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Background and purpose: A recent confirmatory factor analysis (CFA) of the Test of Performance Strat-
egies (TOPS) by Lane, Harwood, Terry, and Karageorghis [2004. Confirmatory factor analysis of the Test of
Performance Strategies (TOPS) among adolescent athletes. Journal of Sports Sciences, 22, 803–812]
provided only mixed support for structural integrity of the TOPS. The objectives of the present paper
were to further examine the instrument’s structural integrity and enhance it if necessary.

Method and results: In a pilot study, a sample of North American athletes completed the TOPS. Results
revealed poor fits during analysis of the competition and practice subscales. In Study 1, a number of new
items were developed and a new competition subscale (distractibility) introduced, to address the
problems identified and create the TOPS 2. CFAs of responses from a sample of Australian, North
American and British athletes provided much stronger support for the factorial validity of the TOPS 2
inventory. However, the distractibility subscale suffered from poor factor loadings and reliability, and so
was removed from further analysis. In Study 2, the factorial validity of the TOPS 2 was confirmed on
a new sample of Australian athletes.

Conclusions: The TOPS 2 appears to be an improvement over the TOPS. Implications of the results for
practitioners are discussed, and future research directions are recommended.

� 2009 Elsevier Ltd. All rights reserved.
Psychological inventories, based on athlete self-report, are an
important means of assessing the cognitive and affective states of
athletes (Vealey & Garner-Holman, 1998). Indeed, some argue that
psychological assessment is an essential requirement for any sport
psychology intervention (e.g., Beckmann & Kellmann, 2003).
Traditional forms of assessment in sport psychology were based on
the assumption that personality traits or states determine an
individual’s pattern of behaviour (Tkachuk, Leslie-Toogood, &
Martin, 2003). Thus, sport psychologists used some instruments
from clinical and counselling psychology, such as the 16 Personality
Factor Questionnaire (Cattell, 1949), the State-Trait Anxiety Inven-
tory (Spielberger, Gorsuch, & Lushene, 1970), and the Profile of
Mood States (McNair, Lorr, & Droppleman, 1971). Other instruments
were developed specifically to measure such constructs with
athletes, including the Athletic Motivation Inventory (Tutko, Lyon,
& Ogilvie, 1969), the Test of Attentional and Interpersonal Style
(Nideffer, 1976), and the Sport Competition Anxiety Test
All rights reserved.
(Martens, 1977). However, the suitability of these measures in sport
psychology research and practice has been questioned because of
their clinical focus, absence of athlete norms, questionable
psychometric properties, and inconsistencies in findings (Ford &
Summers, 1992; LeUnes & Nation, 1989; Tkachuk et al., 2003).

Many sport psychologists have turned to inventories that
measure sport-related behaviours rather than any underlying
personality dimensions that might be linked to those behaviours.
There is considerable interest in instruments targeting psycholog-
ical skills and strategies in sport as they are likely to differentiate
more and less successful athletes, and provide evidence regarding
the efficacy of psychological skills training programs. Such instru-
ments include the Psychological Skills Inventory for Sport (PSIS,
Mahoney, Gabriel, & Perkins, 1987); the Athletic Coping Skills
Inventory (ACSI-28, Smith, Schutz, Smoll, & Ptacek, 1995); the
Ottawa Mental Skills Assessment Tool (OMSAT-3, Durand-Bush,
Salmela, & Green-Demers, 2001); and the Test of Performance
Strategies (TOPS, Thomas, Murphy, & Hardy, 1999). Such instru-
ments must have sound psychometric properties to be of any
theoretical or practical value.
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The TOPS was designed to measure a comprehensive range of
psychological skills and techniques, and their strategic use by
athletes both in competition and at practice. Subscales were
developed targeting eight of the most salient psychological skills
and processes thought to underlie successful athletic performance.
Interested readers are referred to Thomas et al. (1999) for more on
the theoretical basis for the inclusion of the particular psycholog-
ical skills within the TOPS scales. These skills are goal setting,
relaxation, activation, imagery, self-talk, attentional control,
emotional control, and automaticity. All of these skills and strate-
gies are measured at practice, but as a result of exploratory factor
analyses by Thomas et al., negative thinking rather than attentional
control is measured in competition. Responses from the original
sample of athletes revealed moderate correlations among many of
the TOPS subscales – automaticity being a notable exception, as
well as similarities in the patterns of use of these skills and strat-
egies at practice and in competition (Thomas et al., 1999). Those
performing at international and national standards reported more
use of most psychological skills and strategies and less negative
thinking than club/recreational athletes (Thomas et al., 1999).
Automaticity was again an exception. Older athletes reported more
automaticity in the execution of skills than younger athletes.
However, it is not clear why male athletes performing at interna-
tional and national standard reported lower levels of automaticity
in competition than less skilled male athletes. There was no clear
pattern of differences in female athletes.

Subsequent research has provided further evidence of the
construct validity and internal consistency of the TOPS subscales.
Gould, Dieffenbach, and Moffett (2002) included the TOPS in
a battery of inventories used to examine the psychological char-
acteristics of Olympic champions. These elite athletes were high on
goal setting, activation, relaxation, and emotional control in
competition, and on goal setting and attentional control at practice.
Compared to the norms for international athletes (Thomas et al.,
1999), the Olympic champions scored substantially higher on
automaticity, emotional control, and relaxation in competition, and
lower on negative thinking. In addition, they scored substantially
higher on goal setting and attentional control at practice. Gould
et al. (2002) also interviewed the Olympic champions, as well as
a coach, and a parent, sibling, or significant other for each of the
athletes. The themes emerging from these interviews provided
triangulation for many of the quantitative findings in this study,
which in turn corroborated previous research identifying mental
skills as key components of peak performance (Williams & Krane,
2001).

Jackson, Thomas, Marsh, and Smethurst (2001) investigated
relationships between the use of psychological skills in competi-
tion, athlete self-concept, the flow experience, and performance.
They found that the more athletes use psychological skills in their
sport, the more likely they are to experience flow. All of the TOPS
subscales, with the surprising exception of automaticity, contrib-
uted significantly to the predictions of flow. Further, there were
strong correlations across instruments for measures of similar
constructs (e.g., goal setting on the TOPS was correlated with the
clear goals dimension of the Flow State Scale) and no correlations
between TOPS subscales and dissimilar constructs (e.g., trans-
formation of time). Internal consistency of the TOPS competition
subscales was generally higher than in the original study (alphas
ranged from 0.77 to 0.88).

Fletcher and Hanton (2001) used the TOPS to examine whether
the use of psychological skills was related to athletes’ competitive
anxiety responses. They found that athletes who made high use of
relaxation, self-talk, and imagery skills differed significantly in their
competitive anxiety responses from those who made low use of
these psychological skills. Those who made high use of relaxation
reported lower levels of cognitive and somatic anxiety, which they
interpreted as facilitative rather than debilitative. They also repor-
ted higher levels of self-confidence than those who made low use of
relaxation. Those making high use of self-talk and imagery were
more self-confident than those making low use of these skills. No
differences in competitive anxiety responses were found for goal-
setting usage.

The TOPS responses of a small sample of male soccer players
competing at the 2000 Amputee World Cup were used to examine
relationships between psychological skills, self-efficacy, and
performance (Lowther, Lane, & Lane, 2002). Higher use of relaxa-
tion strategies in competition was associated with higher levels of
self-efficacy, and the use of imagery at training was significantly
related to self-ratings of performance in competition.

The importance of using mental skills at practice, not just in
competition, is also apparent in other research with the TOPS. Frey,
Laguna, and Ravizza (2003) demonstrated that athletes’ use of
mental skills was related to their perceived success at practice and
in competition. The more athletes used mental skills at practice, the
more successful they perceived themselves to be, not only at
practice, but also in competition. Frey et al. (2003) urged sport
psychology consultants to make coaches aware of the relationship
between mental skill use in practice and success in competition, so
that athletes would use mental skills when practising their physical
skills, thereby enhancing the quality of practice.

The TOPS has become one of the most popular tests in sport
psychology (Weinberg & Gould, 2003), with very promising
subscales (Bond & Sargent, 2004). The preliminary analyses
reported by Thomas et al. (1999) showed that the subscales had
good construct validity, which is also evident from subsequent
research. Some of the findings in relation to automaticity, however,
have been contrary to expectations, suggesting that further atten-
tion should be given to the items on this subscale. Most of the
subscales have demonstrated good levels of internal consistency,
particularly given that they are each comprised of just four items.
However, two of the subscales, measuring activation and automa-
ticity at practice, displayed only moderate reliability in the original
study (Cronbach’s alphas of 0.66 and 0.67 respectively), again
suggesting that these subscales warrant further attention.

Having said all this, it must be noted that the TOPS subscales
were based on exploratory factor analyses. Although it is often
necessary to use exploratory factor analysis as a preliminary step
in inventory development, this should be followed by confirma-
tory factor analysis (CFA) to test the proposed factor structure
(Schutz & Gessaroli, 1993). Moreover, the CFA should be conducted
on data from an independent sample to cross-validate the factor
structure (Schutz & Gessaroli, 1993). Thomas et al. (1999) thus
signalled the need for further research using CFA to examine the
factorial validity of the TOPS.

Lane, Harwood, Terry, and Karageorghis (2004) recently
undertook such a confirmatory approach, and examined the
factorial validity of the TOPS with data from adolescent British
athletes. There were mixed results regarding the hypothesised
measurement models for competition and practice. The root mean
square error of approximation (RMSEA) indicated good model fit
for competition, and adequate fit for practice. However, incre-
mental fit indices (the robust comparative fit index, RCFI; and the
Tucker-Lewis index, TLI) indicated that both models could be
significantly improved. The analyses provided strong support for
the automaticity, goal setting, relaxation, and self-talk competition
subscales; indicated scope for improvement in the emotional
control, imagery, and negative thinking subscales; and provided no
support for the fit of the activation subscale. Corresponding anal-
yses for the practice subscales provided strong support for the
attentional control, emotional control, goal setting, imagery, and
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self-talk subscales; indicated scope for improvement in the auto-
maticity and relaxation subscales; and again provided no support
for the activation subscale. All competition subscales displayed
adequate internal consistency (alphas ranged from 0.69 to 0.82),
but two of the practice subscales, activation and automaticity, had
low internal consistency (alphas of 0.57 and 0.62 respectively).
Most of the items (84%) had good to excellent factor loadings and
standard errors. Only 3 of the 64 items were considered poor – two
on the activation in practice subscale, and one on the automaticity
in practice subscale.

The participants in the Lane et al. (2004) study were all younger
than 18 years of age, and the authors questioned whether the
language used in some items might be inappropriate for adoles-
cents. For example, they questioned whether adolescents under-
stand the concept of performing ‘‘on automatic pilot’’, even though
the CFA provided strong support for the automaticity competition
subscale. Clearly, the factor structure of the TOPS needs to be
further examined using data from athletes ranging in age and
ability. In addition, subtle cultural differences can affect instru-
mentation (Gauvin & Russell, 1993). In the present paper, we
therefore briefly report a pilot study which used CFA to examine the
factorial validity of the TOPS for North American rather than
Australian athletes from whom the original data were obtained.
Our first study then examined the factorial validity of a revised
version of the TOPS (TOPS 2) which contained several new items,
and a new subscale developed to address measurement issues
identified with the initial instrument (these issues are discussed in
detail in the Method section of Study 1 under Instrument Refine-
ment). The participants were a mixed sample of American,
Australian, and British athletes. Finally a second study used
a sample of Australian athletes to confirm the factorial validity of
the TOPS 2.
Pilot study

A sample (n ¼ 520) of North American male (M age ¼ 16.97
years; SD ¼ 1.99) and female athletes (M age ¼ 17.54 years;
SD ¼ 2.77) of varying ability levels completed the TOPS (Thomas
et al., 1999) away from their competition and training environ-
ments in small groups of 5–20. All athletes gave their informed
consent to complete the TOPS and parental consent was provided
for those athletes under the age of 18. CFA, utilising a sequential
model testing approach that tests models at a single factor level,
pairwise level and full model level (see Biddle, Markland, Gil-
bourne, Chatzisarantis, & Sparkes, 2001; Jöreskog, 1993; and Study
1 of the present manuscript), was employed to analyse the practice
and competition subscales separately.
Results

Competition subscales
At the single factor and pairwise levels, problems were found for

the emotional control, negative thinking, and activation subscales.
Thus, due to the number of problematic subscales within the
competition inventory it was felt that there were insufficient
grounds with which to analyse the full eight-factor competition
model.

Practice subscales
The single factor models highlighted activation as a problematic

subscale. Furthermore, the pairwise models highlighted that
automaticity, activation, and attentional control were problematic.
In light of the number of problematic practice subscales, the full
eight-factor practice model was not analysed.
Discussion

The analyses revealed a number of problematic subscales with
the TOPS. Furthermore, some of these factors (e.g., activation) had
been previously identified as problematic (Lane et al., 2004;
Thomas et al., 1999). In light of the problematic subscales, the
authors felt that there was clearly a need to develop further items
on the problem subscales and then re-evaluate the fit of the
modified inventory.

Study 1

Method

Participants
The participants were 220 Australian, 120 North American, and

225 British male and female athletes of varying ability levels from
48 different sports. Participants completed the questionnaire away
from their competition and training environments in small groups
of 5–20 participants. Responses indicated that the mean age of the
Australian males was 24.1 years (SD ¼ 11.96 years). The mean age
of the Australian females was 20.13 years (SD ¼ 9.33 years). The
mean age for the North American males was 17.2 years (SD ¼ 1.90
years); for North American females, it was 14.74 years (SD ¼ 2.1
years). The mean age for the British males was 21.71 years
(SD ¼ 5.85 years), and the mean age for the British females was
20.13 years (SD ¼ 2.92 years).

Participants’ responses also indicated that 9.50% of the Austra-
lian participants, 22.50% of the North American participants, and
3.60% of the British participants were competing internationally. Of
the Australian participants, 21.80% were competing nationally, as
were 74.20% of the North American participants and 8% of the
British participants. Of the rest, 30.50% of the Australian partici-
pants, 0.8% of the North American participants, and 14.20% of the
British participants were competing at a regional or junior national
level; the remainder were competing at a club level. All participants
gave their informed consent to participate in the study.

Instrument refinement
The results of the pilot study, together with the results of Lane

et al.’s (2004) study, indicated a clear need to re-examine the items
that had been used to develop the activation and emotional control
subscales in both the practice and the competition domains. The
original conceptualisation of activation by Thomas et al. (1999) had
been in terms of readiness to perform (cf. Hardy, Jones, & Gould,
1996; Pribram & McGuiness, 1975) rather than unidimensional
arousal levels, and it was felt that items retained following the
original factor analysis did not fully reflect this. Consequently, two
of the original competition activation items were retained and
a further four were developed. Similarly, one of the original practice
activation items was retained and a further five were developed. All
of these new items reflected readiness to perform.

In the original factor analysis of the TOPS, it proved impossible
to isolate an attentional control in competition factor. The items
that had been generated to assess this dimension migrated either to
the emotional control factor (with negative loadings) or to a factor
that had not been predicted by the authors, but which was subse-
quently labelled negative thinking. Consequently, for the present
study further items were generated in order to purify the emotional
control in competition subscale. Three of the original items were
retained and three new items were generated. Although the
emotional control in practice subscale had not been problematic,
the opportunity was taken to examine a further two items in this
subscale so that parallel practice and competition subscales could
be produced. Because the positively phrased attentional control in
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competition items had all loaded ambiguously, while the negatively
phrased items had loaded on negative thinking and emotional
control, the authors considered the possibility that a resistance to
disruption/distractibility factor might be a more appropriate way of
measuring attentional control in competition. Consequently, one of
the original attentional control items (reflecting distractibility) was
retained and a further 10 items reflecting either distractibility or
resistance to disruption were generated.

Examination of the relaxation in practice subscale raised an
interesting issue. In the original TOPS, relaxation in practice con-
tained three items that clearly assessed the strategic use of relax-
ation and one item that referred to practising a relaxation strategy.
This item could be construed to confound skill level with strategic
use. Conversely, the relaxation in competition subscale contained
four items that referred to the level of skill the respondent had in
terms of utilising relaxation in competition. However, all of the
items in the original TOPS subscales assessing the other three basic
psychological skills of goal setting, imagery, and self-talk (cf. Hardy
et al., 1996; Vealey, 1988) refer to strategic use of these skills in both
the competition and practice arenas. Furthermore, both Vealey and
Hardy and associates present arguments that performers who
routinely practice using basic psychological skills will eventually
demonstrate higher levels of skill at the more advanced psycho-
logical skills (e.g., emotion and attention control). Consequently,
a decision was made to modify the relaxation items so that all the
subscales measuring Vealey’s four basic psychological skills (goal
setting, imagery, relaxation, and self-talk) were phrased with
reference to the strategic use of those skills, whilst all the subscales
measuring more advanced psychological skills were phrased with
reference to skill levels. This decision to modify the relaxation
subscale led to the retention of three of the practice items and the
generation of three new items for that domain, plus the generation
of six new items for the competition domain.

Finally, a decision was made to modify the automaticity items
for both the practice and competition domains. As well as the
psychometric problems that had been shown to exist with the
practice subscale, the authors were concerned some of the items in
the original TOPS might lead respondents to confuse automaticity
with a laissez faire attitude. Consequently, for the practice subscale,
five new items were generated which better reflected the target
construct, with one of the original TOPS items being retained and
several others being modified. For the competition subscale, six
new items were generated. This new version of the Test of Perfor-
mance Strategies (TOPS 2) thus initially consisted of the 64 items
from the original TOPS together with 49 new items. The new items
were developed by the first and third authors following extensive
theoretical reviews of the constructs under consideration and
searches of existing measures that might be relevant. Their clarity
and face validity was confirmed by two other experienced sport
psychologists. Where either sport psychologist identified
a problem, the item was revised.

Procedure
The TOPS 2 was administered to participants either individually

or in small groups of 10–20 people. Participants received no
financial or other tangible reward for their participation, but did
receive a copy of their own TOPS 1 profile together with the table of
norms produced by Thomas and associates. No other measures
were administered with the TOPS 2.

Analytical strategy
In line with Jöreskog’s (1993) recommendations, the factorial

validity of the TOPS 2 was examined via analysis of covariance
structures using LISREL 8.54 (Jöreskog & Sörbom, 1993) with
maximum likelihood estimation in an exploratory fashion.
The competition and practice subscales were analysed separately
using the same sequential approach as in the pilot study. This
approach first tests separate single factor models for each subscale
in order to assess the convergent validity of the items making up
that subscale. The goodness of fit of each pair of subscales is then
examined to identify any ambiguity among items. Finally, the
whole model is tested. At each stage in the process, items may be
removed if the fit statistics are inadequate, closer examination of
the item reveals some previously undetected theoretical ambiguity,
and the item fails to meet one or more of the following criteria: 1)
the item has a substantial factor loading (greater than 0.40 might be
deemed a reasonable minimum) on the hypothesised factor; 2) the
standardised residuals associated with the item are modest (in the
authors’ experience, standardised residuals less than 3.00 might be
considered reasonable); and 3) the modification indices associated
with the item are not too high (it is difficult to specify precise cut-
offs here, but in the authors’ experience modification indices in
double figures are usually worth exploring further). Of course,
factor structures obtained by this exploratory method always
require confirmation on a separate sample. Further details of this
approach, together with an example of its use, can be found in Rees,
Hardy, and Ingledew (2000).

The goodness of fit of models was assessed using the following
combination of fit statistics: the Satorra–Bentler chi-square
statistic (Satorra & Bentler, 1994) the standardised root mean
square residual (SRMR); the root mean square error of approxi-
mation (RMSEA; Steiger, 1990); the non-normed fit index (NNFI;
Tucker & Lewis, 1973), and the comparative fit index (CFI; Bentler,
1990). This choice of fit statistics was informed by Jaccard and
Wan’s (1996) recommendation to utilise fit indices taken from
three different classes (absolute fit, absolute fit with penalty
clauses, and incremental or comparative fit), together with Hu and
Bentler’s (1999) conclusions regarding the inadequacy of the
Goodness of Fit Index. The c2 statistic was used as a subjective
index of fit (Jöreskog & Sörbom, 1993), with large chi-square values
relative to degrees of freedom indicating a poor fit, and small
values indicating a good fit (Jöreskog & Sörbom, 1989). However, c2

is quite sensitive to sample size and, in particular, gives inflated
values for large samples. Consequently, in line with Hu and
Bentler’s (1999) recommendations, the primary indices of fit were
the SRMR, the RMSEA, the NNFI, and the CFI, with cut-off values
close to 0.08 for SRMR, 0.06 for RMSEA, and 0.95 for NNFI and CFI
being regarded as indicating a good fit for any given model. These
are quite stringent criteria.

A slight modification from the pilot study in terms of analytical
strategy involved using structural equation modelling in an
exploratory fashion; that is to say, at the first and second stages of
analysis, items were removed from the extended subscales using
standardised residuals, modification indices, and theoretical
considerations whenever the fit indices did not meet the cut-off
criteria. This process was discontinued if subscales only had four
items in them. It resulted in reduced item pools of 44 competition
items and 37 practice items for the full model analyses. These item
pools were further reduced to four items per subscale following
initial tests of the full models, again using a combination of fit
statistics, standardised residuals, modification indices, and theo-
retical considerations. Finally, Cronbach’s alphas were computed
for each subscale. The main reasons for reducing subscales to four
items were: 1) this was the number of items per subscale in the
original TOPS; 2) Cronbach’s alpha is notoriously problematic with
small numbers of items so that three items would likely have
caused problems; 3) the larger the number of items per subscale,
the more time the instrument would take to complete and the
more likely it would be that TOPS data would be contaminated by
motivation effects.



Table 1
Completely standardised item loadings and error terms for competition subscales in
Study 1.

Competition subscale Factor
loading

Theta-Delta
error terms

Factor 1: Self-talk
Talk positively to get the most out of competitions 0.80 0.37
Manage self-talk effectively 0.76 0.42
Say things to help competitive performance 0.73 0.46
Say specific cue words or phrases to help performance 0.57 0.67

Factor 2: Emotional control
Emotions get out of control under pressure �0.84 0.29
Difficulty with emotions at competitions �0.84 0.29
Difficulty controlling emotions if I make a mistake �0.80 0.36
Emotions keep me from performing my best �0.76 0.43

Factor 3: Automaticity
Able to trust my body to perform skills 0.73 0.46
Sufficiently prepared to perform on automatic pilot 0.61 0.63
Allow whole skill or movement to happen naturally

without concentrating on each part
0.47 0.78

Unable to perform skills without consciously thinking �0.24 0.94

Factor 4: Goal setting
Set personal performance goals 0.83 0.31
Set very specific goals 0.81 0.34
Evaluate whether I achieve competition goals 0.67 0.55
Set specific result goals 0.59 0.65

Factor 5: Imagery
Rehearse performance in my mind 0.86 0.26
Imagine competitive routine before I do it 0.83 0.31
Rehearse the feel of performance in my imagination 0.75 0.44
Visualise competition going exactly the way I want it 0.65 0.58

Factor 6: Activation
Can get myself ‘‘up’’ if I feel flat 0.74 0.45
Can psych myself to perform well 0.74 0.46
Can get my intensity levels just right 0.73 0.47
Can get myself ready to perform 0.66 0.56

Factor 7: Relaxation
Use relaxation techniques to improve performance 0.89 0.21
Use relaxation strategies as a coping strategy 0.82 0.32
If I’m starting to ‘‘lose it’’, I use a relaxation technique 0.76 0.42
Relax myself to get ready to perform 0.61 0.63

Factor 8: Negative thinking
Keep my thoughts positive �0.77 0.40
Self-talk is negative 0.70 0.50
Thoughts of failure 0.69 0.52
Imagine screwing up 0.65 0.58

Factor 9: Distractibility
Visual distractions would affect my performance 0.76 0.42
Environmental conditions affect my performance 0.49 0.76
My performance would be impaired by sleep loss 0.32 0.90
Loud noises would not affect my performance �0.09 0.99
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Results

Competition subscales
The single factor models for goal setting, imagery, self-talk, and

negative thinking only had four items in them. The models for goal
setting, self-talk, and negative thinking met or exceeded the fit
criteria with the exceptions that c2 was high for both self-talk and
negative thinking (values of 9.15 and 10.65 with 2 dfs, respectively).
The single factor model for imagery had a very high c2(2) ¼ 18.31
and a high RMSEA ¼ 0.09, but otherwise also had an acceptable fit.
The item reduction procedure described above was used to reduce
the number of items in relaxation, emotional control, distractibility,
and automaticity from six to four. The single factor models for these
subscales then met or exceeded the fit criteria. The single factor
model for activation met the fit criteria with all six items retained.

During the tests of paired models, the activation subscale was
reduced to four items. Of the 36 possible pairwise models, 27 met
or exceeded the specified criteria. Of the remaining nine models:
six models had rather high c2 values (ranging from 57.27 to 64.87
with 19 dfs), but exceeded all of Hu and Bentler’s (1999) cut-off
criteria; one model had a high c2 (19) ¼ 79.90, together with
a rather low NNFI¼ 0.92; one model had a high c2 (19)¼ 111.35 and
a high RMSEA ¼ 0.10; and one model had an inadequate fit (c2

(19) ¼ 152.20, SRMR ¼ 0.07; RMSEA ¼ 0.11; NNFI ¼ 0.92; and
CFI ¼ 0.95). The problem pairings were all associated with self-talk
and negative thinking.

The initial fit for the nine-factor model containing all 44
competition items was adequate (c2 (866) ¼ 2076.98;
SRMR ¼ 0.07; RMSEA ¼ 0.05; NNFI ¼ 0.97; and CFI ¼ 0.97). After
item reduction, the fit for the nine-factor model containing four
items per subscale was good (c2 (558) ¼ 1089.62; SRMR ¼ 0.05;
RMSEA ¼ 0.04; NNFI ¼ 0.98; and CFI ¼ 0.98). In light of the
conceptual overlap that exists between self-talk and negative
thinking, together with the fit problems experienced with the
paired models including these subscales, two further eight-factor
models were tested. In the first of these models, negative thinking
was removed; the fit was very good (c2 (436) ¼ 797.83;
SRMR ¼ 0.05; RMSEA ¼ 0.04; NNFI ¼ 0.95; and CFI ¼ 0.95). In the
second model, self-talk was removed; the fit also remained very
good, but not quite as good as when negative thinking was removed
(c2 (436) ¼ 806.73; SRMR ¼ 0.05; RMSEA ¼ 0.04; NNFI ¼ 0.94; and
CFI ¼ 0.95).

Table 1 shows the factor loadings and error terms for the
four items comprising each competition subscale. The factor load-
ings were generally very good, but three items had low factor
loadings – one on the automaticity subscale, and two on the
distractibility subscale. Means and standard deviations for the
competition subscales are provided in Table 3, and the correlations
between subscales are shown in Table 4. At this point, the reader
should note that the items retained in the emotional control
subscales are all negatively phrased and so have negative factor
loadings.

Practice subscales
The single factor models for goal setting, imagery, self-talk, and

attentional control only had four items in them. The model for
imagery exceeded the fit criteria. The single factor models for goal
setting, self-talk, and attentional control all had rather high values
for both c2 (ranging from 8.84 to 14.00 with 2 dfs) and RMSEAs
(ranging from 0.08 to 0.10), but otherwise also exceeded the fit
criteria. The single factor models for relaxation, activation,
emotional control, and automaticity all exceeded the fit criteria
without removing any items.

During the tests of paired models, the relaxation, activation,
emotional control, and automaticity subscales were reduced to four
items. Of the 28 possible pairwise models, 16 met or exceeded the
specified criteria. Of the remaining 12 models: nine models had
rather high c2 values (ranging from 56.23 to 74.18 with 19 dfs), but
exceeded all of Hu and Bentler’s (1999) cut-off criteria; and the
remaining three models had high c2 values (ranging from 81.51 to
110.99 with 19 dfs), together with rather high RMSEAs (ranging
from 0.08 to 0.09). There was no pattern to these problematic
pairings.

The initial fit for the eight-factor model containing all 37 practice
items was adequate (c2 (601) ¼ 1605.89; SRMR ¼ 0.08;
RMSEA¼0.06; NNFI¼0.95; and CFI¼0.95). After item reduction, the
fit for the eight-factor model containing four items per subscale was
substantially improved (c2 (436) ¼ 1009.98; SRMR ¼ 0.06;
RMSEA¼0.05; NNFI¼ 0.96; and CFI¼ 0.97), with only c2 a little high.

Table 2 shows the factor loadings and error terms for the four
items comprising each practice subscale. There were very good



Table 2
Completely standardised item loadings and error terms for practice subscales in
Study 1.

Practice subscale Factor
loading

Theta-Delta
error terms

Factor 1: Self-talk
Motivate myself to train through positive self-talk 0.79 0.37
Talk positively to get the most out of practice 0.76 0.42
Manage self-talk effectively 0.69 0.52
Say things to myself to help my practice performance 0.61 0.63

Factor 2: Emotional control
Trouble controlling emotions when things are

not going well
�0.83 0.31

Performance suffers when something upsets me �0.69 0.53
Emotions keep me from performing my best �0.66 0.56
Frustrated and emotionally upset when practice

does not go well
�0.59 0.65

Factor 3: Automaticity
Able to perform skills without consciously thinking 0.78 0.39
Perform automatically without having to

consciously control each movement
0.74 0.46

Allow whole skill or movement to happen naturally
without concentrating on each part

0.65 0.58

Monitor all the details of each move to
successfully execute skills

�0.41 0.82

Factor 4: Goal setting
Very specific goals 0.82 0.33
Set goals to help me use practice time effectively 0.79 0.37
Set realistic but challenging goals 0.73 0.47
Don’t set goals for practices, just go out and do it �0.70 0.51

Factor 5: Imagery
When I visualise my performance,

I imagine what it will feel like
0.71 0.50

When I visualise my performance, I imagine
watching myself as if on a video replay

0.64 0.59

Rehearse my performance in my mind 0.59 0.65
Visualise successful past performances 0.55 0.70

Factor 6: Activation
Can get my intensity levels just right 0.70 0.51
Can get myself ‘‘up’’ if I feel flat 0.63 0.61
Can psych myself to perform well 0.56 0.68
I have difficulty getting into an ideal performance state �0.50 0.75

Factor 7: Relaxation
I use relaxation techniques to improve my performance 0.82 0.32
Use practice time to work on relaxation technique 0.76 0.42
Practice using relaxation techniques at workouts 0.74 0.45
I use workouts to practice relaxing 0.68 0.54

Factor 8: Attentional control
Able to control distracting thoughts when training 0.73 0.47
Focus attention effectively 0.70 0.52
Trouble maintaining concentration during long practices �0.66 0.56
Attention wanders while training �0.65 0.57

Table 3
Subscale means, standard deviations, and Cronbach’s alphas from Study 1.

Subscale Competition Practice

M SD a M SD a

Self-talk 3.42 0.86 0.82 3.35 0.80 0.82
Emotional Control 3.69 0.83 0.89 3.42 0.76 0.80
Automaticity 3.52 0.63 0.62 3.47 0.65 0.74
Goal Setting 3.73 0.86 0.83 3.24 0.89 0.84
Imagery 3.49 0.94 0.86 3.02 0.82 0.72
Activation 3.84 0.70 0.83 3.41 0.63 0.71
Relaxation 2.80 0.94 0.87 2.18 0.83 0.85
Negative Thinking 2.23 0.77 0.80
Distractability 2.71 0.68 0.44
Attentional Control 3.44 0.66 0.78
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item loadings on all factors, with none that would be considered
problematic. Subscale means and standard deviations are provided
in Table 3, and the correlations between subscales are shown in
Table 4. The reader should again note that the items retained in the
emotional control subscale are all negatively phrased.

Cronbach’s alphas
Cronbach’s alphas for each subscale of TOPS 2 are presented in

Table 3. The criterion that is most commonly used for internal
consistency is an alpha of 0.70, although Loewenthal (2001) has
suggested that an alpha of 0.60 is acceptable for subscales con-
taining only four items. As can be seen from Table 3, the Cronbach’s
alpha for distractibility/resistance to distraction in the competition
subscales was very low (a ¼ 0.44). Consequently, a third eight-
factor model was run for the competition subscales with distract-
ibility removed. The fit was adequate (c2 (436) ¼ 918.03;
SRMR ¼ 0.06; RMSEA ¼ 0.04; NNFI ¼ 0.93; and CFI ¼ 0.94), but not
as good as the nine-factor model or the other two eight-factor
models when either negative thinking or self-talk was removed.
Because of this problem with distractibility, two seven-factor
models were run with both distractibility and negative thinking
removed, and then with distractibility and self-talk removed. The fit
for both of these models was good (c2 (329) ¼ 639.54;
SRMR ¼ 0.05; RMSEA ¼ 0.04; NNFI ¼ 0.95; and CFI ¼ 0.96; and c2

(329) ¼ 649.67; SRMR ¼ 0.06; RMSEA ¼ 0.04; NNFI ¼ 0.95; and
CFI ¼ 0.95, respectively). The fit was slightly better when
distractibility and negative thinking were removed than when
distractibility and self-talk were removed.

Finally, because the sample contained participants from three
different cultures, we ran sample invariance tests to examine
whether the factor structures remained invariant across each pair
of samples. Unfortunately, the size of the North American sample
was insufficient to run meaningful tests on that sample, so we were
constrained to examining sample invariance across the British and
Australian samples. For the competition subscales, the test of factor
pattern invariance on the eight-factor model with distractibility
removed yielded a very good fit, with c2 (872) ¼ 1134.44;
SRMR ¼ 0.07; RMSEA ¼ 0.04; NNFI ¼ 0.96; and CFI ¼ 0.97. The test
for invariance of factor loadings also yielded a very good fit, but the
c2 difference test indicated that this fit was significantly poorer
than the fit obtained when the factor loadings were not constrained
to be equal, c2 (24) ¼ 324.13, p < 0.01. Nevertheless, it was note-
worthy that the highest difference between any pair of factor
loadings for the Australian and British samples was 0.07. For the
practice subscales, the test of factor pattern invariance on the eight-
factor model yielded an acceptable fit, with c2 (872) ¼ 1249.98;
SRMR ¼ 0.07; RMSEA ¼ 0.04; NNFI ¼ 0.93; and CFI ¼ 0.94. The test
for invariance of factor loadings also yielded an acceptable fit, but
the c2 difference test again indicated that this fit was significantly
poorer than the fit obtained when the factor loadings were not
constrained to be equal, c2 (24) ¼ 47.27, p < 0.01. Nevertheless, the
highest difference between any pair of factor loadings for the
Australian and British samples was 0.05.
Discussion

The aim of Study 1 was to examine the factor structure of the
TOPS 2 inventory. The fit statistics for all versions of the competi-
tion inventory were acceptable. The fit for the eight-factor practice
inventory was also good. There were some small questions
regarding the possibility of measurement error in the imagery in
competition subscale, and c2 was a little high in a number of the
models tested. Having said that, if only the four fit statistics rec-
ommended by Hu and Bentler (1999) are used, then of 380 fit
statistics obtained from 90 models tested in Study 1, only 7 fail to
meet the very rigorous criteria recommended by Hu and Bentler.



Table 4
Correlations between scores on the competition and practice subscales in Study 1.

1 2 3 4 5 6 7 8 9 10

1. Self-talk 0.74 0.09 �0.02 0.55 0.47 0.46 0.47 0.38
2. Emotional control 0.26 0.65 0.19 0.09 �0.04 0.30 �0.01 0.30
3. Automaticity 0.18 0.34 0.52 �0.09 0.01 0.16 �0.02 0.06
4. Goal setting 0.49 0.19 0.17 0.59 0.44 0.56 0.42 0.48
5. Imagery 0.56 0.22 0.20 0.60 0.66 0.37 0.40 0.30
6. Activation 0.50 0.54 0.41 0.47 0.52 0.63 0.30 0.61
7. Relaxation 0.54 0.18 0.17 0.37 0.44 0.37 0.73 0.23
8. Negative thinking �0.37 �0.68 �0.33 �0.25 �0.27 �0.53 �0.28
9. Distractibility �0.17 �0.36 �0.32 �0.26 �0.33 �0.41 �0.22 0.33
10. Attentional control – – – – – – – – –

Note. Correlations among competition subscales are in the lower left diagonal, and those for practice subscales are in the upper right diagonal. Correlations greater than 0.08
are statistically significant (p < 0.05, two-tailed).
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Cronbach’s alpha reliability analysis identified low alphas for
two subscales, distractibility in competition (a ¼ 0.44) and
automaticity in competition (a ¼ 0.62). Consideration of the
factor loadings given in Table 1 provides an explanation of these
results, both subscales contain an item that has a very low
loading on the factor. However, the distractibility in competition
subscale contained a second item with a low factor loading.
Furthermore, this subscale was originally conceived in terms of
athletes being resistant to, or distracted by, one or more of
a broad range of situational circumstances. The item reduction
process resulted in the deletion of many of these different situ-
ations, which may have resulted in a subscale that did not
adequately sample the population of all possible distractions and
was therefore insufficiently focused on the construct. Although
the nine-factor model had an acceptable model fit, the fits of the
models with distractibility removed were also acceptable, and
thus it was felt that a reduced length questionnaire might be
more appealing to athletes, given that they are known to dislike
lengthy paperwork (cf. Beckmann & Kellmann, 2003). The auto-
maticity subscale was retained for further examination in
a second study that was performed to confirm the factor struc-
ture obtained in Study 1.
1 To avoid unnecessary repetition we have not included the factor loadings and
error terms but can do so on request. We also calculated means, standard devia-
tions and Cronbach’s alphas for each competition subscale, as well as assessing the
correlations between subscales. The results obtained were comparable to that
found in Study 1 (e.g., all the Cronbach’s alphas were above 0.70 with the exception
of automaticity which had an alpha of 0.67). Given the similarity between the
results of this study and those of Study 1 we have not included these results to
maintain succinctness of the manuscript.
Study 2

Method

Participants
Participants were 277 Australian male (M age ¼ 21.51,

SD ¼ 4.94 years) and female (M age ¼ 22.88, SD ¼ 5.74 years)
athletes of varying ability from 17 different sports. Participants
completed the questionnaire away from the competition and
training environments in small groups of 5–20 participants.
Responses indicated that 36.10% were competing internationally
and 34.70% were competing nationally. Of the rest, 12.30% were
competing at a regional or junior national standard, and 11.5%
were competing at club or school level. A small percentage
(5.40%) of participants failed to report their performance level.
All participants gave their informed consent to participate in the
study.

Measures
The 64-item TOPS 2, with eight competition and eight practice

subscales, from Study 1 was administered.

Procedure
As in Study 1, the TOPS 2 was administered to participants either

individually or in small groups of 10–20 people. No other measures
were administered with the TOPS 2.
Analytical strategy
Confirmatory factor analysis was again employed to test the

factorial validity of the TOPS 2. Specifically, eight-factor CFAs were
performed on the competition and practice subscales separately.
No sequential testing was performed. The fit criteria from Study 1
were used.
Results

Competition subscale
The fit of the eight-factor model was very good

(c2 (436) ¼ 695.16; SRMR ¼ 0.06; RMSEA ¼ 0.05; NNFI ¼ 0.97; and
CFI ¼ 0.97). Factor loadings and error terms were generally very
good and were similar to those obtained in Study 1,1 although one
of the automaticity items (I am unable to perform skills without
consciously thinking) displayed a factor loading in the opposite
direction, albeit of a non-significant magnitude, to the loading
obtained for this item in Study 1. Because of this, we tested an
alternative model which removed the final item from the auto-
maticity in competition subscale, thereby leaving only three items
to measure automaticity. The fit was very good (c2 (406) ¼ 654.37;
SRMR ¼ 0.07; RMSEA ¼ 0.05; NNFI ¼ 0.97; and CFI ¼ 0.97) and
Cronbach’s a ¼ 0.70 (a ¼ 0.67 for the four item subscale). The
correlation between the four item measure of automaticity and the
three item measure of automaticity was 0.93.

In Study 1, conceptual overlap between negative thinking and
self-talk was highlighted, and models were tested with each of
these constructs were removed. To provide continuity with the first
study, the same approach was adopted here. The first model
removed negative thinking and revealed a good model fit (c2

(329) ¼ 484.23; SRMR ¼ 0.06; RMSEA ¼ 0.04; NNFI ¼ 0.97; and
CFI ¼ 0.97). Because of the difficulties with the automaticity in
competition subscale, we re-ran this model with the final item of
automaticity removed. The fit was again good fit (c2 (303)¼ 447.03;
SRMR ¼ 0.06; RMSEA ¼ 0.04; NNFI ¼ 0.97; and CFI ¼ 0.97).

In the second model, self-talk was removed. Again the fit of the
model was good (c2 (329) ¼ 520.27; SRMR ¼ 0.06; RMSEA ¼ 0.05;
NNFI¼ 0.97; and CFI ¼ 0.97), but, as in Study 1, not quite as good as
when negative thinking was removed and again we re-ran the
model with the final item of automaticity removed. The fit
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remained good (c2 (303) ¼ 483.86; SRMR ¼ 0.06; RMSEA ¼ 0.05;
NNFI ¼ 0.97; and CFI ¼ 0.97), but not quite as good as the fit for
negative thinking removed.

Practice subscale
The fit for the eight-factor practice model was very good

(c2(436) ¼ 603.39; SRMR ¼ 0.06; RMSEA ¼ 0.04; NNFI ¼ 0.96; and
CFI ¼ 0.96). Factor loadings and error terms were computed, and
were comparable with those obtained in Study 1.2

Discussion

The initial aim of the present research was to examine the
structural integrity of the TOPS using confirmatory factor analysis.
The results of the pilot study confirmed some of the problems
identified by Lane et al. (2004), notably problems with activation,
emotional control, and negative thinking for the competition
inventory, and with activation and automaticity for the practice
inventory. Furthermore, the present authors had already identified
some conceptual problems with the measurement of emotional
control in competition and relaxation in practice. All of these
problems have been eradicated in the TOPS 2.3 Furthermore, the
factor structure of TOPS 2 has been shown to be invariant across
samples drawn from Great Britain and Australia. Nevertheless, the
present series of studies identified a new problem with the auto-
maticity in competition subscale. This problem has not been
eradicated and is discussed in more detail in the next paragraph.
Furthermore, an attempt to introduce an additional subscale
measuring resistance to disruption/distractibility in competition
failed.

Although the fit statistics reported across studies 1 and 2 are
generally quite good, there remain a number of limitations with the
TOPS 2. First, the automaticity subscale clearly still requires some
attention. The Cronbach’s alphas and factor loadings indicate
a need to re-examine and probably replace the last item on this
subscale. This suggestion seems further vindicated by the differ-
ence in the direction of the factor loadings on this item between
Study 1 and Study 2 (although the factor loadings in both cases
were ‘‘non-significant’’). The most obvious explanation for this
difference in direction is that it is due to what amounts to a double-
negative in the item wording, which may lead to confusion from
respondents as to how to interpret the item. Re-phrasing the item
to remove this double-negative may help to improve both the
factor loading and scale reliability. Second, there exists the distinct
possibility of conceptual overlap between the subscales of self-talk,
negative thinking, and distractibility. Any such conceptual overlap
needs to be examined and resolved in future versions of the TOPS.
Finally, the TOPS 2, like the TOPS before it, remains a fairly ‘‘blunt’’
instrument. The original authors’ intention was to provide an
integrated test of psychological skills that might be used in
conjunction with other methods to provide an overview of athletes’
usage of a broad range of psychological skills. As such, the TOPS
may be very appropriate for a lot of applied purposes where it is
likely to be supplemented by other forms of assessment. However,
it may be completely inappropriate for examining a number of
research or applied questions. For example, the TOPS does not
differentiate between athletes’ use of outcome, performance and
2 Factor loadings and error terms for the practice subscale can be obtained by
contacting the authors. As with the competition subscale, we calculated means,
standard deviations and Cronbach’s alphas for each practice subscale along with
a comparison of the correlations between practice subscales. Results obtained were
extremely similar to Study 1.

3 Copies of the TOPS 2 questionnaire together with instructions regarding its
administration and scoring can be downloaded from www.TOPSfirst.com.
process goals (cf. Kingston & Hardy, 1997). Neither does it distin-
guish between the use of internal visual imagery, external visual
imagery, and kinaesthetic imagery (cf. Roberts, Callow, Hardy,
Markland, & Bringer, 2008). In the authors’ opinion, this is always
likely to be a limitation of the TOPS. It is difficult to see how one
could succinctly assess such a wide range of psychological skills in
an in-depth fashion.

In terms of future research, there is clearly a need to confirm
the present findings and further develop the TOPS 2, particularly
with regard to the automaticity subscale in the competition
inventory. Furthermore, if the distractibility subscale is to be
reinstated in future versions of the TOPS then this subscale will
require considerable attention. Alternatively, it may be that some
sort of attentional control subscale can be resurrected for
competition. However, it is not at all clear to the present authors
how this might be best achieved (see the earlier discussion on
Instrument refinement). It is our view that attentional control is
best reflected by its absence in competition, which appears to
result in negative thinking.

In light of the fact that the TOPS 2 has already proved popular in
the applied domain, there is also a need for some sort of test
manual. It is the authors’ intention to make such a manual available
on-line. Continuing the applied theme, several researchers (e.g.,
Frey et al., 2003; Thomas et al., 1999) have suggested that practising
psychological skills during training might have highly beneficial
effects for athletes in competition. This suggestion is worthy of
further research.

Perhaps more interesting is the possibility that different
psychological skills may be differentially important for different
personalities. Personality research seems to have been out of
fashion in sport psychology for a number of years (cf. Hardy et al.,
1996; Vealey, 2002), and research that examines the interactive
effects of personality with psychological skills is probably long
overdue. It is entirely plausible that some psychological skills are
more important for some people than others. Such research might
examine these interactive effects in the context of both training
and competition behaviours. In a similar vein, some psychological
skills may be more important in some situations than others, but
there is a dearth of research that examines the interactive effects
of psychological skills usage with either personality or situational
factors. These are both worthy objectives for future research. In
a rather different direction, the TOPS has probably reached a stage
in its development where it might be appropriate to consider
translating it into different languages in order that further
research might be conducted in other languages, and cultural
differences examined.

The present results have a number of applied implications. The
eight-factor model (with distractibility removed) for competition
has a good fit, but the seven-factor models also display acceptable
fits, so the practitioner should feel free to choose the version of the
inventory that he or she feels is most appropriate for his/her needs.
In the present authors’ experience, feedback from practitioners
provides strong support for retention of the negative thinking
subscale.

In recent years, several researcher-practitioners (e.g., Frey et al.,
2003; Muscat, 2004) have summed the practice subscales and the
competition subscales of the TOPS to provide overall measures of
athletes’ use of psychological skills and strategies in these two
environments. The authors would like to emphasise that the CFAs
reported in the present paper provide support for the use of
separate subscale profiles for practice and competition. The anal-
yses do not provide any support for summing subscales to obtain
overall scores for competition and practice. We therefore recom-
mend that practitioners use separate subscale profiles rather than
global scores for the two domains.

http://www.topsfirst.com
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A further word of caution is in order regarding comparisons
between the use of psychological skills and strategies in compe-
tition and the use of those skills and strategies in training.
Although Table 4 shows that, as might be expected, there are
moderate to strong correlations across contexts, some caution is
required in directly comparing the different subscales from the
TOPS 2 with regard to levels of psychological skills usage at
practice and in competition (cf. Frey et al., 2003; Muscat, 2004).
Athletes may use different psychological skills and strategies for
different purposes in competition compared with training.
Furthermore, the subscales may not be measured on a common
metric and comparisons may be confounded by response sensi-
tivity and other item differences.4

In summary, with the possible exception of one item, the TOPS 2
has quite strong psychometric properties. It can be used as
a research tool to examine a number of interesting research ques-
tions in the prediction of important training and competition
behaviours. It has also been found to be useful in applied settings
(e.g., Gould et al., 2002; Lowther et al., 2002) both for profiling
athletes’ strengths and weaknesses so that interventions can be
appropriately targeted, and for assessing the benefits of those
interventions.
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