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Abstract

Background and purpose: This paper is a reply to Gauvin and Rejeski’s rebuttal (Psychol. Sport Exerc.
2 (2001) 73) of a previously published conceptual and methodological critique (Psychol. Sport Exerc. 2
(2001) 1) of the Exercise-induced Feeling Inventory (EFI; J. Sport Exerc. Psychol. 15 (1993) 403).
Methods: Our responses focus on (a) issues regarding scientific debates, (b) the necessity of psycho-

metric scrutiny, (c) the ongoing search for a definition of ‘‘exercise-induced feeling states,’’ (d) concerns
regarding the underrepresentation of the intended domain of content of the EFI and its appropriate uses,
(e) the implications of inductive and deductive scale development, (f) several methodological issues, (g)
the value of a circumplex model for exercise psychology research, and (h) the compatibility of categorical
and dimensional models of affect.
Results and conclusions: We maintain that the most important issues raised in the original critique of the

EFI, such as the definition, the demarcation, and the structure of its intended domain of content, were
not addressed in Gauvin and Rejeski’s rejoinder and remain unclear. Researchers are urged to contem-
plate the theoretical bases and to scrutinize the psychometric data of the available measures before mak-
ing their selection.
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Keywords: Affect; Feeling states; Scale development; Inductive and deductive; Circumplex

5 PII of original article S1469-0292(01)00008-5
� Corresponding author. Tel.: +1-515-294-8766; fax: +1-515-294-8740.
E-mail address: ekkekaki@iastate.edu (P. Ekkekakis).

1469-0292/$ - see front matter # 2003 Elsevier Ltd. All rights reserved.
doi:10.1016/S1469-0292(03)00037-2



Any criticism or challenge to consider changing our methods strikes of course at all our ego
defenses (Platt, 1964, p. 349).

In 2001, as part of a four-paper series on the measurement of affect in the context of exercise,
we published a conceptual and methodological critique (Ekkekakis & Petruzzello, 2001) of the
Exercise-induced Feeling Inventory (EFI; Gauvin & Rejeski, 1993). Gauvin and Rejeski (2001)
then published a rebuttal. It had been the hope of the editor-in-chief of Psychology of Sport and
Exercise that the anticipated ‘‘constructive and healthy debate’’ could ‘‘only be good for our
field’’ (Biddle, 2000, p. 69). Herein, we respond to Gauvin and Rejeski’s rebuttal.
We recognize that critiques of scientific works are bound to elicit what Chamberlin (1897)

called the ‘‘partiality of paternalism’’ (p. 841). Thus, a certain dose of emotionality in Gauvin
and Rejeski’s (2001) response and the conclusion that they ‘‘entertain optimism regarding the
continued utility (of the EFI) and are confident about its psychometric properties’’ (p. 86) were
not particularly surprising. The response was surprising, however, in that it provided no clar-
ifications to the many confusing aspects of the original publication of the EFI. In this paper, we
address (a) issues regarding scientific debates, (b) the necessity of psychometric scrutiny, (c) the
definition of ‘‘exercise-induced feeling states,’’ (d) the extent to which the EFI is representative
of its intended content domain, (e) the implications of inductive and deductive scale develop-
ment strategies, (f) several methodological issues, (g) the value of the circumplex model for
studying affective responses to exercise, and (h) the compatibility of categorical and dimensional
models of affect within integrative hierarchical structures.

On debate and ‘‘acrimony’’

In one of the most incisive parts of his brief autobiography, written for his children in 1876
under the title ‘‘Recollections of the development of my mind and character,’’ Darwin (1899/
1959) wrote: ‘‘I cannot remember a single first-formed hypothesis which had not after a time to
be given up or greatly modified’’ (p. 83). Such is the nature of scientific ideas, particularly novel
ones, that their review and revision is essentially inevitable. Accordingly, the Standards for Edu-
cational and Psychological Testing of the American Educational Research Association (AERA),
the American Psychological Association (APA), and the National Council on Measurement in
Education (NCME, 1999; hereafter referred to as the Standards) state that it is the responsibility
of test developers to monitor the research literature, to review, and, when appropriate, to revise
their measures. Several authors have published specific guidelines for such test revisions (e.g.,
Nelson, 2000; Smith & McCarthy, 1995). It could be argued that it is also the responsibility of
other researchers to raise issues of theoretical or methodological concern regarding published
measures. As Schutz (1993) emphasized, ‘‘It is my view that no test is sacred—just because an
instrument . . . has been around for years and used in dozens of published studies does not
necessarily mean it is a valid and reliable instrument. In other fields, even the most venerable of
tests are constantly being reevaluated and questioned’’ (p. 128).
Publishing a critique of a published work, however, is not a simple decision and numerous

factors must be considered, which go beyond the theoretical and technical aspects of the cri-
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tique. Before we started developing the series on the ‘‘affect measurement conundrum in exercise
psychology,’’ we admittedly spent a long time contemplating Hyman’s (1995) advice:

Despite your indignation or sincere desire to set the record straight, more often than not the
best course is to do nothing. If, indeed, the target article has erred in some way, subsequent
research and developments in the field will often suffice to remedy the error. Both the reply
and subsequent rejoinder by the original author will consume much of the author’s and your
time and resources. Ask yourself whether you and your opponent might better contribute to
science and humanity by devoting your time to other matters (p. 179).

Why, then, did we choose to undertake this, by all accounts, risky endeavor? While attending
an international conference in the late 1990s, one of us (PE) was struck by the exuberance
reflected in the references made by presenters to the new, exercise-specific measures of affect.
Commenting on the EFI and the Subjective Exercise Experiences Scale (SEES; McAuley &
Courneya, 1994), one speaker exclaimed that ‘‘we finally have measures that are theory-based!’’
It was then that the decision was made to attempt an in-depth analysis of the theoretical and
methodological issues surrounding the measurement of affect in exercise psychology, as we real-
ized that ‘‘research and developments in the field,’’ contrary to Hyman’s assurance, were not
moving toward ‘‘remedying the error,’’ but in the opposite direction.
Several disconcerting signs had started to appear in the literature. The published psycho-

metric evaluations of both the EFI and the SEES were exclusively concerned with whether the
various goodness of fit indices reached or exceeded established standards, and none contained a
critical discussion of the theoretical bases of the measures or the methodological steps that were
followed in their development (Lox & Rudolph, 1994; Markland, Emberton, & Tallon, 1997;
Vlachopoulos, Biddle, & Fox, 1996). Likewise, the selection of either the EFI or the SEES in
published applied studies was presented as a de facto choice, as if there was no need to substan-
tiate this decision by theoretical reasoning or psychometric evidence. Furthermore, as the popu-
larity of the new measures grew, there were increasing signs of uncertainty and confusion
regarding the meaning of ‘‘exercise-induced feeling states’’ and ‘‘subjective exercise experiences.’’
In one case, the authors justified the use of the EFI not by stating why the EFI was selected,
but rather by explaining why certain other popular measures, namely the Profile of Mood States
(POMS; McNair, Lorr, & Droppleman, 1971), the positive and negative affect schedule
(PANAS; Watson, Clark, & Tellegen, 1988), the Feeling Scale (FS; Hardy & Rejeski, 1989), and
the SEES (McAuley & Courneya, 1994), were not (Karageorghis, Vlachopoulos, & Terry, 2000).
Other authors stated that their intended construct of interest was exercise-induced ‘‘feeling
states,’’ but, instead of using the EFI, chose to employ the SEES, presumably based on the
assumption that the constructs of ‘‘exercise-induced feeling states’’ and ‘‘subjective exercise expe-
rie-nces’’ are identical and, thus, interchangeable (Blanchard, Rogers, Spence, & Courneya,
2001; Lox & Treasure, 2000; Spence & Blanchard, 2001). Others have characterized both the EFI
and the SEES as measures of ‘‘exercise-induced affect,’’ but, based on empirical results, have
pointed out that the two measures provide non-redundant information and, therefore, the two
(Szabo, Mesko, Caputo, & Gill, 1998), along with other measures (Szabo & Bak, 1999), should be
used in combination. Also assuming that the EFI and the SEES tap identical or largely overlap-
ping constructs, other researchers have advocated a merger of the two measures (Lox, Jackson,
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Tuholski, Wesley, & Treasure, 2000). Surprisingly, although McAuley and Courneya (1994) had
initially drawn a distinction between the content domains of the EFI and the SEES, noting that
the constructs assessed by the two measures occupy different levels along a ‘‘hierarchy of
psychological responses to exercise participation,’’ with the scales of the EFI representing ‘‘fur-
ther underlying structural aspects of the more general psychological responses assessed by the
SEES’’ (p. 173), McAuley and coworkers recently characterized the SEES as a measure of ‘‘feel-
ing states’’ (Gerome et al., 2002). This adds to the confusion by seemingly contradicting the ear-
lier position that the content domains of the EFI (i.e., ‘‘exercise-induced feeling states’’) and the
SEES (i.e., ‘‘subjective exercise experiences’’) are conceptually distinct.
In sport psychology, Jones and Hanton (2001), citing Gauvin and Rejeski (1993), adopted

the term ‘‘feeling states,’’ but used it to describe a different domain of content, whose structure con-
sists of a ‘‘positive’’ and ‘‘negative’’ component. Furthermore, according to Jones and Hanton,
‘‘the use of feeling states embraces athletes’ perceptions of physical states’’ (p. 387), although
Gauvin and Rejeski (1993) had chosen to exclude ‘‘physical symptoms’’ (p. 407) from the con-
tent domain of the EFI. These diverse and occasionally conflicting views have arisen because, in
the absence of specific information on what ‘‘exercise-induced feeling states’’ and ‘‘subjective ex-
ercise experiences’’ are and what they are not, researchers have resorted to devising their own,
often divergent, interpretations of these terms. We believe that continuing down this path can
only perpetuate the confusion and exacerbate the problems that the new measures were de-
veloped to solve.
It had always been our belief that embarking on an exploration of the affective space, its

nature, its limits, and its structure, regardless of whether one’s domain of interest was exercise
or something else, was akin to attempting to reinvent the proverbial wheel. Not taking advan-
tage of available maps and compasses while undertaking such an exploration is difficult to
understand, since so much has already been discovered about the affective domain in the last
century; one need only refer to the literature. In developing our critique, our approach consisted
simply of comparing the goings-on in exercise psychology with principles and procedures from
affective psychology and psychometrics that had been around, in some cases, for over a century
and, in most cases, for several decades. To underscore the fact that virtually none of the ideas
we put forth was novel or controversial and, thus, to illustrate that our disagreements were not
merely a matter of subjective preference, we invested considerable effort in documenting each
point.
It was, therefore, puzzling to see that Gauvin and Rejeski’s response was focused not on

clarifying the issues we had raised and possibly laying the groundwork for a revision of the EFI,
but rather on (a) questioning our own preferred measurement approach, namely the affect cir-
cumplex (Ekkekakis & Petruzzello, 2002a) for about 1/8 of their paper, (b) commenting on a
small sample of methodological issues for another 1/8, and (c) for the remainder of their paper,
reviewing the studies in which the EFI had been used and treating this review as evidence of its
merit. As stated earlier, on this issue, we agree with the view expressed by Schutz (1993), that
‘‘just because an instrument . . . has been around for years and used in dozens of published stud-
ies does not necessarily mean it is a valid and reliable instrument’’ (p. 128). Both Gauvin (e.g.,
Gauvin & Spence, 1998) and Rejeski (e.g., Rejeski, Hardy, & Shaw, 1991) must certainly agree
with this point, since, like us (Ekkekakis, Hall, & Petruzzello, 1999), they have criticized the use
of the state anxiety scale of the State Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, &
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Lushene, 1970) in the context of exercise, disagreeing with authors who consider the extensive

use of this measure as adequate evidence of its reliability and validity (O’Connor, Raglin, &

Martinsen, 2000; Raglin, 1997). For this reason, the studies in which the EFI has been used will

not be discussed in this paper, just as they were not discussed in our initial critique.
Gauvin and Rejeski (2001) charged that we exhibited ‘‘ardor in dissecting the EFI’’ (p. 75)

and that we formulated our statements in an ‘‘acrimonious manner’’ (p. 75). However, they

identified no specific examples, other than a few statements of fact, such as that the develop-

ment of exercise-specific measures grew out of ‘‘escalating dissatisfaction’’ with the traditional

measures (e.g., the POMS). This, of course, is hardly ‘‘acrimonious,’’ since Gauvin and Reje-

ski’s (1993) own rationale for the development of the EFI was based on a critique of the tra-

ditional measures (see pp. 403–404). In fact, Gauvin and Spence (1998) used language almost

identical to ours when they stated that the exercise-specific instruments ‘‘emerged as a result of

an effort to overcome lacunae in the measurement of exercise-induced psychological states’’

(p. 331). Furthermore, the accusations of ‘‘ardor’’ and ‘‘acrimony’’ are groundless for several

important reasons. First, our paper had undergone peer review. Given its critical nature, it is

reasonable to infer that, had there been any signs of acrimony, our critique would not have

been accepted for publication. Second, although we have opted not to use the EFI in our

research for the reasons we discussed, we consistently use the FS, a measure co-developed by

Rejeski (Hardy & Rejeski, 1989; Kenney, Rejeski, & Messier, 1987). Third, in most of our

research, we cite the insightful analysis by Gauvin and Brawley (1993) on the relative strengths

and weaknesses of categorical and dimensional models of affect for research in the context of

exercise and their suggestions to exercise psychology researcher to consider the circumplex

model. Fourth, as previously noted, we have published research examining problems associated

with the use of the state anxiety scale of the STAI in the context of exercise (Ekkekakis et al.,

1999). This research was not only inspired by a similar earlier study by Rejeski et al. (1991), but

also strongly defended the position of these authors against criticisms that had been expressed

by others in the interim (e.g., Raglin, 1997). Fifth, Rejeski’s (1981, 1985) pioneering social–

psychophysiological model of perceived exertion is at the core of our more recent work on the

mechanisms underlying the generation of affect in the context of exercise (Ekkekakis, 2003;

Ekkekakis & Petruzzello, 2002b; Hall, Ekkekakis, & Petruzzello, 2002). In short, our work has

benefitted considerably from Gauvin and Rejeski’s contributions and we consistently give credit

where credit is due.
Finally, it should be noted that, since the publication of our series began, additional caution-

ary notes and critiques of the exercise-specific measures of affect have appeared (Biddle &

Mutrie, 2001; Buckworth & Dishman, 2002; Lox, Ekkekakis, & Lochbaum, 2001; Lox et al.,

2000). To the extent that our papers are responsible for raising awareness, not only for the

problems surrounding the EFI, but also for the measurement of affect in the context of exercise

in general, then the series is starting to accomplish its mission.
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On doing away with psychometric scrutiny

On a couple of occasions, Gauvin and Rejeski invoked excerpts from a paper by Landy
(1986), leading to perhaps some of the most confusing parts of Gauvin and Rejeski’s response.
At one point, they cited the following:

Researchers are not really interested in the properties of tests. Instead, they are interested in
the attributes of people who take such tests. Thus, validation processes are not so much
directed toward the integrity of tests as they are directed toward inferences that can be made
about the attributes of the people who have produced those test scores (Landy, 1986, p. 1186;
cited in Gauvin & Rejeski, 2001, p. 74).

On the basis of this excerpt, Gauvin and Rejeski (2001) noted that our critique of the EFI
‘‘exemplifies the pitfall of conferring primacy to the properties of tests over knowledge advance-
ment’’ (p. 74). We are uncertain how we have done this but, more importantly, we are deeply
troubled by the implication that investigators should not be concerned with the properties of the
tests they use in their research. How is one to make valid and reliable inferences about the
people who take a test if the test itself is not valid and reliable?
Landy (1986) himself makes no such argument. He is arguing for a unitarian approach to val-

idity, which challenges the traditional typology of content, construct, and criterion-related val-
idity. In this view, validation is treated as regular hypothesis testing and, as such, it can be
accomplished by a variety of designs and types of analysis that do not fall in distinct categories.
In the excerpt cited by Gauvin and Rejeski, Landy makes the rather uncontroversial claim that,
ultimately, researchers are interested in learning about the people, not about the tests them-
selves. Yet, by adhering to the traditional ‘‘trinitarian’’ view of validity, many psychologists had
been primed to think of validation as collecting pieces of evidence that fall neatly under the
three traditional categories. Landy likens them to stamp collectors: ‘‘there are only three spaces
to be filled—the content space, the construct space, and the criterion-related space’’ (p. 1184).
As intriguing as Landy’s (1986) views are, we do not see their relevance to our critique of the

EFI. Examining the properties of tests may not have ‘‘primacy over knowledge development,’’
but there is hardly any question that, without conceptually and psychometrically sound tests,
the process of knowledge development can easily be derailed. It is certainly not yet time to dis-
card the psychometric textbooks, as the news of the death of psychometrics was highly exagger-
ated!
Consider the following. Gauvin and Spence (1998, p. 334) cited Kerlinger (1979), who noted

that ‘‘measurement can be the Achilles’ heel of behavioral research’’ (p. 141). Here is the note-
worthy continuation of that excerpt:

Too often investigations are carefully planned and executed with too little attention paid to
the measurement of the variables of the research . . . All fields of human effort have their
share of mythology and nonsense. Measurement is unfortunately particularly burdened with
both. Negative attitudes toward psychological measurement are part of the cause. But ignor-
ance and misunderstanding are probably a greater part. One of the core difficulties seems to
be that the basic purpose of measurement in science is misunderstood. It is believed that psy-
chologists, for example, measure people, and that you cannot measure people. But scientists
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do not really measure people, nor do they say they do (or they should not say they do). They
measure variables, just as in experiments they do not manipulate people but variables. . . To
believe that psychologists measure people, then, is naive. To criticize measurement because it
does not measure people is also naive. Indeed, the whole measurement procedure, even of
relatively ‘‘simple’’ variables, is highly indirect, complex, and often difficult. . . Like anything
else, tests and measures must be used with caution and discretion. . . We must always be very
careful to ascertain the reliability and validity of our measures (pp. 141–142).

On the elusive definition of ‘‘exercise-induced feeling states’’: the search continues

One of the primary issues of concern raised in our critique of the EFI was the absence of a
definition of the construct of ‘‘feeling states’’ and the absence of a clear specification of the
intended domain of content of the scale. The fallout from this problem is becoming evident, as
researchers appear unable to provide conceptual rationales for selecting the EFI or distinguish-
ing the content domain of the EFI from those of other measures.
Given the importance of this problem, we were hopeful that Gauvin and Rejeski would pro-

vide a definition of ‘‘feeling states,’’ but they did not. Instead, they claimed that we failed to
‘‘grasp the primary intent underlying the development of the EFI’’ (p. 74), arguing that ‘‘an
examination of the original paper (Gauvin & Rejeski, 1993) would reveal that the EFI is not a
measure of exercise-specific affect. Such a claim was never enunciated’’ (p. 74). Contrary to
these claims, however, Gauvin and Spence (1998) listed ‘‘exercise-induced feelings’’ under the
rubric of ‘‘variables adopted in the study of exercise-related affect’’ (p. 327, italics added) and
the EFI under the rubric of ‘‘measures of affective states’’ (p. 331, italics added). Likewise, Reje-
ski, Reboussin, Dunn, King, and Sallis (1999) stated that the concepts measured by the EFI
(i.e., Revitalization, Positive Engagement, Tranquility, and Exhaustion) ‘‘appear to be the pri-
mary forms of affect that are directly influenced by physical activity’’ (p. 98, italics added).
According to existing guidelines, the definition and demarcation of the content domain is cru-

cial for the development of a measure. This is even more so in the case of a construct, such as
‘‘exercise-induced feeling states,’’ which is unique in the psychological literature and, as such,
represents unfamiliar territory. We had noted that the only account of what was meant by ‘‘feel-
ing states’’ that we were able to find was one provided by Gauvin and Spence (1998) several
years after the publication of the EFI. According to this description, the term ‘‘feeling states’’
refers ‘‘to those human experiences that include bodily reactions, cognitive appraisals, actual or
potential instrumental responses, or some combination thereof’’ (p. 326). Furthermore, Gauvin
and Spence noted that exercise can ‘‘elicit feeling states including but not limited to Positive
Engagement, Revitalization, Physical Exhaustion, and Tranquility’’ (p. 327). Our comments were
that (a) the definition of feeling states was too broad, as it subsumed under the rubric of ‘‘feel-
ing states’’ three extremely large domains of psychological research (perception, cognition, and
behavior), while mysteriously excluding affect, and (b) if ‘‘exercise-induced feeling states’’ in-
clude more constructs than just the four tapped by the EFI, some explanation must be provided
for why others were excluded. To these concerns, Gauvin and Rejeski (2001) replied that ‘‘when
Gauvin and Spence (1998) defined feeling states, they were not referring to the EFI at all’’
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(p. 77). We find this perplexing, as we cannot understand why Gauvin and Spence’s (1998) defi-
nition of ‘‘feeling states’’ would be different from Gauvin and Rejeski’s (1993) definition. This
means that the definition of feeling states that was used by Gauvin and Rejeski in the develop-
ment of the EFI remains elusive. Notably, Gauvin and Rejeski (2001) seem to agree with us
that Gauvin and Spence’s (1998) definition, which follows Averill’s (1994) is, in fact, too broad
and vague.
To close this section, Gauvin and Rejeski (2001) are right when they say that ‘‘the mere juxta-

position of statements from our various publications further confuses matters and does not
advance the debate on what is still a highly contentious issue’’ (p. 75). However, the confusion
stems from the contradictions in these statements. Although authors are certainly allowed to
change their positions, it is not constructive to do so without providing a clear rationale.

On the representativeness of the content domain

According to the Standards (AERA, APA, & NCME, 1999), test developers should give care-
ful consideration to whether ‘‘a test measures less or more than its proposed construct’’ (p. 10).
In particular, ‘‘construct underrepresentation refers to the degree to which a test fails to capture
important aspects of the construct’’ (p. 10). In our critique of the EFI, we commented exten-
sively on the possibility of construct underrepresentation as a result of the item selection and
content validation procedures that were followed. To recap, the item pool of the EFI was
reduced based on (a) the opinions of three experts regarding the presumed relevance of items to
exercise (from over 500 items to 145), (b) the confirmation of item relevance to exercise by a
sample of students (all 145 retained), (c) the formation of 15 clusters based on subjective cri-
teria, and (d) the progressive elimination of 11 clusters, also based on subjective and mostly
undisclosed criteria. Given the fact that at no point during these procedures were diverse sam-
ples of exercisers queried in an open-ended fashion about their responses to exercise, we
expressed the concern that there may be aspects of ‘‘exercise-induced feelings’’ that may not be
tapped by the remaining items and scales. In particular, we pointed out that the final form of
the EFI contained no scales that were unequivocally negative. This seemed problematic inas-
much as research has shown that such responses do occur, particularly during exercise, such as
increases in tension (e.g., Ekkekakis et al., 1999).
Gauvin and Rejeski (2001) responded that interpreting increases in tension as negative was an

‘‘inferential leap’’ (p. 79). Furthermore, they argued that, even if participants experience an
increase in tension during a maximal graded exercise test as negative, this, in essence, falls out-
side the scope of the EFI, as Gauvin and Rejeski’s ‘‘interest in developing the EFI was to pro-
vide a measure that would be beneficial for research that has more of a public health focus’’ (p.
79). They concluded by asserting that ‘‘public health interventionists rarely, if ever, encourage
individuals to participate in maximal intensity exercise’’ (p. 79).
Contrary to the assumption that negative affective responses are limited to maximal exercise,

several studies have shown declines in affective valence with considerably less strenuous inten-
sities. Hardy and Rejeski (1989), for example, showed that ratings of affective valence (assessed
by the FS) declined as exercise intensity was increased from just 30% to 60% (and, finally, to
90%) of estimated maximal aerobic capacity. Van Landuyt, Ekkekakis, Hall, and Petruzzello
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(2000) showed that 41.3% of a sample of young and healthy participants reported declines in
affective valence (also assessed by the FS) during a moderate-intensity (60% of estimated maxi-
mal aerobic capacity, 141 beats�min�1) bout of stationary cycling. Bixby, Spalding and Hatfield
(2001) showed a similar decline in affective valence during a bout of stationary cycling, when the
intensity corresponded to the ventilatory threshold (158 beats�min�1). In fact, several other
studies have also demonstrated negative affective responses during or immediately after sub-
maximal bouts of exercise (see Ekkekakis & Petruzzello, 1999, for a review). It should be
emphasized that these results have come from studies of young, healthy, and mostly physically
active participants. Therefore, it is reasonable to speculate that studies involving older, obese, or
otherwise physically limited individuals may yield even more negative patterns. Notably, Gau-
vin and Spence (1996) stated that ‘‘there is no doubt that acute vigorous exercise constitutes a
very profound stimulus accompanied by many physical symptoms that can be perceived as dis-
tressing, instrumental, pleasant, or unpleasant’’ (p. S60, italics added).
In our view, perhaps the most important development that arose from Gauvin and Rejeski’s

response on this issue is the acknowledgment that the EFI was not intended for use with high-
intensity and maximal exercise stimuli and, presumably, any mode or dose of exercise that can
elicit unpleasant responses. This is an important caveat, which should have been issued from the
beginning. According to the Standards (AERA, APA, & NCME, 1999), the recommended uses
of a test must be specified and, ‘‘where particular misuses of a test can be reasonably antici-
pated, cautions against such misuses must be specified’’ (p. 68). Recall that Gauvin and Rejeski
(1993) had initially asserted that the components of the EFI reflect the ‘‘phenomenology of
people involved in exercise in the real world’’ (p. 408) and Rejeski et al. (1999) stated that these
components represent the ‘‘primary forms of affect that are directly influenced by physical
activity’’ (p. 98). Researchers should be cautioned that, according to Gauvin and Rejeski’s
revised position, the intended uses of the EFI exclude high intensity and maximal exercise.
Finally, we feel compelled to reiterate that construct underrepresentation might be a problem

when the participants involved are not young, healthy, and physically active. The Standards
state that ‘‘the population for whom the test is intended . . . should be documented’’ (p. 69). As
we had pointed out, although Gauvin and Rejeski (1993) had noted that the ‘‘universe of con-
tent’’ of the EFI ‘‘is consistent with the phenomenology of men and women who exercise with
some regularity’’ (p. 419), the EFI has been used in several studies that involved participants
selected to be sedentary (i.e., that do not ‘‘exercise with some regularity’’; see Ekkekakis & Pet-
ruzzello, 2001, for references). Researchers who undertake such studies should keep in mind
that, according to the Standards, ‘‘if a test is used in a way that has not been validated, it is
incumbent on the user to justify the new use, collecting new evidence if necessary’’ (p. 18).

On inductive and deductive scale development

One of our criticisms of the EFI centered on the fact that, although the focus on Positive
Engagement, Revitalization, Tranquility, and Physical Exhaustion was presented as driven by
an ‘‘a priori conceptual framework’’ (Gauvin & Rejeski, 1993, p. 411), pointing to a deductive
approach to scale development, the methods that were followed during the item selection and
content validation phases were incompatible with a deductive approach. We further noted that
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the item selection procedure did not follow established guidelines, as it consisted of the atypical
process of forming clusters of items based on subjective and mostly undisclosed criteria and
then gradually pruning the item pool from 15 to 4 clusters, again with insufficient information
about this process to allow its replication by independent researchers.
In their response, Gauvin and Rejeski (2001) acknowledged that, in fact, the development of

the EFI was not based on a deductive approach. They noted that ‘‘we had not initially opted
for a dimensional or a categorical approach’’ (p. 77) and ‘‘we did not label Positive Engage-
ment, Revitalization, Physical Exhaustion, and Tranquility as ‘feeling states’ until after the data
had been collected and analyzed’’ (p. 77). This certainly contradicts the original claim of an ‘‘a
priori conceptual framework’’ (Gauvin & Rejeski, 1993, p. 411). Such an acknowledgment that
no conceptual postulates regarding the content and structure of the domain of ‘‘exercise-
induced feeling states’’ had been formulated in advance (Kerr, 1998) is very important infor-
mation to those interested in using the EFI. We will simply reiterate one of the cardinal rules of
scale development: ‘‘Even if there is no available theory to guide the investigators, they must lay
out their own conceptual formulations prior to trying to operationalize them’’ (DeVellis, 1991,
p. 52).

On methodological issues

Gauvin and Rejeski (2001) commented on only a small sample of the methodological issues
we raised. Our responses follow.

On the reciprocal relationship between parsimony and goodness of fit

In our critique of the EFI, we questioned the decision to split an apparently homogenous fac-
tor into two (Positive Engagement and Revitalization) and then attempt to establish the superi-
ority of this solution through confirmatory factor analysis (FA). We argued that, because of the
reciprocal relationship between parsimony and goodness of fit, the solution that contains the
additional factor has a high likelihood of yielding a better fit, especially if the correlation
between factors is not constrained to some degree of independence. We illustrated this point
with a simple computational exercise, using a matrix of factor loadings from a principal compo-
nents analysis (PCA) reported by Gauvin and Rejeski and working backwards to reconstruct
the item intercorrelation matrix. We then used these data to run a series of confirmatory factor
analyses to illustrate our point. Gauvin and Rejeski (2001) commented that ‘‘the reader is left to
wonder why Ekkekakis and Petruzzello’s derived analyses were performed in the first place,
particularly since they did not state what specific question they were attempting to answer
through this demonstration’’ and concluded that the analysis was ‘‘nonsensical’’ (p. 78). They
also claimed that ‘‘in a last ironic twist, if Ekkekakis and Petruzzello had read our original
paper on the EFI more carefully, they would have concluded that this was the wrong data set to
analyze in the first place’’ (p. 78).
As a first observation, the structure of a measure should remain invariant across the sit-

uations in which it is likely to be employed. Therefore, whether the data were collected before
or after exercise should make no difference in the structure of the EFI, as long as the usage of
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the scale at both times is deemed acceptable by its developers. If the structure was expected to
vary, then a comparison between pre-exercise and during- or post-exercise responses would be
improper, necessitating the issuance of an appropriate warning to prospective users.
Second, the fact that our secondary analysis used the matrix from the PCA was not due to a

failure to distinguish the ‘‘right’’ from the so-called ‘‘wrong’’ data set. This matrix was selected
because it allowed us to estimate the item intercorrelation matrix using standard formulas, since
the item intercorrelation matrix that was used for the confirmatory FA was not reported.
Third, as was clearly explained in our paper (Ekkekakis & Petruzzello, 2001, pp. 18–20), the

purpose of our computational exercise was to show, through a series of confirmatory factor
analyses, that (a) one can split the homogeneous factor either the way that Gauvin and Rejeski
did or some other way and still obtain solutions that have a better fit compared to the three-fac-
tor solution, and (b) if one splits up the homogeneous factor even further into three rather than
two factors (i.e., five rather than four factors in total), then the fit can be improved even more.
Our goal was to underscore that finding better fit by splitting a homogenous factor into more
factors is essentially trivial. Absent of a strong theoretical basis, such a finding cannot be con-
strued as an adequate rationale for maintaining the four-factor over the three-factor solution.

On convergent and discriminant validity

Commenting on our discussion of the convergent and discriminant validity data of the EFI,
Gauvin and Rejeski (2001) stated that ‘‘Ekkekakis and Petruzzello apparently use different cri-
teria at different times but do not explain why. We are perplexed by their methods of analysis
and interpretation’’ (p. 78). Both our methods and our points were plainly explained. We had
noted that, given the absence of theoretical or empirical evidence for the separability of the
Positive Engagement and Revitalization factors, we were not surprised by the fact that these
two factors had similar correlations with external correlates, namely the Positive Affect (PA)
Scale of the PANAS (Watson et al., 1988) and the Energy Scale of the activation deactivation
adjective check list (AD ACL; Thayer, 1989). If these scales represented substantively different
constructs, this should have been reflected in their relationships with these external correlates.
Instead, the correlations of Positive Engagement and Revitalization with these two scales were
0.69 and 0.58 with PA and 0.28 and 0.47 with Energy, respectively. Based on tests of the differ-
ences between the z-transformed values of these coefficients (for a single-sample case, with
N ¼ 115), the former coefficients are not significantly different whereas the latter are only mar-
ginally different at 0.05 (Cohen, 1988). We maintain that these data do not constitute compel-
ling evidence of discriminant validity.
We had also pointed out that the Tranquility Scale of the EFI had a stronger correlation with

the conceptually unrelated PA Scale of the PANAS (i.e., 0.40) than with the conceptually
related Calmness Scale of the AD ACL (i.e., 0.30). The rationale for this observation was that
both Calmness and Tranquility are pleasant low-activation states (e.g., see Rejeski et al., 1999,
p. 99, Fig. 1) and should, therefore, be highly interrelated (approaching unity). Instead, they
had a correlation of 0.30. On the other hand, PA is a state of pleasant high activation and
should, therefore, have a near-zero correlation with Tranquility (i.e., separated by 90

v
; see

Rejeski et al., 1999). Instead, they had a correlation of 0.40. Again, we maintain that these data
do not constitute convincing evidence of convergent and discriminant validity.
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On error of measurement and correlation coefficients

Also on the issue of the separability of the Positive Engagement and Revitalization Scales, we
had cited the opinion of Nunnally and Bernstein (1994) that a correlation of 0.50 ‘‘should make
you consider the option’’ and a correlation of 0.70 ‘‘would be a very strong reason’’ (p. 501) to
merge two scales into one. The correlation between Positive Engagement and Revitalization
reported by Gauvin and Rejeski was 0.68, leading us to believe that, absent of a theoretical
argument to the contrary, there was no statistical reason to separate these two scales. As an
additional argument, we pointed out that, once the error of measurement was taken into
account by ‘‘correcting’’ the correlation coefficient for unreliability, the two scales appeared
almost perfectly redundant, with a correlation of 0.90.
Gauvin and Rejeski’s response was that (a) only test–retest, and not internal consistency coef-

ficients, can be used in the formula for correction of attenuation due to unreliability, and (b)
that ‘‘these authors chose a level of reliability that was optimal for their point of discussion’’
(p. 79). Neither point is accurate.
First, internal consistency coefficients can be used as estimates of unreliability. Although it is

true that before the use of Cronbach’s alpha coefficient had spread, Guilford (1954) had argued
that ‘‘the type of reliability estimate to use for this purpose has been a much debated subject’’
(p. 400), since that time, psychometricians have adopted alpha as the appropriate estimate (e.g.,
Muchinsky, 1996; Nunnally & Bernstein, 1994).
Second, we certainly did not choose the reliability estimate that ‘‘was optimal for our point of

discussion.’’ Rather, we chose the same reliability estimates reported by Gauvin and Rejeski
(1993, p. 415) for the data set from which the inter-scale correlations were calculated (i.e., post-
exercise; specifically, 0.78 for Revitalization and 0.74 for Positive Engagement). As we noted, in
conjunction with the reported 0.68 correlation between Positive Engagement and Revitalization,
the correction for attenuation yields 0.90. The important point is that, with or without correc-
tion for attenuation, the correlation between Positive Engagement and Revitalization is high
enough to challenge the separability of these two scales on statistical grounds. Even without a
correction, others have reported a correlation as high as 0.857 (Lox et al., 2000, p. 85), well
above the 0.70 level specified by Nunnally and Bernstein (1994) as a ‘‘very strong reason’’
against the separation.

On principal components and factor analyses

Of the numerous comments we made on the PCA of the EFI, Gauvin and Rejeski (2001) lim-
ited their response to one, arguing that they opted to use a PCA rather than a FA because they
‘‘were in the initial phase of development of the measure and simply wanted an empirical sum-
mary of the data’’ (p. 79). This assessment does not agree with our reading of their paper. As
we noted in our critique (see p. 12), the PCA was not conducted ‘‘in the initial phase of devel-
opment.’’ In fact, we expressed our puzzlement over the fact that an exploratory analysis was
conducted in the first place, since, when it was conducted, there was really nothing left to
explore. The PCA was conducted when the final four scales of the EFI had already been formed
and the final 12 items that made up these scales had already been selected.
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On the circumplex as a ‘‘simplistic’’ model

Although the word ‘‘circumplex’’ appeared only once, in a parenthesis that was not even
meant to describe or defend the model but rather to specify the work presented in a paper
(Russell, 1980) that Gauvin and Rejeski (1993) had reportedly consulted in the development of
the EFI, Gauvin and Rejeski (2001) devoted as much space criticizing the circumplex (pp. 75–
77) as they did responding to criticisms about the EFI. Therefore, it was with some amusement
that we read that ‘‘whether or not a circumplex model, like the one described by Russell and
others, is useful in harnessing the psychological outcomes of acute exercise is entirely another
matter that should not be gratuitously entangled within a discussion of the value of the EFI.
The only possible outcome is confusion’’ (p. 77). Suffice it to say that we agree.
It appears that the critique of the circumplex was prompted by the fact that, according to

Gauvin and Rejeski (2001), ‘‘Ekkekakis and Petruzzello would like exercise scientists to adopt a
dimensional approach to the study of affect, the circumplex model’’ (p. 75). First, we should
point out that, when Gauvin and Rejeski’s (2001) response was published, our conceptual argu-
ments for the use of the circumplex in exercise psychology had not yet been published (Ekkeka-
kis & Petruzzello, 2002a) and, evidently, Gauvin and Rejeski had not read the already published
introductory paper of the series (Ekkekakis & Petruzzello, 2000).
Gauvin and Rejeski (2001) attacked the circumplex model, based on three unsubstantiated

claims: (a) the fit of the circumplex to self-reported affective data is poor, (b) separable neural
substrates of pleasure and displeasure challenge the notion of a bipolar relationship between
these states, which is central to the circumplex model, and (c) assessments of perceived acti-
vation are problematic. We believe that (a) these issues are, in fact, unrelated to the present dis-
cussion on the EFI and (b) although it might take but a few lines of text to condemn decades of
research in an invited article, it takes meticulous analysis to set the record straight and inform
those who may not be ready or willing to perform their own, independent evaluation of the
literature. Therefore, we have decided that it would be best if we dealt with these criticisms in
an appropriately detailed fashion elsewhere. Here, we will only examine the position taken by
Gauvin and Rejeski regarding the circumplex before they decided to label this model ‘‘out-
dated’’ (p. 74) and ‘‘oversimplified’’ (p. 76).
Gauvin and Brawley (1993) were probably the first authors in exercise psychology to draw

attention to the circumplex. They noted that, despite the considerable potential of the model
and its relevance to exercise, the ‘‘circumplex model of affect has been virtually ignored by
researchers in exercise psychology’’ (p. 153). They then recommended that this situation be
changed, suggesting that ‘‘future research should. . .focus on describing when changes in hedonic
tone (what we have called affective valence) and self-perceptions of activation occur throughout
exercise stimuli of varying intensities, as well as during the recovery period from exercise’’ (p.
154). This recommendation was based on the assertion that describing responses to exercise
‘‘according to the circumplex model of affect appears to be relevant for two reasons’’ (p. 155).
One reason why ‘‘the circumplex model of affect. . .seems particularly well suited’’ to the study
of exercise-induced responses is ‘‘because exercise may induce changes in both dimensions of the
model’’ (p. 155). The other reason is that, according to research (see Ekkekakis & Petruzzello,
2002a, for an overview), ‘‘the dimensions of hedonic tone and activation appear to account for
about 45% of the variance in affective experience. Therefore, the importance of these dimensions
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cannot be ignored’’ (p. 155). Besides these comments, which focused specifically on the circum-
plex model, as we noted in our initial critique of the EFI (Ekkekakis & Petruzzello, 2001), Gau-
vin and Brawley (1993) made an excellent case for using dimensional models (such as the
circumplex) rather than categorical models for the study of affect in the context of exercise.
Expressing a position with which we completely agree (Ekkekakis & Petruzzello, 2000, 2002a),
they noted that ‘‘because the affective experience that accompanies exercise has not been thor-
oughly described, a model of affect that has a wider breadth (i.e., a dimensional model) is more
likely to capture the essence of exercise-induced affect than a model that, at the outset, limits the
focus of investigation to specific emotions’’ (p. 152). We would like to reemphasize that we con-
sider these views to be remarkably insightful and pioneering, as they were formulated at a time
that others in exercise psychology had yet to contemplate the merits of the circumplex model or
dimensional models of affect, in general. Gauvin and Spence revisited the circumplex model as
recently as 1998, yet offered no indication that the model had, in the interim, turned from ‘‘rel-
evant’’ (Gauvin & Brawley, 1993, p. 155) and one that exercise psychology researchers should
adopt to one that represents ‘‘a conceptual view of the area that is overly simplistic and out-
dated’’ (Gauvin & Rejeski, 2001, p. 74). In fact, in 1999, Rejeski et al. not only offered a
description of the model, but also proceeded to speculate as to which octant of the circumplex
space the scales of the EFI would occupy. Despite the previous endorsements, however, Gauvin
and Rejeski (2001) did a complete about-face with regard to the circumplex model. Gauvin and
Brawley’s (1993) views were now portrayed as almost inconsequential, describing nothing more
than an ‘‘alternative’’ model for the study of exercise and affect (p. 77). The reasons for this dra-
matic change remain unclear.

On the compatibility of categorical and dimensional models

Gauvin and Rejeski (2001) argued that our interpretation of the relative strengths and weak-
nesses of categorical and dimensional models was ‘‘simply incorrect’’ (p. 76) and that, in ‘‘con-
temporary views of affect’’ that are not ‘‘constrained by the assumptions being promoted by
Ekkekakis and Petruzzello’’ (p. 76), categorical and dimensional models are compatible.
This statement raises an issue that had already been addressed at length in the introductory

paper of our series (Ekkekakis & Petruzzello, 2000, pp. 80–81). As we had emphasized there
and later reiterated in the paper on the circumplex (Ekkekakis & Petruzzello, 2002a, pp. 36–37
and 46–47), it is clear that both categorical and dimensional models have their place. Specifi-
cally, a year before Gauvin and Rejeski’s (2001) reminder that categorical and dimensional
models are compatible within a hierarchical structure, we had noted the following: ‘‘acknowl-
edging that both the categorical and the dimensional perspective have relative advantages and
limitations, several authors have presented hierarchical models in which a dimensional represen-
tation accounts for the commonalities between affective states at a macro-level and categorical
models account for the specificity at a micro-level’’ (Ekkekakis & Petruzzello, 2000, p. 80). We
also cited Watson and Clark’s (1997) opinion that categorical and dimensional perspectives ‘‘are
not incompatible or mutually exclusive; rather, they essentially reflect different levels of a single,
integrated hierarchical structure’’ (p. 269).
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The question, then, is which one is preferable for use in the context of exercise at the present

stage of knowledge development and, primarily, in descriptive studies, which continue to make

up the vast majority of studies in this field. On this issue, we have stated repeatedly that we con-

cur with Gauvin and Brawley’s (1993) assessment that ‘‘a model of affect that has a wider

breadth (i.e., a dimensional model) is more likely to capture the essence of exercise-induced

affect than a model that, at the outset, limits the focus of investigation to specific emotions (i.e.,

a categorical model)’’ (p. 152).

Conclusion

Perhaps the most important issues discussed in our original critique of the EFI were not

addressed in Gauvin and Rejeski’s (2001) response. All indications point to the fact that there

remains a lot of confusion regarding what ‘‘exercise-induced feeling states’’ are and what they

are not. We are still uncertain what the boundaries of the domain of content are and whether

the EFI offers an encompassing representation of this domain. We still do not know why the

EFI was developed as a categorical measure. We are still troubled by the notion of a universal

phenomenology of exercise that can allegedly be represented by four distinct states. We do not

understand how, despite the claim that ‘‘the stimulus properties of exercise can elicit feeling

states including but not limited to Positive Engagement, Revitalization, Physical Exhaustion, and

Tranquility’’ (Gauvin & Spence, 1998, p. 327, italics added), the EFI, a measure of the domain

of ‘‘exercise-induced feeling states,’’ taps only these four and yet its ‘‘exclusive use. . .can be

defended’’ (Gauvin & Rejeski, 2001, p. 75). We also remain unaware of any evidence that the

content and/or structure of the affective domain in the context of exercise differ from those of

global affect, making exercise-specific instruments necessary. We have yet to see evidence that a

measure such as the EFI can unveil secrets of exercise-induced affect that general theory-based

measures, such as the AD ACL (Thayer, 1989), cannot. We also do not understand how it is

acceptable to use a measure that has been specifically tailored to be responsive to only one type

of experimental condition (i.e., exercise) in another, clearly incompatible, type of condition (e.g.,

quiet rest; see Gauvin & Rejeski, 2001, p. 74) and then to compare the responses from the two

conditions. We do not know what the difference between Positive Engagement and Revital-

ization is and we have never seen two scales that are correlated as strongly as these two are

(e.g., 0.857, as reported by Lox et al., 2000) be treated as separate entities. Gauvin and Rejeski

(2001) argued that they ‘‘have responded to (our) specific arguments’’ (p. 85) although they do

not find these to be ‘‘pertinent issues for debate’’ (p. 79). Unfortunately, they have not

responded to most of our arguments. Moreover, the issues we raised are not only pertinent, but

crucial. As we did throughout our series on the measurement of affect in the context of exercise,

we will repeat the call to researchers to contemplate the theoretical bases and to scrutinize the

psychometric data of the available measures before making their selection.
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