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ABSTRACT
THE PSYCHOBIOLOGICAL PORFILE OF
COMPETITIVE FEMALE FIGURE SKATERS
By
Eva A. Vadocz
The purpose of this interdisciplinary study was to assess the physical and
psychological characteristics of competitive female figure skaters across chronological age
groups, level of competency (test, pre-elite and elite), disciplinary involvement (free,
dance and pairs), and menarcheal status. The relationships between physical and
psychological characteristics, predictors of self-concept, and predictors of eating disorders
were also considered. One hundred and sixty-one female figure skaters 11 to 23 years of
age underwent a battery of anthropometric dimensions and psychological measurements.
The Heath-Carter anthropometric somatotype was derived. The skaters were also asked
about their menarcheal status and recalled age at menarche. Parents reported their
educational backgrounds, heights and weights; age at menarche of the mothers was also
recalled. Overall, figure skaters are shorter, lighter and leaner, and are later maturing
compared to reference data. They have, on average, a balanced somatotype. Physical self-
perceptions decrease, while social physique anxiety and risk for eating disorders increase
with age. The physical self-perceptions of skaters are generally higher than non-athletes,
but are similar to the perceptions of other elite athletes. Figure skaters’ risk for eating
disorders are generally lower than scores for adolescent bulimic anorexics and adolescent
norms, but are somewhat higher than adult gymnasts. The social physique anxiety scores

of figure skaters are similar to elite athletes and adult norms, but lower than adolescent




gymnasts. Elite and specialized skaters are later maturing, shorter, lighter, leaner, less
endomorphic, and more mesomorphic than test or free skaters. Elite and specialized
skaters also have more favorable self-perceptions than either test or free skaters, but test
and elite skaters have higher social physique anxiety than pre-elite skaters. Dancers report
lower self-perceptions and are at greater risk for developing eating disorders than free
skaters. Endomorphy, chronological age and Self-Esteem correctly classify the majority of
skaters by level of competency and/or discipline. Pre-menarcheal skaters, particularly
those who are younger, are smaller, more ectomorphic and more mesomorphic than post-
menarcheal skaters. They also have more favorable physical self-perceptions, and lower
social physique anxiety and eating disorder risk. Among post-menarcheal skaters >16
years, later maturing skaters have longer relative leg length, have thinner skinfold
thicknesses, and are less endomorphic than average maturers. The correlation for age at
menarche for a small sample (n = 28) of skaters and their mothers is significant (0.60),
suggesting both familial and environmental influences in menarcheal timing. Correlations
between select physical and psychological variables indicate that shorter and leaner skaters
have more favorable psychological characteristics. Multivariate-multiple regression
analyses indicate that a set of biological and psychological variables, labeled “bio-
perceptual’ predict self-concept. Similarly, biological and psychological variables predict
several subscales of the Eating Disorder Inventory, accounting for 14% to 65% of the

variances.
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GLOSSARY
Artistic Impression - a criterion in figure skating defined by aesthetics, physical and
emotional interpretation of music, and movement flow
Dance skaters - competitive female figure skaters participating in the dance discipline
with a male partner
Discipline - categories of figure skating distinguished by elements, artistic requirements,
music style and length
EDI Subscales
- Body Dissatisfaction - dissatisfaction with the shape of body parts such as hips,
buttocks, and the belief that these parts are too big or too fat.
Bulimia - tendency to engage in bingeing that may be followed by the impulse to
induce vomiting
Drive for Thinness - excessive concern with dieting, preoccupation with weight,
and extreme pursuit of thinness
Ineffectiveness - feelings of general inadequacy, insecurity, and worthlessness, and
not being in control of one’s life
Interpersonal Distrust - sense of alienation and general reluctance to form close
relationships
Introceptive Awareness - lack of confidence in recognizing and accurately
identifying emotions or visceral sensations of hunger or satiety
Maturity Fears - wish to retreat to the security of pre-adolescence because of

being overwhelmed by the demands of adulthood
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Perfectionism - excessive personal expectations of superior achievement
Elite - USFSA or CFSA Junior and Senior participants who have competed in at least one
prior national qualifying competition.
Free skater - competitive female figure skaters participating in the singles freestyle
discipline
Goodness of Fit - matching of individual characteristics with the demands of the social
environment.
Novice - USFSA or CFSA novice competitors who have competed in at least one
previous national qualifying competition (e.g., sectionals, divisional)
Pair skaters - competitive female skaters participating in the pair discipline with a male
partner
Pre-elite - skaters who compete at the pre-novice and novice competitive stream level
which lead to national or sub-national qualifying competitions.
PSDQ subscales
Appearance - satisfaction of general appearance (e.g., physique, face, hair)
Body Fat - satisfaction with body fat on various parts of the body
Coordination - perceptions of coordination and agility
Endurance - perceptions of aerobic fitness
Flexibility - perceptions of flexibility of various body parts
Global Physical Self-concept - satisfaction with the overall physical self
Health - perceptions of overall health

Physical Activity - perceptions of involvement in overall physical activity

XIX




Self-Esteem - An overall sense of confidence and self-worth

Sport Competence - perceptions of level of proficiency in sport

Strength - self perceptions of muscular strength
Social Physique Anxiety - anxiety that individuals experience in response to others'
evaluations of their physique

Test skaters - skaters participating in advanced recreational programs who do not

compete at the national or sub-national level



CHAPTER
Introduction

Sport specialization, especially in subjectively evaluated sports such as gymnastics,
diving, and figure skating, begins at relatively young ages. Physical and psychological
characteristics related to successful performance are often considered in the process of
selective issues related to identifying and selecting potentially talented athletes. However,
becoming an elite athlete involves a complex process of selective issues related to self,
parents, coaches and sport officials, in addition to exceptional physical and psychological
skills. Physical self-perceptions, regardless of physique and body size, is other factors that
can affect performance.

For the developing figure skater, critical periods of selection often overlap with
adolescence, which is variable in timing and which is associated with a variety of
behavioral, physical and physiological changes. Changes in size, proportions, physique and
body fat associated with the adolescent growth spurt and sexual maturation occur at
important points in the careers of young athletes. They may add to the stresses inherent in
figure skating. For example, females increase from an average height of 144 cm and
average weight of 37 kg to 158 cm and 48 kg, respectively, from 11 to approximately 16
years (Hamill et al., 1977). In addition to broadening skeletal breadths and increases in
muscle mass and limb circumferences, females also progress from an estimated 8% body
fat at the beginning of puberty to about 22% at the end of puberty (Killen et al., 1992).
These changes reflect modifications in physique and body composition.

For girls, adolescence is often marked by distortions of body image and a desire to

be thinner (Attie and Brooks-Gunn, 1989). In addition, changes associated with the



adolescent growth spurt and sexual maturation may make it difficult for many skaters to
maintain a biomechanically efficient physique necessary to perform technical elements such
as jumps, lifts and spins.

In figure skating, as in other subjectively evaluated movement forms such as dance
and gymnastics, subjective impressions of body form are often added to the artistic merit
of the performance (Ryan, 1995; Ross et al., 1977; Swoap and Murphy, 1995). Propelling
the body into the air while exuding artistic expression is a demand common to all
competitive skating disciplines, including singles, dance and pairs. Physique is an
important feature of a successful figure skater whether for aesthetic purposes or
movement efficiency. For example, female pair skaters appear to be generally petite and
short compared to female dancers who are taller and more linear. Short stature and a
slender physique are important for female pair skaters since many technical maneuvers
involve over-head lifts and projection into the air by the male partner. Many female single
skaters appear to be either overtly prepubertal and late maturing characterized by
relatively longer legs and a linear physique.

Biocultural and contextual views echo the notion that individual characteristics
match contextual demands. According to the biocultural view, since athletic performance
includes both biological and behavioral domains, one cannot rely on a set of isolated
biological or cultural characteristics for describing performance and selection. Growth,
maturation and development interact to mold the individual, including self-perceptions, or
self-concept. Self-concept is often affected by the child's level of biological growth and
maturation (Malina and Bouchard, 1991). Successful athletic performance can also have a

positive influence on self-concept (Weiss, 1991).




Being early or extremely advanced in biological maturation can affect performance
and the development of self-concept. Early maturing female athletes, who are overall
larger in body size than average and later maturing peers of the same age, may not have
adequate psychological skills necessary for coping with both the stressors involved in the
selection process of a sport and those inherent in pubertal maturation (Brooks-Gunn et al.,
1985; Silbereisen et al., 1989). Increases in body size can ultimately affect performance in
skating, specifically the ability to perform aerial skills such as jumps, lifts and certain spins.
Being a later maturing skater may have an advantage in maintaining a smaller, more linear
physique for a longer period of time during which skills are refined. Such skaters have
more time to develop expertise in such skills before the body changes in size and
proportions that accompany puberty occur.

Lerner's (1985) contextual view offers a further explanation of behavioral
tendencies related to variation in maturational timing. Here, the 'goodness of fit' among
specific physical and psychological characteristics and the demands of the context
influence the valence of affect and behavior. For example, if individual characteristics and
contextual demands match, positive behavior and affect will occur. In contrast, if there is a
mismatch between individual characteristics, negative affect and behaviors will manifest.

Although not systematically documented, specific characteristics are favored for
selection within the context of a figure skating discipline (free skating, dance and pairs).
Selection is contingent on skating ability, specific bodily dimensions, characteristics of
other skaters, judging criteria, and demands of coaches, parents and sport officials. For
example, within the context of the pair or dance disciplines, the ideal female partner for a

male skater is one who possesses similar technical abilities and body proportions. Similar




proportions between male and female partners are necessary in these disciplines to create
aesthetically pleasing lines which are favored by judges. Selection in both dance and pair
skating is especially competitive for female skaters because they greatly outnumber
available male skaters. Thus, female skaters may resort to unhealthy training and dieting
behaviors to achieve or maintain a preferred physique.

Unbhealthy dieting behaviors are often related to self-perceptions about physical
appearance. Early adolescent girls participating in aesthetic sports, which involve
subjective evaluation by others may also be at risk for developing social physique anxiety
(SPA) -- anxiety that individuals experience in response to the evaluation of their
physiques by others (Hart et al., 1989). It seems logical to assume that SPA would be
inherent in figure skating because of the very nature of the evaluation process.
Competitors who are generally equal in physical ability are subjectively compared with
each other based on artistic impression, which involves physical appearance. If skaters are
concerned about how others perceive their physique, they may lack confidence during
performance. SPA research suggests that highly anxious individuals tend to be physically
larger and use protective strategies, such as assuming shielding or unobtrusive postures
(Ecklund and Crawford, 1994). If skaters have a tendency towards SPA, this behavior
may inhibit the development of artistic impression and impede the likelihood of selection.
The manifestation of SPA is of particular concern because it is a predictor of anorexia
nervosa and bulimia nervosa (Johnson et al., 1995). Compulsive exercise and food
restriction may be other strategies for meeting the demands of skating. The effects of
SPA on athletes participating in subjectively evaluated movement forms needs further

study because elite coaches and judges often favor linear physiques in selecting the top




performers.

Girls begin to worry about their weight as early as 9 years of age (Koff and
Rierdan, 1991), and early maturing adolescent girls are at higher risk for developing eating
disorders (Attie and Brooks-Gunn, 1989; Graber et al., 1994). Thus, the onset of puberty
and variation in pubertal timing per se may be risk factors for disordered eating (Killen et
al., 1992). Such issues have prompted the American College of Sports Medicine (ACSM)
to recognize that some pubertal female athletes may be at special risk for a triad of related
health issues: eating disorders, amenorrhea, and osteoporosis (Yeager et al., 1993).
However, the number of adolescent athletes at risk for the triad is not known. The risk for
early maturers in subjectively evaluated movement forms sports may be greater, but data
are presently not available. Early maturers are heavier, taller, and more stocky, on
average, than chronological age peers. These factors may affect the biomechanical
efficiency of skills involving rotation when they are being learned and refined, and are
often aesthetically devalued in Western culture.

For many young athletes, the prerequisite physique favored by a sport and its
judges is unattainable, placing them at a disadvantage in the selection process. Thus, early
maturing girls may be socialized away from a sport whereas late maturing girls may be
socialized into a sport, in part related to their biological lateness. In late adolescence, late
maturers tend to be, on average, lighter, taller and more linear in shape than early and
average maturers, and these characteristics tend to enhance performance in aesthetic
sports (Malina and Bouchard, 1991). Late maturing girls may also have an opportunity to
develop a level of expertise in athletic skills prior to the growth spurt and puberty (Malina,

1983). Since late maturers are older chronologically and are more linear than early




maturers when they attain menarche, they may be less likely to experience SPA and related
stresses. In addition, late maturers may have more time to develop the psychological skills
necessary for coping with stresses inherent in some sports. Thus, if late maturing females
are achieving elite status compared to early maturing age peers, they may also be
distinguishable psychologically based on their psychological skills. It is possible that
psychological characteristics of athletes enable them to cope better with stresses
associated with physical growth and maturation, and those inherent in sport, thereby
providing the means for participation at physically and psychologically appropriate levels.

Disparity between characteristics of the individual and the sport environment can
affect self-concept, which may direct levels of participation, figure skating discipline
involvement, and perhaps attrition. Although some research has suggested that sport
participation enhances self-concept (Weiss, 1991), the subjectively evaluating context of
figure skating may also have negative effects. Therefore, examining the psychobiological
profiles of adolescent figure skaters may help to identify potentially successful skaters, and
in particular those best suited for specific disciplines and those who may be at risk for
health-related problems.

It can also be asked if the physical and psychological characteristics of successful
skaters are similar across skating disciplines. If common physical and psychological
characteristics can be identified in successful skaters, are they useful for selection?
Physical dimensions can be reliably measured. It is also important to examine the external
validity of psychological instruments by considering the correlations between subjective
and objective measures. Are skater’s perceptions of their physical characteristics

consistent with objective physical measures? Although research has often alluded to



relationships between physical variables and self-perceptions (Brooks-Gunn, 1988;
Crocker and Snyder, 1996; Eklund and Crawford, 1994; Marsh, et al., 1996; Martin et al.,
1997), few investigations have considered the relationships between such variables in the
selection of athletes. Perhaps more critical to the health and well-being of figure skaters
are the physical and psychological correlates of maladaptive eating attitudes. Are certain
risk factors, such as social physique anxiety, more prevalent in particular skating
disciplines or competitive contexts?

Research on figure skaters is sparse and methodologically limited. Samples are
typically small and skaters are grouped across broad chronological age categories with no
control for age variation in the analyses. Skaters are generally not grouped by skating
disciplines and the research has not considered sub-elite and non-elite skaters. Without
such considerations, information about how skaters are selected, or why they chose to
participate in specific skating disciplines and competitive levels remains unclear. Although
there are studies of the stresses associated with sport and the psychological characteristics
of elite athletes, research has not ordinarily considered the interaction between biological
maturation and psychological development (Gould et al., 1993a, 1993b; Scanlan et al.,
1989a, 1989b; Smith et al., 1995).

Research on athlete selection is typically monodisciplinary. An interdisciplinary
focus may provide most robust information. Educating those involved in sport, and
restructuring rules and regulations within a sport (if deemed a necessity) requires an
interdisciplinary focus emphasizing the integration of information from more than one
subdiscipline of sport science. This is in contrast to a multidisciplinary focus, where

experts from different subdisciplines work in parallel to one another rather than in




symbiosis (Burwitz et al., 1994).

Research examining potential relationships among such variables is essential
because athletic development occurs during pivotal points in growth, maturation, and
development. Athletic development is contextually sensitive. Thus, adopting an integrated
sport science approach should aid in explaining the variance in sport participation
behaviors, assist in talent identification, and help educate sport officials involved in the
selection process. This résearch may provide practitioners with information that they can
use to solve sport specific problems, such as attrition, effects of rule modifications, and
readiness for sport competition. In contrast, ignoring multilevel relationships may have
particularly important ramifications, especially for the well-being of adolescent athletes in

subjectively judged sports.

Purpose of Study

The aim of this investigation is to examine the physical and psychological
characteristics of adolescent female competitive figure skaters. There are six purposes: (1)
to describe the demographic, anthropometric and psychological characteristics of
adolescent female competitive figure skaters as a group, and by competency level and
discipline; (2) to examine the anthropometric and psychological characteristics of skaters
based on menarcheal status and in relation to menarcheal timing; (3) to determine if figure
skaters’ perceptions of their physical characteristics are consistent with more objective
anthropometric dimensions; (4) to determine if skating level and disciplinary involvement
can be discriminated from a multidisciplinary composite of variables; (5) to determine if

physical self-perceptions characterized by Social Physique Anxiety, Global Physical Self-




Concept, and Self-Esteem can be predicted by a unique set of physical and psychological
variables; and (6) to determine if risk of eating disorder can be predicted by physical and

psychological variables.

Questions and Hypotheses
Question 1
What are the anthropometric, physique, menarcheal, and psychological
characteristics of female competitive figure skaters ages 11 years and older?
HI: Figure skaters are smaller in height, weight, limb circumferences and skeletal
breadths, and leaner compared to reference data for non-athletes.
H2: Figure skaters are later maturing compared to reference data for non-athletes.
H3: Physical self-perceptions decrease with age, while social physique anxiety and
eating disorder risk increase with age.
Ha4: Figure skaters will have higher PSDQ scores, and lower SPAS and EDI scores

than non-athletes.

Question 2
Do the physical and psychological characteristics of competitive skaters differ
across competency levels (test, pre-elite and elite)?
HS5: Elite figure skaters have a unique set of physical and psychological
characteristics compared to test and pre-elite skaters.
H6: There is a greater proportion of late maturing pre-elite and elite skaters than

test skaters.




Question 3

Do the physical aﬁd psychological characteristics of competitive skaters differ
across discipline (free skate, dance and pairs)?

H7: Dancers are older, taller and leaner and have relatively longer legs than free

skater and pair skaters.

H8: Dancers and pair skaters have more favorable self-concept scores, but are at

greater risk for eating disorders than free skaters.

HO9: There is a greater proportion of late maturing dance and pair skaters than free

skaters.

Question 4

Do the physical and psychological characteristics of figure skaters differ relative to
menarcheal status and timing?

H10: Pre- and post-menarcheal skaters differ in physical and psychological

characteristics.

H11: Pre-menarcheal skaters differ in physical and psychological characteristics by

age group.

H12: Later maturing post-menarcheal skaters are shorter, lighter and leaner than

earlier maturing post-menarcheal skaters.

H13: Earlier maturing post-menarcheal skaters report less favorable psychological

characteristics than later maturing post-menarcheal skaters.
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Question 5
Are the physical characteristics of figure skaters correlated with self- perceptions
of physical dimensions?
H14: Anthropometric dimensions related to size, proportions and fatness are
negatively correlated with selected psychological variables related to perceptions
of physical characteristics, including PSDQ subscales (Body Fat, Global Physical
Self-Concept, Appearance, and Self-Esteem), and positively correlated with EDI
subscales (Drive for Thinness, Bulimia, Body Dissatisfaction, and Maturity Fears),
and Social Physique Anxiety.
H15: Controlling for height, weight, and/or subcutaneous fatness, variables that
are positively correlated during adolescence, reduces the correlations between the

physical and psychological variables.

Question 6
Can a selection of physical and psychological characteristics thought to be
important for the elite level of figure skating discriminate level of competency and
disciplinary involvement?
H16: Physical and psychological variables can discriminate level of competency
among figure skaters.
H17: Physical and psychological variables can discriminate the disciplinary
involvement of figure skaters.

H18: Level of comp 'y and di

y invol are discrimi d by




different sets of variables in post-menarcheal figure skaters >15 years.
Question 7

Can self-concept characterized by Social Physique Anxiety, Global Physical Self-
Concept, and Self-Esteem be predicted by a unique set of physical and psychological
variables?

H19: Self-concept is predicted by a combination of physical and psychological

variables.

Question 8

Can the susceptibility to eating disorders identified by Bulimia, Drive for Thinness,
Body Dissatisfaction, Perfectionism and Maturity Fears be predicted by émhropometric
characteristics, somatotype and psychological variables related to physique, appearance
and self-concept?

H20: A combination of anthropometric characteristics, somatotype and
psychological variables related to physique, appearance and self-concept predicts the five

eating disorder subscales.

Significance
Physical evaluation is an inherent part of figure skating because up to 40% of the
final score in competition is awarded for artistic impression, which involves creating
aesthetically pleasing lines with the body (Canadian Figure Skating Association, 1997).

Although no marks are explicitly awarded for physique, skaters having a lean and linear




physique may be more aesthetically pleasing to watch than more mature skaters, and may
score higher marks than more mature skaters despite having equal technical abilities. For
the mature skater, these idiosyncratic evaluation criteria may reduce the probability of
success. Additionally, it is assumed that a petite physique enhances the biomechanical
efficiency of jumping and spinning, and thereby the talent of skaters. In an effort to
maintain a favorable body composition, skaters may be inclined to train harder and
decrease nutritional intakes. Such behaviors, in turn, may have health implications, in the
development of eating disorders, secondary amenorrhea, and potentially osteoporosis.
However, the root of eating-related problems may lie in a mismatch between the demands
of the sport, which are communicated by coaches, parents, and sport officials, and the
characteristics of the athlete, both physical and psychological.

A complex set of physical and psychological characteristics encompass the specific
demands of a sport. Physical features include size, shape (physique and proportions), and
composition, which are influenced by the timing and tempo of the adolescent growth spurt
and puberty. Psychological variables include readiness for elite training and superior
coping skills. A mismatch between the demands of a sport and the individual
characteristics of athletes may lead to adverse consequences. For example, early
maturation and inferior psychological skills can lead to concerns about weight and possibly
manifestation of eating problems in an attempt to control weight. Concerns about
physique may also contribute to competition anxiety and potentially influence performance
(Martin and Mack, 1996). Another example is to have the appropriate size, physique and

skills, but to lack the psychological skills to handle the evaluative environment.
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To ensure safe participation in subjectively evaluated sports, it is important to
identify the physical and psychological characteristics of competitive figure skaters who
may be at risk for developing eating disorders and other health-related concerns such as
osteoporosis. If skaters are at risk, programs can be designed to increase the sensitivity of
coaches, parents and judges, and the sport system.

Although figure skaters have been used as subjects in sport psychology research,
there is a lack of data on their growth and maturation. Research within the domains of
sport psychology and biological growth and maturation rarely, if ever, consider the
interaction of biological and psychological variables. Identifying relationships among these
variables seems fundamental for training programs and may aid in athlete development
programs. Perhaps more important to the welfare of athletes in all levels of figure skating
is evaluating those who do not make it to elite status for physical and psychological
variables associated with negative self-perceptions and eating disorder risk. Early maturing
skaters, for example, may be predisposed to SPA, which is associated with eating disorder
risk (Deihl et al., 1998).

By convention, many training programs for young athletes are based on successful
programs developed for the elite, physically mature individual. It may be more appropriate
to design programs that are directed at the specific needs of the younger individual and
then to systematically alter the regimes as the athlete grows and matures (Klika, 1995). It
has been suggested that for female figure skaters, if double jumps are not “mastered” by
12 years of age, success as an elite skater is unlikely (Gledhill and Jamnick, 1992; Ross et
al., 1980b). The identification of a critical period for acquiring these skills, if such a period

exists, is a challenge which has implications for scientific and practical inquiry.




Relationships between physical and psychological variables need to be conveyed to those
involved in development of programs. This includes parents, coaches, judges, officials of
organizations, as well as the athletes themselves. Understanding the physical and
psychological development of youth and their performance can contribute to more realistic

achievement expectations and more appropriate training and competitive opportunities.

Limitations
The following issues are acknowledged as limitations to the internal and external
validity of this study:
1) The sample is limited to 161 volunteers 11 to 23 years of age who were
recruited from 11 competitive figure skating clubs in Mid-Michigan and South
Central Ontario. Generalizations to other samples of figure skaters are limited.

2

Accessibility to dancers and pair skaters was limited for two reasons. First,
there are significantly fewer male skaters compared to female skaters, which
restricts the number of skaters participating in the two specialized disciplines.
Due to specialization, dancers and pair skaters do not participate at the test
level. Second, two training centers specializing in dance and pair skating did
not consent to the study

3

=

The nature of this study did not permit random sampling. Purposive sampling
was used, which limits the generalizability of results to the current age range,
competitive level, and skating disciplines.

4

=

Self-report questionnaire response distortion may be inherent in the context of

figure skating. Skaters were informed about the nature of the study and may
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6

)

have been reluctant to indicate negative eating attitudes and negative self-
perceptions.

Pubertal status was self-reported and may not be concordant with clinical
evaluation. Although clinical assessments are preferred, they are invasive to the
adolescent's privacy. Self-reported pubertal status is reasonably reliable method
and is often used in current studies on adolescents.

Coping skills were limited to the Ways of Coping Checklist. The checklist did
not provide adequate subscale reliabilities for use in multivariate analyses.
Therefore, presentation of coping skills results are limited to descriptive

statistics.




CHAPTER I
Review of Literature

Interdisciplinary research on figure skating is limited. To understand the selection
process in this subjectively evaluated sport, relationships among biological, psychological
and sociological variables must be considered. A psychobiological profile of elite figure
skaters may be useful for talent identification and for directing safe participation. To
evaluate the likelihood of becoming an elite skater in the future, developing skaters
participating at lower levels can be compared to the elite prototype. More importantly,
identifying skaters with unhealthy physical and psychological characteristics, such as those
associated with eating disorders, could help develop educational and/or intervention
programs for athletes, parents, coaches, and sport officials.

The review considers several of the physical and psychological variables involved
in athlete selection and development. First, talent identification and selection are described
with emphasis on age-graded stages in the sport of figure skating. Second, the interaction
between biological and psychological variables are outlined in the context of the
biocultural and contextual perspectives. Third, biological variables including those related
to growth, physique, body composition, and biological maturation are reviewed. Fourth,
psychological variables thought to be important in the athlete selection process are
examined. The concept of readiness for competitive figure skating is then discussed.
Finally, relationships among biological and psychological variables are proposed to explain
both the potentially beneficial and adverse effects of the figure skating selection process.
Psychological risk factors, including negative perceptions of physical characteristics, social

physique anxiety, and problem eating are suggested as being related to the morphological




changes associated with sexual maturation.
Athlete Selection
Researchers have long questioned whether athletes excel in sports because of their
individual characteristics, or if individual characteristics develop through participating in a
specific sport (Carter and Heath, 1990). Does genetic predisposition to particular traits
determine performance? Or, does training alter individual characteristics to conform to the
demands of the sport? Evidence suggests athletic performance is influenced by both

factors.

The process of identifying talented individuals for a given sport begins in childhood
(Bompa, 1985; Ericsson et al., 1993; Malina, 1994; Scanlan et al., 1989a). The
progression from initial youth sport experiences to more elite levels involves complex
identification and selection criteria encompassing skill, physical and behavioral
prerequisites. As some programs become more competitive and specialized, criteria tend
to be sport-specific. Talent identification and selection occur both formally and informally.
For example, identification occurs informally during practice or competitions where skilled
participants are invited to tryout for elite teams. In contrast, formal identification occurs
during organized tryouts which involve more specific evaluation of physical and behavioral
characteristics.

The trend in selecting figure skaters seems to parallel recent trends in gymnastics
and ballet. Intensive training in these sports characteristically begins at an early age and is
contextually sensitive. Athletes competing at elite levels are younger in chronological age
than athletes competing in other sports and appear to be biologically immature (Malina,

1994). However, at all levels of age-based competitive categories, young athletes are



expected to perform more difficult skills than past competitors.

In both figure skating and gymnastics, it is common to take a potentially talented
athlete to a talent identification center to seek the advice of sport officials (Malina, 1997,
Starkes et al., 1996). Although national and junior national skaters undergo fitness testing
(Gledhill and Jamnick, 1992; Starkes et al., 1996), it is not known with certainty if talent
identification officials base their criteria on contemporary scientific research. Bompa
(1985) recommends the following criteria for systematic selection: (a) assessment of
overall biological health, (b) ongoing assessment of biometric or anthropometric qualities
of physical growth, (c) assessment of hereditary factors to determine the probability that
the individual has overall physiological capacity, (d) assessment of environmental factors
such as the availability of training facilities, and (e) availability of specialists for proper
coaching. According to Bloom (1985), commitment and dedication to an activity increases
over the progression of three involvement periods labeled the early, middle and later years.
In a study of former elite figure skaters, the average amount of time spent in each of these
phases was 2.9 + 1.5, 4.0 + 1.7, and 6.0 + 2.4 years, respectively (Scanlan et al., 1998a)

Starkes et al. (1996) plotted the age and number of years of deliberate practice
required to attain each successive competitive level of skating. The years of practice for 20
members of the Canadian national figure skating team (12 males and 8 females) from
preliminary to gold (elite) test levels, were plotted. With age as the predictor, the
regression equation was y = 0.51x - 2.428, r = 0.88 and r* = 0.77. Age at attainment of the
gold test level was 18.3 + 0.9 years. With years of experience as the predictor, the
equation was y = 0.441x + 1.087, r = 0.81 and r* = 0.66. Age at attainment of the gold

test level for this group required 11.2 years of practice and experience.
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Elite and expert performances are treated synonymously in the talent identification
literature. Ericsson et al. (1993, see also Ericsson and Charness, 1994; Ericsson, 1996)
suggest that it is not individual trait differences that determine successful performance.
Instead, a deliberate decision to invest a considerable amount of time, often a minimum of
10 years, is what discriminates more successful athletes from other participants. Ericsson
and Charness (1994) suggest that expert performances are mediated by acquired complex
skills and physiological adaptations due to high levels of deliberate practice sustained over
a decade or more. This view appears to exclude the minimum necessary physical
prerequisites for a given sport. For example, it is hard to imagine a successful female
gymnast who is 185 cm tall. Ericsson et al. (1993) agree with Bloom (1985), who found
that successful performers are willing to invest great amounts of time and effort to
accomplish their goal's. Ericsson et al. (1993, p. 400) further suggest that "the commitment
to deliberate practice distinguishes the expert performer from the vast majority of
children".

Although there is no minimum age requirement to begin skating lessons, initial
exposure to skating lessons usually begins between 3 and 7 years of age (Canadian Figure
Skating Association, 1997). At this stage, practice consists of learning basic skating skills
in group lessons, usually once per week, while other activities and sports may also be
practiced (Scanlan et al., 1989a). Individual testing of skills comprising specific
developmental levels is also done in a group format and occurs approximately every four
weeks during a season.

Comper (1991) proposed a hypothetical, three-stage model of talent identification

for Canadian figure skaters depicted by consecutive, overlapping circles (Figure 1). The
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first stage of the model is 'the pre-selection or detection stage' between 7 and 11 years
Important characteristics at this stage include: (a) ability to learn technical skills faster than
peers, (b) willingness to work for longer periods of time than peers, (c) a high degree of
physical flexibility, (d) excellent balance and coordination, (e) a marked sense of control
over the environment, and (f) a high level of self-confidence.

The secondary stage of the selection process occurs sometime between 11 and 15
years of age when further specialization takes place. In the intermediate stage, children
begin private lessons, are tested on an individual basis, and experience an increase in
skating and skating-related activities (Scanlan et al., 1989a). Elite figure skaters practice
an average of 22.2 hours per week (Starkes et al., 1996). Comper (1991, p. 178) refers to
this stage as 'the first phase of selection' and advocates that coaches assess biological
characteristics, psychological skills, and technical physical skills. However, for those
skaters participating at the club level, access to coaches who are knowledgeable in
assessment procedures and criteria is questionable. Several characteristics were advocated
by Comper: (a) specific physical characteristics including a muscular build with narrow
hips, and small body size (height and weight), (b) strength, explosive power and speed of
movement, (c) balance and gross and fine motor coordination, (d) rotational preference
and lateralized behaviors, (e) strong motivation to achieve success and avoid failure, (f)
high level of perceived self-competence, (g) high self-esteem, and (h) low levels of pre-
competition anxiety.

Technical testing at this level entails movements performed to music, often while
the child is the lone skater on the ice. Competitive events are sanctioned in age-based

categories. Skaters perform in skating costumes which do not conceal their physiques. For
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both test and competition, merit is given for artistic impression, which is partially
comprised of subjective evaluation of body form.

The third stage of selection is the novice Competitive and above. Skating becomes
more exclusionary as competition becomes more specialized and rigorous. Skating takes
up almost all of the skater's time and usually requires a substantial financial commitment
(Scanlan et al., 1989a). Skaters with superior jumping ability excel in singles events, and
female skaters possessing physical characteristics (height, weight and skating abilities)
which match those of a limited number of male skaters may be selected for pair skating.
Dancer pairs must also possess matching physical characteristics to some extent.

Provincial competitions in Canada begin at the pre-novice level. Age eligibility for
competing at this level for singles skaters is <14 years for females and <15 years for
males, while male and female pairs and dance skaters must be <17 years. There are no age
restrictions for national competitions at the junior and senior levels (Canadian Figure
Skating Association, 1997). Selection for elite competition, defined as junior and senior
Competitive levels, occurs in the context of a variety of criteria, including economic
status, physical characteristics, biological maturation, and psychological readiness
(Comper, 1991; Gould et al., 1993a, 1993b; Scanlan et al., 1989a, 1989b).

The third stage in Comper’s (1991) model is the advanced level which is limited to
skaters 15 to 18 years. Skaters at this stage are to as pre-elite. For skaters to become ‘truly
elite’, additional characteristics include: (a) high aerobic and anaerobic capacities, (b) low
percentage of body fat, (c) high power to weight ratio, and (d) memory of complex
movement patterns. The progression of stages, depicted by the overlapping sections in

Figure 1, becomes notably smaller as the selection phase continues. As the criteria become
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more stringent, fewer skaters move towards elite status.

A fundamental limitation of the model shown in Figure 1 is lack of specificity.
Although a variety of talent indicators are mentioned, no specific parameters for biological
or psychological variables are stated. The model is thus of limited utility for coaches who
are often unfamiliar with specific features of growth and maturation of young athletes,
which can vary extensively at each stage of the model. Biological characteristics vary not
only by sex, but by maturational status and pubertal timing. The model also provides
limited information on how to measure the indicated psychological characteristics and
whether the available instruments are age appropriate. Nevertheless, talent identification
clearly relies on the interaction of biological and psychological characteristics; one cannot
exist without the other. Yet, the majority of research, particularly in the domain of
psychology, has followed monodisciplinary methodological designs (Burwitz et al., 1994).
The value of such unidimensional research is thus limited for athlete identification and

selection.

Biological Variables in Figure Skating
Many researchers have focused attention on the characteristics of elite athletes.
This information is often used for developing a prototype to which characteristics of
future athletes can be compared (Comper, 1991; Gledhill and Jamnick, 1992; Woodman,
1985). Many of these studies consider young adult athletes in a sport, while relatively few
consider elite athletes in terms of growth, maturation, and physique. Growth refers to
increases in size of the body or its parts, including changes in body composition, physique

and specific body systems (Malina and Bouchard, 1991). Biological maturation refers to
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the tempo and timing of progress towards the mature state. Maturational indicators most
often include skeletal age and secondary sex characteristics (Malina and Bouchard, 1991).

Anthropometry is central to quantifying growth status. It serves to describe the
morphological status of an individual or a sample, or as a basis for comparison of a sample
to the population or to other samples. Anthropometry involves the use of carefully defined
body landmarks for dimensions, specific subject positioning for the measurements, and the
use of appropriate instruments. Measurements are generally divided into mass (weight),
lengths and heights, breadths or widths, circumferences or girths, and skinfolds (Malina,
1995)

Growth Indicators

Body Size

The most common anthropometric dimensions considered in athletes are stature

and weight. Stature increases in both sexes from infancy through childhood with marked

ion during adol It reaches a plateau, on average, at approximately 16-17

years in girls and 18-19 years in boys. Weight follows a similar pattern, but continues to
increase into adulthood (Malina and Bouchard, 1991).

Data for stature and weight of figure skaters are somewhat limited and rarely
include athletes across a broad age range. To date, cross-sectional data suggest that figure
skaters are generally shorter and lighter than U.S. reference medians (Malina, 1994). A
summary of anthropometric research on figure skaters is presented in Table 1. Weight,
stature and sitting heights of 11 year old elite figure skaters (n = 18) were significantly
lower than those of 11 year old female non-skaters (Ross et al., 1980b). In a study of 25

elite figure skaters 14-18 years of age, mean height and weight were 160.0 + 6.0 cm and



48.2 + 5.6 kg, respectively (Brooks-Gunn et al., 1988). More recently, 28 female novice,
national competitors with a mean age of 14.0 + 1.7 years, had a mean height of 157.6 +
7.4 cm and a mean weight of 48.1 + 7.6 kg (Comper, 1991). These skaters were slightly
older, taller and heavier compared to an earlier study of skaters with a mean age of 13.2 +
1.4 years (height: 153.5 + 8.4 cm; weight: 42.1 + 5.4 kg; Ross et al., 1977). Finally,
Ziegler et al., (1998) reported an average height of 158.7 + 7.5 cm and average weight of
50.3 + 8.4 kg for competitive female adolescent figure skaters, with a mean age of 13.7 +
1.4 years.

The predictive utility of stature and weight for performance is inconclusive, but
both dimensions may be used in screening young skaters. In a sample of nine elite skaters,
shorter, leaner skaters had better performance records (Niinimaa, 1982). In another study
of 44 novice figure skaters (28 females, 16 males), the individual predictive contribution of
stature and weight to performance was negligible (Comper, 1991). However, a composite
of variables including stature, weight and other dimensions (calf, thigh and leg lengths,
waist and buttocks circumferences; and sitting height) accounted for 56% of the variance
in performance of females (number of points obtained for competition placement during
the 1986-1987 season). These variables accounted for 93% of the variance in males
(Comper, 1991). Unfortunately, these results have limited utility given the small number of
participants (n = 28 females, n = 16) relative to the number of variables (2 ratios and 10
dimensions) in the analyses. Furthermore, age, which most likely reflects experience, was
not included in the analyses. It is interesting to note, however, that all of the athropometric
variables correlated negatively with performance perhaps suggesting that smaller skaters

did better.
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Gymnasts and figure skaters of both sexes are the only young athletes who present
a profile of short height for age compared to non-athletic children (Malina, 1996). As in
gymnastics, the size of figure skaters must be considered in the context of the extremely
selective criteria applied at early ages. Selection in figure skating, and perhaps exclusion, is
based on small body size and a slender, yet muscular build. Although there are no available
data specifically on figure skaters, selection in gymnastics and swimming appear to be
based on familial, presumably genetic factors. There are moderate to high correlations
between the height of prepubertal Dutch gymnasts and the height of their mothers:
recreational gymnasts (r = 0.72), young talented gymnasts (r = 0.63) and older talented
gymnasts (0.92). In contrast, the height of swimmers is more correlated with height of
their fathers (r = 0.87) (Peltenburg et al., 1984).

It is suggested that small and muscular female single skaters have a biomechanical
advantage in figure skating (Ross et al., 1977) because they possess a greater moment of
inertia required in rotation (Harris, 1986; Niinimaa, 1982). The size advantage for
individuals with smaller stature is explained by a high strength-to-weight ratio (Niinimaa,
1982). A lower center of gravity is another suggested advantage for balance and aerial
rotation involved in figure skating. This is conventionally expressed by absolute estimated
leg length (stature minus sitting height) and relative leg length (sitting height/stature ratio).
To date, only Comper (1991) has considered sitting height and leg length, albeit
unconventionally. Comper’s (1991) method of measuring these dimensions is not
sufficiently clear. Sitting height was described as “trunk height: Measured from the top of
the head to the pelvic bone” (p. 104), and leg length was labeled “stem height: Measured

as the length from the hipbone to the floor, with subject standing” (p. 104). The specific
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landmarks not indicated. Although Compe;' (1991) did not use conventional
anthropometric methods to measure sitting height or absolute leg length, the latter could
be derived by subtracting “trunk height” (71.3 + 4.7cm) from stature (157.6 + 7.4 cm).
Following this method, the average estimated leg length of female novice skaters was 86.3
cm, which is higher than the reported stem height value (74.6 + 4.7 cm). Relative leg
length, derived by dividing trunk height by the derived estimated leg length, was 45.2%,
which would suggest relatively longer legs (Comper, 1991). Given the methodology, it is
impossible to compare these data with other data since sitting height is measured
differently and leg length is conventionally estimated by subtracting sitting height from
standing height (Malina, 1995).

Another expression of body size encompassing weight and height is the Body Mass
Index (BMI: wt(kg)/stature (m?). Only one study of figure skates has specifically
referenced the BMI. Female novice singles, pairs and dance skaters, 12-17 years, had a
mean BMI of 19.2 + 2.1 kg/m? (Comper, 1991). There are two limitations of using the
BMI with adolescent figure skaters. First, the relationship between stature and weight is
temporarily altered during puberty, when the growth spurt occurs (Malina, 1995).
Providing data for single year age groups would have been more meaningful. Second,
cross-disciplinary composition of groups is inappropriate since it may conceal differences
among disciplines. The BMI must also be interpreted with caution with athletes. It does
not separate fat mass from fat-free mass. Accordingly, athletes who are generally more

muscular may appear to have higher BMI values.
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Body Composition

Body composition refers to the primary tissue components of body mass. Body
weight is a composite of different tissues including bone, muscle, fat, and the viscera. It is
often described in the context of a two-compartment model which partitions body mass
into its lean and fat components: fat-free mass (FFM), and fat mass (FM). The focus with
many female athletes is usually FM because dietary and exercise habits can influence this
component and because of the emphasis on fatness in Western culture. The FFM does not
distinguish between specific tissues such as bone, muscle and the viscera. Another
limitation of this model is the lack of information concerning regional distribution of
tissues. Such information may be important for studying compositional variation between
the trunk and extremities, and sex differences associated with growth and maturation.
Differential distribution of fat, muscle and bone is not reflected in the two-component
model (Malina and Bouchard, 1991)

Between the ages of 8 and 18 years, children increase in both FFM and FM.
However, female athletes do not increase in FM as much as representative samples of non-
athletes (Malina and Bouchard, 1991). Girls show a lesser gain in FFM than boys during
adolescence. Estimated FFM of late adolescent girls is approximately two-thirds of the
estimate for boys (Malina and Bouchard, 1991).

A common method of representing subcutaneous fatness is the sum of several
skinfolds. In a study of 28 novice female figure skaters, with a mean age of 14.0 + 1.7
years, the sum of 6 skinfolds was 53.0 mm (Comper, 1991), which is lower than results
(58.0-75.4 mm) gathered at the Canadian fitness testing center for the 1991 World and

national team (Gledhill and Jamnick, 1992). Contrary to the majority of research on figure
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skaters, Gledhill and Jamnick (1992) provided a cross-disciplinary comparison of fitness
test results. For both World and national discipline-specific team samples, single skaters
(75.4 mm, 76.6 mm, respectively) had a greater sum of 6 skinfolds than dancers (70.8 mm,
73.9 mm, respectively), who had a larger sum than pair skaters (63.8 mm, 58.0 mm,
respectively). Additionally, all World and national discipline-specific groups had greater
sums than the values ‘recommended’ by the fitness testing center (< 60.0 mm for females),
with the exception of national level pair skaters (58.0 mm). Measurement variability for
the skinfolds was apparently not considered in this study.

According to Gledhill (1976), 9-11% body fat is desirable for female skaters, and
7-8% is desirable for male skaters which was slightly lower than what was recommend for
non-skaters in the same age group (13 - 18 years). “The purpose of the body fat
assessment was to determine whether the skater was overweight. Not overweight by
normal standards, but in consideration of the fact that appearance is extremely important
in the judging of aesthetic sports” (Gledhill, 1976, p. 10). Comper (1991) reported 8.8%
as the mean estimated percentage body fat predicted from six skinfolds (subscapular,
triceps, iliac crest, abdominal, front thigh, and rear thigh) psing the ‘Yuhasz (1980)
method’ in novice female skaters. Using the same method, Gledhill (1992) reported
11.1%, 10.8%, and 9.3% for national level singles, dance, and pair skaters, respectively.
However, the equation is based on college students, and may not be applicable to
adolescent skaters. Mean ages were not provided for the groups.

One recent study on figure skaters report considerably higher percentage body fat
than recommended by Gledhill (1976). Ziegler et al. (1998), reported a mean of 19.9%

(range 13.1% - 27.8%) which was within the range for female athletes 13 years of age
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(17% - 25%, Steinbaugh, 1984). A limitation of this study is the cross-disciplinary
combination of subjects and failure to consider maturational variation. The sample
included elite adolescent skaters without controlling for maturity status.

A related issue is the reporting of fatness data to the athletes, specifically females.
For example, “...following each session, scores were provided to each skater, their coach
and the CFSA. In addition, skaters received a summary of average scores from all national
team members” (p. 6, Gledhill and Jamnick, 1992). Recommending lower than “normal”
are percentage fat and sum of skinfold values may be stressful for adolescent athletes and
should be accompanied by educational information explaining normal variation during
adolescence and the limitation of skinfolds.

Compared to other athletes, figure skaters appear to be most similar to gymnasts
(Claessens et al., 1992; Bernink et al., 1983; Peltenburg et al., 1984; Theintz, et al., 1994)
and ballet dancers (Brooks-Gunn and Warren, 1988) in height, weight, BMI, and
estimated body composition. However, age specific comparisons are difficult since
athletes in these sports are not consistently grouped by age.

Physique

Physique refers to an individual's body form, or the configuration of the entire
body rather than of specific features (Malina, 1995). The method of assessing physique
most commonly used with athletes at present is the Heath-Carter anthropometric protocol.
The Heath-Carter method defines somatotype as "a quantitative description of the present
shape and composition of the human body" (Carter and Heath, 1990, p. 15). It involves a
3-number rating system derived from several anthropometric dimensions. The components

of a somatotype are endomorphy (relative fatness), mesomorphy (relative muscularity),
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and ectomorphy (relative leanness). The three components are regarded as a single unit
which describes an individual’s somatotype. For example, when estimating the relationship
between ectomorphy and endurance performance, the other two components should be
statistically controlled.

There are limited somatotype data for figure skaters, and cross-disciplinary
comparisons are not ordinarily made. A summary of somatotype data for figure skaters is
presented in Table 2. Carter and Heath (1990) include data from four studies conducted
nearly three decades ago. At that time, mean somatotypes varied between 2-4-4 and 3-4-3.
Evidence suggests that the distribution of somatotypes of young athletes parallels that of
older athletes in the same sport (Carter and Heath, 1990). However, somatotype changes
somewhat with growth and maturation as evident from the change in pre- to post-puberty
among elite female skaters. The data suggest an increase in endomorphy and mesomorphy
and a decrease in ectomorphy. The mean somatotype for prepubertal female figure skaters
was 1.8-2.3-3.3 compared to 2.4-3.4-2.8 in postpubertal skaters. Prepubertal skaters
appear to be somewhat meso-ectomorphic, whereas postpubertal, skaters appear to be
slightly more mesomorphic (Weaver and Thompson, 1981). Ross et al. (1980b) reported a
somewhat similar mean somatotype of 2.6-3.8-3.0 in 18 postpubertal figure skaters.

Compared to skaters, elite gymnasts show little variation in somatotype with age
and are especially low in endomorphy and higher in mesomorphy (Claessens et al., 1992;
Salmela et al., 1979; Yuhasz et al., 1980). Mean somatotypes for young gymnasts are near
2-4-3, and older samples have a more balanced somatotype near 3-4-3 (Carter and Heath,
1990). In contrast, adolescent ballet dancers are somewhat higher in ectomorphy

(Claessens et al., 1987), with means near the 3-3-4 range. Junior Olympic divers are

31




mesomorphic, and mesomorphy increases with age, especially in late adolescence. Like
gymnasts and skaters, divers are in the 3-4-2 range, more mesomorphic and less
endomorphic than non-athletes (Geithner and Malina, 1993). In general, skaters most
resemble gymnasts and divers, but the somatotype data available for figure skaters is
restricted to novice athletes. Data for elite and sub-elite samples are apparently not

available.

Maturation

Maturation refers to progress towards a mature state; progress that can be
characterized in terms of timing (when things occur) and tempo (rate at which they occur).
Very often adolescents are arbitrarily grouped as early, average, and late maturers on the
basis of the age at peak height velocity, the timing of appearance of secondary sex
characteristics, or age at menarche in girls. In the United States, menarche occurs on
average at 12.8 + 1.0 years (Eveleth and Tanner, 1990), but can occur as early 9 years and
as late as 17 years (Brooks-Gunn, 1988). The timing of menarche is often used to classify
girls as early, average and late maturers. Girls attaining menarche prior to 12.0 years of
age are generally considered as early maturing, those attaining menarche between 12.0 and
14.0 years are considered average or ‘on time’, and those attaining menarche older than
14.0 years are considered late maturing.

Menarcheal data on figure skaters has been considered in several studies (Table
3). Most recently, Ziegler et al. (1998) reported 12.4 as the average age of menarche in a
sample of 17 competitive figure skaters with a mean age of 13.7 years. This age contrasts

the evidence from skeletal and sexual maturation, which suggests later maturation in
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female figure skaters (Brooks-Gunn et al., 1988; Malina, 1994). Mean retrospective ages
at menarche in earlier studies of figure skaters ranges from 13.6 - 15.4 years, suggesting
later maturation (Brooks-Gunn et al., 1988; Ross et al., 1980a; Wells and Plowman,
1988). Ross et al. (1980a) reported 14.0 years as the mean recalled age at menarche in
sample of 18 figure skaters. However, three skaters in this sample, 13.1, 14.7, and 15.9
years, had not yet experienced menarche so that the mean may be later. In another study,
the mean age at menarche was 13.6 +1.5 years in a sample of 25 skaters (Brooks-Gunn et
al., 1988). These estimated ages at menarche are based on the retrospective method and
thus may have variation associated with memory in recalling the exact age. Further, some
estimates are probably low due to the number of pre-menarcheal skaters in the sample.

Like skaters, gymnasts, divers and dancers also attain menarche later than non-
athletes. The estimated median ages at menarche in elite female gymna-sts was 15.6 years
(Claessens et al., 1992), and in Junior Olympic divers was 13.6 years (Malina and
Geithner, 1993). These two studies are based on the status quo method, which is an
estimate for the samples based on probit analysis. Ballet dancers are frequently cited as
examples of girls with late menarche. In one study of 15 ballet dancers, the mean age at
menarche was 15.4 years and two dancers in this sample did not attain menarche until 18
years (Warren, 1980).

A combination of genetic and environmental factors is thought to regulate the age
at menarche. Evidence suggests that menarcheal timing is genetically programmed
(Brooks-Gunn, 1988; Brooks-Gunn et al., 1988; Claessens et al.,, 1992; Malina, 1983,
Malina et al., 1994). Genetic regulation of menarcheal timing is inferred from correlations

between mother-daughter and sister-sister pairs, but earliness and lateness can also be
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inherited from the father. Correlations for ages at menarche range from 0.15 to 0.40 for
mother-daughter pairs, and 0.25-0.61 for sister-sister pairs (Malina et al., 1994).
However, since mothers and daughters share only one-half of their genes these
correlations are expected. Familial resemblance in age at menarche in athletes, their sisters,
and mothers, is consistent with that of the general population indicating that later
menarche commonly reported in athletes is largely familial and presumably genetic. Yet, in
a mother-daughter comparison of dancers and non-athletes, dancers had later age at
menarche compared to non-athletes, but there were no differences between ages at
menarche in the mothers of the two groups. These authors interpret this observation as
suggesting that later menarche in athletes may not be entirely genetic (Brooks-Gunn et al.,
1988).

Data on mother-daughter similarities in age at menarche among figure skaters are
apparently not available. The most commonly cited environmental factor in the sport
science literature that is associated with later menarche in athletes is training (Wells and
Plowman, 1988), and there appears to be an association between later age at menarche
and more advanced competitive levels within some sports (Malina, 1983). The data are
correlational and do not imply cause and effect. Although menarche occurs later in
athletes than in non-athletes, evidence suggesting that exercise delays menarche is
inconclusive because there are too many confounding variables that are not controlled
(Clapp and Little, 1995; Loucks et al., 1992). In addition to quantifying an controlling the
type, intensity, and duration of exercise, Loucks et al. (1992) recommend considering the

gynecological age of the participants.
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In sum, weight gain occurs in both sexes during puberty, but increase in muscle
tissue accounts for most of the male weight spurt, while accumulation of adipose tissues
accounts for a significant portion of the gain in females. Girls experiencing early
maturation may not be psychologically prepared to deal with the associate physical
changes which separate them from their peers (Brooks-Gunn et al., 1985). If negative self-
perceptions are associated with maturation, they may subsequently affect the level of self-
confidence that is essential for the artistic impression required in figure skating. Since
smallness, leanness and linearity are related to later maturation, later maturation may be a

physical and psychological advantage for adolescent figure skaters.

Psychological Variables

The talent detection literature suggests that certain psychological traits are
determinants of future success in sport. In summarizing studies of athletes in different
sports, as well as different age groups, self-motivation, goal orientation, intelligence,
anxiety, neuroticism, and particularly, self-confidence, stubbornness, emotional stability
and ambition can discriminate between successful and less-successful athletes (Gould et
al,, 1981; Mahoney, 1989; Mahoney, et al., 1987; Missoum and Laforestrie, 1985). Of the
above traits, the following are the most frequently cited in the literature: high self-
confidence, low anxiety, high number of anxiety coping strategies (emotional stability),
and increased concentration on tasks (Vanden et al., 1993). The variety of psychological
predictors indicates the need for several psychometric instruments since no currently

available tool can assess all of the above.
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Qualitative analyses have identified several psychological factors thought for be
important to success in competitive figure skating. Scanlan et al. (1989b) interviewed
national level skaters concerning sources of enjoyment and stress. Among former elite
figure skaters there were four major sources of enjoyment: (a) social and life
opportunities; (b) perceived competence; (c) social recognition of competence; and (d) the
act of skating. Sources of stress for elite figure skaters included: (a) negative aspects of
competition (e.g., worries about failure); (b) negative significant-other relationships (e.g.,
skating politics); (c) demands and costs of skating (e.g., financial and time demands); (d)
personal struggles (e.g., weight problems, self-doubt about talent), and (e) traumatic

experience (e.g., death of a loved one).

Gould et al. (1993a, 1993b) also interviewed national champion figure skaters
about experiences in two phases of their careers: when they first began skating at a senior
level until they won a national championship, and the time from first winning the national
championship until either the present time or the of retirement as an amateur skater.
General sources of stress were similar across both phases. The positive experiences of
U.S. national champions included: (a) positive emotional experience at national

championships; (b) positive effects of defending on self-esteem,; (c) national

champion perquisites; and (d) positive affect and growth in self-awareness from losing a
title (Gould et al., 1993b). In contrast, negative experiences were: (a) high performance
standards based on expected potential; (b) environmental demands on skater resources; (c)
competitive anxiety and doubt; (d) stresses related to significant others; and (e) demands

on financial resources (Gould et al., 1993b).
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These studies provide reasonably robust information about the elite figure skating
experience. Rather than identifying symptoms of stress, emphasis is on identifying sources
of stress. While the studies are valuable in preparing skaters for sources of stress at the
elite level, they are retrospective and thus provide limited information about stresses
involved in the process of becoming elite. Young figure skaters encounter a variety of
stresses throughout the developmental process, and many sources of stress entail social
evaluation. Social evaluation is integral to competitive figure skating; it is the basis of
ranking performances. Social evaluation comes from a variety of sources. It is obviously a
part of competition. It also occurs indirectly at training centers, in the dressing room, and
even at home. Negative evaluations come from judges and coaches, who serve as the gate
keepers of talent identification. Skaters also receive information about their skating
abilities from parents, other skaters, and even parents of skating peers. Without superior
psychological skills, such an environment can negatively impact the way young skaters

perceived themselves.

Self-concept

Self-concept is a person's perceptions of self, formed through experiences and with
interpretations of one's environments. It may pertain to physical, intellectual, or social
characteristics. It is especially influenced by evaluations of significant others and
reinforcements and attributions for one's own behavior and accomplishments.

Self-concept was once regarded as a global construct that did not differentiate between

perceptions of physical, social, academic and other di ions of self. Currently, self-
concept is viewed as a multidimensional hierarchical construct (Shavelson et al., 1976).

Each level of hierarchy is divided into domain-specific components of self-concept
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The Physical Self-Description Questionnaire (PSDQ) distinguishes specific aspects
within the physical domain (Marsh et al., 1994). It measures nine specific components of
Physical Self-Concept: Strength, Body Fat, Activity, Endurance/Fitness, Sports
Competence, Coordination, Health, Appearance, Flexibility, and two global components:
Self-Esteem and Global Physical Self-Concept. Among the multiple domains of self-
concept, the physical appearance component of physical self-concept is most highly
correlated with Self-Esteem (Marsh and Roche, 1996).

A positive self-concept is widely recognized as an important outcome of sport and
as a means to facilitate other desirable outcomes including success in sport (Marsh et al.,
1997). Psychologists have employed the PDSQ with athletes in several sports - basketball,
tennis, volleyball, gymnastics, diving, swimming, synchronized swimming, soccer and
softball (Crocker and Snyder, 1997) and in water polo, track and field, basketball, soccer,
cycling, swimming, baseball, rugby, netball, cricket and aerobics (Marsh et al., 1997).
Descriptive statistics for athletes and non-athletes are presented in Table 4. Athletes
generally report higher PSDQ subscale scores than non-athletes, and elite athletes report
higher scores than non-elite athletes.

Vealey (1986) suggests that positive self-evaluations may provide a competitive
edge among elite athletes. However, self-concept formation depends upon the frame of
reference. Two models have been postulated for explaining self-concept formation.
Although these frames of reference are derived in academic settings, it is reasonable to
assume that a similar process occurs in athletic settings. Athletic scenarios are provided

subsequently to illustrate the two models of self-concept formation.
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According to the internal/external frame of reference (Marsh, 1993), the formation
of specific self-concepts involves comparing one's skills with the skills of others (an
external social comparison process), and one's competence in a specific area with
competence in other areas (an internal social comparison process). Sub-elite athletes
(water polo, basketball, soccer, cycling, swimming and baseball) attending an athletically
selective school had lower Physical Self-Concepts than athletically equivalent students
attending an athletically non-selective school (rugby, soccer, netball, track and field,
cricket aerobics netball, swimming, rugby, volleyball) (Marsh et al., 1997).

Similar to the external comparison process, Marsh (1991) described another frame
of reference called the “big-fish-little-pond effect” where students matched in terms of
academic ability have lower academic self-concepts when they attend academically
selective schools (where other students are also bright) in contrast to academically non-
selective schools. Although this effect has yet to be tested in the athletic context, Marsh et
al. (1997) predict that non-elite athletes attending an athletically selective high school
would have lower Physical Self-Concepts than athletically equivalent students attending an
athletically non-selective school. Even sub-elite athletes may have average, or above-
average, self-concepts about their best athletic skill not because they are exceptionally
proficient in that skill, but because they are better in that skill than in other skills. Similarly,
elite athletes, who practice with elite competitors having similar sport skills, may have only
average self-concepts in their weakest sport skill even though their skills are better than
those of most other athletes (Marsh et al., 1997).

Adolescence requires individual adjustments to physical and psychological

changes. The biological changes associated with maturation apparently place a heavier
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burden on female than male adolescents in Western culture, because thinness is a cultural
standard of feminine beauty (Casper and Simon, 1997). Despite this common assertion,
little is known about the body satisfaction of female adolescent athletes. Equations to
predict self-concept, particularly Marsh’s (1996) Global Physical Self-Concept and Self-
Esteem, have typically focused on psychological predictors dealing with perceptions of
physical characteristics such as body fat and appearance (Crocker and Snyder, 1997), and
have not considered more objective measures of physical characteristics such as physique.
More research is needed to test the concordance between actual and perceived physical
characteristics. Further, objective measures of physical appearance such as weight, body
composition, and somatotype may help to explain variance in physical self-perceptions.
Social Physique Anxiety

Requirements for thinness may go beyond what is necessary for ‘ath]etic
performance, becoming an aesthetic preference (Brooks-Gunn et al., 1988; Gledhill,
1976; Swoap and Murphy, 1995). In this context, a series of studies have considered
social physique anxiety (SPA) - anxiety that individuals experience in response to others'
evaluations of their physique. Although physique refers to overall body form and structure
of the body among human biologists, the concept of social physique anxiety was
developed based on Schilder’s (1935) definition of body image - the pi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>