Current Psychology
https://doi.org/10.1007/s12144-021-01718-3

®

Check for
updates

Preference for and tolerance of the intensity of exercise
questionnaire (PRETIE-Q): validity, reliability and gender invariance
in Portuguese health club exercisers

D. S. Teixeira'?
D. Monteiro>’

- P. Ekkekakis® - A. Andrade’ - F. Rodrigues**® - A. Evmenenko ' - J. Faria' - P. Marques" - L. Cid*° -

Accepted: 5 April 2021
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2021

Abstract

The aim of the present study was to translate and adapt the Preference for and Tolerance of the Intensity of Exercise Questionnaire
to Portuguese (PRETIE-Q-PT), and to analyze its psychometric properties (factorial validity with gender invariance analyses,
reliability, temporal stability, and construct validity). The sample was composed of 445 Portuguese participants (55.9% women),
with a mean age of 29.6 years (SD=28.2). To verify the psychometric properties of the scale, structural equation modeling
procedures were used. Results showed that an abbreviated 10-item scale presented good fit, reliability, and convergent validity.
Latent mean analysis between samples, sex, and time points showed no differences. Construct validity tested with self-reported
exercise frequency, vitality, well-being, and habit supported the use of the PRETIE-Q-PT in exercise settings, highlighting the
need for exercise professionals to consider these intensity-related trait variables in the promotion of a pleasant exercise experi-
ence. As a general conclusion, the PRETIE-Q-PT seems to be a valid scale that can be used to assess intensity-trait characteristics
in health club exercisers, and may allow professionals to better adjust exercise prescription to subjective needs aiming to achieve
theoretically suggested promotion of pleasurable exercise experiences.
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Physical exercise is probably one of the best health promotion
tools available (Pedersen and Saltin, 2015; Warburton and
Bredin, 2017). However, exercise professionals often find it
difficult to maintain a high level of participant adherence and
prevent dropout. According to surveys conducted by several
organizations, a high proportion of the world population is not
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sufficiently physically active, which creates an urgent need to
improve professional practice and, in particular, how exercise
and physical activity are promoted and supported (EC, 2018;
PAG, 2018; Stamatakis et al., 2019).

Besides difficulties that emerge in the initiation of exercise
programs among the general population, health clubs face an-
other major challenge, namely high rates of program dropout
(or, conversely, the low rate of client maintenance). The aver-
age dropout rate in the first six months is generally estimated at
over 50% (Buckworth et al., 2013; Edmunds et al., 2007; Radel
etal., 2017; Sperandei et al., 2016), which emphasizes the need
for further exploration of theories and empirical evidence that
would enable professionals to address this problem.

Taking into account the factors that have emerged in re-
search related to exercise adherence and dropout, growing
evidence supports the need to revise exercise prescription
guidelines. These are presently focused solely on exercise
doses (i.e., frequency, intensity, duration) that are considered
safe and effective (Ekkekakis et al., 2011; Ladwig et al.,
2017). As an alternative, a tripartite rationale (Ekkekakis
et al., 2011) was proposed, aiming at extending the previous
framework by considering the importance of the ‘dose’ that
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participants perceive as pleasant and would be willing to re-
peat in future sessions.

The pursuit of a pleasurable and enjoyable experience has
been proposed as an important contributor to exercise inten-
tion, persistence, and continuous adherence to exercise pro-
grams (Calder et al., 2020; Rhodes and Kates, 2015;
Rodrigues et al., 2020; Williams et al., 2008), and aligns with
the proposed tripartite model. One of the factors that has an
important relation with pleasure and enjoyment is exercise
intensity (Ekkekakis et al., 2011). Several studies have report-
ed that increases in exercise intensity have significant conse-
quences for the participants’ affective state, with higher inten-
sities being generally related to reduced pleasure or increased
displeasure (Evmenenko and Teixeira, 2020; Rhodes and
Kates, 2015; Rose and Parfitt, 2007; Williams et al., 2008).

This intensity-pleasure relation exhibits considerable inter-
individual variability, especially at mid-range intensities (not
too low, not too high). As stated by Ekkekakis et al. (2008),
individuals differ greatly in the intensity of exercise that they
prefer and can tolerate, and, consequently, in the degree to
which exercise can elicit an optimal affective response. Some
authors have reported that affective responses to exercise ses-
sions are related to future physical activity (Rhodes and Kates,
2015), and that intervening to enhance the during-exercise af-
fective state is viable, relevant, and may improve individual
affective responses in aerobic, resistance, and mixed activities
(Evmenenko and Teixeira, 2020). Moreover, in a qualitative
study aimed to identify factors that influence affective forecasts
for exercise, four essential aspects emerged, namely exercise
intensity, exercise outcomes, exercise environment, and enjoy-
ment (Calder et al., 2020), further reinforcing the importance of
tailoring intensities to individuals in order to optimize pleasure
and enjoyment experiences.

These aspects are key to understanding how exercise inten-
sity is related to affective states. However, in health clubs,
exercise professionals need to plan activities and prescribe
exercise according to their clients’ needs and goals. When
developing exercise plans or giving recommendations, the
identification of factors that may contribute to program adher-
ence, increased pleasure and enjoyment, and a decrease in the
likelihood of dropout seems particularly important in light of
current evidence (Ekkekakis et al., 2019; Rodrigues et al.,
2020). Therefore, a tailor-made intensity approach may be
an important factor contributing to a more effective exercise
practice.

The Preference for and Tolerance
of the Intensity of Exercise Questionnaire
(PRETIE-Q)

The PRETIE-Q is a 16-item questionnaire that aims to assess
the traits of preference (predisposition to select a particular
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level of exercise intensity) for and tolerance (ability to contin-
ue exercising at an imposed level of intensity even when the
activity is unpleasant/uncomfortable) of the exercise intensity
(Ekkekakis et al., 2005). The scale includes two dimensions
(i.e., preference and tolerance) with eight items each, an-
swered using a 5-point bipolar Likert scale ranging from “/
totally disagree” to “I totally agree”. In the preliminary vali-
dation of the scale, after adjustments allowing some model
errors to be correlated, the initial measurement model present-
ed a good fit: x* (99) = 128.0, p < .03, x*/df = 1.29, CFI = .97,
GFI1=.92, RMSEA = .04, with the two latent factors moder-
ately correlated (» = .42). Subsequent psychometric evaluation
of the PRETIE-Q in an independent sample of female college
students showed that the two-factor structure provided accept-
able fit again: x* (99)=492.7, CFI=.91, GFI=.89,
RMSEA = .08 [.07—.09].

An initial psychometric evaluation of the PRETIE-Q in
Brazilian-Portuguese was conducted by Smirmaul et al.
(2015). Analyses of internal consistency and test-retest reli-
ability showed that the PRETIE-Q is a comprehensible and
practical instrument for the population studied (undergraduate
students). However, as noted by the authors, further evalua-
tion of the instrument is needed, both in English and in
Portuguese, since different sample characteristics may impact
the results.

Since there are linguistic differences between Brazilian
Portuguese and European Portuguese, including cultural and
contextual differences specific to the fitness and health club
domain (e.g., treinando vs. a treinar [training: gerund vs.
infinitive]; academia vs. gindsio [academy vs. gymnasium]),
the meaning of certain items could be misinterpreted or ignore
culturally idiosyncratic ways of expression (Widenfelt et al.,
2005). Additionally, it is not uncommon when different
translations/or adaptations of the same questionnaire exist
for one language. Several factors may underlie this decision,
and may also be dependent on methodological decisions made
by researchers in a given field of work (Widenfelt et al., 2005).
Thus, additional psychometric work seems to be necessary for
the use of the questionnaire with Portuguese exercisers and
within the specific cultural and contextual environment of
fitness and health clubs.

Present Research

Considering that no relevant tool is currently used in pre-
exercise assessment and evaluation, and no specific recommen-
dations are presently offered in the exercise prescription guide-
lines of any major scientific or professional organization, an
explanation of the role of individual differences in preference
for and tolerance of exercise intensity within the context of the
tripartite rationale is needed. For example, personal trainers
have the option of making continuous adjustments based on
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assessments of the pleasure/displeasure response throughout an
exercise session. However, in group classes, this may be diffi-
cult to apply (Vandoni et al., 2016). Still, in order to promote a
positive experience, exercise professionals should aim to en-
hance pleasure and enjoyment perceived by the exerciser
(Brooks, 2004). Thus, an individualized approach that includes
an initial assessment of intensity preference and tolerance may
help professionals identify activities that serve the participants’
goals and needs while also ensuring a pleasurable exercise
experience (Ekkekakis and Zenko, 2016).

Considering that past experience has an important role in the
prediction of future exercise behavior (Calder et al., 2020;
Rodrigues, Teixeira, Cid, & Monteiro 2019), it seems relevant
that in the crucial first six months, some additional precautions
and adaptations in the behavior of exercise professionals may
be vital. It has been shown that people tend to underestimate
the psychological benefits that exercise can potentially bring
based on the initial discomfort that exercise can induce (Miller
and Krizan, 2016; Loehr and Baldwin, 2014; Lutz et al., 2008;
Ruby et al., 2011; Teixeira and Palmeira, 2016). Thus, individ-
ualized approaches focusing on the promotion of pleasure and
avoidance of pain and displeasure (i.e., hedonic principle) may
represent an additional tool in improving exercise adherence.

Therefore, considering the importance that an instrument
designed to assess individual differences in preference for and
tolerance of exercise intensity may have in exercise settings
(e.g., health clubs), and considering the need for a more ex-
tensive evaluation of the questionnaire in the Portuguese lan-
guage, the aim of this study was to translate, adapt, and psy-
chometrically evaluate the Preference for and Tolerance of the
Intensity of Exercise Questionnaire (PRETIE-Q-PT) in a sam-
ple of Portuguese health club exercisers. Given previous con-
siderations, a new translation and adaptation was deemed
necessary. Accordingly, following the recommendations of
Brislin (1970) for cross-cultural research, a new translation
and back-translation in contemporary European Portuguese
were conducted.

Ekkekakis et al. (2008) suggested that “the appropriate next
step would be to (...) examine the factorial invariance across
sexes” (p. 509). Consequently, the measurement invariance of
the questionnaire was also examined following this recom-
mendation. Taking into account the methodological sugges-
tions regarding psychometric evaluations (Byme, 2016), mea-
surement invariance was tested between sexes, two indepen-
dent samples (i.e., calibration and validation), as well as in a
third sample with two data collection time points (3 months
apart). These procedures allowed us to extend the analysis of
the psychometric properties of the scale in distinct samples,
providing evidence of reliability in health club exercisers.

Moreover, considering that the constructs of preference and
tolerance were conceptualized as traits, scores on the PRETIE-
Q are expected to demonstrate temporal stability (Ekkekakis
et al., 2005). Therefore, the data collection time interval used in

the third sample resembled the one in the original Ekkekakis
et al., (2005) sample (i.e., 3 months). Taking into account that
measurement invariance may only reflect the way distinct
groups interpret the scale, domains, differences between sexes,
samples, and data collection points were tested with latent
mean analysis. Ensuring that measurement invariance criteria
are met, this analysis may add some information about sample
characteristics and exercise settings that should be taken into
account when using the PRETIE-Q (Byrne 2016).

Finally, to test construct validity, the associations between
the PRETIE-Q-PT and behavioral (weekly exercise frequen-
cy), cognitive (habit), and emotional (vitality, positive well-
being, psychological distress, fatigue) variables were tested.
The two constructs are generally moderately correlated, but
previous psychometric testing presented construct discrimi-
nant validity (e.g., Ekkekakis et al., 2008). Thus, some shared
variance between constructs is expected, and preference and
tolerance may present common and distinct associations with
several relevant variables. For example, in the study of
Ekkekakis et al. (2006), preference, but not tolerance, was a
significant predictor of self-selected exercise intensity in a 20-
min exercise session. In the work of Ekkekakis et al. (2007),
the tolerance scale was hypothesized to be associated with
persistence in exercise in incremental tests after reaching the
ventilatory threshold, and the two tested samples presented
support for this hypothesis. A study conducted by
Lochbaum et al. (2009) showed that performance in a shuttle
run test had positive associations with preference and
tolerance for men, and with tolerance for women. In another
example, Hall et al. (2014) showed that both preference and
tolerance displayed significant associations with performance
in fitness tests (e.g., push-ups, sit-ups), body composition, and
physical activity. Given the theoretical framework of the
PRETIE-Q, there is support for the hypothesis that preference
and tolerance may have distinct associations with several be-
havioral, cognitive, and emotional variables, and are context/
activity-dependent. To the best of our knowledge, the impli-
cations of preference and tolerance in the health-club context
have not yet been explored, reinforcing the need for further
construct validation research in this context.

Additionally, in this particular setting, when exercise pre-
scription takes into account exercisers’ individual characteris-
tics and when exercise is adjusted to their personal goals and
abilities, several important motivational and behavioral vari-
ables are expected (Garber et al., 2011; Ryan and Deci, 2017,
ACSM, 2018). Accordingly, a practice in which the individual
perceives that exercise intensity is adjusted to his or her own
preference and tolerance, should promote positive affective,
cognitive, and behavioral responses.

In sum, given previous theoretical and empirical consider-
ations regarding low levels of physical activity participation,
health clubs exercise adherence and dropout issues, and the
need to add evidence regarding the promotion of better
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affective responses in exercise dynamics, the present study
sought to translate, adapt, and psychometrically evaluate the
PRETIE-Q in health club exercisers. The scale presents itself
as a possible tool to help professionals to better adjust exercise
prescription, aiming to obtain a better affective response relat-
ed to individual exercise intensity, thus adding to the possible
factors associated to program adherence, as is the case of a
pleasurable exercise experience.

Method
Participants

Data were collected from three independent samples. The first
sample comprised a total of 174 gym exercisers (75 men; 99
women) aged between 18 and 61 years (M =31.25; SD=6.5).
Data from this sample were collected using an online survey.
These participants were involved in several fitness activities
(individual and group) in gyms and health clubs. This sample
was considered as the calibration sample and was used to test
the initial factor structure consisting of 16 items and two cor-
related factors.

Data from the second sample were also collected using an
online survey. The sample comprised 146 (50 men; 96 wom-
en) gym exercisers aged between 19 and 66 years (M =29.87;
SD=9.5). This sample also included exercisers enrolled in
health club activities (individual and group). These partici-
pants were considered a cross-validation sample that was used
to test whether the measurement model would demonstrate
invariance compared to the calibration sample.

Finally, the third sample was composed of 125 gym exer-
cisers (71 men; 54 women) aged 18 to 55 years (M =26.38;
SD =9.95). In-person data collection was carried out individ-
ually in three health clubs in the central region of Portugal.
Exercisers were enrolled in several fitness activities provided
by health clubs (individual, group, and water activities). In
order to test for longitudinal invariance and test-retest reliabil-
ity, data were collected twice from this sample with a three-
month interval. There was 12% attrition between
measurements.

Procedures
Data Collection

For the two online samples, an invitation to complete an on-
line battery of psychometric questionnaires was distributed
through social media and via mailing lists from January to
March of 2020. Data were collected anonymously through
Google Forms from anyone willing to participate. Face-to-
face data collection with the third sample was conducted over
a period of two months. Authorizations from club managers
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were obtained beforehand. After reading a letter of explana-
tion, signed informed consent was provided prior to complet-
ing the questionnaires.

To be included, exercisers had to be >18 years old, speak
and understand the Portuguese language, have a minimum
experience of three months in the health clubs, and be enrolled
in health club activities. Responses were screened to verify
whether the inclusion criteria were met, and two individuals
had to be excluded because they were underage. The time of
completion was approximately 10 min for all data collection
procedures.

Translation of the PRETIE-Q

The translation of the PRETIE-Q from English to Portuguese
was done through the committee approach methodology
(Brislin, 1980). The process includes five steps, namely:

1) Preliminary Translation: This first stage was carried out
by the researchers, and a translation of the original ques-
tionnaire was completed, resulting in the first translated
version;

2) First Evaluation Panel: An analysis of the initial version
of the PRETIE-Q was carried out individually by three
specialists from different areas, including a Ph.D. in sport
sciences and two Ph.Ds. in exercise psychology, who
were experienced researchers with knowledge of
psychometrics;

3) Second Evaluation Panel: A revised version of the ques-
tionnaire was sent for a new evaluation to another panel
formed by another three specialists in the same areas as
the previous ones. After that, the panel examined all the
items of the questionnaire and made suggestions for small
changes, which were promptly accepted, resulting in a
new version;

4) The Pilot Study: The third version of the questionnaire
was administered to 36 bilingual college students with
exercise experience so as to test English/Portuguese syn-
tax and comprehension, resulting in the fourth version;

5) Final revision, in which two Portuguese language
teachers reviewed the fourth version for syntax, spelling,
and grammar, and produced the fifth and the final
version.

Instruments

The Preference for and Tolerance of the Intensity of
Exercise Questionnaire (PRETIE-Q)

Following the structure of the original English version of the
PRETIE-Q (Ekkekakis et al., 2005), the Portuguese version
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(PRETIE-Q-PT) comprised 16 items representing the two
scales (eight items per scale) that corresponded to the
intensity-preference (e.g., “The faster and harder the workout,
the more pleasant I feel”) and intensity-tolerance (e.g.,
“Feeling tired during exercise is my signal to slow down or
stop”) traits. Half of the items in each scale are reversed-
scored. The stem asks respondents what best describes what
they believe and how they feel when exercising, and the an-
swers are given on a 5-point bipolar Likert scale, ranging from
1 (“Totally disagree”) to 5 (“Totally agree”). For example,
“Feeling tired during exercise is my signal to slow down or
stop” is an example of a tolerance item, and “Low-intensity
exercise is boring” is an example of a preference item.

For descriptive purposes, two additional questions were
developed to assess the perception of the exercisers regarding
their current training intensity and their preference and toler-
ance. The questions (“The intensity of my training is in accor-
dance with my preference”; ““The intensity of my training is in
accordance with my tolerance”) were answered and coded
with 0 (not in agreement) or 1 (in agreement).

Subjective Vitality Scale (SVS)

This 6-item scale, developed by Ryan and Frederick (1997,
Portuguese version by Moutao, Alves & Cid, 2013), assesses
subjective vitality (the state of feeling alive/alert, and having
energy available to the self) in the general population.
Responses are given using a 7-point bipolar Likert scale, rang-
ing from 1 (“Totally disagree”) to 7 (“Totally agree”) and
reflect the participants’ global perception of subjective vitali-
ty. The score is calculated by averaging the values from each
item. The scale has been used extensively in physical activity-
related studies, demonstrating adequate reliability (e.g., Ryan
and Deci, 2001). Internal consistency in the present study was
acceptable (Cronbach’s alpha =.88).

Subjective Exercise Experiences Scale (SEES)

The SEES (McAuley & Courneya, 1994; Portuguese version
by Palmeira, 2006) is a 12-item questionnaire that measures
three domains of affective experience in exercise settings,
namely: Positive Well-Being (4 items; e.g., great, strong);
Psychological Distress (4 items; e.g., awful, crummy), and
Fatigue (4 items; e.g., tired, fatigued). Responses were pro-
vided using a 7-point scale, ranging from 1 (“Not at all”’) to 7
(“Very much so”). The stem asks participants to indicate how
they feel “now, at this point in time”. The original SEES
instrument seems to be sensitive to exercise intensity and is
supported in young and middle-age adults. In the present sam-
ple, Cronbach’s alpha was .87 (well-being), .75 (distress), and
.64 (fatigue).

Self-Report Behavioral Automaticity Index (SRBAI)

The SRBAI (Gardner et al., 2012) is a 4-item scale de-
veloped to assess behavioral habit development (acquired
behavioral patterns dependent on learned context-
behavior associations). Since the SRBAI has not been
translated nor adapted to the exercise context, a
Portuguese version was developed for this study follow-
ing the translation procedures recommended by Brislin
(1970, 1980), with further psychometric testing being un-
derway. The statement “Exercise is something” preceded
the four items (“/ do automatically”, “I do without having
to consciously remember”, “I do without thinking”, “I
start doing before I realize I am doing if”), and partici-
pants rated how true each statement was for them on a 7-
point bipolar Likert scale, ranging from 1 (“Totally dis-
agree”) to 7 (“Totally agree”). In the present sample, the
internal consistency coefficient was acceptable
(Cronbach’s alpha .89).

Data Analyses

Descriptive statistics, including mean, standard deviation, as
well as bivariate correlations, were calculated for the variables
studied. Cronbach’s coefficients were calculated to determine
internal consistency reliability of participants’ responses on
the PRETIE-Q-PT. For test-retest analysis, the third sample
of 125 Portuguese exercisers was used. The interval among
survey administration was three months, consistent with the
method used in the original psychometric evaluation.

A confirmatory factor analysis (CFA) using maximum
likelihood estimation was performed with AMOS v. 23 to
examine the model fit of the PRETIE-Q-PT. The CFA was
performed following standard recommendations (e.g., Byrne,
2016; Hair et al., 2019; Marsh et al., 2004). To determine
model fit, the following indices were considered:
Comparative Fit Index (CFI); Tucker-Lewis Index (TLI);
Standardized Root Mean Square Residual (SRMR), and
Root Mean Square Error of Approximation (RMSEA), with
a 90% Confidence Interval (CI 90%). For these indices, the
following cutoffs were considered: CFI and TLI>.90; SRMR
and RMSEA <.08 (Byme, 2016; Hair et al., 2019; Kline,
2016; Marsh et al., 2004).

To evaluate convergent validity, Average Variance
Extracted (AVE) was calculated considering scores > .50 as
acceptable (Hair et al., 2019). Discriminant validity was
established when the AVE score for each factor exceeded
the squared correlations between the two factors (Hair et al.,
2019). Internal consistency was examined considering com-
posite reliability coefficients calculated by using the Raykov
(1997) formula and accepting values > .70 (Raykov et al.,
2015).
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Multigroup Analysis

The analyses of measurement invariance between groups (i.e.,
calibration sample and validation sample; between gender)
and longitudinally (i.e., time 1 vs. time 2 in the third sample)
were based on standard recommendations (Byrne, 2016;
Chen, 2007; Cheung and Rensvold, 2002). Firstly, we exam-
ined whether the measurement model presented a good fit to
the data for each group. Secondly, for invariance testing, mod-
el re-specification between groups examined whether (i) the
same number of factors was present in both groups and
remained associated with the same items (configural invari-
ance); (ii) the model factors had similar factor loadings in both
groups (metric invariance); (iii) latent and observable means
were valid in both groups when means were compared (scalar
invariance); and (iv) comparison between observable items
were supported (residual invariance). The following criteria
were used to accept measurement invariance between groups:
configural invariance with ACFI less than .01 (Cheung and
Rensvold, 2002); metric invariance with ASRMR less than .03
and ARMSEA less than .015; scalar invariance with ASRMR
less than .010, and ARMSEA less than .015 (Chen, 2007).

Additionally, if invariance criteria were met, latent mean
analysis procedures were followed. Mean and covariance
structure analyses for the preference and tolerance factors al-
low for the test of groups differences. The male, calibration,
and time 1 samples were constrained to zero, while the female,
validation, and time 2 samples, respectively, were freely esti-
mated using Z scores and p values for preference and toler-
ance. According to Kline’s (2016) recommendations and
Cohen’s (1988) d criteria, effect sizes were calculated and
were characterized as (a) trivial (0—.19), (b) small (.20), (c)
medium (.50), or (d) large (.80).

Finally, the concurrent validity of the PRETIE-Q-PT was
tested by performing a correlational analysis between the
number of exercise sessions per week in the health club,
SRBALI (habit development), SVS (vitality) and SEES (posi-
tive well-being, psychological distress, and fatigue).

Results

In the preliminary analysis, and after initial data screening, no
missing values were detected. Seven univariate (z> 3.00) and
multivariate (Mahalanobis distance =p1 <.001; p2 <.001)
outliers were detected and removed from the data before further
analysis, according to Byme’s (2016) recommendations. As
seen in Table 1, participants used the full range of the scale
(1-5) (except for item 12 in the calibration sample), presenting
similar values for preference and tolerance items. The skew-
ness and kurtosis values ranged between —2 to +2 and —7to 7,
respectively, and can be considered as approximating a normal
distribution (Gravetter and Wallnau, 2014). For detailed
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information, see Table 1. Regarding multivariate kurtosis,
Mardia’s coefficient was >5.0, exceeding a common cut-off
value for assuming multivariate normality, and, to account for
this, a Bollen-Stine bootstrap with 2000 samples was used for
subsequent analysis (Byrne, 2016; Nevitt and Hancock, 2001).

The test-retest reliability results obtained with the third
sample are depicted in Table 2. According to the results, all
correlation coefficients were above .70, suggesting adequate
test-retest reliability. Additionally, alpha coefficients of inter-
nal consistency were above .70 for both factors at both time
points (3 months apart).

The psychometric properties of the measurement model are
reported in Table 3. The initial calibration model did not pro-
vide acceptable fit to the data. Thus, factor loadings and cross-
loadings were examined in accordance with recommendations
(Hair et al., 2019). As a result, items 6, 10, and 16
(Preference), and 5, 7 and 11 (Tolerance) were removed due
to low factor loadings (<.40) or high cross-loadings (>.15). A
final calibration model with 10 items (5 items per factor) was
found to have acceptable fit to the data, and subsequent anal-
yses were based on this model. In addition, all group samples
(i.e., calibration, validation, female, male, and two time
points) also presented acceptable model fit, in line with the
predefined cutoff values.

Convergent and discriminant validity, as well as reliability
coefficients, are reported in Table 4. Regarding convergent
validity, the AVE scores did not meet the recommended cut-
off values (all observed values < .50) in the calibration and
validation samples. However, in both models, all factor load-
ings (A) were above .50, p <.05 (except item 14 in the cali-
bration model, A =.44, p <.05). In the discriminant validity
analysis, a few issues appeared only in the calibration model,
where the squared value of the correlations (1*) were higher
than the AVE. The composite reliability coefficients met the
criteria for internal consistency.

Since the measurement model provided acceptable fit to
the data from the calibration and validation groups, sex and
the two time-points (see Table 3), multigroup invariance pro-
cedures were followed. Multigroup model comparison was
based on the assumption that differences in CFI, SRMR, and
RMSEA should conform to the proposed cutoffs. This was
verified for all criteria except residual invariance in the time 1
vs. time 2 analysis (ACFI=.01). Additionally, ASRMR and
ARMSEA between models were met in all the tested samples,
as seen in Table 5.

Given that the model displayed evidence of invariance
across groups, latent mean analysis was conducted to further
understand possible group differences among latent means.
As seen in Table 6, no significant differences in latent means
between groups were found.

Finally, to investigate construct validity, correlations of the
PRETIE-Q-PT with behavioral (number of exercise sessions
per week), cognitive (habit), and affective (vitality, positive
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Table 2  Test-retest reliability analysis

Items M=SD r p o

331+1.36 — 3.19+1.26 .82 <001 —
344+1.36 - 3.07+1.27 77 <001 —
2.59+1.06 — 2.54+1.09 .89 <001 —
2.96+1.33 —2.90+1.26 .83 <001 -
322+1.22 -291+1.25 79 <001 —
3.56+1.51 —3.37+1.46 .88 <.001 -
3.30+1.02 — 3.22+1.04 .83 <001 -
Item 8 Pre-Post  3.56+1.18 — 3.30+1.16 .80 <.001 -
Item 9 Pre-Post  3.72+.980 — 3.44+1.02 77 <001 —
Item 10 Pre-Post 3.39+1.38 — 3.29+1.18 81 <001 —
Item 11 Pre-Post 3.11+1.04 — 2.78+.710 72 <001 -
Item 12 Pre-Post 4.37+.850 —3.94+.940 .78 <.001 -
Item 13 Pre-Post 3.30+.960 — 3.11+.960 .88 <.001 —
Item 14 Pre-Post 3.24+1.34 — 2.94+1.31 75 <001 —
Item 15 Pre-Post 3.24+1.03 — 2.98+1.04 78 <001 —

Item 1 Pre-Post
Item 2 Pre-Post
Item 3 Pre-Post
Item 4 Pre-Post
Item 5 Pre-Post
Item 6 Pre-Post
Item 7 Pre-Post

Item 16 Pre-Post 3.39+1.31 — 3.11+1.37 81 <001 -
Preference 17.57+£4.64 — 16.17+4.33 .87 <.001 .814 —.772
Tolerance 16.17£3.76 — 15.26+3.66 .91 <.001 .727 —.706

Note. M =Mean; SD = Standard Deviation; r = Correlation; p = Sig. val-
ue; o= Cronbach’s Alpha

statistical tests toward the null (underestimating effect sizes),
thus reducing statistical power. In other words, unreliable test
scores result in attenuated estimates of both statistical associ-
ations (i.e., correlations) and experimental effects (Baugh,
2002; Muchinsky, 1996; Schmidt and Hunter, 1996). The
consequences of this problem could be an increased rate of
Type 2 errors (i.e., failing to reject then null hypothesis when
it is false at the level of the population) or having to increase
the required sample sizes in order to compensate for the loss of
statistical power. For example, in the case of the PRETIE-Q,
low reliability of test scores could result in reduced estimates
of the extent to which preference and tolerance can predict
affective responses or physical activity participation and ad-
herence. Moreover, reliability sets an upper boundary for va-
lidity; because only the true-score part of the variance can be
valid, test scores cannot be any more valid than they are
reliable.

Validity is another fundamental psychometric property that
describes an evaluative judgment, derived from a combination
of empirical evidence and theoretical reasoning, about the
adequacy and appropriateness of inferences and interpreta-
tions based on test scores (Messick, 1988). Factorial or struc-
tural validity refers to the extent to which test scores faithfully
reflect the theorized (unidimensional or multidimensional)
structure of a construct. To illustrate the importance of facto-
rial validity for the interpretation of test scores, consider that
the item “T feel tense” is scored as part of a unidimensional
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questionnaire that measures state anxiety. When respondents
score this item in the context of a session of psychotherapy, it
is reasonable to infer that increases in reported tension would
likely signify increases in state anxiety. However, when the
same item is scored during a session of strenuous exercise,
heightened feelings of tension would likely reflect increased
level of somatic stress and autonomic nervous system activity
rather than state anxiety per se. Therefore, interpreting test
scores as reflecting a unidimensional construct (a unitary
“state anxiety”’), would result in serious inferential errors, such
as concluding that strenuous exercise increases state anxiety
(Rejeski et al., 1991). Similar inferential errors can occur
when measurement fails to properly reflect the distinction be-
tween intensity-preference and intensity-tolerance. For exam-
ple, researchers may interpret the lack of a pronounced decline
in pleasure in response to high-intensity exercise as an indica-
tion that participants “like” or “prefer” this type of exercise,
when this pattern of results might reflect a high level of toler-
ance. To avoid such interpretational pitfalls, it is crucial to
demonstrate that a measure such as the PRETIE-Q can distin-
guish between items intended to assess intensity-preference
from those intended to assess intensity-tolerance - and do so
invariably across different population segments (e.g., men and
women, young and old).

Correlations between responses to each item at the first and
second administration of the questionnaire were acceptable.
Additionally, alpha coefficients were >.70, suggesting ac-
ceptable internal consistency as proposed by Raykov (1997).
Thus, the items within the PRETIE-Q-PT had a high degree of
temporal stability and reliability, and are in line with previous
psychometric testing (Ekkekakis et al., 2005), thus suggesting
that this questionnaire may be applied, for example, in an
usual evaluation moment (e.g., fitness physical assessment)
aiming to determine the individual profile for exercise inten-
sity, without the need for regular and new assessment appli-
cations (at least in the three months period). These temporal
stability indicators allowed us to proceed with the testing of
the measurement model.

The original 16-item measurement model did not present
an acceptable fit in the calibration sample. Modification indi-
ces and factor loadings were examined in order to improve fit.
This led to the removal of items 6, 10, and 16 (Preference),
and 5, 7 and 11 (Tolerance) due to low factor loadings (<.40)
or high cross-loadings (>.15), following the recommendations
of Hair et al. (2019). A CFA of the resultant 10-item model (5
items per factor) showed good fit for the two-factor solution
assessing preference and tolerance. A second CFA was sub-
sequently performed on data obtained from an independent
(validation) sample. The revised 10-item measurement model
again was found to provide acceptable fit to the data.

The AVE scores indicated that the convergent validity of
tolerance and preference was somewhat below the suggested
cut-off values (< .50) in the calibration and validation samples.
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Table 3 Goodness-of-fit indices

of PRETIE-Q models (including Models N X2 df B-Sp SRMR TLI CFI  RMSEA [90% CI]

original version)
Initial calibration model 174  300.53 103 <001  .100 694 737 105 [.092-.119]
Final calibration model 174 7743 34 <.001  .066 902 916  .082[.061-111]
Final validation model 146 60.07 34 .004  .068 917 937  .076 [.043-.107]
Male model 196 63.77 34 .001  .074 901 924 .084 [.052-.118]
Female model 249 79.05 34 <.001 .068 900 917  .080 [.060-.109]
Time 1 125 56.73 34 .009  .070 902 919  .076 [.039-.110]
Time 2 125 60.73 34 .003  .069 901 918  .080 [.046-.113]
Ekkekakis et al. model' 184 2163 103 <001 - - 872 .078 []
Ekkekakis et al. model' 184 128.0 99 030 - - 967  .040 []

Note. Tnitial model = 16 items; Final models =10 items; x> = chi-squared; df=degrees of freedom; B-Sp =
Bollen-Stine p value; SRMR = Standardized Root Mean Square Residual; TLI = Tucker-Lewis Index; CFI=
Comparative Fit Index; RMSEA = Root Mean Squared Error of Approximation; 90% CI = Confidence Interval
of RMSEA; ! Ekkekakis et al. (2005) initial model with uncorrelated errors; > Ekkekakis et al. (2005) initial

model allowing correlated errors

However, in both samples, factor loadings (A\) were above .50
(except item 14) and all items loaded significantly on their
respective factor (Hair et al., 2019). Moreover, no significant
cross-loadings were detected, suggesting acceptable validity
(Byme, 2016).

Regarding discriminant validity, the correlation between
preference and tolerance in the calibration sample was some-
what above the AVE scores. In contrast, in the validation
sample, the correlation between the scales was below the
AVE score, indicating satisfactory discriminant validity as
suggested by Hair et al. (2019). Concerning the lack of dis-
criminant validity in the calibration sample, similar results
were found in the study conducted by Ekkekakis et al.
(2008). Thus, these results suggest that the preference and
tolerance dimensions of the PRETIE-Q partially overlap with
each other, in accordance with the theoretical postulate pro-
posed by Ekkekakis et al. (2005). However, this was only seen
in the calibration sample and the difference among AVE and
the squared correlation between constructs was somewhat low
(A0.03). In line with recommendations by Hair et al. (2019),
factor loadings and cross-loadings should be revisited and

Table 4 Internal reliability, convergent and discriminant validity, and

average variance extracted for the 10-item, two-factor model

Factors (calibration) CR AVE Preference Tolerance
Preference 78 43 1 -
Tolerance 77 41 46* 1

Factors (validation) CR AVE Preference Tolerance
Preference .81 A7 1 -
Tolerance .76 41 40* 1

Note. CR =Composite Reliability; AVE = Average Variance Extracted;
e

items displaying several issues should be considered for elim-
ination. The item 14 (“The faster and harder the workout, the
more pleasant I feel”, part of the preference scale) did present
a factor loading below the .50 guideline and should, therefore,
be considered for elimination. However, this suggestion by
Hair et al. (2019) should be viewed as a rule of thumb when
examining the psychometric properties of a measure. Other
considerations are that item 14 enhances content validity, re-
moving it would not improve model fit, and the overall 10-
item model that includes item 14 exhibits good fit. Therefore,
we retained item 14. General recommendations used for ad-
dressing items removal in CFA can be obtained in other works
(e.g., Byme, 2016; Kline, 2016; Hair et al., 2019). Although
our results with Portuguese exercisers did not support the
original 16-item model proposed by Ekkekakis et al., (2005)
based on American respondents, the results show adequate fit
for the adapted 10-item model (Byrne, 2016; Hair et al., 2019;
Marsh et al., 2004) in both the calibration and validation
samples.

With respect to the internal consistency analysis, the results
of the present study showed that both factors yielded accept-
able coefficients for both samples (Hair et al., 2019; Raykov,
1997). These results are similar to those reported in the original
development sample (Ekkekakis et al., 2005) and the subse-
quent validation sample with female college students
(Ekkekakis et al., 2008). In general, our results demonstrated
acceptable fit (Byrne, 2016; Hair et al., 2019), as well as ade-
quate convergent and discriminant validity (Hair et al., 2019).

The results also revealed that the measurement model pro-
vided adequate fit to the data in all samples (i.e., calibration
sample, validation sample, male, female, and sample 3 at two
time points: Time 1 and Time 2, three months apart). Looking
at each criterion of invariance, the multigroup analysis across
groups showed that the factor structure of the PRETIE-Q-PT
demonstrated configural invariance. Additionally, metric
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Table 5 Criteria for measurement invariance in comparisons across samples, gender, and the two time-points*
X df  AY? Adf  p CFI  ACFI SRMR ASRMR RMSEA  ARMSEA
Calibration-Validation
Configural Invariance 137.500 42 - - - 925 - .066 - .058 -
Metric Invariance 141.929 34 4.429 8 <.001 929 .004 .067 .001 .053 .005
Scalar Invariance 143.036 31 5.536 11 <.001 931 .006 .068 .002 .051 .007
Residual Invariance 158.365 21 20.865 21 <.001 925 <.001 .067 .001 .050 .008
Male — Female
Configural Invariance 142.842 68 - - - 920 - .074 - .060 -
Metric Invariance 150.808 76 7.966 8 <.001 920 <.001 .077 .003 057 .003
Scalar Invariance 151.575 79 8.733 11 <.001 922 .002 .079 .005 055 .005
Residual Invariance 163.682 89 20.840 21 <.001 920 <.001 .078 .004 052 .008
Time 1 vs. Time 2
Configural Invariance 117.460 68 — - — 919 - .074 - 056 -
Metric Invariance 131.152 76 13.692 8 <.001 917 .002 .079 .005 .055 .001
Scalar Invariance 131.628 79 14.168 11 <.001 913 .006 .080 .006 .053 .003
Residual Invariance 139.429 89 21.969 21 .001 909 .010 .081 .008 .049 .007

Note. M =Male; F = Female; X2 = chi-squared; df = degrees of freedom; sz = differences in the value of chi-squared; Adf= differences in degrees of
freedom; CFI = Comparative Fit Index; ACFI = differences in the value of the Comparative Fit Index; * testing between the validation and time-point 1

samples presented model invariance

invariance was also achieved, since the factor loadings were
found to be invariant between groups. The criteria for scalar
and residual invariance were also satisfied, since item thresh-
olds and item residuals, respectively, were found to be invariant
between groups, as suggested by several authors (Byrne, 2016;
Chen, 2007; Hair et al., 2019; Sass, 2011). Hence, all invariance
criteria were met, further supporting the validity of the structure
of the measure across groups with different characteristics.
The present study found no significant differences in terms
of latent means between samples in the PRETIE-Q-PT.
Specifically, no differences were found in latent means be-
tween the calibration and validation samples, between sexes,
and between two time points in the third independent sample.
This means that average scores of preference and tolerance are
comparable across groups, independently of group

Table 6 Latent mean differences between samples, gender (validation
sample) and time-points on constructs

Difference 4 P d

Samples

Preference —.004 —.030 976 —.01

Tolerance —.065 —.604 .546 -.09
Gender

Preference -.037 -2.98 766 —.05

Tolerance —.103 —.944 .345 -.15
Time-points

Preference —.194 -1.56 120 -.30

Tolerance —111 -93 352 -17

Note. Z =test score; p =sig. Value; d = Cohens’ effect size
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characteristics, reinforcing once again that the PRETIE-Q-
PT can be used in both sexes, aligning with the health clubs
common users’ socio-demographic characteristics.

The final analysis intended to test the construct validity of
the PRETIE-Q-PT against several variables related to exer-
cise. The correlations of the preference and tolerance scales
with several behavioral variables have been examined in other
contexts (e.g., Hall et al., 2014), particularly with exercise
frequency in Ekkekakis et al. (2005, 2007, 2008), showing
that both preference and tolerance were positively correlated
with the number of exercise days per week. Additionally,
several studies have reported that exercise is positively related
with psychological well-being (McAuley et al., 2000; Sjogren
et al., 2006) in intensity-dependent fashion (Teixeira and
Palmeira, 2016), and may induce improvements in vitality
(Couto et al., 2017; Ju, 2017; Park et al., 2019). Moreover,
studies have highlighted the importance of habit in exercise
settings (Garber et al., 2011; Kaushal and Rhodes, 2015),
aligning with the hedonic principle on which the PRETIE-Q
is grounded (Ekkekakis et al., 2019).

Results in the total sample indicate that the preference and
tolerance scales exhibited significant, albeit generally weak,
positive associations with exercise frequency, habit, vitality,
psychological well-being, psychological distress, and fatigue
(only for preference). Ekkekakis et al. (2005) reported similar
associations with exercise frequency (e.g., .18 to .33 for
Preference, .22 to .39 for Tolerance). Similarly, Hall et al.
(2014) found that both preference and tolerance correlated
significantly but modestly (= .29 for both) with physical ac-
tivity. Ekkekakis et al. (2008) found that the weekly frequency
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Table 7 Correlational analysis of

PRETIE-Q-PT Sessions/week Habit Vitality Well-Being Distress Fatigue
(frequency)
Total sample (N=445)
Preference .134* 176%%* 119% 1467 —.053 .095%
Tolerance L2297k 185k .166%%* 167+ —.034 .085
Preference-discrepant subsample (N=62)
Preference 191 113 171 121 —-.027 .011
Tolerance .504%* .385% .140 210 —-.038 .002
Tolerance-discrepant subsample (NV=58)
Preference .091 187 130 112 —.036 123
Tolerance 267 —-.051 127 .145 —.021 .021

Note. * p<.05; ** p< .01; ** p < 001

of strenuous exercise was significantly correlated with prefer-
ence (r=.30) and tolerance (r = .36), whereas the frequency of
moderate or mild exercise did not. Along similar lines, in the
total sample in the present study, we found significant associ-
ations of exercise frequency with both preference (»=.13) and
tolerance (»=.23). A unique and interesting finding of the
present study was that among the subsample of participants
who reported a discrepancy between their preferred and actual
exercise intensity, tolerance exhibited a higher correlation
(r=.50) with exercise frequency, whereas no associations
were found in the tolerance-discrepant subsample. These re-
sults underscore the role that tolerance may have in exercise
frequency, especially for individuals who perceive a discrep-
ancy between their preferred and actual training intensity.

It is important to emphasize that, given their content, the scales
of intensity-preference and intensity-tolerance should mainly be
expected to exhibit associations with the habitual intensity, rather
than the frequency, of exercise and physical activity. Moreover, as
stated by Ekkekakis et al. (2005, p. 354), these two intensity-
related traits should not be “considered to be the sole determinants
of intensity selection or tolerance”, since numerous other factors
are also likely to play an important role.

As an example, an exerciser whose preference and toler-
ance scores indicate an inclination toward moderate-intensity
activities, would be more likely to experience a state of
psychological well-being in response to exercise performed
in accordance with these intensity-trait variables rather than
intensity that is high or low. In apparent support of this
assumption, in subsamples of participants in the present
studies who reported a discrepancy between their preference
and their tolerance with their actual exercise, preference and
tolerance were not associated with the frequency of exercise
or well-being-related variables. This finding seems in line
with theoretical postulates that emphasize the need to develop
individualized approaches to exercise prescriptions and
physical activity recommendations (Ekkekakis et al., 2011;
Evmenenko and Teixeira, 2020; Rhodes and Kates, 2015).

The fact that PRETIE-Q-PT subscales scores are related
(albeit weakly) with exercise habit in the total sample may
suggest a possible role of these parameters in habit forma-
tion. As stated by Box and Petruzzello (2020) and Brand
and Ekkekakis (1), the hedonic theory suggests that
experiencing a more pleasant response to exercise increases
the possibility of continuing to engage in that behavior. This
view is grounded in the Affective-Reflective Theory of
physical inactivity and exercise (ART; for a review, see
Brand and Ekkekakis, 2018), claiming that an automatic
and a reflective systems jointly influence exercise behavior.
Thus, it has been suggested that habit formation, an evalu-
ation that accounts for unconscious and automatic process-
es, may be influenced by both positive affective experiences
and positive judgments about the behavior (Kaushal and
Rhodes, 2015; Rhodes et al., 2009). As seen in the results
section, in the total sample, both preference and tolerance
were positively associated with habit. Additionally, while
this result should be considered preliminary, it is intriguing
that in the subsample of respondents who perceived that
their exercise intensity was discrepant from their individual
preference, preference was not associated with habit but
tolerance was. This may suggest that, in the absence of
agreement between preference and the actual training regi-
men, tolerance may assume a relevant role in habit forma-
tion, in line with the relation between tolerance and exercise
frequency in this sample subsample.

Strengths, Limitations, and Future
Implications

The present study presents the first translation, adaptation,
and psychometric evaluation of the PRETIE-Q from
American-English to the European-Portuguese language.
An important strength of the study were the procedures
for testing the invariance of the scale across groups and
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over time. Additionally, the concurrent validity data pro-
vided information about the relevance of the preference
and tolerance traits to exercise behavior and to psycholog-
ical outcomes associated with exercise in non-student
samples.

Readers should also be aware of certain limitations that are
important in interpreting the results reported herein.
Specifically, the analyses of discriminant and convergent va-
lidity revealed certain, relatively minor, deviations from
guidelines. In these cases, the retention of items was decided
on the basis of conceptual arguments. However, in accordance
with the conceptualization of validation as an ongoing pro-
cess, the continued psychometric evaluation of the Portuguese
version of the PRETIE-Q is recommended, particularly with
regard to the item with low factorial weight (item 14) and the
items that were removed from the original 16-item version.
Another limitation pertains to the cross-sectional nature of the
study, with the exception of the data on temporal stability.
Future validation studies should adopt an experimental de-
sign to test theory-derived predictions. Finally, further val-
idation efforts should be enhanced by the addition of
device-based methods of assessing exercise and physical
activity behavior, and should test a broader range of hy-
potheses related to discrepancies between individual levels
of intensity preference and tolerance and the intensity of
current exercise participation. In the present study, low
sub-sample size of preference-discrepancy, tolerance-dis-
crepancy, and preference and tolerance-discrepancy do not
allow for a more detailed and in-depth analysis, and we
recommend further hypothesis testing based on these as-
sumptions with more heterogeneous samples of exercisers
and other statistical approaches.
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