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ABSTRACT

Departures from normal development can be partly assessed by measuring FA, that is,

differences from perfect symmetry in traits that display bilateral symmetry.  AD/HD, one

of the most common psychiatric conditions, is diagnosed if there are developmentally

inappropriate levels of inattention, hyperactivity and impulsivity. The objective here is to

measure whether AD/HD behaviors positively correlate with FA in head, hands, and

fingerprints of a sample of college students (N= 176, 57 m, 119 f) not selected for

AD/HD.

FA was measured as the absolute value of the difference between right and left sides

divided by group mean trait size. Average FA’s (mean, s.e.) were lowest for finger

lengths (e.g., male, 3rd, 0.011 ± 0.001; female, 3rd, 0.012 ± 0.001) and highest for digit

ridge counts (e.g., male, 5th, 0.075 ± 0.007; female, 2nd, 0.069 ± 0.005).  Average FAs

were similar between the sexes and only 1 facial measure and the facial index (summed

FAs) differed significantly between the sexes (f>m).  The scores for measures of the adult

AD/HD behavioral assessment instrument, the Wender Utah Rating Scale (WURS) were

high overall in this sample and males exhibited higher rates of symptoms than females. A

Rasch measurement model analysis of individual responses to the WURS produced a true

interval score for each person that is a measure of individual “AD/HDness”.

FA indices were then regressed on Rasch scores.  A univariate analysis of all the

variables demonstrated a significant interaction of sex.  Hand, Dermatoglyphic, Face and

Total Indices were then regressed by sex on the Rasch values of “AD/HDness”.  Only in

males was there a trend for the Dermatoglyphic Index (F 1,55 = 3.627, p = 0.062) and

Total Index (F 1,55 = 3.811, p. = 0.056) to increase as AD/HDness increases.
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AD/HD is one of the most common psychiatric conditions and is diagnosed if

there are developmentally inappropriate levels of inattention, hyperactivity and

impulsivity (American Psychiatric Association, 1994; Anastopoulos and Shelton 2001;

Barkley 1997b).  Symptoms must be exhibited for at least 6 months and must have

originated at or before 7 years of age.  The problematic behaviors must lead to clinical

impairments on the job, in school or in social settings.  Scahill and Schwab-Stone (2000)

estimate prevalence at 5-10% in school-age children.  Adult prevalence rates are lower at

1-6% (Wender 1997), and adolescent levels are intermediate (Nolan et al. 2001).  There

is a cross-culturally consistent, uneven sex ratio with significantly more males, 2:1 in

epidemiological samples versus 10:1 in self-identified or professionally referred clinical

samples (Gingerich et al. 1998).  Many clinical studies indicate that the expression of

AD/HD may be somewhat different in females with lower rates of hyperactivity and

aggression (Gaub and Carlson et al. 1997).

AD/HD has one of the highest heritabilities for a “trait” averaging 0.64-0.91

(Edelbrock et al. 1995; Gillis et al. 1992; Levy et al. 1997; Zahn-Waxler et al. 1996).

The models that attempt to explain this disorder argue that AD/HD likely reflects reduced

efficiency in executive functions, particularly self-regulation (impulse control) (Baird et

al. 2000; Barkley 1997a, b; 2001; Stevenson and Williams 2000) and/or deficiencies in

reward mechanisms (Blum et al. 2000), or both (Sonuga-Barke 2002).

Individuals with AD/HD exhibit biochemical and gross anatomical differences

from controls.  Irregularities in neurochemistry are implicated and include the dopamine

system (e.g., Comings 2001; Ernst et al. 1998; Faraone et al. 2001), and perhaps the
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serotonergic and adrenergic systems (e.g., Quist et al. 2000; Comings et al. 2000).

Tannock (1998) has reviewed the neuroimaging studies of AD/HD subjects, which

document atypical cerebral lateralization, and abnormalities in the prefrontal cortex, basal

ganglia, and corpus callosum.  Casey et al. (1997) found abnormal measures for the

prefrontal cortex, caudate and globus pallidus to correlate and predict poorer task

performance (typically deficient in individuals with AD/HD) in a sample of boys with

AD/HD.  Performance improved with age depending on the relative size of these

structures supporting the belief that AD/HD behaviors likely partly reflect a lag in

development (that correlates with anatomical traits).

Individuals with AD/HD exhibit the delay through extreme and developmentally

inappropriate levels of attentiveness, restlessness, and impulsivity, behaviors that vary

“genetically throughout the entire population rather than as a disorder with discrete

determinants” (Levy et al. 1997:737).   The heritability of AD/HD symptoms is high for

the general population (Rhee et al. 1999), but these symptoms are thought to represent an

etiologically complex disorder representing the action of multiple genes affecting either

the brain’s reward system or executive functions (e.g., Auerbach et al. 2001; Comings et

al. 2000; Fisher et al. 2002; Miller et al. 2001).

Polygenic traits are expressed as phenotypic continua such that ends of the

distribution can include individuals who have increased levels of homozygosity and

usually, higher levels of developmental instability due to genetic and environmental

stressors (Markow 1992).  The developmental instability associated with polygenic

disorders such as AD/HD, can be expressed in a variety of ways, e.g., as in deviations in

brain laterality (Castellanos et al. 1994, 1996; Filipek et al. 1997; Hynd et al. 1993; Reid
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and Norvilitis 2000), by increased rates of minor physical anomalies (Durfee 1974;

Firestone et al. 1978; Krouse and Kauffman 1982; Quinn and Rapoport 1974; Rapoport

and Quinn 1975; Waldrop and Halverson 1971), or, untested to date in individuals with

AD/HD, as increased fluctuating asymmetry (FA).  FA describes departures from normal

developmental trajectories that are measured as differences from perfect symmetry (0

symmetry) in traits that normally display bilateral symmetry (Møller and Swaddle 1997).

Low FA has been correlated with various aspects of good health (Thornhill and Møller

1997).  Shackelford and Larsen (1997) found that the more facially symmetric

individuals were in better psychological, affective and physiological health (including

lower levels of impulsivity) than individuals with higher levels of facial asymmetry.

They assessed this correlation in a healthy, college population.   We propose in this study

also to examine a college sample.  A “normal” population sample should represent a

continuum of low to high AD/HD symptoms because of the polygenic nature of this

disorder and the high heritability of symptoms in the general population, presumably

including college populations where AD/HD symptoms have also been documented (e.g.,

Fossati et al. 2001; Lara-Muñoz et al. 1998; Weyandt et al. 1995).  We predict that

developmental instability (as measured through FA) will positively correlate with the

degree of AD/HD disability (as measured here through a Rasch analysis of a behavioral

scale assessing childhood AD/HD symptoms).

METHODS

Data Collection

There were 246 participants (from 18-32 years of age) who were recruited from

introductory Biology and Biological Anthropology classes by giving them extra credit on
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the laboratory portions of their grade.  The Human Subjects Review Committee of

Western Washington University approved the project before data were collected.  Five

individuals were fully assessed but removed from further analysis due to injuries or

reconstructive surgeries on the regions of the body relevant to the study.  All of the 241

remaining individuals completed the WURS scale and anthropometric measures were

taken, but the camera malfunctioned for the facial pictures for the first 58 individuals.

Their responses to the WURS were included to generate the scale measuring

“AD/HDness” but they were excluded from further analyses.  Thus, the completely

measured sample consisted of 183 individuals including 125 females and 58 males.  

Each participant completed the Wender Utah Rating Scale (WURS), a diagnostic

instrument that was developed by Wender and colleagues (Wender et al. 1981; Ward et

al. 1993; Wender 1995) in order to assess AD/HD symptomology for adults

retrospectively.  The use of the Wender scale is not to diagnose but to retrospectively

assess the severity of symptoms in childhood for adults who meet Utah criteria (Wender

et al. 2000).  (The Utah Criteria exclude individuals with major mood disorders,

schizophrenia and schizophrenic spectrum disorders and borderline and antisocial

personality disorder.)

The WURS has been found to be internally reliable and discriminates well

between adults with AD/HD versus normal adults, or versus depressed adults (Fossati et

al. 2001; Rossini and O’Connor 1995; Stein et al. 1995; Ward et al. 1993; Weyandt et al.

1995).  It comprises a 61 item self-report form devised to evaluate the presence and

severity of AD/HD symptoms when the individual was a child and is presented in Table

1.  Subjects rated themselves for each item as: not at all or very slightly (score = 0),
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mildly (score = 1), moderately (score = 2), quite a bit (score = 3), or very much (score =

4).  One question asked whether the individual had “trouble with police, booked,

convicted” and was replaced with “ever receive a traffic ticket? For what?”  College

students seemed more likely to have police contact in conjunction with traffic violation,

also an indicator of impulsivity (Cox et al. 2000).  Subjects also provided information on

age, sex and whether they had prior physical injuries or surgeries that would interfere

with assessment of FA.  Ward et al. (1993) also created an abbreviated version 25-item

subset of the WURS that also exhibits internal and temporal consistency (Rossini and

O’Connor 1995).

-------------------------

Table 1

-------------------------

Faces were photographed with a Kodak DC90 (2.5 megapixel) Zoom Digital

Camera in a naturally well-lit room.   The camera and tripod were positioned securely

104 cm (included head and top of shoulders) from a taped line on which subjects were to

position themselves with the center of their feet.  The camera was adjusted vertically

relative to the face.  They were instructed to maintain a neutral expression.  Hair and

glasses were removed if in the way.  The photographer positioned their heads so that they

faced the camera square to the vertical plane.  The top of the camera reticle (square with

crosshairs) was positioned at the level of the eyebrows.  All images were saved in 32-bit

color at 96 dpi.

Paint Shop Pro 6.0 enhanced the facial features and superimposed a grid with

horizontal and vertical ruled scales that allowed measurement of facial features.  All
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measurements were taken to the nearest 0.01 mm using Paint Shop Pro 6.0.  The sizes of

six traits were measured on each side of the face so that the degree of asymmetry between

right and left sides could be calculated.  The sizes of five traits were measured in relation

to the midsagittal plane situated by placing a vertical line on the center of the philtrum or

nasal septum and lining it vertically with the midpoint between the eye pupils (See Figure

1).  The sixth trait, ear placement was measured from the most superior point on the

pinna to the horizontal plane tangential to the most inferior curve of the lower lip.  Ear

height was measured from the most superior point of the pinna to the most inferior point

of the ear lobe using Paleotech spreading calipers accurate to 1 mm (Waynforth 1998).

-------------------------

Figure 1

-------------------------

Photocopies were made of fully extended hands pressed on the glass and labeled

by subject code.   Ridge counts were made with good lighting and a magnifying glass

(10X).  Dermatoglyphic measurements of asymmetry were taken using the medial-digital

ridge count which involved counting the number of horizontal ridges cutting or touching

a straight line drawn through the center of the medial portion of each digit, 2 through 5.

This is not a typical dermatoglyphic measurement (e.g., Holt 1968) but required less

interpretation of the complexity of the fingerprint patterns.

The ventral surface of digits two through five were measured from the basal

crease of the digit to the furthest portion of the fleshy tip of the finger fully extended

using Paleotech spreading calipers accurate to 1 mm.  Wrist width measurements were
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taken by measuring the maximum wrist width from the mid-line crease of each wrist with

the arm in the relaxed supine position using the same calipers.

Analysis

The reliability of the measurements was estimated by calculating repeatabilities

(rI, the intraclass correlation coefficient; Krebs, 1989) separately for each of the measures

from the photographs and of ridge counts, finger lengths, and wrist widths.  One person

(CB) made all the measures twice.  Each pair of identical measures was averaged.

Signed asymmetries for individual traits were calculated as the absolute value of

R – L, where R and L are sizes of the right and left sides of a trait.  Unsigned asymmetries

were calculated as |R-L|.  Fluctuating asymmetries (FA) for each measure were calculated

by dividing the unsigned asymmetries by the average of the trait, i.e.(|R – L|)/avg|R – L|).

Composite indices were generated for hand, ridge counts and face because they are a

better reflection of an individual’s developmental stability than any single trait (Dufour

and Weatherhead 1996; Gangestad and Thornhill, 1999; Hume and Montgomerie 2001;

Leung and Forbes 1997; Livshits and Kobyliansky 1987; Pechenkina et al. 2000).  Leung

et al. (2000) compared composite indices and recommended summing the formula above

for unsigned symmetries across the traits.  This composite index adjusts for the sample

mean trait size such that all traits have equal weight in this measure of developmental

stability (Hume and Montgomerie 2001).

Descriptive statistics were calculated for each measure and index.  Seven outliers

were removed (1 male and 6 females) following Tukey (1977).  Descriptive statistics

were then recalculated.  Spearman rank correlations with Bonferroni correction were

calculated among unsigned asymmetries of all traits for each subject because some
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distributions of traits were significantly different from normal.  (FA’s for males and

females were compared using Levene’s test for equality of variances and t tests.)

The WURS symptoms were “summarized” both as an average of the summed

responses to the short version of the Wender scale and by a Rasch measurement model

analysis of the responses for each individual by using WINSTEPS (Linacre and Wright

2000), which transforms ordered or unordered categorical data into an interval-level

unidimensional measure of the construct “AD/HDness”.  Individuals are placed on a real

number line that represents (with known accuracy and precision) their measured amounts

of “AD/HDness” (DeRoos and Allen-Meares 1998).  The Rasch was the preferred

summary measure of AD/HD behaviors (rather than a summed Likert) and was used in

the regression and correlation analyses (Bond and Fox 2001).  The Rasch logit values

positively correlated with the summed Likerts for the long (r = 0.786, p = 0.000) and

short (r = 0.849, p = 0.000) versions of the WURS (and the short and long with each

other, r = 0.926, p = 0.000), but see Massof (2002) for a history of the problems

associated with using summed Likert scales and details about Likert’s mistakes in his

influential publication (1932).

Univariate analysis with interaction terms was run to assess the separate and

combined contributions of the indices.  Each composite index, face, ridge count, hand,

and total indices were regressed separately on the Rasch measure of “AD/HDness” for

males and females (Zar 1996).   Pearson’s correlations were also calculated for FA

indices and the Rasch logits.
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RESULTS

Of the 241 participants only 233 (169 F and 64 M) gave complete information on

age.  The subjects were primarily young adults (mean ± S. E., 20.3 ± 0.26 and 19.9 ± 0.31

years, for females and males, respectively) and most were of European descent.

All of the measures of the traits had acceptably high and statistically significant

repeatabilities (means = 0.94, range = 0.79- 0.99, n = 16 traits) in each case (F 182, 365 >

3.854, p < 0.01).

Means, standard errors, skewness, kurtosis and t tests for difference from zero for

signed asymmetries are presented in Table 2.  Only 6 traits had signed asymmetries with

a normal distribution and a mean of zero, thus exhibiting true FA, including wrist width,

length of digit 3, ridge counts for digits 2, 4, and 5, and nose width.  The signed

asymmetries for four traits, ridge count for digit 3, ear height, ear placement, and jaw

width, were not significantly different from zero but are leptokurtic.  Three traits

exhibited directional asymmetry (DA) and include lengths of digits 4 and 5, and eye

width.  The signed asymmetries for 3 traits, length of digit 2, chin width and jaw width,

exhibit both DA and leptokurtosis.  Recent discussions indicate that traits showing

significant DA and leptokurtosis are still appropriate to use as measures of developmental

instability (Gangestad and Thornhill 1999; Leamy 1999; Leung and Forbes 1997).

-------------------------

Table 2

-------------------------

Organism-wide asymmetries were examined by looking at correlations among

unsigned asymmetries of all traits for each subject.  Spearman rank correlations were
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used because some distributions were significantly different from normal.  Pairwise

Spearman rank correlations between unsigned asymmetries for all traits were more often

significantly positive rather than negative (positive/negative = 63/57).  However, only 4

of the 120 between-trait correlations were significant after sequential Bonferroni

correction.  There were significant positive correlations (P < 0.0004) within the face set

of traits between chin width and jaw width (r = 0.36), chin width and nose width (r =

0.31), outer eye width and chin width (r = 0.28) and between the length of digit 4 and

ridge count of digit 3 (r = 0.26).

Table 3 presents the means and standard errors for fluctuating asymmetries (FAs)

for total, male and female samples.  Also presented are comparisons of males to females

using Levene’s test for inequality of variances and t tests.  FAs for Hand Traits range in

males from 0.011 ± 0.001 for length of digit 3 to 0.021 ± 0.002 for length of digit 5 and

in females from 0.012 ± 0.001 for length of digit 3 to 0.021 ± 0.002 for length of digit 5.

FA’s for Dermatoglyphic Traits range in males from 0.052 ± 0.005 for ridge counts for

digit 4 to 0.075 ± 0.007 for ridge counts for digit 5 and in females from 0.056 ± 0.004 for

ridge counts for digit 2 to 0.069 ± 0.005 for ridge counts for digit 2.  FAs for Face Traits

range in males from 0.022 ± 0.003 for ear height to 0.040 ± 0.009 for nose width and in

females from 0.020 ± 0.002 for ear height to 0.061 ± 0.008 for nose width.  Overall,

males and females are similar for most traits.  Levene’s Test for Equality of Variances

demonstrates that variances are not significantly different for hand or dermatoglyphic

traits but are significantly different between male and female face FAs (F value,

probability) for eye width (5.827, 0.017), and outer eye width (4.425, 0.037), nose width

(7.658, 0.006) and the Face Index (4.391, 0.038).  The t test only revealed two
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statistically significant differences for those four traits with unequal variances: outer eye

width ( t = 2.565, p = 0.011) and Facial Index (t = 2.18, p = 0.031).

-------------------------

Table 3

-------------------------

Table 4 presents the means and standard deviations of responses to the shortened

version of the WURS for total sample, both sexes, and comparative data from Wender

(1995) including adults with AD/HD and “normal” comparison subjects.  (Summed

Likert scores for the complete Wender scale in this sample strongly positively correlated

with the short form, r = 0.941, p = 0.000.)  Males exhibit overall higher symptom rates,

and variances differ statistically significantly according to the Levene’s test (F value,

probability) for “Sad or blue, depressed, unhappy” (5.098, 0.025), “Losing control of

myself” (13.416, 0.000), “Tendency to be or act irrational” (5.022, 0.025), “Unpopular

with other children” (5.098, 0.025), “Trouble with authorities” (34.478, 0.000) and “Not

achieving up to potential” (19.392, 0.000).  Of the symptoms with unequal variances,

three were also significantly different according to the t test (T, probability) “Losing

control of myself” (2.499, 0.015), “Trouble with authorities” (60.957, 0.002), and “Not

achieving up to potential” (60.799, 0.000).  Of those symptoms with equivalent variances

several symptoms were significantly different (T, probability): “Concentration problems”

(2.09, 0.038), “Inattentive, daydreaming” (2.482, 0.0140, “Temper outbursts, tantrums”

(2.118, 0.36), “Trouble with stick-to-it-tiveness” (2.276, 0.024), “Acting without

thinking, impulsive” (2.487, 0.014), “Tendency to be immature” (2.422, 0.017), “Guilty

feelings, regretful” (2.411, 0.017).
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The performance of both sexes on the WURS lies between the “normal” and

AD/HD sample of Wender (1995:257).  Overall, these college students exhibit a

relatively high frequency of symptoms.

When the WURS was subjected to a Rasch rating scale analysis 7 of the 58 items

were found to have statistically significant misfit.  See Figure 2 entitled WURS Item Fit

and Table 1 for more complete descriptions of the questions.  The fit characteristics of

these 7 items indicated that the there is an inconsistency in measurement assumptions

among these 7 items and the balance of the items on the survey.  The final measure thus

consists of 51 items.  Respondents did not use the middle three categories (mildly,

moderately, quite a bit) of the original five response categories as distinct categories.

Collapsing these three categories resulted in a useable measure.  The fit values of all

respondents were acceptable, indicating that the respondents cooperated in the

measurement effort by giving thoughtful, straightforward answers to the questions.

“AD/HDness” does appear to fit the Rasch measurement model well and represents a

unidimensional construct.

-------------------------

Figure 2

-------------------------

Item difficulty by sex is presented in Figure 3.  The higher the item difficulty

score, the more affected by AD/HD an individual must be to endorse the behavior.  There

is a reasonably close match between the sexes.
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-------------------------

Figure 3

-------------------------

Table 5 presents a univariate analysis with interaction terms.  The only result of

note is the significant interaction effect of sex.  Thus, sexes were also examined

separately by regression analyses.  The scatterplots and regression lines for the Hand,

Dermatoglyphic, Face, and Total indices versus Rasch logit values (AD/HDness) for

males and females, respectively, are presented in Figures 4A, 4B, 5A and 5B.  The only

statistically interesting correlations (Pearson’s r’s) were in males for Dermatoglyphic

Index regressed on the Rasch logit (F 1,55 = 3.627, p = 0.062), and Total Index regressed

on the Rasch score (F 1,55 = 3.811, p = 0.056).

-------------------------

Figures 4 & 5

-------------------------

The Pearson’s r correlations (1 tail) among the indices relative to each other and

the Rasch scores are presented in Table 6.  After Bonferroni correction the Total Index

only correlates significantly with the Dermatoglyphic and Face indices for Males,

Females and Total Sample.  The focus here is whether or not there is a positive

correlation between the Rasch and the indices and there does appear to be a trend for a

positive correlation between Rasch score and Dermatoglyphic and Total Indices for

males.        ------------------------

Table 6

------------------------
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DISCUSSION

FA’s are not much different between the sexes but the behavioral measures

provide a striking contrast.  FA’s in Table 3 are lowest for hand and face and somewhat

higher for ridge counts.  Males and females differ little except for outer eye width and

Total Face Index.  Although not evident in head and face measures, Livshits and Smouse

(1993) found small variance and covariance differentials in FA between the sexes.

Trivers et al. (1999) found significant sex differences in the composite FA’s for Jamaican

children and boys more symmetric than girls, particularly in the elbow and fourth digit.

Wilson and Manning (1996) also found higher FA’s in girls relative to boys but the

differences were not significant.  Thus, there does not seem to be strong evidence for

significant sex differences, in general, for FA.

The relatively high level of WURS symptoms in both college males and females

summarized in Table 4 relative to Wender’s (1995:247) “normal” sample is somewhat

intriguing.  Others have reported significant levels of AD/HD symptoms in college

samples (e.g., Richards et al. 1999; Turnock et al.1998; Weyandt et al. 1995).  In this

case it may represent self- selection by students more likely to participate in the study

because of concerns about AD/HD symptoms.  What may also be likely is that these are

issues of salience for this sample.  Most were freshmen and sophomores and the

challenge of college relative to high school may make an individual more aware of

concentration difficulties, inattention, or problems in self-control.  A lower performance

in college relative to high school may lead some students to question their native abilities.

Table 4 shows that male college students exhibit higher rates of WURS symptoms

than do college females.  Fossati et al. (2001) also found that male university students
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exhibited a significantly higher WURS total score than females (in contrast to no

difference in psychiatrically identified subjects).  This follows from the overall, more

frequent rate of diagnosis for AD/HD in males relative to females (e.g., Gingerich et al.

1998).  By contrast, the relatively close match between males and females for item level

difficulty evident in Figure 3 suggests that the significance of symptoms for the

experience of AD/HDness may be similar.  This picture may support different polygenic

multiple threshold models rather than intrinsic differences in how AD/HD is experienced

(Rhee et al. 1999).

The univariate analysis presented in Table 5 also supports a sex difference with

the significant interaction effect of sex.  There are also statistically significant trends for

FA as measured by a Dermatoglyphic Index or as measured by a Total Index to increase

with increases in the Rasch logit values for AD/HDness but only in males evident in

Figures 4A and 4B.  Again the correlation matrix of Table 6 also supports this picture.

This is consistent with the discovery by Reid and Norvilitis (2000) that anomalous brain

lateralization, as reflected in hand, foot, ear and eye, was associated with AD/HD

behaviors measured by the short version of the WURS.  This difference is apparent in

males and not females, and is also consistent with the older literature on minor physical

anomalies (MPA), another proxy for developmental instability.  MPA’s vary along a

continuum and are significantly higher in children with “deviant behavior” compared to

normal controls and this relationship was strongest in males (Firestone and Peters 1983).

Each of the indices likely represents somewhat different interacting genetic and

environmental pathways.  A trend for the Dermatoglyphic FA to increase with increases

in AD/HDness may reflect issues that arise early in development.  Dermal ridges
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differentiate during the 3rd and 4th months of fetal life (Holt 1968).  They start to form

when the hand is about 3.5 mm in length and do not change after the hand is about 15.6

mm long.  Secondary ridges, if they occur, form by the 5th and 6th fetal months.  There are

then no developmental changes in dermal ridges after the 7th fetal month.  Thus, dermal

ridges provide a window into growth disturbances during fetal life.

These relationships are weak but are suggestive considering the small sample size

(particularly of males) and may provide an example of how females may be buffered

(more canalized) relative to males for some aspects of development relative to

environmental insults that may affect behaviors associated with AD/HD (Stinson 1985,

2000).

CONCLUSIONS

The fluctuating asymmetries measured for hands, fingerprints, and face differed

little between the sexes except for outer eye width and Total Face Index.

Males relative to females exhibited statistically significantly higher levels of

AD/HD symptoms as measured by the WURS, and both sexes of this college sample

exhibited an intermediate level of symptoms, more than a “normal” sample and less than

a clinical sample with AD/HD.

“AD/HDness” does appear to fit the Rasch measurement model well and

represents a unidimensional construct.  A Rasch measurement model analysis of

individual responses to the WURS produced a true interval score (logit) for each person

as a measure of individual “AD/HDness”.  Both sexes expressed similar levels of

difficulty in endorsing AD/HD symptoms.
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Regression analyses first with all the variables for both sexes indicate a significant

interaction effect for sex.  Regression analyses of individual indices for Hand,

Dermatoglyphics, Face and Total on Rasch logit values (AD/HDness) for males and

females show that there are statistical trends for FA to increase (as measured either as a

Dermatoglyphic Index or as a Total Index) as the behavioral measure (the Rasch logit

values) for AD/HDness increases in males but these trends are not found in females.
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Fig. 1. Landmarks used for measurement of facial traits.  Vertical solid line shows the

midsagittal plane.  Each trait (left, right) was measured as follows: Eye Width (A1-B1,

A2-B2), Outer Eye Closure Width (A1-MSP, A2-MSP), Cheek Bone Width (C1-MSP,

C2-MSP), Jaw Width (D1-MSP, D2-MSP), Nasal Width (E1-MSP, E2-MSP).

Fig. 2. WURS item fit: extent to which all items are measuring the latent construct

(AD/HDness)

Fig. 3. Item difficulty by sex: how much of the latent construct (AD/HDness) a person

must have to exhibit that factor

Fig. 4A. Scatterplots of Rasch scores vs. Hand and Dermatoglyphic FA indices,

respectively, for males

Fig. 4B. Scatterplots of Rasch scores vs. Facial and Total FA indices, respectively, for

males

Fig. 5A. Scatterplots of Rasch scores vs. Hand and Dermatoglyphic FA indices,

respectively, for females

Fig. 5B. Scatterplots of Rasch scores vs. Facial and Total FA indices, respectively, for

females


