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CULTURAL BIAS IN INTELLIGENCE ASSESSMENT

Abstract

Objective: Previous research has shown that cognitive tests can lead to misclassification
when applying non-representative norms to measure cognitive performance.The objective of
this study was to investigate whether this misclassification also occurs with anon-verbal so-
called“culture-free” intelligence test administered to different age groups. Method: The
intelligence of a sample of healthy Moroccan children (N = 147) ages 7, 9, and 11 was
assessed using the Coloured Raven’s Progressive Matrices (CPM). Raw scores were used
to study age differences, as well asmisclassificationswhenapplying the normsof three
countries culturallydifferent from Morocco (United Kingdom, Spain, and Oman). Results:
Intelligence performance was within the normal range when non-representative norms were
applied to the Moroccan raw scores. Misclassifications accounted fora large percentage of
the participants that supposedly displayed intelligence deficits, especially when applying the
Britishnorms. Up to 15.68% of the healthychildrenfell within the “intellectually impaired”
range, and up to 62.5% fell “below average”, with these percentages especially higher at
older ages.Conclusions: Our findings confirm that “culture-free” tests should be adapted to
each culture and applied together with their culture’s specific norms to prevent

misclassification and allow for a better, unbiased neuropsychological assessment.

Keywords: Cultural Test Bias; Cultural Factors; Culture Fair Intelligence Test; Cross

Cultural Differences; Raven Coloured Progressive Matrices
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Cultural Bias in Intelligence Assessment Using a Culture-Free Test in Moroccan

Children

Despite the wide availability of data from different countries, cultures, and contexts,
the influence of culture factors on cognitive abilities and intelligence performance,is still
unclear (Gerogas, 2003).This is especially apparent during child development stages
(Fasfous et al., 2013). According to Greenfield (1997), psychological tests are based upon
the values and behavioral expectations of western societies in which they were developed,
thus do not easily cross cultures. To highlight this point and prevent misinterpretation of test
scores, Fujii (2017) recommended that performances on neuropsychological tests by diverse

examinees should be referenced with “on western tests”.

Sternberg (2004) argues that intelligent behavior is a culturally defined construct that
is directly tied to addressing challenges in one’s environment. This contention is supported
by studies with Kenyans (Sternberg et al., 2001) and Alaskan Natives (Grigorenko et al.,
2004) demonstrating that measures evaluating cultural specific characteristics of intelligence
were a better indicator of everyday functioning than western based cognitive tests.Moreover,

performances on these tests were unrelated (Sternberg, 1990, 2007).

Numerous factors have been found to impact performance on western cognitive and
intelligence tests which can account for cross cultural differences including socioeconomic
status (SES) (von Stumm & Plomin, 2015; Shuttleworth-Edwards et al., 2014), and
educational factors such as academic achievement (Deary et al., 2007; Strenze, 2007),
parental education level and family social climate (Georgas, 2003), quality of education
(Rindermann, 2008), and literacy (Ardila et al., 2010). The ubiquitous impact of such factors
in addition to other social technological factors on test performances over time has been
documented across the globe and referred to as the Flynn Effect (Flynn, 2012; Raven,
2000). Additionally, test results can be influenced by other subtle cultural factors, such as
attitudes toward time (Agranovich et al., 2011), familiarity with previous psychological tests
(Puente & Perez-Garcia, 2000), or urban/rural environments (Melikyan et al., 2020).
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To reduce the impact of these cultural variables on intelligence assessment, “culture
free” tests such as the Cattell Culture Fair Intelligence Test (Cattell, 1973), BETA-IIl (Kellogg
& Morton, 1999), and Raven’s Progressive Matrices (Raven, 1998) were developed (Cattell,
1940; Cattell et al.,, 1941). These tests were deemed “culture free” primarily due to the
minimization of language requirements. However, studies with samples from different non-
English speaking countries have consistently reported poorer performances when using U.S.
norms (Fasfous et al., 2013;Daugherty et al., 2017), suggesting that these nonverbal tests
are influenced by cultural variables (Ardila, 2005; Rosselli & Ardila, 2003). Similar weaker
performances have been found in different non-English speaking cultures whenapplying the
normative standards of memory and executive function tasks in African Americans (Norman

et al,, 2011).

Raven’s Coloured Progressive Matrices (CPM) is one of the most widely used
“culture-free” cognitive ability tests for children between the ages of 5 and 11 (Raven et al.,
1998). Although the first normative data was collected in 1942, currently the most widely
used norms come from a follow-up study conducted on 598 children from Dumfries, UK
(1982). CPM has been used internationally, with norms from Spain (Raven et al., 2011),
Australia (Cotton et al., 2005), South Africa (Linstrom et al., 2008), Brazil (Bandeira et al.,
2004), and countries in the Arab world such as Oman (Kazem et al., 2009), United Arab
Emirates (Khaleefa & Lynn, 2008), Libya (Lynn et al., 2008), Sudan (Bakhiet et al., 2017),

and Egypt (Ziada et al., 2017)

Many studies, especially those conducted in the Arab world, still use the UK norms to
interpret CPM to generate IQ scores (e.g. Bakhiet & Lynn, 2015; Bakhiet et al., 2017;
Khaleefa & Lynn, 2008), often referred to as the “Greenwich IQ” (Bakhiet et al., 2018).
However, this practice may be problematic due to the questionable appropriateness of using
norms from another country to interpret test scores even for “culturally fair” tests (Daugherty
et al., 2017; Norman et al., 2011). Additionally, some researchers have emphasized that one

set of norms may not be applicable to the total population of a country especially for
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multicultural countries. Instead, there should be multiple normative options (Oliveri & von
Davier, 2016; Solano-Flores & Li, 2013). The clinical implications relating to the misuse of
and the unavailability of representative norms are extremely important, especially during a
period of growth in migration and globalization in which we have reached the highest number

of migrants in history (International Organization for Migration, 2018).

This study aims to examine the potential misclassification of intelligence in
preadolescent Moroccan children when using non-representative norms to interpret the
purportedly “culture free” CPM. Norms from UK, Spain, and Oman were selected due to
contrasting cultural differences with Morocco. The first two countries belong to Western
societies that differ substantially from Morocco in language, SES (World Bank, 2020), and
quality of education (OECD, 2019; Walsh et al., 2010). Additionally, norms from these
countries were selected for their clinical utility. CPM norms from the UK are the original and
most widely used in previous research, whereas Spanish norms allow for practical
application due to the large Moroccan immigrant population in this neighboring country
(Migration Policy Institute, 2017). Oman is another Arab country sharing religion, language,
values, and focus of education (El-Kogali& Krafft, 2019) with Morocco, although the
economy is stronger. The inclusion of this Middle Eastern country provides a contrast with

countries that are culturally similar (Buré-Reyes et al., 2013).

We hypothesize: 1) raw scores from the Moroccan children will differ from the
normative data of the other three countries, and 2) 1Q scores based on non-representative
norms will result in an over-classification of Moroccan children in lower ranges versus the

normal curve.

Method

Participants

One hundred forty-seven school children ages 7 (n = 51; 25 boys and 26 girls), 9 (n = 48; 23

boys and 25 girls), and 11 (n = 48; 22 boys and 26 girls) from two middle class schools in
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Chefchaouen were included in this study. This northern city is representative of the culture
and socio-economic conditions in Morocco which is based in tourism and trade (Fasfous et
al., 2015). Children in each age group were similar in sociodemographics such as academic
achievement, parental education, and parental employment status (Table 1). There was no
evidence of cognitive, psychological, or physical impairment in the participants which is
further supported by typical placement of Moroccan children with developmental problems in
adapted schools. Demographic information was procured in interviews with parents and

teachers.

A power analysis for a one-way analysis of variance was conducted using the
following parameters: number of groups k = 3, Cohen's f = .4, significance level at .01, and a
minimal power of 80%. The effect size corresponds to a large effect, according to Cohen
(1988). An estimated sample size of at least n = 30 for each group was obtained. Thus, our

sample provided adequate power for analysis.
Instrument

The Raven’s Coloured Progressive Matrices (CPM) (Raven et al., 1998) is a
nonverbal test of intelligence commonly used for the assessment of 5- to 11-year-old
children, as well as elderly people. This task consists of 36 items of increasing difficulty,
which include an incomplete pattern with six options below it, of which only one is correct.
The total score is recorded and classified into ranges based upon percentiles: range | =
intellectually superior (above the 95th percentile); range |l = above average (between the
75th and 95th percentile); range lll = on average (between the 25th and 75th percentile);
range IV = below average (between the 5th and 25th percentile); range V = intellectually
impaired (under the 5th percentile). Alternatively, IQ scores can be calculated from
normative data. For this study, the norms from the UK (Raven et al., 1998), Spain (Raven et
al., 2011) and Oman (Kazem et al., 2009) were used. While the reliability data for the British
sample was unavailable, the CPM has shown adequate psychometric properties in Spanish
children with a high Kuder—Richardson reliability index (K-21) equal to .92, a split-half
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reliability of .87, and a test-retest reliability of .71 (Goémez Fernandez, 1982). For the Oman
study, a Cronbach's alpha of .88, a split-half reliability of .78, and a test-retest reliability of
.56 were reported (Kazem et al., 2009). By contrast, Cronbach’s alphas of 0.88, 0.90, and
0.89 for the 7-, 9-, and 11-year-olds have been specifically presented. Considering these
and other reliability analyses conducted on the CPM in other countries, an average of

around 0.80 has been estimated (Cotton et al., 2005).
Procedure

The Delegation of Education of Chefchaouen selected two middle-class schools
based on demographic and SES data. From each of the schools, two classes from grades 2
(7-years-old), 4 (9-years-old), and 6 (11-years-old) were selected. Applying stratified
sampling method to class rosters, the sample was subdivided considering gender and
academic achievement at three levels (low, medium, and high), and then the children were
randomly drawn from each stratum. Testing was conducted by an Arabic-speaking
neuropsychologist in a classroom at each of the schools during academic hours. All
participants were assessed with the paper-pencil CPM that followed the instructions for the
individual administration of this test (Raven et al., 1998). The total number of correct items
was recorded. The Research Ethics Committee at the University of XXXX approved this
study. Formal permission to conduct the study in the two schools was obtained from the
Delegation of Education of the city and the schools' directors. The participation of the

selected students was voluntary, and informed consent was obtained from parents.
Statistical Analysis

To compare CPM group differences for Moroccan children, chi squares were
conducted to compare demographic data, and a one-way ANOVA was conducted with post
hoc comparisons with a Bonferroni correction adjusted to a = .017. Multiple one sample t-
tests were performed to compare scores for Moroccan children with the other groups using

their norms. As the means and standard deviations of the three age groups were not
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available from the UK norms, the following formula proposed by Luo et al. (2018) was used
to estimate the means by each age group’s percentiles: M = [0.7+(0.39/n)] x [(q1 + Q3)/2] +
[0.3 — (0.39/n)]m, where q; is the first quartile (25th percentile), gs is the third quartile (75th
percentile), and m is the median (50th percentile). For the SD estimations, the equation
proposed by Wan et al. (2014) was applied: SD = (g3 - g4)/n(n), where n(n) is a varying value
given in Wan et al. (2014). These equations have been proven to be the most accurate
method of estimation for sample distributions close to normality (McGrath et al., 2020). To
control for potential inaccuracies due to the need to use calculations compare the UK data,
confidence intervals for the Moroccan scores were adjusted to 99%. Additionally, effect sizes

were also reported using the Cohen's d (Cohen, 1988).

Finally, to determine misclassification, the norms from these three foreign countries
were used to transform the Moroccan total CPM scores into ranges and 1Q, especially
focusing on the appearance of intelligence deficiencies.All statistical analyses were
performed using the R statistical software (R Core Team, 2020), with the addition of the
Basic Statistics and Data Analysis (BSDA) package (Arnholt & Evans, 2017) for the cross-

cultural comparisons.

Results

Moroccan Data

No significant differences were found for parent’s education and occupation status for
the three age levels (see Table 1). The means and standard deviations of scores for the
three age groups in Morocco are presented in Table 2. A one-way ANOVA reported
significant differences between the three groups (F = 21.15, p < .001). Bonferroni post-hoc
comparisons indicated significant differences between the 7- and 9-year-olds (p < .001) and
the 7- and 11-year-olds (p < .001), in favor of the older groups (Table 2). However, no

significant differences were found between children ages 9 and 11 (p = .417).
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Table 1

Sociodemographic Variables of the Moroccan Sample

Total 7-year-olds 9-year-olds 11-year-olds .
(N=147) (n=51) (n=48) (n=51) Age differences
Gender (n)

Boys 70 25 23 22 ¥’ =.103
Girls 77 26 25 26 p=.95
Children’s academic achievement*(M, SD) 6.93 (1.32) 6.84 (1.16) 7.07 (1.42) 6.88 (1.4) g: '367

Father’s years of formal education(%)
Less than 6 years 57.8% 58.8% 58.3% 56.2%
Between 6-12 years 25.9% 25.5% 22.9% 29.2% );2 o
More than 12 years 16.3% 15.7% 18.8% 14.6%
Mother’s years of formal education (%)
Less than 6 years 70.8% 68.6% 75% 68.7%
Between 6-12 years 22.4% 23.5% 14.6% 29.8% );2 =
More than 12 years 6.8% 7.8% 10.4% 21%
Father's employment status (%)
Self-employment 29.3% 31.4% 25% 31.3%
Family Business 2.7% 3.9% 0% 4.2%
Unskilled Manual Labor 14.3% 15.7% 8.3% 18.8%
0, o, 0, ) X2 =13.67
Manual Labor 2.7% 3.9% 0% 4.2% D= 322
Domestic Labor 0.7% 0% 2.1% 0%
Employee 35.4% 33.3% 39.6% 33.3%
Unemployed/Housewife 15% 11.8% 25% 8.3%
Mother’s employment status (%)
Self-employment 3.4% 2% 2.1% 6.3%
Family Business 1.4% 0% 21% 21%
Unskilled Manual Labor 1.4% 0% 2.1% 2.1%
Manual Labor 0.7% 2.7% 0% 0% );2 e
Domestic Labor 6.1% 5.9% 4.2% 8.3%
Employee 6.8% 3.9% 12.5% 4.2%
Unemployed/Housewife 80.3% 86.3% 77.1% 77.1%

& Grade point average (maximum of 10) during the academic year
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Table 2

Raw Means, Standard Deviations, and a One-Way ANOVA between Age Groups in the

Moroccan Sample

CPM Total Score ANOVA

Age n M SD 95% ClI Fratio p Partial n2 Posthoc
(years)
7 51 20.92 6.48 [19.1, 22.74]

7<9*
9 48  26.04 5.35 [24.49, 27.6] 21.15 < .001 .227

7<11*
11 48  27.69 5.35 [26.5, 28.87]

Note. CPM = Raven's Coloured Progressive Matrices; Cl = confidence interval; ANOVA =

analysis of variance.

*p < .001

Cross-Cultural Differences

Multiple one sample t-tests were conducted to compare the Moroccan data with
normative data from the UK, Spain, and Oman (see Table 3). When comparing Moroccan
and the UK children, significant differences were only found in the 11-year-old group with UK
children demonstrating higher scores (t = -6.118, p <.001, d = 1.197). Significant differences
were also found between Morocco and Spain, with higher scores for Spanish children in both
7-year-old (t = -2.965, p =003, d = .421) and 9-year-old groups (t = -2.785, p = .005, d =
.417). No comparisons were made with the 11-year-old group, as there is no published data
for this age group in Spain. Finally, when comparing the two Arab countries, differences
were only found in the 9-year-old group with the Moroccan children scoring higher than the

Omani group (t = 2.595, p = .01, d = .455).
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Table 3

Cross-Cultural Comparisons between Morocco and UK, Spain, and Oman

Morocco  UK? Spain® Oman® Morocco vs. UK Morocco vs. Spain  Morocco vs. Oman
Age (years) M(SD) M(SD) M(SD) M(SD) t¢ d t d t d
7 (23;?; (22 57) (22'5?3% (23'52(?) 849 164 2.965% 421 682 118
9 (25?3?; (257 fg) (25?5392) (263525) -1.363 298 2.785% 417 2505 455
11° (2‘{'(%9) ?32'05) - fgﬁ% -6.118"*  1.197 - - 1.34 243

Note. UK = United Kingdom; d = Cohen'’s d effect size.
@Sample size for UK: n(7) = 55; n(9) = 37; n(11) = 55.

® Sample size for Spain: n(7) = 1373; n(9) = 1490.

¢ Sample size for Oman: n(7) = 137; n(9) = 154; n(11) = 177.
9No data published for the 11-year-olds in Spain.

*p < .05; **p < .01; ***p < .001.

Misclassifications

Norms from the UK, Spain, and Oman were used to transform the total CPM score of
each subject into ranges through the procedure presented in manual (Raven, Raven, &
Court, 1998). Frequencies were computed to pay explicit attention to the percentage of
subjects falling into the ranges IV (“below average”, under the 25th percentile) and V
(“intellectual impaired”, under the 5th percentile) (Figure 1). IQ was also calculated using the

norms of the three foreign countries for each age group (Figure 2).
Applying the Norms of UK

When the original norms from the UK were applied to the 7-year-old children, 23.53%
were classified as “below average” (range V), and 15.69% of them were classified as

“intellectually impaired” (range V). In the 9-year-old group, 29.17% fell “below average”
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(range 1V), and 6.25% presented as “intellectually impaired” (range V). Finally, 62.5% of the
11-year-olds were classified as “below average” (range IV) and 10.4% as ‘“intellectually
impaired” (range V). Using the same UK norms, the IQ mean for the 7-year-old group was

103, 96 for the 9-year-old group, and 79 for the 11-year-olds.

Applying the Norms of Spain

When the norms from Spain were applied to the Moroccan 7-year-old group, 25.49%
of the children fell “below average” (range 1V) and 15.68% were classified as “intellectually
impaired” (range V). For the 9-year-old group, 22.92% were classified as “below average”
(range IV) and 12.5% were “intellectually impaired” (range V).When calculating 1Qs, both 7-

and 9-year-old Moroccan children earned an |IQ score of 94.

Applying the Norms of Oman

Classification using Omani norms resulted in 13.73% of the 7-year-old sample falling
in the “below average” (range |IV) and 7.84% in the “intellectually impaired” (range V). The
lowest classification for the 9-year-olds was “below average” (range 1V) with 6.25% of
children falling in this range. No 11-year-old Moroccan child scored lower than “average”
(range V). Intelligence scores were 102, 106, and 103 points for the 7-, 9- and 11-year-old

Moroccan samples, respectively.
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Figure 1

Misclassifications when Transforming the Moroccan Raw Scores into Ranges Applying the

Norms from UK, Spain, and Oman
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Note. No data published for the 11-year-olds in Spain. UK = United Kingdom.

Discussion

Both of our hypotheses concerning potential biases in the “cultural fair’ CPM when
using non-representative norms were supported. The raw scores of Moroccan children were
significantly lower than children from the UK (11-year-olds) and Spain (7- and 9-year-olds).
This pattern of findings is consistent with performances on other international tests such as
the Programme for International Student Assessment (PISA; OECD, 2019), and the
Progress in International Reading Literacy Study (PIRLS; Martin et al., 2017), where

Moroccan children perform lower than those from the UK and Spain.

Two related cultural factors that could be impacting CPM scores are economics and
quality of education (Manly et al., 2002). According to the World Bank (2020), the UK and
Spain are high-income countries, whereas Morocco’s economy falls within the low to middle
category. A country’s economy has been correlated with IQ scores on western tests
(Meisenberg,2012). Economics can significantly impact quality of education, as countries
with the strongest economies tend to have the best educational infrastructure such as highly
rated schools, educational expenditures per student, and broadband use, thus would likely
provide the best learning opportunities (McPhillips, 2017; OECD, 2016; World Bank, 2020).
In addition, educational curriculum could be another contributing factor as pedagogies in
Morocco are generally focused on rote-learning (El-Kogali& Krafft, 2019; Wagner, 1993),
while other Western countries, such as the UK or Spain, place more emphasis on active

play-based and exploratory learning (Walsh et al., 2010).

An interesting finding when using UK norms, is the lack of significant differences in
raw scores for the 7- and 9-year-old cohorts, but significantly lower scores for the 11-year-
olds. A possible explanation for this differential pattern is the long-term impact of educational

quality on cognitive development. Studies have indicated that years of education are a
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significant contributor to intelligence development (Cahan & Cohen, 1989; Ritchie & Tucker-
Drob, 2018) and quality of education can have long-term impact on cognition (Manly et al.,
2002). Thus, it would be plausible that longer periods of exposure to stronger education
would result in better scores on intellectual testing over time, as seen in our UK and
Moroccan data. The stagnation of Moroccan scores between 9- and 11-year-olds would be
supportive of this interpretation. More research isneeded to examine the long-term effects of

educational quality.

In contrast to UK and Spanish children, Moroccan children significantly outperformed
the Omani 9-year-old group. This result is counterintuitive, given the cultural similarities and
Oman’s stronger economy andeducational ranking (World Bank, 2020; United Nations
Development Programme, 2020). However,studies have demonstrated that cognitive
differences exist between countries that are culturally similar, for example in language,
religion, and educational style (El-Kogali& Krafft, 2019; Porcaro, 2011). Our findings would
indicate that there are unknown cultural factors aside from educational and economic factors
accounting for performances on western tests. One key may be geographic proximity, as
geographicdistance between countries has been found to be highly correlated with 1Q

(Gelade, 2008).

Our second hypothesis, 1Q scores based on non-representative norms will result in
an over-classification of Moroccan children in lower ranges versus the normal curve, was
partially supported. We found a large percentage of children falling “below average” (range
V) and classified as “intellectually impaired” (range V) when using the norms from both the
UK and Spain. These findings have important implications for the assessment of both
Moroccans living in their country and abroad. This test, together with the already limited
neuropsychological tools that have been properly adapted and validated in Morocco
(Fasfous et al., 2017), can potentially lead to errors of measurement and test interpretation
when using non-representative norms. Additionally, considering the proximity of Morocco to

Spain and the large number of migrants reaching 707,000 by 2017 (Migration Policy
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Institute, 2017), there is also a high probability for misclassification of Moroccan children

emigrating to Spain who are assessed for clinical or educational reasons.

Clinicians should also be cautious when using the original normative CPM data (UK)
to calculate the 1Q of the Moroccan children. While the Moroccan children obtained higher
raw scores at older ages, the opposite effect was shown when these scores were
transformed into a Greenwich 1Q with mean |Qs decreasing from “below average” at age 7 to
“intellectually impaired” at age 11 (almost 2 SDs under the mean). Given similar findings,
Bakhiet et al. (2018) concluded that IQ decreases with age in the Arab world. Our findings
would suggest that this conclusion was erroneous based upon use of non-representative
norms for data interpretation and support Greenfield’'s (1997) determination that

psychological tests may not cross cultures.

Notwithstanding, this study has some limitations. First, is the small sample size and
limited number of age groups, particularly for the Spanish group. A broader age range with
larger samples would be important to ensure confidence in our pattern of findings. Second,
our cross-sectional design did not control for possible cohort effects which could account for
our findings. Third, weaknesses in the test-retest reliability of the Omani norms would limit
the validity of our findings. Finally, the demographic data for the study groups were
insufficient, which would limit our understanding of group equivalency and group

characteristics on test performance.

To increase the accuracy of intellectual assessment when assessing children from
different cultures, future studies should develop tests for specific cultures that follow the
International Test Commission guidelines for adapting tests (International Test Commission,
2017) and gather norms for sub-cultures or minority groups within the same population
(Oliveri & von Davier, 2016). In addition, examining the impact of contextual factors, for
example, SES, educational differences, religion, values, behaviors, or economics, on
performance on western intelligence tests can both help to elucidate influences on
intellectual development and interventions to improve cognition.
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