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Abstract

Prenatal androgens influence the second to fourth digit ratio (2D:4D) of hands with men having
lower ratios than women. Numerous methods are used to assess 2D:4D including, physical
measurements with calipers, and measurements made from photocopies, scanned images, digital
photographs, radiographs, and scaled tubes. Although each method appears relatively reliable,
agreement upon a gold standard is necessary to better explore the putative effects of prenatal
androgens. Our objective was to assess the level of intra and interobserver reliability when
evaluating 2D:4D using four techniques: (1) physical measurements, (2) photocopies, (3) printed
scanned images, and (4) computer-assisted image analysis. Physical measurements, photocopies,
and printed scanned images were measured with Vernier calipers. Scanned images were also
measured with computer-based calipers. Measurements were made in 30 men and 30 women at
two different time points, by three experienced observers. Intraclass correlation coefficients were
used to assess the level of reliability. Intraobserver reliability was best for computer-assisted
(0.957), followed by photocopies (0.939), physical measurements (0.925), and printed scans
(0.842; P=10.015). Interobserver reliability was also greatest for computer-assisted (0.892),
followed by photocopies (0.858), physical measurements (0.795), and printed scans (0.761; P=
0.001). Mean 2D:4D from physical measurements were higher than all other techniques (P <
0.0001). Digit ratios determined from computer-assisted, physical measurements, and printed
scans were more reliable in men than women (£ =0.009, A= 0.017, and A= 0.012, respectively).
In summary, 2D:4D determined from computer-assisted analysis yielded the most accurate and
consistent measurements among observers. Investigations of 2D:4D should use computer-assisted
measurements over alternate methods whenever possible.

Prenatal androgen exposure influences development of the fingers and leads to distinct
differences in hand patterns among men and women. In general, the ratio between the
second (2D = index finger) and fourth (4D = ring finger) digits in men is lower than that
observed in women (Lutchmaya et al., 2004; Manning et al., 1998). Anatomical evidence of
prenatal androgen exposure has gained significance in recent times because there is growing
evidence in animal models that adult traits and behaviors including, disease susceptibility
may be programmed during fetal development (Abbott et al., 2006; Manikkam et al., 2004;
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Manning and Bundred, 2000; Robinson, 2006). Previous studies in humans have shown low
digit ratios (2D:4D) to be associated with a variety of traits including, enhanced visual
spatial ability (Burton et al., 2005; van Anders and Hampson, 2005), increased athleticism
(Honekopp et al., 2006a), female homosexuality (Brown et al., 2002; Hall and Love, 2003;
Kraemer et al., 2006; Williams et al., 2000), decreased susceptibility to coronary artery
disease (Fink et al., 2003; Manning and Bundred, 2000), and greater fertility potential in
men (Manning et al., 1998) but lower fertility potential in women (Cattrall et al., 2005). By
contrast, high 2D:4D were shown to be associated with high verbal fluency (Burton et al.,
2005), increased emotional behavior (Williams et al., 2003), lower waist-hip ratios (Fink et
al., 2003), male homosexuality (Lippa, 2003) and an increased risk of breast cancer
(Manning and Bundred, 2000). Unfortunately, these associations with 2D:4D have been
dampened by the enormous amount of nonreplication that has been reported among studies
investigating similar study populations (e.g. Male and female homosexuality—Lippa, 2003;
Robinson and Manning, 2000; Williams et al., 2000; Polycystic ovary syndrome—Bloski et
al., 2008; Cattrall et al., 2005; Aggression—Bailey and Hurd, 2005; Hampson et al., 2008).

Studies designed to test the notion that prenatal androgens program certain traits and
phenotypes require a standardized, validated method of measuring fingers and determining
2D:4D (Manning et al., 2005). This is particularly important as effect sizes on 2D:4D are
generally only moderate to low (Kemper and Schwerdtfeger, in press). At present, several
methods have been used to assess 2D:4D including, physical measurements with calipers
(Scutt and Manning, 1996), measurements from photocopies (Manning et al., 2005),
scanned images (Bailey and Hurd, 2005), digital photographs (Pokrywka et al., 2005),
radiographs (Paul et al., 2006; Robertson et al., 2007), inked handprints (Hall and Love,
2003), and scaled tubes (Nicholls et al., 2008). Each of these methods has limitations
relating to feasibility and costs but in general, physical measurements, photocopies and
scanned images are the most commonly used techniques. Physical measurements show a
high degree of repeatability (Scutt and Manning, 1996), but are associated with increased
sampling time for participants and measurements can be difficult to obtain because of
movement of volunteers’ hands (Caswell and Manning, 2007). Printed scanned images and
photocopies have the benefit of providing permanent records and shorter sampling times
(Caswell and Manning, 2007; Manning et al., 2005); however, lower 2D:4D have been
observed with photocopies and the equipment is not generally portable (Burriss et al., 2007,
Manning et al., 2005). Digital image technology for the acquisition and measurements of
finger lengths may provide a superior alternative to these more traditional techniques
because: (1) large permanent databases can be generated requiring little physical space; (2)
computer-assisted image enhancement can improve clarity of finger borders and creases
which may improve measurement reliability and (3) digital technology may also be
considered a more environmentally conscious alternative.

While each of the commonly used methods of acquiring 2D:4D is generally validated within
studies to show they yield highly repeatable measurements among a single observer, it must
be acknowledged that we know very little about the reliability of 2D:4D measurements made
by multiple observers using a single technique (Voracek et al., 2007) or the reliability of
measurements made by the same observers using multiple techniques (Kemper and
Schwerdtfeger, in press; Manning et al., 2005). The few studies to date that have compared
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reliability among measuring techniques have shown notable differences in absolute 2D:4D
obtained from multiple techniques (Kemper and Schwerdtfeger, in press; Manning et al.,
2005). These findings may be interpreted to mean that 2D:4D are technique dependent and
this has serious implications for a field that necessitates a highly precise tool to identify
relatively small differences in 2D:4D among study populations (Kemper and Schwerdtfeger,
in press). Moreover, it suggests that it may be inappropriate to compare studies using
different techniques to acquire finger lengths because even subtle differences in technique
(e.g., using a ruler versus a Vernier caliper on a photocopied image) may have the potential
to yield divergent findings among studies (Kemper and Schwerdtfeger, in press).

The objective of this study was to assess the level of intra and interobserver reliability
associated with evaluating 2D:4D by three experienced observers using three caliper-based
techniques (i.e., physical measurements, photocopied and printed scanned images) and one
computer-based technique (i.e., computer-assisted image analysis). The effect of the
participant’s gender and hand being measured on observer agreement was also evaluated.
Reliability was defined as the ability of one observer to be consistent in obtaining 2D:4D in
a single participant and the ability of multiple observers to obtain the same digit ratio in a
single participant. We hypothesized that computer-assisted image analysis would provide
more reliable measurements compared to other commonly used techniques given that
superior image quality could be generated by judicious manipulation of image settings.

METHODS
Study subjects

Thirty men and thirty women were invited to participate in this study. Participants with a
history of injury or illness affecting the hands or fingers were excluded. The purpose of the
study was explained and volunteers were given an opportunity to ask questions prior to
participating. This study was approved by the Institutional Review Board at the University of
Saskatchewan.

Data collection

\olunteers were asked to remove any jewelry or rings that would interfere with obtaining
finger length measurements. Lengths of the second and fourth fingers were measured by
three experienced observers using four separate techniques. Measurements were made on the
ventral surface of the hand by placing the bottom tip of a Vernier caliper (accurate to 0.01
mm) midline of the basal crease of the finger and extending to the tip without exerting
pressure as described by Manning et al. (1998). The left index finger was measured first,
followed by the left ring, right index, and then right ring finger. Each volunteer’s right and
left hand were then scanned using a Hewlett Packard ScanJet 3C scanner (100 dpi; Hewlett-
Packard Company, Greeley, CO, USA) and stored in a custom-designed database until
processing. Participants placed their relaxed hands lightly on the surface of the scanner with
the second to fifth fingers held parallel and the tip of the middle finger aligned with the wrist
and elbow. Photocopies of both hands were then taken in a similar manner with a Xerox
Copycenter C35 (600 dpi; Xerox Corporation, Rochester, New York, NY, USA). Crumpled
tinfoil was placed over the hands to enhance image contrast as described by Voracek et al.
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(2007). Care was taken to ensure the proximal crease and finger tip borders were well
visualized on the photocopies by adjusting brightness. After scanning and photocopying the
hands, physical measurements were repeated in the same manner by each observer. The time
lapse between physical finger length measurements varied from 10 to 15 min.

Scanned hand images were scaled and printed by a Hewlett Packard LaserJet 5M (600 dpi;
Hewlett-Packard Company, Boise, ID, USA) one week later. Each observer measured finger
lengths from the printed image by placing the bottom tip of the Vernier calipers on the basal
crease of the left index finger and extending to the tip of the finger. Measurements were
repeated for the left ring, right index, and right ring finger. A similar method was used to
measure finger length on photocopied images. Scanned hand images were also analyzed
using computer-assisted image analysis (GNU Image Manipulation Program, GIMP, Version
2.217). Each observer could alter sharpness to aid in visualization of the proximal crease and
finger tip border. Because image manipulation runs the risk of distortion and
overenhancement of images, observers were advised to only adjust the contrast and
sharpness of images in which they felt the basal crease and/or finger tip were difficult to
visualize. Mouse controlled calipers were placed on the basal crease of the left index finger
and extending to the tip of the finger. Measurements were repeated for the left ring, right
index, and right ring finger. As software-based calipers perform linear measurements based
on a pixel per inch platform, images were intentionally scanned at 100 dpi to avoid
calibrating the software-based calipers to an imaged ruler.

Finger length measurements were repeated in the manner described above from the
photocopied, printed scanned images, and computer image analysis the next day.

Statistical analyses were performed using Statistical Analysis Software (SAS, Version 9.1,
Cary, NC, USA), Statistical Package for the Social Sciences (SPSS, Version 15.0, Chicago,
IL, USA), and GraphPad InStat (MVersion 3, San Diego, CA, USA). Initial data analyses were
performed using a SAS mixed model ANOVA with a factorial treatment arrangement.
Descriptive statistics (mean * standard deviation) were calculated for 2D:4D determined by
the four techniques. Differences in mean 2D:4D yielded by the various techniques were
determined by Tukey’s Multiple Comparison Test on the entire data set and following
stratification of the data by sex. Intra and interobserver agreement, for all physical
measurements, photocopy, and scan techniques were assessed by pair-wise, two-way random
intraclass correlation coefficient (ICC) with absolute agreement. Single measures ICC were
reported. Differences in reliability among the four techniques were determined by
performing Tukey’s Multiple Comparison Tests on the tabulated ICC values. Differences in
interobserver reliability on data stratified by judge and technique were assessed by Tukey’s
Multiple Comparison Tests while #tests were used to determine significant differences in
reliability on data stratified by hand measured and gender of the participant. £< 0.05 was
considered statistically significant.
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RESULTS

Mean digit ratios

Mean 2D:4D tabulated by the three observers in all participants using the four techniques
were not different (Observer 1 = 0.965 + 0.032, Observer 2 = 0.965 + 0.033, and Observer 3
=0.967 £ 0.032, P=0.1413). Table 1 presents mean 2D:4D derived from physical
measurements, photocopies, printed scanned images, and computer assisted image analysis.
Mean 2D:4D derived from photocopies, printed scanned images, and computer-assisted
image analysis were similar while physical measurements were larger than the other three
techniques (P < 0.0001). Physical measurements yielded higher mean 2D:4D than
photocopies, printed scanned images, and computer-assisted image in both males (P<
0.0001) and females (P < 0.0001). Overall, mean 2D:4D in women (0.974 + 0.028) were
consistently larger than 2D:4D in men (0.958 + 0.033; £< 0.0001) and this difference
between sexes was consistent for all measurement techniques. Left hand 2D:4D (0.967

+ 0.032), irrespective of the gender of the participant and measurement technique, were
larger than right hand 2D:4D (0.964 + 0.032; = 0.0037).

Intraobserver agreement

The level of intraobserver reliability among 2D:4D determined by physical measurements,
photocopies, printed scanned images and computer-assisted image analysis are summarized
in Table 2. Overall, each observer demonstrated a similar level of intracbserver reliability
when measuring 2D:4D by the four techniques (Mean intraobserver reliability for Observer
1 =0.885, Observer 2 =0.921 and Observer 3 = 0.943, £=0.3530). Intracbserver reliability
was best for computer-assisted image analysis, followed by photocopies, physical
measurements, and printed scanned images (P = 0.0150). Intraobserver reliability of 2D:4D
obtained by physical measurements were similar to image analysis and photocopied images.
However, measurements from image analysis and photocopy technology yielded more
reliable 2D:4D than those generated from printed scanned images (2= 0.0480).

Interobserver agreement

Table 3 summarizes the level of interobserver reliability when determining 2D:4D by each
technique. All pairs of observers demonstrated similar overall reliability when measuring
2D:4D by the four techniques (Mean interobserver reliability for Observers 1 and 2 = 0.840,
Observers 1 and 3 = 0.841 and Observers 2 and 3 = 0.799, = 0.5510). Interobserver
agreement was best for computer-assisted image analysis, followed by photocopies, physical
measurements, and printed scanned images (P = 0.0014). Interobserver reliability for 2D:4D
obtained from photocopies was similar to that obtained from physical measurements and
image analysis. However, both image analysis and photocopies yielded more reliable 2D:4D
compared to those generated from printed scanned images (P = 0.0100).

The level of interobserver reliability associated with determining 2D:4D in males and
females is compared in Table 4. Digit ratios measured in males using physical
measurements, printed scanned images, and computer-assisted image analysis were more
reliable than those measured in females (P=0.0173, £=0.0118, and 2= 0.0091,
respectively). There was also a tendency toward lower reliability in 2D:4D measured from
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photocopies in women but this did not reach statistical significance (= 0.0662). No
differences in reliability were detected with any of the four techniques when measuring 2D:
4D on either the right or left hands (Table 5).

DISCUSSION

The present study was designed to evaluate the level of intra and interobserver reliability
associated with determining 2D:4D using three commonly used methods (i.e., physical
measurements, photocopies, and printed scanned images) and one emerging technique (i.e.,
computer-assisted image analysis). In general, 2D:4D obtained from computer-assisted
image analysis consistently demonstrated the highest levels of intra and interobserver
reliability; whereas, measurements taken from printed scanned images were associated with
the lowest levels of reliability. Digits ratios obtained in women were consistently associated
with lower levels of reliability using each of the four techniques whereas, measurements
made in both the left and right hands showed equal reliability.

Our study supported the hypothesis that computer-assisted image analysis provided the most
reliable method of determining 2D:4D. Other investigators have used image analysis to
determine 2D:4D from images obtained from flatbed scanners (Bailey and Hurd, 2005; de
Bruin et al., 2006; McFadden and Shubel, 2002), radiographs (Mclntyre et al., 2005, 2006),
and digital photographs (Honekopp et al., 2006a; Pokrywka et al., 2005). Bailey and Hurd
(2005) showed good intraobserver reliability when a single observer measured finger lengths
in 10 subjects using computer-assisted image analysis on hand scans while McFadden and
Shubel (2002) showed good interobserver reliability when three observers measured finger
lengths using similar computer-based calipers on scanned images of the hand. Investigations
using digital photographs of hands pressed against a glass plate also showed good intra and
interobserver reliability when using computer programs to measure finger lengths
(Honekopp et al., 2006b; Pokrywka et al., 2005). However, it should be noted that the
aforementioned studies only performed these small reliability tests to internally validate
their observers’ ability to measure finger lengths. This is unlike the current study whose
primary objective was to evaluate and compare intra and interobserver reliability when using
computer-assisted measurements and other commonly used techniques.

Digit ratios obtained by computer-assisted analysis were similar in reliability to those
obtained from photocopies but were more reliable than those obtained from printed scans.
Although reliability coefficients were consistently higher when image analysis was used,
they were not significantly better than measurements made with Vernier calipers on
photocopied images. Comparable levels of intra and interobserver reliability when using
computer-guided methods and photocopies, corroborates the observation that photocopy
technology generates accurate and clear images from which to measure finger lengths
(Manning et al., 2005; Robinson and Manning, 2000; Voracek et al., 2005, 2007). However,
despite close reliability, computer-assisted analysis has several advantages over photocopy
technology. For example, it was our experience that acquiring hand scans was associated
with shorter sampling times which had important implications for recruiting and retaining
study subjects. Storage of digital images required less physical storage space and image
files, if properly managed, will allow for the development of large databases with longer life
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spans. Moreover, improving image quality in digital scans did not involve an excessive and
unnecessary use of paper and toner, providing an environmentally sensitive alternative. The
ability to scan hands into a computer also raises the issue of exciting future applications of
image analysis including, semiautomated and automated determination of finger length
measurements.

We elected to print digital images and measure finger lengths using Vernier calipers because
others have used this technique assuming this approach to be equivalent to that of
photocopies (Moracek et al., 2007; Williams et al., 2003). However, we are unable to locate
any study that supported similar levels of interobserver agreement when determining 2D:4D
from photocopied and printed hand scans. Although the level of agreement we reported for
2D:4D derived from printed scans was similar to findings made by Voracek et al. (2007), the
reliability coefficients were lower than those observed for photocopies and computer-
assisted image analysis. In our current study, we believe printed scanned images yielded less
reliable 2D:4D because image quality was significantly lost at the time of printing—this
occurred despite images being printed at the highest quality available to us (i.e., 600 dpi).
Scanned images when projected onto a computer screen were far clearer than the printed
images and as such, allowed for easier discernment of digit landmarks.

We consistently reported lower levels of interobserver agreement when measuring 2D:4D in
women using each of the four techniques. Differences in reliability when measuring fingers
in men and women were unexpected. However, we hypothesize that several factors may have
contributed to differences in 2D:4D reliability between genders. Many women enrolled in
this study had significantly reduced visibility of basal creases owing to changes in the skin
that can occur following long-term ring use. Fingertip borders were also difficult to visualize
in hand images of women who had long fingernails. The fact that we noted the highest levels
of reliability among female 2D:4D when image settings could be manipulated to better view
the hand is consistent with this hypothesis (i.e., photocopies and computer-assisted analysis).
Observers also reported more difficultly in measuring index and ring fingers when they
perceived there to be negligible differences between the lengths of these two fingers which
was often the case among females.

Differences in reliability when measuring 2D:4D in men and women may have implications
for discordant findings reported in the literature. For example, prenatal androgen exposure is
believed to increase the propensity for aggressive behaviors among species (reviewed in
Ryan and Vandenbergh, 2002); yet evidence in humans is sparse and confounding (reviewed
in Cohen-Bendahan et al., 2005). Recently, Hampson et al. (2008) reported that lower 2D:
4D were associated with increased aggressiveness in men and women. However, these
finding were in contrast to a previous report by Bailey and Hurd (2005) that did not
conclude a similar relationship when assessing aggressive traits in women using the same
standardized questionnaire. That reproducibility in 2D:4D findings tends to be more
apparent in males rather than females is also supported by studies in which aspects of
personality such as sensation seeking (Hampson et al., 2008; Fink et al., 2006) were shown
to correlate with ratios consistently in men but not consistently in women, and by studies
that consistently reported no association among 2D:4D with agreeableness and openness in
men but showed conflicting associations with 2D:4D in women (Fink et al., 2004; Lippa,
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2006). Dewitte and coworker have proposed that context might help to explain this
discordance since situational cues were shown to moderate the relationship between 2D:4D
and aggression scores, economic decision-making and prosocial “fairness” decision-making
in participants subjected to aggressive music videos (Millet and Dewitte, 2007; Millet and
Dewitte, 2009), aggressive language tests (Millet and Dewitte, 2009) and sex-related cues
(Van den Bergh and Dewitte, 2006). In instances where relationships between personality
traits, situational cues, and 2D:4D were readily correlated in men but not it women, our
study would suggest that less reliable measurements in women might have also interfered
with the accuracy of the measurement. Our observation that reliability was improved when
image quality was optimized may be interpreted to mean that future studies involving 2D:4D
in women would have a higher likelihood of replication if computer-assisted analysis is used
over alternate methods.

Consistent with an enormous body of evidence (reviewed in Mclntyre, 2006), male
participants had lower mean 2D:4D compared to females. While sexual dimorphism in 2D:
4D was detected using all four techniques, it was noted that 2D:4D measured from
photocopies, printed scanned images, and computer-assisted measurements were associated
with proportionately lower ratios than physical measurements made in both sexes. The
observation that physical measurements yield higher mean 2D:4D than photocopies supports
the findings of Manning et al. (2005) and Burriss et al. (2007), but contrasts the findings of
Voracek and Dressler (2006). This is the first report that printed scans and computer-assisted
measurements yield lower 2D:4D than physical measurements, although a trend for lower
2D:4D was noted for computer-assisted measurements by Burriss et al. (2007). Others have
previously ascribed lower ratios obtained from photocopies to differences in fat-pads at the
fingertips (Manning et al., 2005) because pressing the palm against a hard, flat surface
presumably distorts distribution of fat at the finger tips. Observations of lower mean 2D:4D
for printed scans and computer-assisted measurements was not unexpected because the palm
of the hand was pressed against a hard, flat surface. Manning et al. (2005) have speculated
that this deformation of fat at the finger tips alters specular reflection giving rise to an
artificial lengthening of the fingers in the two-dimensional image generated. Taking into
account an independent measurement of the fingertip curvature may potentially correct for
this artificial lengthening (Manning et al., 2005). However, we are unaware of calculations
that support this notion.

In conclusion, 2D:4D determined from computer-assisted image analysis and photocopies
yielded the most reliable measurements among observers. We recommend investigations
reporting 2D:4D to use computer-assisted analysis of hand scans whenever possible given
numerous benefits of digital technology over alternate methods and since absolute levels of
reliability were highest in women when 2D:4D were obtained using this technology.
Enhancement of scanned images must be performed judiciously to avoid the loss of image
components and/or the creation of image artifacts at the time of evaluation. Because 2D:4D
and reliability in obtaining these values vary among measurement techniques, we
recommend that care to be taken when extrapolating findings among studies using different
methods to measure finger lengths.
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TABLE 1

Mean digit ratios derived from physical measurments, photocopies, printed scanned images, and computer-
assisted image analysis

Mean 2D:4D (£ SD)

Physical Photocopy Printed scan ~ Computer assisted
Males (7= 30) 0.966+ 0.030  0.956+ 0.035°  0.955+ 0.032°  0.953+ 0.033"
Females (/= 30) 0.983£0.0292  0.973+0.029® 0.973+£0.028°  0.968+ 0.026°

Overall Mean (7= 60)  0.974+0.0312  0.964+ 0.033" 0.964+0.032°  0.960+ 0.031°

Data for mean 2D:4D is derived from two repeated measurements made in the left and right hands of each participant. Significant differences for
within row comparisons are denoted by different letters (P < 0.05).
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TABLE 2

Level of intraobserver agreement when determining digit ratios from physical measurments, photocopies,
printed scanned images, and computer-assisted image analysis

Intraclass correlation coefficient

Observer  Physical Photocopy Printed scan Computer assisted

1 0.873 0.928 0.822 0.916
2 0.934 0.925 0.861 0.962
3 0.969 0.964 0.843 0.994
Mean 0.925%°  0.9392 0.842° 0.9578

Significant differences for within row comparisons are denoted by different letters (P < 0.05).

Am J Hum Biol. Author manuscript; available in PMC 2010 June 08.



1duasnue Joyiny YHID 1duosnue Joyiny YHID

1duosnuely Joymny YHID

ALLAWAY et al. Page 14

TABLE 3

Level of interobserver agreement when determining digit ratios from physical measurments, photocopies,
printed scanned images, and computer-assisted image analysis

Intraclass correlation cofficient

Observers Physical Photocopy Printed scan Computer assisted

1,2 0.811 0.888 0.766 0.895
13 0.815 0.855 0.789 0.905
2,3 0.760 0.831 0.728 0.876
Mean 0.795%°  0.8582¢ 0.761° 0.892¢

Significant differences for within row comparisons are denoted by different letters (P < 0.05).
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TABLE 4

Level of interobserver agreement in males and females when determining digit ratios from physical
measurments, photocopies, printed scanned images, and computer-assisted image analysis

Intraclass correlation cofficient

Males (n=30) Females (n=30) P-value

Physical 0.8572 0.690° 0.0173
Photocopy 0.8792 0.808% 0.0662
Printed scan 0.805% 0.657° 0.0118
Computer assisted  0.9062 0.848° 0.0091

Reliability analysis was performed on data compromised of two repeated measurements made in both hands of each male and female participant.
Significant differences for within row comparisons are denoted by different letters (P < 0.05).
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Page 16

Level of interobserver agreement for the left and right hands when determining digit ratios from physical

measurments, photocopies, printed scanned images, and computer-assisted image analysis

Intraclass correlation coefficient

Left hand (n=60) Right hand (n=60) P-value
Physical 0.821 0.777 0.2919
Photocopy 0.838 0.875 0.2458
Printed scan 0.730 0.794 0.1165
Computer assisted 0.871 0.914 0.0850

Reliability analysis was performed on data compromised of two repeated measurements made in the left and right hands of each participant.
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