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Individuals differ in the intensity of exercise they prefer and the intensity 
they can tolerate. The purpose of this project was to develop a measure of 
individual differences in the preference for and tolerance of exercise intensity. 
The steps involved in (a) item generation and face validation, (b) exploratory 
factor analysis and item selection, (c) structural validation, (d) examination of 
the internal consistency and test-retest reliability, (e) concurrent validation, 
and (f) construct validation are described. The Preference for and Tolerance 
of the Intensity of Exercise Questionnaire (PRETIE-Q) is a 16-item, 2-factor 
measure that exhibits acceptable psychometric properties and can be used in 
research aimed at understanding individual differences in responses to exercise 
and thus the psychological processes involved in the public health problem of 
exercise dropout.
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According to the World Health Organization (2003), it is estimated that world-
wide over 60% of adults are not physically active enough to benefit their health. 
Consequently, physical inactivity has become one of the main factors contributing 
to global morbidity and mortality from noncommunicable diseases, with 1.9 million 
deaths and 19 million disability-adjusted life-year losses attributed to it annually. 
The high rate of physical inactivity is the result of two related problems, namely, 
the low number of people who choose to initiate a regular program of physical 
activity, and the high rate of dropout, estimated to be approximately 50% within the 
first few months (Dishman & Buckworth, 1996). With most of the research efforts 
in the last decade having been invested in the social and social-cognitive factors 
related to the process of initial engagement in physical activity, relatively little has 
been learned about the psychological processes leading to dropout. 

Initially intuition, and now an increasing amount of scientific evidence, sug-
gest that the intensity of physical activity has a negative association with adher-
ence and a positive association with dropout (e.g., Cox, Burke, Gorely, Beilin, & 
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Puddey, 2003; Perri, Anton, Durning, et al., 2002). This relationship is possibly 
mediated by affect. Specifically, higher intensity may be experienced as aversive, 
or at least not enjoyable, and this absence of pleasure may in turn contribute to 
diminished adherence and increased risk of dropout. Although direct evidence is 
still lacking, this causal chain linking intensity, affect, and dropout is plausible. 
Studies have shown that most individuals, particularly those just starting an activity 
program, are not capable of accurately estimating and producing a prescribed level 
of intensity (e.g., Kollenbaum, Dahme, & Kirchner, 1996). In turn, higher intensity 
is typically associated with declines in affective valence (i.e., reduced pleasure or 
increased displeasure) during the activity (Ekkekakis & Petruzzello, 1999). These 
findings underscore the importance of, and the need to better understand the factors 
that influence, the accurate self-monitoring and self-regulation of the intensity of 
physical activity.

Preference for and Tolerance of Exercise Intensity

Published studies reveal dramatic differences in the level of exercise intensity 
that individuals select, even when the intensity is expressed in relative terms as a 
percentage of each person’s maximal exercise capacity. For example, in a sample 
of 29 adult habitual walkers, Spelman, Pate, Macera, and Ward (1993) found that 
their average self-selected walking intensity was 51.5% of maximal aerobic capac-
ity (VO2max) or 69.7% of maximal heart rate (HRmax), but the respective ranges 
were from 35.5% to 79.1% and from 56.0% to 89.3%. Likewise, in a sample of 6 
distance runners, Farrell, Gates, Maksud, and Morgan (1982) found that the aver-
age self-selected running intensity was 75.3% VO2max, but the individuals ranged 
from a low of 65% with no increase in blood lactate accumulation to a high of 90% 
with a blood lactate accumulation of 7.79 mmol·L–1. 

Among individuals exercising for health and fitness, large departures from 
a recommended range of intensity in either direction can have undesirable con-
sequences (Dishman, 1994). Exceeding the appropriate intensity may lead to 
overexertion, injury, or discomfort, possibly leading one to avoid future activity. 
Conversely, an intensity that is lower than what is recommended may prevent or 
delay the accrual of noticeable health and fitness benefits, causing frustration and, 
again, possibly dropout. Large interindividual differences are also observed in the 
tolerance exhibited by participants when the intensity of physical activity is imposed. 
In one study involving 30 minutes of stationary cycling at an imposed intensity of 
60% estimated VO2max, 44% of participants reported a progressive improvement 
whereas 41% reported a progressive decline in affective valence (Van Landuyt, 
Ekkekakis, Hall, & Petruzzello, 2000).

There have been many calls for increased research attention to individual 
differences in the preference for and tolerance of exercise intensity. For example, 
the guidelines for exercise prescription issued by the American College of Sports 
Medicine (2000), when addressing the appropriate level of exercise intensity, focus 
mainly on physiological considerations but also state that “individual preferences 
for exercise must be considered to improve the likelihood that the individual will 
adhere to the exercise program” (p. 145). Likewise, according to Dishman, Farquhar, 
and Cureton (1994), “there is a scientific consensus that preferred and perceived 
exertion are possible determinants of self-selected exercise intensity, that they are 
understudied, and that they are priority areas for research. Exercise prescriptions 
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based on preferred intensities might increase adherence to exercise programs” (p. 
783). According to Morgan (1997), “the related issues of perceived and preferred 
exertion need to be considered in future research . . .  A given relative intensity 
might be too low for some individuals and too high for others, and rigid prescrip-
tions of this nature, theoretically, would not facilitate exercise adherence” (p. 9). 
However, to date these and several other calls have not resulted in a systematic 
investigation of the individual differences associated with the preference for and 
tolerance of exercise intensity. 

Personality Traits and Responses to Bodily Stimuli †

Several traits have been theorized as being involved in arousability and 
sensory modulation. These are mainly conceptual descendants of the Pavlovian 
concept of the “strength” of the nervous system and include the dimension of 
introversion/extraversion (Eysenck, 1967), subjective augmentation vs. reduction 
of stimulus intensity (Petrie, 1967), impulsivity and behavioral activation/inhibi-
tion (Gray, 1970), sensation-seeking (Zuckerman, 1979), reactivity (Kohn, 1985; 
Strelau, 1987), and predisposition to arousability (Coren, 1990), among others. 
However, the results from studies examining the association between these traits 
and responses to stimuli from the body have been mixed.

One case, which has received a considerable amount of research attention and 
can thus serve as an illustrative example, is the relationship between extraversion and 
pain threshold, sensitivity, or tolerance. According to Eysenck (1967), because of 
baseline differences in the degree of arousal of their reticular activating system (high 
for introverts, low for extraverts), introverts are expected to show more sensitivity 
to stimuli at the low end of the intensity spectrum whereas extraverts should have 
the capacity to respond to stimuli near the high end. Thus, for introverts the level 
of “hedonic tone” (i.e., affective valence) or preference is maximally positive at a 
lower intensity, whereas for extraverts this level is maximally positive at a higher 
intensity of sensory stimulation. 

Given that intensities of stimulation beyond the optimal range will elicit 
declines in hedonic tone, it follows that the range of tolerance should also differ, 
with extraverts being able to tolerate higher levels of sensory stimulation than 
introverts. In Eysenck’s words, “we postulate a certain degree of stimulus hunger 
(sensation, arousal seeking) in the extravert and a certain degree of stimulus aver-
sion in the intravert. Conversely, it would seem to follow that extraverts should be 
more tolerant of pain, intraverts of sensory deprivation” (1967, p. 110). However, 
the empirical evidence has not provided consistent support for these hypotheses, as 
some studies have shown a significant association between extraversion and pain 
threshold, sensitivity, or tolerance (e.g., Lynn & Eysenck, 1961), whereas several 
others have not (e.g., Harkins, Price, & Braith, 1989).

Personality Traits and Exercise Related Bodily Stimuli †

The findings of studies examining the role of traits related to arousability 
and sensory modulation in the domain of exercise have been similarly perplex-
ing. Not only is the number of published studies surprisingly small, but the extant 
studies are also unsystematic (rarely more than one from the same research group), 
methodologically limited, and conflicting in their results. Moreover, although the 
majority of the studies seem to report significant relationships in the hypothesized 
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direction, the impact of the “file drawer” problem (i.e., the nonpublication of null 
or contrary-to-hypothesis results) on this pattern cannot be ascertained.

The studies focusing on extraversion constitute the largest segment of the 
literature. In one study, 9 male participants exercised on a cycle ergometer against 5 
levels of resistance (from 300 to 1,500 kpm) for 1 minute each. Extraversion scores 
were significantly and negatively correlated with ratings of perceived exertion at 900 
(–.62), 1,200 (–.69), and 1,500 kpm (–.71). Furthermore, when the participants were 
subsequently asked which intensity they would have chosen if the exercise session 
was to last for 30 min, their selected level of intensity also showed a significant 
relationship (.70) to extraversion (Morgan, 1973). In another study, extraverts were 
found to exhibit better mood and lower perceptions of effort than introverts at high 
exercise intensities (Koller, Haider, & Recher, 1984). 

Similarly positive results have been found for exercise tolerance. Costello and 
Eysenck (1961) reported that extraverts showed higher persistence in maintaining 
a static leg contraction compared to introverts. Shiomi (1980) found that extraverts 
could persist longer than introverts while cycling against a constant amount of resis-
tance across a number of trials. Extraversion has also been found to be associated 
with participation in more physically active forms of recreation, more physically 
demanding leisure activities, and higher participation in endurance sports. Finally, 
some studies have also shown that extraversion is positively related to exercise 
participation and adherence (e.g., Courneya & Hellsten, 1998).

However, most of these findings have been contradicted by other studies. A 
study involving 30 adolescent boys found no relationship between extraversion and 
ratings of perceived exertion at 30%, 60%, and 90% of individually determined 
maximal power output (Williams & Eston, 1986). Feldman (1964) and Smith 
(1968) found no relationship between extraversion and persistence in isometric 
and isotonic endurance tasks. Likewise, some studies have found no relationship 
between extraversion and exercise participation or adherence (e.g., Yeung & 
Hemsley, 1997a), and one has even shown that, contrary to expectations, higher 
extraversion was associated with lower attendance at exercise programs (Yeung 
& Hemsley, 1997b).

The role of most other relevant traits in influencing the preference for and 
tolerance of exercise intensity has not been examined. An exception is perceptual 
augmentation and reduction. It has been found that athletes tend to be reducers and 
tolerate more pain (Ryan & Foster, 1967) and that reducers report lower ratings 
of perceived exertion at the same absolute workloads compared to augmenters 
(Robertson, Gillespie, Hiatt, & Rose, 1977). However, we know of no published 
replications of these findings.

Domain Relevance as an Explanation for Inconsistent Findings
The literatures summarized in the two previous sections (on the role of per-

sonality in pain and exercise responses) illustrate some striking similarities, namely 
that in both literatures the number of studies is surprisingly small—given the impor-
tance of the concept of personality and its theoretical relevance—and the findings 
of these studies are conflicting. One possible explanation for these phenomena is 
that the theoretical predictions were wrong. However, before conceding that this 
is in fact the case, alternative explanations must also be examined. Principally, one 
should consider whether the available measures (e.g., of extraversion) capture the 
core elements of the trait in a comprehensive manner. 
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Although nothing in the aforementioned theoretical models implies that they 
are applicable only to exteroceptive stimuli, the item pools of the available self-
report measures clearly reflect an imbalance in favor of exteroceptive (primarily 
social) and against interoceptive stimuli. In particular, the overemphasis on the 
social manifestations of extraversion (e.g., sociability) to the exclusion of other, 
perhaps more central, components has been discussed as problematic by several 
authors (e.g., Depue & Collins, 1999; Lucas, Diener, Grob, Suh, & Shao, 2000; 
Phillips & Gatchel, 2000).

The problem is not limited to measures of extraversion. An item review of 
the Temperament Inventory (Strelau, 1972); the Sensation Seeking Scale V (Zuck-
erman, 1979); the Reducer-Augmenter Scale (Barnes, 1985; Vando, 1969, 1974); 
the Reducer-Augmenter Index (Weintraub, Green, & Herzog, 1973); the Reducer-
Augmenter Scale Form G2 (Herzog, Williams, & Weintraub, 1985); the Revised 
Reducer-Augmenter Scale (Clapper, 1990); the Reactivity Scale (Kohn, 1985); the 
Arousability Predisposition Scale (Coren, 1988, 1990); and the Behavioral Inhibition 
System–Behavioral Activation System Questionnaire (Carver & White, 1994) also 
reveals that these measures are geared mainly toward responses to exteroceptive 
stimuli, involving primarily social situations. Only the Reducer-Augmenter Scale 
(Barnes, 1985; Vando, 1969) and the Revised Reducer-Augmenter Scale (Clapper, 
1990) include one item each directly referring to exercise (i.e., “too much exercise” 
vs. “too little exercise” and “get much exercise” vs. “get a little exercise,” respec-
tively). Only a few include one or two items inquiring about participation in sports 
(Barnes, 1985; Clapper, 1990; Herzog et al., 1985; Vando, 1969), and one includes 
an item referring to being able to “stand much physical labor” (Kohn, 1985). 

Defining Intensity Preference and Intensity Tolerance

Based on the overall pattern of findings reviewed above, we are inclined to 
believe that the conflicting findings on the role of traits related to arousability and 
sensory modulation in the context of exercise may be due to two related reasons: 
(a) that the factors which influence the modulation of interoceptive stimuli, such as 
those elicited by exercise, are at least in part distinct from those that influence the 
modulation of exteroceptive and social stimuli; and (b) that the currently available 
general-purpose measures of the said traits focus heavily on responses to extero-
ceptive and social stimuli while largely disregarding responses to interoceptive 
stimuli. 

Thus we propose two new constructs, namely, “preference for exercise 
intensity” (or intensity-preference) and “tolerance of exercise intensity” (or inten-
sity-tolerance). We define preference for exercise intensity as a predisposition to 
select a particular level of exercise intensity when given the opportunity (e.g., when 
engaging in self-selected or unsupervised exercise). We define tolerance of exercise 
intensity as a trait that influences one’s ability to continue exercising at an imposed 
level of intensity even when the activity becomes uncomfortable or unpleasant. We 
emphasize that we do not consider these traits to be the sole determinants of intensity 
selection or tolerance. Other factors including physical (e.g., fitness, age, health 
status), experiential (e.g., learned coping skills, exercise history), and situational 
(e.g., self-efficacy, social physique anxiety) are also likely to be important.

Our conceptualization of the intensity-preference and intensity-tolerance 
traits is underpinned by the following points. First, there is evidence of systematic 
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interindividual differences in the intensity of exercise that individuals choose (Far-
rell et al., 1982; Spelman et al., 1993) and the intensity they can tolerate without a 
decline in affective valence when that intensity is externally imposed (Van Landuyt 
et al., 2000). Similar results have been obtained from animal studies, particularly in 
rodents, whose spontaneous running behavior has been studied extensively. In one 
study, for example, some rats were found to perform up to 37 times more wheel 
revolutions per hour than others (Premack & Schaeffer, 1963). Importantly, the 
differences between individuals appear to be substantially larger than the differ-
ences within the same individuals across observations. Evidence both from human 
(Ekkekakis, Hall, Van Landuyt, & Petruzzello, 2000) and animal studies (Fried-
man, Garland, & Dohm, 1992; Rhodes, Garland, & Gammie, 2003) shows that 
the choice of exercise intensity is remarkably consistent in the same individuals 
across repeated trials. Collectively, these findings suggest the presence of stable 
individual-difference traits that influence the intensity of exercise a person is pre-
disposed to select or tolerate.

Second, we regard the concepts of intensity-preference and intensity-tolerance 
as conceptual relatives of traits related to arousability and sensory modulation (i.e., 
strength of the nervous system, extraversion/introversion, augmenting/reducing, 
sensation-seeking). We also concur with views that the commonalities among 
these traits suggest a “common core” or a common central regulatory mechanism 
(Davis, Cowles, & Kohn, 1983; Depue & Collins, 1999; Dragutinovich, 1987; 
Kohn, 1985; Strelau, 1987). However, we postulate that the manifestations of this 
common core in response to exercise intensity and associated interoceptive stimuli 
(e.g., muscular and respiratory cues) may differ somewhat from manifestations in 
response to exteroceptive stimuli (e.g., visual, auditory, tactile). 

The basis of this assertion is that the processing of exercise-related interocep-
tive stimuli in the brain involves mechanisms that are distinct in terms of anatomy 
and design from the mechanisms responsible for the processing of exteroceptive 
stimuli. In particular, interoceptive stimuli are processed by a multilayered, increas-
ingly complex, hierarchically organized system that extends from the brain stem to 
the somatosensory cortex (Craig, 2003). Consequently, a considerable amount of 
processing, involving such phenomena as intensity-based gating and redirection of 
neural impulses, takes place subcortically. Unlike exteroceptive sensory modalities, 
which may or may not involve functional subcortical pathways to the affective areas 
of the brain, such as the amygdala, interoceptive stimuli can reach these areas via 
multiple interconnected subcortical routes. The same assertion is the cornerstone 
of our claim for the need to develop a measure of preference for and tolerance of 
exercise intensity that is separate from general-purpose measures of traits related 
to arousability and sensory modulation. As explained above, although the intensity 
of exercise is primarily associated with interoceptive stimuli, the extant measures 
focus mainly on responses to exteroceptive stimuli and behavioral tendencies in 
social situations (e.g., sociability).

Third, there is evidence that, much like heritable variation in extraversion and 
sensation-seeking (Eysenck, 1983) and pain sensitivity and tolerance (Mogil, 1999), 
the variation in the preferred intensity of exercise might also be partly heritable. 
This is supported by studies on human twins (Beunen & Thomis, 1999; Lauderdale, 
Fabsitz, Meyer, et al., 1997; Maia, Thomis, & Beunen, 2002), human DNA studies 
(Simonen, Rankinen, Peruse, et al., 2003), animal DNA studies (Mayeda & Hofstetter, 
1999), and animal artificial selection studies (Swallow, Carter, & Garland, 1998). 
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Although the bulk of genotypic differences are linked to peripheral physi-
ological traits, such as muscle glucose uptake, studies have also highlighted the 
important role of brain regulatory mechanisms (Rhodes et al., 2003; Simonen 
et al., 2003). Presumably, like the ability to tolerate pain and sensation-seeking 
(Zuckerman, 1990), the ability to tolerate and the tendency to seek out bodily 
stimulation related to exercise intensity would generally be adaptively neutral, 
hence contributing to substantial heritable variation. On the one hand, high prefer-
ence for and tolerance of exercise intensity would enable an individual to perform 
more physical work (e.g., cover larger distances in search of food). On the other 
hand, the higher level of physical exertion would make one more susceptible to 
injury or exhaustion.

Fourth, we hypothesize that preference for exercise intensity and tolerance of 
exercise intensity will be moderately correlated in a positive direction (i.e., neither 
fully independent nor fully overlapping). This postulate is based on three lines of 
evidence. The first pertains to the relationship between pain threshold and pain tol-
erance, which has been found to range from low to moderate (e.g., Gelfand, 1964; 
Ryan & Kovacic, 1966). The second pertains to the relationship between muscle 
fatigue threshold and tolerance for isotonic and isometric tasks, which has been 
found to be moderate (.41 to .54; Smith, 1968). The third pertains to findings that 
forced treadmill performance in rodents has been found to be only weakly related 
to self-selected wheel-running or open-field locomotion (Dishman, Armstrong, 
Delp, Graham, & Dunn, 1988; Lambert, Van Zyl, Jaunky, Lambert, & Noakes, 
1996; Lerman, Harrison, Freeman, et al., 2002).

Fifth, as an extension of the previous point, we speculate that preference for 
and tolerance of exercise intensity will have partly distinct anatomical and physi-
ological substrates. However, the current state of knowledge in this field does not 
permit the identification of these substrates with any specificity. Rhodes et al. (2003) 
recently identified the dentate gyrus of the hippocampus as one area that might be 
related to the self-selection of wheel-running intensity in mice. Simonen et al. (2003) 
focused on dopamine as a factor that may regulate the amount of voluntary exercise 
since it appears to be the common denominator to movement and reward. 

Along similar lines, we speculate that the preference for and tolerance of 
exercise intensity will be closely linked to affective responses to exercise. Thus, 
brain areas involved in such responses should be relevant to individual differences 
in intensity-preference and intensity-tolerance. In this context it is also possible, 
although as of yet untested, that areas which receive interoceptive afferents and are 
involved in affective responses, such as the insula, the amygdala, and the nucleus 
accumbens, might be involved in preference for exercise intensity, whereas areas 
involved in stress-induced analgesia, such as the periaqueductal gray, might be 
involved in tolerance for exercise intensity.

The purpose of this project was to develop a questionnaire measure of the 
traits “preference for exercise intensity” and “tolerance of exercise intensity,” as 
previously defined. All the participants in all studies described herein read and 
signed informed consent forms approved by university institutional review boards 
prior to their participation. Unless otherwise noted, they were students recruited 
from exercise science classes in universities in the United States. Their participa-
tion was entirely voluntary and no incentive or reward, monetary or otherwise (e.g., 
course credit), was provided. 
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Phase 1: Item Generation and Face Validation

As a first step, we assembled a group of 15 advanced undergraduate and post-
graduate students (7 M, 8 F, mean age 22.4 yrs) with extensive exercise experience 
in order to develop an initial item pool. We asked them to write 5 items for each 
of the following 4 constructs: (a) preference for high exercise intensity; (b) prefer-
ence for low exercise intensity; (c) high tolerance for intense exercise; and (d) low 
tolerance for intense exercise. The students were also given written instructions (a) 
to be creative; (b) to avoid rehashing the same basic ideas across items by using 
synonyms and instead to find items that each “conveys a unique idea and highlights 
a different aspect” of the constructs in question; and (c) to use everyday expressions 
if these accurately conveyed the desired meaning. This process resulted in 300 
items. After removing items that were identical or used very close synonyms, we 
reduced the item pool to 223 items. Specifically, out of 75 possible items in each 
category, there were 71 items for preference for high exercise intensity, 57 items 
for preference for low exercise intensity, 48 items for high tolerance for intense 
exercise, and 47 items for low tolerance for intense exercise. 

As the second step, each of the three coauthors independently examined this 
pool of 223 items in order to select 25 items from each of the 4 categories that most 
closely reflected the intended domain of content of the category, i.e., had the high-
est face validity. Furthermore, they were given the following written instructions: 
(a) to avoid selecting redundant items and instead preferring items with distinct 
content; (b) to suggest corrections to the grammar and/or syntax of the items sub-
mitted by the students; (c) to avoid selecting items that referred to specific modes 
(e.g., running) or amounts of exercise (e.g., speed expressed in minutes per mile), 
as these might be inapplicable to certain populations; (d) to avoid selecting items 
that refer to the cognitive evaluation of different exercise intensities (e.g., “I like 
high-intensity exercise because I know that it is more beneficial”), as these evalu-
ations may be unrelated to the intended domain of content; (e) to avoid selecting 
items that refer to responses which, although exercise-related, occur after some 
delay (e.g., “I hate exercising hard because I feel sore the next morning”); (f) to be 
very sensitive to the appropriate categorization of items denoting “preference” or 
“tolerance” and to discard any items that do not clearly reflect one, and only one, 
of the two constructs; and (g) to supplement the list with their own items if they 
could not identify 25 items satisfying the above criteria. 

All three coauthors were able to identify 25 face-valid items from each cat-
egory, thus no new items were generated. Using a 66% agreement (i.e., 2 out of 3) 
among the coauthors as a selection criterion resulted in 53 items. Specifically, there 
were 14 items for preference for high exercise intensity, 14 items for preference 
for low exercise intensity, 13 items for high tolerance for intense exercise, and 12 
items for low tolerance for intense exercise.

Phase 2: Exploratory Factor Analyses and Item Selection

The purpose of this phase was to further narrow the item pool by conducting 
an exploratory factor analysis and thus identifying items that more closely reflected 
the underlying latent constructs (i.e., highest loadings on the hypothesized factor) and 
had the clearest factorial identity (i.e., lowest cross-loadings). The 53 items remain-
ing from Phase 1 were administered to a sample of 287 undergraduate students (115 
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M, 162 F, 10 of undisclosed gender; mean age 20.1 yrs). Of these, 33.5% reported 
no regular physical activity whereas the others reported, on average, 4.5 sessions 
per week, lasting for 74 min and performed at an intensity of 7.0 on Borg’s (1998) 
Category Ratio 10 scale. On average, they had been physically active for over 6 years 
(75 months) prior to the study. Each item was accompanied by a 5-point response 
scale ranging from “I totally disagree” to “I totally agree.” All but 5 of the 53 items 
had skewness values ±1.00 and the remaining 5 were within ±1.50.

The resultant item intercorrelation matrix was subjected to a principal-axis 
factor analysis with an oblique rotation, given the hypothesized correlation between 
the constructs of intensity-preference and intensity-tolerance. Consistent with the 
hypothesis that the item pool reflected two underlying constructs, two factors were 
extracted. Also consistent with the hypothesis, one factor consisted mainly of items 
that had been selected as denoting preference for exercise intensity and the other 
factor consisted mainly of items that had been selected as denoting tolerance of 
exercise intensity. The former factor included items denoting preference for high 
exercise intensity (with positive loadings) and items denoting preference for low 
exercise intensity (with negative loadings), while the latter factor included items 
denoting high tolerance for intense exercise (with positive loadings) and items 
denoting low tolerance for intense exercise (with negative loadings). 

Based on the factor loadings, items were eliminated (a) if their highest loading 
was on the opposite factor from the one originally hypothesized by the development 
sample and the judges, and (b) if they exhibited cross-loadings (more than |.20| on 
the other factor). Of the remaining items, 8 with the highest loadings on the “prefer-
ence” factor (4 denoting preference for high intensity and 4 for low intensity) and 
8 with the highest loadings on the “tolerance” factor (4 denoting high tolerance 
and 4 denoting low tolerance) were retained and subjected to a new principal-axis 
factor analysis with oblique rotation.

An examination of the scree plot (see Figure 1) suggests the presence of 2 
factors, which accounted for 50.6% of the variance. As shown in Table 1, after the 
oblique rotation, the 2 factors had fairly simple structure. The average absolute 
loadings on the primary factors were .66 for the tolerance factor (F1) and .61 for 
the preference factor (F2), whereas the average absolute loadings on the secondary 
factors were .04 and .11, respectively. Based on these results, the 16 items (8 for 
preference and 8 for tolerance) were retained as the final form of the questionnaire. 
The questionnaire was named “PRE-ference for and Tolerance of the Intensity of 
Exercise Questionnaire” (PRETIE-Q; see Appendix). 

Phase 3: Structural Validity

A confirmatory factor analysis was conducted on the final, 16-item version 
of the PRETIE-Q to determine the validity of its hypothesized structure. The ques-
tionnaire was administered to 184 undergraduate students (91 M, 93 F, mean age 
19.7 yrs). Of these, 22.8% reported no regular physical activity whereas the others 
reported an average of 4.4 sessions per week, lasting for 66 min and performed 
at an intensity of 5.9 on Borg’s (1998) Category Ratio 10 scale. On average, they 
had been physically active for over 5 years (63 months) prior to the study. Each 
item was again accompanied by a 5-point response scale ranging from “I totally 
disagree” to “I totally agree.” Fifteen of the 16 items had skewness values of ±1.00 
and the remaining one had ±1.15. 
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The analysis was conducted using EQS version 5.1 (Bentler, 1995) with the 
maximum likelihood method of estimation. The correlation among the “preference” 
and “tolerance” latent factors was not constrained but was left to be estimated. In 
addition to χ2, which is affected by sample size, the following indices of fit were 
considered: (a) χ2 divided by the degrees of freedom (χ2/df), with a level of 2.0 or 
less being considered indicative of adequate fit; (b) the Goodness of Fit Index (GFI), 
with a level of .90 or higher indicating adequate fit; (c) the Comparative Fit Index 
(CFI), with a level of .90 or higher indicating adequate fit; and (d) the Root Mean 
Square Error of Approximation (RMSEA), with a level of .05 indicating close fit 
and .08 indicating reasonable fit (Browne & Cudeck, 1992).

The hypothesized 2-factor structure fit the data reasonably well, yielding χ2 
(103) = 216.3, p < .001, χ2/df = 2.10, CFI = .872, GFI = .874, and RMSEA = .078. 
The standardized factor loadings appear in Figure 2. The correlation among the 
“preference” and “tolerance” latent factors, theorized to be error-free, was estimated 
at .42, supporting our hypothesis that the two constructs are moderately related.

Although the model fit the data reasonably well, it is apparent that there were 
some misspecification problems that precluded even closer fit. Because these prob-
lems could be directly related to the structural validity of the PRETIE-Q (e.g., item 
cross-loadings), a post hoc Lagrange Multiplier (LM) test was conducted. The test 
revealed that the misspecification was due to correlated error terms between certain 
items. The presence of correlated error terms implies that measurement error may 
be non-random and may be due instead to such systematic factors as response sets 
(Bollen, 1989, p. 232) or the response format of the measurement instrument (Byrne, 
1991, p. 594). Although it has been argued that a model which forces errors to be 
uncorrelated is “highly restricted” and “rarely appropriate for real data” (Bentler 
& Chou, 1987, p. 108), the possible capitalization on chance entailed by post hoc 

Figure 1 — The scree plot, based on a principal-axis factor analysis of 16 items, indi-
cates the presence of 2 factors.
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model respecifications that allow for correlated errors has led others to argue that 
this is “not an acceptable practice” unless such specifications are “supported by a 
strong substantive and/or empirical rationale” (Byrne, 1994, p. 299). In this case, 
the LM analysis suggested correlated errors between items of very similar content 
and/or similar sentence structures. 

Specifically, the errors associated with the following items were shown to 
be correlated (the first 3 from the preference factor and the 4th from the tolerance 
factor): (a) “I would rather work out at low intensity levels for a long duration 
than at high intensity levels for a short duration” and “I would rather have a short, 
intense workout than a long, low-intensity workout” (both items referring to low 
intensity); (b) “I’d rather go slow during my workout, even if that means taking 
more time” and “When I exercise, I usually prefer a slow, steady pace” (both items 
using the word slow); (c) “Exercising at a low intensity does not appeal to me at all” 
and “Low-intensity exercise is boring” (both items referring to boredom or lack of 
enjoyment); and (d) “During exercise, if my muscles begin to burn excessively or 
if I find myself breathing very hard, it is time for me to ease off” and “When my 
muscles start burning during exercise, I usually ease off some” (both items referring 
to burning sensations in the muscles and the need to ease off). 

When these error terms were allowed to correlate, the fit was improved consid-
erably, χ2 (99) = 128.0, p < .03, χ2/df = 1.29, CFI = .967, GFI = .922, and RMSEA 

Figure 2 — The results of the confirmatory factor analysis of the PRETIE-Q.
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= .040. The differences in the magnitude of factor loadings between the initial and 
respecified models were minor (.06 or less). Also, the correlation between the “prefer-
ence” and “tolerance” latent variables was essentially unaffected (.45 from .42). 

In conclusion, the hypothesized 2-factor structure of the PRETIE-Q, without 
any correlated errors, exhibited a reasonable but not close fit. The post hoc analysis 
showed that the remaining misspecification did not involve problems with the basic 
structural postulates, but rather problems associated with syntactical and content-
related similarities in certain items, which in turn resulted in correlated errors among 
4 pairs of items. Based on these findings, we believe that (a) the PRETIE-Q in its 
present form is structurally valid and therefore appropriate for use in research and 
practice, but (b) researchers should be aware of the likelihood of correlated errors 
among the aforementioned items and thus should allow for such correlations when 
testing covariance structure models involving the PRETIE-Q. Although the presence 
of correlated errors is not necessarily a problem, the desire for a more parsimonious 
structural model dictates that future refinements of the PRETIE-Q should seek to 
further reduce content overlap and syntactical similarities between items. 

Phase 4: Internal Consistency and Test-Retest Reliability

The internal consistency of the two scales of the PRETIE-Q was examined 
in the two samples used in Phases 2 and 3 (N = 287 and N = 184, respectively) and 
an additional sample of 64 undergraduate students (37 M, 27 F, mean age 20.1 
yrs). Cronbach’s alpha coefficients for the Preference scales were .85, .83, and .81, 
while the coefficients for the Tolerance scale were .87, .82, and .86. Item analyses 
revealed that no item had a negative contribution to internal consistency.

The test-retest reliability of the PRETIE-Q was examined in two samples. 
In one (N = 58; 27 M, 31 F, mean age 21.1 yrs) the second assessment took place 
after a 3-month delay, while in the other (N = 52; 23 M, 29 F, mean age 20.7 yrs) 
the second assessment took place after a 4-month delay. The 3-month test-retest 
reliability coefficient was .67 for Preference and .85 for Tolerance. The 4-month 
test-retest reliability coefficient was .80 for Preference and .72 for Tolerance. All 
these figures are acceptably high, suggesting that the PRETIE-Q yields measure-
ments that are internally consistent and reliable over time. 

Phase 5: Concurrent Validity

The concurrent validity of the PRETIE-Q was examined in two samples of 
respondents. Sample A (N = 58) consisted of 37 women and 21 men, mean age 20.2 
yrs; Sample B (N = 91) consisted of 62 women and 29 men, mean age 19.1 yrs. The 
respondents in Sample A completed, in addition to the PRETIE-Q, the following 
trait measures of arousability and sensory modulation: the Behavioral Activation 
System–Behavioral Inhibition System questionnaire (BIS/BAS; Carver & White, 
1994); the Eysenck Personality Questionnaire (EPQ; Eysenck, 1989); the Revised 
Reducer-Augmenter Scale (RAS; Clapper, 1990); the Reactivity Scale (RS; Kohn, 
1985); and the Arousability Predisposition Scale (APS; Coren, 1988, 1990). The 
respondents in Sample B completed only the latter 3 questionnaires.

In Sample A, the Preference scale was significantly associated with the Drive 
scale of the Behavioral Activation System component of the BIS/BAS (r = .38, 
p < .01) and the Revised RAS (r = .31, p < .05). The Tolerance scale was associ-
ated with the Drive scale of the Behavioral Activation System component of the 
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BIS/BAS (r = .41, p < .01), the Revised RAS (r = .34, p < .01), the RS (r = .35, p < 
.01) and, unexpectedly, with the Neuroticism scales of the EPQ (r = .30, p < .05). 
In Sample B, the Preference scale was significantly associated with the Revised 
RAS (r = .18, p = .05). The Tolerance scale was associated with the Revised RAS 
(r = .35, p < .001) and the RS (r = .18, p < .05).

These correlations, which are generally weak, support the notion of the rela-
tive independence of arousability and sensory modulation-related traits that pertain 
to the processing of exteroceptive and interoceptive stimuli. Although the presence 
of some significant correlations indicates that individual differences in the prefer-
ence for and the tolerance of exercise intensity may be a part of the cluster of traits 
related to arousability and sensory modulation, the low magnitude of these cor-
relations also suggests that the relationship of these two constructs to the cluster is 
loose. Therefore these findings can be interpreted as (a) tentatively supporting the 
concurrent validity of the scales of the PRETIE-Q and (b) justifying the need for 
the PRETIE-Q as a separate measure whose content does not duplicate the content 
of any existing measure. 

Phase 6: Construct Validity

Three types of studies were conducted to test the construct validity of the 
scales of the PRETIE-Q. The first type consisted of 4 studies examining the cross-
sectional relationship of the scores on the Preference and Tolerance scales with 
the self-reported intensity of regular physical activity. The samples used in these 
4 studies consisted of individuals who reported being regularly physically active 
(i.e., 3 or more times a week for at least 20 min/session). The sample sizes were 51 
(31 M, 20 F, mean age 20.1 yrs), 58 (17 M, 41 F, mean age 19.0 yrs), 143 (66 M, 
77 F, mean age 19.8 yrs), and 150 (63 M, 87 F, mean age 19.9 yrs). Self-reported 
intensity was assessed by a modified form of Borg’s (1998) Category Ratio 10 scale, 
that is, using the same scale and anchors as the original except that, in the adapta-
tion used in the present studies, the responses referred to the intensity of habitual 
physical activity rather than an ongoing bout of physical activity. The correlation 
between the Preference scale and self-reported intensity was .54, .45, .32, and .55, 
respectively, across the 4 samples. The correlation between the Tolerance scale and 
self-reported intensity was .28, .49, .55, and .46, all significant.

In addition to intensity, we also examined the relationships to other attributes 
of habitual physical activity, namely frequency, session duration, and duration of 
lifetime involvement in physical activity. Frequency was assessed by the question, 
“How many days (on average) do you exercise per week?” Session duration was 
assessed by the question, “How long (on average) do you exercise per session?” 
(in minutes). Duration of lifetime involvement was assessed by the question “How 
long have you been exercising on a regular basis (at least 3 times per week, 20+ 
minutes per session)?” (in years and months, later converted to months). Preference 
correlated between .18 and .33 with frequency, .19–.21 with session duration, and 
.13–.27 with duration of lifetime involvement. Tolerance correlated between .22 
and .39 with frequency, .21–.28 with session duration, and .12–.20 with duration 
of lifetime involvement. In general, these correlations tended to be weaker com-
pared to those with self-reported intensity, supporting the idea that the scales of the 
PRETIE-Q tap primarily tendencies pertaining to the intensity of physical activity 
and not other aspects of physical activity participation.
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Finally, in one of the samples (N = 58) we assessed the relationships of self-
reported habitual exercise intensity to other measures of arousability and sensory 
modulation. Specifically, we used the Revised Reducer-Augmenter Scale (Clapper, 
1990), the Reactivity Scale (Kohn, 1985), and the Arousability Predisposition Scale 
(Coren, 1988, 1990). None of these showed a statistically significant correlation 
with intensity (the coefficients were .15, .24, and .13, respectively), supporting our 
claim for the need of a measure that is specific to exercise.

The second type of study focused on the ability of the PRETIE-Q scales to 
predict affective responses to bouts of physical activity undertaken at different 
levels of intensity. Based on studies by Dishman et al. (1994) on young physically 
active participants, and by Lind, Joens-Matre, and Ekkekakis (2005) on middle-aged 
sedentary participants showing that the average self-selected intensity matches the 
ventilatory threshold (typically interpreted as the point of transition from an intensity 
that can be maintained by aerobic metabolism to one that requires anaerobic supple-
mentation), we hypothesized that, when physically active participants are asked to 
exercise at an intensity near ventilatory threshold, their affective responses would 
be predicted by both the Preference scale and the Tolerance scale of the PRETIE-Q. 
This is because this intensity should be close to the one some participants would 
prefer, while it may begin to challenge the ability of others to tolerate it. 

On the other hand, based on findings that exceeding the intensity of the venti-
latory threshold is accompanied by reduced pleasure or increased displeasure (e.g., 
Ekkekakis, Hall, & Petruzzello, 2004, and references therein), we hypothesized that 
when participants are asked to exercise at an intensity that exceeds the level of the 
ventilatory threshold, their (mostly negative) affective responses would be predicted 
primarily by the Tolerance scale of the PRETIE-Q. This is because an intensity that 
is experienced as unpleasant is unlikely to be freely selected and maintained for a 
prolonged period of time, so forcing one to engage in activity at that level would 
challenge one’s tolerance. 

The sample consisted of 30 volunteers, 14 women (age 21.21 ± 2.04 yrs; 
height 167.28 ± 9.14 cm; weight 60.59 ± 6.63 kg) and 16 men (age 21.50 ± 2.45 
yrs; height 182.17 ± 5.00 cm; weight 78.50 ± 9.20 kg). We focused on the core 
component of affective experience and the one that is most variable in response to 
exercise, namely affective valence (pleasure vs. displeasure). This dimension was 
assessed by the Feeling Scale (FS; Hardy & Rejeski, 1989), a self-report measure 
that, because of its brevity (single-item), is ideal for repeated assessments during 
the exercise bout. The FS is an 11-point bipolar rating scale of pleasure/displeasure 
ranging from +5 to –5. Anchors are provided at zero (Neutral) and at all odd integers 
ranging from “Very Good” (+5) to “Very Bad” (–5). Validity information has been 
provided by Hardy and Rejeski (1989). 

Participation in the experiment entailed 5 visits to the laboratory, scheduled on 
different days. The purpose of the first session was to determine each participant’s 
maximal aerobic capacity and ventilatory threshold (VT) through an incremental 
treadmill test performed until volitional exhaustion. The second visit was to verify 
the treadmill speeds that corresponded to intensities (a) 20% of maximal aerobic 
capacity below the VT (<VT), (b) at the VT (@VT), and (c) 10% of maximal aero-
bic capacity above the VT (>VT). For the next 3 sessions the participants ran on a 
treadmill for 15 min at each of the 3 intensities (<VT, @VT, and >VT) and their 
responses to the FS were recorded every 3 min (at the end of a 5-min warm-up and 
during the last 15 sec of Minutes 3, 6, 9, 12, and 15).
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A 3 × 7 (Intensity conditions × Time points: preexercise, warm-up, Minutes 
3, 6, 9, 12, 15) repeated-measures ANOVA on the FS ratings showed that the effect 
of intensity condition, F(2, 58) = 15.68, p < .001; the effect of time, F(1.69, 48.93) 
= 14.86, p < .001; and their interaction, F(4.20, 121.71 = 6.04, p < .001, were sig-
nificant. There were no significant differences between the conditions before the 
beginning of exercise or at the end of the warm-up, but the patterns were different 
thereafter. The average FS ratings in the <VT condition showed a relatively small 
and nonsignificant decrease from the end of the warm-up to Minute 15, from 3.63 
to 3.00. The decrease in the @VT condition during the same period was larger but 
still nonsignificant, from 3.47 to 2.17. Finally, in the >VT condition the decrease 
reached statistical significance as early as Minute 6 and grew increasingly larger 
through Minute 15, from 3.13 to 0.80. These results suggest that indeed an inten-
sity which exceeds the VT is experienced as unpleasant, and therefore it would be 
unlikely that an individual would select and maintain it over an extended period 
unless he or she was instructed or required to do so. 

The bivariate correlations of the Preference and Tolerance scales with (a) 
the average FS ratings collected during each run (Minutes 3, 6, 9, 12, 15), (b) the 
FS rating at Minute 12, and (c) the FS rating at Minute 15 (final) were examined 
next. These analyses were consistent with the hypothesis since they showed that 
(a) neither the Preference nor the Tolerance scale was significantly related to 
affective responses in the <VT condition, (b) both the Preference and Tolerance 
scales were significantly related to affective responses in the @VT condition, and 
(c) only the Tolerance scale was significantly related to affective responses in the 
>VT condition. The correlation coefficients and associated probability levels are 
shown in Table 2. 

Table 2 Bivariate Pearson P-M Correlations of Preference and Tolerance Scales 
With Feeling Scale (FS) Responses to Increasing Exercise Intensity

    <VT   @VT    >VT
  Pref Tol Pref Tol Pref Tol

 Average FS .27 .03 .52** .40* .16 .48**
 FS at Minute 12 .27 .10 .58** .47** .14 .53**
 FS at Minute 15 .32 .10 .50** .51** –.01 .40*

* p < .05; ** p < .01

Finally, two series of hierarchical multiple regression analyses were con-
ducted. The FS ratings at Minutes 12 and 15 of each of the 3 intensity conditions 
were the dependent variables. The FS ratings before each exercise bout were entered 
in the analyses as Step 1. The scores of the Preference or the Tolerance scale of 
the PRETIE-Q were entered as Step 2. The detailed results are shown in Table 
3 (for FS ratings at Minute 12) and Table 4 (for FS ratings at Minute 15). Both 
at Minutes 12 and 15 the pattern was similar. The Preference scale significantly 
predicted affective responses only in the @VT condition, whereas the Tolerance 
scale significantly predicted affective responses in both the @VT and >VT condi-
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tions. Neither scale predicted affective responses in the <VT condition. The results 
were also similar at Minute 9 (data not shown here). These findings support the 
construct validity of the scales of the PRETIE-Q because they demonstrate that 
(a) the Preference and Tolerance scales can predict an important aspect of human 
functioning in response to exercise performed at different levels of intensity (i.e., 
presumably “preferred” and “nonpreferred”), namely affective responses, and (b) 
the Preference and Tolerance scales, although not fully statistically independent 
(correlated .40 in the present sample), tap constructs that are not only conceptually 
but also empirically separable and distinct. 

The third type of study used in evaluating the validity of the PRETIE-Q 
examined whether the Preference scale could predict the self-selection of physi-
ologically defined exercise intensity in a sample of previously sedentary middle-aged 
women. Because of its complexity, that study is described in a separate publication 
(Ekkekakis, Lind, & Joens-Matre, in press). Briefly, 23 sedentary women (mean age 
43.4 yrs, mean VO2peak = 23.0 ml·kg–1·min–1) participated in 20 min of treadmill 
exercise during which they were allowed to change the speed of the treadmill every 
5 min (Minutes 0, 5, 10, 15). The intensity they selected, expressed as a percentage 
of the oxygen uptake associated with their previously determined VT, stabilized 
at a level not significantly different from VT at Minutes 15 and 20 (approx. 97% 
of the oxygen uptake at VT at Minute 20). However, individuals in the sample 

Table 3 Results of Hierarchical Multiple Regression Analyses, With FS at Minute 
12 as the Dependent Variable

    β  p  R R2
change Fchange  p

Preference 
 <VT Pre-FS .447 .019 .447 .200  6.233 .019
  Pre-FS .434 .021
  Pref .247 .172 .510 .061 1.978 .172
 @VT Pre-FS .504 .007 .504 .254  8.499 .007
  Pre-FS .368 .032
  Pref .445 .011 .658 .180  7.615 .011
 >VT Pre-FS .155 .441 .155 .024  .613 .441
  Pre-FS .158 .438
  Pref .138 .496 .207 .019 .477 .496
Tolerance
 <VT Pre-FS .455 .012 .455 .207 7.308 .012
  Pre-FS .453 .013
  Tol .090 .602 .464 .008 .279 .602
 @VT Pre-FS .510 .004 .510 .260 9.844 .004
  Pre-FS .452 .005
  Tol .399 .012 .645 .156 7.205 .012
 >VT Pre-FS .240 .201 .240 .058 1.714 .201
  Pre-FS .253 .115
  Tol .540 .002 .591 .291 12.092 .002
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selected intensities ranging from as low as 62% to as high as 160% of the oxygen 
uptake at VT at Minute 20. 

The Preference scale of the PRETIE-Q accounted for 17% and 18% of this 
variance (at Minutes 15 and 20, respectively) beyond the variance accounted for by 
age, body mass index, and VO2peak. On the other hand, Tolerance was not associ-
ated with self-selected intensity, providing additional evidence for the discriminant 
validity of the two scales. This study was an important extension of the initial 
validation of the PRETIE-Q because (a) unlike the previous validation studies, it 
involved a middle-aged sedentary sample, and (b) it was the first to demonstrate 
that a self-reported trait, namely preference for exercise intensity, could predict 
actual, physiologically defined exercise intensity. This element makes this one of 
the few studies in exercise psychology to provide reliable evidence of a relationship 
between a self-reported and a physiological variable. 

Conclusions and Future Research Directions

The objective of the studies described herein was to develop a self-report 
measure of individual differences in the preference for and tolerance of exercise 
intensity. The end product of the 6 phases and several studies that were described 
was a 16-item questionnaire, named PRETIE-Q, which includes 2 factors, Prefer-

Table 4 Results of Hierarchical Multiple Regression Analyses, With FS at Minute 
15 as the Dependent Variable

    β  p  R R2
change Fchange  p

Preference 
 <VT Pre-FS .572 .002 .572 328  12.187 .002
  Pre-FS .557 .002
  Pref .287 .080 .640 .082 3.340 .080
 @VT Pre-FS .369 .058 .369 .136 3.941 .058
  Pre-FS .239 .194
  Pref .425 .026 .547 .164  5.606 .026
 >VT Pre-FS .025 .900 .025 .001  .016 .900
  Pre-FS .025 .736
  Pref –.006 .977 .026 .000 .001 .977
Tolerance
 <VT Pre-FS .568 .001 .568 .322 13.318 .001
  Pre-FS .566 .001
  Tol .080 .617 .573 .006 .255 .617
 @VT Pre-FS .366 .047 .366 .134 4.325 .047
  Pre-FS .297 .069
  Tol .468 .006 .590 .214 8.882 .006
 >VT Pre-FS .115 .547 .115 .013 .372 .547
  Pre-FS .124 .485
  Tol .399 .031 .415 .159 5.194 .031
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ence and Tolerance, consisting of 8 items each. The results of the psychometric 
investigations indicate that the measure exhibits simple structure, has acceptable 
structural validity, is internally consistent, is reliable over time, and shows promis-
ing signs of construct validity.

The cornerstone of our claim for the necessity of the PRETIE-Q was the obser-
vation that, although behavior (e.g., the selection of exercise intensity) and responses 
(e.g., affective responses to different levels of exercise intensity) in the context of 
exercise differ substantially between individuals, traits related to arousability and 
sensory modulation have not been shown to account reliably for a portion of this 
variability. We attributed this phenomenon to two related reasons: (a) the possibil-
ity that the modulation of interoceptive sensory cues may rely on mechanisms that 
differ at least in part from those for exteroceptive sensory cues, and (b) the possible 
lack of relevance of the items in the standard self-report measures of arousability 
and sensory modulation to exercise-induced interoceptive cues. 

This speculation appears to be supported by our findings, as we noted gener-
ally low correlations between the scales of the PRETIE-Q and most popular mea-
sures of arousability and sensory modulation. Furthermore, although the scales of 
the PRETIE-Q showed consistently significant correlations with the self-reported 
intensity of physical activity, other theoretically relevant measures such as the gen-
eral-purpose scales developed by Clapper (1990), Kohn (1985), and Coren (1988, 
1990) did not. To our knowledge, the development of the PRETIE-Q is the first 
systematic effort to examine individual differences in the preference for and toler-
ance of exercise intensity, and as such it is the first answer to the numerous calls to 
investigate these potentially important influences on exercise behavior (American 
College of Sports Medicine, 2000; Dishman et al., 1994; Morgan, 1997). Therefore 
we believe that the PRETIE-Q does fill a significant void in the literature.

Our postulate that Preference and Tolerance are related but distinct constructs 
was supported. Although the two scales were moderately correlated (typically 
between .40 and .50) and both were related to the self-reported intensity of habitual 
physical activity to an almost equal degree (.32 to .55 for Preference and .28 to 
.55 for Tolerance), the analyses focusing on the prediction of affective responses 
to different levels of exercise intensity and the prediction of self-selected intensity 
showed them to be separable. We postulated that (a) an intensity corresponding 
to VT would be close to that preferred or likely to be chosen by physically active 
individuals (Dishman et al., 1994; Lind et al., 2005) and (b) an intensity that exceeds 
VT would challenge the participants’ tolerance, as it is known to be accompanied 
by significant decreases in pleasure and/or increases in displeasure (e.g., Ekkekakis 
et al., 2004). Consequently, we had hypothesized that affective responses to exer-
cise performed at VT would be related to both preference and tolerance, whereas 
affective responses to exercise performed at an intensity exceeding VT would be 
related to tolerance. 

The results supported these hypotheses. Although neither scale was related 
to affective responses to exercise undertaken at an intensity below VT, both the 
Preference and Tolerance scales accounted for significant portions of the variance 
in affective valence when the intensity was at VT, while only the Tolerance scale 
accounted for significant portions of the variance when the intensity exceeded VT. 
Specifically, Preference accounted for 22% and 19% of the variance in ratings of 
affective valence at Minutes 12 and 15 of the run at the VT, but only for 2% and 0% 
at the corresponding time points of the run above VT. Conversely, the Tolerance 
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scale accounted for 19% and 25% of the variance at Minutes 12 and 15 of the run at 
VT, and for 29% and 16% of the variance at the same time points of the run above 
VT. Likewise, in the study involving sedentary middle-aged women (Ekkekakis 
et al., in press), only the Preference, but not the Tolerance, scale accounted for 
significant portions of the variance (17% and 18%) in physiologically defined self-
selected intensity (% of oxygen uptake at VT). 

Overall, the psychometric analyses did not reveal reasons for concern, and 
consequently we offer the PRETIE-Q to the scientific community for use in research 
and additional testing (see Appendix). Perhaps the only caveat at this stage, as we 
noted, is that researchers wishing to incorporate the PRETIE-Q in structural equa-
tion models should consider the possible presence of correlated errors among some 
items (specified in the section on structural validity). 

There are also some limitations in the studies reported herein that 
future work should address. First, all but one of the studies reported here 
involved young, healthy, and mostly physically active college-age students. 
Although we tried to avoid making the items of the PRETIE-Q relevant only
to some populations or certain modes of exercise, is should be clear that in the 
absence of empirical evidence, one should not assume the scales will maintain their 
reliability and validity when used with populations other than those used here. There-
fore, we strongly recommend testing the psychometric properties of the PRETIE-Q 
in other populations (e.g., middle-aged and elderly, physically unfit, low-active, 
previously sedentary, and patients with exercise-limiting conditions).

Second, since validation is a continuous process, we encourage researchers 
to continue testing the validity of the Preference and Tolerance scales by devising 
new methods of operationalizing preference and tolerance in the context of exercise. 
For example, tolerance could be operationalized as the amount of time or added 
workload a person can endure either in spite of a decline in affective valence or after 
surpassing a meaningful physiological marker (the ventilatory or lactate threshold, 
a respiratory exchange ratio of 1.0 or 1.1, etc.). 

Pending replication of the data supporting the psychometric integrity of the 
PRETIE-Q, particularly among diverse populations, we envision that it could be 
deployed in fitness, preventive, and rehabilitative settings as a screening device, 
the outcomes from which could help identify those with a predisposition toward 
over- or underexertion or to help tailor exercise prescriptions to the characteristics 
of each individual within the range of intensity that is both effective and safe. The 
ultimate goal of the effort initiated with the development of this questionnaire is 
to better understand the psychological processes leading to dropout from physical 
activity and, by doing so, to devise methods for reducing the rate of dropout and 
improving health.
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