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Abstract. Spatial ability plays a key role in many types of reasoning and com-
munication, and is important in domains such as design. Digit ratio is related to 
a range of cognitive abilities, including spatial ability. In digit ratio studies, 
most studies were limited by using only one test for spatial ability. The purpose 
of present study was to investigate which sub-factors of spatial ability are re-
lated to digit ratio. We analyzed sex differences and the relationship between 
digit ratio and three sub-factors of spatial ability. Our results found that right 
hand digit ratio was significantly lower in males than in females, no significant 
differences were found between males and females on the left hand ratio. For 
female samples, both hands digit ratio were significantly negative correlated 
with perceptual speed factor of spatial ability. There was no association be-
tween digit ratio and spatial visualization factor and spatial relation factor.  
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1   Introduction 

Spatial ability plays a key role in many types of reasoning and communication, and is 
important in domains such as design, mathematics, natural sciences, and engineering. 
Researches have demonstrated that spatial ability is a predictor of success in an engi-
neering graphics design class [2] [15]. For example, tests of spatial abilities are the best 
predictors of success in engineering courses, particularly engineering drawing [13]. 

Industrial design is based not only on technical expertise but also on creative think-
ing. Creative thinking involves mental transformation, mental combination, and men-
tal synthesis [10]. According to Roth [30], creative thinking, conceptual problem 
solving, and concept generation are associated with spatial ability. Thus, spatial abil-
ity would seem to be important to designers. 

What is spatial ability? Spatial ability may be defined as the ability to generate, re-
tain, retrieve, and transform well-structured visual images [18]. Halpern [12] states 
that the term “visual-spatial abilities” it is not an easy term to define, because it is not 
a unitary concept. According to Carroll [5], the sub-factors of spatial ability include: 
spatial visualization, spatial relation, closure speed, closure flexibility and perceptual 
speed. Spatial visualization, spatial relation and perceptual speed are frequently men-
tioned sub-factors.  
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The most extensively studied factor is the spatial visualization factor [17], and tests 
that load on this factor involve “processes of apprehending, encoding, and mentally 
manipulating spatial forms” (as cited in [26]). Spatial relation factor is similar to spa-
tial visualization. It also requires mental transformations but differ in that it involves 
manipulations of two-dimensional objects that can be completed in a single step, and 
in that it tends to emphasize speed. Perceptual speed involves no spatial transforma-
tions, and primarily requires rapid matching of visual pattern. Psychometric tests that 
load on this factor assess individual differences in the speed or efficiency with which 
one can make relatively simple perceptual judgments [5]. These three factors are 
moderately correlated with one another. In fact, depending on the tasks included in 
the analysis, some factor analysis studies have failed to find a clear distinction be-
tween the Spatial Visualization and Spatial Relations factors [5] [18] (cited in [26]). 

Some evidences suggest a positive correlation between testosterone and spatial 
ability [6] [16] [34]. Studies also suggest that changes testosterone level in adulthood 
cause differences in spatial ability. Study of Janowsky, Oviatt and Orwoll [16] indi-
cates that higher levels of testosterone contribute to superior performance on spatial 
tests, but do not facilitate performance on verbal ability tests. Moffat, Zonderman, 
Metter, Blackman, Harman and Resnick [28] found that an increased testosterone 
index was associated with improved scores on visual memory and visuospatial func-
tion. In other studies, Shute, Pellegrino, Hubert and Reynolds [33] have found an 
inverted U-shape relationship between testosterone levels and spatial ability; lower 
levels of testosterone had low spatial ability scores, whereas intermediate levels of 
testosterone were associated with better performance. 

Literature on the relationship between testosterone levels and performance on spa-
tial task is less consistent. Some studies report negative relationship [11] [27], but 
some found no relationship [1] [24]. For example, Keever and Deyo [25] failed to 
find any relationship between testosterone levels and spatial visualization tests in both 
men and female students. Hooven, Chabris, Ellison and Kosslyn [14] explained the 
inconsistent results in the following three factors: (1) methods of measuring testoster-
one levels; (2) subject samples; (3) measures of spatial ability. Hooven et al. [14] 
focus on the relationship of testosterone to response time, and error rate on a test of 
spatial ability. They found that high testosterone levels are associated with lower error 
rates and faster response. Brosnan [3] suggested that high testosterone levels enhance 
the development of the right side of the brain, resulting in enhanced spatial thinking. 

The ratio of the length between the index finger (second digit, 2D) and the ring 
finger (fourth digit, 4D) acts as a marker of the levels of testosterone. It is thought to 
be an indirect measure of testosterone. Evidence suggests that the 2D:4D ratio is a 
negative correlate of prenatal and adult testosterone [21]. 

Higher levels of testosterone result in a lower digit ratio [19] [20] [21]. The ratio 
reliably differs by sex, with females typically having a higher ratio (2D:4D) than 
males [21]. Digit ratio is also known to be stable over lifetime[20]. 

Digit ratios have been found to predict job performance, such as athlete, musician 
and trader. Manning and Taylor [22] reported that, among men, 2D:4D ratio was 
negatively associated with sports attainment. Sluming and Manning [35] found a 
significant relationship between 2D:4D ratio and rankings of musical ability of male 
musicians within a symphony orchestra, low 2D:4D was associated with high rank 
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within the orchestra. Coates, Gurnell and Rustichini [7] found that traders with a 
lower 2D:4D make greater long-term profits and remain in the business for a longer 
period of time. 

There is evidence that digit ratio does correlate with cognitive performance. Sand-
ers, Sjodin and Chastelaine [32] found a negative correlation between digit ratio and 
spatial ability. Manning and Tayler [22] and McFadden and Shubel [23] found that 
men with low digit ratio have higher scores on the mental rotation. Bull and Benson 
[4] reported that participants with lower digit ratio on the right hand showed a 
stronger SNARC (Spatial Numerical Association of Response Codes) effect. But 
these relationships have not been replicated in other studies. For example, Coolican 
and Peters [8] found that none of the correlations between 2D:4D ratio and mental 
rotation performance were significant. However, because the used of large samples 
(237 males) in their study, large sample size had good statistical power. So they con-
cluded that a relationship between 2D:4D ratio and mental rotation performance in 
males was not established.  

Spatial ability does not show a reliable correlation between task performance and 
digit ratio. Bull and Benson [4] pointed out that spatial tasks are typically fairly com-
plex in nature requiring not only spatial ability, but also attention and cognitive skills, 
such as short-term memory and working memory. It may also be possible to use ver-
bally mediated strategies to aid performance on such tasks. Differences in the contri-
bution of such additional variables to performance may partially account for the lack 
of consistent findings in previous studies. 

In 2D:4D ratio studies, most studies used only one test for spatial ability. A small 
number of studies included two or three spatial tests. For example, Poulin, O’Connell 
and Freeman [29] used mental rotation test, free recall test and placement recall test. 
In order to find out which sub-factors of spatial ability are related to 2D:4D ratio, we 
examined the relationship between 2D:4D ratio and three sub-factors of spatial abil-
ity, namely: spatial visualization factor, spatial relation factor, and perceptual speed 
factor.  

2   Method 

2.1   Participants  

A total of 40 undergraduate students (14 male, 26 female) were recruited from a De-
sign Methods class at the National Kaohsiung Normal University. Participants who 
reported injuries to their 2nd and/or 4th digits were excluded from the present study. 
Data from two male participants were subsequently discarded due to a high error rate 
on the tasks. Thus, their data were not included in analysis. 

2.2   Measurement of 2D:4D  

Participants were requested to place their hands palm down in a relaxed position on 
the surface of a scanning device, and one scanning per hand was made. The scanned 
images were processed in Adobe Photoshop. Two raters measured the index and ring 
finger. A vertical line was drawn from the midpoint of the basal crease of the finger to 
the midpoint of the fingertip. The 2D:4D ratio was computed by dividing the length of 
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the index finger by the length of the ring finger. By the two raters, reliabilities (Cron-
bach’s alpha) for the 2D:4D ratio were: left ratio .98, right ratio .98. So the ratios 
from each observer were averaged to obtain the final 2D:4D ratio for each participant. 

2.3   Material  

Three spatial ability tests were used in this study. Spatial visualization factor was 
evaluated using paper folding test; spatial relation factor was evaluated using card 
rotation test, as well as perceptual speed factor was evaluated using hidden patterns 
test [9]. 

Paper folding test: This test consists of two parts, each of which has 10 items. Par-
ticipants required to mentally folding a piece of paper and punching a hole in it. Par-
ticipants were asked to determine the position of the hole when the paper is unfolded. 
Each part was given 2.5 minutes to complete. The score was the result of the total 
number of correct answers minus the number of incorrect answers. 

Card rotation test: A 2D mental rotation test where participants were required to 
decide whether rotated figures were identical to the original figure or were a mirror 
image. This test consists of two parts, each of which has 10 rows of eight test figures. 
Each part was given 2 minutes to complete. The score was the result of the total num-
ber of correct answers minus the number of incorrect answers. 

Hidden patterns test: This test also consists of two parts; each part contains 200 fig-
ures composed of line drawing. Participants must identify whether the model pattern 
was embedded in each test figure. Each part was given 1.5 minutes to complete. Par-
ticipants were asked to respond as quickly and as accurately as possible. The test was 
scored for the total number of correct answers minus the number of incorrect answers.  

2.4   Procedure  

Participants were tested in a group setting in a large lecture room and were asked to 
perform three spatial tests. They were given group instructions and were told the time 
limit for each test. In each test, after being shown two example tests, they were in-
structed to perform the task. Participants were first administered the paper folding 
test, followed by the card rotation test, and finally the hidden patterns test. Measure-
ment of three spatial tests took about 20 minutes. At the end of three spatial tests, 
scans were taken from left and right hands of each participant. 

3   Results 

A comparison of sex differences in three spatial tests and 2D:4D ratio on the right and 
on the left hand was tested by t-tests for independent sample. Pearson correlations 
were computed between three spatial tests and 2D:4D ratio of left and right hands 
within each sex group.  

3.1   Sex Differences  

The results of two-tailed independent sample t-tests were shown in Table 1. 2D:4D ratio 
was significantly lower in males than in females on the right hand (t(38)=-2.699, p<.05). 
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But 2D:4D ratio was not significantly different between males and females on the left 
hand (t(38)=-.983, p=.332). Males scored significantly higher than females on hidden 
patterns test (t(38)=2.217, p<.05). Male-female differences in paper folding test and 
card rotation test scores were not found. 

Table 1. Sex differences in 2D:4D ratio and spatial abilities 

 Male(n=14) 
Mean(SD) 

Female(n=26) 
Mean(SD) 

 
t 

 
P 

Right 2D:4D ratio .946(.028)   .969(.023)   -2.69   .010* 
Left 2D:4D ratio .957(.023)   .967(.031)   -.983   .332 
Paper folding test 13.64(5.55)   12.34(3.13)   .948   .349 
Card rotation test 102.78(30.33)   93.65(23.16)   1.066   .293 
Hidden pattern test 160.14(22.83)   141.88(25.82)   2.217   .033* 

SD = standard deviation; *p < .05. 

3.2   Correlations of 2D:4D Ratio with Spatial Tests  

Table 2. shows the correlation between 2D:4D ratio and three spatial tests. For the 
female samples, both right hand and left hand 2D:4D ratio were significantly negative 
correlated with the hidden pattern test (left hand, r=-.555; right hand, r=-.408). This 
means that female participants with high 2D:4D ratio had lower score on hidden pat-
tern test. No similar correlation of 2D:4D ratio with hidden pattern test was found in 
male (left hand, r=.025; right hand, r=-.293). In right hand and left hand for male and 
female participants, none of the correlations between 2D:4D ratio and paper folding 
test and card rotation test performance were significant. 

Table 2. Correlation between 2D:4D ratio and three spatial tests 

 Paper folding test Card rotation test Hidden pattern test 
Male R hand .157 -.038   -.293 
Male L hand .246 .230    .025 
Female R hand -.138 -.138   -.408* 
Female L hand -.076 -.013   -.555** 

R=right; L=left; *p<.05, **p<.001 

4   Discussion 

The purpose of present study was to investigate which sub-factors of spatial ability 
were related to 2D:4D ratio. We focused on spatial visualization factor, spatial rela-
tion factor, and perceptual speed factor. For females, both right hand and left hand 
2D:4D ratio were significantly negative correlated with perceptual speed factor. Per-
ceptual speed factor task (e.g. hidden pattern test) assessed individual differences in 
speed or efficiency judgment. Female with low 2D:4D ratio had high speed perceptual 
judgment in figures. The conclusion of this study was that only one perceptual speed 
factor of spatial ability correlated with digit ratio in female.  
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Our data did not found a relationship between 2D:4D ratio and mental rotation. Our 
results are consistent with other published reports. For example, Coolican and Peters 
[8] and Poulin, O’Connell and Freeman [29] found no relationship between 2D:4D 
ratio and mental rotation. But in other studies, a negative relationship between 2D:4D 
ratio and mental rotation ability was found for either females or males. Sanders, 
Bereczkei, Csatho and Manning [31] found that 2D:4D ratio is negatively correlated 
with mental rotation test score in men but not women. So, the relationships between 
2D:4D ratio and mental rotation were not conclusive, and this issue needs more re-
search in the future. 

We found that males displayed significantly lower 2D:4D ratio than females in 
right hand, consistent with findings of other studies (e.g. [29]). This result was also 
consistent with East Asian samples. Yang, Gray, Zhang and Pope [36] investigated 
Chinese adult samples; they found that males displayed significantly lower 2D:4D 
ratios than females. We found a significant difference in 2D:4D ratio between Tai-
wanese males and females, and this finding gives further support to the validity of this 
measure across ethnic groups. We are also interested in comparing different ethnic 
groups in the 2D:4D ratio. For UK samples, the female digit ratio=1.00, male=0.98 
[3], for Chinese samples, male right hand ratio = .951, male left hand ratio = .955, 
female right hand ratio = .972, female left hand ratio = .972 [36]. Our Taiwanese 
samples data: male right hand ratio = .946, male left hand ratio = .957, female right 
hand ratio = .969, female left hand ratio = .967. According to these 2D:4D ratio data, 
we found that digit ratios are similar between the Taiwanese samples and the Chinese 
samples, but the Taiwanese samples have lower digit ratios than the UK samples. 
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