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Abstract: 

           Spearman’s hypothesis simply states that differences between groups on an IQ test are a 

function of the general intelligence (g). At the item level this would mean the magnitude of the 

differences between groups are smaller on low-g-loading items and larger on items with a high g 

loading. An empirical test by Díaz, Sellami, Infanzón, Lanzón, & Lynn (2012) comparing Spanish 

and Moroccans taking the Raven’s Progressive Matrices showed no support for Spearman’s 

hypothesis, whereas other empirical studies showed modest to strong support. In the present study 

we tested whether another sample from the Arab world would replicate the outcomes of Díaz et al. of 

no support for Spearman’s hypothesis by computing a correlation between g loadings and group 

differences on items of an IQ tests and checking whether it showed a negative correlation. Children 

from Yemen (total N = 1916) were compared with a group of Russian children (N = 426) and a group 

of Kazakh children (N = 656) on the Standard Progressive Matrices Plus yielding outcomes of 

Spearman’s hypothesis of, respectively, r = .86 (p < .0005), and r = .76 (p < .0005). The Nharmonic-

weighted average correlation of .80 has a credibility interval ranging from .74 to .86. Based on the 

results we conclude that Spearman’s hypothesis holds even at the item level and that the Díaz et al. 

study appears to be an outlier. 
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Highlights  

Spearman’s hypothesis: group differences are a function of g loadings 

Spearman’s hypothesis is tested comparing children from Yemen, Russia, and Kazakhstan 

Spearman’s hypothesis at the level of items of the SPM+ is strongly confirmed with mean r = .80.  

 

http://www.refaad.com/


Page 721 
 

Introduction: 

           Large-scale research has shown that there are large differences in the mean total scores of 

Blacks and Whites on traditional IQ tests and that there is no evidence that there is a cultural bias 

towards Blacks in these tests that would disadvantage Blacks. (Jensen, 1980). The mean Black/White 

differences vary across different subtests of an IQ battery. Smaller differences are observed on 

subtests related to short-term memory while larger differences can be found on subtests of reasoning. 

This variation in mean Black/White differences between subtests cannot be explained by test bias, so 

there is a need to look for other causes. Charles Spearman (1923) suggested that each IQ battery 

subtest’s g loading can be used to predict the difference in magnitude of the mean Black/White 

differences on the same subtest. Numerous studies have been carried out to test his so-called 

Spearman’s hypothesis (Jensen, 1998) yielding an overwhelming amount of confirmations (Jensen, 

1998).  

Traditionally Spearman’s hypothesis has been tested at the level of subtests of an IQ battery, 

but Rushton, in a series of papers, came up with a methodological innovation, namely he tested 

Spearman's hypothesis using item-level data from the Raven's Progressive Matrices. He argued that 

the g-loadedness of items could be measured by correlating the item score with the total score on the 

test. A recent paper by Gignac (2015) confirms that the Raven’s has very high g loadings, indicating 

this should give a good measure of g. Rushton also argued that instead of the standardized 

differences between the scores of two groups on a subtest of an IQ battery, one could use the 

percentage of correct answers to each item, deduct the lower percentage. Then the remainder, 

together with the g loadings, can be correlated to test Spearman’s hypothesis. Multiple empirical 

studies were carried out by Rushton and his co-authors, using participants from Africa and Serbia 

(Rushton, 2002; Rushton, Čvorović, & Bons, 2007; Rushton & Skuy, 2000; Rushton, Skuy, & 

Fridjhon, 2002; 2003). These studies generally showed modest support of Spearman’s hypothesis 

with a mean unweighted correlation of approximately.30. The lower correlations may have been due 

to the sample sizes in Rushton’s studies which generally were not large. te Nijenhuis and his co-

authors recently carried out a series of studies generally using larger samples and also more samples. 

te Nijenhuis, Al-Shahomee, van den Hoek, Grigoriev, and Repko (2015) tested Spearman’s 

hypothesis using Libyan university students and adults. Groups from four different countries were 

made comparable on characteristics such as age and then compared to the Libyan group, this 

comparison yielding a mean-weighted r with a value of .73. te Nijenhuis et al. (2015) tested 

Spearman’s hypothesis using Libyan secondary school children. The group from Libya and groups 

from seven different countries were made comparable on characteristics such as age. The other 

groups were then compared to the Libyan group and this yielded a mean-weighted r with a value 

of .61. te Nijenhuis, Grigoriev, and van den Hoek (2016) tested Spearman’s hypotheses on diverse 

groups from Kazakhstan, namely Kazakh, Russian, Korean, Tatar, and Uzbek children. The different 

groups were compared to the Russian children yielding a mean-weighted r of .67. Lastly, te 

Nijenhuis et al. (2016) tested Spearman’s hypothesis using Sudanese children and adolescents, which 

were compared to children and adolescents from ten different countries. The groups were made 

comparable on characteristics such as age and this yielded a sample-size-weighted r value of .70. So, 

the studies with larger samples by te Nijenhuis and co-authors generally led to higher correlations 

between g and d.  

There is only one study in the literature not supporting Spearman’s hypothesis (Diaz, et 

al.2012) compared a sample of Moroccans with a White Spanish sample.  The authors describe how 

the Raven Standard Progressive Matrices was administered to 460 subjects (258 from Spain with a 

mean age of 25 and 202 from Morocco with a mean age of 26). The subjects consisted of university 

students studying a wide range of subjects and the staff of the university hall of residences, including 

administrative staff, cleaners, waiters, and cooks. When these samples had performed the test, the 

authors obtained further subjects through the social networks of these initial subjects (Díaz, et al., 
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2012). The authors computed the differences in pass rates of the items with the g loadings of the 

items which yielded a correlation of r = -.20.  

There have been multiple tests of Spearman’s hypothesis at the item level with contradictory 

results, ranging from no support to strong support of the hypothesis (see also Wicherts (2017) for a 

critique). For a better understanding of the item level version of Spearman’s hypothesis, we carried 

out an additional study which compares a large sample of children from Yemen with a Russian 

sample and a Kazakh sample. The test used from the study was the Raven’s Progressive Matrices 

Plus. Our question is whether Spearman’s hypothesis will hold up in Yemen. Will there be no 

support as found in Díaz’s study, modest support as in Rushton’s studies, or convincing support as in 

the studies by te Nijenhuis and his co-authors? 

Method: 

          For this study we tested Spearman’s hypothesis on children from Yemen comparing them to 

children from Kazakhstan and Russia. For this test we used the Method of Correlated Vectors at the 

item level, using the item scores from the Raven’s Standard Progressive Matrices Plus (SPM+; 

Raven, 2008). We then combined the two scores using the meta-analytical software of Schmidt and 

Le (2014), computing a Harmonic-N-weighted mean correlation and the 80% credibility interval.  

Instrument: 

           To test the hypothesis, the SPM+ was used. The SPM+ is an updated and improved version of 

the original Standard Progressive Matrices (SPM). The SPM+ is non-verbal test and has 60 different 

items which are divided over 5 sets with 12 items each. The items in the sets range from A to E; 

similar to the original SPM. The items become more difficult from item 1 to 12 and again from block 

A to E. The Raven’s Progressive Matrices are commonly considered as an excellent test for 

measuring g. Therefore, we can expect the SPM+ to be a continuation of this tradition and should 

also be a high-quality test for testing Spearman’s hypothesis. 

Data: 

         For this test we used data from three different samples. Data on the Yemen sample was taken 

from Bakhiet, Al-Khadher, and Lynn (2015); this sample contained children ages 6-14 from public 

primary schools in the city of Dhamar and were representative for this area. For comparison purposes 

we only used children ages 7-13 (N = 1916) with a mean age of 9.78 since there were very few 14-

year-olds. 

        Data on the Russian sample comes from unpublished data received from Grigoriev and Shibaev 

(2015); this sample contained children ages 6-17 with a mean age of 10, sampled from a single 

school in the city of Tomsk, Siberia. Since there was only a single 6-year-old, we compared this 

sample (N = 700) to the children ages 7-13 from the Yemen sample. 

        The sample from Kazakstan was taken from Griegoriev and Lynn (2014); the sample contained 

children between the ages of 8-18 from representative schools in the southern area of Kazakhstan. 

Due to the limited number of 8-year-olds we compared Kazakh children ages 9-13 (N = 426) with 

Yemen children ages 9-13 (N = 1405). 

Calculating d: 

       The d or difference score for items is calculated by taking the score of the highest scoring group 

and deducting the score of the lower scoring group, the remainder is then divided by the standard 

deviation. The SPM+ doesn’t use a mean score but a pass-rate, which is the percentage of correct 

answers of the entire group. As with other calculations of d, we take the percentage of the higher 

scoring group and deduct the percentage of the lower scoring group (Rushton, Skuy, and Fridjhon, 



Page 723 
 

2003). As is common, we used the highest scoring group, the Russian group, as comparison group 

for all of the other groups. 

Calculating g: 

        For the g loadings, we used the item-total correlation as a proxy for the degree to which the item 

measures general intelligence, we used the item-total correlation as a proxy (see Rushton, Skuy, and 

Fridjhon, 2003). Calculating the item-total correlation is done by taking the score for each subject 

and correlating it with their total score on the SPM+. Since the total score on the progressive 

matrices is a high-quality indicator of g, this measure is a good proxy for g loadings. The Russian 

data was used for these comparisons, since it was the largest white group, which is generally used to 

calculate g loadings. For these comparisons we used the g loadings calculated with the Russian data 

to test Spearman’s hypothesis, since it was the largest White group, which is generally used to 

calculate g loadings. There were a few negative g loadings, since cognitive tasks cannot correlate 

negative with g, we changed these loadings to zero.  

Results: 

       The outcomes from our testing of Spearman’s hypothesis using item level data are reported in 

Table 1. Using the g loading from the Russian sample, the correlations between vectors range 

from .76 (p < .0005) to .86 (p < .0005) with a Nharmonic-weighted average correlation of .80 with a 

credibility interval ranging from .74 to .86. 

Table 1: 

Spearman’s hypothesis tested using ethnic groups from Yemen and Kazakhstan 

Comparison 

group 
Yemen age (range) 

Comparison group age 

(range) 
r (d x gYemen) NYemen Ncomparison Nharmonic 

Kazakh 

Russian 

10.60 (9-13) 

10.03 (7-13 ) 

11.30 (9-13) 

9.78 (7-13) 

 

.76 

.86 

 

1916 

1405 

656 

426 

 

1955 

1308 

 

Note. Nharmonic computed using the formula 
𝟒

𝟏
𝐧𝟏
+
𝟏

𝐧𝟐

 where N is the number of groups and where n1 and n2 

are the amount of participants in group n1 and n2 respectively. The Russian g was used for all 

calculations. Both correlations p < .0005. 

Discussion 

 We tested Spearman’s hypothesis tested at the item level and expected the magnitude of the 

differences between groups on the level of items to be a function of the item’s g loading, with larger 

differences on items with high g loadings and smaller differences on items with low g loadings. An 

empirical test by (Diaz, et al., 2012) comparing Spanish and Moroccans showed no support for 

Spearman’s hypothesis, whereas other empirical studies showed modest to strong support. In the 

present study we tested whether another sample from the Arab world would replicate the outcomes 

of Díaz et al. of no support for Spearman’s hypothesis. 

In this study a large sample of children from Yemen was compared to a Russian sample and a 

Kazakh sample yielding outcomes of Spearman’s hypothesis of, respectively, r = .86, and r = .76.  

Based on this finding and previous findings, we conclude that Spearman’s hypothesis at the item 

level holds true. The only clear outlier in the literature remains the study by Díaz, et al. (2012) with 

an r = -.20. 
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A limitation of our study is that only samples of children and adolescents were compared to 

each other. Future studies should attempt to incorporate groups from different countries as well as 

more diverse age groups. This way the generalization of the findings can be tested. Furthermore, 

Spearman’s hypothesis should be tested on a larger variety of tests besides the SPM and SPM+. 

Especially other non-verbal tests make good candidates for comparing groups from different 

countries, such as Raven’s Coloured Progressive Matrices and Raven’s Advanced Progressive 

Matrices.  
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  :الملخص

 (g) العام تنص فرضية سبيرمان ببساطة على أن االختالفات بين المجموعات في اختبار الذكاء هي دالة في الذكاء      
االختالفات بين المجموعات أصغر عند البنود ذات التحميل المنخفض وأكبر على  على مستوى البنود، فإن هذا يعني أن حجم

 Díaz , Sellami , Infanzón , Lanzón Lynn االمرتفع. لم يظهر اختبار إجرائي من قبل (g) البنود ذات التحميل

 أي دعم لفرضية معياري مقارنة بين اإلسبان والمغاربة الذين طبق عليهم اختبار المصفوفات المتتابعة ال  (2012)
Spearman  في حين أظهرت دراسات تجريبية أخرى دعم إيجابي متواضع. في هذه الدراسة اختبرنا ما إذا كانت عينة أخرى ،

 (g) عدم دعم فرضية سبيرمان من خالل حساب العالقة بين تحميل Díaz et al. (2012) من العالم العربي ستكرر نتائج
ة على عناصر اختبارات الذكاء والتحقق مما إذا كانت تظهر عالقة سلبية. تمت مقارنة األطفال من واالختالفات في المجموع

( 656( ومجموعة من األطفال الكازاخستانيين )ن= 426( مع مجموعة من األطفال الروس )ن=1916اليمن )العدد الكلي= 
 p) 0.76و ر،  (p <.0005) 0.86لى التوالي، ر=على المصفوفات التقدمية القياسية زائد تنتج نتائج فرضية سبيرمان ع

استناًدا إلى  0.86إلى  0.74لديه درجة صدق تتراوح من  0.80من  Nharmonicالمرجعي االرتباطمتوسط  (0005.>
 تحمل حتى على مستوى البنود. Spearman النتائج، نستنتج أن فرضية

 ، اختالفات المجموعة.(g)الذكاءمعدل سبيرمان، اليمن،  يةفرض الكلمات المفتاحية:
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