risk factor for poor development, with stunting most 
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closely associated. In these analyses, “stunting” refers to moderate-to-severe stunting 

(height-for-age (HFA) z-scores ≤−2). “Underweight” refers to moderate-to-severe 

underweight status (weight-for-age (WFA) z-scores ≤−2). “Wasting” refers to moderate-to-

severe wasting (weight-for-height (WFH) z-scores ≤−2). The WHO defines “moderate-

severe malnutrition” based on these three variables (World Health Organization). Two 

groups were generated for each indicator, dichotomizing each respondent’s z-score at −2.0, 

representing a score of 2 SDs below the mean. The Bayley-III scores were also compared by 

groups defined by the presence of parental concern for developmental delay in the 

participating children. All comparisons were conducted using the two-sided t-test with 

parametric assumptions reasonably satisfied.

2.8.3 Reliability—Cronbach’s alpha was calculated for five raw subtests; an acceptable 

value is 0.70 to over 0.90 (Tavakol & Dennick, 2011), with 0.70–0.79 indicating fair internal 

consistency, 0.8–0.89 indicating good internal consistency, and 0.90 and above indicating 

excellent internal consistency. Clinically-informed imputation was performed for missing 

items using a method that has precedent for this tool (Bayley, 2006) which entailed the 

following: All items preceding the final starting point of test administration were assumed to 

be answered correctly; all items following the final testing end point were assumed to be 

incorrect. We removed testing items that had no variability amongst all participants. We also 

removed two items from the receptive communication domain because they required the 

differentiation of gender pronouns, which are not present in Swahili. Raw Cronbach 

Coefficient Alpha values were reported.

The parents or guardians of eight children were willing to return for retest within two weeks 

for the test-retest reliability evaluation. Mean and SD were computed for five raw subtests at 

first and second tests. The means of the two tests were compared using the paired t-test. We 

describe these results descriptively, due to the sample size. We calculated test-retest 

reliability using the absolute-agreement version of the intra-class correlation (ICC), and 

specifying occasions as a random effect. The Pearson correlation was calculated to evaluate 

its results in the context of prior studies that reported it. We used the following guideline to 

interpret ICC values: less than 0.50, between 0.50 and 0.70, between 0.70 and 0.90, and 

greater than 0.90 are indicative of poor, moderate, good, and excellent reliability, 

respectively, which is similar to the guideline by Koo et al. (Koo & Li, 2016), except when, 

being consistent with Nunally and Bernstein (Nunnally & Bernstein, 1994), we used 0.70 

instead of 0.75 as the cutoff between moderate and good reliability.

All analyses were conducted in SAS version 9.4.

3 Results

3.1 Pilot Testing and Evaluation

A summary of the scaled scores of the Bayley-III subtests, by gender, is noted in Table 2. 

Females showed significantly higher fine motor scaled scores compared to males; however, 

all other domains showed no statistically significant difference between the groups.
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3.2 Validity

Within the CFA, goodness of fit was calculated and results from three alternative CFA 

models can be seen in Table 3. The one-factor model was unacceptable, with p-value < 0.05 

and all other fit indices indicating poor fit across all groups. For the all-ages group, the two- 

and three-factor models fit fairly comparably, and their values were minimally different, 

according to the SRMR and CFI. For children aged 18–22 months, the three-factor model 

demonstrated superior fitted indices compared with the two-factor model; for ages 23–35, 

the three-factor model was very well-fitted model, and the two-factor was only reasonably 

fitted. The two- and three-factor models had a similar, reasonably good fit for males and 

females, as well as HIV-exposed, uninfected and HIV-unexposed groups. The raw factor 

loadings (their standard errors) and the standardized coefficients of subtests are presented for 

the three-factor models in Figure 1. The standardized coefficients, indicating the relative 

strength of the loadings on each factor, were >0.66, indicating strong associations between 

subtests and their factors. No concerns for estimation values existed within the models, as 

the unstandardized coefficients and standard errors were all in acceptable ranges without 

signs of inflation.

Table 4 displays the Pearson correlation between the raw scores for the five subtests. 

Receptive communication was most highly corrected with fine motor skill through nearly all 

sub-group analyses. Other domains were generally moderately correlated.

Scatterplots were used to reveal the relationships between subtest raw scores and age for the 

whole sample, along with the fitted line from linear regression models (Figure 2). All five 

subtests showed significantly positive linear associations with child age (all p values for 

slope < 0.001). Moreover, 27% of the variance for cognitive score, 41% for receptive 

communication, 18% for expressive communication, 37% for fine motor, and 32% for gross 

motor was explained by age in the linear regression models.

Communication and motor scores were significantly lower in children with moderate-to-

severe stunting status compared to those with no or little stunting (Table 5). No significant 

difference was found between healthy children and those with moderate-to-severe 

underweight status or wasting, although fewer than 15 children total met that criteria for 

being underweight or wasted. Additionally, children whose parents were concerned about 

their development had lower communication and motor scores compared to children whose 

parents were not concerned. While cognition scores followed patterns of difference similar 

to communication and motor scores in each of the known-groups/convergent validity 

analyses, none differed significantly.

3.4 Reliability

All of the five subtest domains demonstrated strong internal consistency, with scores ranging 

from 0.88 to 0.96. Four of the domains demonstrated excellent internal consistency, 

including the cognition domain with a score of 0.92; receptive communication domain with 

0.90; expressive communication domain with 0.94; and gross motor domain with 0.96. The 

fine motor domain had the lowest score of 0.88, which is still considered good internal 

consistency. Test-retest reliability was considered preliminary since only eight participants 
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had two-week retest data (Table 6). The scores were increased slightly from the first to 

second tests across all subtests. All subtests demonstrated good test-retest reliability, 

according to the ICC (0.75 – 0.92), with both motor subtests showing excellent reliability 

(0.92). The ICC values should be considered preliminary given the small test-retest sample 

size.

4 Discussion

Within this study, we described the process by which we culturally adapted the Bayley-III 

for use in young Kenyan children and evaluated the validity and reliability of the test. To our 

knowledge, this is the first study to explore the validity and reliability of Bayley-III within 

this population; thus, we shed light on the suitability of the Bayley-III for use with young 

Kenyan children. Content validity was evaluated through forward-and-backward 

translations, cognitive interviews, and a small pilot administration to ensure that testing 

items would be interpreted as intended. Both the two- and three-factor models were 

acceptable within the confirmatory factor analysis, indicating construct validity. Children 

had lower communication and motor composite Bayley-III scores when stunted or when a 

parental concern for developmental delay was expressed, which are factors that tend to be 

associated with delays, demonstrating convergent validity. Furthermore, raw scores 

increased as expected as children aged. This validation and our limited, yet encouraging, 

reliability results indicate that our culturally adapted Bayley-III is a reasonably valid and 

reliable tool for use with Kenyan children aged 18–36 months.

The CFA was a major component of our construct validity analysis. The CFA demonstrated 

that the culturally adapted Bayley-III performed reasonably well. Both the two- and three-

factor models fit the data well overall, and a minimal change in optimal factor structure was 

found between age groups. Change across age groups is not unexpected as their structure is 

unstable due to new differing exposures in their home experiences at different stages of their 

developmental trajectory (Martins, Alves, & Almeida, 2016). Similar findings were noted in 

a psychometric study of Bayley-III in Vietnam, although a single factor (general 

development) was specified for their model (Sun et al., 2019). Despite the CFA’s robust 

ability to aid in validity testing, few studies have used this analysis. One study examined 

factor structure and invariance the Bayley-III across seven international sites and while the 

tool was found to be valid at each site, challenges with invariances between international site 

suggest that mean comparisons between groups within a given location would be useful. 

(Pendergast et al., 2018). Another study used principal components analysis, instead of CFA, 

for a psychometric study of the Bayley-III in Persian children, which is more exploratory in 

nature than CFA (Soleimani et al., 2016). Conceptually, the three-factor model is most 

consistent overall, as both expressive and receptive communication loaded onto one factor, 

fine and gross motor loaded on another, and cognition loaded upon the third factor. These 

CFA results support the validity of the adapted Bayley-III.

Within this study, the convergent validity of the cognition subtest findings differed from the 

communication and motor subtests, and the cognition subtest was the only test that did not 

have significantly lower scores in children who were moderately or severely stunted, a 

known risk factor for poor development, or those whose caregivers believed they had a delay 
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(Walker et al., 2011). It is unclear why this discrepancy may have occurred. One possible 

hypothesis may be that the tasks within the cognition section more likely required the 

children to interact with items for which they had varying degrees of familiarity. Many 

households in sub-Saharan Africa have few stimulating items specifically for children. In 

Uganda, approximately 2% of households have a book for children and 50% of households 

have toys (UNICEF, 2016). While many other aspects of the cognitive domains performed 

well for the validity and reliability analysis, a small degree of caution might be considered 

when interpreting cognitive scores. The key component to our reliability analysis was 

evaluating internal consistency. Internal consistency is the degree of interrelations among 

items on a particular test, or subtest within our analysis (American Psychological 

Association, 2020). Our study demonstrated that the adapted version of the Bayley-III had 

strong internal consistency, with most of the subtests having excellent internal consistency. 

The combination of both a well-performing CFA model and strong internal consistency for 

each of the five subtest make a strong argument in support of the reliability and strong 

psychometric properties of this culturally adapted version of the Bayley -III for young 

Kenyan children.

The test-retest Pearson correlation within our results corresponded approximately with the 

ICC and are comparable with prior studies measuring reliability of the Bayley-III 

internationally (Hanlon et al., 2016; Yu et al., 2013). However, the ICC that we used may be 

theoretically preferred as its formula is based on absolute agreement, whereas the Pearson 

coefficient assesses relative consistency. The Pearson coefficient allows mean systematic 

shifts in scores over time to count toward reliability, which represents an inappropriate 

“inflation” of the reliability index if a researcher believes, as we do, that reliability should be 

conceptualized as agreement and not solely consistency in these domains. Because of the 

limited number of participants returning for retesting, the paired t-test p-value was not 

emphasized (it found no significant mean change), although an improvement of scores was 

descriptively noted between test administrations. These results are aligned with the 

reliability data from the Bayley -III within the normative population (Bayley, 2006). 

Interrater reliability was not performed as only one individual administered the Bayley-III. 

The individual self-reflected on test videos and submitted these at random for review by the 

clinical psychologist for quality control. Future studies using this tool within this population 

should focus on a more robust reliability analysis with a larger test-retest sample size.

While the focus of our manuscript was to evaluate various forms of validity for the subtests 

of the Bayley-III, the low mean scaled scores of our study population were also notable. 

Within our study, our scaled scores were much lower compared with the U.S. norms, with 

most of our sample’s mean scaled subtest scores falling over one SD below the normed 

scaled mean. The Bayley-III has shown that reliance on its U.S. population reference curves 

would misclassify children in other cultures (Cromwell et al., 2014). In a population of 

young Malawian children, raw scores of the Bayley-III normative data and the Malawian 

cohort tracked similarly until children reached between 9–12 months of age, after which the 

slope of the Malawian children’s raw scores increased at a slower pace compared to the 

normative data (Cromwell et al., 2014). Some may state that these results suggest that the 

environments in which these children are developing may not be optimally stimulating. 

While not atypical for the population, over a 35% of the children in our study had a mother 
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that had only completed up to a primary school education. Lower levels of maternal 

education are known to be a strong predictor of lower scores around two years of age 

(Lennon, Gardner, Karmel, & Flory, 2010).

Alternatively, it is also very likely that certain aspects of development are more adaptive and 

highly prioritized in settings like Kenya compared to the U.S, but are not measured with 

assessments like the Bayley-III. If measured, U.S. children may score sub-optimally, while 

Kenyan children may excel. As with all assessments, the child is only being evaluated on the 

constructs deemed important by the test developers. Similarly, some of the alterations we 

made to the test administration, such as eliminating the pronoun-specific items, negatively 

impacted scoring when compared to the standard administration. The score was then not an 

accurate reflection of the child’s ability or intellectual capacity, as it was being compared to 

a context within which pronoun-specific items existed. As such, alternations in the scale 

should not be interpreted to reflect any ethnic, cultural, or racial differences in a given 

population’s abilities overall.

Factors like these influence the scores of the adapted Bayley-III, limit its use as a diagnostic 

tool for developmental delay, and complicate the interpretation of the Bayley-III scores 

across cultures. The Bayley-III has had challenges with invariance across international sites 

(Pendergast et al., 2018), and this challenge is also likely to be faced when comparing the 

use of the Bayley-III between the U.S. and Kenya. More research is needed in this area. 

Nevertheless, we believe the tool is useful in most research settings. With the results of our 

psychometric analysis, we feel confident that the adapted Bayley-III validly and reliably 

evaluates constructs within cognitive, communication, and motor domains. Thus, the 

numeric scores of the adapted Bayley-III may be used for comparisons between groups 

within a research setting, but not for cross-comparison with studies in different cultures. 

Raw scores are often used for these comparisons; however, due to the narrow age windows 

required for interpreting raw scores, this may not always be a feasible option. A large 

validation study would be useful to compare normative data from a representative Kenyan 

cohort to the U.S. or develop a Kenyan-specific standardized norm. However, this would 

require significant resources and may not capture the developmental constructs that are most 

meaningful to the local Kenyan context. For those interested in comparing developmental 

data across cultures and settings, focusing efforts on the development of tools that can be 

used cross-culturally with minimal adaptation, such as the Malawi Developmental 

Assessment Tool, is an important future direction (Gladstone et al., 2010).

Some limitations exist in the interpretation of our results. Our study population 

overrepresented children who were HIV-exposed but uninfected due to the primary study. 

This may have impacted the number of children who were stunted and underweight, as HIV-

exposed children have higher rates of malnutrition (McHenry et al., 2019), which is known 

to be associated with worse developmental scores in general, as well as within this 

population (McDonald et al., 2013). Similarly, our population was recruited from an 

academic center at a public referral hospital, illustrating another way in which the patient 

population might not be representative of other populations in Kenya. Another limitation is 

our small sample size, further limited by the age range that was included. Additionally, 12 

children enrolled in the study were unable to complete the Bayley-3 assessment. We believe 
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this was due to the prolonged time spent at the clinic prior to recruitment. While families 

were offered the opportunity to return for study activities on a different day, many preferred 

to engage in activities on the day of recruitment to avoid transportation issues. This likely 

led to more children failing the Bayley-III than would have otherwise. We had initially 

hoped to perform test-retest with 10% of our study population, but only 5% returned for 

testing. Failure to return may have been due to additional travel required for the follow-up 

visit, as their initial visit often coincided with a previously scheduled appointment. This 

limited our ability to perform a robust test-retest analysis. Finally, while we used paternal 

concern for delay as a measure of convergent validity, we acknowledge that it is not a solid 

measure for validation. In Kenya, no formal counseling occurs with families on expected 

developmental milestones; thus, each parent may have a different individual threshold for 

what constitutes as a development delay.

Within this study, we conducted factor analytic model fit directly for a-priori selected 

subgroups, as well the overall sample, due to the hypothesized importance of these 

subgroups in assessments like the Bayley-III. Our goal was to assess whether the fit of the 

overall model was reasonably adequate for subgroups, not just for the overall sample, when 

comparing models with a different number of factors. However, we thank a reviewer for 

pointing out that other standard procedures for testing measurement invariance (van de 

Schoot, Lugtig, & Hox, 2012) could also be applied for statistically testing whether 

subgroups statistically differ on factor measurement features such as loadings, intercepts, 

and residuals.

5 Conclusions

This psychometric analysis found that the culturally adapted Bayley-III performed 

reasonably well and can be used in Kenya. When scores are scaled, children within this 

study performed worse than the normative population. The reasons for this finding are multi-

factorial, but likely primarily due to cultural differences in testing items and scoring and 

possibly due to lower levels of maternal education. While minimal caution may be 

considered when interpreting results for cognition testing, overall, the culturally adapted 

Bayley-III is a valid and psychometrically acceptable test for use in young Kenyan children.
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Highlights:

• This study described the development of the Kenyan adapted Bayley Scales 

(BSID-III)

• Scale found to be psychometrically acceptable tool to measure child 

development

• The scaled/composite scores should not be used to define Kenyan 

developmental norms

• Adapted BSID-III can be a useful tool to compare groups within research 

settings
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What this paper adds?

This study describes the process of culturally adapting the Bayley-III for use in young 

Kenyan children and an evaluation of the validity and reliability of this test. To our 

knowledge, this is the first study to explore the validity and reliability of the Bayley-III 

within this population, and, thus, sheds light on the suitability of the Bayley-III for use 

with young Kenyan children. Content validity and semantic equivalence was evaluated 

through forward-and-backward translations, cognitive interviews, and a small pilot 

administration to ensure that testing items would be interpreted as intended. For construct 

validity, both the two- and three-factor models were acceptable within the confirmatory 

factor analysis. For convergent validity, children had lower Bayley-III for language and 

motor composite scores when factors known to be associated with delays were present, 

e.g., they were stunted, or parental concern for developmental delay was indicated. 

Furthermore, raw scores increased as expected as children aged. These validity results, in 

addition to the limited, yet encouraging, reliability results, suggest that the culturally 

adapted Bayley-III is a valid and reliable research tool for use in Kenyan children aged 

18–36 months when comparing two or more groups within a population.
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Figure 1: 
Confirmatory Factor Analysis- loading standards. The top row of each path shows the 

estimated unstandardized coefficient (standard error). The bottom row shows the 

standardized coefficient. And all p values are less than 0.001 for all paths in all two- and 

three-factors models.
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Figure 2. 
Relationships between subtests and age, fit with linear regression models
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Table 1.

Characteristics of Study Sample

Characteristics Overall (n= 72) N (%) Males (n=89) n (%) Females (n=83) n (%) χ2or t P value

Preterm (<37 weeks)

 Yes 13 (7.7) 9 (10.3) 4 (4.9)

 No 154 (91.1) 77 (88.5) 77 (93.9)

 Not sure 2 (1.2) 1 (1.2) 1 (1.2) 1.8 0.456

Maternal education

 No school or partial primary school 27 (15.7) 16 (18.0) 11 (13.3)

 Complete primary school 34 (19.8) 17 (19.1) 17 (20.5)

 Some or complete secondary school 57 (33.1) 34 (38.2) 23 (27.7)

 Post-secondary school 54 (31.4) 22 (24.7) 32 (38.6) 4.7 0.195

Developmental Delay

 Maternal concern for developmental delay 31 (18.0) 17 (19.1) 14 (16.9) 0.1 0.703

 Family history of developmental delay 23 (13.5) 10 (11.4) 13 (15.9) 0.7 0.392

Scores, Mean (SD)

 Score on PHQ-9 3.5 (4.0) 3.4 (3.9) 3.5 (4.0) 0.2 0.880

 Score on WAMI 0.6 (0.2) 0.7 (0.2) 0.6 (0.2) 0.3 0.804

 Child height-for-age Z score −1.2 (1.5) −1.3 (1.6) −1.1 (1.3) 1.0 0.299

 Child weight-for-age Z score −0.2 (1.1) −0.3 (1.1) −0.1 (1.1) 1.2 0.224

 Child weight-for-height Z score 0.5 (1.0) 0.5 (1.1) 0.5 (0.9) 0.2 0.832

Notes: PHQ-9- Patient Health Questionnaire; WAMI- Water, Assets, Maternal education, Income; SD- Standard Deviation
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Table 2.

Scaled scores on sub-tests of the Bayley Scales of Infant and Toddler Development, 3rd edition, by gender

Overall (n= 72) N (%) Males (n=89) N (%) Females (n=83) N (%) t P value

Cognitive, Mean (SD) 4.9 (2.3) 4.8 (2.1) 5.0 (2.4) 0.4 0.657

Receptive communication, Mean (SD) 5.2 (2.1) 5.0 (2.0) 5.4 (2.1) 1.4 0.158

Expressive communication, Mean (SD) 6.4 (3.2) 6.4 (3.2) 6.5 (3.2) 0.2 0.821

Fine motor, Mean (SD) 8.4 (2.5) 8.0 (2.3) 8.9 (2.7) 2.3 0.022*

Gross motor, Mean (SD) 5.5 (1.9) 5.4 (1.7) 5.6 (2.2) 0.8 0.413

Notes. SD = standard deviation; t = t value

*
- denotes significance
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Table 3.

Goodness-of-Fit Indices from Confirmatory Factor Analysis Models Based on Raw Subtest Scores by Age 

Groups

Chi-square test

Model χ2 df χ2/df P value AGFI RMSEA SBC CFI SRMR

All Ages (n=172)

 One factor 180.58 6 30.10 <0.001 0.19 0.41 226.91 0.65 0.17

 Two factors 14.27 5 2.85 0.014 0.90 0.10 65.75 0.98 0.03

 Three factors 7.13 3 2.38 0.068 0.92 0.09 68.90 0.99 0.02

Ages: 18–22 months (n=95)

 One factor 78.97 6 13.16 <0.001 0.31 0.36 119.95 0.53 0.20

 Two factors 9.86 5 1.97 0.079 0.88 0.10 55.40 0.97 0.04

 Three factors 1.90 3 0.63 0.594 0.96 <0.001 56.55 1.00 0.02

Ages: 23–35 months (n=77)

 One factor 57.31 6 9.55 <0.001 0.37 0.34 96.41 0.72 0.15

 Two factors 6.02 5 1.20 0.304 0.91 0.05 49.46 0.99 0.03

 Three factors 4.34 3 1.45 0.227 0.89 0.08 56.46 0.99 0.03

Females (n=83)

 One factor 90.53 6 15.09 <0.001 0.14 0.41 130.30 0.68 0.17

 Two factors 5.54 5 1.11 0.353 0.93 0.04 49.73 1.00 0.02

 Three factors 4.73 3 1.58 0.193 0.89 0.08 57.76 0.99 0.02

Males (n=89)

 One factor 94.84 6 15.81 <0.001 0.22 0.41 135.24 0.61 0.18

 Two factors 13.23 5 2.65 0.021 0.82 0.14 58.11 0.96 0.04

 Three factors 4.07 3 1.36 0.254 0.91 0.06 57.93 1.00 0.03

HIV-exposed uninfected (n=74)

 One factor 99.62 6 16.60 <0.001 0.14 0.46 138.35 0.57 0.20

 Two factors 36.60 5 7.32 <0.001 0.48 0.29 79.64 0.86 0.08

 Three factors 14.20 3 4.73 0.003 0.63 0.23 65.85 0.95 0.05

HIV-unexposed (n=74)

 One factor 90.50 6 15.08 <0.001 0.08 0.44 129.24 0.59 0.20

 Two factors 3.65 5 0.73 0.602 0.94 <0.01 46.69 1.00 0.02

 Three factors 3.31 3 1.10 0.346 0.91 0.04 54.96 1.00 0.02

Notes. AGFI = adjusted goodness of fit index; RMSEA = root mean square error of approximation; SBC = Schwarz’s Bayesian criterion; CFI = 
comparative fit index; SRMR = standardized root mean square residual
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Table 4.

Pearson Correlation Matrix for Five Raw-Score Subtests

Cognitive Receptive Comm. Expressive Comm. Fine Motor Gross Motor

All Age Groups (n=172)

  Cognitive 1.00 0.66 0.59 0.65 0.55

  Receptive communication 1.00 0.67 0.78 0.64

  Expressive communication 1.00 0.56 0.49

  Fine motor 1.00 0.69

  Gross motor 1.00

Ages: 18–22 months (n=95)

  Cognitive 1.00 0.51 0.47 0.47 0.32

  Receptive communication 1.00 0.62 0.62 0.41

  Expressive communication 1.00 0.45 0.34

  Fine motor 1.00 0.54

  Gross motor 1.00

Ages: 23–35 months (n=77)

  Cognitive 1.00 0.63 0.57 0.64 0.53

  Receptive communication 1.00 0.61 0.73 0.58

  Expressive communication 1.00 0.49 0.43

  Fine motor 1.00 0.61

  Gross motor 1.00

Females (n=83)

  Cognitive 1.00 0.69 0.66 0.68 0.54

  Receptive communication 1.00 0.72 0.79 0.68

  Expressive communication 1.00 0.63 0.58

  Fine motor 1.00 0.67

  Gross motor 1.00

Males (n=89)

  Cognitive 1.00 0.62 0.52 0.61 0.55

  Receptive communication 1.00 0.62 0.75 0.60

  Expressive communication 1.00 0.49 0.40

  Fine motor 1.00 0.72

  Gross motor 1.00

HIV-exposed uninfected (n=74)

  Cognitive 1.00 0.65 0.66 0.48 0.57

  Receptive communication 1.00 0.68 0.70 0.65

  Expressive communication 1.00 0.44 0.47

  Fine motor 1.00 0.79

  Gross motor 1.00
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Cognitive Receptive Comm. Expressive Comm. Fine Motor Gross Motor

HIV-unexposed (n=74)

  Cognitive 1.00 0.63 0.52 0.69 0.46

  Receptive communication 1.00 0.62 0.80 0.67

  Expressive communication 1.00 0.63 0.45

  Fine motor 1.00 0.64

  Gross motor 1.00

Notes. Orange depicts highly correlated values; Green depicts moderately correlated values
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Table 5.

Known-Groups/Convergent Validity: Comparisons on Indicators of Potential Development Impairment

Bayley-III Composite Scores

Mean (SD) Mean (SD) t P value

HFA z-score ≤−2 (n=44) HFA z-score >−2 (n=120)

Cognitive 72.50 (11.39) 74.71 (11.36) 1.1 0.272

Communication 70.84 (12.46) 77.19 (14.03) 2.6 0.009*

Motor 78.25 (10.98) 82.78 (11.43) 2.3 0.024*

Parental concern = Yes (n=31) Parental concern = No (n=141)

Cognitive 72.58 (10.64) 74.75 (11.47) 1.0 0.335

Communication 67.84 (10.34) 77.20 (13.98) 3.5 0.001*

Motor 76.68 (12.24) 82.77 (11.01) 2.7 0.007*

Notes. Bayley-III = Bayley Scales of Infant and Toddler Development, 3rd edition; HFA = height-for-age; SD= standard deviation

*
-denotes significance
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Table 6.

Test-Retest Reliability for Raw-Score Subtests

Raw score First test (N=8) Second test (N=8) Difference (Second-First) ICC Pearson correlation

Mean SD Mean SD Mean SD

 Cognitive 50.63 14.17 55.75 15.12 5.13 14.65 0.84 0.84

 Receptive communication 20.00 8.94 23.75 8.91 3.75 8.93 0.75 0.75

 Expressive communication 20.38 11.45 24.88 7.92 4.50 9.84 0.81 0.87

 Fine motor 37.63 10.31 40.13 8.69 2.50 9.53 0.92 0.94

 Gross motor 48.75 10.74 51.50 8.42 2.75 9.65 0.92 0.95

Notes: ICC= intraclass correlation; SD = standard deviation
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