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Abstract
Among other sexually dimorphic traits, second to fourth digit ratio (2D:4D) is said to be higher in males as compared to females. It 

is confirmed in the uterus, and it’s found in unborn, children and it’s unaffected by puberty. It is said to be cosmopolitan across ethnic 
groups, and also exists among other primates. 2D:4D digit ratio has positive correlation with prenatal estrogen but reverse is the case 
with prenatal testosterone. The present study is focused at investigating the presence of any association between digit ratio (2D:4D) 
with short-term memory recall skills among the three major ethnic groups in Nigeria. A total of 150 students (75 males and 75 fe-
males) participated in the study from Bingham University, Karu, Nasarawa. Relevant data were collected through a self-administered 
questionnaire which include anthropometric measurement of finger length and memory assessment test (picture free recall, picture 
placement, word free recall and word placement test). The study found that digit ratio (2D:4D) showed great significant difference 
in the left hand of both sexes (p<0.01). The memory assessment test showed a very weak correlation with digit ratio (2D:4D), but 
there was a positive correlation between picture recall, picture placement and word recall skills. Our result also shows no statistical 
difference among the three major ethnic group. As regard to age, it shows that the earlier the age, the greater the memory recall.
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Introduction

Lengths of different digits of fingers are measured to assess 
digit ratio from the midpoint of proximal crease of the palm to the 
tip of the finger [18]. Fingers and toes begin development at the 
6th week of conception. Determination of digit ratio is done during 
embryo development and remain unchanged during subsequent 
development [20]. The fetus grows quickly during 9th week of 
pregnancy which is the sensitive period of fetal development. Cell 
differentiation is the main feature in fetal period, and this is sensi-
tive to changes from the external surroundings. During this period, 
any intra–uterine changes the fetus encounters will not only af-
fect the fetal structures but will also affect the development of the 

fingers and toes of the fetus [20]. Different levels of sex hormones 
exposure in-utero have effect on human fingers [19]. The ring fin-
ger is the fourth digit of the human hand while the index finger is 
the second digit of a human hand [1,10]. It is located between the 
thumb and the middle finger and usually the most dextrous and 
sensitive finger of the hand [1]. Exposure to high levels of testos-
terone results in individuals having ring fingers (fourth digit: 4D) 
longer than their index fingers (second digit: 2D). While exposure 
to estrogen has opposite effect; where the index finger seems to 
be longer than the ring finger. As a result, 2D:4D length is sexually 
dimorphic where males have lower 2D:4D values than females [19] 
and it cut across different cultures [22]. Racial differences of 2D:4D 
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is rarely investigated. Interestingly, 2D:4D differs across nations 
and differences are grossly larger than the differences in sex found 
among nations [21]. Voracek and Dressler asserted that these dif-
ferences are not properly understood, hence encouraging cross-
cultural studies to corroborate that assertion [27]. Until recently, 
samples from different Caucasian ethnic groups were collected and 
investigated. Manning have demonstrated that 2D:4D ratios differs 
between ethnic groups [20]. This variation is by far more than the 
differences between sexes; as noted by Manning [25]. 

The retrieval of events or information from the past is refer to as 
Memory Recall. It is among others the main processes of memory. 
The three types of recall are free recall, cued recall and serial recall. 
These three forms of recall are used to study the process of mem-
ory in humans and animals [3]. In cognitive psychology a recall 
test is mostly used to measure memory and these tests are used to 
evaluate different aspect of short term memory which is being able 
to retrieve recently learned information [13]. The present study is 
focused at investigating the presence of any association between 
digit ratio (2D:4D) with short-term memory recall skills among 
the three major ethnic groups in Nigeria. A total of 150 students 
(75 males and 75 females) participated in the study from Bingham 
University, Karu, Nasarawa. The study will add to the existing data 
of global 2D:4D ratio map, thereby providing valuable information 
about the three major ethnic groups of Nigeria.

Materials and Methods

Data for this study was obtained from over 150 students of 
Bingham university Nasarawa state which consist of the three ma-
jor ethnic groups. An informed verbal consent was sought from the 
students who were above eighteen years of age and willing to par-
ticipate in the survey. In order to encourage more candidate and 
reliable responses, participants were made to complete a self-ad-
ministered questionnaire.

The sample size for this study was obtained using the formula:

[n = z2 pq/d2] 

Where:

n = The desired sample size

z = The standard normal deviation, usually set at 1.96 (2.0)

p = The proportion in the target population having the particu-
lar trait (no estimates 50% is used; i.e. 0.5)

q = 1.0-p

d = degree of accuracy desired, usually set at 0.06

Therefore, n = (1.96)2 (0.5)/ (0.06)2 = 150.

Digit lengths were measured on the ventral surface of the hand 
from the basal crease of the digits to the tip using a KTC digital Ver-
nier calliper and measuring to the nearest 0.01 mm. The length of 
the second digit (2D) was divided by the length of the fourth digit 
(4D) to obtain the digit ratio (2D:4D). 

Figure 1: Measurement of the digit on the ventral surface of 
the hand as described by Manning [19].

For the memory assessment, picture recall test, picture place-
ment test, and word free recall test adapted from Jordan were ad-
ministered. Participants studied a 4x4 grid with 10 power point 
clip arts of common shapes located in 10 of the squares and they 
were asked to remember both the object and their locations. For 
the picture recall and picture placement test, the subjects were 
asked to view the object for 30seconds and were asked to turn 
over and write down all they could remember on a blank grid in 1 
minutes. And place each words they could remember in the correct 
location they could remember it. One point was scored for each 
correct response for a maximum of 10 point per test.

The final test (word free recall) was identical to the picture re-
call except that the stimulus grid contained 10 common nouns in-
stead of pictures. 

Data was expressed as mean ± standard deviation (SD). Stu-
dents’ t-test was used to check for the differences in the mean and 
percentages of sex and tribe and all variables between the three 
major ethnic groups. Pearson’s correlation was used to test the 
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Figure 2: The stimulus grid used in the picture free recall and 
picture placement recall task.

Home Water Park

View Books
Sick World

Children Mother Relative

Table a: The stimulus grid used in the word free recall test.

relationship between 2D:4D and right and left hand, 2D:4D and 
picture recall, picture placement and word recall test. Linear re-
gression was used to generate predictive equation for the variables. 
Statistical significance difference was deemed acceptable when P < 
0.05, or P > 0.01, and the SPSS software was used in the analysis.

Results

The study population has a mean (± SD) age of 19.93 ± 2.85yrs, 
right digit ratio of (R2D 6.47 ± 0.81, R4D 6.86 ± 0.84) and left digit 
ratio of (L2D 6.59 ± 0.81, L4D 6.92 ± 0.80) in table 1. Table 2 shows 
the mean ± SD of the picture recall, picture placement, word recall 
and word placement test and it showed no significant difference in 
all the four test. There was a significant sex difference with males 
having lower values than females in both ethnic groups, this differ-
ence being stronger for the left hand (right hand; males:7.03 ± 0.24, 
7.44 ± 0.62, females: 6.02 ± 0.56, 6.35 ± 0.63: left hand; males:7.20 
± 0.62, 7.44 ± 0.68, females:6.11 ± 0.52, 6.51 ± 0.63). Table 3 shows 
the mean and standard deviation of age (p > 0.01). Most of the an-
thropometric variables considered were statistically not significant 

Measurements Mean ± SD Minimum Maximum
AGE 19.93 ± 2.85 18 39
R2D (mm) 6.47 ± 0.81 5.00 8.50
R4D (mm) 6.86 ± 0.84 5.10 9.00
L2D (mm) 6.59 ± 0.81 5.00 8.30
L4D (mm) 6.92 ± 0.80 5.20 8.70

Table 1: Descriptive Statistics of the entire population n = 150.

R2D = Right Second Digit, R4D = Right Fourth Digit, L2D = Left 
Second Digit, L4D = Left Fourth Digit. p < 0.05.

Measurements Sex Mean ± SD T P

R2D (mm)
Male 7.03 ± 0.74 9.42 0.00

Female 6.02 ± 0.56

R4D (mm)
Male 7.49 ± 0.62 10.96 0.00

Female 6.35 ± 0.63

L2D (mm)
Male 7.20 ± 0.62 11.01 0.00

Female 6.11 ± 0.57

L4D (mm)
Male 7.44 ± 0.68 8.68 0.00

Female 6.51 ± 0.63

Picture placement
Male 5.55 ± 1.62 -2.21 0.28

Female 6.29 ± 2.29

Picture Recall
Male 7.05 ± 1.62 -2.18 0.30

Female 7.64 ± 1.69

Word Recall
Male 7.38 ± 1.53 -0.51 0.60

Female 7.54 ± 2.06

Word placement
Male 5.20 ± 1.40 -0.56 0.54

Female 5.38 ± 2.33

Table 2: Independent sample t test by gender.
R2D = Right Second Digit, R4D = Right Fourth Digit, L2D = Left 

Second Digit, L4D = Left Fourth Digit. p < 0.01.

except between picture recall, picture placement, word recall and 
word placement (Table 3). Correlation for 2D:4D (R) and 2D:4D (L) 
with the memory assessment test among the three major ethnic 
group shows no statistical significance. From the table 5, left hand 
2D:4D were statistically significant with age.
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Parameters
IGBO

n = 50
Mean ± SD

YORUBA
n = 50

Mean ± SD

YORUBA
n = 50

Mean ± SD
t p

Age (yrs.) 19.93± 2.85 18.20± 1.80 18.53± 1.82 12.53 0.001

R2D (mm) 6.69 ± 11.17 6.88 ± 10.03 6.91 ± 0.81 9.42 0.424

R4D (mm) 7.01 ± 1.11 7.20 ± 1.00 7.14 ± 0.82 10.9 0.535

R2D:4D (mm) 0.95 ± 0.04 0.96 ± 0.04 0.97 ± 0.03 0.65 0.211

L2D (mm) 6.77 ± 1.11 6.96 ± 0.99 6.97 ± 0.84 11.01 0.461

L4D (mm) 7.01 ± 1.14 7.14 ± 1.01 7.10 ± 0.84 8.68 0.769

L2D:4D (mm) 0.97 ± 0.04 0.97 ± 0.04 0.98 ± 0.03 0.89 0.097

Picture Recall 48.89 ± 15.73 56.55 ± 16.89 53.22 ± 15.42 -2.21 0.001

Picture Placement 53.18 ± 14.19 66.18 ± 9.89 57.72 ± 13.82 -2.18 0.001

Word Recall 56.16 ± 16.55 71.81 ± 11.80 65.81 ± 16.68 -0.51 0.001

Word Placement 56.89* 16.39 67.64 t 11.27 63.28 ± 13.51 -0.56 0.001

Table 3: Mean and Standard Deviation of Age and Short-term Memory Recall of study participants according to Ethnicity.

R2D = Right Second Digit, R4D = Right Fourth Digit, L2D = Left Second Digit, L4D = Left Fourth Digit. p < 0.01.

AGE R2D
(mm)

R4D 
(mm)

L2D 
(mm) L4D (mm) Picture 

Recall
Picture 

placement Word Recall Word placement

AGE - 0.203* 0.121 0.251** 0.061 -0.182* -0.187* -0.004 -0.035

R2D (mm) - 0810** 0.917** 0.798** -0.148 -0.089 -0.005 -0.078

R4D (mm) - 0840** 0.898** -0.126 -0.045 -0.084 -0.131

L2D (mm) - 0.755** -0.171* -0.097 -0.070 -0.107

L4D (mm) - -0.083 -0.044 -0.020 -0.110

Picture Recall 0.552** 0.323** 0.202*

Picture placement 0287** 0.431**

Word Recall 0.614**

Word placement

Table 4: Correlation of the parameters of the sample population.

R2D = Right Second Digit, R4D = Right Fourth Digit, L2D = Left Second Digit, L4D = Left Fourth Digit. *p < 0.05, *p < 0.01.
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Parameters Predictive equation P
R2D (mm) Age = -0.06 + (-0.01) R2D 0.937
R4D (mm) Age = -0.14 + (-0.04) R4D 0.841
L2D (mm) Age = 1.67 + (0.47) L2D 0.039*
L4D (mm) Age = -0.62 + (-0.15) L4D 0.194
PR Age = -0.91 + (-0.25) PR 0.905
PP Age = -0.19 + (-0.13) PP 0.839
WR Age = 0.12 + (0.08) WR 0.465
WP Age = 0.07 + (0.04) WP 0.629

Table 5: Regression table showing predictive equation in relation 
with age.

R2D = Right Second Digit, R4D = Right Fourth Digit, L2D = Left 
Second Digit, L4D = Left Fourth Digit, PR = Picture Recall, 

PP = Picture Placement, WR = Word Recall, WP = Word Placement. 
*p < 0.05.

Discussion

It has been suggested that 2D:4D is negatively related to prena-
tal testosterone and that the association is particularly strong for 
the right hand [20]. Digit ratio shows sex differences. Thus, males 
tend to have lower values of 2D:4D than females and this arises 
in utero [2]. Therefore, the ratio between the length of the second 
and fourth digits (2D:4D) is a trait that is sexually dimorphic, males 
have lower 2D:4D values than females [7] and it is a cross-cultural 
trait [8,21]. In addition, there are some evidence that 2D:4D also 
correlates with indices of sexually dimorphic traits of human body. 
These relationships were found to be stronger for females than 
for males among the three ethnic groups. 2D:4D is supposedly re-
lated to prenatal hormonal levels [22,25] the present data suggest 
an early organizational effect of sex hormones at least for females, 
through the association between indices of body shape and finger 
length patterns.

The results of this study are consistent to some extent with the 
sexual dimorphism of physical traits and cognitive styles developed 
under the influence of sex hormones at puberty which is cross-
cultural. Male and female body shape is influenced by sex-steroids 
ratios. Whereas organizational effects are supposed to change an 
organism early in life, basically influencing its structure as well as 
its brain, these activational effects are apparent later in life and in-
fluence the way previously established structures function. If the 

assertion of an organizational and activational effect of hormones 
were true, it is supposing that evidence will accumulate that this 
finds its expression also in finger length patterns.

Exposure to testosterone in-utero may directly influence intel-
ligence, by changing neuronal migration, resulting in development 
of the right hemisphere [8], as well as higher coordination within 
and between the hemisphere [9]. This could result in neuronal 
networks becoming dense in areas related to cognition, learning 
and memory, either by reducing brain cells apoptosis during devel-
opment, or heightening migration of cells to those areas [12,17]. 
Therefore, significant relationship between the 2D:4D ratio and 
performance on basic numerical task can be noticed.

In the study, digit ratio (2D:4D) showed great significant differ-
ence in the left hand of both sexes. Several studies conducted has 
shown that women tend to have higher recall than men [18] and 
this is due to the fact that hormones affecting 2D:4D also directly 
or indirectly affect recall skills in females with the reproductively 
low androgen and higher estrogen level producing more feminine 
hands and better recall abilities [11,19]. Hence, men with high digit 
ratio are expected to have good visual recall skills while women 
with lower digit ratio have low recall skills. 

The result shows no statistical difference among the major eth-
nic groups considered, but still revealed that Hausa and Igbo eth-
nic group has the lowest ratio of 2D:4D in both sexes, while the 
Yoruba have the highest ratio that is female typical 2D:4D ratio 
in both sexes. This support the study of Manning and colleagues 
who reported that digit ratio varies greatly between different eth-
nic groups, and the variation is far larger than the difference be-
tween sexes [20,22]. 2D:4D is highly significant in similar popula-
tion [14,15]. Low mean ratio has been found in a black population 
and similar ‘’masculinized’’ have been reported in Afro-Caribbean’s 
sample from Jamaica. In line with most studies our research shows 
that the finding of sex differences in 2D:4D is consistent with previ-
ous research [27,28], there were marked statistical differences in 
the comparison between male and female right hand, which agrees 
with most studies that says right hand [16,17]. On the contrary, left 
handed male and female showed no statistical difference on most 
anthropometric variables. 

Finally, the study also looked at the age among the three ma-
jor ethnic groups in which digit ratio and memory assessment test 
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