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Objectives: The present study examined the extent to which scores from the Basic Psychological Needs in
Exercise Scale are measurement invariant across Greek, Spanish, Portuguese, and Turkish samples of
exercise participants.
Design: A cross-sectional design wherein responses were analyzed from 504 Greek participants, 518
Spanish participants, 989 Portuguese participants, and 686 Turkish participants.
Methods: Data on exercise participants’ need satisfaction were collected using the Basic Psychological
Needs in Exercise Scale (Vlachopoulos & Michailidou, 2006) after back translation for the languages
involved in the study.
Results: Multi-sample confirmatory factor analyses showed that BPNES scores were largely invariant at
the configural, metric, and strong invariance levels, but not at the strict invariance level for Spanish,
Portuguese, and Turkish samples compared to the Greek sample. Portuguese participants reported
higher levels of satisfaction for all three needs compared to Greek participants, while for Spanish par-
ticipants this was the case only for competence and relatedness. Turkish participants did not differ from
Greek participants.
Conclusions: The present findings support valid cross-cultural comparisons at the latent variance/
covariance level and the latent/observed mean level of the constructs of autonomy, competence, and
relatedness using the BPNES.

� 2013 Elsevier Ltd. All rights reserved.
Regular physical activity has proven to be effective in the pri-
mary and secondary prevention of several chronic diseases (e.g.,
cardiovascular disease, diabetes, hypertension, osteoporosis)
(Warburton, Nicol, & Bredin, 2006). Despite such evidence, two
thirds of the adult population in the European Union, exercise less
than the recommended quantity (Cavill, Kahlmeier, & Racioppi,
2006). Quality of motivation to exercise has emerged as an
important determinant of objectively assessed exercise participa-
tion (Standage, Sebire, & Loney, 2008). This fact highlights the need
hopoulos).

All rights reserved.
to better understand factors that contribute to motivation for ex-
ercise behavior to reverse physical inactivity trends. Among the-
ories of motivated behavior, self-determination theory (SDT; Deci &
Ryan,1985, 2008a; Ryan & Deci, 2002) has been used by researchers
to provide a better understanding of factors that account for indi-
vidual differences in exercise behavior (Ryan, Williams, Patrick, &
Deci, 2009; Vlachopoulos, 2009; Wilson, Mack, & Grattan, 2008).
In SDT, personal and social-environmental factors are outlined that
may determine motivated behavior. The theory consists of the six
mini-theories of basic needs theory (BNT), cognitive evaluation
theory (CET), organismic integration theory (OIT), causality
orientations theory (COT), goal content theory (GCT), and the
theory of vitality (Ryan et al., 2009; Vansteenkiste, Niemiec, &
Soenens, 2010).
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Sub-theories of self-determination theory

In BNT the existence of three innate psychological needs for
autonomy, competence, and relatedness, deemed to be necessary
for psychological, physical, and social health is addressed
(Vansteekiste et al., 2010). Satisfaction of the need for autonomy
reflects a sense of volition and self-endorsement in one’s behavior.
When autonomy is satisfied, behavior is experienced as choiceful
and owned, emanating from the self, and in accord with abiding
interests and values (Vansteekiste et al., 2010). When the need for
competence is satisfied, individuals feel that they interact effec-
tively with one’s environment and experience opportunities to
express or develop their capacities. When the need for relatedness
is satisfied, individuals feel that they are authentically associated
with significant others and experience a sense of belonging (Ryan &
Deci, 2002). In SDT, the dimensions of the social environment that
support the three needs are also discussed. These dimensions are
labeled autonomy support, competence support, and relatedness
support (Vansteenkiste et al., 2010). In CET, the factors are dis-
cussed that either undermine or support intrinsic motivation. This
may happen when external events either thwart the psychological
needs for autonomy and competence or support them, respectively
(Deci & Ryan, 1985). In OIT, the process of internalization is
described and the endorsement of the value of extrinsically moti-
vated behaviors is explained. Extrinsically motivated behaviors are
those behaviors where the activity is perceived as a means to a
separable outcome while interest and enjoyment are absent
(Vansteekiste et al., 2010). Four types of extrinsic motivation have
been distinguished in OIT. These are external regulation where
behavior is energized by forces external to the individual; intro-
jected regulation where behavior is energized by self-imposed
pressure; identified regulation that reflects a sense of choice in
enacting the behavior; and integrated regulation where behavior is
enacted because it has become part of individuals’ identity.

Identified and integrated regulations represent types of self-
determined extrinsic motivation that are enhanced via the satis-
faction of the needs for autonomy, competence, and relatedness
(Vallerand, 2001). In COT, the existence of three types of orienta-
tions that partly determine functioning at the personality level is
addressed. These are the autonomy orientation, the control orien-
tation, and the impersonal orientation. These orientations develop
as a result of received need support in conjunction with a range of
genetic and biological factors (Vansteenkiste et al., 2010). In GCT
the concepts of intrinsic and extrinsic life goals or aspirations that
people pursue are delineated, and how they differentially affect
well-being. Intrinsic goals tend to contribute to the satisfaction of
the basic needs for competence, autonomy, and relatedness while
extrinsic goals are likely unrelated to them. Further, the sub-theory
of vitality is a theory of subjective energy addressing factors that
may enhance it or deplete it (Ryan et al., 2009). Vitality is assumed
to be heavily affected by psychological factors in the sense that
thwarting of the psychological needs for autonomy, competence,
and relatedness may diminish vitality while need satisfactions may
enhance it or maintain it (Ryan et al., 2009).

SDT has provided the genesis of origin for the Hierarchical
Model of Intrinsic and Extrinsic Motivation (Vallerand, 2001)
where satisfaction of the needs for autonomy, competence, and
relatedness, are assumed to lead to greater levels of autonomous
motivation, and lower levels of controlled motivation, and amoti-
vation. Further, psychological needs are held to be the mediators of
the effects of socio-contextual factors (e.g., fitness instructors’ need
supportive behaviors) on levels of self-determination in one’s
behavior (Vallerand, 2001). Ryan (1995) and Vallerand (1997) have
emphasized the importance of conducting domain-specific SDT
research claiming that use of domain-specific scales is necessary in
explaining and predicting behavior accurately across various life
domains. Following this assertion, much SDT-related exercise
research has been conducted showing that psychological need
satisfaction has been positively associated with global and
contextual well being and positive affect (Vlachopoulos & Karavani,
2009; Wilson, Longley, Muon, Rodgers, & Murray, 2006; Wilson,
Mack, Blanchard, & Grey, 2009), enjoyment/interest, attitude to-
ward exercise, intention to exercise, internal locus of control and
frequency of exercise participation (Vlachopoulos, 2007;
Vlachopoulos & Michailidou, 2006), life satisfaction among over-
weight/obese exercise participants (Edmunds, Ntoumanis, & Duda,
2007) and exercise behavior (Edmunds, Ntoumanis, & Duda, 2006;
Vlachopoulos & Neikou, 2007).

Basic psychological need satisfaction measurement in exercise

The effects of psychological need fulfillment in exercise have
been investigated in a number of studies (Kirkland, Karlin, Stellino,
& Pulos, 2011; Vlachopoulos, 2007, 2008; Vlachopoulos, Kaperoni,
& Moustaka, 2011; Vlachopoulos & Karavani, 2009; Vlachopoulos
& Michailidou, 2006; Vlachopoulos & Neikou, 2007;
Vlachopoulos, Ntoumanis, & Smith., 2010) using either the Basic
Psychological Needs in Exercise Scale (BPNES: Vlachopoulos &
Michailidou, 2006) or the Psychological Need Satisfaction in Exer-
cise Scale (PNSE: Wilson et al., 2009; Wilson & Rogers, 2008;
Wilson, Rodgers, Blanchard, & Gessell, 2003; Wilson, Rogers,
Rodgers, & Wild, 2006). The instruments have been designed by
different research groups attending to a number of construct vali-
dation steps advocated by measurement experts (Messick, 1995)
and appear promising in the quest to capture variation in perceived
need satisfaction in exercise (Wilson, Mack, Gunnell, Oster, &
Gregson, 2008). The PNSE is an 18-item scale with six items per
need factor. It was developed using responses of Canadian exercise
participants while the BPNES is a 12-item scale with four items per
factor developed using responses from Greek exercise participants.
For both instruments, evidence has emerged to support their
structural validity; this includes gender invariance and criterion-
related validity based on a number of variables residing within
the SDT nomological network (Wilson, Mack, Gunnell, et al., 2008).

Cross-cultural generalizability and measurement invariance

According to Duda and Allison (1990), scientific inquiry in the
area of sport and exercise psychology requires the incorporation of
cross-cultural analyses in order to avoid the propagation of theories
that may not be generalizable. This is because culture and ethnicity
may be important variables in explaining the variability in cogni-
tions, affect, and behavior in psychological theories of sport and
exercise (Duda & Allison, 1990; Duda & Hayashi, 1998). SDT is a
particularly good example of a theory that has been studied with
reference to its cross-cultural applicability. A central assertion of
SDT has been that the basic psychological needs for autonomy,
competence, and relatedness, are universal in their importance and
their effects. This means that need satisfaction promotes psycho-
logical health, independent of cultural context (Deci & Ryan,
2008b). Such a claim stands in contrast to the view held by
cultural-relativists (e.g., Markus, Kitayama, & Heiman, 1996) who
claim that needs are learnedwithin cultures and that autonomy, for
instance, represents a western ideal taught inwestern cultures that
emphasize individualism rather than collectivism and interde-
pendence. This means that autonomy may not be so important in
terms of people’s well being in eastern cultures andmay not play an
important role in the lives of these individuals (Chirkov, 2012). SDT
holds that cultures do influence people in important ways but that
all humans have certain psychological needs that need to get
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satisfied to experience optimal well-being independent of culture
(Deci & Ryan, 2008b). However, the practices used to satisfy these
needs may differ across cultures. Consistent evidence has now
emerged supportive of the universality of autonomy and its rela-
tionship with positive psychological health in various domains
including the academic domain (Chirkov, 2009; Chirkov & Ryan,
2001), subjective well being (Rudy, Sheldon, Awong, & Tan, 2007;
Schmuck, Kasser, & Ryan, 2000; Sheldon et al., 2004), and work
(Deci et al., 2001).

Cross-cultural comparisons testing the equivalence of scores
derived from research instruments are necessary in testing the
cross-cultural applicability of theories and models (Sue, 1999).
Measurement invariance reveals the extent to which item re-
sponses preserve their meaning across groups (Millsap & Kwok,
2004). This is essential when psychological measures are used in
group comparison. Comparing groups using a non-invariant mea-
sure is worthless or, put differently, is analogous to comparing
apples and oranges. In such a case, there may be potential con-
founding and misinterpreting of mean differences (Hoyle & Smith,
1994). Whenmeasurement invariance does not hold, it may be that
differences in instrument scores may not reflect true differences on
the construct being measured, rather differential functioning of the
instrument across the groups (Millsap & Kwok, 2004). Two types of
measurement invariance have been identified (Little, 1997). Cate-
gory 1 invariance refers to the psychometric properties of the scale
scores such as configural invariance indicating that the groups
associate the same items with the same constructs, invariance of
item loadings (i.e., metric invariance), invariance of both item
loadings and item intercepts (i.e., strong invariance), and concur-
rent invariance of item loadings, item intercepts, and item error
variances (i.e., strict invariance; see Gregorich, 2006). Category 2
invariance refers to between-group differences in variances, co-
variances, and latent means. According to Cheung and Rensvold
(2002), Category 1 invariance should hold before interpreting
Category 2 differences that usually reflect more substantive
research questions. For instance strong invariance should hold
before latent mean differences are examined across groups.

The present study

Taking into account the line of research that addresses the cross-
cultural applicability of SDT principles and the need to further
understanding of the cross-cultural generalizability of SDT tenets in
exercise, Vlachopoulos, Ntoumanis, and Smith (2010) examined the
extent of measurement equivalence of the BPNES scores across
Greek and British exercise participants. They provided initial evi-
dence of generalizability of the scale scores. However, expanding
the generalizability evidence base of SDT theoretical tenets in the
exercise domain would require evidence of item meaning equiva-
lence across samples reflecting cultural diversity. These cultures
may differ on their individualistic vs. collectivistic emphasis; hence,
following suit with the line of cross-cultural research generated in
the broader SDT literature (e.g., Chirkov, 2009).

The primary purpose of the present study was to examine the
extent of measurement invariance of the BPNES scores in cultural
groups differing in their emphasis on individualistic and collectiv-
istic values. Greek, Spanish, Portuguese, and Turkish samples of
exercise participants were studied using responses of Greek exer-
cise participants as the reference point. This was the case as the
BPNES has been originally developed with Greek exercise partici-
pants. Research examining differences in cultural orientations
across nations has shown that individuals tend to vary in the degree
to which they endorse individualist and collectivist values
(Hofstede, 1983). Individuals of Western European cultures such as
Spain tend to more strongly endorse individualist values and are
hypothesized to describe themselves as autonomous, independent,
self-contained, and more differentiated from others. In contrast,
individuals in North and Eastern European nations such as Estonia,
Sweden, and Turkey tend to more strongly endorse collectivist
values, and perceive themselves as more interdependent and so-
cially sensitive (Markus & Kitayama, 1991). Findings of meta-
analyses of cross-cultural research (Oyserman, Coon, &
Kemmelmeier, 2002) have provided support in favor of Hofstede’s
work showing relatively stronger individualism effects in Western
European nations such as Spain and France in comparison to
countries of the Eastern and Northern Europe (e.g., Estonia, Turkey,
Finland, Norway). Moreover, stronger effects for collectivism were
obtained in Northern European nations in comparison to Western
European nations such as Spain and Eastern European nations such
as Turkey. This research demonstrates the diversity of the samples
presently studied in terms of their emphasis on individualist and
collectivist values. In the present study, it was hypothesized that
BPNES scores would emerge as invariant at the configural, metric,
strong, and strict invariance levels (Gregorich, 2006) across the
culturally diverse samples studied.

A secondary aimwas to explore possible need satisfaction mean
differences across samples from these cultures. In relation to the
secondary aim of the study, it was hypothesized that exercise
samples fromWestern countries in which individualistic values are
strongly endorsed, such as Spain and Portugal, would report higher
levels of autonomy, competence, and relatedness need satisfaction
when compared to non-Western exercise samples such as those
from Greece and Turkey.

Method

Participants

Greek participants
For Greek exercise participants we used the validation sample

employed by Vlachopoulos and Michailidou (2006). The sample
consisted of 504 individuals comprising 246 men (48.8%) and 258
women (51.2%). Participants’ age ranged from 18 to 65 years
(Mage ¼ 28.92 yr, SD ¼ 8.45 yr). Their exercise experience ranged
between a few months and 45 years (M ¼ 6.88 yr, SD ¼ 6.91 yr)
while weekly frequency of exercise attendance ranged between 1
and 7 times per week (M ¼ 3.74, SD ¼ 1.07). There were 109 par-
ticipants involved in group-based exercise activities (21.6%), 280
involved in resistance training activities (55.6%), and 108 partici-
pants (21.4%) involved in a combination of the aforementioned
activities.

Spanish participants
There were 518 Spanish exercise participants ranging in age

between 18 and 60 years (Mage ¼ 29.96 yr, SD ¼ 8.83) comprising
268 men (51.7%) and 246 women (47.5%) with four individuals not
providing details of their gender (.8%). There were 222 participants
involved in instructor-led activities (42.9%), 114 participants
involved in self-paced programs that were designed but not led by
an instructor (22%), and 182 participants practising individual ac-
tivities without supervision of any kind (e.g., squash, free swim-
ming; 32.1%). Participants exercised between 1 and 3 times per
week (M ¼ 2.47, SD ¼ .59) from 20 to 260 min (M ¼ 77.57,
SD ¼ 31.4 min) per visit to the fitness centre.

Portuguese participants
There were 989 Portuguese exercise participants including 451

men (45.6%) and 538 women (54.4%) aged between 18 and 70 years
(Mage ¼ 32.67 years, SD ¼ 10.76). Of them, 270 (27.3%) exercised in
group-type classes, 275 in strength training activities (27.8%), and
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444 (44.9%) participants in cardio-fitness activities. They have
exercised in total between 1 and 300 months (M ¼ 25.88 months,
SD ¼ 35.85) and between 1 and 8 times per week (M ¼ 3.18,
SD ¼ 1.17).

Turkish participants
There were 686 Turkish participants including 384 men (56%)

and 302 (44%) women ranging in age between 18 and 60 years
(Mage ¼ 30.78 years, SD ¼ 8.64). There were 236 (34.4%) partici-
pants involved in group-based classes and 450 participants (65.6%)
involved in individual type activities. Participants exercised be-
tween 1 and 240 months (M ¼ 25.74, SD ¼ 22.29) and between 1
and 7 times per week (M ¼ 3.15, SD ¼ 1.07) for a duration of
30 mine180 min per visit to the fitness center (M ¼ 67.87,
SD ¼ 20.55). Means, standard deviations, Cronbach’s a values, and
bivariate correlations between scale items for each sample sepa-
rately can be consulted as Supplementary information linked to the
present article.

Instruments

Basic psychological needs in exercise
The Basic Psychological Needs in Exercise Scale (BPNES;

Vlachopoulos &Michailidou, 2006) was used to measure the extent
to which the psychological needs for autonomy, competence, and
relatedness are fulfilled in the exercise context. The BPNES consists
of 12 items measuring each of the need constructs using four items.
Participants are requested to indicate the degree of their agreement
with each of the items on a 5-point Likert scale anchored by 1 (I
don’t agree at all) and 5 (I completely agree). Validity and reliability
evidence has been provided in support of the scale’s factor struc-
ture, internal consistency, stability over four weeks, correlations
with external variables, andmeasurement invariance across gender
and ethnicity using responses provided by British exercise partici-
pants (Vlachopoulos, 2007, 2008; Vlachopoulos et al., 2011;
Vlachopoulos & Karavani, 2009; Vlachopoulos &Michailidou, 2006;
Vlachopoulos & Neikou, 2007; Vlachopoulos et al., 2010). Further
support of the scale’s psychometric properties have been derived
from Portuguese (Moutão, Cid, Alves, Leitão, & Vlachopoulos, 2012)
and Spanish (Sánchez & Núñez, 2007) samples.

For the Turkish, Portuguese, and Spanish samples back trans-
lation techniques were employed to develop language-specific
versions of the BPNES. The translation techniques followed a
standardized procedure suggested by Brislin (1986) in which the
inventory items and scale were translated from English into the
target language by a bilingual researcher. Thereafter, the translated
inventory was back-translated by a jury of independent academics
at the institutions of each of the present authors; these academics
were all bilingual. The back-translated versions were then
compared with the original English version and any in-
consistencies, errors, biases, and indications of incongruence were
highlighted before further item wording modifications took place
to derive the final version.

Procedures

Data were collected from non-probability samples of exercise
participants obtained from cultural groups that varied in the
characteristics of individualism and collectivism. Participants were
recruited at the reception area of the fitness centers by research
assistants. The assistants explained the purpose of the study and
requested that participants complete self-report questionnaires
before embarking upon their exercise activity. Data used in the
present study have been collectedmainly for validation purposes of
the BPNES scores in the languages involved along with other
questionnaires. The questionnaire took approximately 15 min to
complete. Data were collected every day of the week, either
morning or evening, under the close supervision of a research as-
sistant. Following completion of each questionnaire, the research
assistant checked for missing data. In the case of missing responses,
the assistant prompted the participant to respond to the relevant
item(s). Data collectors adhered to the American Psychological
Association ethical guidelines. Participants signed informed con-
sent forms and were assured that their responses would be ana-
nymized and kept in confidence. At each testing site, the
regulations of the associated university were adhered to.

Data analysis

Confirmatory factor analysis
The factor structure of the BPNES was examined for each cul-

tural sample using confirmatory factor analysis (CFA) before we
embarked on measurement invariance analyses. For each CFA
model, the factor variances were fixed to 1.0, the factor covariances
were allowed to be estimated and item error covariances were
fixed to zero. Model fit was assessed using the chi-square value
(c2), the Comparative Fit Index (CFI; Bentler, 1990), and the Root
Mean Square Error of Approximation (RMSEA; Steiger & Lind, 1980)
accompanied by its 90% confidence interval (90% CI). Given that the
c2 value is sensitive to sample size (Byrne, 2006), model fit
assessment was based mainly on the remaining fit indexes. CFI
values close to .95 indicate an excellent fit to the data (Hu &
Bentler, 1999) with values of .90 or greater indicating a reason-
able fit (Kline, 2005; Marsh, Hau, & Wen, 2004). An RMSEA value
less than .06 denotes a good model fit (Hu & Bentler, 1999) while
values between .08 and .10 represent an adequate fit (Browne &
Cudeck, 1993; Byrne, 2000; Kline, 2005). Scale reliability was
calculated based on the composite reliability index for each BPNES
subscale that reflects the proportion of shared variance to error
variance in a construct (Li, Harmer, & Acock, 1996) with a value that
should not be lower than .60 (Bagozzi & Yi, 1988) and Cronbach’s
(1951) alpha.

Multi-group invariance
According to Steenkamp and Baumgartner (1998), the most

powerful approach to testing cross-national measurement invari-
ance has been multi-group confirmatory factor analysis. Given the
aforementioned distinction between Category 1 and Category 2
tests of measurement invariance (Cheung & Rensvold, 2002; Little,
1997), the present analyses focused mainly on examining the
extent of Category 1 cross-national invariance of BPNES scores. The
following types of invariance were examined (Gregorich, 2006):
configural (without equality constraints; Model 1), metric invari-
ance (constraining factor loadings equal; Model 2), strong invari-
ance (constraining both factor loadings and item intercepts equal
concurrently; Model 3), and strict invariance (constraining factor
loadings, item intercepts, and item residuals concurrently equal;
Model 4).

Model 1 (i.e., configural) was a multi-sample model based on
the a priori correlated 3-factor CFA BPNES model without equality
constraints imposed on any of the model parameters. The hy-
pothesis tested was that the same number of common factors
would be present in each group and each factor would be associ-
ated with the same set of items. In Model 2 (i.e., metric invariance),
item loadings were set to be invariant across groups. Evidence in
support of this model would imply that the BPNES factors have the
same meaning across groups. For Model 3 (i.e., strong invariance),
item loading constraints were retained and item intercept equality
constraints were added to the model. This model examined
whether mean comparison across groups was defensible. In Model



Table 1
Goodness-of-fit indexes of CFA model for cultural samples.

CFA model c2 SeB c2 df p Robust CFI Robust RMSEA Robust RMSEA 90% CI Standardized factor loadings Composite reliability

Auton. Comp. Relat.

Greek sample 122.28 96.38 51 .001 .980 .042 .029e.055 .60e.89 .85 .80 .91
Spanish sample 298.53 218.36 51 .001 .906 .080 .069e.091 .53e.82 .69 .77 .85
Portuguese sample 264.26 199.63 51 .001 .954 .054 .046e.062 .53e.80 .73 .72 .83
Turkish sample 284.57 199.71 42 .001 .912 .074 .064e.084 .64e.76 .78 .73 .80

Note. Greek sample (n ¼ 504; Vlachopoulos & Michailidou, 2006; validation sample), Spanish sample (n ¼ 518), Portuguese sample (n ¼ 989), Turkish sample (n ¼ 686). SeB
c2 ¼ SatorraeBentler scaled c2; df ¼ degrees of freedom; CFI ¼ Comparative Fit Index; RMSEA ¼ Root Mean Squared Error of Approximation. a For the Turkish sample the
Competence #1 item has been removed owing to a low item loading of .27 and the factor correlation between Autonomy and Competence was fixed at .85 to achieve CFA
model convergence. Auton. ¼ Autonomy; Comp. ¼ Competence; Relat. ¼ Relatedness. Cronbach’s alpha values for autonomy, competence, and relatedness were: Greek
sample ¼ .84, .81, .92; Spanish sample: .69, .77, .85; Portuguese sample: .73, .72, .82; Turkish sample: .78, .72a, .81.

S.P. Vlachopoulos et al. / Psychology of Sport and Exercise 14 (2013) 622e631626
4 (i.e., strict invariance), equality constraints were added on item
residuals while retaining item loading and item intercept equality
constraints. This model examined whether cross-group compari-
sons of observed item or composite score variances were mean-
ingful (Gregorich, 2006). In line with Cheung and Rensvold (2002),
determining invariance in multi-sample testing using the Dc2 value
has been considered unsatisfactory; therefore, evaluation of multi-
group CFA nested models was based on (a) the degree of adequate
model fit exhibited by the more constrained model, and (b) the
DCFI value between the two nested models. Values not exceeding
.01 would indicate invariance (Cheung & Rensvold, 2002).

Latent mean differences
Mean and covariance structure analyses were used to test for

latent mean differences for each need satisfaction construct. The
latent mean value for the Greek participants was always con-
strained to zero, while it was freely estimated for the other cultural
sample. The z statistic was used to determine statistical significance
between the latent means. A comparison between latent mean
differences was possible only after support for the strong invari-
ance multi-group model.

Results

There was no missing data for the BPNES items in any of the
samples. The normalized estimate of Mardia’s coefficient of
Table 2
Overall fit indexes for the cross-cultural measurement invariance basic psychological ne

Model c2 SeB scaled c2 df

Greece - Spain
Model 1: Configural invariance 420.83 319.29 102
Model 2: Metric invariance 454.29 348.35 114
Model 3: Strong invariance 697.15 563.83 120
Model 4: Strict invariance 1004.21 776.75 129
Greece e Portugal
Model 1: Configural invariance 386.55 298.21 102
Model 2: Metric invariance 690.14 518.72 114
Model 2a: Metric invariance 541.37 410.24 113
(omitting Relatedness #1)
Model 2b: Metric invariance 496.86 377.75 112
(omitting Relatedness #1 and 2)
Model 2c: Metric invariance 470.38 358.57 111
(omitting Relatedness #1 and 2, and Autonomy #4)
Model 3: Strong invariance 591.33 473.85 116
Model 4: Strict invariance 685.14 529.78 123
Greece e Turkey
Model 1: Configural invariance 406.86 303.79 93
Model 2: Metric invariance 460.20 347.71 104
Model 3: Strong invariance 474.80 372.03 109
Model 4: Strict invariance 836.88 672.45 117

Note. Greek sample (n ¼ 504; Vlachopoulos & Michailidou, 2006; validation sample), S
c2 ¼ chi-square; SeB c2 ¼ SatorraeBentler scaled c2; df ¼ degrees of freedom; CFI ¼ Co
Turkish sample the Competence #1 item has been removed owing to a low item loadin
sample was fixed at .85 to achieve model convergence.
multivariate kurtosis was greater than 5.0 in all samples indicating
multivariate non-normality (Byrne, 2006). Therefore, theML robust
method was used with EQSWIN 6.1 (Bentler, 2003) that provides
the SatorraeBentler Scaled c2 (SeB c2) (Satorra & Bentler, 2001). Se
B c2 is corrected for non-normality andmay be accompanied by the
robust CFI, RMSEA and its 90% CI, respectively. For the Turkish
sample, Competence #1 item was removed due to a low item
loading of .27 and the factor correlation between Autonomy and
Competence was fixed at .85 to achieve CFA model convergence.
Such alterations did not take place for the Greek sample, either for
the CFA model testing or the invariance models testing. The indices
corrected for non-normality were adequate for all four samples
(Greek, Spanish, Portuguese, and Turkish) indicating that the
correlated 3-factor model for BPNES responses was a good fit to the
data in all four cultural groups. The goodness-of-fit-indexes along
with composite reliability and Cronbach’s alpha coefficients for
each BPNES subscale are presented in Table 1.

In terms of the measurement invariance models, multi-group
model comparison (e.g., configural model vs. metric invariance
model) was based on the DCFI value which was expected to be .01
or less to indicate no difference between the models. A comparison
of the responses between Greek and Spanish exercise participants
revealed evidence of metric and strong invariance but not strict
invariance. The comparison of responses between Greek and Por-
tuguese exercise participants revealed that the Relatedness #1 and
2 items and the Autonomy #4 item were not associated with
eds in exercise scale models.

Robust CFI DCFI Robust RMSEA Robust RMSEA 90% CI

.947 e .046 .040e.051

.943 .004 .045 .039e.050

.942 .001 .060 .055e.065

.897 .045 .070 .065e.075

.964 e .036 .031e.041

.926 .038 .049 .045e.053

.945 .019 .042 .038e.046

.951 .013 .040 .035e.044

.955 .009 .039 .034e.043

.962 e .045 .041e.050

.951 .011 .047 .043e.051

.949 e .044 .038e.049

.941 .008 .044 .039e.050

.938 .003 .045 .040e.050

.873 .065 .063 .059e.068

panish sample (n ¼ 518), Portuguese sample (n ¼ 989), Turkish sample (n ¼ 686).
mparative Fit Index; RMSEA ¼ Root Mean Squared Error of Approximation. For the
g of .27; the factor correlation between autonomy and competence for the Turkish



Table 3
Differences between Greek and comparison country exercise participants on latent
need satisfaction constructs.

Cultural sample
comparison

Latent mean difference analyses

Autonomy Competence Relatedness

z diff. ES z diff. ES z diff. ES

Greece e Turkey �.69 �.03 .06 .70 .03 .07 .78 .04 .05
Greece e Spain �.10 �.00 .00 4.24 .19* .47 5.78 .34* .85
Greece e Portugal 7.57 .32* 1.13 8.32 .30* 1.06 5.56 .30* 1.06

Note. z ¼ z statistic value; diff. ¼ difference between the two latent means;
ES ¼magnitude of effect size of the difference between the two latent means based
on Hancock (2001). Effect sizes have been interpreted in accordance with Cohen’s
d values of .2, .5, and .8 for a small, medium, and large effect size, respectively. *
Significant at p < .05.
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invariant item loadings. After removing equality constraints for
these items, strong invariance was attained but not strict invari-
ance. Removing equality constraints means that a revised multi-
group model is specified. In this new model, the item loadings for
the Relatedness #1 and 2 items and the Autonomy #4 item are not
restricted to be equal as in the previous metric invariance multi-
group model tested. This means that the new model is bound to
have a fit better than the fit of the previous metric invariance
model, given that fewer requirements are posed now on the new
model. This newly revised metric invariance model is pitted once
more against the original configural invariance model. Regarding
the comparison of responses between Greek and Turkish exercise
participants, the findings supported both metric and strong facto-
rial invariance, but not strict invariance (Table 2).

Latent mean differences analysis showed that only Portuguese
exercise participants reported significantly higher levels of auton-
omy need satisfaction compared to Greek exercise participants.
Greek individuals did not differ from Turkish and Spanish exercise
participants. In regard to competence need satisfaction, it was
Spanish and Portuguese participants that reported significantly
greater levels of need satisfaction compared to Greek individuals.
Turkish exercise participants did not differ from Greek participants.
In terms of relatedness, Spanish and Portuguese exercise partici-
pants reported greater levels of need satisfaction compared to
Greek participants. Greek participants did not differ from Turkey
participants in terms of the satisfaction of the relatedness need in
exercise (Table 3).
Discussion

The present study aimed to expand the evidence base con-
cerning generalizability of the Basic Psychological Needs in Exercise
Scale scores (BPNES: Vlachopoulos & Michailidou, 2006) across
diverse cultural samples that we assumed to differ on the di-
mensions of individualism and collectivism. The study was con-
ducted in the context of recent debates about the universality of the
beneficial impact of autonomy and autonomy support on psycho-
logical health across nations and cultures (Deci & Ryan, 2008b).
Opponents of this theoretical position hold the cultural determin-
istic view that the construct of autonomy along with other cultural
values such as individualism, liberalism, independence, and self-
reliance are “Western constructions”. According to this view, such
constructions may not be applicable to societies that are described
as less individualistic and more collectivistic or group-oriented
(Markus et al., 1996). That is, the meaning of autonomy may be
differentially negotiated in various socio-cultural contexts.

A number of studies that have directly assessed the statistical
invariance of SDT-based instruments of autonomous motivation
across cultures, supported the linguistic meaningfulness, and
applicability of these SDT-based operationalizations of autonomy to
individuals from various nations, societies, and ethno-linguistic
groups (Chirkov, 2009). Additional evidence has also supported
the universally beneficial role of autonomy in academic learning
and human functioning, in studies conducted among Western and
non-Western nations, varying in collectivism and other cultural
dimensions, including Chinese learners, students in South Korea,
Taiwan, USA, Belgium, Britain, Canada, German, and Italy (see
Chirkov, 2009, 2012 for overviews). Following this SDT-based
research perspective, the aim of the present study was to
examine whether statistical invariance would hold for the BPNES, a
short measure of need satisfaction in exercise, across cultural
samples of exercise participants, varying in the characteristics of
individualism and collectivism. Evidence in support of equivalent
item meaning interpretation across these cultural groups, would
provide grounds for continued cross-cultural research examining
the SDT perspective of the universality of the positive relationship
of autonomy and basic need satisfaction with markers of psycho-
logical health and well being in the exercise domain.

The samples of exercise participants presently examined
included Spanish, Portuguese, and Turkish individuals using re-
sponses from Greek exercise participants as the reference point
given that the scale has been originally developed in Greek. Initial
evidence on the generalizability of the BPNES responses across
cultural samples using Greek exercise participants as the reference
point has been provided by Vlachopoulos et al. (2010) who
compared the Greek responses to those of British exercise partici-
pants. These researchers provided evidence of metric invariance
(equality of factor loadings) and strong invariance (equal item
loadings and item intercepts) after removing in both cases the
Relatedness #2 item equality constraint, respectively. Further, strict
invariance was demonstrated when the Relatedness #2, 4 and
Autonomy #4 error variance equality constraints were also
removed.

Configural invariance

Given the need to examine the generalizability of theories and
test their applicability in various cultural groups, the present study
built upon the initial evidence derived from British exercise par-
ticipants to expand upon other cultural groups such as Spanish,
Portuguese, and Turkish. In general, the findings did support
equivalence of the BPNES item parameters for Spanish, Portuguese,
and Turkish participants using responses of Greek participants as
the reference point. Specifically, for all three samples, evidence
emerged in support of configural invariance. That is, the constructs
of autonomy, competence, and relatedness need satisfaction in
exercise, were conceptualized in the same way across the groups
(Cheung & Rensvold, 2002). Configural invariance may fail when
the cultural context differentially affects participants’ perceptions
about the construct being measured, and participants attach
different meanings to the construct (Millsap & Everson, 1991;
Riordan & Vandenberg,1994; Tayeb, 1994) or when errors are made
in translation (Cheung & Rensvold, 2002). Therefore, the present
support obtained in favor of configural invariance leads to the
conclusion that participants of different cultural groups may have
defined the construct in the same way.

Metric invariance

In terms of equivalence of factor loadings, metric invariance was
supported for all three cultural groups except in the case of the
Portuguese sample. This means that Portuguese participants are
likely to interpret item meaning differently regarding Relatedness
#1, (“I feel comfortable with the people I exercise with”),
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Relatedness #2 (“My relationships with the people I exercise with
are very friendly”), and Autonomy #4 (“I feel that I have the op-
portunity to make choices with regard to the way I exercise”) items.
For instance, it may be that exercise participants from different
cultural groups hold a differential definition of the meaning of
positive relationships between exercise participants. By way of
illustration of this, Portuguese individuals may place a stronger
emphasis on individualist values when compared to Greeks. It may
be that such an orientation leads to different criteria that are
applied to judging the positive nature of relationships among ex-
ercise participants when compared to Greek individuals who may
place greater value on collectivism and interdependence. That is,
the degree of positivity of personal relationships among Portuguese
exercise participants may not be an important criterion for a
satisfying exercise session when compared to Greeks, who may
place a higher value on interdependence. Clearly, figuring out the
nuances of such a difference would require delving into the deeper
meanings of this phenomenon using qualitative techniques. These
allow for such information to be extracted and a deeper under-
standing of this behavioral domain to be achieved. Invariance of
item loadings corresponds to a stronger test of the equivalence of
item meaning across groups, and is the minimum prerequisite for
meaningful group comparisons of any type (Bollen, 1989). Metric
invariance supports valid group comparisons of latent factor vari-
ances, covariances, and regression coefficients between latent
variables (Gregorich, 2006).

Strong invariance

Strongmeasurement invariance (i.e., invariance of item loadings
and item intercepts concurrently; Gregorich, 2006) was also
attained for all three cultural groups with Greek responses as the
reference point. This type of invariance supports valid cross-group
latent mean and observed mean comparisons (Gregorich). Lack of
strong invariance means that variables unrelated to the common
factors measured by the instrument may lead to lower or higher
item responses in one group compared to the other (Gregorich).
When strong invariance holds, observed group means are held to
be unbiased estimates of group differences in the latent factor
means (Gregorich). Therefore, under strong factorial invariance,
meaningful cross-group comparisons between either observed
group means or latent factor means may be performed. This is the
case for Spanish and Turkish exercise participants while for the
Portuguese participants the Relatedness #1 and 2, and the Auton-
omy #4 item may not be appropriate for inclusion in such a com-
parison. Nonetheless, the decision is dependent on the
measurement properties of the items based on the particular
samples under investigation. The fact that three items out of the 12,
were not found invariant at the metric level, and as a consequence
at next levels of the invariance sequence (i.e., strong invariance),
does not invalidate the use of the scale in measuring need satis-
faction, both within each cultural sample and across cultural
samples. For instance, in the case of metric non-invariance, two
factor loadings may emerge as significantly different. In the present
data, a closer examination of the magnitude of the difference,
points to a very small difference. Such a finding indicates that the
difference is trivial despite statistical significance. Clearly, in order
to decide on the utility of particular BPNES items in performing
valid cross-group comparisons, systematic and substantial evi-
dence should firstly be collected using a number of samples.

Strict invariance

In terms of strict factorial invariance (i.e., concurrently con-
strained item loadings, item intercepts, and item error variances)
the hypothesis was not supported in any of the cultural groups.
Strict invariance supports cross-group comparisons of observed
item or composite score variances and covariances. This is the case
because such comparisons should entirely correspond with com-
mon factor variation and not be confounded by differences in re-
sidual variance (Gregorich, 2006). Lack of strict factorial invariance
may be attributed to differences in vocabulary, grammar, idioms or
syntax (Malpass, 1977). Based on the present findings, cross-group
comparisons of observed variances between responses obtained
from Greek and either Spanish, Portuguese, or Turkish participants
are not warranted. However, this is not considered a serious prob-
lem given that group comparisons of observed variances are not
really useful as they do not take measurement error into account.

Implications for construct validity and theory development

Measurement experts (Marsh, 1997; Messick, 1995) have
maintained that construct validation is at the heart of the mea-
surement process recommending the implementation of system-
atic programs of construct validation that combine applications of
relevant theory (in this case BNT which is a subtheory of SDT) with
available statistical evidence to inform score interpretations. In
terms of measurement of basic psychological need satisfaction in
exercise using the BPNES, the present study expands the currently
minimal available evidence attesting to the invariance of the BPNES
scores (Wilson, Mack, Gunnell, et al., 2008). Indeed, in a systematic
review of the evidence supporting construct validity for the two
instruments capturing variation in need satisfaction in exercise (i.e.,
BPNES: Vlachopoulos & Michailidou, 2006; PNSE: Wilson, Longley,
et al., 2006; Wilson, Rogers, et al., 2006), Wilson et al. concluded
that systematic evidence in support of the generalizability of the
BPNES and PNSE scores is lacking.

It was also noteworthy that two items of the relatedness sub-
scale and one item of the autonomy subscale were found metrically
non-invariant for the Portuguese sample, but not for the Spanish
and Turkish samples. Relatedness #2 item scores have also been
found to bemetrically non-invariant when comparing Greek BPNES
responses to responses of British exercise participants
(Vlachopoulos et al., 2010). In the present study, such differences in
item interpretation may be due to cultural differences that affect
the meaning attached to the positivity of relationships between
exercise participants in the Portuguese society. Hence, qualitative
work aiming to further understanding of the meaning attached to
particular items that function differentially across cultures is rec-
ommended. Omitting items when testing for invariance of struc-
tural parameters (e.g., a regression coefficient) may have
implications for the generalizability of this parameter depending
on the items used. Nonetheless, keeping only the items with
equivalent item loadings is more advantageous as it reduces bias in
assessing whether a regression coefficient is not different across
the groups. Further, removing items when testing for statistical
invariance does not have any influence on the conceptual integrity
of the scale, because these items are removed only during invari-
ance testing. Further, Competence #1 item had a low factor loading
for the Turkish sample and was dropped from the present analyses,
hence not allowing a comparisonwith the respective factor loading
in the Greek sample. Clearly, further scrutiny of this particular item
would be required to determine its effectiveness as an indicator of
the construct that it is purported to represent.

Further a high correlation emerged between the autonomy and
competence factors for the Turkish sample, leading to the use of a
constraint to achieve CFA model convergence. High correlations
between these factors have, in general, been observed in the need
satisfaction measurement literature in exercise both across
different nationalities (Greek and Canadian exercise participants)
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and using different need satisfaction instruments (either the BPNES
or the PNSE). Hence, the generalizable nature of the magnitude of
this correlation may require further investigation, both from a
theoretical and a methodological viewpoint.

A certain extent of variability was also observed in the com-
posite reliability and Cronbach’s alpha coefficients of the BPNES
across cultural samples. Despite this variability, all coefficients
attained acceptable values demonstrating satisfactory levels of
reliability. It may be possible that such variability in item coherence
is also a function of differences in the cultural context under which
responses have been provided. Scale responses may be influenced
by person characteristics interacting with the context/environment
under which responses are provided. Hence, future research might
examine the possible sources of variance in the psychometric
properties of the BPNES scores associated with individualistic/
collectivistic cultures. For instance, the reliability generalization
method may be used to explore variability in score reliability es-
timates and pinpoint the possible sources of this variance (Vacha-
Haase, Henson, & Caruso, 2002).

Overall, evidence has emerged for the statistical invariance of
the BPNES responses in exercise across the diverse cultural samples
that have been examined. The present results concur with those of
similar studies in the broader cross-cultural SDT literature. Such
literature addresses the statistical and linguistic invariance of scales
measuring autonomy support in various samples differing in the
cultural dimensions of individualism and collectivism (Chirkov,
2009). The present findings open new avenues in SDT-based
cross-cultural research in relation to the effects of perceived au-
tonomy support on psychological health and human functioning in
the exercise domain. The demonstrated cross-cultural equivalence
of BPNES item meaning may facilitate further tests of the univer-
sality of the effects of psychological need satisfaction on psycho-
logical health and well-being. Such research may be conducted
across cultures differing in the norms and values they endorse.

Need satisfaction latent mean differences among cultural groups

The hypothesis advanced for the secondary aim of the present
study was that the Western countries such as Spain and Portugal,
would evidence significantly higher mean scores on autonomy,
competence, and relatedness need satisfaction in exercise
compared to the non-Western countries of Greece and Turkey. Such
a hypothesis was advanced because people in collectivist cultures
may already satisfy psychological needs to a certain extent in other
important life domains that may compensate for need satisfaction
in the exercise domain. Given the systematic nature of these effects,
it may be that in Western societies that value interdependence and
social connectedness less, individuals have a greater need to
experience competence, autonomy, and a social bonding with
others, simply because these needs are indeed “nutriments” for
psychological health (Deci & Ryan, 2008a). It was found that Por-
tuguese participants reported greater satisfaction for all three
needs compared to the Greek individuals, and this was also the case
for the Spanish in reference to competence and relatedness. No
significant differences emerged between Greek and Turkish sam-
ples for any of the psychological needs. However, these hypotheses
are tentative and a more systematic approach would be required to
uncover the complex interactions between culture, psychological
need satisfaction, psychological health, and health-related behavior
such as exercise participation.

Limitations and future directions

The present findings are limited to exercise participants
belonging to the cultural groups under investigation; namely,
Greek, Spanish, Portuguese, and Turkish. The findings cannot be
considered representative and be generalized to the populations
studied, at a national level. Such generalization would have neces-
sitated the use of random sampling procedures. A second limitation
of the present findings relates to the nature of the activity that
participants were engaged in; that is, exercise in the context of a
fitness center. Individuals exercising in different exercise contexts
(e.g., at home, in parkland, on a beach, etc.) have not been included
in the study. Third, the samples comprised healthy adults excluding
other categories of participants such as older individuals or in-
dividuals with chronic disease. Fourth, latent mean differences re-
sults should be interpreted in the context of an indirect rather than a
direct assessment of participants’ cultural orientation. Presently,
determination of the cultural orientation of the samples studied
was based on Hofstede’s (1983) cultural assessments of the
respective countries from which the samples have been drawn.
However, given inter-individual variability in cultural orientation
within a country’s population, future research should employ a
direct assessment of participants’ cultural orientation. Rather than
being based on an average estimation of the participants’ cultural
orientation, as was the case in the present investigation, a direct
assessment would clearly be beneficial in facilitating a better un-
derstanding of this complex set of interrelationships.

The extent of measurement equivalence found in BPNES item
scores allows for the use of the BPNES with the above mentioned
types of exercise participants. Such use may involve examining
potential equivalence in psychological processes posited within
SDT that involves the satisfaction of the needs for autonomy,
competence, and relatedness in exercise. More specifically, cross-
cultural comparisons may be performed to examine cross-group
equivalence of latent factor variances, covariances, and regression
coefficients between latent variables, thus testingmore substantive
hypotheses, elsewhere labeled as Category 2 invariance hypotheses
(Little, 1997). In addition, meaningful cross-cultural group com-
parisons followed by detailed theory-driven hypotheses may be
performed on need satisfaction constructs either at the latent mean
level or the observed mean level, given the attainment of strong
invariance for BPNES items. The lack of strict invariance for all of the
present cultural group comparisons precludes the valid examina-
tion of group differences in observed variances and covariances
given inequalities in the item error variances across the samples.
Also, future studies examining the relationship of culture (i.e.,
individualism and collectivism) with need satisfaction, would be
well advised to take direct measures of the cultural orientation of
the sample, given inter-individual variability within cultural sam-
ples; this would determine participants’ cultural orientation more
accurately. Overall, the present findings support the use of the
BPNES in exercise-related SDT-based research involving cross-
cultural group comparisons of the constructs of autonomy,
competence, and relatedness. Such comparisons may facilitate a
cross-cultural examination of broader psychological processes that
are germane to SDT and posited to influence exercise behavior.
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