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Approximately 40% of the adults in the United States report no regular 
physical activity (United States Department of Health and Human Services, 
2000), 65% do not meet the current physical activity recommendations 
of 30 minutes of daily moderate activity (Jones et al., 1998), only 15% 
participate in activities of suffi cient intensity, duration, and frequency to 
improve or maintain cardiorespiratory fi tness (United States Department 
of Health and Human Services, 1996), and 50% of those who start an 
exercise program drop out during the fi rst 6 to 12 months (Dishman & 
Buckworth, 1996, 1997). According to the 1998-99 Progress Review of 
the Healthy People 2000 program, over the past 15 years, “the propor-
tion of the population reporting physical activity has remained essentially 
unchanged, and progress is very limited” (United States National Center 
for Health Statistics, 1999, p. 29). Moreover, data from the National He-
alth and Nutrition Examination Survey show that overweight, defi ned as 
a BMI >25, increased from 55.9% in 1988-1994 to 64.5% in 1999-2000 
and obesity, defi ned as a BMI >30, increased from 22.9% to 30.5% during 
the same period (Flegal et al., 2002). For these reasons, the promotion of 
physical activity has been characterized a national public health priority 
(United States Department of Health and Human Services, 1996, 2000) 
and ”the new imperative for public health”(Sparling, Owen, Lambert, & 
Haskell, 2000). In Europe, among 15 country-members of the European 
Union, 11% of the residents report no participation in any physical activity 
or exercise, 31% are overweight, and 10% are obese (Institute of European 
Food Studies, 1999).

The problem of low participation in physical activity is clearly a function 
of both a low rate of initial engagement and a high rate of subsequent dro-
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pout. However, much less research attention has been directed over the years 
to the psychological processes underlying dropout than those underlying 
initial engagement. According to Dishman (2001):

It is clear that most research efforts during the past 10 years have 
been guided by models best suited to increasing the initial adoption 
of physical activity rather than understanding maintenance and 
periodicity of participation... It is my contention that the currently 
low prevalence of physical activity in the US and other developed 
nations can partly be explained by the nearly exclusive focus of re-
search during the past decade or so on interventions designed mainly 
to increase adoption and theories that do a poor job of explaining 
adherence. (p. 281)

More specifi cally, a mechanism that is often assumed, but has yet to be 
studied in a systematic manner consists of a causal chain linking (a) the in-
tensity of physical activity, (b) affective responses of pleasure or displeasure, 
and (c) adherence or dropout. According to Dishman (2003), "though phy-
sical activity arguably offers more opportunities for pleasure than do most 
other health-related behaviors (compared to brushing, fl ossing, buckling 
up, and seeing the doctor, for example), we, ironically, have learned very 
little about intrinsic reinforcements (e.g., enjoyment of physical activity) for 
continued participation" (p. 46). Nevertheless, this idea has been around for 
a long time. A connection between pleasure and adherence was proposed 
by Morgan as early as 1977:

It seems reasonable to assume that [individuals] must experience 
some form of positive reinforcement from the outset. In other words, 
if the experience is not ... pleasurable, one should expect the volunteer 
to drop out. The exercise must not be perceived as primarily noxious, 
and it also must be suffi ciently pleasurable to compete successfully 
with other pleasurable options available to the exerciser. (p. 244)

Reiterating essentially the same idea, more than 20 years later, the text of 
the Healthy People 2010 program in the United States emphasized that 
”each person should recognize that starting out slowly with an activity that 
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is enjoyable ... is central to the adoption and maintenance of physical acti-
vity behavior” (United States Department of Health and Human Services, 
2000, p. 22-4).

An essential fi rst step in the process of examining the causal pathway 
linking intensity, affect, and adherence or dropout is gaining a better under-
standing of the crucial fi rst link, namely the relationship between exercise 
intensity and affect. The current ”orthodox” view on this subject in exercise 
psychology is that (a) exercise makes people feel better, (b) moderate-inten-
sity exercise (not too low, not too high) optimizes the conditions for positive 
affective change, and (c) affective responses to exercise depend mainly on 
cognitive processing and appraisal. Propositions (a) and (b), in particular, 
are generally assumed to have a nearly nomothetic scope, being applicable 
to 80% or 90% of exercisers. Some examples of these propositions, as they 
have appeared in exercise psychology writings, are shown on Table 1.

Table 1. Examples of statements representing the orthodox view in exercise psy-

chology regarding affective responses to exercise. 

(a) Exercise makes people feel better
1. “The ‘feeling better’ sensation that accompanies regular physical activity is so ob-

vious that it is one of the few universally accepted benefi ts of exercise” (Morgan, 
1981, p. 306).

2. “Both survey and experimental research provide support for the well publicized 
statement that ‘exercise makes you feel good’” (Fox, 1999, p. 413).

(b) Moderate-intensity exercise is best
1. “Moderate-intensity exercise ... consistently has been associated with mood bene-

fi ts” (Berger & Motl, 2000, p. 81).
“While individual differences often prevail, it is believed that best psychological be-
nefi ts are derived using a moderate intensity of exercise as opposed to a very low or 
very high intensity” (Cox, 2002, p. 367).

(c) How you think determines how you feel (“mind over muscle”)
1. “The arousal created by physical activity can lead to a variety of feelings, good 

or bad, depending upon the cognitive label assigned to events” (Gauvin & Rejeski, 
1993, p. 405). 

2. “As the history of cognitive psychology has shown, reality is in the eye of the behol-
der. Although we certainly do not want to dismiss the objective demands inherent in 
exercise programs, ultimately it is an individual’s construction of reality that deter-
mines any sense of threat, challenge, or loss/harm experienced” (Rejeski & Hobson, 
1994, p. 108).
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On the basis of these assumptions, some authors have questioned whether 
there is really a connection between affective responses and adherence. 
Simply put, many in exercise psychology believe that exercise makes nearly 
everyone feel better and, therefore, affective responses to exercise cannot 
account for the fact that half of those who start to exercise soon drop out. 
According to Morgan and O'Connor (1988), “to argue that people who feel 
good following exercise would be more likely to adhere than those who do 
not may be intuitively defensible, but such a view is simplistic..., [because] 
roughly 80% to 90% of individuals in exercise programs report that exercise 
makes them feel better, but 50% drop out within a few months” (p. 116). 
This view, however, seems to be dramatically different from the portrayal 
of exercise in the popular media, where businesses make billions of dollars 
marketing products that promise weight loss and various health benefi ts 
without having to “suffer through exercise.” This is a paradox that needs 
to be resolved if exercise psychology is to offer meaningful assistance to 
those individuals who experience diffi culties coping with the unpleasant 
affective responses that accompany the early stages of their physical activity 
participation.

The purpose of this paper is to (a) present a number of methodological 
issues that might have contributed to the “orthodox” view described above 
(i.e., “exercise makes people feel better”, etc.,) by blurring the true relations-
hip between exercise and affect, (b) outline a theoretical formulation that 
accounts for dose-response effects, including negative affective responses to 
exercise and inter-individual variability, and (c) present some preliminary 
supporting data.

Methodological issues

Four methodological issues will be discussed: (a) the measurement of affect, 
(b) the timing of affect assessments, (c) the examination of patterns of in-
ter-individual variability, and (d) the standardization of exercise intensity. 
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Measurement of affect

In most published studies, affect was assessed in terms of distinct states, 
such as state anxiety, mood states, or specifi c states thought to be infl u-
enced by exercise (e.g., revitalization, fatigue). The primary problem with 
concentrating on a small number of distinct states is that it is possible that 
other changes, possibly the most experientially salient ones, might go un-
detected. This is important, given that, at the current stage of knowledge 
development, it is not possible to predict what responses may occur in 
different participants under different conditions. As a solution, it has been 
suggested that a dimensional model of affect may offer an advantage over 
previous approaches (Ekkekakis & Petruzzello, 1999, 2000, 2002a). The 
main assumption underlying dimensional models is that affective states are 
systematically interrelated, such that their relationships can be modeled 
parsimoniously in terms of as few as two basic dimensions. The dimensio-
nal model used in the studies to be described here is the circumplex model 
of affect (Russell, 1978, 1980), according to which the affective space is 
defi ned by the orthogonal and bipolar dimensions of affective valence and 
perceived activation. Different affective states can, therefore, be viewed as 
combinations of varying degrees of these two dimensions, such that they 
can be conceptualized as located around the perimeter of a circle defi ned 
by the two dimensions. Experientially similar affective states (e.g., “happy” 
and “delighted”) are closer together on the circle, whereas affective states 
perceived as antithetical (e.g., “happy” and “sad”) are opposite on the circle. 
A division of the circle into quadrants produces (a) unactivated pleasant 
affect, characterized by relaxation and calmness, (b) unactivated unple-
asant affect, characterized by boredom, fatigue, or depression, (c) activated 
unpleasant affect, characterized by tension and distress, and (d) activated 
pleasant affect, a state characterized by energy, excitement, and enthusiasm. 
At the unavoidable expense of some specifi city, the circumplex model can 
provide the most encompassing and parsimonious representation of the 
affective space and, thus, a useful platform for investigating the effects of 
various physical activity stimuli on affect.



124

Chapter 6   Panteleimon Ekkekakis

Timing of affect assessments

In most previous studies on the infl uence of acute exercise on affect, inclu-
ding most dose-response studies, affective changes were examined from 
pre- to various time points post-exercise. It is not clear how this practice was 
initiated. One possibility is that researchers assumed that the trajectory of 
change from pre- to post-exercise would be linear. Another possibility is that 
the practice was simply dictated by convenience, since the questionnaires 
used consisted of multiple items, which would have required the activity to 
be interrupted in order to obtain assessments during exercise. Interestingly, 
most of the studies examining the effects of different exercise intensities on 
affective changes from pre- to various time points post-exercise have failed 
to show evidence of reliable dose-response effects (Ekkekakis & Petruz-
zello, 1999). However, given the timing of assessments, it is possible that 
dose-response effects might have occurred (i.e., during exercise) but had 
dissipated by the time the post-exercise assessments took place. In fact, 
studies in which affective valence was assessed repeatedly during exercise by 
single-item rating scales (such as the Feeling Scale; Hardy & Rejeski, 1989) 
have revealed a consistent pattern of dose-response effects. Specifi cally, 
with increasing exercise intensity, there is a progressive decline in affective 
positivity or increased negativity during exercise, but this trend is reversed 
as soon as the exercise bout is terminated (e.g., Acevedo, Rinehardt, & Kra-
emer, 1994; Hall, Ekkekakis, & Petruzzello, 2002; Hardy & Rejeski, 1989; 
Parfi tt & Eston, 1995; Parfi tt, Eston, & Connolly, 1996; Parfi tt, Markland, 
& Holmes, 1994). This “rebound” (Bixby, Spalding, & Hatfi eld, 2001) is 
reminiscent of the affective contrast phenomenon described by Solomon 
(1991). Given this pattern of affective change during and following a bout 
of activity, it is possible that fi ndings of positive changes from before to after 
an activity bout, regardless of intensity, might actually refl ect the positive 
effect of the preceding seconds or minutes of recovery from the activity and 
not the effects of the activity itself. To obtain a more accurate depiction of 
the affective changes associated with a bout of activity, it is necessary to 
sample affect repeatedly during the exercise bout, with adequate frequency 
to ensure that no major changes will escape detection.
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Examination of inter-individual differences

The differences between individuals in affective responses to the same 
exercise stimulus have not been examined systematically. A common as-
sumption in previous research has been that inter-individual variability in 
affective responses is primarily a matter of the degree to which individuals 
experience positive changes. However, exercise can have bidirectional ef-
fects on affect. Therefore, it is possible that some individuals will experience 
affective improvement while others experience decline. In fact, in a study 
in which individual changes during a bout of moderate exercise (30 min 
of stationary cycling at 60% of estimated maximal aerobic capacity) were 
examined, it was found that 44.4% of the participants reported improve-
ments in affective valence, whereas 41.3% reported declines (Van Landuyt, 
Ekkekakis, Hall, & Petruzzello, 2000). As a result of these divergent trends 
during exercise, the average response appeared unaltered, which is clearly 
a misrepresentation of the actual changes that took place.

Standardization of exercise intensity. One of the important methodo-
logical challenges in dose-response studies stems from the need to equate 
the level of exercise intensity provided to different participants. In previous 
research, the levels of exercise intensity that were compared were either 
different levels of absolute workload (e.g., a certain number of Watts or a 
work rate that elicited a certain heart rate) or different percentages of ma-
ximal exercise capacity (e.g., percentages of age-predicted maximal heart 
rate or maximal aerobic capacity). Relative methods (i.e., those based on 
percentages of maximal capacity) are generally deemed preferable because 
they take individual differences in maximal exercise capacity into account. 
However, what this approach fails to take into account is the issue of the 
metabolic processes involved, a problem identifi ed since the 1950s (Wells, 
Balke, & Van Fossan, 1957). For example, at 70% of maximal aerobic ca-
pacity, some individuals may use exclusively aerobic metabolism, whereas 
others may need to supplement aerobic with anaerobic metabolism. In a 
study involving 31 participants, when exercise was performed at 80% of 
maximal heart rate (62.5% of maximal aerobic capacity), 17 participants 
were working at a level above, whereas 14 were working at a level below 
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metabolic acidosis, a sign of anaerobic metabolism (Katch, Weltman, Sady, 
& Freedson, 1978). This is a critical issue, because whether aerobic or 
anae robic metabolism is involved has signifi cant implications for adapta-
tion. Although the resources available to aerobic metabolism are vast and 
aerobic effort can be maintained for a prolonged period of time while at a 
physiological steady state, the resources available to anaerobic metabolism 
are very limited. If anaerobic effort is continued, the maintenance of a phy-
siological steady state becomes impossible and exercise leads to exhaustion. 
Therefore, examining levels of exercise intensity defi ned on the basis of the 
point of transition from aerobic to anaerobic metabolism should help clarify 
the dose-response relationship between exercise and affect by effectively 
equating the workload across individuals. 

The dual-mode theory: Basic assumptions

At the present stage, the main obstacle for progress in research examining 
the exercise-affect relationship is the absence of a comprehensive theo-
retical framework. Such a framework should satisfy the following fi ve 
desiderata.
• First, it should reintegrate the “mind” and the “body,” thus overcoming 

the dualistic separation that has occurred with the development of insular 
“cognitive” and “biological” sets of hypotheses proposed to explain the 
exercise-induced “feel-better” phenomenon. 

• Second, the new framework should take into account the information that 
is emerging from related scientifi c fi elds such as affective neuroscience 
and genetics. 

• Third, the framework should account for dose-response patterns in af-
fective responses. 

• Fourth, there should be an acknowledgment and accounting for the pat-
terns of inter-individual variability in affective responses. 

• Finally, the new framework should go beyond the simplistic notion that 
the only affective change elicited by exercise is to “make people feel good” 
and, instead, acknowledge and account for the fact that the affective 
responses to exercise are multifaceted.
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The dual-mode theory was developed to address these needs (Ekkekakis, 
2003). A central thesis underpinning this conceptual model is that physi-
cal activity must be considered from an adaptational perspective. Physical 
activity has been an integral part of life for the human species throughout 
its evolutionary history (Åstrand, 1986, 1994; Cordain, Gotshall, & Eaton, 
1997; Cordain, Gotshall, Eaton, & Eaton, 1998; Eaton, Shostak, & Kon-
ner, 1988). Although it is clear that certain aspects of the adaptational 
signifi cance of physical activity behavior for humans have changed over 
evolutionary time (e.g., in most cases, it is no longer necessary to exert 
oneself to obtain food or to fi ght off predators) and there is inherent risk 
in drawing analogies between Pleistocene and modern humans, who live 
much longer and generally succumb to different causes of death, many of 
the adaptational implications of activity appear to have remained invariant. 
In particular, both then and now, humans had to be active to stay alive and 
had to stay alive while being active. 

Within this adaptational framework, the dual-mode theory is based on 
the following core assumptions. First, physical activity is considered an es-
sential component of the human Environment of Evolutionary Adaptedness 
(EEA; Tooby & Cosmides, 1990a), the set of conditions that shaped human 
evolution. Unlike previous views of what the EEA encompasses, emphasis 
is placed on the internal environment of the body and the constraints that 
it presents (to be described in the following section).

Second, affective responses are viewed as manifestations of evolved psy-
chological mechanisms, selected for their ability to promote health and 
well-being or to solve recurrent adaptational problems (Nesse, 1990) within 
the particular EEA of physical activity. Pleasure is believed to signify utility 
and displeasure to signify danger (Cabanac, 1971, 1979, 1995; Panksepp, 
1998a, 1998b). As noted earlier, different levels of physical activity inten-
sity may entail either utility or danger. Affective responses of pleasure and 
displeasure during physical activity of different intensities are believed to 
be reliably and meaningfully linked to those levels of intensity that entail 
utility and danger, respectively.

Third, consistent with emerging evidence from affective psychology and 
neuroscience, it is assumed that affective responses, including those that 
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originate in the body (Craig, 1996, 2002; Damasio, 1995), depend on a 
hierarchically organized system involving multiple layers of control. This 
system ranges from oligosynaptic, subcortical, and evolutionarily primitive 
pathways that underlie survival-critical, automatic or obligatory responses 
at the bottom, and polysynaptic, evolutionarily recent, cortical pathways 
producing complex, fl exible, and highly individualized responses at the 
top (Berntson, Boysen, & Cacioppo, 1993; Berntson & Cacioppo, 2000; 
Damasio, 1995; LeDoux, 1986; Toates, 2002). Within this hierarchical 
system, control can shift from more complex to simpler mechanisms and 
vice versa, depending on which can provide the appropriate response to a 
given situation (Berntson & Cacioppo, 2000; Toates, 1996, 1998, 2002). 
The occasional relegation of control to less fl exible mechanisms can confer 
an adaptive advantage because the multivariate inferential (i.e., cognitive) 
processes of the higher levels are slower and, by intervening between direct 
perception and response, may introduce options that are maladaptive. Ac-
cording to Griffi ths (1990), “it is vital for an organism to be able to accept 
data which contradict even its most fi rmly held beliefs” (p. 186). This is 
because “a condition for the reliability of perception ... is that it generally 
sees what’s there, not what it wants or expects to be there. Organisms that 
don’t do so become deceased” (Fodor, 1983, p. 68). Although reliance on 
low-level pathways may lead to some false positives, “false positive responses 
... probably have more survival value than false negative responses” (Le-
Doux, 1986, p. 241).

Fourth, it is assumed that “more primitive phylogenetic structures and 
functions, being the successful outcome of eons of adaptation, display less 
variation from individual to individual” (Reber, 1993, p. 7), whereas struc-
tures and functions that are evolutionarily recent show higher plasticity and 
are mostly shaped by individual developmental histories (Geary & Huffman, 
2002). In general, “natural selection is a process that eliminates variation” 
(Tooby & Cosmides, 1990b, p. 37), whereas the presence of variation “ge-
nerally signals a lack of adaptive signifi cance” (Tooby & Cosmides, 1990b, 
p. 38). If a trait conferred a consistent adaptive advantage, it would have 
spread through the population and, thus, it would exhibit limited heritable 
variation. Conversely, if it proved consistently maladaptive, it would have 
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been eliminated and, thus, it would also show limited heritable variation. 
According to Tooby and Cosmides (1990b), “people display more diversity 
in their preferences for hat color or in their beliefs about gods and spirits 
than in their desire to continue breathing, their attraction to sex, or their 
desire to avoid pain” (p. 58). Nevertheless, although there is a general 
“desire to avoid pain,” there is also considerable heritable variation in pain 
sensitivity and tolerance (Mogil, 1999), as well as in the preferred level 
of sensory stimulation (Eysenck, 1983; Fulker, Eysenck, & Zuckerman, 
1980). Presumably, this variability exists because these traits are, ultimately, 
adaptively neutral, involving a trade-off between advantages and risks. For 
example, individuals, who seek or can tolerate higher levels of somato-
sensory stimulation related to physical activity, may gain greater access to 
food and mates, but also take greater risks by “pushing the envelope” and 
approaching their biological limits. Conversely, those who prefer or have 
low tolerance for somatosensory stimulation play it safe but may miss out 
on some additional opportunities for foraging and mating. 

Returning to the idea of pleasure as indicative of utility and displeasure 
as indicative of danger, the presence of variability in affective responses 
(i.e., pleasure responses in some individuals, displeasure in others) could be 
interpreted as an indication that the situation entails neither a substantial 
benefi t nor an imminent danger. On the other hand, whenever all or most 
individuals respond in a similar manner, either with pleasure or with disp-
leasure (within reasonable quantitative variation), it can be assumed that 
the situation is one that has signifi cant and consistent, positive or negative, 
implications for adaptation.

Exercise intensity from an adaptational standpoint

With these assumptions in mind, it is instructive to consider the adap-
tational implications of different levels of exercise intensity. Gaesser and 
Poole (1996) proposed that the functional range of exercise intensity can 
be divided into three domains that are distinct in terms of their metabolic 
requirements. 
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First, the domain of moderate exercise encompasses the intensities below the 
lactate threshold. In this domain, aerobic metabolism is the predominant 
source of energy. Activities that typically fall in this range include walking, 
gardening, moderate swimming, as well as most of hunting, scavenging, 
and gathering activities preponderant during human evolution (Cordain et 
al., 1998). Because of the abundance of energy stores available for aerobic 
metabolism in the human body, activities in the moderate range can be 
maintained for a long period of time, while the organism can remain in a 
physiological steady state. It has been suggested that humans and other ani-
mals may have an innate propensity for moderate physical activity, evolved 
to maintain a healthy balance between energy intake and expenditure and 
to sustain overall health, strength, and mobility (Rowland, 1998). Given 
the substantial health benefi ts to be had, it would make good adaptational 
sense if natural selection would favor a psychological mechanism, such as 
pleasure, that would reward and, thus, promote physical activity in this 
range (Eikelboom, 1999; Sher, 1998).

The second range of intensity, termed the range of heavy activity, extends 
from the lactate threshold to the highest work rate at which blood lactate 
can be stabilized (also referred to as the maximal lactate steady state). In 
this domain, lactate appearance and removal rates can regain balance over 
time, but at elevated lactate concentration levels. As a result of a continuous 
drift in oxygen uptake that appears in this domain, the oxygen cost per 
unit of work is increased compared to the moderate range. The activity 
cannot be continued indefi nitely, but it can be continued for a considerable 
period. From an adaptational standpoint, the events in this range present 
a challenge, as considerable physiological changes (e.g., ventilatory, car-
diovascular, neuroendocrine) must take place to allow the maintenance of 
the work rate. As a direct or indirect consequence of the accumulation of 
lactic acid, the amount and intensity of interoceptive information increase 
exponentially and a barrage of bodily signals enter consciousness, alerting to 
the homeostatic perturbation. Presumably, like the ability to tolerate pain, 
the ability to tolerate these bodily cues, which may depend on individual 
differences in sensory modulation (e.g., facilitation-inhibition) or cognitive 
factors (e.g., physical self-effi cacy), would, on average, be adaptively neutral. 
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On the one hand, this tolerance could aid a hunter or gatherer to perform 
more physical work. On the other hand, the higher level of exertion would 
make one more susceptible to injury or exhaustion.

The fi nal range of intensity, termed the range of very heavy or severe 
physical activity, extends from the maximal lactate steady state to the level 
of maximal aerobic capacity. In this range, oxygen consumption and blood 
lactate rise continuously until the activity is terminated due to exhaustion. 
Energy supply in this range relies heavily on the limited resources available 
to anaerobic metabolism (mainly the phosphagen pool and anaerobic glyco-
lysis). Several authors have noted that the primary means by which critical 
disruptions in homeostasis enter consciousness is through salient surges of 
displeasure (Cabanac, 1971, 1979, 1995; Damasio, 1995; Panksepp, 1998a, 
1998b). Affective responses to physical activity performed at this intensity 
likely depend on pathways that link somatosensory afferents to the affective 
centers of the brain (i.e., the amygdala, anterior cingulate and insular cortex) 
directly, bypassing the frontal cerebral cortex and, therefore, allowing little 
or no infl uence from top-down or cognitive processes.

The dual-mode theory: Basic postulates

The dual-mode theory (Ekkekakis, 2003) posits that affective responses to 
exercise are the products of the continuous interplay between two general 
factors, namely (a) relevant cognitive processes originating primarily in the 
frontal cortex and involving such processes as appraisals of the meaning 
of exercise, goals, self-perceptions including self-effi cacy, attributions, and 
considerations of the social context of exercise and (b) interoceptive cues 
from a variety of receptors stimulated by exercise-induced physiological 
changes, which reach the affective centers of the brain via oligosynaptic 
subcortical pathways. The relative salience of these two factors is hypothe-
sized to shift systematically as a function of exercise intensity. Specifi cally, 
cognitive factors should be dominant in the domain of heavy intensity, 
whereas interoceptive cues should gain salience in the domain of severe 
exercise.
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The preliminary supporting evidence comes from three sources. 
First, the pattern of affective responses across increasing levels of exercise 

intensity will be examined. According to the dual-mode theory, pleasure 
responses are expected to be meaningfully associated with utility (i.e., the 
range of exercise intensity that is closely linked to successful adaptation, 
presumably the moderate range) and displeasure responses are expected to be 
meaningfully associated with danger (i.e., the range of exercise intensity that 
entails critical disruptions of homeostasis, presumably the severe range).

Second, patterns of inter-individual variability in affective responses will 
be examined. According to the dual-mode theory, trends toward universa-
lity should exist when the intensity of the activity is either reliably adaptive 
(presumably, in the moderate range) or reliably maladaptive (presumably, 
in the severe range). Conversely, trends toward variability should emerge 
when the intensity of the activity is neither reliably adaptive nor reliably 
maladaptive (presumably, in the heavy range).

Third, correlations of affective valence with cognitive and physiological 
variables across increasing levels of exercise intensity will be examined. 
According to the dual-mode theory, affective valence should exhibit strong 
correlations with cognitive factors (such as physical self-effi cacy) when the 
intensity of the activity presents an appreciable challenge, but is not yet 
overwhelming (presumably, in the heavy range).

Conversely, the theory posits that affective valence should exhibit strong 
correlations with physiological factors (such as the respiratory exchange 
ratio or the percentage of peak heart rate) when the intensity of the activity 
approaches an individual’s maximal capacity (presumably, in the severe 
range).

Pattern of affective responses

First, it is important to consider which range of physical activity intensity 
is likely to be consistently adaptive and which is likely to be consistently 
maladaptive. One clue is the amount of energy resources in the human body 
that are available to aerobic versus anaerobic metabolism. As noted earlier, 
the resources available to aerobic metabolism are vast in comparison to those 
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available to anaerobic metabolism. Another clue is the amount of time spent 
in activities of different intensities by hunters and gatherers. Most studies 
suggest that the vast majority of daily activity in ancestral environments 
involved moderate intensity (e.g., walking, digging, etc). This is illustrated 
in an observation by Åstrand (1994):

Some years ago, I visited the bushmen in the Kalahari desert, pro-
bably the last remaining Stone-Age people (…). Gathering suffi cient 
food meant trudging long distances for the men in their hunting 
efforts and in the women and children in their collection of ber-
ries, melons, roots, and various plants. This walking, stopping, and 
squatting to dig, and walking again, is physically demanding (…). 
To get enough to eat, the bushmen have to exercise for hours almost 
every day (…). I never saw an adult bushman out jogging, but the 
walking was fast! (p. 102)

On the other hand, an intensity that signifi cantly exceeds the level of the 
aerobic-anaerobic transition entails a substantial disruption of homeostasis, 
which is associated with several risks. As a consequence of the rise in the 
levels of lactate and H+ dissociated from lactate, the pH falls and the internal 
environment becomes acidic. The recruitment of additional, low-effi ciency 
muscle fi bers raises the O2 cost of work (the so-called slow component of 
O2 uptake). A physiological steady state becomes diffi cult or impossible to 
maintain. The risk of muscular and skeletal injuries increases because of 
the higher speed of locomotion and the disruption in coordination patterns. 
There is also increased risk of cardiovascular problems and sudden cardiac 
death, as well as a suppression of immune system function. If pleasure is to 
signify utility and displeasure is to signify danger, then pleasure responses 
should be expected to accompany activity performed in the moderate range 
of intensity, whereas displeasure should be expected to accompany activity 
performed in the severe range of intensity. 

The evidence seems to support these predictions. On the one hand, se-
veral studies have shown that low-intensity, short-duration physical activity 
produces transient but signifi cant positive changes in affect (Ekkekakis, 
Hall, Van Landuyt, & Petruzzello, 2000; Saklofske, Blomme, & Kelly, 
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1992; Thayer, 1987a, 1987b; Thayer, Peters, Takahashi, & Birkhead-Flight, 
1993). The predominant response in these studies is a change toward an 
activated pleasant affective state, characteristic of perceived energy.

On the other hand, a series of recent studies have examined affective 
responses to exercise in relation to the point of transition from aerobic to 
anaerobic metabolism (operationalized as the ventilatory threshold, the 
point at which there is a systematic increase in the ventilatory equivalent of 
O2 without a corresponding increase in the ventilatory equivalent of CO2). 
Bixby et al., (2001) compared the effects of two bouts of exercise on a cycle 
ergometer, one below the ventilatory threshold (75% of the oxygen uptake 
at the ventilatory threshold) and one at the ventilatory threshold. The re-
sults showed that, although the former intensity led to an improvement in 
affect valence during exercise, the latter led to a decline. In another study 
(Hall et al., 2002), the affective valence responses of 30 volunteers were 
examined every minute during an incremental treadmill test performed 
until volitional exhaustion. The data points that were used in statistical 
analyses were selected to represent metabolically comparable stages across all 
individuals, namely the fi rst two minutes, the minute before the occurrence 
of the ventilatory threshold, the minute of the ventilatory threshold, the 
two minutes following the ventilatory threshold, and the fi nal two minutes 
(i.e., the minute before and the minute of volitional exhaustion). Trend 
analysis of the affective valence ratings showed a curvilinear (quadratic) 
trend specifi cally during the two minutes following the ventilatory thres-
hold. These results were replicated with two different treadmill protocols 
(shorter stages with higher increment or vice versa) to eliminate the pos-
sibility that the initiation of the quadratic pattern of decline following the 
ventilatory threshold was protocol-specifi c. Regardless of the incremental 
protocol, there was a quadratic pattern of decline that was initiated with 
the ventilatory threshold (Ekkekakis, Hall, & Petruzzello, in press). 

Finally, the importance of the aerobic-anaerobic transition in infl uen-
cing affective responses was confi rmed in a study involving constant-speed 
treadmill running (as opposed to incremental treadmill protocols used in 
the aforementioned studies). Ekkekakis, Hall, and Petruzzello (accepted) 
examined the responses of 30 volunteers who ran on a treadmill for 15 
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minutes at 3 intensities: 20% of maximal aerobic capacity below, at, and 
10% above their ventilatory threshold. The results showed that only the 
responses during the run above the ventilatory threshold showed a quadratic 
declining trend.

Patterns of inter-individual variability

Re-analyses of affective responses to increasing intensities of exercise at the 
level of individuals rather than group aggregates have revealed a systematic, 
intensity-dependent change in the patterns of inter-individual variability in 
affective valence ratings. Specifi cally, inter-individual variability is lower 
when the intensity is either low, such as in the case of walking (Ekkekakis 
et al., 2000), or high, such as in the case of maximal exercise (Hall et al., 
2002). On the other hand, variability is high when the intensity is moderate, 
such as in the case of a 30-min bout of cycling at 60% VO2max (VanLan-
duyt, et al., 2000). As noted earlier, signs of response homogeneity could 
be indicative of adaptive signifi cance (positive for pleasure, negative for 
displeasure), whereas increased variability might indicate that the response 
is neutral with respect to adaptational implications. Furthermore, these sy-
stematic changes in inter-individual variability could be indicative of shifts 
in the underlying mechanisms, with homogeneous responses suggesting 
involvement of automatic, oligosynaptic, and mostly subcortical pathways 
and variable responses suggesting mediation by higher-level, polysynaptic, 
and plastic pathways involving individual traits and cognitive factors.

Patterns of correlations with cognitive and physiological variables

Studies examining the relationship between ratings of affective valence 
and physiological variables (heart rate, ventilation, respiratory rate, oxygen 
consumption, blood lactate) have consistently shown that the magnitude 
of the negative correlations increases as the intensity of exercise increases 
(Acevedo et al., 1994; Hardy & Rejeski, 1989). These fi ndings suggest an 
increasingly stronger link between valence and interoceptive afferents. On 
the other hand, the relationship between affect and cognitive variables (of 
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which self-effi cacy is the most extensively studied) is not as clear. McAuley 
and Courneya (1992) had suggested that the relationship between physical 
self-effi cacy and affective responses should be signifi cant when the intensity 
of exercise presents an appreciable challenge (e.g., 70% of maximal heart 
rate). Later, however, this position was slightly modifi ed by clarifying that 
the relationship cannot be expected to be strong if the intensity is too high 
because “physiological cues ... override cognitive processing” (McAuley, 
Blissmer, Katula, & Duncan, 2000, p. 352). However, the data on this issue 
are inconsistent. Treasure and Newbery (1998) showed that self-effi cacy 
was related to physical exhaustion when the intensity was 70-75%, but not 
when it was 45-50% of heart rate reserve. Conversely, Tate, Petruzzello, 
and Lox (1995) found that self-effi cacy was related to scores on the tense 
arousal during exercise performed at 55%, but not at 70% of maximal 
aerobic capacity. Finally, in a study of older adults, McAuley et al., (2000) 
found that changes in self-effi cacy were unrelated to changes in affect in a 
moderate exercise intensity condition, but were related to changes in affect 
in a light and in a maximal exercise intensity condition.

The inconsistency in the fi ndings may be due to differences in the age 
and physical condition of the participants, the measures of affect, and the 
exercise loads. Another possible explanation for the inconsistent fi ndings 
is that the aforementioned studies assessed affect before and after exer-
cise, rather than repeatedly during the bouts, and failed to standardize 
exercise intensity by taking into account the aerobic-anaerobic transition. 
In a study that addressed these two limitations, Ekkekakis, Hall, and 
Petruzzello (1999) assessed affective valence every minute during an incre-
mental treadmill test until the participants reached the point of volitional 
exhaustion. Self-effi cacy was signifi cantly correlated with affective valence 
near the middle of the range of exercise intensity (from one minute before 
the ventilatory threshold to one minute before exhaustion), but not in the 
early stages or at the point of volitional exhaustion. On the other hand, the 
correlation between the respiratory exchange ratio and affective valence 
reached statistical signifi cance from the fi rst minute after the ventilatory 
threshold and until the point of exhaustion. A series of regression analyses 
with self-effi cacy and the respiratory exchange ratio data as predictors of 
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the valence ratings at different time points during the incremental protocol 
showed that, below the ventilatory threshold, self-effi cacy was responsible 
for almost all (approximately 80% to 100%) of the total accounted variance 
in affective valence (total R2 between 12% and 23%). On the other hand, 
at intensities above the ventilatory threshold, the respiratory exchange 
ratio began to account for increasingly larger amounts of variance. From 
the second minute after the ventilatory threshold and until exhaustion, the 
respiratory exchange ratio was responsible for most (approximately 65% to 
80%) of the total accounted variance in affective valence (total R2 between 
34% and 55%).

Conclusions

The following conclusions can be drawn from the data summarized herein.
First, exercise does not necessarily “make people feel better.” In fact, the 

positive affective responses are limited to (a) during and after low-intensity, 
self-paced physical activity and (b) recovery from vigorous activity. On 
the contrary, exercise intensity that exceeds the ventilatory threshold (or 
the level of intensity associated with the onset of other symptoms, such as 
muscular or skeletal aches and pains) is associated with declines in affective 
valence.

Second, moderate-intensity exercise (i.e., not too low, not too high) is 
not necessarily the optimal stimulus for positive affective change. It is only 
the recovery from such activity that brings about unifi ed positive responses. 
In fact, during activity performed at mid-range intensity, there is great in-
ter-individual variability, with some individuals experiencing positive and 
others experiencing negative changes in affective valence.

Third, fi ndings do not necessarily apply to all or most individuals (e.g., 
80 or 90%). In fact, there are systematic, intensity-dependent patterns of 
inter-individual variability in affective responses. Specifi cally, homoge-
neity exists during low (positive responses) and high (negative responses) 
intensity, whereas variability exists during activity performed at mid-range 
intensity.
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Fourth, how one thinks (i.e., cognitive factors) is not always the most 
important determinant of how one feels in response to exercise. Cognitive 
factors (e.g., self-effi cacy) may be the strongest determinants at mid-range 
(primarily) and low (secondarily) intensities. On the other hand, interocep-
tive factors are the primary determinants at high (relative) intensities. 

Implications for the Promotion of Physical Activity

People usually do what makes them feel good and avoid what makes them 
feel bad. This fundamental principle may have important implications for 
exercise adherence and dropout. The inability of beginner exercisers to 
properly self-monitor and self-regulate the intensity of their exercise efforts 
may lead to negative affective responses and these, in turn, may decrease 
adherence and increase the risk of dropout.

Based on the data reviewed here, affective valence shows reliable de-
clines when the intensity of exercise exceeds the ventilatory threshold. 
This fi nding may have important implications for exercise prescription. 
Importantly, it has been shown that exercise performed at intensities that 
exceed the ventilatory and lactate thresholds does not confer any additional 
fi tness benefi ts, compared to exercise performed at or slightly below these 
thresholds in previously untrained individuals (Belman & Gaesser, 1991; 
Weltman et al., 1991). It appears, therefore, that exercising at the level of 
intensity that corresponds to the ventilatory threshold could provide the 
optimal training stimulus for previously untrained individuals. Thus, it 
is possible that novice exercisers could be taught to recognize the aero-
bic-anaerobic transition using the decline in affective valence as a marker 
(Ekkekakis et al., in press). Having said this, the exact point of initiation 
of the decline in affective valence will differ from individual to individual, 
and these differences could be attributed to a variety of physiological and 
psychological factors that determine the preference for and tolerance of the 
somatosensory cues associated with the aerobic-anaerobic transition. Very 
little is presently known about these individual differences, so additional 
research on this topic is necessary.
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Another implication of the fi ndings reviewed herein is that they raise the 
possibility of limits in the range of effectiveness of some of the popular 
techniques for coping with the unpleasant sensations associated with exer-
cise, particularly among novice exercisers. Since the magnitude of the cor-
relation between cognitive variables (self-effi cacy in the studies reviewed 
here) and affect is reduced at intensities that exceed the aerobic-anaerobic 
transition, this may imply that cognitive techniques may only be effective 
at mid-range intensities and may become ineffective as the intensity ap-
proaches an individual’s maximal capacity. Such techniques include atten-
tional dissociation (i.e., “turn your attention away from the body”), cognitive 
restructuring (i.e., “think of these unpleasant symptoms as something 
positive, as signs of improvement”), and bolstering one’s sense of physical 
self-effi cacy (i.e., “believe that you can do it”). On the other hand, it is 
possible that some type of biofeedback training (i.e., the intensifi cation of 
feedback from bodily cues associated with the aerobic-anaerobic transition) 
might be helpful by teaching novice exercisers to recognize the aerobic-
anaerobic transition and to adjust their intensity accordingly (Ekkekakis 
& Petruzzello, 2002b).

Future research directions

Future research should continue to investigate the cognitive and intero-
ceptive correlates of affective responses across the entire range of exercise 
intensities. Studies should also examine the effectiveness of cognitive (e.g., 
attentional dissociation, cognitive restructuring, self-effi cacy) and somatic 
(e.g., biofeedback) techniques in regulating affective responses across a 
range of intensities. Finally, the hypothesized intensity-affect-adherence 
causal chain should be examined in its entirety. 
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