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According to the individual zones of optimal functioning (IZOF) model, an athlete’ s performance is successful
when his or her pre-com petition anxiety is within or near the individually optimal zone. W hen anxiety falls
outside the optim al zone, performance deteriorates. The model also suggests that skilled athletes are aware of,
and are able to accurately recall and anticipate, their pre-com petition anxiety. A m eta-analysis of 19 studies from
1978 to 1997 (146 eþ ect sizes based on 6387 participants) was conducted to exam ine the validity of the
assum ptions regarding the in± out of the zone notion and the accuracy of recalls and anticipatory m easures of
anxiety. The ® ndings provide fairly good em pirical support for the IZOF anxiety model, with an overall eþ ect
size ( d ) for the in± out of the zone notion of d = +0.44 (41 eþ ect sizes, n = 3175). In other words, the perform ance
of athletes who were within their individually optim al zones were alm ost one-half a standard deviation unit
better than that of athletes who were outside their zones. Furthermore, both eþ ect sizes ( r w ) for accuracy of
precompetition anxiety measures, recall (r w = +0.71, 24 eþ ect sizes, n = 369) and anticipatory (r w = +0.69, 81
eþ ect sizes, n = 2843), exceeded the `large eþ ect’ suggested for correlations by Cohen. The implications for
future research extending the IZOF model to a wider range of positive and negative emotions are discussed.
K eyw ords : anxiety, eþ ect size, individual zones of optimal functioning model, performance.

Introduction
D iþ erent approaches have been used in sport psychology to exam ine anxiety± perform ance relationships,
m ainly from a nom othetic (group-oriented) perspective.
H owever, there is a growing body of research of the
validity and practical utility of alternative assum ptions
form ulated from individualized perspectives, such as the
individual zones of optim al functioning (IZO F) m odel
(H anin, 1978, 1986, 1989, 1995, 1997a). This m odel
was developed in the naturalistic setting of elite sports
and com bines intra- and inter-individual analysis of
athletes’ em otional experiences related to successful and
poor perform ances. Recently, this fram ework, initially
used to study individually optim al precom petition
anxiety in top athletes, was extended to the analysis of
positive and negative emotions related to perform ance
(H anin, 1993, 1995; Hanin and Syrj „, 1995a,b).
* Author to whom all correspondence should be addressed. e-m ail:
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As applied to precom petition anxiety, the IZO F
m odel contends that each athlete has an individually
optim al level (high, m oderate and low ) and intensity
zone of anxiety associated w ith enhanced perform ance.
It is assum ed, therefore, that there is a large interindividual variability in optim al anxiety in diþ erent
sam ples of athletes. F urtherm ore, it is predicted that
individually successful perform ance, particularly in
tasks of shor t duration (H anin and Syrj „, 1996; H anin,
1997a), occurs when an athlete’ s precom petition
anxiety is near or within the previously established
optim al zones. However, when precom petition anxiety
falls outside these optim al zones (i.e. higher or lower),
perform ance deteriorates.
T he notion of individually optim al anxiety and the in±
out of the zone principle are proposed in the IZO F
m odel to conceptualize and identify functionally optim al (or dysfunctional) intensity eþ ects of anxiety upon
individual perform ance. Additionally, in the assessm ent
of subjective emotional experiences that are related to
perform ance, it is assum ed that skilled athletes are
Taylor & Francis Ltd
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aware of, and thus are able to recall and anticipate
accurately, their pre-com petition anxiety, especially
in im portant com petitions (H anin, 1978, 1986, 1989,
1995; O rlick, 1986; Loehr, 1994; H anin and Syrj „,
1995a,b, 1996). Speci® cally, during recall, athletes
rate their em otional states based on past experiences of
m ost successful (`best ever’ ) or poor (`worst ever’ ) perform ances. T hus, patterns of emotional response during
the pre-perform ance stage of activity are identi® ed. In
the prediction of em otional states, athletes rate their
anticipated feelings based on their perception of the
forthcom ing perform ance and sim ilar past experiences.
The recalled and anticipatory ratings are then com pared
with actual assessm ents to derive an index of accuracy
that re¯ ects an athlete’ s awareness of subjective
emotional experiences related to perform ance. H anin
(1995, 1997a) recom m ends determ ining individually
the optim al level and zones of anxiety based on an
athlete’ s past perform ance histor y using recall m ethods,
with subsequent re® nement and validation of selfrating accuracy in actual (real-tim e) and anticipator y
(expected) assessm ents.
Research, initially using Spielberger’ s State± Trait
Anxiety Inventory (Spielberger et al., 1970), has show n
that skilled athletes are accurate in recalling their
anxiety before successful and unsuccessful com petitions. For instance, the high accuracy of two-day
recall in fem ale (r = 0.97) and m ale (r = 0.96) track and
® eld athletes was not in¯ uenced by their relative success
(Harger and Raglin, 1994). Also, signi® cant correlations
(0.75± 0.89) were found between actual and recalled
pre-com petition anxiety w hen the interval between
assessm ents was 3± 4 m onths (H anin, 1986; Raglin and
Turner, 1993; Raglin and M orris, 1994). F urtherm ore,
other standardized scales, such as the C om petitive State
Anxiety Inventory-2 (CSAI-2), Pro® le of M ood Scales
(PO M S) and the Body Awareness Scale, have been
used successfully to identify retrospectively optim al precom petition aþ ect (Raglin et al., 1990a; Prapevessis and
Grove, 1991; G ould et al., 1993; K rane, 1993).
O ther research contrasting anticipated and actual
self-ratings also demonstrated that skilled athletes in
diþ erent sports were able to predict quite accurately
their anticipated emotions and perform ance. Signi® cant
correlations (0.49± 0.98) were found between anticipatory and actual m easures of pre-com petition anxiety
using tim e intervals of 24 h and 2± 3 weeks (Hanin,
1986; Raglin et al., 1990b; Salm inen et al., 1995).
Additionally, irrespective of the instrum ents used, the
® ndings provide em pirical support for the validity of the
individual-oriented and m ultidim ensional conception
of anxiety± perform ance relationships (H anin, 1995,
1997a). T hus, theoretical and practical utility of the
`in± out of the zone’ concept for predicting individual
perform ance has also been demonstrated.

Jokela and H anin
Several advantages of the IZO F anxiety m odel have
been dem onstrated: it is intuitively appealing and
realistic (Weinberg, 1990; G ould and K rane, 1992;
Jones, 1995); it predicts precisely at w hich level of
anxiety optim al perform ance will occur; and it is
empirically based w ith all research conducted in
naturalistic ® eld settings, m aking it an ecologically valid
m odel (aim ed at top athletes and coaches). F urtherm ore, an idiographic and longitudinal design is
advocated, a m ethodology for precisely de® ning an
individual’ s optim al range of anxiety has been developed, the validity of the basic assum ptions can be
exam ined directly through hypothesis-testing, and
explanations of anxiety± perform ance relationships are
based on empirical study of the function of subjective
emotional experiences in perform ance (H anin, 1997a).
Finally, the m odel is heuristic in that it helps to generate
new hypotheses. It is also im portant to realize that
the m odel is an inductive, idiographic, qualitative and
sport-speci® c fram ework that focuses on the structure
and functions of subjective emotional experiences in
skilled perform ers. T herefore, one of the m ain strengths
of the m odel at present is its consistent em phasis
on accurate description of the eþ ects of anxiety (and
other em otions) upon athletic perform ance as a precondition for the developm ent of a grounded theor y
explaining the dynam ics of em otion± perform ance
relationships.
T here are certain lim itations to the IZO F anxiety
m odel that need to be addressed. First, the m ain focus
initially was on optim al anxiety (level and zones), not on
average and poor perform ance correlates of anxiety.
Secondly, a m ethod of establishing the optim al level and
the zones was based on single recall of anxiety before
personal best perform ance in the past. T he stability of
such m easures was not system atically determ ined either
intra-individually or inter-individually. T hirdly, the
`in± out of the zone’ notion is based on the distinction
of two qualitatively diþ erent perform ance categories:
success and failure. T herefore, the shape of anxiety±
perform ance relationships across the range of intensity
is not predicted. F inally, the m ain emphasis of the
m odel was on optim al pre-com petition anxiety rather
than tem poral patterns of optim al anxiety before, during
and after a perform ance.
Som e of these concerns ± especially the conceptual,
m ethodological and exp lanatory aspects of the fram ework ± were addressed in the IZ O F emotion m odel
extended to positive and negative em otions (Hanin,
1997a). W ith a grow ing body of literature and empirical
studies that test the validity of the m odel-based predictions of relationships between anxiety and athletic
perform ance (in± out of the zone notion), and investigate athletes’ accuracy to recall and anticipate their
pre-com petition m ood, there is a need to integrate these
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literatures. Several narrative review s have exam ined
the validity and practical utility of the IZ OF m odel as
applied to pre-com petition anxiety (H anin, 1978,
1986, 1989, 1995, 1996; M organ and Ellickson, 1989;
Weinberg, 1990; Raglin, 1992; Jones, 1995; G ould and
Tuþ ey, 1996). Each of these reviews, however, focused
only on selected aspects of the m odel and did not tr y to
integrate the rapidly grow ing body of empirical research
w ithin the IZO F fram ework. For instance, G ould and
Tuþ ey (1996) focused m ainly on the in± out of the zone
notion, whereas Raglin (1992) exam ined studies of the
accuracy of recall and anticipatory m easures. Furtherm ore, while previous narrative review s have been
conducted on this literature, they have been unable to
determ ine the strengths of any noted eþ ects in an
objective (quantitative) m anner. In addition, a rationale
to exam ine statistically emerging research sub-questions
m ight be useful. T herefore, there is a need to evaluate
and integrate available IZO F anxiety research using
m eta-analysis.
M eta-analysis (G lass, 1976) is an integration m ethod
that quanti® es research inform ation related to a speci® c
topic or theory and arrives at a synthesis of the study
® ndings. A standard m etric used is the eþ ect size.
Eþ ect sizes can be based on probabilities, com parisons
between two groups (eþ ect size d ) or correlational data
(eþ ect size r). An advantage of m eta-analysis com pared
w ith narrative review is that, in addition to quantifying
the size of the overall eþ ect, the im pact of separate study
variables can be exam ined. For this purpose, the coding
of study characteristics becom es essential. The m ethod
is m ore objective than the traditionally used narrative
review, in w hich subjective decisions are m ade w ith
respect to the selection of studies to be included
and how to weight their results. In a m eta-analysis,
the selection procedure of studies is governed by
the inclusion criteria established at the beginning of the
procedure.
Several studies have used m eta-analysis in sport and
exercise psychology. Am ong other topics, these have
exam ined the eþ ect of anxiety on perform ance (Kleine,
1990; Rowley et al., 1995) and the eþ ect of exercise
on anxiety (Petruzzello et al., 1991; Schlicht, 1994;
Long and van Stavel, 1995). Speci® cally, Kleine (1990)
com bined 50 em pirical studies published between 1970
and 1988 and included 77 independent sam ples w ith
n = 3589. An overall m eta-analysis for the total sam ple
yielded a weighted m ean of all correlations between
anxiety and sport perform ance of r = - 0.19. Although
diþ erences in eþ ect size existed, none of the population
eþ ect sizes were in the positive range; that is, research
conducted within the fram ework of nom othetic orientations (such as the inverted-U hypothesis) revealed
consistent, although relatively sm all, negative relationships between anxiety and perform ance. Recently,

Rowley et al. (1995) conducted a m eta-analysis of
33 studies to exam ine the predictive power of one
speci® c (m ental health) m odel based on the Pro® le of
M ood States (PO M S) `iceberg’ pro® le, with six m ood
subscales, including tension/anxiety, anger, confusion,
vigour, fatigue and depression. A relatively sm all but
positive overall eþ ect size (d = 0.15) was found across
these group-oriented studies that used the PO M S to
discrim inate between successful and less successful
athletes.
T hus, with a grow ing body of literature on anxiety
(em otion)± perform ance relationships, a m eta-analysis
focusing either on one speci® c fram ework or contrasting
m ultiple m odels seem ed a prom ising alternative to
explore. T he aim s of this study were two-fold. F irst,
to exam ine the predictive power of the IZO F -based in±
out of the zone notion. We hypothesized that athletes
w ho were within their individually optim al anxiety
zones would perform better than athletes w ho were out
of their optim al zones. Secondly, we exam ined the
accuracy of recall and anticipator y m easures of athletes’
pre-start anxiety. We expected skilled athletes to be
reasonably accurate in both the recall and prediction of
their pre-com petition anxiety.

M ethods
Selection of studies and coding
A literature search from 1978 to 1997 was conducted
both m anually and using com puter databases (PsycL IT,
Sport, SpoLIT, Socio, Social Science C itation Index,
Eric) to locate appropriate IZO F anxiety studies. To
be included in the m eta-analysis, a study had to m eet
the following criteria: (1) an application of the IZO F
approach to state anxiety; (2) m easurem ent of state
anxiety by self-report scales; and (3) suý cient quantitative inform ation for the calculation of eþ ect sizes
(m eans, standard deviations, or transform ations of F,
t or r values).
Typical IZ O F-based anxiety studies usually focus on
inter-individual variability of optim al anxiety (a range
from high to low intensity in the sam ple), the accuracy
of recall and anticipatory m easures, or the validity of the
in± out of the zone notion in the prediction of individual
perform ance. As to the utility of the in± out of the zone
notion, it can be tested by contrasting successful and
less successful perform ances either in the sam e athletes
(intra-individually) or across diþ erent athletes (interindividually).
N ineteen of the 43 IZO F-b ased investigations identi® ed m et the established criteria and were included in
the m eta-analysis. O f these, seven had tested the in± out
of the zone notion predicting individual perform ance,
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Table 1. Coding characteristics

Participant
Age
College age
Under college age
Unclear/other
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S ex
M ales
Females
Combined
S kill
Elite
Pre-elite
Non-elite

Activity

M easurem ent

S por t
Perform ance m easu re
Criterion-referenced
Self-referenced
% best
% average
S ub jective ratings
Coach’ s ratings
Athlete’ s ratings
C om petition im por tance
Im portant
Not important
C om petition diý
Easy
Diý cult

S cale used
STAI
CSAI-2
BAS
Assessm ent tim e
(recall m easures)
48 h post-performance
Less than 1 year
22 months
Assessm ent tim e
(anticipatory measures)
Less than 1 week
M ore than 1 week

culty

Perform ance ou tcom e
Successful (above average)
Less successful (below average)
Abbreviations: STAI = State± Trait Anxiety Inventory, CSAI-2 = Competitive State Anxiety
Inventory-2, BAS = Body Awareness Scale.

seven had exam ined the accuracy of optim al anxiety
recall and 12 had investigated the accuracy of anticipatory m easures. O f the studies not included in the
m eta-analysis, som e exam ined anxiety from other perspectives, such as interpersonal and intra-group anxiety,
and intra-individual variability in arousal in best, usual
and worst perform ances. O thers used ¯ awed m ethods,
either by inappropriately com bining recall and actual
m easures (Randle and Weinberg, 1997) or by calculating optim al zones for actually observed average
(but not personally best) perform ance (Thelwell and
M aynard, 1998). In som e cases, calculation of the
deviations (distances from the zones) was based on the
assum ption of curvilinear relationships between anxiety
and perform ance, w hich were never stated in the m odel.
Other studies did not report suý cient inform ation
to calculate eþ ect sizes; two studies replicated the data
in an investigation already included in the m etaanalysis.
F inally, it was not possible to include another 10
studies w hich exam ined positive and negative em otions
(rather than anxiety) and focused on m ore recent
developm ents in the extended IZO F m odel. T hese
new aspects included m ultidim ensionality, the content
of perform ance-related positive and negative emotions,
and functional interpretations of emotional im pact
upon perform ance (H anin, 1997a). As well as the

sources otherwise cited, we also included in the m etaanalysis data from Annesi (1997), Turner (1993) and
W ilson (1993), as well as unpublished data from
Salm inen, Liukkonen and H yv ”nen.
Studies were coded on three groups of variables that
were expected to be potential m oderators of the eþ ects
investigated. T hese variables included par ticipants,
activity and m easurem ent characteristics (Table 1). Following the recom m endations of H anin (1992, 1997a)
and Raglin (1992), the perform ance m easures were
divided into criterion-referenced (inter-individually
based), self-referenced (intra-individually based) and
subjective ratings of perform ance. Criterion-referenced
rating was coded when an athlete’ s perform ance was
com pared to a standardized external reference, for
exam ple International Am ateur Athletic Federation
(IAAF ) or N ational Collegiate Athletic Association
(NCAA) tables. In a self-referenced rating, perform ance
was converted to an attained percentage of an athlete’ s
personal best or personal average perform ance.
In m eta-analysis, inter-coder reliability is usually
assessed by com paring sim ilarity of coding between two
independent coders in 20± 30% of studies random ly
selected from those included. In the present study, the
® rst author coded all 19 studies, ® ve of w hich (26.3% )
were selected for independent coding. Sim ilarity in
coding (84.5% ) was acceptable.
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M eta-analytical procedures
A single study often reports m ore than one research
® nding. T herefore, the unit of analysis in this m etaanalysis was an eþ ect size for a single study ® nding. If,
for exam ple, eþ ect sizes for both the sexes from one
study were included in the analysis, then the total
sam ple eþ ect size was excluded to elim inate m ultiple
eþ ect sizes. If the research ® ndings in an original study
were reported in a form at that was not possible to apply
directly to the calculation of the eþ ect size, then the
form at was transform ed following the recom m endations of Schwarzer (1989). Altogether, 19 studies
were used, yielding 146 eþ ect sizes based on 6387
participants. T he m eta-analysis com puter program
developed by Schwarzer (1989) was used in running
separate analyses for three diþ erent data bases (k =
num ber of eþ ect sizes, n = sam ple size): (1) in± out of
the zone notion (k = 41, n = 3175), (2) accuracy of
recall (k = 24, n = 369) and (3) accuracy of anticipatory
m easures (k = 81, n = 2843).

M eta-analysis 1: The in± out of the zone notion
To exam ine the in± out of the zone notion, the m ean
perform ances of athletes with anxiety w ithin their
individually optim al zones (in the zone condition) were
com pared with perform ances of those who were out
of their optim al zones (out of the zone condition). In
com paring `in the zone’ and `out of the zone’ athletes,
the eþ ect sizes were calculated using the form ula based
on Hedges and O lkin’ s (1985) extension of Glass’ s
(1976) original technique. T he in± out of the zone
principle provides a basis to identify the speci® c eþ ect
intensities that distinguish between qualitatively different (successful and poor) perform ance categories. It
is im portant to note that the earlier IZO F anxiety m odel
focused m ainly on the level of anxiety and the zones
and, therefore, did not predict the shape of anxiety±
perform ance relationships along the working range of
intensity (H anin, 1997b, 1999). T herefore, the exact
distances from the zones (the m agnitude of deviations
from the m id-zone point) were not considered (see
G ould et al., 1993).
M ost studies in the present m eta-analysis reported
inform ation for the calculation of eþ ect sizes interindividually, although repeated w ithin-individual
com parisons are preferable. A positive eþ ect size
indicates m ore successful perform ance of the `in the
zone’ athletes com pared w ith their `out of the zone’
counterparts, whereas a negative eþ ect size indicates
the opposite. To avoid biased eþ ect sizes of studies
w ith sm all sam ple sizes, each eþ ect size was corrected
for sam ple size using the form ula of Hedges and Olkin
(1985). It is im portant to highlight here that the m eta-
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analysis corrected for sam pling error and not for other
artifacts, such as m easurem ent error or restriction of
range. T his is because if future m eta-analyses correct
for m ore artifacts, inconsistency between the ® ndings
of m eta-analyses m ay result.
Separate eþ ect sizes were com bined into one overall eþ ect size and the degree of hom ogeneity was
established using H edges’ Q-test. As the overall eþ ect
size was heterogeneous, further analyses were run to test
for m oderators. T he follow ing variables were included:
perform ance m easure, scale used, and `in the zone’
and `out of the zone’ athletes (above or below zone
deviations).
Because of the relatively sm all num ber of studies
contributing to the com putation of som e of the population eþ ect sizes, how m any unlocated studies w ith
null eþ ects would be needed to reduce the eþ ect size to
a zero-order or m inim al level is relevant here (see
Rosenthal, 1979; Hunter and Schm idt, 1990). T hus,
a fail-sa fe sam ple size (O rwin, 1983) was calculated
to determ ine the num ber of studies needed to reduce
the obtained eþ ect size down to the critical value,
such as d = 0.20 (or r = 0.10), that we would consider
theoretically and practically im portant. A conservative
form ula proposed by H unter and Schm idt (1990) was
used. The fail-sa fe sam ple sizes reported in Tables 2, 3
and 4 suggest that som e of the results of the m etaanalysis m ust be considered with caution.
M eta-analyses 2 and 3: Accuracy of recall and anticipatory
measures
To exam ine the accuracy of athletes’ self-ratings, the
recall and anticipatory m easures were com pared
w ith actual assessm ents using retest. T he eþ ect sizes
for the accuracy analyses were based on correlations and
were integrated using the Schm idt-H unter procedure
(H unter et al., 1982). T he derived population eþ ect size
is the weighted average of single correlations.
T he data were considered hom ogeneous if the
variance accounted for by sam pling error was at least
75% (Hunter et al., 1982). As the data in both accuracy
analyses were heterogeneous, separate analyses in the
exam ination of recall accuracy m easures were run for
sex, recall m easurem ent tim e, scale used, perform ance
assessm ent and age. For accuracy of anticipatory
m easures, separate analyses were conducted for sex,
anticipator y m easurem ent tim e, scale used, age and
com petition assessm ent. Additionally, fail-sa fe sam ple
sizes were calculated. Second-order sam pling error
was treated by the calculation of z-tests using the
H unter and Schm idt (1990) form ulae. As m ost of our
m oderators were binar y (Tables 2, 3 and 4), z-tests
seem ed appropriate to establish the signi® cance of
diþ erences between eþ ect sizes.
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Table 2. The in± out of the zone notion with respect to performance measures, scale used and being in, above or below the zone

95%
con® dence
intervals

% accounted
for by
sampling error

Fail-safe
n of 0.20

k

n

Eþ ect
size d

Overa ll eþ ect size

41

3175

+0.44

+0.32 to +0.55

57%

49

Perform ance m easures
Criterion-referenced
Self-referenced
% best
% average
Subjective ratings
athlete’ s rating
coach’ s rating

14
8
6
2
6
3
3

1201
599
480
119
443
141
302

+0.61
+0.27
+0.45

- 0.18

+0.49 to +0.73
- 0.09 to +0.63
+0.08 to +0.81
- 0.64 to +0.09
- 0.23 to +0.15
- 0.07 to +0.62
- 0.41 to +0.05

100%
23%
29%
100%
100%
100%
100%

29
3
8
1
*
2
*

Scale u sed
STAI
CSAI-2
cognitive
somatic

33
8
2
4

2440
735
231
280

+0.41
+0.56
+0.37
+0.64

+0.28
+0.39
+0.06
+0.34

+0.54
+0.73
+0.67
+0.95

50%
100%
100%
100%

35
15
2
9

3
3

374
326

+0.60
+0.41

+0.37 to +0.82
+0.04 to +0.78

100%
61%

6
4

Zo ne
In vs above the zone
In vs below the zone

- 0.27
- 0.04
+0.28

to
to
to
to

Note: k = num ber of eþ ect sizes, n = sam ple size, Fail-safe n of 0.20 = num ber of studies with an eþ ect size of 0 that is required to bring the m ean
eþ ect size d down to a critical value of 0.20. STAI = State± Trait Anxiety Inventory, CSAI-2 = Competitive State Anxiety Inventory-2.
* The fail-safe n in these cases does not apply, since the eþ ect sizes are below the critical value.

Results
Descriptive data
M ost of the studies included had been published: 13 in
scienti® c journals, one in a book and one in congress
proceedings. Two of the unpublished studies were
m asters theses and two were doctoral dissertations.
The participants were m ainly non-elite athletes aged
9± 72 years, m ost college-age athletes. Sports included
track and ® eld, gym nastics, swim m ing, skating, volleyball, ® eld hockey, soccer and ten-pin bowling. T he
scales used included the State± Trait Anxiety Inventor y
(Spielberger et al., 1970), the State± Trait Anxiety
Inventor y for Children (Spielberger, 1973), the C om petitive State Anxiety Inventory-2 (M artens et al.,
1990) and the Body Awareness Scale (Wang and
M organ, 1987; Koltyn and M organ, 1997). M ost
studies adopting the C SAI-2 used only the cognitive
and som atic subscales, not the self-con® dence subscale. In the m eta-analysis, CSAI-2 subscales were used
separately.

M eta-analysis 1: The in± out of the zone notion
Figure 1 shows eþ ect sizes for the total sam ple, which
ranged from d = - 0.41 to d = +1.19, w ith 83% of eþ ect
sizes in the positive direction. T he overall eþ ect size for

Fig. 1. Stem and leaf display for 41 eþ ect sizes in the data set
`in± out of the zone notion’ .

the com parison between athletes in the zone and those
out of the zone was d = +0.44 (k = 41, n = 3175). In
other words, athletes w ho were within their individually
optim al anxiety zones perform ed alm ost one-half a
standard deviation unit better than athletes who were
outside their optim al zones (Table 2). H edges’ Q test
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of 85.95 (P < 0.01) indicated that the data set for the
overall eþ ect size was heterogeneous. T herefore, Table 2
reports eþ ect sizes of fur ther m eta-analyses for perform ance m easure, scale used and the direction of the
deviations from the optim al zone (above and below).
T he predictive power of the in± out of the zone notion
was higher when criterion-referenced perform ance
m easures (eþ ect size d = +0.61, k = 14, n = 1201) were
used instead of self-referenced (percent best or average
perform ance) m easures. Speci® cally, when athletes’
perform ances were contrasted with their best, eþ ect
size d was +0.45 (k = 6, n = 480), w hereas w hen percent
of individually average perform ance was the criterion,
eþ ect size d was - 0.27 (k = 2, n = 119). T his ® nding
is further supported by the lack of overlap in the 95%
con® dence intervals for these eþ ect sizes (z = 2.77,
P < 0.05). T he eþ ect size for subjective ratings of perform ance by athletes was positive and in the predicted
direction (d = +0.28, k = 3, n = 141), w hereas the eþ ect
size for coaches’ ratings was d = - 0.18 (k = 3, n = 302).
Again, there was little overlap in the 95% con® dence
intervals for these eþ ect sizes (z = 2.16, P < 0.05).
T he eþ ect sizes for the Com petitive State Anxiety
Inventory-2 (d = +0.56, k = 8, n = 735) were higher than
for the State± Trait Anxiety Inventor y (d = +0.41, k = 33,
n = 2440). H owever, because of the com paratively large
overlap in the 95% con® dence intervals, we cannot infer
that either of these m easures has any noticeable advantage in the assessm ents (z = 1.37, P > 0.05). These
® ndings m irror the results of Kleine (1990), who contrasted diþ erent state and trait anxiety m easures. However, for the Com petitive State Anxiety Inventor y-2,
the som atic subscale (d = +0.64, k = 4, n = 280) showed
som e advantages over the cognitive anxiety subscale
(d = +0.37, k = 2, n = 231), since the con® dence intervals displayed considerably less overlap (z = 5.57,
P < 0.01).
In term s of the direction of deviation from the zone,
a som ewhat higher eþ ect size was obtained when the
in and above the zone conditions (d = +0.60, k = 3,
n = 374) were contrasted w ith the in and below the zone
conditions (d = +0.41, k = 3, n = 326). H owever, again
the con® dence inter vals displayed considerable overlap and, therefore, we cannot infer that the eþ ect sizes
for these conditions diþ ered (z = 0.85, P > 0.5).
Additionally, the fail-sa fe sam ple size for these variables
(Table 2) indicates that the num ber of null studies
required to bring the obtained eþ ect size down to
the 0.20 eþ ect size is quite sm all in som e cases. W hen
the data set is split according to additional study characteristics, the num ber of eþ ect sizes and the sam ple size
decrease sim ultaneously, w hereas the sam pling error
increases, the con® dence inter val becom es larger and,
therefore, the probability of a Type II error is greatly
increased (Hunter et al., 1982). A factor that contributes

to large con® dence intervals in subset m eta-analysis
is second-order sam pling; m oderator analysis reduces
the num ber of eþ ect sizes (k) and the sam ple size (n)
dram atically, with an increased second-order sam pling
error.

M eta-analysis 2: Accuracy of recall measures
As predicted by the IZO F m odel, the correlations in the
data set for all 24 eþ ect sizes were in a positive direction
and ranged between r = +0.25 and r = +0.98 (Fig. 2).
T he weighted population eþ ect size (rÅ w ) between interindividually assessed actual and retrospective anxiety
was +0.71 (k = 24, n = 369), w ith a con® dence inter val
of +0.41 to +1.00. Based on this result, there would be a
substantial association between actual and retrospective
self-ratings. T his ® nding is not particularly reliable,
however, because only 41% of the obser ved variance
in eþ ect sizes was explained by sam pling error and a
residual variance of 59% rem ained unexplained. T herefore, because of heterogeneous data, separate analyses
were run, and better results were obtained when
studying diþ erences in sex, age, scales used, tim e interval between perform ance and recall, and perform ance
assessm ents (Table 3).
M ales seem ed to be able to recall their precom petition anxiety m ore accurately (rÅ w = +0.75; k = 2,
n = 58) than fem ales (rÅ w = +0.67; k = 16, n = 240);
however, this diþ erence was non-signi® cant (z = 0.50,
P > 0.05). Sim ilarly, recall accuracy is higher at 48 h
(rÅ w = +0.72; k = 17, n = 252) and 22 m onths (rÅ w = +0.77;
k = 2, n = 67) than for less than 1 year (rÅ w = +0.58; k = 5,
n = 50); again these diþ erences were non-signi® cant
(z = 0.75, P > 0.05). Therefore, som e of our ® ndings
should be treated w ith caution; on the one hand, there
was a large overlap in the 95% con® dence intervals
(z < 1.64), but on the other, the fail-sa fe sam ple sizes
were quite large for all eþ ect sizes. Additionally, the
variance accounted for by sam pling error was quite
low in the subsam ples based on sex and in all three
m easurem ent tim e subsam ples. Thus, the sam ples are

F ig. 2. Stem and leaf display for 24 eþ ect sizes in the data set
`accuracy of recall measures’ .
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Table 3. Accuracy of recall measures with respect to sex, m easurem ent tim e, scale used, performance assessment and age

95%
con® dence
intervals

% accounted
for by
sampling error

Fail-safe
n of 0.10

k

n

Eþ ect
size rÅw

Population eþ ect size

24

369

+0.71

+0.41 to +1.01

41%

147

Sex
Female
Male

16
2

240
58

+0.67
+0.75

+0.46 to +0.89
+0.52 to +0.98

63%
33%

92
13

R ecall m easurem ent tim e
48 h
Less than 1 year
22 m onths

17
5
2

252
50
67

+0.72
+0.58
+0.77

+0.46 to +0.98
+0.25 to +0.92
+0.53 to +1.01

47%
60%
25%

106
25
14

Scale u sed
STAI
CSAI-2
cognitive
somatic
self-con® dence

12
12
4
4
4

189
180
60
60
60

+0.79
+0.62
+0.55
+0.64
+0.67

+0.40
+0.62
+0.55
+0.64
+0.67

+1.19
+0.62
+0.55
+0.64
+0.67

17%
100%
100%
100%
100%

84
63
19
22
23

4
4

54
51

+0.84
+0.65

+0.69 to +0.98
+0.65 to +0.65

55%
100%

30
22

11
12

181
180

+0.80
+0.62

+0.39 to +1.21
+0.62 to +0.62

15%
100%

77
63

Perform ance as sessm ent
Low or below average
High or above average
Age
University age
Under (9± 17 years)

to
to
to
to
to

Note: k = num ber of eþ ect sizes, n = sam ple size, fail-safe n of 0.10 = num ber of studies with an eþ ect size of 0 that is required to bring the m ean
eþ ect size down to a critical value of 0.10. STAI = State± Trait Anxiety Inventory, CSAI-2 = Competitive State Anxiety Inventory-2.

clearly heterogeneous. Athletes of university age (rÅ w =
+0.80; k = 11, n = 181) were m ore accurate at recalling
their anxiety than younger athletes (rÅ w = +0.62; k = 12,
n = 180), but the diþ erence was not signi® cant (z =
0.86, P > 0.05). F inally, that the con® dence intervals for
all these eþ ect sizes did not include 0 indicates that the
relationship was positive.
M eta analysis 3: Accuracy of anticipatory measures
As predicted by the IZ O F m odel, the correlations in the
data set for all eþ ect sizes were in a positive direction
and ranged between r = +0.21 and r = +0.98 (Fig. 3).
The weighted population eþ ect size between anticipatory (prospective) and actual (current) anxiety assessm ents was rÅ w = +0.69 (k = 81, n = 2843), with con® dence intervals of +0.45 to +0.93. Based on this result,
there would be a substantial association between anticipatory and actual self-ratings. T his ® nding is not
particularly reliable, however, because only 35% of the
observed variance in eþ ect sizes could be explained by
sam pling error and a residual variance of 65% rem ained
unexplained. T herefore, because of heterogeneous data,
separate analyses were run and the results are reported
in Table 4.

Fig. 3. Stem and leaf display for 81 eþ ect sizes in the data set
`accuracy of anticipatory m easures’ .

M ales appear to be m ore accurate than fem ales at
anticipating pre-com petition anxiety (m ales: rÅ w = 0.75,
k = 18, n = 458; fem ales: rÅ w = +0.63, k = 27, n = 478);
however, this diþ erence was not signi® cant (z = 0.76,
P > 0.05). M oreover, the eþ ect sizes were higher for
anticipatory m easures taken less than 1 week (rÅ w =
+0.74, k = 57, n = 1675) before com petition than
assessm ents taken m ore than 1 week before com petition
(rÅ w = +0.62, k = 24, n = 1168) (z = 0.74, P > 0.05). As
expected, based on age, the eþ ect size for university
athletes’ anticipation (rÅ w = +0.75, k = 36, n = 1430)
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Table 4. Accuracy of anticipatory measures with respect to sex, time, scale used, age and com petition diý

culty

95%
con® dence
intervals

% accounted
for by
sam pling error

Fail-safe
n of 0.10

k

n

Eþ ect
size rÅ w

Population eþ ect size

81

2843

+ 0.69

+ 0.45 to + 0.93

35%

476

S ex
Female
M ale

27
18

478
458

+ 0.63
+ 0.75

+ 0.32 to + 0.93
+ 0.75 to + 0.75

46%
100%

143
117

An ticip atory m easu rem ent tim e
Less than 1 week
57
M ore than 1 week
24

1675
1168

+ 0.74
+ 0.62

+ 0.56 to + 0.92
+ 0.36 to + 0.87

46%
32%

364
124

S cale used
STAI
CSAI-2
BAS

76
3
2

2783
30
30

+ 0.69
+ 0.69
+ 0.63

+ 0.45 to + 0.93
+ 0.69 to + 0.69
+ 0.08 to + 1.18

34%
100%
24%

447
18
11

Age
University age
Under (9± 17 years)

36
17

1430
205

+ 0.75
+ 0.64

+ 0.64 to + 0.86
+ 0.32 to + 0.95

59%
53%

235
91

C om p etition as sessm ent
Diý cult
Easy

18
18

508
525

+ 0.74
+ 0.68

+ 0.56 to + 0.91
+ 0.35 to + 1.01

47%
26%

115
105

Note: k = number of eþ ect sizes, n = sam ple size, fail-safe n of 0.10 = num ber of studies with an eþ ect size of 0 that is required to bring the
m ean eþ ect size down to a critical value of 0.10. STAI = State± Trait Anxiety Inventory, CSAI-2 = Competitive State Anxiety Inventory,
BAS = Body Awareness Scale.

was higher than that of younger athletes (rÅ w = +0.64,
k = 17, n = 205); again this diþ erence was not signi® cant
(z = 0.64, P > 0.05). T his tendency was also noted when
exam ining the accuracy of recall m easures. It is noteworthy that the num ber of studies needed to reduce the
obtained eþ ect sizes to a critical value of 0.10 (fail-safe
sam ple size) was quite high in all cases. At the sam e
time, con® dence intervals did not include 0 in any of the
eþ ect sizes.

D iscussio n
T he aim s of the present study were to use m eta-analysis
to integrate quantitatively and to evaluate available
em pirical studies that have tested the validity and
practical utility of the individual zones of optim al functioning m odel. Speci® cally, we exam ined if athletes
w ho were w ithin their individually optim al anxiety zones
perform ed better than athletes who were out of their
optim al zones. Additionally, the accuracy of athletes’
recall and anticipator y ratings of pre-com petition
anxiety was estim ated.
In general, the m odel discrim inates quite well
between successful and less successful athletes and the
predictive power of the in± out of the zone concept is
close to `moderate’ (Cohen, 1988) even at the group

level (eþ ect size d = +0.44). The results provide support
for the validity of the basic assum ptions of the IZO F
m odel as applied to anxiety± perform ance relationships
in com petitive (non-elite) athletes. Previous m etaanalyses based on com bined state and trait anxiety data
revealed that all population eþ ect sizes within the fram ework of traditional nom othetic orientations were either
in a negative (r = - 0.19) (Kleine, 1990) or in a sm all
positive (d = +0.15, which corresponds to r = +0.07)
range (Row ley et al., 1995). T he present study focused
m ainly on the state anxiety± perform ance research within the fram ework of the IZO F m odel and did not try
to contrast the discrim inative power of the idiographic
approach m odel with nom othetic orientations. However, the total eþ ect size in our study (d = +0.44 or
r = +0.21) was positive and in the predicted direction. T his appears to indicate that, in describing
and explaining anxiety± perform ance relationships, the
IZO F-b ased notion of `speci® c optim al eþ ect’ zones
(H anin, 1995, 1997a) is preferable to the notion of
individually unspeci® ed intensity used by nom othetic
m odels. In other words, the zone principle identifying
speci® c optim al intensity for each athlete seems to
be m ore appropriate for the prediction of individual
perform ance.
Because of the im portance of the assum ption regarding large inter-individual variability of optim al anxiety
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Table 5. Studies of inter-individual variability of optimal anxiety

Anxiety
Referen ce

Participants

Range

STAI
STAI
STAI
STAI
STAI
STAI

39.91
40.62
43.8
38.6
36.8
36.5

± 8.59
± 10.41
± 12.23
± 6.86
± 6.90
± 9.0

26± 67
20± 75

16 F/M

STAI
STAI
STAI
STAI
BAS
BAS
BAS
STAI
STAI
STAI
STAIC
CSAI-2-cog
CSAI-2-som
CSAI-2-cog
CSAI-2-som
CSAI-2-cog (M )
CSAI-2-cog (F)
CSAI-2-som
CSAI-2-scon
STAI
STAI

42.3
42.4
43.4
43.0
33.7
33.8
33.7
41.4
41.6
39.1
31.9
20.1
18.6
12.00
13.73
22.38
17.79
20.57
25.63
43.68
42.2

± 17.6
± 13.5
± 17.3
± 11.3
± 6.8
± 6.0
± 6.8
± 10.8
± 5.7
± 5.2
± 6.6
± 6.30
± 4.30
± 3.52
± 3.26
± 6.19
± 4.52
± 5.92
± 5.19
± 9.81
± 12.6

12±
12±
9±
9±
22±

Volleyball

Hanin (1986)

Morgan et al. (1987)
Morgan et al. (1988)
Raglin et al. (1990a)
Raglin and M orris (1994)
Raglin and Turner (1993)

Rowing
Rowing
Kayaking
Running, swimm ing,
gymnastics
Track and ® eld
endurance
anaerobic
power
Distance running
Distance running
Swim ming
Volleyball
Track and ® eld

Raglin et al. (1990b)
Gould et al. (1993)

Swim ming
Middle-distance running

15 F
14 M
15 F
9F
29 F
39 M
17 F
11 F/M

Randle and Weinberg (1997)

Softball

11 F

Scallen (1992)

Swim ming

35 F/M

Turner and Raglin (1996)

Track and ® eld

67 F/M

Imlay et al. (1995)

M ean ± s

82 M
123 F
46 F
14 M
11 M
66 F/M

Hanin (1978)

Hyv ”nen (1992)
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Sport

Anxiety
m easure

32
27
21
23

67

Note: STAI = State± Trait Anxiety Inventory; BAS = Body Awareness Scale; STAIC = State± Trait Anxiety Inventory for Children; CSAI-2-cog,
CSAI-2-son and CSAI-2-scon = cognitive, som atic and self-con® dence subscales of the Competitive State Anxiety Inventory-2 respectively.

in com petitive athletes of varying ability, w hich is often
underestim ated in research, it is im perative that we
exam ine the empirical evidence with respect to this
question, even though m eta-analytical procedures
cannot be applied here. In Table 5, several studies
are represented, showing m eans, standard deviations
and range of optim al intensity m easured by the State±
Trait Anxiety Inventory (STAI), the C om petitive State
Anxiety Inventor y-2 (CSAI-2) and the Body Awareness
Scale (BAS) using diþ erent sam ples of athletes. It is
im portant to note that, in all cases, large inter-individual
variability of optim al anxiety scores is indicated by a
high coeý cient of variation (standard deviation/m ean)
for all anxiety scales: STAI = 24.9% (17.8± 29.9), CSAI2 = 27.3% (25.4± 31.3) and BAS = 20.6% (17.8± 23.9).
Additionally, several other studies repor ted the percentage of athletes perform ing best when their anxiety
was high, m oderate or low. T he distribution of athletes
in these categories was surprisingly well balanced across
diþ erent studies: 26, 33 and 41% (H yv ”nen, 1992);

33, 44 and 42% (Im lay et al., 1995); 30, 22 and 48%
(M organ et al., 1987); 32, 43 and 25% (Raglin and
Turner, 1992); 50, 31 and 19% (Raglin and Turner,
1993). It is rem arkable that we were unable to identify a
single study that dem onstrated that diþ erent athletes
had the sam e (or sim ilar) optim al anxiety.
F ur therm ore, we dem onstrated that, for athletes with
anxiety scores out of the zone, perform ance appeared
to deteriorate m ore in the `above the zone’ condition
than in the `below the zone’ condition. H owever, this
diþ erence was not signi® cant because of a large overlap
in con® dence intervals (z = 0.85, P > 0.05). This is
im portant, as it suggests an alm ost equal probability
of non-m onotonic (or even drastic) declines in perform ance when an athlete is either above or below his
or her optim al anxiety. The latter is usually underestim ated, although low alertness and insuý cient focus
because of com placency are m ore likely to im pair
perform ance than excessive m otivational worr y (Hanin,
1997a).
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T hese results are in line w ith those of recent studies
exploring what is beyond the individual zones of optim al
functioning. Speci® cally, the contingencies of im pact
of positive and negative emotions upon individual
perform ance in 12 elite Finnish cross-country skiers
have been established within working intensity ranges
(H anin, 1997b, 1999; H anin and Syrj „, 1997). The
results suggest that future research should focus m ore
on a detailed description of discontinuity patterns
in anxiety± perform ance relationships (H ardy, 1996;
Woodm an et al., 1997) rather than on cross-sectional
investigation of the `universal’ group-oriented eþ ects
of only two com ponents of pre-com petition anxiety. It
is also im portant to realize that, `in its current form ,
the cusp catastrophe m odel is not a theor y and does
not explain exactly how it is that cognitive anxiety and
physiological arousal do interact’ (H ardy, 1996, p. 152).
H owever, it is our contention that a qualitative analysis
of situational discontinuities in individual perform ance
(unexp ected uplifts, slum ps and catastrophes) holds
som e prom ise in providing an em pirical basis for a
better understanding of anxiety± perform ance dynam ics.
T he eþ ect size for the in± out of the zone notion was in
the predicted direction irrespective of the scales used.
O ne im plication for research and practice in sport
psychology is that the zone notion applies not only
for one speci® c m odality or content (i.e. as m easured
by the State± Trait Anxiety Inventory or C om petitive
State Anxiety Inventory-2), but apparently also to other
m odalities of subjective emotional experiences. T his
assum ption is in line with the recent developm ents
in the IZO F m odel extended to positive and negative
em otions (H anin and Syrj „, 1995a,b; H anin, 1997a,b).
Speci® cally, the content of item s generated by athletes
in individualized em otion scales was in 85% of cases
diþ erent from the content of researcher-generated item s
in several psychom etric scales (Syrj„ and H anin,
1997a,b; Hanin et al., 1998). We argue, therefore, that
the zone-based predictions m ight be even m ore eþ ective
if both individually optim al intensity and individually
relevant content of em otions are ® rst identi® ed.
Q uanti® cation of perform ance also needs to be
researched. Speci® cally, the `percent best’ m easure
(eþ ect size d = +0.45) was better than the `percent
average’ m easure (eþ ect size d = - 0.27) (z = 4.41, P <
0.01). This calls into question the recom m endation to
use custom ary (Klavora, 1979) or m edian (Sonstroem
and Bernardo, 1982) intra-individual perform ance
m easures as the criteria for individually optim al (best)
perform ance (Raglin, 1992). T hese results also support
the notion (H anin, 1995, 1997a; H anin and Syrj „,
1996) that the current practice of using repeated
assessm ents to identify the zones of optim al functioning
is less than eþ ective, as it deals m ainly w ith average
perform ances. An apparent lim itation of the earlier
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IZO F anxiety m odel was an over-em phasis on
identifying only individually optim al levels of anxiety
associated w ith `best ever’ perform ance, but not perform ance m easures as additional and valid criteria
to evaluate real-life perform ances (both present and
future). T herefore, future research should focus on
establishing both optim al anxiety (level and zones) and
corresponding individual perform ance ranges.
T he accuracy of recall and anticipatory m easures
exceeded the large eþ ect suggested for correlations
(C ohen, 1988) in the sex, age, scale and m easurem ent
tim e subsam ples. It should be noted, however, that m ost
of the original sam ples included in the m eta-analysis
reported only group-referenced correlations that did
not tap individual accuracy. It is im portant to realize
that the test± retest coeý cient taps only one aspect of
accuracy; it m easures whether the rank order within
a group rem ains the sam e. T his is a necessary, but
not suý cient, prerequisite of accuracy. W hat is not
contained in correlations is variability and average
inform ation. T his was addressed in the extended
IZO F em otion m odel by com paring, intra-individually,
a set of repeatedly m easured individual scores for all
scale item s to derive an individual index of accuracy for
each athlete (Hanin and Syrj „, 1996).
We also showed that the State± Trait Anxiety Inventory was better than the Com petitive State Anxiety
Inventory-2 for recall (eþ ect size r = +0.79 and +0.62
respectively) but not for prediction (both eþ ect size
r = +0.69) (see Tables 3 and 4). T his ® nding, however,
should be viewed with caution, owing to a sm all num ber
of eþ ect sizes derived from the C om petitive State
Anxiety Inventory-2 studies and a large overlap in
con® dence inter vals. It could be argued that, in the
assessm ent of an emotional response, the content of the
State± Trait Anxiety Inventory is m ore relevant, since it
contains a larger and m ore balanced num ber of negative
aþ ect (em otionality and worry) and positive aþ ect
(anxiety-absent, com placency) item s. This hypothesis
is partly suppor ted by the ® nding (Table 2) that the
som atic subscale of the Com petitive State Anxiety
Inventory-2 (C SAI-2-som ) (eþ ect size d = +0.64,
w hich corresponds to r = +0.31) was better able to
discrim inate between successful and less successful
athletes than its cognitive subscale (C SAI-2-cog) (eþ ect
size d = +0.37, or r = +0.17). However, the diþ erence
between the eþ ect sizes was not signi® cant (z = 1.22,
P > 0.05).
In a previous m eta-analysis (Kleine, 1990), no
signi® cant diþ erences emerged to favour the State±
Trait Anxiety Inventory-state (eþ ect size r = - 0.23,
k = 37, n = 1574) over the C om petitive State Anxiety
Inventory-1 (eþ ect size r = - 0.12, k = 4, n = 272),
C SAI-2-cog (eþ ect size r = - 0.30, k = 5, n = 161) or
C SAI-2-som (eþ ect size r = - 0.16, k = 5, n = 161).
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These results clearly indicate that m ore research is
warranted into the relevance of the content and context
of general and sports-speci® c scales (both standardized
and individualized) (Syrj „ and Hanin, 1997a,b).
Additionally, the ® ndings are consistent w ith those of
other review s (M organ and Ellickson, 1989; Weinberg,
1990; Raglin, 1992) and call into question overstated
claim s regarding the inaccuracy of self-reports in the
analysis of subjective em otional experiences of skilled
athletes. H owever, m ore research into athletes’ awareness of subjective emotional experiences related to
individual perform ances is clearly indicated, if this selfknowledge ± critical for the learning of self-regulation
skills ± is to be explained and enhanced. For instance,
future research m ight assess intra-individual accuracy of
recall by repeated assessm ent of the sam e past successful and unsuccessful experiences.
F ur ther analyses revealed that athletes’ self-ratings
were a better predictor of perform ance than their
coaches’ ratings (z = 2.15, P < 0.05). H owever, how far
this conclusion can be generalized is lim ited because of
the relatively sm all num ber of eþ ect sizes. Surprisingly,
the eþ ect size for subjective ratings of perform ance was
lower than that for either self-referenced or criterionreferenced ratings. T his is at odds with the suggestion of
Hanin (1986) and Raglin and M organ (1988) to use
subjective rather than objective perform ance m easures.
Additional criteria to identify individual successful and
less successful perform ances m ight be possible, for
instance, by developing an `individual perform ance
range’ based on an athlete’ s past perform ance histor y
(Hanin, 1995).
F inally, the in± out of the zone notion re¯ ects a
speci® c form of emotion± perform ance relationships ±
that is, being in the zone indicates a high probability
only of perform ing well (Hanin, 1995, 1997a). This
assum ption is consistent w ith recent em pirical ® ndings.
For instance, several investigators have noted that,
although som e athletes were inside their optim al zones,
they did not always perform successfully, and that
athletes w ho were outside their optim al zones did not
always perform poorly (Jones, 1995; G ould and Tuþ ey,
1996; Barkoukis et al., 1997). Therefore, the binom ial
eþ ect size display (Rosenthal, 1984) was used in the
interpretation of the overall eþ ect size for the in± out of
the zone notion. Speci® cally, the binom ial eþ ect size
display aim s to identify the success rate of athletes
who are within their individually optim al anxiety zones
versus athletes who are outside their zones. For instance,
the success rate for an eþ ect size of d = +0.44 m eans
that, if 61 of 100 within-the-zone athletes perform
successfully, then only 39 of 100 `out of the zone’
athletes will perform successfully.
Although the present ® ndings and their interpretation
should be treated w ith caution, because of the relatively
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sm all num ber of eþ ect sizes in the subsets, they are
relevant in several respects. F irst, the in± out of the zone
notion applied only to anxiety (an im portant stressrelated em otion) is a good predictor of individual
perform ance even at the group level. Secondly, anxiety
alone cannot explain all variance in perform ance and,
therefore, other positive and negative emotions experienced by athletes should be considered to enhance
predictions of emotion± perform ance relationships (see
Hanin and Syrj „, 1995a,b, 1996; Syrj „ et al., 1995a,b;
Hanin, 1997a). T hirdly, in future, the in± out of the
zone data, both at the level of the individual and of
the group, should be analysed using an odds ratio
(Hanin, 1997a) de® ned in logistic regression analysis as
the probability of occurrence over the probability of
non-occurrence (M unro and Batten, 1997). We also
believe that optim al intensity zones can predict not just
one speci® c level of perform ance, but a range of optim al
(close to the best) perform ances.
Som e lim itations and m ethodological concerns
with the original studies included in the m eta-analysis
should be m entioned. T he m ain concern is the inadequacy of perform ance m easures, especially in team
sports. M oreover, successful perform ance is som etim es
identi® ed by contrasting an actual perform ance with
an athlete’ s ow n average perform ance (Randle and
Weinberg, 1997; T helwell and M aynard, 1998), which
is clearly a violation of the original IZ O F (H anin, 1989,
1995).
In conclusion, the present m eta-analysis has resolved
several issues in individual zones of optim al functioning
anxiety research. These include a large inter-individual
variability of optim al anxiety irrespective of the anxiety
scale used (see, for instance, Raglin, 1992; Hanin,
1997a). In other words, w hatever the m odality or com ponent of anxiety (em otion), optim al intensity is
individual in all cases and can be high, m oderate or
low. Em pirical support was provided for the validity
of the in± out of the zone notion in the prediction of
individual athletic perform ance. Finally, the ability of
skilled athletes to accurately recall and predict their
pre-com petition anxiety was demonstrated. T he present
® ndings, which support the validity of the IZO F-b ased
assum ptions of skilled athletes’ awareness and ability to
accurately report their subjective exp eriences, m ight
have im portant im plications for future research and
practice in sport psychology. Speci® cally, the intraindividual accuracy of repeated recall can be used as
a m easure of an athlete’ s current awareness about his
or her subjective em otional experiences enhancing
and im pairing perform ance. Recall can also be used to
exam ine individual tem poral patterns of anxiety before,
during and after perform ance, especially in events of
long duration. Self-ratings and the m onitoring of
anxiety before and during perform ance m ight be used
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as an indirect m eans of self-program m ing optim al
perform ance states.
O ther issues warrant additional research. F irst,
there is a need to develop m ore precise assessm ents of
individual zones of optim al and dysfunctional anxiety.
W hen skilled perform ers are involved, a preference
should be given to recall m easures that can later be validated and re® ned in subsequent assessm ents. Instability
of self-ratings on several occasions m ight indicate an
athlete’ s low awareness of helpful and harm ful eþ ects
of diþ erent emotional states. T he potential role of these
repeated assessm ents to enhance an athlete’ s awareness should be investigated m ore system atically. It
is also im portant to explore the im pact of anxiety
upon perform ance over the working range of intensity,
including m inim um , m axim um , typical or custom ar y,
optim al and dysfunctional intensities (Hanin, 1997b,
1999). It is also critical to contrast patterns of
optim al and dysfunctional anxiety (em otions) in
practice and com petition. Another im portant issue
related to the dynam ics of athletic perform ance is to
describe and explain the patterns of anxiety (or other
em otions) during and after the execution of a task.
T he predom inant focus of existing research in sport
psychology on pre-com petition anxiety im plies the
static nature of the em otional response before, during
and after perform ance and does not re¯ ect the realities
of sporting activity. In other words, future research
should focus on the diþ erences in anxiety patterns
across all three stages of sporting activity: preparation,
execution and evaluation. Finally, we need to determ ine
the eþ ect of applying the IZO F m odel to team sports
(H anin, 1989, 1992, 1997a). For exam ple, it is im portant to exp lain how environm ental factors in¯ uence
lower pre-gam e anxiety in team players com pared w ith
athletes com peting in individual sports. T he roles of
interpersonal and intra-group anxiety and the im pact
of coaches’ and key players’ state upon other team
m em bers’ em otional states (H anin, 1978, 1989, 1992)
are clearly im portant areas of future research.
T he present ® ndings also indicate that there should
be a better focus on the developm ent of individualized
perform ance m easures and on the assessm ent of
accuracy of recall and anticipatory m easures intraindividually (H anin and Syrj „, 1996). Additionally,
com bined and interactive eþ ects (Woodm an et al.,
1997) of a wider range of positive and negative emotions
m ight be a better predictor of emotion± perform ance
relationships (H anin, 1997a,b). Finally, the validity of
the extended IZO F m odel m ight be exam ined in other
stress-related em otions, such as anger (Spielberger
et al., 1988; H anin and Syrj „, 1995a), or in a situational
analysis of m otivation (Vallerand, 1997) as a com ponent
of perform ance-related psycho-biosocial states (H anin,
1997a).
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