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ABSTRACT 

Criterion-Related Validity of the Borg Ratings 

of Perceived Exertion (RPE) Scale : 

A Meta-Analysis 

by 

Michael J Chen, Doctor of Philosophy 

Utah State University , 1998 

Major Professor : Dr . Xitao Fan 
Department : Psychology 

The Borg Ratings of Perceived Exertion (RPE) Scale has proven to be a highly 

Ill 

popular instrument in measuring the subjective responses of individuals to a given work 

or exercise task. Historically , the instrument was designed to correlate highly with the 

heart rates in young-to-middle-aged men performing various tasks . The body of 

literature , however, has revealed inconsistencies in the extent of just how strong the 

relationship is between rati.ngs of perceived exertion and various physiological criterion 

variables, most notably, heart rate. In addition, most studies have invoked the question 

of whether the criterion-related validity coefficients derived from the relationship 

between ratings of perceived exertion and a specified physiological criterion variable 

are just as valid as those for which the Borg RPE Scale was originally performed . A 

meta-analysis , therefore, was undertaken to determine the magnitude of the relationship 



between ratings of perceived exertion scores and each of three commonly used 

physiological measures or criterion variables : heart rate, blood lactate, and oxygen 

uptake . 

Results show that by using Tests of Homogeneity for each physiological 

criterion variable, the observed sample size-weighted validity coefficients are 

heterogeneous . The median of the mean sample size-weighted validity coefficients is 

. 5 7 4 for heart rate, . 561 for blood lactate , and .480 for oxygen uptake . Each study in 

the meta-analysis was grouped by the study characteristics of subject gender , fitness 

level , RPE Scale , exercise type , exercise protocol, and study quality . For heart rate , 

the highest validity coefficients are those in which the subjects are highly fit, the 

exercise type is fairly unusual, such as swimming, and the subjects are required to 

maximally exert themselves . For blood lactate, the highest validity coefficients are for 

females, healthy-inactive subjects, the 15-point RPE Scale , treadmill use , and 

swimming . For oxygen uptake , the highest validity coefficients between ratings of 

perceived exertion and oxygen uptake are for swimming . 

IV 

In a meta-analysis of study effects, when the validity coefficients are analyzed 

by study, the resultant mean validity coefficients are only somewhat higher (ratings of 

perceived exertion and heart rate, .657; ratings of perceived exertion and blood lactate, 

.642; ratings of perceived exertion and oxygen uptake, .609) than those obtained using 

sample size-weighted validity coefficients. 

Finally, corrections for bias generally resulted in increased validity coefficients 

and decreased variances . 

(163 pages) 
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CHAPTER I 

GENERAL fNTRODUCTION AND PROBLEM ST A TEMENT 

Because regular exercise is a potent means for maintaining a healthy lifestyle 

(Burlew, Jones, & Emerson, 1991 ), particularly as the body grows older, it is essential 

that individuals are able to monitor the intensity of such exercise . Generally , validation 

of instruments designed to measure exercise or work intensity is essential for all age 

groups and occupations . 

Perhaps because of its ease of administration, the Borg Ratings of Perceived 

Exertion (RPE) Scale is probably the most prevalent psychological measure of perceived 

exertion or exercise intensity in use today . This psychological measure is a method to 

determine the intensity of effort , stress, or discomfort that is felt during exercise and is 

correlated with pain threshold or tolerance (Morgan, 1973). Research related to the 

Borg RPE Scale has focused on how it is related ( correlated) with a wide variety of 

physiological measures (e .g. , heart rate, ventilatory drive, blood lactate levels, creatine 

levels) and psychological measures (e .g., health questionnaires, surveys, diaries) and 

dispositions (e .g., personality types) . Unfortunately, this research has yielded apparently 

inconsistent results. For example, although the Borg RPE Scale was originally designed 

to be related to heart rate, not all studies conducted since then have found the same 

strong correlation with heart rate as the original study did. Likewise, there is a great 

deal of inconsistency about the relationship between ratings of perceived exertion and 

blood lactate levels. 

Such lack of consistency undermines the validity of the use of the Borg RPE 



Scale in general. The inconsistent evidence relating one criterion variable ( e g., heart 

rate ) with RP Es may reflect the imperfections of individual studies themselves . 

Indeed , "it is perhaps characteristic of this field that workers using different 

techniques to answer the same question produce conflicting results" (Cafarelli, 1982, 

p. 386) Since no study is ever conducted perfectly , the validity coefficient from an 

individual study cannot be used to directly estimate the true criterion-related validity 

of RPE . Instead, the validity generalization based on a body of literature requires 

some statistical treatment. And therein lies the goal of meta-analysis for such validity 

generalization to describe quantitatively the distribution of criterion-related validity 

coefficients of ratings of perceived exertion . 

Although the plethora of research related to the Borg RPE Scale has been 

extensively reviewed during the past two decades (see Noble & Robertson, 1996), 

none of these reviews has addressed the use of the Borg RPE Scale as it relates to 

physiological measures in a quantitative fashion . Rather, all are narrative summaries 

and/or syntheses . There is a need, therefore, to quantitatively synthesize the relevant 

literature pertaining to inconsistencies about the relationship of ratings of perceived 

exertion with criterion variables such as heart rate, blood lactate levels, and oxygen 

uptake. The ability of meta-analysis to integrate findings across studies, organize the 

available validity coefficients into a distribution of coefficients for a particular 

relationship (such as that between heart rate and ratings of perceived exertion), as 

well as its power to reduce sampling error, while at the same time, correct for 

artifacts, makes it an ideal technique to use for quantifying the empirical relationship 

2 
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between ratings of perceived exertion and criterion variables . Such quantification will 

underscore what Hunter and Schmidt ( 1990) call "validity generalization ," which is 

defined as the extent to which the measurement of a construct (in this case, perceived 

exertion or exercise intensity) is externally valid beyond the samples from which the 

coefficients were originally derived . 

The purpose of this study, therefore, is to conduct a meta-analysis of the 

extant literature that has empirically examined the criterion-related validity evidence 

of perceived exertion with such criterion variables as heart rate, blood lactate, and 

oxygen uptake . These three criterion variables related to ratings of perceived exertion 

dominate the perceived exertion literature and are, therefore, not only the most 

amenable to a meta-analysis, but are also in the highest need for it. 



CHAPTER fl 

REVIEW OF THE LITERATURE 

Percet ved Exertion and Its \1easurement 

It is now widely accepted that a regular exercise regimen promotes a health y 

lifestyle (Burlew et al., 1991: King & Senn , 1996; McArdle. Katch . & Katch. 1996: 

Mariya & Fukuchi, 1990) , reduces the risk of disease (Blair et al. , 1989: Holloszy, 

1990: King & Senn. 1996) and injury (fbusuki , Kondo. Soya , & Yagi, 1990: 

Kobayashi. Hirano . & Fukunaga , 1990) , enhances cognitive functions and emottonal 

dispositions (Dustman et al.. 1990: Emery & Blumenthal , 1991; McAuley & Rudolph . 

1995: Plante & Rodin. 1990). and may even increase longevity (Rakowski & Mor . 

1992). And as the body ages. and as the importance of regular exercise increases, it 

becomes likewise increasingly more crucial for an individual to accurately monitor 

his/her exercise progress. However, the measurement of the intensity of effort, stress, 

or discomfort that is felt during exercise and that is correlated with pain threshold or 

tolerance (Morgan, 1973) is often accomplished indirectly. Perceived exertion, 

therefore, has become the most frequently used proxy for measuring exercise intensity . 

There is an increasing trend for fitness and health professionals in telling 

people to monitor their perceptions of effort to determine their exercise intensity , in 

addition to the more traditional method of monitoring heart rate (American College of 

Sports Medicine, 1991 ). With the exception of populations requiring more precise 

know ledge of heart rate, such as postinf arct patients, the use of perceived effort has 



become a prevalent tool for monitonng exercise intensity (see Noble & Robertson. 

1996) One reason for using perceived effort as an intensity guide is that attaining a 

specified heart rate zone may not always be necessary or desirable. especially if the 

primary goal is to promote regimen adherence. Unlike heart rate monitoring. teaching 

individuals to "listen" to their bodies allows for periodic fluctuations in physiologic::il 

and psychological responses that occur during exercise. During the adoption ph::ise of 

an exercise regimen, an individual who is simultaneously determined to reach a 

specified heart rate and having a "bad exercise day" is likely to perceive the bout to 

require much more effort and thus experience a considerable degree of negative affect. 

Prevalence and Application of Perceived Exertion 

For many years, applied physiologists and psychologists have realized that the 

human decision to continue or cease hard physical work, as well as the intensity at 

which a person chooses to work, is governed in large part by the person's subjective 

feelings . So important, in fact, was the concept of perceived exertion, that two 

symposia devoted exclusively to research and clinical applications of perceived 

exertion were organized about a decade apart ( 1972 and 1981; Noble, 1982). 

Perceived exertion has been applied to a wide variety of fields such as environmental 

factors, exercise and prescription, occupational factors, ergogenic aids, pulmonary 

functions, growth, aging, and gender, and many others, and has also been the focus of 

13 major review articles since 1970 (Noble & Robertson, 1996). Not one of these 

reviews, however, is a quantitative synthesis (i.e., meta-analysis). More recently, a 

5 



comprehensi ve monograph was published (Noble & Robertson . l 996) about the 

histoncal development of perceived exertion. the development. administration. and 

e.\perimenta l use of the Borg RPE Sca le (Figure l ). and psychological. physiological. 

and perceptual mediators in the effort sense . 

6 

The review of the literature here will not recount what has been covered by 

Noble and Robert son. but relevant literature since then will be reviewed briefly. More 

important ly, the review here will focus on the literature pertaining to the validity of the 

use of the Borg RPE Scale. 

Measurement of Perceived Exertion 

In sports psychology and exercise science . measurement follows basically all 

the same principles . protocols , and procedures . and faces many of the same problems 

(Safrit. l 989) often encountered in educational and psychological measurement 

settings. but with the additional physiological/ph ysical variables being taken into 

account. Central to the concept of measurement 1s the issue of validity, which is often 

more difficult to establish , methodologicall y, than reliability (Sim & Amell, 1993). 

One of the most intensely studied clinical applications of perceived exertion is that of 

physical rehabilitation and exercise prescription (Dishman, 1994; Dunbar & Bursztyn, 

1996; Dunbar, Glickman-Weiss, Edwards , Conley , & Quiroz, 1996; Dunbar , Kalinski , 

& Robertson , 1996; Noble & Robertson, 1996; Parfitt & Eston, 1995) . For these 

purposes , valid use of the Borg RPE Scale has become a critical issue . 
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7 Very. very light 

8 

9 Very light 

10 

11 Fairly light 

12 

13 Somewhat hard 

14 

15 Hard 

16 

17 Very hard 

18 

19 Very, very hard 

10 

Figure 1. The Borg 15-point Ratings of Perceived Exertion (RPE) Scale 

Because the Borg RPE Scale was designed as a proxy indicator of exercise 

intensity. the most relevant validity evidence for perceived exertion is criterion-related 

validity evidence, which describes the empirical relationship between ratings of 

perceived exertion with some physiological variables more directly related to exercise 

intensity. The three most common criterion variables used in research related to 

perceived exertion are heart rate, blood lactate , and oxygen uptake . 

The Borg RPE Scale as an Instrument 
to Measure Perceived Exertion 

Historically , the concept of perceived exertion was originated by Borg in the 

7 



early l960s and rapidly gained momentum during the next decade (Noble & 

Robertson . 1996). The Borg 15-point RPE Scale (Figure l) was developed so that 

perceptual ratings increase linearly with power output and heart rate (Borg & 

Linderholm , l 967). In fact. despite several findings in the literature to the contrary 

(Nob le & Robertson, 1996), any physiological variab le linearly related to exercise 

intensity tends to parallel perceptual ratings obtained from the Borg RPE Scale: 

however. certain physiological variables, especially lactate production , are related to 

exe rcise intensity according to nonlinear power functions (Borg, Hassmen. & 

Lagerstrom, 1987; Borg, Van den Burg, Hassmen. Kaijser, & Tanaka, 1987). 

s 

Limitations of the Borg RPE Scale. From a psychometric point of view, the 

Borg RPE Scale is extremely limited since it is only one scale (or one item, see Figure 

l ), rather than a (full-length ) questionnaire with many items, that, therefore, tlies in the 

face of the current belief that "a longer look gives greater accuracy" (Rogosa & 

Ghandour. 1991, p. 282). Another potent limitation of the Borg RPE Scale is the 

presence of psychological and physiological confounding variables (Rejesk.i, Hardy, & 

Shaw, 1991 ). But in exercise (self-) prescription, such psychological confounding 

variables can be of beneficial use, as in exercise self-monitoring (Evans, Hopkins , & 

Toney, 1996). Mood or affect (Parfitt & Eston, 1995; Parfitt, Eston, & Connolly , 

1996) and exercise history (Parfitt et al., 1996; Parfitt, Markland, & Holmes., 1994) 

have recently been shown to be a possible confounding variable and interfere with 

higher ratings of perceived exertion. 

External validity. In keeping with the sentiments expressed by Messick (1995) 



·'that validity is an evolving property and validation a continuing process ·· (p. 741 ). 

comparable results of two or more studies using different kinds of subjects and 

protocols. but leading to the same conclusions. would serve to strengthen the 

generalizability of those results. For example. if differences in a procedural detail. 

such as whether the Borg RPE Scale is visible or invisible to subjects ( Abadie. l 996). 

lead to the same results and conclusions , the external validity of the results and their 

subsequent meaning is strengthened. Several other investigators have recognized 

differences between their protocols and those of earlier studies focusing on (roughly) 

the same issue, such as examination of the relationship between perceived exertion 

and work load (Morgan, 1973: Skinner. Hustler , Bergsteinova , & Buskirk . l 973a). 

circadian rhythms (Trine & Morgan. 1995). exercise self-efficacy (Rudolph & 

McAuley . 1996). power output (Robertson et al., 1996). or local (peripheral ) lactate 

accumulation (Nob le. Borg, Jacobs , Ceci , & Kaiser. 1983: Noble & Robertson, 1996), 

as well as with a wide variety of other parameter s (Noble & Robertson , 1996). Affect 

(Hardy & Rejeski , 1989; Martin & Anshel , 1995) or personality type (A vs. 8) can 

also act as modifiers of perceived exertion (Hassmen & Koivula , 1996). Indeed, "it is 

perhaps characteristic of this field that workers using different techniques to answer 

the same question produce conflicting results" (Cafarelli, 1982, p. 386). 

The use of the Borg RPE Scale has been validated using young male and 

female adults on the bicycle ergometer mostly against heart rate measurements 

(Dunbar et al., 1992; see Noble & Robertson , 1996; Potteiger & Evans, 1995; Skinner 

et al., 1973a; Skinner , Hustler , Bergsteinova, & Buskirk, 1973b), percent maximal 

9 
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oxygen uptake (Dunbar & Bursztyn, 1996: Dunbar, Kalinski et al .. 1996: Dunbar et al. 

1992). blood and muscle lactate levels (Noble & Robertson. 1996). and on walking 

tasks (see above) . 

Noble and Robertson ( 1996) recognized that the majority of evidence linking 

heart rate with perceptual signals of exertion was derived from correlat1onal data. 

Borg's (1962) initial efforts to validate the Borg RPE Scale yielded a correlation of 

0.85 between heart rate and ratings of perceived exertion to progressively increasing 

power outputs . Correlation coefficients ranging from I= 0.42 tor= 0.94 have been 

found between heart rate and ratings of perceived exertion while lifting weights, 

pushing a wheelbarrow , riding a cycle ergometer, transporting external weights, 

treadmill walking, performing one- and two-limb exercises, and being immersed in 

cold water (Noble & Robertson, and references cited therein). The relationship 

between heart rate and ratings of perceived exertion is approximately the same in 

younger and older age groups (Eston & Williams, 1986). 

Recent alterations of the Borg RPE Scale--validity of their use and 

interpretation. The Borg RPE Scale has undergone several modifications, such as the 

Three-Point Method and the Slope Method. The Three-Point Method entails plotting 

ratings of perceived exertion as a function of oxygen uptake (V0 2) using three data 

points. Point 1 is rating 6 and V0 2 = 3.5 ml kg·1 min· 1
. Point 2 is rating 13 at which 

an estimate of V0 2 is determined by asking subjects to select an exercise intensity on 

the treadmill (or other exercise apparatus) which they perceive to be an rating of 13. 

The selected treadmill speed is then used to estimate V0 2 using the American College 



11 

of Sports Medicine metabolic calculation equations (ACSM, 1991 ). Point 3 is rating= 

20 and V0 2 =., · The ratings of perceived exertion equivalents of 50% , 60%, 70%, and 

85% of maximal oxygen uptake (V0 2 r,ux) are then determined from the resultant plot 

The Three-Point Method allows development of accurate ratings of perceived exertion 

exercise prescriptions in numerous fitness and clinical settings wherein previous 

techniques were not applicable; this technique has been validated for healthy individuals 

(Dunbar , Kalinski et al , 1996), and cardiac and pulmonary patients (Dunbar & 

Bursztyn, 1996 ) 

The Slope Method entails the use of a set of equations to establish the slope of 

a line describing the relationship between oxygen consumption and ratings of perceived 

exertion; subsequently, this line is used to find the estimated V0 2 peak and the ratings 

of perceived exertion associated with various percentages of the V0 2 peak. The Slope 

Method, which requires only a submaximal exercise test, minimizes error, increases 

utility of the procedure, is technically and methodologically simpler than the Three-

point Method and, unlike the latter, it does not entail graphing and can be used to 

estimate V0 2 ffW( (Dunbar & Bursztyn, 1996). Nevertheless, both the Three-point 

Method and the Slope Method (Dunbar & Bursztyn, 1996) are valid for developing 

exercise prescriptions based on ratings of perceived exertion. 

Three Criterion Variables Used to Measure 
Perceived Exertion 

Heart rate. Historically, because heart rate measurements were initially used to 

validate the Borg RPE Scale (Borg, 1973, 1982; Borg & Linderholm, 1967, 1970), 
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they can be useful indices of perceived exertion (Bar-Or. Skinner. Buskirk. & Borg. 

1972: Kolkhorst. \1ittelstadt . & Dolgener. 1996: Miiier , Bell. Collis. & Hosh1zak1. 

1985: :-,.ietz. 1987: Sidney & Shephard , 1977: Travlos & Marisi . 1996: Wong. 

Cunningham. Rechnitzer. & Howard. 1990: Zeni. Hoffman. & Clifford. 1996) and 

may even substitute for the Borg RPE Scale in field experiments employing graded 

exerc ise tasks (Potteiger & Evans. 1995) . depending on the exercise modality used 

(Carton & Rhodes, 1985: Garcin. Cravic , Vandewalle. & Monod, 1996: Zeni et al.. 

1996). From a practical point of view. among the three criterion variab les reviewed in 

this review of the literature , heart rate is the easiest to measure. And unlike blood 

lactate concen tration that provides a local or peripheral measure of exertion. heart rate 

measurements and oxygen uptake provide more global measures of cardiovascular 

fitness and are, therefore , subject to a variety of potent confounding variab les. such as 

the individual's emotional state, and may not be necessarily measuring (only) 

perceived exertion. 

Blood lactate concentrations. Because changes in blood lactate concentrations 

are the result of more specific or local (peripheral) influences (Noble & Robertson , 

1996), such as a predomjnance of anaerobic metabolism as a consequence of highly 

(over) worked skeletal muscle in the presence of low oxygen levels, blood lactate 

concentrations provide a useful objective index of exercise intensity and perceived 

exertion (Billat, 1996; Carton & Rhodes, 1985; Dishman, Farquhar, & Cureton , 1994; 

Hetzler et al., 1991; Noble & Robertson, 1996; Prusaczyk, Cureton, Graham , & Ray, 

1992; Seip, Snead, Pierce, Stein, & Weitman, 1991; Steed, Gaesser, & Weitman, 



1994: Stoudemire et al., 1996: Zeni et al .. 1996). and are not influenced by emotional 

states (Dishman et al.. 1994: Seip et al .. l 991) as is the more global condition of 

cardiovascular fitness. although it is still possible for genetics to have a(n) (minor) 

influence , such as a nonlethal mutation in, say. lactate dehydrogenase . 

Furthermore. from a practical point of view, if the determination of blood 

lactate levels is not performed routinely in a particular laboratory, it is not usually the 

method of choice. Since it is invasive, expensive , and technically demanding, it has 

not gained widespread use . 

l) 

Oxygen uptake. Unlike blood lactate concentration , which provides a local or 

penpheral measure of exertion, heart rate measurements and oxygen uptake provide 

more global measures of cardiovascular fitness and are, therefore , subject to a variety 

of potent confounding variables , such as the individual's emotional state, and may not 

be necessarily measuring (only) perceived exertion . Thus, in general , experimental 

evidence indicates that for most exercise conditions. the relative metabolic rate 

functions as a mediator for respiratory-metabolic signals of exertion (Noble & 

Robertson , 1996). 

The Relationship Between RPE and the Three Criterion Variables 

Heart Rate 

There is much correlational evidence (e.g., Noble & Robertson, 1996) 

suggesting that heart rate may function as a perceptual signal mediator. On the other 

hand , a substantial amount of experimental evidence shows a general lack of 
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correspondence between heart rate and ratings of perceived exertion when one or the 

other variable has been experimentally manipulated during dynamic exercise . For 

example. Pandolf ( 1983) demonstrated that during submaximal exercise. heart rate 

increased as a function of increasing environmental temperature. while ratings of 

percei ved exertion was unchanged by heat stress . Other researchers (A insworth . 

McMurray , & Veazey , 1997: Smolander, Korhonen, & llmarinen , 1990: Takes h1ma et 

al., 1996) found that heart rate measurements cannot always be used to predict 

exercise intensity whether subjects are trained or untrained. Thus, ever since the initial 

attempts at val idation using heart rate (Borg, 1973, 1982), the literature has indicated 

severa l inconsistencies in associating heart rate measurements with percei ved exertion 

(see below: Carton & Rhodes , 1985: Noble & Robertson . 1996). Thus , when the 

expenmental and correlational evidence is examined collectively, it can be concluded 

that heart rate does not appear to function as a physiological mediator for respirator y

metabolic signals of exertion . 

Blood Lactate 

Ratings of perceived exertion are known to be highly dependent on whether the 

perceived effort is derived from the extremities (peripheral factors) and the size of the 

muscle groups involved (Aminoff , Smolander , Korhonen, & Louhevaara, 1996; Borg 

et al. , 1987: Hoffman, Kassay, Zeni, & Clifford, 1996) or from the torso (central 

factors) (Cafarelli, 1982; Noble & Robertson, 1996; Robertson, 1982). 

The common difficulty of subjects to differentiate between peripheral versus 



central exertion does much to contnbute to the inconsistent results found in the 

literature (Carton & Rhodes. 1985: Noble & Robertson. 1996). Thus. whether blood 

lactate and RPE are positively related (Borg, Ljunggren. & Ceci. 1985: Demello . 

Cureton . Boineau . & Singh. 1987: Gamberale. 1971: Horstman. Morgan. Cymennan. 

& Stokes. 1979) , or not (Allen. Seals, Hurley. Ehsani . & Hagberg , 1985 : Robertson. 

Gillespie . McCarthy , & Rose. 1979: Skrinar, Ingram , & Pandolf, 1983: Stamford & 

Noble , 1974) is still unknown. 

Oxye:en Uptake 

l5 

The functional link between (percent maximal ) oxygen uptake and ratings of 

perceived exertion has important implications for perceptually regulated exercise 

pre scriptions. as well as for laboratory assessment of exercise performance . That is, 

establishing a link between (percent maximal) oxygen uptake and ratings of perceived 

exertion is a prerequisite for perceptually prescribed exercise intensity requiring the 

subject to estimate his/her amount of exercise intensity (Noble & Robertson , 1996) . 

Fortunately , heart rate measurements have also been shown to be highly correlated 

with percent maximal oxygen uptake (Garcin et al., 1996: Haskell, Yee, Evans, & 

lrby, 1993 ), which has been shown to be one of the most valid measures of physical 

fitness (Brown, Chitwood, Beason, & Mclemore, l 996a, l 996b; Liu, Plowman, & 

Looney, 1992; Murray et al., 1993; Siconolfi, Lasater, Snow, & Carleton, 1985). 

Oxygen uptake has been shown to be correlated with ratings of perceived exertion (I= 

0.76 to 0.97; e.g., Goslin & Rorke, 1986; Toner, Drolet, & Pandolf, 1986), although, 
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again. not all studies ae:ree (De:vtello et al.. [987: P1vamik & Senav. [986). - , 

Summarv 

To quote Caferelli ( l 982) once more. "it is perhaps charactenstlc of this field 

that workers using different techniques to answer the same question produce 

conflicting results" (p. 386) . This brief quote underscores the general theme of this 

literature review . And nowhere is this more evident than in the amount of inconsistent 

evide nce in linking ratings of perceived exertion to blood lactate and, to a lesser 

extent. to heart rate. Although a large majority of the studies reviewed found a 

positive relationship between ratings of perceived exertion and heart rate, they did not 

all agree on the magnitude of the correlatio n: the same could be said of the correlation 

between ratings of perceived exertion and oxygen uptake. Such lack of agreement 

among studies examining the relationships between ratings of perceived exertion and 

criterion variables undermines the overall validity and reliability of the inferences 

made regarding the use of the Borg RPE Scale . These inconsistencies, however, can 

be partially resolved through the use of quantitative meta-analytic syntheses , which 

will help to determine the extent to which ratings of perceived exertion are related to 

such criterion variables as heart rate, blood lactate, and oxygen uptake. 

Meta-Analysis 

Meta-analysis employs a set of statistical methods as tools for the quantitative 

integration of research findings across studies. Meta-analysis is generally not 
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considered as a statistical technique : instead. 1t 1s a quant1tatt ve approach for 

integrating the empincal results of many independent studies. The subject domain of 

meta-an:.llysis itself. however. is not without its share of controversies . some of which 

will be discussed momentarily . As will be reviewed below. there are different forms 

of quantitative integration of research results, and only some of them can be called 

meta-analysis . 

Relevant to the meta-analysis of the validity coefficients reported in the Borg 

RPE Scale literature . the methods for synthesizing the results of correlational studies 

that report on the relationship between ratings of perceived exertion and some 

physiological or psychological measure are relatively straightforward. But even here 

controversy abounds. One can either (a) average the raw Pearson rs obtained from 

each study (Wolf. 1986), or (b) transform each r into its associated r statistic using 

Fisher's r-to-~ transformation that is then averaged and then transformed back tor 

(Wolf, 1986). But even here, which method of integration to choose is the subject of 

some controversy (Glass, 1977; Wolf. 1986). 

A Brief Account on the Origin of Meta-Analysis 

Meta-analysis and its competing or associated techniques were born out of a 

dire need to make some quantitative sense out of the explosive growth the social 

science and educational research literature experienced during the seventies (Glass, 

1977). Before then, a literature review typically covered a few dozen articles, 

depending on the subject domain in question. Because of its relatively modest scope 
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at the time. in wnting a literature review it would be easier for an author to distill and 

verbally summarize the cumulated studies in :1 rather coherent fashion. But this 1s not 

to say that a narrative review cannot be confusing even if only a small number of 

studies are reviewed . Today. however. although verbal narratives and descripti ons are 

obviousl y still possible , narrative reviews become increasingly difficult and subjective 

because of the ever-increasing body of literature . Indeed. Hunter and Schmidt's 

( 1990) monograph focuses on 

the cumul ation of results across studies to establi sh 
facts, .... the resolution of the basic facts from a set of 
studies that all bear on the same relationship. For many 
years, this was not an important issue in the social 
sciences because the number of studies dealing with a 
given issue was small. But that time has passed . (p. 13) 

The rapid growth in the number of studies, therefore. has served as the impetus for 

meta-analysis . 

Equally important is the rationale for obtaining information from ail the 

cumulated research. Research does no good to anyone if reasonable conclusions 

cannot be drawn from the research literature. Considering the vast number of studies 

addressing any particular research question today, it is crucial, not that more studies--

differing only subtly from its predecessors in methodology, subjects, or design--be 

performed, but rather, that some integration, some synthesis , and general conclusions 

take place, thereby enabling researchers to refine existing theories and/or develop new 

ones. Such integration can best be accomplished by the same statistical treatments 
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meta-analysis first proposed by Glass and his colleagues (Glass. McGaw. & Smith. 

1981) that combines measures across studies using different independent and 

dependent vanables. and that combines ··good," well-designed studies with poorly 

designed studies (see below). Thus. the constructs of the independent and dependent 

variables vary across studies and are, therefore. not comparable (Hunter & Schmidt. 

1990). Hunter and Schmidt offer two counterarguments for this criticism. a logical 

one and a methodological one. Logically, because a meta-analysis analyzes results 

(i.e .. numbers ) rather than studies, any set of numbers can be compared to any other 

without any logical contradiction. In fact, ''the claim that only studies which are the 

same in fill respects can be compared is self-contradictory; there is no need to compare 

them, since they would obviously have the same findings within statistical error" 

(Glass , 1977. p. 357) . Methodologically, the presence of differences across study 

settings necessitates a meta-analysis because such a determination must be made on an 

empirical basis , rather than on a logical or semantic one. 

Mixing studies with different quality designs. It is possible that results of 

meta-analyses are often uninterpretable because results from well-designed studies are 

mixed with those from less well-designed studies (Wolf, 1986). This criticism, 

however, can be handled empirically by coding the quality of the design employed in 

each study and examining whether the results differ between well-designed studies and 

poorly designed ones. It is possible that although there may be no effect size 

difference between the two types, poorly designed studies may have more effect size 

variation (Wolf, 1986). 
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. .\ vailabilitv bias. It is possible that a meta-analysis will more likely include 

published studies that more often show statistical significance and larger effect sizes 

than unpublished studies: the latter are often not included in a meta-analysis (Hunter & 

Schmidt. 1990: Wolf , 1986) simply because they were not published and hence. not 

available . This is often called the ''file drawer" problem (Rosenthal, l 979). This 

criticism is actually valid only for those studies that have never been publically 

reported . Otherwise, results in published books, dissertations , and theses , as well as 

those presented in unpublished papers at professional meetings, can be included in a 

meta-analysis and combined with the results from published articles . Alternatively, 1t 

is possible to estimate the number or additional studies with statistically nonsignificant 

results that would be necessary to reverse a conclusion drawn from a meta-analysis , 

thereby providing some estimate of the robustness and validity of the findings (Wolf, 

1986). 

Meta-analysis favors studies reporting more results. In a particular 

meta-analysis, if some studies report more results than others, then there will be a bias 

quantitatively favoring the results from the former over those of the latter, and making 

the results appear more reliable than they really are (Wolf, 1986). The 

counterargument has been made that it does not necessarily follow that just because 

one study reports one statistically significant result, all other results from that same 

study will be statistically significant as well. Additionally, whether different 

conclusions will be drawn for performing separate analyses for each different outcome 

(criterion or dependent variable; Kulik, 1983), lumping them all into the same analysis 
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(Glass. 1977). limitmg oneself to a fixed number of results (say, two) from eacr, study 

(Gilbert. \1cPeek. & Mosteller . 1977). or averaging all of the results from the same 

study (Wolf. 1986). is an empirical question and can only be answered by comparing 

these various methods in practice . 

Correcting for attenuation . Hunter and Schmidt ( 1990) argued that meca

analysis should involve correctmg for artifacts or attenuati on. Rosenthal (198-l ). 

however , criticized safeguar ds designed to correct for artifacts or attenuation and 

proposed that corrected correlat ions or effect sizes are not as useful as the uncorrected 

values. because most investigators do not correct for measurement error anyway. 

Hunter and Schmidt reasoned that because different measures of a variable possess 

different leve ls of reliability (Hunter & Schmidt , 1990), failure to correct for 

measurement error and attenuation will inevitably lead to (a) systema tic 

underestimation of actual relationships among constructs and (b) many different 

population values for the correlation between any two constructs . 

Strengths of Meta-Analysis 

Objectivity. Because meta-analysis does not make any prejudgments a priori , 

it is more likely to be more objective than the more traditional narrative literature 

reviews. 

Integration . Because meta-analyses are quantitative descriptions of large 

bodies of research literature, the findings, when distilled down to some common 

metric or statistical summary, can often lead to stronger conclusions than can an 



impressionistic literature review . 

Providing insights. In addition to its ability to highlight and answer the highly 

researched questions within a particular research domain . meta-anal ysis can also 

illummate gaps in the extant knowledge base. thereby providing new directions for 

future research . such as interacting or mediating variables, and leading to the 

fonnulation of new hypotheses . 

Variations (or Extensions) of Meta-Analvsis 

Study_filfects Meta-Analysis 

The study effects meta-analysis is considered an impro vement over the 

Glassian-type meta-analysis (Hunter & Schmidt, 1990) and entails (a) including only 

one effect size from each study, thereby helping to ensure statistical independence 

within the meta-analysis, and (b) making some judgment about the methodological 

quality of the studies , including only the best ones (cf., Best Evidence Synthesis: 

Slavin , 1986). Overall. this method is a refinement, allowing clearer demarcation 

between independent and dependent variable constructs and permitting fine tuning of 

hypothesis fonnulation and subsequent experimental implementation . 

Schmidt-Hunter Meta-Analysis Methods 

The Schmidt-Hunter meta-analysis can be regarded primarily as an extension 

of the Glassian type of meta-analysis, but differs in only one major aspect: unlike the 

latter , the Schmidt-Hunter meta-analysis methods do not take the variance of observed 



effect sizes (SE/ ) :.it face value. Instead . after detenrnn:.ition of the mean effect size. 

the hypothesis that the variance of effect sizes is entirely due to statistical artifacts 1s 

tested . These artifacts include sampling error. differences in reliability of independent 

and dependent variable measures across studies. differences in range restnct1on :.icross 

studies. differences in instrument validity across studies. and computation:.il errors. 

Schmidt and Hunter (1990) developed methods of estimating and 
subtracting variance due to the first three of these five artifacts. 
Generally , if these three artifacts account for 75% or more of the 
observed SE/ they conclude that the residual SE-/ is probably due to 
the remaining two artifacts and that true SEs: = 0. (Hunter & Schmidt, 
1990, p.485) 

One hallmark of the Schmidt-Hunter meta-analysis method is the correction for 

artifacts. When each study in a meta-analysis reports quantifiable artifact inforrnation. 

the validity coefficients are corrected individually , and the mean and variance of each 

corrected validity coefficient are computed. However. when studies report 

quantifiable artifacts only sporadically, an artifacts distribution must be used. For an 

artifacts distribution, the order is the reverse of correcting each artifact when each 

study provides artifact inforrnation . That is, first the mean and the variance of the 

uncorrected coefficients are computed. The mean and variance are then corrected to 

eliminate the effects of the various artifacts (Hunter, Schmidt. & Jackson, 1982) . 

Homogeneity Test-Based Meta-Analysis 

The Homogeneity Test-Based meta-analysis was advanced primarily as an 

improvement over the Glassian-type meta-analysis and has as its major strength the 

ability to detect moderator variables. Hedges (1982) and others proposed the use of 
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statistical tests as an aid in deciding whether study outcomes are more variable than 

would be expected from sampling error alone. If they are not, then there is no reason 

to search for moderators. Hedges ( 1982) extended the concept of homogeneity tests to 

develop a more general procedure for moderator analysis based on significance testing. 

Briefly, it entails partitioning the overall x2 statistic into the sum of within- and 

between-group chi-squares . The original set of effect sizes or correlations in the meta

analysis is then divided into successively smaller subgroups until the x2 statistics within 

the subgroups are statistically nonsignificant, indicating that sampling error can explain 

all the variation within the last set of subgroups. 

The major problem of this test is that if there are a large number of moderators 

and a relatively small number of studies, then, eventually, the smallest subgroup could 

conceivably contain only a few (perhaps even one or two) studies In this event, the 

original purpose of the meta-analysis--to quantitatively cumulate and synthesize across 

studies--is met only for each subgroup of studies, making generalizability difficult 

across moderator variables. Another potential problem with this method is based on 

( over)reliance on statistical significance testing--a practice that originally led to the 

conception of meta-analysis in the first place (Hunter & Schmidt, 1990). 

Alternative Methods of Integration of Findings 

Chi-Square Method 

The chi-square method entails converting any inferential statistic (e.g., E t r) 

into an exact probability or Q value using the appropriate statistical tables found in the 
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appendices of any statistics text. These p values are then convened to chi-squares. that 

are then added to the degrees of freedom (g.f). Overall levels of statistical significance 

of the studies being combined are then determined by checking the i probability table 

for the summed values of chi-square and df (Gage . 1978). One problem with this 

method is that it is most useful if only a few statistical results are to be synthesized and 

if these results come from studies that are as similar to each other as possible (i.e .. 

replications of each other). This method is a slight modification of the Fisher 

combi ned test (see below) . 

Cumulati on of p Values 

As the name indicates. this method cumulates significance levels across studies 

to produce an overa ll p-value for the set of studies as a whole (Hunter & Schmidt . 

l 990). A small value enables the researcher to conclude that there is an effect at work. 

As with the vote-counting method covere d below. one major problem with this 

method is that although a combined statistically significant p-value may be reached, 

there is no mention of the magnitude of the effect. Rosenthal and Rubin ( 1978) later 

recognized this glaring limitation and compensated with the invocation of effect size 

analysis combined with p-values. Rosenthal's "file-drawer problem " can be 

ameliorated to some extent by the method of cumulating p-values across studies . 

Using Rosenthal's technique, it is possible to calculate the number of studies that have 

been "tucked away" (due to statistically nonsignificant results) because of an effect 

size of zero that would have to exist to bring the combined 12-value down to the desired 
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alpha level (e.g .. 0.05. 0.0 I). Because this number usually turns out to be very large 

(on the order of 65.000: Rosenthal & Rubin. 1978). it is highly unlikely that there are 

65.000 studies tucked away on any one topic. 

Traditional Votirnz-Counting Method 

This method entails classifying each statistical result into one of four 

categories, determined by statistical significance or not and positive or negative 

(Jackson , 1980). The vote-counting method allows the detection for statistically 

significant trends across studies , even if no results of any study itself are found to be 

statistically significant. However , there are several important and glaring limitations: 

(a) the method is biased in favor of large sample sizes which may show only small 

effect sizes (Hunter & Schmidt , 1990): (b) because the method makes no correction 

for differences in sample sizes across studies, it works best if all sample sizes are as 

equal as possible; (c) a large number of statistical results are necessary in order to 

detect any reliable trends (Gall, Borg, & Gall, 1996); (d) only the direction of the 

effect. rather than its magnitude, is determined (Hedges & Olk.in, 1985); and (e) the 

results can lead to erroneous conclusions, especially in light of (b) and (d) above. 

Two profound modifications to the vote-counting method have been devised in 

an attempt to address the most damaging limitations mentioned above, namely, (c) and 

(d). One is that which yields only a statistical significance level for a group of studies 

and the other provides a quantitative mean effect size estimate. 

Vote-counting methods that yield only significance levels. These methods 
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basically employ a sign test to determine whether the observed frequencies of findings 

in the positive or negative directions depart significantly from the 50-50 split predicted 

under the null hypothesis (Rosenthal. 1978). However. these modifications are useful 

only when the null hypothesis is true and not when it 1s false. 

When the null hypothesis is not rejected in cumulative 
studies with high statistical power. this does provide an 
estimate of population effect size : zero . However, when the 
null hypothesis is false, the binomial or sign tests provide no 
estimate of effect size . This is a serious disadvantage . 
(Hunter & Schmidt. 1990, p. 473) 

Vote-counting methods vielding estimates of effect sizes. If sample sizes are 

known for all studies, then one has only to estimate the effect size from either the 

proportion of positive results or from the propor1ion of positive statistically significant 

results . Hedges and Olkin ( 1985) have devised equations for calculating confidence 

intervals around these effect size estimates and will generally be wider (due to less 

use of information as a result of counting positive or significant positive results) from 

those resulting when effect sizes are determined individually for each study and then 

averaged , as proposed by Glass ( 1977). The limitation, then, of course, is that the 

vote-counting-based estimates of effect sizes should only be used when the 

information required to determine individual effect sizes from individual studies is not 

available (Hunter & Schmidt, 1990). 

Combined Tests 

Fisher combined test. The Fisher combined test is an alternate form of the 

chi-square test (above), also yielding a chi-square value using x2 = -2 I logJJ (Wolf, 
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1986) . Because of its exponential component. this method has superior asymptotic 

properties over other methods, although it suffers from several limitations . Mosteller 

and Bush ( 1954) noted long ago that it can yield results inconsistent with a simple sign 

test in situations where the maJority of studies showed results in one direction with Q 

values close to 0.50 (chance) . In this situation, the sign test could easily reJect the 

overall null hypothesis, while the Fisher procedure would be more conservative and 

would not. A more serious disadvantage of the Fisher test is its support for either 

outcome when two studies of equally and strongly significant results in opposite 

directions are obtained. Thus, suppose Q < 0.001 favoring the experimental group and 

Q > 0.00 l favoring the control group occurs, both of which are combined for a Q < 0.0 l 

using the Fisher procedure. In this case , the Fisher combined test supports the 

sigmficance of either outcome (Adcock , 1960). 

Winer combined test. Winer ( 1971) proposed a procedure for combining 

independent tests that come directly from the sampling distnbution of independent 

I-statistics in which the I-statistics associated with each test are summed and divided 

by the square root of the sum of the df associated with each I after each df has been 

divided by df - 2. Thus, 

which is based on df/(df - 2) being the variance of a I-distribution, which is 

approximately normally distributed when df > 10. Thus , this procedure is 
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inappropriate for tests based on .!l < l 0. 

Stouffer combined test. The Stouffer combined test. originally attributed to 

Stouffer and colleagues. is more fully described by Mosteller and Bush (l 954) and by 

Rosenthal ( 1978). It bears a great deal of similanty to the Winer procedure for 

summing rs, except that the 12-values are converted to IS, instead of to rs. and are then 

summed . The denominator then simplifies to the square root of the number of tests 

combined , and the complete expression takes the form b = 1:z/./ N where N is the 

number of combined tests . This procedure is based on the sum of normal deviates 

being itself a normal deviate, with the variance equal to the number of observations 

summed. There are two major advantages to the Stouffer test: (a) the calculations are 

more straightforward than either the Fisher or Winer procedures , which necessitate 

logarithmic transformations and adjustments for df , respectively; and (b) , although the 

results of the f. procedure are slightly more powerful than those of the! procedure . the 

results of the two procedures are virtually identical (Wolf & Spies , 1981). 

Best evidence synthesis . The best evidence synthesis method was proposed by 

Slavin (1986) in an attempt to improve upon the Glassian practice of lumping all 

studies, regardless of their quality, into the synthesis. As the name indicates, this 

method entails including only the most methodologically best studies in the 

meta-analysis; all other studies are not included in the meta-analysis. 

Such best evidence syntheses focus on the "best evidence" in the field, 

including those studies having the highest internal and external validity, using clearly 

defined and well-justified inclusionary criteria. However, since it is virtually 
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impossible to control for all the other confounding variables in a correlational study. 

best evidence synthesis must necessarily entail random assignment of subjects to 

groups . But 1n correlational studies. including these investigating the relationship 

between ratings of perceived exertion and each criterion variable (heart rate. blood 

lactate. oxygen uptake). assignment of subjects to groups is not usually done as a 

matter of cause . Typically , subjects of specified physical characteristics are recruited. 

screened, and then tested; there is rarely any use of a control group . Furthermore, 

many investigators have calculated validity coefficients among independent (criterion) 

variables (e.g., between heart rate and power output: Borg, Hassmen et al.. 1987: Borg, 

Van den Burg et al., 1987). Thus, those relatively few studies that do use control 

groups and/or calculated validity coefficients among criterion variables (e.g., between 

heart rate and blood lactate) would be included under the best evidence inclusionary 

criteria. But because there are so few of them, a best evidence synthesis meta-analysis 

would hardly be warranted. 

Summary 

The purpose of this half of the literature review was to briefly review meta

analysis as a statistical technique for integrating findings across studies, its origin, its 

limitations and strengths, and several alternative integration techniques. 

As will be evident in the Procedures section, the meta-analysis method of 

choice in this study will be the Hedges' Test of Homogeneity. The Borg RPE 

literature has many inconsistent results, much of it probably due to many different 
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types of moderator variables . The issue of moderators will be addressed in this study 

In addition, although this body of literature is large. it will not yield hundreds of 

studies. like many research domains in the educational or psychological fields. The 

number of usable studies in the perceived exertion literature will be much more 

modest. 

Finally, because not every study reports quantifiable artifacts, an artifacts 

distribution to correct for bias will be applied to each study feature sample size

weighted validity coefficient. Such a correction will have the effect of increasing each 

mean validity coefficient, while decreasing the attendant sampling error variance. 
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Because the body of literature on the Borg RPE Scale is immense (e .g., Noble 

& Robertson, 1996), and because there is a great deal of inconsistency regarding the 

validity of the Borg RPE Scale when it is related to various physiological measures , 

there is a dire need to provide some quantitative assessment, some global analysis of 

the extant literature . The relationship of ratings of perceived exertion with three 

major criterion variables will be determined : (a) heart rate, (b) blood lactate , and (c) 

oxygen uptake . 

Presently, there is a wealth of inconsistent findings in establishing a positive 

relationship between ratings of perceived exertion and blood lactate levels. The 

disagreements are not so glaring between ratings of perceived exertion and heart rate 

and between ratings of perceived exertion and oxygen uptake, because most studies 

find a positive relationship . These inconsistencies must be resolved using established 

techniques of meta-analysis for correlations . For this purpose, this study intends to 

address the following questions: 

1. What is the integrated correlation between heart rate measurements and 

ratings of perceived exertion? What study features (e.g., subjects' gender, the nature 

of the exercise/work task and exercise protocols used) might account for the variation 

of results across studies? 

2. What is the integrated correlation between blood lactate and ratings of 



perceived exertion? What study features (e .g., subjects' gender, the nature of the 

exercise /work task and exercise protocols used) might account for the variation of 

results across studies? 

3. What is the integrated correlation between oxygen uptake and ratings of 

perceived exertion? What study features (e .g., subjects' gender, the nature of the 

exercise/work task and exercise protocols used) might account for the variation of 

results across studies? 

34 
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From now on, heart rate measurements , blood lactate concentrations, and 

oxygen uptake will be collectively referred to as criterion variables . Furthermore , the 

variable "oxyg en uptake" includes percent maximal oxygen uptake (ml kg·' min-1
), 

minute ventilation (ml min-1
), respiratory rate (breaths min-1

), and oxygen uptake (ml 

kg·' min·' or ml min-') . Note that all four of these variables of oxygen uptake use 

co mparable units (some unit volume per unit time), even though there is a distinction 

among them in the sports physiology /psychology literature . For the purposes of this 

meta-analysis , however, such a distinction was not be made and all four were lumped 

together under the heading of "oxygen uptake ." 

Many of the articles covered in the literature review have been included with 

other relevant articles and unpublished works (e .g ., conference papers , dissertations , 

theses) from a search using the SPORT Discus database . This database has proven to 

be comprehensive in its listing of references dealing with perceived exertion, including 

those not normally appearing in the mainstream ( conference papers, dissertations , 

theses) . The PSYCHLIT, ERIC, and MEDLINE databases have not provided any 

references that SPORT Discus did not provide as well. Key words used included , 

either singly or in combination: perceived exertion, Borg, blood lactate and perceived 

exertion, heart rate and perceived exertion, oxygen uptake and perceived exertion, 

perceived work, and exercise intensity . 
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Study Features 

Table I lists the major study features which may potentially affect the results 

of the studies, thus causing inconsistencies in the reported results . The potential 

moderating effect of these study features is the focus of this meta-analysis . 

Coding of Study Features 

Data selected for this meta-analysis were derived from studies that reported 

relationships between ratings of perceived exertion and one, two, or all three of the 

physioiogical criterion variables mentioned above under specific exercise conditions 

and using specific subject groups Numerous study features were coded for the 60 

studies in the final collection. 

Subject Gender 

Subject gender was included in this meta-analysis . Studies employing males, 

females, or both were included in this analysis . In cases in which a study did not 

differentiate between males and females, no distinction was made in the coding 

scheme either and was subsequently treated as missing data (although other study 

features of such a study were included) . 

Subject Fitness/ Activity Level 

The aerobic fitness levels of subjects were included in the meta-analysis when 

the levels were measured by oxygen uptake . The subjects' fitness levels were 



Table I 

Features of Stu dies 

General study feature 

Subject gender 

Subject fitness/activity level 

Type of RPE Scale 

Exercise type or work mode 

Exercise protocol 

Quality of study 

Specific study features 

(1) Male 
(2) Female 

( l) Sedentary 
(2) Healthy - nonactive 
(3) Healthy - active 
(4) Highly fit 

(l) 15-point 
(2) 21-point 
(3) 9-point 
( 4) Category-ratio ( 10 or 20) 

( 1) Bicycle ergometer 
(2) Treadmill 
(3) Track running (or Treadmill running) 
(4) Arm cranking 
(5) Swimming 

( l) Progressive continuous 
(2) Progressive intermittent 
(3) Random intermittent 
(4) One-level--maximal exertion 
(5) One-level--submaximal exertion 

( 1) Excellent--all necessary design, controls 
incorporated 

(2) Good-some, but not all, controls 
incorporated 
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(3) Poor--fairly lacking in proper experimental 
procedures 
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operationally defined as a reference to their particular lifestyle and were categorized 

as (a) sedentary, (b) healthy, but typically inactive, (c) active, and (d) highly fit 

Maximum oxygen uptake is a routine physiological measure that indicates how well 

an individual aerobically adapts to the increased metabolic demands of exercise . That 

is, oxygen uptake is positively related to activity level. The categorization by activity 

level (reported in each article) is then determined by a combination of the oxygen 

uptake measure and a subjective appraisal of the subjects ' fitness level. 

Type ofRPE Scale Used 

Four types ofRPE scales were considered for this meta-analysis : (a) 15-point, 

(b) 21-point, ( c) 9-point, and ( d) the category-ratio scale . 

Exercise Type 

The five most prevalent forms of exercise in the perceived exertion literature 

are (a) bicycle ergometer, (b) treadmill, (c) track running, (d) arm cranking, and (e) 

swimming or deep water running . In the final analysis, however, all studies using arm 

cranking were excluded because they failed to report Pearson rs in their results . 

Exercise Protocol 

Five exercise protocols were considered . The (a) progressive continuous and 

(b) progressive intermittent protocols start with low levels of exercise and progress 

to more strenuous levels of exercise . In the progressive continuous protocol, 

subjects exercise without any rest between workloads . In the progressive 
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intermittent protocol, subjects exercise with rest periods between each workload . 

The ( c) random intermittent protocol has a random , rather than a progressive, order 

of exercise levels with rest provided between each workload . The (d) maximal 

exertion protocol remains at one exercise level at which the subject is to continue to 

exercise until (s)he becomes physically exhausted . And the (e) submaximal exertion 

protocol also remains at one exercise level at which the subject exercises in a physical 

stead y state for a specified period of time . 

Study Quality 

The quality of the study is a characteristic that would obviously not be 

reported in any study itself, but rather is determined via the coding scheme for this 

meta-analysis : (a) a rating of "excellent " indicates that all necessary and sound designs 

(e .g., randomization , delineation of variables, adequate description) and controls were 

incorporated , and explained; (b) "good" means that most, but not all, experimental 

procedures were practiced and explained . The number of such transgressions was set 

at ~ 2; and (c) a rating of"poor" meant that more than two such experimental design 

transgressions occurred in the study . 

Criteria for Acceptance of a Study into the Meta-Analvsis 

Any study exploring the relationship between ratings of perceived exertion and 

any of the three criterion variables will be included in this meta-analysis. Specifically, 

any study reporting Pearson rs or any statistic that can be converted to a Pearson r 
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( see below) were included in this meta-analysis. The study quality is part of the 

category/feature coding listed in Table 2, and will be one variable used to differentiate 

studies well-conducted studies from more poorly conducted ones. 

Coding Scheme 

Pertinent information to be coded from each article is listed in Table I In the 

Appendix (Tables A. I , A.2 , and A.3), the summaries of characteristics are coded for 

each article dealing with the relationship between ratings of perceived exertion and 

heart rate, blood lactate, and oxygen uptake, respectively 

As can be seen in Tables A I, A 2, and A 3, some of the studies include 

missing values. For example, Brown et al. ( l 996b; Table Al) did not indicate the 

gender of their subjects. In such cases, "gender" for this study was simply counted as 

(a) missing value(s). 

Statistics 

Studies reporting Es, !S, regression slopes (if units across studies are 

comparable), and so forth were converted to Pearson rs as prescribed by Glass 

(1977, p.374) . For example, 

t = .rl - .rl M r = r --
(1) ry pb un 

s: ( _!_ + _!_ l MS1,c, n1 n2 F= for j = 2 groups 
(2) MS ... 11un 

(3) 

!2 
rpb = F = t 2 

!2 + (n1 + n2 - 2) 

(4) 
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where~ is the point-biserial correlation , ld is the ordinate (height) of the unit normal 

distribution at the point above which lies 100 (n/n) % of the area under the curve , 

and n = n1 - !lo = the numbers of ls and Os on J'., respectively . Because biases do not 

necessarily exist in some studies that report more statistically significant results than 

others, all reported correlations ( or other statistics that have been converted to rs) 

were used (Glass, 1977) . 

Fisher's z-Transformation 

Fisher ' s ?;-transformation was first performed on each study validity 

coefficient r 

Z, = tanh -1r (5) 

and its accompanying standard error : 

(6) 

From the nearly normal sampling distribution of is, the resultant b from equation ( 5) 

corresponds to the mean, which, in turn, corresponds to p; that is, i 11 

Testing Homogeneitx of Correlations Across 
Studies for Each Criterion Variable 

After all study test statistics (e.g., !, .E) have been transformed to Pearson rs 

and appropriately transformed to Fisher's is, the first statistical test was the test for 

homogeneity of correlations across studies because Borg Scale studies often use 

relatively small sample sizes (Table 1). To this end, therefore, the Hedges' Test for 





43 

sampling variability and is compared to a x_2 distribution with k.- I df (where ls. is the 

number of correlations) . If the HT value for any set of correlations representing the 

relationship between ratings of perceived exertion and the criterion variable was less 

than the x_2 value, it was not statistically significant and the correlations are considered 

homogeneous , indicating that the correlations representing this relationship with that 

particular perceived exertion-criterion variable were similar regardless of the studies 

from which they were drawn , such as those using one exercise type or subject gender 

as opposed to another. 

If, however , the Test of Homogeneity is statistically significant , then the 

correlations representing the relationship with each of the three perceived exertion

criterion variables were not consistent and the average correlation value cannot be 

generalized across studies . In this event, the correlations of ratings of perceived 

exertion with each of the three criterion variables were grouped by each of the study 

features listed in Table I. The extent of this inconsistency of the validity coefficients 

among study features (e .g., exercise type: bicycle ergometer, treadmill, track running, 

and swimming) was then determined using a one-way ANOV A, followed by a Tukey ' s 

multiple comparison test 

Averaging Correlations 

For each criterion variable correlated with ratings of perceived exertion, 

grouping studies according to the types of studies used (e .g., male vs. females, 

sedentary vs . active), it was assumed that the population correlation is constant over 
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studies within a particular gender or occupation group . In such cases , the best 

estimate of the population correlation is a weighted mean in which each correlation is 

weighted by the sample size of that study (Hunter & Schmidt , 1990) . Two types of 

mean sample size-weighted correlations were calculated: (a) a weighted r derived 

from ~(n. L)fN . For this particular mean correlation, there was no f - to - i - to - r 

transformation . This f is denoted M1. And (b) a weighted r derived from the mean ?;, 

l:(n. b)JN, where.?;; is the Fisher's?; transformed r. The resultant i was then back 

transformed to its corresponding f. This r is denoted M2. Likewise, the 

correspon ding variance across studies is the frequency weighted average squared error 

(Hunter & Schmidt , 1990) 

s/ = Var(r) = [~[N; (r; - i)2]]/l:N ; (8) 

Searching for moderator variables . For each perceived exertion-criterion 

variable relationship , the next step was to calculate a one-way ANOV A for each study 

feature (e .g ., exercise type) and then a Tukey multiple-comparisons test to determine 

which of the four types of exercises (e .g., bicycle ergometer, treadmill , track running , 

and swimming) are statistically significantly different from each other . 

Finally, the last step for each perceived exertion-criterion variable relationship 

was to corroborate or refute the homogeneity test To test for statistically significant 

interactions and, therefore, the lack of generalizability across studies (Glass & 

Hopkins , 1996, p. 485), or the converse, all 15 possible pairwise combinations 

between two study characteristics (e.g, fitness level by RPE Scale) were each 



examined in a two-way ANOVA 

Correcting for Artifacts--The Use of 
Artifact Distributions 

Hunter and Schmidt ( 1990; Hunter et al., 1982) proposed the use of artifact 
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distributions when studies report quantifiable artifacts only sporadically . When validity 

coefficients are corrected individually, the mean and variance of each corrected 

coefficient is computed . For artifact distributions, however, the order is reversed . 

First, the mean and the variance of the uncorrected coefficients are computed . This 

mean and variance are then corrected to eliminate the effects of the various artifacts 

(Hunter et al., 1982) . Table 2 lists and briefly explains many of the artifacts which 

Hunter and Schmidt ( 1990, p. 45) provided, but that are most applicable to 

educational and occupational psychological fields of study . 

Partly due to the nature of the Borg RPE Scale itself ( one item), to the 

physiological criterion variables (e .g., heart rate, blood lactate oxygen uptake , power 

output), to the types of subjects who volunteer for such studies, and to the designs 

typically used, only two artifacts (nos. 1 and 9) are applicable to the kinds of studies 

typically and most commonly implemented in the ratings of perceived exertion 

literature . Further, within the ratings of perceived exertion literature, qualitative 

artifact information is actually often provided (Ekblom & Goldbarg, 1971 ), but 

quantitative information across studies is quite sporadic. Much of the artifact 

information is only qualitatively provided ( described) due to its inherent presence in 



Table 2 

Study Artifacts That Cause the Study Validity Coefficient to Differ from the True 

(Population) Correlation and the Corrections Associated with These Artifacts 

1. Sampling error will cause study validity to randomly vary from the population value . 
Correction : The variance of population correlations o/ = o / - o / where o/ = U:.__r :)1k 

T 
where k is the number of correlations and T = EN, is the total sample size. 

Application to Perceived Exertion Studies : Applicable to perceived exertion studies . 
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2. Error of Measurement in the Dependent Variable : Study validity will be systematicall y lower than 
true validity to the extent that Borg Scale ratings of perceived exertion are measured with random 
error --Reliability of the dependent variable (Borg Scale) (e.g. , test-retest). 

Correction Same as Sampling Error : o/ = s..2 (Equation 8). For reliability . r - rj (./r"°'./ryy) 
where r 0 is the study sample uncorrected correlation and r"°' and ryy are the reliability coefficients of 
the dependent (RPE Scale) and independent (heart rate , blood lactate . or oxygen uptake) variables , 
respectively . 

Application to Perceived Exertion Studies : Not applicable to perceived exertion studies . 
Values of each of these three physiological criterion variables will depend on subjects ' state of rest or 
exercise at the time the measurement is made . Thus . reliability does not apply to physiological 
measures inasmuch as, say, heart rate . is considered reliable. 

3. Error of Measurement in the Independent Variable--Reliability of the Independent variable . As in 
no. 2 preceding . 

Correction : r - rj(./r"°' ./ryy) where r0 is the study sample uncorrected correlation and r"" and 
r,Y are the reliability coefficients of the dependent (RPE Scale) and independent (heart rate . blood 
lactate . or oxygen uptake) variables. respectively . 

Application to Perceived Exertion Studies: Not applicable to perceived exertion studies . 
Values of each of these three physiological criterion variables will depend on subjects ' state of rest or 
exercise at the time the measurement is made . Thus, reliability does not apply to physiological 
measures inasmuch as, say, heart rate , is considered reliable . 

4. Range variation in the dependent variable will be systematically lower than true validity to the 
extent that volunteers will exhibit response biases, needs or desires to impress others (such as other 
participants, the experimenter, etc.), and basically be less than honest in rating themselves on the 
Scale. Other factors influencing responses will be motivation (fun vs. competition), desire, and so 
forth laboratory versus natural setting. 

Correction: Cannot be corrected . 

5. Imperfect Validity of the Independent Variable (heart rate, oxygen uptake blood lactate levels, 
power output, speed, etc .) In which an independent variable is correlated with another independent 
variable (e.g., heart rate and oxygen uptake or oxygen uptake and treadmill speed). 

Correction: r = rjab where l! and Qare the correlations between independent variables (e.g., 
l! = the correlation between heart rate and oxygen uptake and Q = the correlation between oxygen 
uptake and power output) . 

(table continues) 
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Application to Perceind Exertion Studies : Not applicable to perceived exertion studies . For 
physiological measures , validity of thetr interpretation is limited to the validity of the technology, 
instruments , and/or laboratory procedures designed to measure them. 

6. Imperfect Construct Validity of Perceived Exertion Study validity will differ from true validity if the 
criteno n 1s somehow deficient, contaminated , or otherwise undermined (e .g., subjects receivmg inadequate 
instrucllons m the proper use of the Borg Scale) . 

Correction Corrected sample correlation is r, = rrJ r, where r0 is the study sample uncorrected 
correlation . Also , when provided , correlations ofRPEs with some other independent variable will be the 
divisor to correct the sampler. (e g., r RPE.-J; that is, r = rj r RPE. ,pooc1· 

Application to Perceived Ei.ertion Studies : The validity of such independent variables (e.g., 
speed), again, is limited to the validity of the technology, instruments , and/or laboratory procedures 
designed to measure them. 

7. Reporting on transcriptional error . 
Correction : Cannot be corrected . 

8 . Variance due to Extraneous Factors Study validity will be systematically lower than true validity if 
volunteers differ in physical fitness condition, or daily health habits (e.g., smoking, obesity, drinking), or if 
the exercise/work task is performed and the Scale administered under different conditions, time of day, et 
cetera . 

Correction : Where and when information on extraneous factors is given, the corrected 
correl ation is r = rof I( 1 - Pee2

) where Pee is the correlation between the extraneous factor and the Borg 
RPE scores . 

Application to Perceived Ei.ertion Studies : Not applicable to perceived exertion studies . Such 
extraneous factors are myriad and so varied that it may not be generalizable across studies and individuals , 
especial ly when studies report these extraneous factors only sporadically, thereby necessitating the use of 
artifact disuibutions . For example , the measures obtained from obese subjects may not be applicable to 
those obtained from other kinds of subjects . 

9 . Bias in the Correlation : Hunter and Schmidt ( 1990) point out that Ll)e presence of statistical bias in the 
sample correlation as an estimate of the population correlation is usually quite uivial in magnitude and is, 
therefore , rarely worth the trouble to correct for it "However , we provide the computations to check the 
size of the bias in any given application . The impact of bias is systematic and can be captured to a close 
approximation by an attenuation multiplier" (p. 141 ). 

Correction : The correction takes the general form r = rj [(2N - 2)/(2N - I)] . 
Application to Perceived Ei.ertion Studies This is the only other correction that applies to 

perceived exertion studies . Systematic application of this multiplier will naturally decrease the mean 
validity coefficients . 

Adapted from Hunter and Schmidt ( 1990, p. 45). 

this type of research. Miller et al. ( 1985) stated that "on any given day, one's RPE 

and heart rate (and oxygen values) may fluctuate with exercise as a result of physical, 

social and emotional factors" (pp. 193-194) . 
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Study Effects Meta-Analysis 

A study effects meta-analysis was performed in which the validity coefficient 

between ratings of perceived exertion and each of the three criterion variables is 

examined on a by-study basis (Bangert-Drowns , 1986). Each study contributed only 

one validity coefficient , whether that coefficient was a single correlation or the mean 

of more than one coefficient. 



CHAPTER V 

RESULTS 

Sixty studies were found to meet the inclusionary criteria stated in the 

preceding chapter ; that is, these 60 studies revealed Pearson rs between ratings of 

perceived exertion and one or more of the criterion variables being examined in this 

meta-analysis . Out of these 60 studies , 161 validity coefficients were found between 

ratings of perceived exertion and heart rate , 36 validity coefficients were found 

between ratings of perceived exertion and blood lactate, and 7 4 validity coefficients 

were found between ratings of perceived exertion and oxygen uptake . Together , 

therefore , these 60 studies generated 2 71 rs . 

Test of Homogeneity 
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As can be seen in Table 3, all three criterion variables are statistically 

significant, indicating that their validity coefficients with ratings of perceived exertion 

are heterogeneous . This means that the correlations between ratings of perceived 

exertion and each of the three criterion variables cannot be generalized across studies, 

and are the result of moderating features contributing greater variability than would be 

expected from sampling variability alone. 

The six moderator variables (Table 1) explored in this meta-analysis, therefore, 

were examined separately for each of the three criterion variables first by determining 

the mean validity coefficients by each study feature and then by using a one-way 



Table 3 

Homogeneity Test for Correlations Between Ratings of Perceived Exertion and the 

Three Criterion Variables 

Study feature HT 

Heart rate 2,568 51 • 1,614.42 954 07 

Blood lactate 3 3 7. 70* 231.22 106.48 

Oxygen uptake 613 . 7 3 • 246 .68 367 .06 

2 
.osX df 

190.23 

49 .80 

93 .95 

a 
M 

.616 

.591 

.532 

•correlations have been back-transformed from their mean sample size-weighted 
Fisher's ~s. *Q < .05 . 

ANOV A and subsequent multiple comparisons test Both types of analyses (mean 

validity coefficients and ANOV Nmultiple comparisons tests) will reveal which study 

features (e.g., treadmill, bicycle ergometer subsumed under exercise type) will yield 

mean validity coefficients that are higher or lower than the rest of the study features, 

and if so, if they are statistically significantly different from the rest of the study 

features. 

These study features yielding mean validity coefficients that are statistically 

significantly different from the rest within a particular feature group (e.g., exercise 

type) indicate that they are moderating variables and are responsible for the observed 

heterogeneity within each perceived exertion-criterion variable relationship. That is, 
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they contribute more variability than can be accounted for by sampling variability 

alone . 

Mean Validity Coefficients 
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Because the i - to - 1: back-transformations depend on means, rather than on 

individual validity coefficients, ANOV A and the subsequent Tukey multiple 

comparisons tests were calculated only for the n-weighted mean validity coefficient 

(M 1) . To make the Tukey's multiple comparison test meaningful, Tables A.4, AS, and 

A.6 provide the descriptive statistics of the weighted validity coefficients (M 1) for 

heart rate, blood lactate, and oxygen uptake, respectively . 

Heart Rate 

Reported in Tables 4, 5, 6, 7, 8, and 9 are the mean (M) sample-size-weighted 

validity coefficients (M 1 and M2), the number of correlations (k), and number of 

subjects (n) used to derive each mean validity coefficient for each of the study 

features. The two types of mean coefficients, M1 and M2, for heart rate are . 5 3 2 and 

. 616, respectively . As can be seen from Tables 4-9, all mean correlations for all six 

study characteristics and their respective study features are in the low to high range 

(approximately .300 [Table 9] to .985 [Table 8]). Of the six study characteristics, only 

the features within fitness level (Table 5), exercise type (Table 7), exercise protocol 

(Table 8), and study quality (Table 9) are statistically significantly different from each 

other . Specifically, Tukey's multiple comparison test reveals the following for the 



Table 4 

Mean Sample-Size-Weighted Validity Coefficients and ANOVA for Heart Rate by 

Gender 

Feature n-weighted M 1 n-weighted M2 

Overall .531 .616 143 

Males .525 .633 94 

Females .538 .591 49 

ANOV A results 

Source n2 c 

Gender 1, 141 1.44 > .05 .0101 

• k is the number of correlations, Overall k < 161 due to missing values . 
b n is the number of subjects . 

3,570 

2,078 

1,492 

c 112 is eta squared, which is defined as (sum of squares main ctrecJ/(sum of squares 10w). 
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Table 5 

Mean Sample-Size-Weighted Validity Coefficients and ANOVA for Heart Rate by 

Fitness Level 

Feature n-weighted M 1 n-weighted M 2 

Overall 545 .650 123 

Sedentary .379 (A)° .534 19 

Healthy-
inactive 521 (B) .574 43 

Active .593 (B) .714 38 

Highly fit .660 (B) .815 23 

ANOV A results 

Source n2d 

Fitness level 3, 119 5.34 < .05 .119 

• k is the number of correlations. Overall k < 161 due to missing values . 
b n is the number of subjects. 
c (A) is statistically significantly different from (B) . 

2,665 

231 

1,361 

758 

315 

d 112 is eta squared, which is defined as: (sum of squares main etrccJ/(sum of squares iow). 
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Table 6 

Mean Sample-Size-Weighted Validity Coefficients and ANOVA for Heart Rate by 

RPE Scale 

Feature n-weighted M 1 

Overall .532 

15-point .535 

21-point .605 

9-point .549 

Category ratio .450 

ANOVA results 

Source 

RPE Scale 3, 157 

• k is the number of correlations. 
b n is the number of subjects . 

n-weighted M 2 

616 161 3,957 

.626 142 3,441 

.612 6 154 

.559 3 115 

.505 10 247 

n2c 

1.23 > .05 .023 

c 112 is eta squared, which is defined as: (sum of squares main etrccJ/(sum of squares 10iaJ. 
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Table 7 

Mean Sample-Size-Weighted Validity Coefficients and ANOVA for Heart Rate by 

Exercise Type 

Feature n-weighted M1 n-weighted M2 

Overall .533 .618 160 

Bicycle 
ergometer .577 .655 108 

Treadmill .482 (B)° .556 37 

Track running 332 (B) .499 4 

Swimming .778 (A) 834 11 

ANOV A results 

Source n2 d 

Exercise type 3, 156 4.63 <.05 .300 

• k is the number of correlations. Overall k < 161 due to missing values. 
b n is the number of subjects. 
c (A) is statistically significantly different from (B) . 

3,933 

2,064 

1,598 

166 

105 

d 112 is eta squared, which is defined as: (sum of squares main cffccr)/(sum of squares 10~ . 
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Table 8 

Mean Sample-Size-Weighted Validity Coefficients and ANOVA for Heart Rate by 

Exercise Protocol 

Feature n-weighted M1 

Overall .532 

Progressive 
continuous .583 (B)' 

Progressive 
intermittent .698 (B) (C) 

Random 
intermittent .450 (B) (D) 

One-level 
maximal 
exertion .841 (A) 

One-level 
sub ma xirnal 
exertion .457 (B) (D) 

ANOVA results 

Source 

Exercise Protocol 4, 156 

a k is the number of correlations. 
b n is the number of subjects. 

n-weighted M2 k1 

.616 161 3,957 

.637 58 1,506 

.737 18 321 

.540 18 262 

985 10 87 

.525 57 I, 781 

n2d 

11.64 <.OS .230 

c (A) is statisticall_y significantly different from (B) and (C) is statistically significantly 
different rrom (D). 

d 112 is eta squared, which is defined as: (sum of squares main cffccJ/(sum of squares 10ui). 
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Table 9 

Mean Sample-Size-Weighted Validity Coefficients and ANOVA for Heart Rate by 

Study Quality 

Feature n-weighted M1 n-weighted M2 

Overall .528 .612 152 

Excellent .530 (B)" 647 112 

Good .587 (B) .625 32 

Poor .304 (A) .328 8 

ANOV A results 

Source n2d 

Study quality 2, 149 3.38 < .05 .0433 

• k is the number of correlations. Overall k < 161 due to missing values. 
b n is the number of subjects. 
' (A) is statistically significantly different from (B). 

3,875 

2,051 

1,425 

399 

d 112 is eta squared, which is defined as: (sum of squares main ctrcci)/(sum of squares 1o.J· 
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mean weighted validity coefficients between ratings of perceived exertion and heart 

rate : (a) for fitness level, for sedentary individuals are statistically significantly different 

from those of the other three fitness types (Table 5); (b) for exercise type, swimming is 

statistically significantly different from the treadmill and track running (Table 7); (c) 

for exercise protocol, the maximal exertion protocol is statistically significantly 

different from the other four protocols (Table 8); and (iii) for study quality, "excellent" 

studies and "good" studies are statistically significantly different from those coded as 

"poor " (Table 9) . 

Blood Lactate 

Reported in Tables 10, 11, 12, 13, 14, and 15 are the mean (M) sample-size

weighted validity coefficients, the number of correlations (k), and number of subjects 

(n) used to derive each mean correlation between ratings of perceived exertion and 

blood lactate . 

The two types of mean correlations , M1 and M2, for blood lactate are .530 and 

. 591, respectively. As can be seen from Tables 10-15, all validity coefficients for all 

six study characteristics and their respective study features are in the mid to high range 

(ca . .412 [Table 12) to .840 [Table 10)). Four out of the six study features , gender 

(Table 10), RPE Scale (Table 12), exercise type (Table 13), and exercise protocol 

(Table 14) show between-group statistically significant differences . Specifically, 

Tukey's multiple comparison test reveals that : (a) for gender, the mean weighted 

validity coefficients for males are statistically significantly different from those for 
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Table JO 

Mean Sample-Size-Weighted Validity Coefficients and ANOVA for Blood Lactate by 

Gender 

Feature n-weighted M 1 

Overall .530 

Males .463 

Females .778 

ANOV A results 

Source 

Gender 1, 34 

• k is the number of correlations . 
b n is the number of subjects . 

n-weighted M2 

.591 36 661 

.489 23 521 

.839 13 140 

E n2 c 

15.69 < .05 .3157 

c112 is eta squared, which is defined as: (sum of squares m.nn ctrcc,)/(sum of squares 10i.u). 
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Table 11 

Mean Sample-Size-Weighted Validity Coefficients and ANOVA for Blood Lactate by 

Fitness Level 

Feature 

Overall 

Healthv 
inactive 

Active 

Highl y fit 

n-weighted M1 

.532 

.674 

.499 

.610 

At'-rOV A results 

Source 

Fitness level 2, 29 

n-weighted M2 

.595 32 

.802 8 

.535 23 

.610 

n2 c 

1.63 > .05 . l O 11 

• k is the number of correlations. Overall k < 36 due to missing values. 
b n is the number of subjects. 

633 

103 

503 

27 

c 112 is eta squared, which is defined as: (sum of squares mm cffcci)/(sum of squares 10w). 
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Table 12 

Mean Sample-Size-Weighted Validity Coefficients and ANOVA for Blood Lactate_hy 

RPE Scale 

Feature n-weighted M 1 

Overall .530 

15-point .72l(A)° 

9-point .457 (B) 

Category-ratio .412 (B) 

ANOV A Results 

Source 

RPE Scale 2, 33 

a k is the number of correlations . 
b n is the number of subjects . 

n-weighted M2 

.591 

.785 

.457 

.438 

12.47 

c (A) is statistically significantly different from (B) . 

36 661 

22 230 

3 150 

11 281 

n2d 

< .05 .430 

d TJ2 is eta squared, which is defined as: (sum of squares nwn dfccJ/(sum of squares 1oiJ· 
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Table 13 

Mean Sample-Size-Weighted Validity Coefficients for Blood Lactate by Exercise Type 

Feature 

Overall 

Bicycle 
ergometer 

Treadmill 

Swimming 

.n-weighted M1 

.530 

.477 (A)° 

.712 (B) 

.755 (B) 

ANOV A results 

Source 

Exercise type 2, 33 

n-weighted M2 

.591 36 

.527 24 

.768 10 

.756 2 

n2 d 

3.41 < .05 .263 

• k is the number of correlations. Overall k < 36 due to missing values. 
b n is the number of subjects . 
c (A) is statistically significantly different from (B) . 

661 

515 

126 

20 

d 112 is eta squared, which is defined as : (sum of squares main cffcci)/(sum of squares 10w). 
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Table 14 

\;fean Sample-Size-Weighted Validity Coefficients and ANOY A for Blood Lactate bv 

Exercise Protocol 

Feature n-weighted M 1 

Overall .530 

Progressive 
continuous 494 (B)° 

Progressive 
intermittent . 735 (A) 

Random 
intermittent .457 (B) 

One-level 
maximal 
exertion .480 (B) 

One-level 
submaximal 
exertion .582 (B) 

ANOVA results 

Source df 

Exercise protocol 4, 31 

• k is the number of correlations . 
b n is the number of subjects . 

n-weighted M2 

.591 

.595 

.746 

.457 

.482 

630 

E Q 

11.24 < .05 

0 (A) is statistically significantly different from (B) . 

36 661 

17 306 

10 103 

3 !50 

2 44 

4 58 

n2 d 

.2375 

d 112 is eta squared, which is defined as : (sum of squares mmi cff'ccJ/(sum of squares 1oui). 



64 

Table 15 

Mean Sample-Size-Weighted Validity Coefficient and ANOVA for Blood Lactate by 

Study Quality 

Feature n-weighted M 1 

Overall .530 

Excellent .523 

Good .600 

ANOVA results 

Source 

Study quality l, 34 

• k is the number of correlations . 
b n is the number of subjects. 

n-weighted M2 

.591 

.585 

.648 

E 

.03 

' (A) is statistically significantly different from (B) . 

k" 

36 661 

31 602 

5 59 

n2, 

> .05 .001 

d '112 is eta squared, which is defined as : (sum of squares main etrccJ/(sum of squares 10iaJ. 
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females, whose responses were quite a bit higher (Table I 0), (b) for RPE scale usage, 

the 15-point scale is statistically significantly different from those of both the 9-point 

scale and the category-ratio scale (Table 12), (c) for exercise type, use of the bicycle 

ergometer is statistically significantly different from both treadmill and swimming 

(Table 13 ), and ( d) for exercise protocol, the progressive intermittent protocol is 

statistically significantly different from each of the other four protocols (Table 14). 

Oxygen Uptake 

Reported in Tables 16, 17, 18, 19, 20, and 21 are the mean (M) sample-size

weighted validity coefficients, the number of correlations (k), and number of subjects 

(n) used to derive each mean validity coefficient between ratings of perceived exertion 

and oxygen uptake . 

The two types of mean validity coefficients, M 1 and M2, for oxygen uptake are 

.427 and .532, respectively . As can be seen from Tables 16-21, unlike for heart rate 

and blood lactate, all mean validity coefficients for all six study characteristics and 

their respective study features are in the low to high range (ca. -.055 [Table 20] to 

.858 [Table 19]). Of the six study characteristics, only the feature ofRPE Scale does 

not show any between-group statistically significant differences (Table 18). 

Specifically, Tukey's multiple comparison test reveals that in the sample size-weighted 

validity coefficients between ratings of perceived exertion and oxygen uptake, males 

are statistically significantly different from females (Table 16), active individuals are 

statistically significantly different from healthy-inactive and highly fit individuals (Table 
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Table 16 

\1ean Sample-Size-Weighted Validitv Coefficients and ANOVA for Oxygen Uptake 

by Gender 

Feature n-weighted M 1 n-weighted M2 

Overall .425 538 63 

Males 577 .650 55 

Females . 123 .252 8 

ANOV A Results 

Source E n2c 

Gender 1, 61 4.79 < .05 .2128 

• k is the number of correlations. Overall k < 74 due to missing values. 
b n is the number of subjects. 

944 

628 

316 

' 112 is eta squared, which is defined as: (sum of squares main cffccJ/(sum of squares 10w). 



Table l 7 

Mean Sample-Size-Weighted Validitv Coefficients and A.NOVA for Oxygen Uptake 

by Fitness Level 

Feature n-weighted M 1 n-weighted M2 

Overall .376 .476 44 

Healthy-
inactive 509 (B)" .547 24 

Active .241 (A) .396 18 

H.ighly fit 582 (B) .594 2 

ANOV A results 

Source E n2 d 

Fitness Level 2, 41 8.34 < .05 .2630 

• k is the number of correlations. Overall k < 74 due to missing values. 
b n is the number of subjects. 
c (A) is statistically significantly different from (B). 

996 

454 

505 

37 

d 112 is eta squared, which is defined as: (sum of squares main etrccJ/(sum of squares 1ow). 
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Table 18 

\foan Sample-Size-Weighted Validitv Coefficients and ANOVA for Oxvgen Uptake 

bv RPE Scale 

Feature n-weighted M 1 

Overall .427 

15-point .408 

Category-ratio .549 

ANOV A results 

Source 

RPE Scale 1, 72 

• k is the number of correlations. 
b n is the number of subjects. 

n-weighted M 2 

.532 74 1,170 

.527 69 1,012 

.560 5 158 

n2c 

.14 > .05 .002 

c 112 is eta squared, which is defined as: (sum of squares main ctrccJ/(sum of squares 00w). 
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Table 19 

Mean Sample-Size-Weighted Validity Coefficients and ANOVA for Oxygen Uptake 

bv Exercise Type 

Feature n-weighted M 1 

Overall .427 

Bicycle 
ergo meter .432 (B)" 

Treadmill 331 (8) 

Swimming .858 (A) 

ANOVA results 

Source 

Exercise type 2, 71 

' k is the number of correlations . 
b n is the number of subjects. 

n-weighted M2 

.532 

.542 

.356 

.915 

E 

10.69 < .05 

0 (A) is statistically significantly different from (B) . 

74 1, 170 

48 638 

18 441 

8 91 

.2315 

d 112 is eta squared, which is defined as : (sum of squares nwn ctrcc:J/(sum of squares 1ow). 
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Table 20 

Mean Sample-Size-Weighted Validity Coefficients and ANOVA for Oxygen Uptake 

by Exercise Protocol 

Feature n-weighted M 1 

Overall .427 

Progressive 
continuous .413 (B) (CY 

Progressive 
intermittent 565 (B) 

Random 
intermittent .750 (B) (D) 

One-level 
maximal 
exertion -.055 (A) 

One-level 
submaximal 
exertion .532 (B) 

ANOV A results 

Source df 

Exercise protocol 4,69 

• k is the number of correlations . 
b n is the number of subjects . 

n-weighted M2 
k. nb 

.532 74 1,170 

.502 3 1 688 

770 14 111 

.750 10 

.059 4 80 

.580 24 281 

E Q n2 d 

6 .31 < .05 .279 

' (A) is statisticallY significantly different from (B) and (C) is statistically significantly 
different ttom (D) . 

d T)2 is eta squared, which is defined as : (sum of squares main ctrccJ/(sum of squares 10w). 



Table 21 

Mean Sample-Size-Weighted Validity Coefficients and ANOVA for Oxygen Uptake 

by Study Quality 

Feature n-weighted M 1 

Overall .427 

Excellent .609 

Good .264 

ANOV A results 

Source 

Study quality 1, 72 

• k is the number of correlations . 
b n is the number of subjects . 

n-weighted M 2 k' 

.532 74 1,170 

.701 56 552 

.333 18 618 

E n2 c 

8.01 < .05 .4820 

c 112 is eta squared, which is defined as : (sum of squares main cffcci)/(sum of squares 10w). 
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1 7), swimming is statistically significantly different from those of both the bicycle 

ergometer and treadmill (Table 19), maximal exertion is statistically significantly 

different from the other four protocols (Table 20), and excellent studies are 

statistically significantly different from good ones (Table 21 ). 

Pairwise Interactions 

Heart Rate 
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All 15 possible pairwise twO··way ANOV As were calculated . Eight out of the 

15 interactions are statistically significant (Table 22) : gender x RPE scale, gender x 

exercise type, gender x exercise protocol, RPE scale x exercise type, RPE scale x 

study quality, exercise type x exercise protocol, exercise type x study quality , and 

exercise protocol x study quality (for descriptive statistics of the statistically significant 

interactions, see Table A. 7) . To take gender x RPE scale as an example, not all types 

of RPE scales used are equally effective for males and females when using the 

weighted validity coefficients as the dependent variable in correlating heart rate with 

ratings of perceived exertion . Similarly, not all exercise types are equally effective for 

all types of protocols used when using the weighted validity coefficients as the depen

dent variable in correlating heart rate with ratings of perceived exertion. Hence, given 

that over half of the pairwise interactions (8 out of 15) reveal statistically significant 

interactions, and that "the absence of interactions is the statistical justification for 

generalizability" (italics deleted, Glass & Hopkins, 1996, p. 485), this analysis corro

borates the lack of homogeneous correlations as revealed in the preceding analysis. 
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Table 22 

Statistically Significant Two-Way Interactions for Heart Rate and Oxygen Uptake 

Source 

Heart rate 

Gender x RPE Scale 2, 136 3.44 .0468 

Gender x type 3, 134 6.04 .1042 

Gender x protocol 3, 134 10.52 .1726 

RPE Scale x type 2, 151 5.25 .0591 

RPE Scale x quality 2, 144 6.01 .0621 

Type x protocol 6, 146 3.61 .1139 

Type x quality 4, 141 2.46 .0499 

Protocol x quality 4, 141 10.48 .1814 

Oxygen uptake 

Gender x quality 1, 59 8.11 .1156 

Type x protocol 4,63 8.85 .3089 

a All interactions are statistically significant at 12 < .05 . 
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Note that with the exception of fitness level, all other study characteristics are 

involved in at least one of the eight statistically significant interaction terms . Such lack 

of generalizability, as revealed by the prevalence of statistically significant interactions, 

precludes the identification of moderator variables--variables identified as being 

responsible for the observed heterogeneity . Because all four fitness level features were 

found to be statistically significant in the x2 test of homogeneity, none of the fitness 

levels can be considered as moderator variables either . 

Blood Lactate 

All possible 15 two-way ANOV As were calculated between each of two study 

characteristics to assess the statistical significance of their respective effects on the 

weighted correlation (n x r) and blood lactate . 

Although Table 22 does not reveal any statistically significant interactions, it 

still cannot be said that the validity coefficients are generalizable across studies . Three 

two-way ANOV As (gender x RPE scale, fitness level x exercise protocol, and RPE 

scale x exercise protocol) were calculated with an inadequate number of df in the 

model. No interaction term could be generated . Based on the preceding homogeneity 

test and the inconclusive results of these three two-way ANOV As, the validity coeffi

cients between ratings of perceived exertion and blood lactate cannot be generalized 

across studies. Nor can any moderator variable be identified among the study features . 

Oxygen Uptake 

All possible 15 two-way ANOVAs were calculated between each of two study 



characteristics to assess the statistical significance of their respective effects on the 

weighted correlation (n x r) and oxygen uptake . 
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Only 2 out of the possible 15 two-way ANOV As reveal statistically significant 

interaction terms gender x study quality and exercise type x exercise protocol (Table 

22 ; for descriptive statistics of the statistically significant interactions, see Table A.8) 

However , four other two-way ANOV As are inconclusive in the interaction terms due 

to an inadequate number of df specified in the model: gender x RPE scale , RPE scale 

x exercise type, RPE scale x exercise protocol, and RPE scale x study quality . As 

was seen above, for oxygen uptake, only two types of RPE scales were used (Table 

18) the 15-point and the category ratio scales. Therefore, in light of the ubiquitous 

heterogeneity , the two statistically significant interaction terms and the inconclusive 

results of the aforementioned two-way ANOV As, the mean validity coefficients cannot 

be generalized across studies . Again, nor can any moderator variables be identified 

among the study features. 

Correction for Artifacts 

The two artifacts (Table 2) were not combined into a single product; but 

rather, they were calculated individually as a mean for each study feature : a/ = a/ -

a/, which, recall from Table 2, is equation (8) minus artifact no . 1, and an attenuation 

factor that corrects for bias, r. = r)[(2N-2)/(2N-1 )] (artifact no . 9) . Table 23 below 

lists each of these individual n-weighted artifact-corrected correlations for each study 

feature for heart rate, blood lactate, and for oxygen uptake, respectively. As can be 
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Table 23 

Artifact-Corrected Validity Coefficients of Each Study Feature for the Three Criterion 

Variables 

Blood 

Heart rate lactate 

Feature Mes' 

Heart Rate Overall .532 .607 

Blood Lactate Overall .530 

Oxygen Uptake Overall 

Gender Overall .531 .607 .530 

Males .525 .629 463 

Females .538 .570 .778 

Fitness Level Overall .545 607 .530 

Sedentary .379 396 

Heal thy-macti ve .521 .620 .674 

Active .593 .692 .499 

Highly fit .660 .665 .610 

RPE Scale Overall .532 .607 .530 

15-point .535 .616 .721 

21-point .605 .642 

9-point .549 .646 .457 

Category ratio .450 .447 .412 

.614 

.614 

.520 

.782 

.614 

.745 

.581 

.622 

.614 

.731 

.458 

.425 

O:\.·ygen 

uptake 

.427 

.425 

.577 

.123 

.376 

.509 

.241 

.582 

.427 

.408 

.549 

.649 

.649 

697 

.598 

.649 

.560 

.645 

.644 

.649 

.652 

.600 

(table continues) 
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Blood Oxygen 

Heart rate lactate uptake 

Feature 

Exercise Type Overall .533 .607 .530 .614 .427 .649 

Bicycle ergometer .577 .607 .477 .551 .432 706 

Treadmill .482 .574 .712 .740 .331 .403 

Track running .332 .513 

Swimming .778 .774 .755 .775 .858 .866 

Protocol Overall .533 .607 .530 .614 427 .649 

Progressive continuous .583 615 .494 .601 413 .656 

Progressive intermittent .698 .781 .735 .730 .565 .626 

Random intermittent 450 .354 .457 458 .750 .792 

Maximal exertion .841 .933 .480 486 - 055 .504 

Submaximal exertion .457 .568 .582 .580 .532 .675 

Study Quality Overall .528 .607 .530 .614 427 .649 

Excellent .530 .619 .523 .617 .609 .684 

Good .587 .587 .600 .601 .264 .541 

Poor .304 .357 

• CB is corrected for bias. 
b The values are either not applicable or no studies reported any values for these study features. 
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seen from Table 23, the correlations corrected for bias (artifact no. 9) are higher than 

their uncorrected predecessors, although by a negligible amount in some cases . In 

addition, the average sampling error variance (Equation 8 - artifact no . 1) is reduced , 

albeit by a negligible amount. 

Study Effects Meta-Analysis 

To assess for possible differences among studies themselves, where the study is 

treated like any other independent variable , a study effects meta-analysis was 

conducted . The mean validity coefficients for all three criterion variables, as well as for 

overall (all 60 studies) , are comparable in magnitude {Table 24), ranging from 

approximately .61 to approximately .66 . 

Table 24 

Mean Validity Coefficients for the Study Effects Meta-Analysis 

Source M Variance 

Heart rate 49 .657 .233 .054 

Blood lactate 15 .642 .210 .044 

Oxygen uptake 23 .609 .359 .129 

Overall 60 .627 .277 .077 

• k is the number of studies . 
For all three criterion variables, the means are provided in Table A.9 by study . 



CHAPTER V1 

DISCUSSION AND CONCLUSIONS 

Test of Homogeneity 

General 
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A test of homogeneity was applied to all three criterion variables to detennine if 

the validity coefficients are more heterogeneous than would be expected on the basis of 

sampling variability alone (Table 3) If they turned out to be homogeneous, then the 

meta-analysis would be finished and there would be no need to continue. All three 

criterion variables, however, revealed that the validity coefficients are more 

heterogeneous than sampling variability alone would have predicted. 

Given the relatively large number of validity coefficients that are combined 

under each of the three criterion variables and their attendant study features and the 

sensitivity of the x2 statistic to this number (Hedges, 1981, 1982), it is not surprising 

that the validity coefficients for almost every study feature under each of the three 

criterion variables are heterogeneous. Even from a perfunctory glance at Tables A 1, 

A2, and A3, one could guess at the extent of the heterogeneity of the validity 

coefficients: for heart rate (Table A 1 ), the range of the validity coefficients between 

heart rate and RPEs (!Siu>E, heart raie) is -.30 (Winborn, Myers, & Mulling, 1988) to . 999 

(e.g., Hassmen, 1990) and the range ofn is 3 (Edwards et al., 1972) to 128 (Lollgen, 

Ulmer, & Nieding, 1977; fn.r = -.244); for blood lactate (Table A2), the range of 
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rSiu>E. blood1.ocu1e is 08 (Borg et al., 1985) to .990 (Zeni et al., 1996) and the range ofn is 

3 (Edwar ds et al., 1972) to 50 (Robertson et al., 1979; !:n.r = -.554); and for oxygen 

uptake (Table A.3), the range ofrSiu>E.oxygenupUl<c is - .61 (Rudolph & McAuley, 1996) to 

. 999 (Ueda, Kurokawa, Kikkawa, & Choi, 1993) and the range of n is 3 (Edwards et 

al, 1972) to 128 (Butts, 1982; !:n.r = - 520) Overall , the correlation between n and the 

validity coefficients is - .337 . The negative correlations between sample size and 

validity coefficients are consistent with small samples producing spuriously larger 

relationships with each respective criterion variable by chance alone . Such effects 

would be less likely in studies using large sample sizes, since the subject pool will likely 

be more heterogeneous . Although these validity coefficients and sample sizes of each 

of these studies represented possible outliers, for the purposes of this meta-analysis, 

none of them were excluded as they all met the inclusionary criteria and were rated at 

least "excellent" or "go od" in the study characteristic of study quality . As can be seen 

from Tables A. I, A.2, and A.3, therefore, the wide range of validity coefficients and 

sample sizes would greatly underscore the heterogeneity observed in this meta-analysis. 

Even if each study used highly homogeneous subjects, there would probably still be a 

great deal of between-group (study) heterogeneity . In addition, it is generally accepted 

that "validity coefficients derived from scores of homogeneous groups will be lower 

than those from scores of heterogeneous groups" (Worthen, Borg, & White, 1993, p. 

191 ). Thus, because the studies in this meta-analysis employed samples of subjects 

differing widely in terms of their demographics, ranging from fairly homogeneous 

groups in some studies to fairly heterogenous groups in other studies, the observed 
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heterogeneity , as well as the values of the mean validity coefficients themselves, are not 

surpnsmg . 

In the earlier studies of Borg and others , however, only very homogeneous 

subject groups , such as those with resting and exercising blood pressures that fell 

within a certain interval, specific occupations (e g ., lumber workers) , specific age 

criteria (Bo rg & Linderholm , 1967, 1970) , or lean and/or obese subjec ts (Skinner et al , 

1973b) were used. Borg ( 1973) orig inally devised and calibrated the IS-po int RPE 

Scale so that each numerical point x 10 is comparable to heart rate (in beats per 

minute) for young-to-middle-aged men (Noble & Robertson, 1996) . As shown in 

Table A 1, these earlier studies of Borg and others generated !:Siu>E. hcar1 rate within the 

approximate range of70 to 90 (e .g. , r = .85 ; Gamberale , 1972) . 

Others (e .g., Bar-Or et al., 1972; Gamberale , 1972), on the other hand , used 

fairly heterogeneous samples , differing, say, in tenns blood pressure , percent body fat, 

serum cholesterol , and number of cigarettes smoked per day, that may be good for 

generalizability to the general population , but not very sound from an experimental 

perspective ; that is, good external validity, but poor internal validity . For heart rate , 

blood lactate , and oxygen uptake relationships with ratings of perceived exertion, such 

disparate findings among different studies are probably due to differences in 

environmental conditions (Skinner et al., l 973b ), exercise tasks (Sargeant & Davies, 

1973, 1977; Zeni et al., 1996), protocols (e .g., Brown et al., 1996b; Rudolph & 

McAuley, 1996), age (Borg & Linderholm, 1967), training (Ekblom & Goldbarg, 1971; 

Winborn et al., 1988), illness (Borg & Linderholm, 1967; Turkulin, Zamlic, & Pegan, 
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1977), or even the presence or lack of prior experience of the subjects with the Borg 

RPE Scale (Miller et al , 1985) . Additionally, Ulmer, Janz, and Lollgren ( 1977) 

showed just as close a relationship between workload and ratings of perceived exertion 

scores as to heart rate and ratings of perceived exertion scores . 

It is not surprising, therefore, that the mean ISi!.PE. heart l'2IC for the study 

characteristic of RPE scales is not higher (range, .45 to .60, Table 6), comparable to 

that found by Borg and his colleagues. Overall, in this analysis, the category-ratio scaie 

is the poorest predictor of the mE. heart 1'21C• whereas the 21-point scale is the best 

However , depending on which n-weighted mean correlation is used (M 1 or M2), all four 

scales are comparable Individually, by study, however, several studies of the Borg 

Scale(s) have revealed that the 15-point scale is superior to other modifications of it 

(Arstila, Wendelin, Vuori, & Valimaki, 1974; Borg, 1973; Table A2) . And both heart 

rate and blood lactate, when used in conjunction with the category-ratio scale, are not 

terribly good predictors of perceived exertion (Bloem et al., 1991 ). 

Outliers 

The presence of outliers deserves some mention . Stem-and-leaf and box plots 

of each of the three criterion variables reveal that there are two outliers for heart rate 

(r = -.31, r = -.30, Winborn et al., 1988, Figure 2), no outliers for blood lactate (Figure 

3 ), and four outliers for oxygen uptake (r = -. 21, Butts, 1982; r = -. 3 9, Edwards et al., 

1972; r = .08, Kolkhorst et al., 1996; r = -.61, Rudolph & McAuley, 1996; Figure 4) . 

However, as mentioned earlier , because each of these five studies was conducted in an 
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Figure 2. Stem-and-leaf plot and boxplot showing the distribution of validity 
coefficients for heart rate . In the boxplot, a circle represents an outlier(s) . 
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Figure 3. Stem-and-leaf plot and boxplot showing the absence of outliers for validity 
coefficients for blood lactate . In the boxplot, a circle represents an outlier(s). 



Stem Leaf 

10 0 
9 00000012347 
8 02233667788999 
7 345556777777889 
6 0011255678888 
5 122667 
4 78 
3 1369 
2 2 
1 245 
0 8 

-o 
-1 
-2 1 
-3 9 
-4 
-5 
-6 1 
----+----+----+----+ 
Multiply Stem Leaf by 

# 

1 
11 
14 
15 
13 

6 
2 
4 
1 
3 
1 

1 
1 

1 

.10 

Boxplot 

+-----+ 
*-----* 

+ 
+-----+ 

0 

0 

* 

* 

Figure 4 . Stem -and-leaf plot and boxplot showing the distribution of validity 
coefficients for oxygen uptake . In the boxplot , a circle represents an outlier(s) and 
asterisk represents an extreme outlier(s) . 

exemplary fashion and was rated either "excellent" or "good" (Tables A. I and A.3), 
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none of these outliers were excluded from the meta-analysis . Although it is recognized 

that the ratings of "excellent," "good," and "poor" under the feature of study quality 

was arbitrarily determined a priori by the author of this meta-analysis (Table 1) and 

subsequently assigned to each individual study, none of these studies reported any 

methodological, design, or experimental procedures that would have warranted 

excluding them from the meta-analysis. 
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Heart Rate 

Fitness levels and maximal exertion in which most or all of the major muscle 

groups are involved seem to be the best predictors of the relationship between ratings 

of perceived exertion and heart rate . Intuitively, fitness level has been shown to have a 

minor , contrary dependency on low and high degrees of stress . That is, when the stress 

range is high, ratings of perceived exertion tend to decrease with increasing fitness 

levels (Ulmer et al., 1977). Counter-intuitively, however , highly experienced fit male 

and females had higher r~E. ticart raac than their low-experienced counterparts at 70% 

maximal workload; at 50% workload, highly experienced females exhibited no rsRPE. hurt 

raac ( . 0 l ), while both low experienced genders exhibited moderate r~E. 11un rate; and at 

30% workload , the low-experienced subjects (both genders) exhibited negative r~E . 

hea.n rate (- 30) , whereas both highly experienced genders exhibited moderate [~E. heart rate 

(Winborn et al , 1988; Table A. I) These results indicate that differences in ratings of 

perceived exertion accuracy may be influenced by gender, but that prior exposure to 

athletic experiences (fitness levels) appears to override most gender differences . 

Involvement of the major muscle masses are also potent predictors of 

r~E. heart rate· Hassmen (1990) stated : 

Because running generally uses larger muscle masses than 
does cycling, running usually exhibits higher heart rates 
than does cycling at the same subjective intensity . .. . The 
more intense use of smaller muscle masses during cycling 
results in higher ratings of perceived exertion, even though 
the heart rates are comparably lower . (p. 450) 

Others (Sargeant & Davies, 1973, 1977), however, found that ratings of perceived 



exertion are closely associated with heart rate (Table A. I) and oxygen uptake (Table 

A. 3 ), regardless of the amount of muscle mass involved . 

Blood Lactate 
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More than the other two criterion variables , blood lactate is the most difficult to 

measure from a technical perspective and the most difficult to interpret from a 

metabolic perspective. Kay and Shepard ( 1969) found one of the lowest correlations 

between blood lactate and ratings of perceived exertion {!:Siu>£, blood ~~1c; . 15, Table A.2) 

in this meta-analysis, perhaps due to the rather questionable way in which they 

collected the lactate--by heating the subject's finger to 45°C (l 13°F) before puncture; 

lactate may be temperature-sensitive and may degrade at 45 °C. Also, blood 

withdrawal from the finger may not be the most accurate , since it is such a distant 

extremity . A more central location (e .g., the arm) would be better. 

In addition, it is well known that blood lactate increases quadratically, rather 

than in a linear fashion as a function of ratings of perceived exertion (Bergh, 

Danielsson, Wennberg, & Sjodin, 1986; Borg, Van den Burg et al., 1987; Borg et al., 

1985; Demello et al., 1987; Noble et al., 1983; Pedersen & Welch, 1977; Ueda et al., 

1993) . However, none of the articles examined mentioned any sort oflinear 

transformation of their data, where ratings of perceived exertion are squared and 

logarithms (base 10) of lactate concentrations are calculated . If some studies 

transformed their data, while others did not, this could represent a profound 

contribution to the observed heterogeneity . 



Physiologically , central versus peripheral signals of perceived exertion (where 

subjects are instructed to think about certain parts of their bodies, e .g ., the torso 
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[ central], arms, legs [peripheral] when performing a certain exercise task; e g , 

Robertson et al., 1979; Skrinar et al., 1983) may account, to some degree, for the 

lower-than expected (mean) r~E. heart rate• because most investigators do not instruct 

their subjects to specifically pay attention to and feel where on their bodies, peripherally 

or centrally, exertion, stress, strain, pain, or fatigue is occurring . For example, in 

swimming, when such differentiated ratings of perceived exertion (legs, arms, cardiac 

frequency ratings, or respiratory rate) were used (Ueda et al., 1993), various 

physiological measures were found to correlate moderately to highly with certain 

differentiated ratings of perceived exertion . It should be noted, that, in turn, each of 

these differentiated ratings of perceived exertion correlated very highly (r = . 97, 98) 

with overall (global) ratings of perceived exertion (Ueda et al., 1993 ). Mihivec ( 1981) 

has suggested that blood lactate influences ratings of perceived exertion primarily at 

higher exercise intensities, such as when pain is felt, but makes only a minimal 

contribution at lower intensities . To the extent that higher exercise intensities mean 

recruitment of larger muscle masses , it makes sense that in this meta-analysis, 

swimming (Kurokawa & Ueda, 1992) and treadmill use (Hassmen, 1990, Table 13) had 

among the highest r~E. blood 1acucc· Indeed, pain and discomfort (fatigue) cannot be 

separated from other physical estimates (Pandolf, Cafarelli, Noble, & Metz , 1972; 

Toner et al., 1986), which, in turn, cannot be separated from perception of effort 

(Noble & Robertson, 1996; Ulmer et al., 1977) . Consistent with the mean 



r~E. blood 1.acu1c found in this meta-analysis , the validity coefficient between ratings of 

perce ived exertion and discomfort has been reported to be .59 (Kamon , Pandolf, & 

Cafarelli, 1974) 

Oxygen Uptake 
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As mentioned above, the heterogeneity, as well as overall lower range of mean 

correl ation between oxygen uptake and ratings of perceived exertion (r~E. oxygen upUJ<c), 

can best be explained by the fact that four physiologically different oxygen uptake 

measures were combined into one global measure . The rationale for this is that from a 

meta-analytic perspective , subtly different measures do not always translate into 

substantively and practically different measures in the real world (Glass et al., 1981) 

Indeed , recall that the units of each of these four measures of oxygen uptake are 

interconvertible . From a measurement point of view, subjects probably feel their 

breathing ( which includes oxygen uptake) more than they feel their heart rate and 

certainly more than they feel their blood lactate (unless pain is involved) . Support for 

this comes from earlier investigations using cycling (e .g ., Cafarelli & Noble, 1976; 

Michael & Eckardt, 1972; Pandolf & Noble, 1973; Stamford & Noble, 1974) or 

treadmill (Demello et al., 1987) when oxygen uptake, per se, is not the major influence 

in the subjective rating of work stress . 

The heterogeneity of ISiu>E. o:q,gcn upeuc revealed in this meta-analysis can be further 

traced to the wide spectrum of"percent variance accounted for" in several of the 

studies examined . For example, during moderate to heavy work, ratings of perceived 



exertion are significantly affected by oxygen consumption (AJlen & Pandolf, 1977) , 

such as by % V0 2 m&X which has been found to explain nearly 80% (Brown et al , 
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l 996b ), 69% (Rudolph & McAuley, 1996), and 30% (Butts, 1982) of the variance in 

perceived exertion . Such disparate findings lend support to the possibility that ratings 

of perceived exertion do not depend on% V0 2 rrux (Noble & Robertson, 1996, p. 113 ). 

Conclusions 

The ability of subjects to feel oxygen uptake ( or, more generally, breathing) 

more keenly than they feel the other two criterion variables makes the former more 

susceptible to the confounds of psychological factors (Borg, Skinner , & Bar-Or, 1972 ; 

Clapp & Little, 1994; Hardy & Rejeski, 1989; Hassmen, 1990; Miller et al., 1985; 

Morgan, 1973; Morgan & Pollack, 1977; Rudolph & McAuley, 1996; Williams & 

Eston , 1986; Winborn et al., 1988). It is extremely difficult to establish any sort of 

pattern when such factors are involved. For example, highly active subjects have been 

shown to have reduced state anxiety after exercising, although more inactive subjects 

did not (Dishman et al., 1994 ). Curiously, these investigators also found that both 

highly active subjects and inactive ones did not differ in their ratings of perceived 

exertion, despite their relative differences in exercise intensity (Dishman et al., 1994) . 

The results of this meta-analysis indicate that no one physiological criterion 

variable (heart rate, blood lactate, or oxygen uptake) is that much better in its 

relationship with ratings of perceived exertion than any other . Several study features, 

however, have been shown to be notably superior, such as the use of highly fit subjects, 
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or highly stressful (maximal exertion) or unusual (swimming) tasks These features, 

when the subject is noticably challenged, are potent predictors of the ratings of 

perceived exertion-criterion variable relationship . Thus, if forced to provide a choice, 

the 15-point Borg RPE Scale would be best used with a group of highly fit young-to

middle-aged men, performing tasks that are either relatively unusual (e.g., swimming) 

or require extreme exertion . Under such conditions, the relationship between both 

heart rate and blood lactate with ratings of perceived exertion will be at least 

moderately high. 

Furthermore, it is usually better to have as many measures as possible . In this 

meta-analysis, because there is not enough documentation on any others (e .g ., 

hormones, creatine) to warrant a meta-analysis, only three criterion variables were 

examined . However , if it is possible to use at least the three criterion variables 

examined in this meta-analysis in future studies , then it would well behoove the 

investigator to do so . Combined, heart rate is a better predictor of ratings of perceived 

exertion and blood lactate is a better predictor of perceived exertion-pain than is each 

taken alone (Borg et al., 1985; Ljunggren, Ceci, & Karlsson, 1987; Steed et al., 1994) . 

Because physiologically, heart rate, lactate, and oxygen are all well-known to be central 

mediators of the complex biochemical and physiological processes of metabolism, it is 

ideal to measure at least all three , rather than each alone . 
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Mean Validity Coefficients 

Heart Rate 

The mean n-weighted validity coefficients of the study features for heart rate 

with RPE scores cover a wide range, for the most part, approximately .30 to 99 . Most 

notable within this range are the study features of highly fit (815 , Table 5), swimming 

(.834 , Table 7), maximal exertion (985, Table 8), and poorly conducted studies ( .30, 

Table 9) Note that high mean validity coefficients are obtained when either the task is 

relatively unusual (e .g ., swimming), when the entire body is involved (Kurokawa & 

Ueda , 1992), the subjects themselves are extreme in some way (highly fit), or the task 

requires the subjects to maximally exert or strain themselves (maximal exertion) Note 

also that poorly conducted studies find low correlations between RPE scores and heart 

rate . 

Consistently, the four study characteristics to which each of these four features 

belong, respectively, also have statistically significant E values and relatively large 

effect sizes (ri 2
) . With the exception of quality, where f12 is .0433, the effect sizes of 

statistically significant E values (fitness level, exercise type, and exercise protocol) are 

an order of magnitude larger than those that did not reach statistical significance (i.e, 

gender and RPE Scale). 

Some of the results are intuitively appealing. For example, under the heading of 

exercise protocol, maximal exertion is statistically significantly different from all other 

protocols . On the other hand, some of the results from the Tukey's test are 
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counterintuitive . For example , under the fitness level characteristic (Table 5), contrary 

to the findings , one would not necessarily expect sedentary individuals to differ from 

healthy-inactive subjects (see Hassmen, 1990; Jackson, Dishman, LaCroix , Patton , & 

Weinberg, 1981; Ulmer et al., 1977) Such a counterintuitive result might be attributed 

to the fact that some studies reported as their method of determining subjects ' fitness 

level simply the subjects' testimony of how fit they consider themselves to be 

(Gamberale, 1972) or an account of their daily lifestyle (e.g ., Turkulin et al., 1977) . It 

is possible that different investigators and subjects harbor different definitions or 

criteria of what constitutes a sedentary lifestyle, as opposed to, say, a healthy-inactive 

one . Thus , it might be more appropriate to determine fitness level on the basis of the 

subjects' percent maximal oxygen uptake values (e .g ., Travlos & Marisi, 1996; 

Winborn et al. , 1988) . 

Blood Lactate 

The mean n-weighted validity coefficients of the study features for blood lactate 

fall approximately within the .40 to .84 range. With this criterion variable, however, 

there are approximately six study features displaying fairly large mean n-weighted 

validity coefficients in the .75 to .80 range : females (Table 10), healthy-inactive 

individuals (Table 11), 15-point Borg RPE Scale (Table 12), treadmill use (Table 13), 

swimming (Table 13), and the progressive intermittent protocol (Table 14). 

Only the study characteristics of gender (Table 10, males vs . females) and RPE 

Scale (Table 12, 15-point vs . 9-point and category-ratio) display between-group 
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(features) statistical significance and corroboratively larger effect sizes, .316 and .430, 

respectively . All the other effect sizes of the other study characteristics are much 

smaller and are not statistically significant. 

The superiority of females over males (Table I 0) is consistent with findings 

presented in the literature . For example, Kurokawa and Ueda (1992; Ueda et al, 

1993) found that because of their generally greater buoyancy ( due to a higher 

percentage of body fat, as compared to males), women are better able to maximally 

exert themselves to the point of lactic acid accumulation and its attendant pain and, 

therefore , provide a stronger relationship between ratings of perceived exertion and 

blood lactate . Males , on the other hand, generally have higher basal metabolic rates 

and , therefore, do not accumulate blood lactate as quickly . 

Historically , in the early 1970s, the I 5-point Borg RPE Scale was a refinement 

over the original 21-point Borg RPE Scale (Noble & Robertson, 1996). Since then, the 

I 5-point scale has become the most heavily used RPE scale (Tables 6, 12, and I 8). Its 

widespread use, however, does not necessarily mean that it is the most appropriate 

when blood lactate is the criterion variable. Recall that earlier, it was mentioned that 

certain physiological variables (e .g., blood lactate) are related to exercise intensity 

according to nonlinear power functions (Borg, Van den Burg et al., I 987) . For 

example, when lactate is plotted as a function of the Borg RPE Scale (ratings 6-20) , the 

lactate concentration increases about three times more per scale unit at the top of the 

scale (ratings 16-17 , see Figure 1) than at the bottom (see Noble et al., 1983) . A 

different scale, therefore, was needed that would identify fatigue associated with 
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nonlinear physiological responses, such as lactate accumulation . 

Therefore , Borg developed a new psychophysical scale so that perception 

ratings would increase as a positively accelerating function and was termed the 

category-ratio scale . The nonlinear nature of blood lactate accumulation as a function 

of power output and perceived exertion has been demonstrated where blood lactate 

was found to be most appropriately described as a quadratic function (Noble et al , 

1983) . Perhaps at higher intensities when the glycogenolytic contribut ion to energy 

production is highest, there would be little relationship between ratings of perceived 

exertion and lactate ; that is, lactate rises rapidly while ratings of perceived exertion 

continue to increase linearly with power output 

Oxygen !lptak~ 

The range of mean n-weighted validity coefficients for oxygen uptake, unlike 

those for heart rate and blood lactate, is a little wider and has more lower validity 

coefficients , making the general range to be approximately - .055 to .858 . Most 

notable are females (ca . . 20, Table 16), active fitness level (ca .. 20 to 40, Table 17), 

and study quality of "good" (ca .. 26 to .33, Table 21) . There is no substantive 

correlation between ratings of perceived exertion and one study feature, maximal 

exertion (Table 20), which is somewhat surprising, given that maximal exertion 

exhibited very high mean validity coefficients between ratings of perceived exertion and 

heart rate (recall above, Table 8). Only one study feature, swimming, which engages 

the entire body and that requires that breathing be coordinated with the placement of 



the head in and out of water, exhibited a very high mean validity coefficient (ca .90) 

between oxygen uptake and ratings of perceived exertion (Table 19). And the study 

quality of "excellent" displayed moderately high mean validity coefficients (ca . . 60 to 

70, Table 21) 
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There are at least two important reasons--one from a measurement perspective, 

one from a physiological perspective--why the range of mean n-weighted correlations 

for oxygen uptake is lower than that for heart rate and blood lactate (a) measurement- 

oxygen uptake was treated as one global variable , combining four different measures of 

oxygen uptake (% maximal oxygen uptake , oxygen uptake , respiratory rate , and minute . 

ventilation) into one (recall Methods) ; and (b) physiological--a lower (mean) oxygen 

uptake is the prerequisite for the metabolic switch to a primarily anaerobic mode of 

metabolism (i e , higher lactate accumulation), and could explain the higher mean 

correlation between ratings of perceived exertion and blood lactate . The first reason, 

therefore , might have served to obscure the true relationship between any one of these 

oxygen uptake measures and ratings of perceived exertion . And, in principle, because 

all four oxygen uptake measures, either individually or collectively, are correlated with 

heart rate ( Ainsworth et al., 1997; Bloem et al., 1991; Grant et al , 1993; Ueda & 

Kurokawa., 1991 ), which, in tum, is more highly correlated with ratings of perceived 

exertion, then oxygen uptake measures should be correlated with ratings of perceived 

exertion as well. 

Only the study feature ofRPE Scale is not statistically significant (Table 18); its 

effect size ( ri2 = 002) is two orders of magnitude smaller than that for gender , fitness 
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level, exercise type , exercise protocol, and study quality (Tables 16, 17, 19, 20, and 21, 

respectively) . 

Pairwise Interactions of Heart Rate 

Of the eight statistically significant interaction terms , the most prevalently 

involved is exercise type , which significantly interacts with four of them (Table 22) : 

gender, RPE scale, exercise protocol, and study quality . As indicated above, swimming 

is a profound predictor of r~E. heart n1e and is probably so different under a wide variety 

of circumstances that it is not consistent across genders, types of Borg RPE Scales , 

protocols, or quality of study (e .g ., Kurokawa & Ueda, 1992) . Gender, RPE Scale, 

exercise protocol , and study quality are involved in three interactions each ; and it is 

surprising that only fitness level is not involved in any interaction, given that this study 

characteristic was statistically significant in the within-group (characteristic) one-way 

ANOV A, revealing the potency of highly fit subjects to predict r~E. hcan ralc 

Pairwise Interactions of Oxygen Uptake 

Only two statistically significant pair-wise interactions were found: that between 

gender and study quality, and between exercise type and protocol (Table 4) . From a 

physiological perspective, such findings can be traced back to the statistically 

significant correlations found between blood lactate and ratings of perceived exertion . 

Recall that this relationship revealed that females (gender), treadmill, swimming 

( exercise types), and the progressive intermittent protocol yielded sizable mean sample 



size-weighted validity coefficients . Across gender, exercise type , and exercise 

protocol , therefore, it makes sense that features subsumed under each of these study 

characteristics would be involved in some significant interaction in that a switch to a 

primarily anaerobic mode of metabolism is required (recall above) 

Conclusions 
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Consistent with the results of the test of homogeneity, and based on the mean 

validity coefficients , no one of the three criterion variables is that much better than any 

of the other two in predicting ratings of perceived exertion . Overall mean sample size 

weighted validit y coefficients for heart rate and blood lactate are approximately within 

the 500 to .600 range, whereas those for oxygen uptake are a little, but not 

substanti vely, lower (within the .400 to .500 range) . Most notable , however , are those 

study features that exhibit a high correlation between ratings of perceived exertion and 

the criterion variable . Such features are highly fit individuals , maximally exerting 

themselves , in an exercise/work task that is fairly unusual (i.e., swimming) . 

Correction for Artifacts 

As it may be recalled from previous chapters, the tendency for studies from the 

Borg RPE literature to report quantifiable artifact information is of a sporadic nature 

only . Because not all studies provide artifact information , therefore, artifact 

distributions for each of the three criterion variables were calculated . For all three 

criterion variables, as provided in Table 23, for heart rate, blood lactate, and oxygen 
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uptake , respectively, the artifact corrections for bias are now higher than their 

uncorrected counterparts . Note that although the bias-corrected correlations are higher 

than their uncorrected counterparts , the former are not higher than those mean validity 

coefficients that have been converted to their Fisher ' s ~s, averaged , and then back

transformed to their respective correlations (M2, Tables 4-21 ). This is because the 

correction for bias represents only a statistical bias in the sample correlation as an 

estimate of the population correlation and is independent of the latter (Hunter & 

Schmidt , 1990) Fisher ' s~ transformation, on the other hand, tends to give 

disproportionately more weight to larger values of r than to moderate values (Hunter et 

al , 1982); and even when back-transformed, the validity coefficients end up being 

larger --even larger than the bias-corrected validity coefficients . 

Because this meta-analysis is using artifact distributions to correct for artifacts , 

rather than correcting each correlation by study (because not all studies provided 

quantifiable artifact information) , it is neither necessary nor sound to trace the reason 

down to one study . That is, when validity coefficients are corrected individually , the 

mean and variance of each corrected validity coefficient are computed . Each study , 

therefore, could be treated separately from the rest For an artifact distribution , 

however, the mean and the variances of the uncorrected coefficients are used as 

multipliers (in the case of correcting for bias) to eliminate the effects of the bias 

(Hunter et al., 1982) . 

In conclusion, then, simply by dividing each mean validity coefficient by a 

common correction factor (constant), the corrections for bias resulted in higher validity 
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coefficients and lower sampling variances for all study features within each of the three 

criterion variables 

Study Effects Meta-Analysis 

The purpose of a study-effects meta-analysis is to determine if the studies 

themselves , as the unit of analysis, contribute to the observed results . The only real 

difference between this particular type of analysis and the Homogeneity Test performed 

earlier is that in the latter, all weighted validity coefficients from each study were 

incorporate d in the meta-analysis . In the study effects meta-analysis, however, each 

study contributes only one validity coefficient, whether it is a single coefficient or the 

mean of several validity coefficients . 

Several studies provided validity coefficients that are unusually high (Borg, Van 

den Burg, et al., 1987; Duncan, Mahon, Gay, & Sherwood, 1996; Hassmen, 1990; Zeni 

et al., 1996), or unusually low (Butts, 1982; Rudolph & McAuley, 1996; Smith, 1994; 

Winborn et al ., 1988). All four studies reporting validity coefficients of about .99 were 

included in the study-effects meta-analysis because they were all conducted in an 

exemplary fashion ; that is, they were all rated "excellent" (Bangert-Drowns, 1986; 

Table A I). Given that the bulk of the validity coefficients fall within the range of 

about .30 to .80, it is quite possible that the investigators of these four studies reported 

correlations based on group means, rather than those based on individual scores. Such 

mean or "ecological" correlations (Glass & Hopkins, 1996) will usually fall within the 

range of .90 to .99. Although it is uncertain exactly how these coefficients were 
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calculated, because these studies were rated "excellent" they were included in the meta-

analysis Their inclusion in the study-effects meta-analysis would account for the 

slightly higher mean validity coefficients for heart rate (657), as compared to the mean 

sample size-weighted validity coefficient (.532, .616) reported earlier. 

The atypically low validity coefficient reported by Rudolph and McAuley 

( 1996) can be explained from a methodological point of view These investigators 

found a moderately large negative validity coefficient between % maximal oxygen 

uptake and ratings of perceived exertion (r = -.61 ). Yet, they met all the inclusionary 

criteria specified in the Methods chapter in this meta-analysis and received a quality 

mark of"good ." Rudolph and McAuley's study examined the correlations among pre

and postexercise self-efficacy, ratings of perceived exertion, and % maximal oxygen 

uptake They also found an inverse relationship between subjects' postexercise self

efficacy and their perceptions of effort, suggesting "that higher exercise-related efficacy 

cognitions are associated with lower perceptions of effort and fatigue during exercise" 

(p. 220). And although subjects in this study displayed a positive correlation between 

% maximal oxygen uptake and pre- (r = . 59) and postexercise (r = . 51) self-efficacy, it 

is possible that subjects were unconsciously influenced to respond to the Borg RPE 

Scale as they did the self-efficacy scale. It is also possible that the rather long exercise 

time of 30 minutes to exhaustion at 60% maximal oxygen uptake contributed to the 

negative relationship. When the exercise trial was nearly finished (at 29 minutes), 

subjects provided their ratings of perceived exertion when each breath is deepest ( due 

to exhaustion), but the proportion of oxygen intake was lowest (Noble & Robertson, 



1996, p. 112), perhaps due to the increased amount of carbon dioxide in the room 

( whose dimensions were not specified, or if the task took place outside) 
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In conclusion, by averaging validity coefficients from each study, resulting in 

each study contributing only one coefficient, each criterion variable produced a mean 

validity coefficient that is only slightly higher, but probably not substantively different, 

from those derived from the Mean Validity Coefficient section reported earlier. 

General Conclusions and a Recommendation for Future Directions 

The highest n-weighted correlations between ratings of perceived exertion and 

heart rate are those when the subjects are at the highest end of the fitness continuum, 

require the subjects to maximally exert themselves, or require fairly unusual 

circumstances (e.g., swimming). Although the same cannot be said of blood lactate 

and oxygen uptake, both of these measures also correlated very highly with ratings of 

perceived exertion when subjects were required to swim. 

Virtually all studies examined in this meta-analysis employed fairly 

homogeneous groups of subjects, although there is still a great deal of between-group 

(features) differences among them. Additionally, it is generally accepted that the use of 

more homogeneous groups will produce lower validity coefficients than that of more 

heterogeneous groups. In light of the negative relationship found between sample size 

and validity coefficients, it would behoove future investigators to use larger sample 

sizes. Although doing so might sacrifice some homogeneity within the group of 

subjects, large samples would not be subject to the spuriously large relationships 
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between ratings of perceived exertion and the criterion variable that smaller samples 

would more likely engender ; and higher true validity coefficients would likely result. 

That is, maximize subject homogeneity in terms of subject demographics so that when 

large samples are employed, a safeguard against the imminent decrease in validity 

coefficients is in place . 

When grouped by study characteristics and their attendant features, the n

weighted validity coefficients between ratings of perceived exertion and each of the 

three criterion variables (heart rate , blood lactate , and oxygen uptake) are 

heterogeneous . These n-weighted validity coefficients are comparable, albeit a little 

lower, than when these same validity coefficients are grouped by the study where they 

originated with each study contributing only one such validity coefficient. 

Strangely scant in the perceived exertion literature are studies examining the 

relationships among several physiological variables, ratings of perceived exertion , and 

personality factors (although a few were encountered and used in this meta-analysis , 

e.g ., Hardy & Rejeski, 1989; Rudolph & McAuley, 1996) . More of these types of 

studies need to be done to achieve much more homogeneity within subject groups , 

rather than just relying on surface features, such as fitness level and gender. 

The three criterion variables explored in this meta-analysis are some of the 

major physiological processes that are thought to function as indicators for the 

respiratory-metabolic signal of exertion . From the perspective of applied research and 

clinical settings, the application of perceived exertion would work best through a 

knowledge of the underlying physiological and psychological processes, which the 
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individual subjectively monitors and evaluates . When an individual exercises or 

performs some other physical labor, this exercise stimulus leads to physiological 

responses that mediate the intensity of perceptual signals of exertion by acting either 

individually or collectively in altering tension in skeletal muscle . These changes in 

muscle tension are monitored through a final common neurophysiological pathway that 

transmits exertional signals from the motor to the sensory cortex, which consciously 

interprets this neurophysiological signal as effort sensation. Inherent in this sensory 

continuum is a feedback loop wherein graded perceptual reports are interactively linked 

with physiological and neurological events so that the appropriate exertional response 

under a variety of performance and clinical conditions occurs . 

Given the results of this meta-analysis for each of the three criterion variables 

overall, it appears that no one criterion variable is substantively superior over the other 

two . As mentioned in Chapter I of this study, the evidence supporting heart rate as a 

predictor of perceived exertion is not consistent Although heart rate is easy enough to 

measure, whether at rest or during exercise, and although cognitively, an individual 

could guess that his/her heart rate is increased during exercise, it is unlikely that the 

exact amount of increased beats per minute could be accurately perceived during 

exercise (or during rest) . That is, the psychological mediator in the form of the 

knowledge that heart rate should increase during exercise might contribute to an 

increased subjective awareness that perceived exertion should likewise increase. 

Although there is ample evidence in this meta-analysis supporting the idea that 

blood lactate mediates the intensity of exertional perceptions, there is also a fair amount 
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of evidence to the contrary Nevertheless, like heart rate and three of the four 

measures of oxygen uptake (see below), a change in blood lactate is also extremely 

difficult, if not impossible to perceive accurately Only in the presence of the acute pain 

normally associated with its accumulation during exercise does the perception of lactic 

acid buildup become noticeable. But again, the individual cannot measure this increase, 

but is only aware of it, again perhaps through the psychological mediator of what 

she/he knows can happen. 

As mentioned in the Methods chapter, four of the most highly used measures of 

respiration were combined under one generic criterion variable of oxygen uptake. Like 

heart rate and blood lactate (above), whether an individual is at rest or is exercising, it 

is unlikely that she/he would be able to determine the amount of oxygen inspired with 

each breath. Furthermore, the same individual performing the same exercise across 

different environmental settings (e.g., exercise laboratory, outdoors) will most likely be 

inspiring different amounts of oxygen, depending on the available atmospheric content 

and the relative distribution of respiratory gases; indeed, the aerobic demand would be 

higher indoors than it would be outdoors. Therefore, of the four measures of oxygen 

uptake included in this meta-analysis, it is likely that only respiratory rate (breaths 

rnin-1) can serve as the only reliable and valid measure of perceived exertion in both a 

research and clinical setting. Breaths can easily be counted by both an observer, and 

the one doing the exercise, and are, therefore, intuitively, probably the best indicator of 

perceived exertion. Future empirical studies aimed at addressing these questions need 

to be conducted . 
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Table A.l 

Coding of Characteristics and Validity Coefficients for Ratings of Perceived Exet1ion and Heal1 Rate 

Filness RPE Exeruse Exercise S1udy 
S1udy n Gender level scale 1ype protocol quality [ 

---------

Anshel el al. 39 Female NS" 15-point Bicycle ergometer I-level max . exe t111in Good .80 
(1991) 20 Female NS IS-poinl Bicycle ergometer I-level max . exertion Good 85 

19 Female NS IS-poin t Bicycle ergometer I-level max . exetlion Good .75 
20 Female NS IS-point Uicycle ergomeler I-level max . exenion Good .17 
20 Female NS IS-point Bicycle ergometer I-level max . exertion Good .•Vi 
20 Female NS IS-point Bicycle ergomeler I-level max . exertion Good .M 
19 Female NS IS-poin t Bicycle ergome1er I-level max. exertion Good m 
19 Female NS 15-point Bicycle ergomeler I -level max . exertion Good . IO 
19 Female NS 15-poinl Bicycle ergomeler I -level max . exertion Good . .B 

Arstila et al. 10 Male I leallhy -inactive 15-point Bicycle ergomeler Progressive contin uous Exccllenl 8.1 
(1974) 15 Male Heallhy -inac1ive 15-poinl Bicycle ergome1er Progressive conli nuous Excellent .87 

9 Male Healthy -inac1ive IS-point Bicycle ergometer Progressive conlinuous Exccllenl .88 

Bacharach 9 Female NPb IS-point Bicycle ergometer Progressive continuous Cannol judge .64 
(1984) 11 Female NP 15-poinl Bicycle ergomeler Progressive continuous Ca nnol judge Ni 

Bar-Or el al. 51 Male Aclive IS -poinl Bicycle ergome1er I -level submax . ex en ion Good .77 
(1972) 51 Male Active IS -poinl Treadmill I -level submax. exenion Good .80 

19 Male Sedentary 15-poinl Bicycle ergomeler I -level submax . exertion Good .77 
19 Male Sedentary 15-poinl Treadmill I -level submax . exenion Good .80 

(ta ble COIIIII\IIC\) 

-N 



Study !! Gender 

Bloem et al. 13 Male 
(1991) 

Borg (1973) 69 Male 
63 Male 
43 Male 
43 Male 
63 Male 
46 Male 

Borg et al. 20 Male 
( 1977) 

Borg et al. 28 Male 
( 1985) 28 Male 

28 Male 
28 Male 
28 Male 
28 Male 
28 Male 
28 Male 

Borg et al. 70 Male 
(1972) 70 Male 

70 Male 
70 Male 

Fitness 
level 

lkahhy -inactive 

l lealthy-inacti ve 
Healthy -inactive 
I kal!hy -inactive 
Healthy-inactive 
I leal!hy -inactive 
lleahhy-inactive 

Active 

Active 
Active 
Active 
Active 
AC!ive 
Active 
Active 
Active 

NP 
NP 
NP 
NP 

Rl'E 
scale 

Ca tegory ratiu 

15-point 
21 -point 
15-point 
21 -point 

9 -point 
9 -point 

I 5-po111t 

Category -ratio 
Category -ratio 
Category -rallo 
Category -ratio 
Category -ratio 
Category-ratio 
Category -ratio 
Category-ratio 

15-point 
15-point 
15-point 
15-point 

Exerci~e 
type 

Tread mi 11 

Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 

Bicycle ergometer 

Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 

Bicycle ergometer 
Bicycle ergometer 

Bicycle ergometer 
Bicycle ergometer 
Treadmill 
Treadmill 

Exerc1~e 
protocol 

Study 
qu.tl1ty 

1'1ogre ss ive n1n1inuuus Goud 

I -level suhmax . exertion Excellent 
I -level submax . exertion Excellent 
l'rngressi ve con ti nuou~ Excellent 
Progressive contmuous Excellent 
I-level submax . exertion Excellent 
Progressive co ntinuous Excellent 

I -level submax . exertion Excellent 

Progressive continuous Excellent 
Progressive co ntinuous Excellent 
Progressive continuous Excellent 
Progressive co ntinuou~ Excellent 
Progressive cont i nuou~ Excellent 
Progressive continuous Excellent 
Progressive co minuous Excellent 
l'rogressi ve continuous Excellent 

I-level submax . exertion Poor 
I -level submax . exertion Poor 
I -level su bmax . exert1C>11 Poor 
I -level ~ubmax . exertion Poor 

L 

.\'i 

<>2 
.56 
.72 
.60 
St 
.52 

.82 

28 
. 18 
. 11 

41 
.(ii 

.58 

.56 
91 

.24 

.2(1 

25 
\4 

(1.1hle u111111111c>: -N 
N 



Study !!. 

Borg, Van den 10 
Burg et al. 10 
(1987) 10 

Brown et al. 24 
(1996b) 

Butts ( 1982) 127 
127 
127 
127 
106 
43 

Clapp& 36 
Little (1994) 53 

Costa & 12 
Gaffuri ( 1977) 

Duncan et al. 10 
(1996) 10 

Edwards el al. 3 
(1972) 3 

Gender 

Male 
Male 
Male 

NS 

Female 
Female 
Female 
Female 
Female 
Female 

Female 
Female 

NS 

Male 
Male 

Male 
Male 

fitness 
Level 

Active 
Active 
Active 

Active 

NP 
NP 
NP 
NP 
NP 
NP 

Highly fit 
Active 

Healthy -inactive 

Healthy-inactive 
Healthy -inactive 

NP 
NP 

RPE 
Scale 

15-point 
IS-point 
15-po inl 

15-poinl 

15-point 
IS-point 
IS-point 
15-poinl 
IS-point 
IS-point 

IS-point 
IS-point 

IS-point 

IS-point 
15-point 

15-poinl 
15-point 

Exercise 
Type 

Treadmill 
Bicycle ergometer 
Track running 

Swimming 

Treadmill 
Treadmill 
Treadmill 
Treadmill 
Treadmill 
Treadmill 

Track running 
Track running 

Bicycle ergometer 

Treadmill 
Bicycle ergometer 

Bicycle ergometer 
Bicycle ergometer 

Exercise 
Protocol 

S1udy 
Qual11y 

I-level submax . exertion Excellenl 
I -level submax . exertion Excellen1 
I -level submax . exertion Excellent 

I-level submax. exe11ion Exccllenl 

Progressive continuous Good 
Progressive continuous Good 
Progressive conlinuous Good 
Progressive conlinuous Good 
Progressive continuous Good 
Progressive continuous Good 

I -level submax . exertion Poor 
I-level submax. exertion Poor 

Progressive continuous Poor 

Progressive continuous Excellent 
Progressive con1inuous Excellcnl 

Progressive con linuous Excellenl 
Progressive intermit1en1 Exn:lknl 

[ 

.99 

.99 

.99 

.81 

.46 

.46 

.63 

.74 

.62 

.25 

.74 

. 14 

.84 

.98 

.98 

.88 

.86 

(lab le conllnucs) 
N 
w 



Study !! 

Gamberale 12 
(1972) 12 

12 
12 

Goslin & 10 
Rorke ( 1986) 

Hardy & 30 
Rejeski ( 1989) 

Hass men 6 
(1990) 6 

6 
6 
6 
6 
6 
6 

Higgs & 12 
Robenson 12 
(1981) 12 

12 

Gender 

Male 
Male 
Male 
Male 

Male 

Male 

Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 

Female 
Female 
Female 
Female 

Fitness 
level 

Healthy-inactive 
Healthy-inactive 
Healthy -inactive 
Healthy-inactive 

Highly fit 

Active 

Sedentary 
Sedentary 
Highly fit 
Highly fit 
Highly fit 
Highly fit 
Highly fit 
Highly fit 

Active 
Active 
Active 
Active 

RPE 
scale 

15-point 
15-point 
15-point 
15-point 

Category -ratio 

15-point 

15-point 
15-point 
15-point 
15-point 
15-point 
15-point 
15-point 
IS-point 

21 -point 
21 -point 
21-point 
21 -point 

Exercise 
type 

Bicycle ergometer 
Bicycle ergometer 
Bicyde ergometer 
Bicycle ergometer 

Treadmill 

Bicycle ergometer 

Treadmill 
Bicycle ergometer 
Treadmill 
Bicycle ergometer 
Treadmill 
Bicycle ergometer 
Treadmill 
Bicycle ergometer 

Treadmill 
Treadmill 
Treadmill 
Treadmill 

Exercise 
prolocol 

Progressive continuous 
Progressive continuous 
Progressive continuous 
Progressive continu ous 

Random intermillent 

Progre ssive co ntinuous 

I -level max . exertion 
I-level max . exertion 
I-level max . exertion 
I -level max . exertion 
I -level max. exertion 
I -level max. exertion 
I-level max . exenion 
I-level max . exertion 

I -level suhmax . exertion 
I-level submax . exertion 
I -level submax . exertion 
I-level submax . exertion 

Study 
quality 

Excellent 
Excellent 
Excellent 
Excellent 

Good 

Good 

Excellent 
Excellent 
Excellent 
Excellent 
Excellent 
Excellent 
Excellent 
Excellenr 

Excellcnl 
Excellenl 
Excellenl 
Excellenl 

.53 

.57 

.72 

.47 

.47 

.85 

.99 

.99 
9') 
.99 
.99 
.99 
.99 
.99 

.75 

.61 

.54 

.78 

(lahle co nlinucs) 

-N 
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Study !! 

Jackson et al. 67 
( 1981) 

Kamon et al. 10 
(1974) 

Kilborn 12 
(1971) 8 

13 
10 
8 
12 

Kolkhorst 10 
et al. (1996) 10 

Kurakawa & 10 
Ueda (1992) 7 

8 
8 
8 
8 
8 
8 

Gender 

Male 

Male 

Female 
Female 
Female 
Female 
Female 
Female 

NP 
NP 

Female 
Male 
NP 
NP 
NP 
NP 
NP 
NP 

Fitness 
level 

Active 

NP 

Active 
Active 
Active 
Active 
Active 
Active 

Healthy -inactive 
Healthy-inactive 

Active 
Active 
Active 
Active 
Active 
Active 
Active 
Active 

RPE 
scale 

15-poinl 

15-point 

15-point 
15-point 
15-point 
15-point 
15-point 
15-poinl 

15-point 
15-point 

15-point 
15-point 
15-point 
15-point 
15-point 
15-point 
15-point 
15-point 

Exercise 
type 

Track-running 

Bicycle ergometer 

Bicycle erg ometer 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 

Treadmill 
Treadmill 

Swimming 
Swimming 
Swimming 
Swimming 
Swimming 
Swimming 
Swimming 
Swimming 

Exen:ise 
protocol 

Study 
quality 

I -level sub max. exertion Good 

Progressive continuous Excellent 

Progressive intermillent Excellent 
Progressive intermillent Excdlt:nt 
Progressive intermillent Excellent 
Progressive intermiuent Excellent 
Progressive. intermillent Excellent 
Progressive intermillent Excellent 

Progressive intermiuent Excellent 
Progressive intermi!lent Excelh:nt 

Progressive intermillent Excellent 
Progressive intermiuent Excellent 
I-level submax . exertion Excellent 
I-level submax . exertion Excellent 
I -level submax . exertion Excellent 
1-levd submax exertion Excellent 
I-level submax . exertion Excdlenl 
I-level submax . exertion Exu:llcnt 

[ 

. 16 

.48 

.90 

.88 

.82 

.87 

.88 

.80 

n 
.48 

.96 

.97 

.46 

.85 

.85 

.24 

.77 

.82 

(table continue\) -N 
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S1udy !! 

Lamb (1995) 34 

Lamb (1996) 33 
12 
21 

Lollgen et al. 128 
( 1977) 

Miller et al . 35 
(1985) 35 

35 
35 
35 
35 

Morgan & 27 
Pollack ( 1977) 

Noble et al. 6 
(1973) 6 

6 
6 
6 
6 

Gender 

NP 

NP 
Male 
Female 

Male 

Male 
Male 
Female 
Female 
Male 
Female 

Male 

Male 
Male 
Male 
Male 
Male 
Male 

Fi1ness 
level 

Healthy-inactive 

Healthy-inactive 
Healthy-inactive 
Healthy-inactive 

Healthy -inactive 

Nealthy-inactive 
1-tealthy-inacti ve 
Healthy-inactive 
Healthy -inactive 
Healthy-inactive 
I lealthy -inactive 

Highly fit 

NP 
NP 
NP 
NP 
NP 
NP 

RPE 
scale 

15-point 

15-point 
15-point 
15-poinl 

15-poinl 

15-point 
15-point 
15-point 
15-point 
15-point 
15-point 

15-point 

15-point 
15-point 
15-point 
15-point 
15-point 
15-point 

Exercise 
type 

Bicycle ergomeler 

Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 

Bicycle ergome1er 

Treadmill 
Treadmill 
Treadmill 
Treadmill 
Treadmill 
Treadmill 

Treadmill 

Bicycle ergometer 
Bicycle ergometer 
Bicycle ergome1er 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 

Exercise 
prolocol 

S1udy 
quality 

I -level submax. exertion Good 

Progressive intermillenl Excellent 
Progressive intermillent Excellent 
Progressive intermillent Excellent 

Progressive intermillent Good 

I -level submax . exertion Excellent 
I -le vel submax. exertion Excellent 
I-level submax. exertion Excellent 
I -level subrnax . ex en ion Excellent 
I -level submax . exertion Excellent 
I -level submax . exertion Excellent 

I-level submax . exertion Excellent 

I -level submax . exertion Cannot judge 
I -level submax . exertion Cannot judge 
I -level submax . exertion Cannol judge 
I -level submax . exertion Cannot judge 
I -level submax . exertion Cannot judge 
I -level submax . exertion Cannot judge 

[ 

.57 

.58 

.73 

.52 

.63 

. 17 

.25 

.48 

.43 

.2J 

.47 

.43 

.81 

.85 

.70 

.75 

.92 

.63 

(table continue~) 

-N 

°' 



Study !! 

O'Neill el al. 11 
(1992) 12 

24 

Pedersen & 6 
Welch ( 1977) 

Sargeant & 12 
Davies (1977) 

Sargeant & 6 
Davies (1973) 

Skinner el al. 26 
(1969) 

Smith ( 1994) 18 

Stevenson et al. 6 
(1982) 

Toner el al. 8 
( 1986) 

Gender 

Female 
Female 
Female 

Male 

NS 

Male 

Male 

NS 

Female 

Male 

Fitness 
level 

Healthy-inactive 
Healthy-inac1ive 
Healthy-inactive 

Healthy-inactive 

Healthy-inactive 

NP 

NP 

Sedentary 

NP 

Healthy-inactive 

RPE 
scale 

15-poinl 
15-poinl 
15-poinl 

IS-point 

15-point 

15-poinl 

15-poinl 

15-poinl 

9-point 

15-poinl 

Exen:ise 
lype 

Treadmill 
Bicycle ergome1er 
NP 

Bicycle ergometer 

Bicycle ergometer 

Bicycle ergometer 

Bicycle ergometer 

Treadmill 

Bicycle ergometer 

Bicycle ergometer 

Exercise 
protocol 

Study 
quality 

Progressive continuous Good 
I-level submax . exertion Good 
I-level submax . exertion Good 

Progressive continuous Excellent 

Progressive continuous Ex.:ellent 

Progressive continuous Excellent 

Progressive continuous Cannot Judge 

Progressive continuous Poor 

I -level submax . exertion Good 

Progressive interrnill ent Good 

[ 

.83 

.74 

.39 

.81 

.87 

.84 

.83 

.03 

.87 

.68 

(table continue~) 

-N 
-..J 



Study !! 

Travlos & 10 
Marisi (1996) IO 

10 
10 
IO 
IO 
10 
10 
IO 
IO 
10 
IO 
10 
10 
10 

Turkulin et al. 17 
(l 977) 22 

Ueda et al. IO 
(1993) 

Ueda& 6 
Kurakawa ( 1991) 

Gender 

Male 

Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 

Male 
Male 

Female 

Male 

Fitness 
level 

Highly fit 
I lighly fil 
Highly fit 
Highly fit 
Highly fit 
Sedentary 
Sedentary 
Sedentary 
Sedentary 
Sedentary 
NS 
NS 
NS 
NS 
NS 

Sedentary 
Active 

Active 

Healthy-inactive 

RPE 
scale 

IS -point 

IS -poinl 
IS -point 
15-point 
15-point 
15-point 
IS -po int 
15-point 
15-point 
15-point 
15-point 
15-point 
IS -point 
IS -point 
IS -point 

15-poinl 
15-poinl 

IS-point 

IS-point 

Exercise 
type 

Bicycle ergometer 

Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 
B ii.:ycle ergometer 
Bicycle ergometer 
Bicycle ergometer 

Bicycle ergometer 
Bicycle ergometer 

Swimming 

Swimming 

Exercise 
protocol 

Study 
quality 

Progressive continuous Exi.:dlcnt 
Progressive continuous Excellent 
Progressive co ntinuous Excellent 
Progressive continuous Excellent 
Progressive continuous Excellent 
Progressive continuous Excellent 
Progressive continuous Excellent 
Progressive <.:ontinuous Excellent 
Progressive t:ontinuous Exi.:ellent 
Progressive continuous Excellent 
Progressive continuous Excellent 
Progressive continuous Excellent 
Progressive co ntinuous Exi.:elknt 
Progressive continuous Excellent 
Progressive nintinuous Exi.:ellent 

I -Level max. ex en ion Excellent 
I -Level max . exenion Excellent 

Progressive intermittent Ext:ellent 

Progressive intenmttent Excellent 

.41 

.63 

.59 

.63 

.50 

.25 
2] 

.59 
67 
.57 
.37 
.52 
.61 

.64 

.54 

.59 

.b') 

.87 

.88 

(table co ntinue~) 

-N 
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Study n Gender 

Ulmer el al. 60 NS 
(1977) 

Williams & 30 Male 
Eston ( 1988) 

Wilmore el al. 42 NS 
(1985) 42 NS 

42 NS 

Winborn et al. 12 Male 
( 1988) 12 Male 

12 Male 
12 Male 
12 Male 
12 Male 
12 Female 
12 Female 
12 Female 
12 Female 
12 Female 
12 Female 
12 Male 
12 Male 

Fi1ness 
level 

Highly fit 

Healthy-inac1ive 

Healthy-inactive 
Heahhy-inaclive 
Heahhy-inaclive 

Highly fi1 
Highly fit 
Highly fil 
Sedeniary 
Sedenlary 
Sedentary 
Highly fit 
Highly fit 
Highly fit 
Sedeniary 
Sedeniary 
Sedentary 
Highly fit 
Sedentary 

RPE 
scale 

15-poinl 

15-point 

15-poinl 
15-poinl 
15-point 

15-poinl 
15-poinl 
15-poinl 
15-poinl 
15-poinl 
15-poinl 
15-poinl 
15-poinl 
15-poinl 
15-poinl 
15-point 
15-point 
15-poinl 
15-poinl 

Exercise 
lype 

Bicycle ergomeler 

Bicycle ergome1er 

Treadmill 
Treadmill 
Treadmill 

Bicycle ergome1er 
Bicycle ergome1er 
Bicycle ergome1er 
Bicycle ergome1er 
Bicycle ergome1er 
Bicyde ergome1er 
Bicycle ergome1er 
Bicycle ergomeler 
Bicycle ergometer 
Bicycle ergomeler 
Bicycle ergomeler 
Bicyde ergometer 
Bicycle ergomeler 
Bicycle ergometer 

Exercise 
prolot:ol 

S1udy 
quali1y 

Random in1ermi11en1 Good 

Progressive conlinuous Good 

I -level submax. exertion Excellent 
I -level submax. exertion Excellent 
I-level submax. exertion Excellent 

Random in1ermi11en1 Ext:ellent 
Random in1ermi11en1 Excellent 
Random inlermi1ten1 Excellen1 
Random in1ermi1ten1 Excellent 
Random in1ermi1ten1 Ext:ellenl 
Random in1ermi11en1 Excellenl 
Random in1ermi11en1 Ext:ellen1 
Random intermi11en1 Excellenl 
Random intermi1ten1 Excelknl 
Random intermillent Ext:ellenl 
Random inlermi11en1 f:xcellenl 
Random intermillenl Excellenl 
Random in1ermi1ten1 Ext:ellen1 
Random in1ermi1ten1 Ext:ellent 

r 

.89 

.74 

.32 

.29 

.27 

.:'i8 

.M 

.61 
JI 
)() 

.50 

.47 

.01 

.66 
.30 
5) 
.01 
.61 
. 18 

(!able conllnue\) 

-N 
-.0 



Study !! 

Winborn et al. 12 
(1988) 12 

Zeni et al . IO 
(1996) IO 

• NP is not provided . 
h NS is not specified . 

Gender 

Female 
Female 

Female 
Female 

Fitness 
level 

Highly fit 
Sedentary 

Healthy -inactive 
Healthy -inactive 

RPE 
scale 

IS-point 
IS-point 

IS-point 
IS-point 

Exercise 
type 

Bicycle ergometer 
Bicycle ergometer 

Treadmill 
Bicycle ergometer 

Exerci se 
protocol 

Study 
quality 

Random intermittent Excellent 
Random intermittent Excellent 

Progressive continuous Excellent 
Progre ssive continuous Excellenl 

r 

41 
.10 

.99 

.99 

w 
0 



Table A.2 

Coding of Characteristics and Validity Coefficients for Ratings of Perceived Exertion and Blood Lactate 

Fitness RPE Exercise Exercise S1udy 
Study I! Gender level scale type prolocol quali1y ! 

Allen & 12 Male NP" 15-point Treadmill I-level submax . exertion Good .64 
Pandolf ( 1977) 

Bloem et al. 13 Male Healthy-inactive Category-ratio Treadmill Progressive conlinuous Good .61 
(1991) 

Borg et al. 28 Male Active Category -ra1io Bicycle ergomeler Progressive conlinuous Exn:llcnt .4'i 
(1985) 28 Male Ac1ive Ca1egory-ra1io Bicycle ergometer Progressive contin uous Excellenl . 18 

28 Male Ac live Ca1egory-ra1io Bicycle ergometer Progressive conlinuous Excellenl .34 
28 Male Active Category-ra1io Bicycle ergometer Progressive conlinuous Excellenl J l 
28 Male Active Category-ratio Bicycle ergomcter Progressive conlinuous Excellenl . .'iJ 
28 Male Active Ca1egory-ra1io Bicycle ergometer Progressive cominuous Excellenl 40 
28 Male Ac1ive Ca1ego ry-ra1 io Bicycle ergometer Progressive conlinuous Excellen1 .08 
28 Male Active Category-ralio Bicycle ergome1er Progressive continuous Excellenl .81 

Demello cl al. 10 Male Active 15-poinl Treadmill Progressive conti nuous Excellenl .67 
(1986) 10 Female Active I 5-point Treadmill Progressive conlinuous Excellenl .69 

10 Male Healthy-inactive 15-point Treadmill Progressive conlinuous Excellenl .74 
10 Female Heahhy-inactive 15-point Treadmill Progressive continuous Excel km .84 

(tahle conllnues) 
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Study .!! 

Edwards el al. 3 
( 1987) 3 

Kay& 10 
Shepard ( 1969) 

Kilborn (1971) 12 
8 
13 
8 
12 
12 

Ljunggren el al. 22 
(1988) 22 

Morgan & 27 
Pollack ( 1977) 

Pedersen & 6 
Welch (l 977) 

Gender 

Male 
Male 

Male 

Female 
Female 
Female 
Female 
Female 
Female 

Male 
Male 

Male 

Male 

Fitness 
level 

NSh 
NS 

NP 

Active 
Active 
Active 
Active 
Active 
Active 

RPE 
scale 

IS-point 
15-point 

IS-point 

IS-point 
IS-point 
15-point 
I 'i-poinl 
15-poinl 
15-point 

Healthy -inactive Category-ratio 
lleahhy-inac1ive Category -ratio 

Highly fit 15-point 

I leahhy-inacti ve 15-point 

Exercise 
lype 

Bicycle ergometer 
Bicycle ergomeler 

Bicycle ergometer 

Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 

Bicycle ergometer 
Bicycle ergomeler 

Treadmill 

Bicycle ergorneler 

Exercise 
protocol 

Study 
quality 

Progressive cont inuous Excellent 
Progressive intermiuent Excellent 

I -level submax. exertion Good 

Progressive inlermillcnt Excellent 
Progressive inlermillent Excellent 
Progressive inlennillcnt Excellent 
Progressive intermillent Excellent 
Progressive intermlltent Excellent 
Progressive intermillenl Excellent 

I-level max . exe11ion Excellent 
I -level max. exertion Excellent 

I-level submax . exertion Excellent 

Progressive continuous Excellent 

.77 
63 

l'i 

.89 

.72 

.75 

.62 

.71 

.74 

.42 

'i4 

(>I 

.80 

(lab le continues) 
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Study n 

Robertson et al. 50 
(1989) 50 

50 

Skrinar el al. 15 
(1983) 

Steed et al. 9 
(1994) 

Ueda et al. 10 
(1990) 10 

Zeni et al . 10 
(1996) 10 

• NP is not provided. 
~ NS is not specified. 

Gender 

Male 
Male 
Male 

Female 

Male 

Female 
Female 

Female 
Female 

Fitness 
level 

Active 
Active 
Active 

Active 

Active 

Active 
Active 

Healthy-inactive 
Healthy-inactive 

RPE 
scale 

9-point 
9-point 
9-point 

15-point 

IS-point 

15-point 
IS-point 

IS-point 
IS-point 

Exercise 
type 

Bicycle ergometer 
Bicycle ergometer 
Bicycle ergometer 

Treadmill 

Treadmill 

Swimming 
Swimming 

Treadmill 
Bicycle ergometer 

Exercise 
protocol 

Random intermittent 
Random intermittent 
Random intermittent 

Progressive intermillent 

I-level submax exertion 

Progressive intermillent 
Progressive intermillent 

Progressive continuous 
Progressive continuous 

Study 
quality 

Excellent 
Excellent 
Excellent 

Good 

Good 

Excellent 
Excellent 

Excellent 
Excellent 

[ 

.45 
45 
.47 

68 

.90 

.73 

.78 

.99 

.99 

w 
w 



Table A.3 

Coding of Characteristics and Validity Coefficients for Ratings of Perceived Exertion and Oxygen Uptake 

Fitness RPE Exercise Exercise 
Study n Gender level scale type protocol 

Bloem et al. 52 Male Healthy-inactive Category-ratio Treadmill Progressive continuous 
(1991) 52 Male Healthy-inactive Category-ratio Treadmill Progressive continuous 

20 Male Healthy-inactive Category-ratio Treadmill Progressive continuous 
24 Male Healthy-inactive Category-ratio Treadmill Progressive continuous 

Brown et al. 12 Male Active 15-point Swimming Progressive continuous 
(1996b) 12 Female Active 15-point Swimming Progressive continuous 

24 NS" Active 15-point Swimming Progressive continuous 

Butts ( 1982) 127 Female Active 15-point Bicycle ergom b Progressive continuous 
127 Female Active 15-point Ilicycle ergom. Progressive continuous 

Demello et al. 10 Male Active 15-point Treadmill Progressive continuous 
(1987) 10 Female Active 15-point Treadmill Progressive continuous 

10 Male Healthy-inactive IS-point Treadmill Progressive continuous 
10 Female Healthy-inactive 15-point Treadmill Progressive continuous 

Study 
quality 

Good 
Good 
Good 
Good 

Excellent 
Excellent 
Excellent 

Good 
Good 

Excellent 
Excellent 
Excellent 
Excellent 

[ 

J<r 
.604 

574 

.684 

.824 

77• 

894 

-.21• 
.12' 

62' 
.75' 
61' 
.77' 

(table continues) 
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Fitness RPE 
Study n Gender level 5':ale 

Edwards et al. 3 Male NP' IS-point 
(1972) 3 Male NP IS-point 

3 Male NP 1 S-point 
3 Male NP IS-point 
3 Male NP IS-point 
3 Male NP IS-point 

Goslin& 10 Male Highly fit Category-ratio 
Rorke ( I 986) 

Hardy& 30 Male Active IS-point 
Rejeski ( 1989) 30 Male Heallhy-inactive IS-point 

30 Male Active IS-point 

Kamonet al. 10 Male NP IS-point 
(1974) 10 Male NP 1 S-point 

10 Male NP IS-point 

Kolkhorst et al. 10 NS1 Heallhy-inactive IS-point 
(1996) 10 NS Heallhy-inactive IS-point 

10 NS Heallhy-inactive IS-point 
10 NS Heallhy-inactive IS-point 

Kurakawa & 10 Female Active IS-point 
Ueda (1992) 7 Male Active IS-point 

Exercise Exercise 
type protocol 

Bicycle ergom. Progressive continuous 
Bicycle ergom . Progressive intermittent 
Bicycle ergom . Progressive continuous 
Bicycle ergom . Progressive intermittent 
Bicycle ergom . Progressive continuous 
Bicycle ergom . Progressive continuous 

Treadmill Random intermittent 

Bicycle ergom . Progressive continuous 
Bicycle ergom Progressive continuous 
Bicycle ergom . Progressive continuous 

Bicycle ergom . Progressive continuous 
Bicycle ergom . Progressive continuous 
Bicycle ergom . Progressive continuous 

Treadmill Progressive intennittent 
Treadmill Progressive intennittent 
Treadmill Progressive intennittent 
Treadmill Progressive intermittent 

Swinuning Progressive intennillent 
Swinuning Progressive intennillent 

Study 
quality 

Excellent 
Excellent 
Excellent 
Excellent 
Excellent 
Excellent 

Good 

Good 
Good 
Good 

Excellent 
Excellent 
Excellent 

Excellent 
Excellent 
Excellent 
Excellent 

Excellent 
Excellent 

f 

97' 
.92" 
.94' 
90' 
.671 

-.391 

.75" 

.s2· 

.77' 

.731 

.s2· 

.77' 

.471 

. Is• 

.os· 

.22' 

.14' 

914 

934 

(tahle continues) 
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Fitness RPE Exercise Exercise Study 
Study n Gender level scale type protocol quality ! 

·-··-··--- - --

Lollgen et al. 6 Male Active 15-point Bicycle ergom. Progressive intermillent Excellent 79J 
(1980) 

Morgan & 27 Male Highly fit 15-point Tread mi 11 I -level ~ubmax . exertion Excellcnl .52' 
Pollack (1977) 

Noble et al. 6 Male NS I 5 ·p011ll Bicycle ergom . I -level submax exertion Excellenl .Mi' 
(1973) 6 Male NS 15-point Bicycle ergom . I -level submax . exertion Excellent .89' 

6 Male NS 15-point Bicycle ergom. I-level submax . exertion Excellent (,8' 
6 Male NS 15-point Bicycle ergom . I-level submax . exertion Excellent 81' 
6 Male NS 15-poinl Bicycle ergom . I -level submax . exenion Excellent .88' 
6 Male NS I S-potnl Bicycle ergom. I -level submax . exertion Excellent 91' 
6 Male NS 15-poinl Bicycle ergom . I -level submax . exertion Excellent .5(/ 
6 Male NS I S-po1111 Bicycle ergom . I -level suh max . exc.:111011 Excellc.:nl 7",' 
6 Male NS IS -point Bicycle ergom . I -level submax . excnion Excellent .Sti' 
6 Male NS I S-poinl Bicycle e rgom . I-level submax . cxenion Excellent .(,8' 
6 Male NS I S-po111t Bicycle ergum . I -level submax . exertion Excelknl (,",' 
6 Male NS 15-point Bicycle ergom . I -level submax . exertion Excellenl . 7t,' 
6 Male NS 15-point Bicycle ergom . I -level suhmax . exen11,n Excellent .77' 
6 Male NS 15-poinl Bicycle ergom. I -level submax . exenio11 Excellent 90" 
6 Male NS IS -point Bicycle ergom . I-level submax . exenion Excellent .65' 
6 Male NS 15-point Bicycle ergom . I -level submax. ex en ion Excellent .90" 
6 Male NS IS -point Bicycle ergom . !-level submax . exertion Excellent .75" 
6 Male NS IS -point Bicycle ergom . ! -level submax . exenion Excellenl .48' 

Pandolf et al. 10 Male I leahhy -inacti ve IS -point Bicycle ergom . I -level submax . exertion Good 78' 
(1972) 10 Male lleahhy -inactive IS -point Bicycle ergom . I -level submax . ex en ion Good (i()M 

Pedersen & 6 Male I leahhy -inactive IS -point Bicycle ergom. I-level submax . exerturn Excellen1 .78' 
Welch ( 1977) 6 Male I leallhy -inactive IS -point Bicycle ergom . I -level submax . exe1 lion Excellenl 8]' 

( la hie COil( llllJC~) 
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°' 
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Fitness RPE [:)(cruse E)(crcise Study 
Study !! Gender level scale type protocol quality 

···• -- --

Robertson et al. 10 Male Active l S-pomt Bicycle ergom . I -level max . t:)(ertion Good 89' 
( 1986) 10 Male Active I S-prnnt Bicycle ergom . I -level Illa)(. e)(Cr!1on Good 8{i' 

10 Male Active 15-point Bicycle ergom . I-level ma)( . C)(trtion CJorn.J 87' 

Rudolph & 50 Male Active 15-point Treadmill I -level max . excn ion Good - (ii J 

McAuley ( 1996) 

Sargeant & 12 NS I lealthy -inactive I 5 -p11111t Bicycle e1g11111. l'rogn:ssi ve continuous Excellent .8(." 
Davies (1977) 12 NS Healthy -inactive IS -point Bicycle ergom . Progressive contin uou s Excellent .77' 

12 NS I lealthy -in;1ctive I 'i -prnnt Bicycle ergom. l'rogressi ve cont 11Hu Hts Excellent 81' 

Sargeant & 6 Male NP IS -point Bicycle ergom . Progressive continuous Excellent 8XJ 
Davies (1973) 6 Male NI' 15-p111111 Bicycle cr gom . Progressive continuous Excel lcrll . 'ti I' 

6 Male NI' l S-po1nt Bicycle ergom . Progressive continuous Excellent 90' 

Toner et al. 8 Male I lealthy -inactive l S-prnnt Bicycle ergom . Progressive intermittent Good 5 1' 
(1986) 8 Male I lealthy -inactive IS -point Bicycle ergom . Progressive intermittent Good (iJ I 

Ueda et al. 10 Female Active IS -point Sw11nming Progressive internuttent Excellent l)9J 
( 1993) 10 Female Active 15-prnnt Swirn111111g Prngres!:>ive 1ntern11ttent Excellent .(i7' 

Ueda& 6 Male I lealthy -inactive 15-point Swimming Progressive intermittent Excellent 91 J 
Kurakawa (1991) 

Wilmore et al. 42 NS I lcalthy -inactive IS -point Tread mi 11 I-level submax . exertion Excellent . ](i' 
(1985) 42 NS I lealthy -inactive 15-point Treadmill I-level submax . exertion Excellent .D' 

42 NS I lealthy -inacti ve 15-point Treadmill I-level submax . ext:rtion Excelknt 11' 

·---------- --

• NS is not specified; h Bicycle ergometer;' NI' is not provided; J % maximal oxygen uptake ; ' oxygt:n uptake;' 1111nute ventilation,• resp11atrny Lile . 

-\;; 
-...J 
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Table A.4 

Descriptive Statistics for Weighted Correlations for Heart Rate 

Study Feature kl M1 SD 

Overall 143 .532 .253 

Gender overall 143 .531 .253 
Males 94 .525 .271 
Females 49 .538 .226 

Fitness level overall 123 .545 .253 
Sedentary 19 .379 .365 
Healthy-inactive 43 .521 .218 
Active 38 .593 .309 
Highly fit 23 .660 .230 

RPE scale overall 161 .532 .253 
15-point 142 .535 .262 
21-point 6 .605 .080 
9-point 3 .549 .121 

Category-ratio 10 .450 .236 
Exercise type overall 160 .533 .253 

Bicycle ergometer 108 .577 .247 
Treadmill 37 .482 .225 
Track running 4 332 .345 
Swimming 11 .778 .194 

Exercise protocol overall 161 .532 .253 
Progressive continuous 58 .582 .200 
Progressive intermittent 18 .648 .156 
Random intermittent 18 .450 .375 
Maximal exertion 10 .841 .198 
Submaximal exertion 57 .457 .259 

Study quality overall 152 .528 .253 
Excellent 112 .530 .267 
Good 32 .587 .203 
Poor 8 .304 .194 

I k is the number of correlations. 
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Table A.5 

Descriptive Statistics for Weighted Correlations for Blood Lactate 

Study Feature 

Overall 36 .530 .229 

Gender overall 36 .530 .229 
Males 23 .460 . 192 
Females 13 .778 .108 

Fitness level overall 32 .532 .229 
Healthy-inactive 8 .674 .215 
Active 23 .499 .221 
Highly fit l .610 .ooob 

RPE scale overall 36 .530 .229 
15-point 22 .721 .164 
9-point 3 .457 .009 

Category-ratio 11 .412 .196 
Exercise type overall 36 .530 .229 

Bicycle ergometcr 24 .471 .218 
Treadmill 10 .712 .121 
Swimming 2 .755 .025 

Exercise protocol overall 36 .530 .229 
Progressive continuous 17 .494 .281 
Progressive intermittent 10 .735 .071 
Random intermittent 3 .457 .009 
Maximal exertion 2 .480 .060 
Submaximal exertion 4 .582 .221 

Study quality overall 36 .530 .229 
Excellent 31 .523 .231 

Good 5 .600 .224 

• k is the number of correlations. 
b Based on one validity coefficient from a simple size of 27 from one study. 
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Table A.6 

Descri_mive Statistics for Weighted Correlations for Oxygen Uptake 

Study Featw-e M1 SD 

Overall 74 .427 .465 

Gender overall 63 .425 .465 
Males 55 .577 .387 
Females 8 .123 .603 

Fitness level overall 44 .376 .465 
Healthy-inactive 24 .509 .217 
Active 18 .241 .65 1 
Highly fit 2 .582 .115 

RPE scale overall 74 .427 .465 
15-point 69 .408 .498 
Category-ratio 5 .549 .130 

Exercise type overall 74 .427 .465 
Bicycle ergometer 48 .432 .501 
Treadmill 18 .331 .381 
Swimming 5 .858 .091 

Exercise protocol overall 74 .427 .465 
Progressive continuous 31 .413 .460 
Progressive intermittent 14 .565 .346 
Random intermittent I .750 .ooob 
Maximal exertion 4 -.055 .907 
Submaximal exertion 24 .532 .250 

Study quality overall 74 .427 .465 
Excellent 56 .609 .269 

Good 18 .264 .526 

a k is the number of correlations . 
b Based on one validity coefficient from a sample size of 10 from one study. 



Table A.7 

Descriptive Statistics for Statistically Significant Two-Way Interactions by Study 

Characteristics for Heart Rate 

Gender • 8,fE Scale 
G.:nder 

Males Females 
I .655 (80) .554 (44) 

RPE 2 .580 ( 2) .670 ( 4) 
3 .530 ( 2) .870 ( I) 
4 446 (10) 

Gender • Protocol 
Gender 

Males Females 

I .601 (43) .661 (11) 
2 793 (6) .834 (9) 

Prowcol 3 .398 (9) 236 (8) 
4 .91.7 (10) 
5 .602 (26) .527 (2 1) 

RPf; Scale • S~ Q!!!lir:: 
RPE Scale 

1 2 3 
I .633 (46) .640 (6) .530 (2) 

Quality 2 .590 (29) .870 (I) 
3 356 (8) 

Exercise Iype , s~ Q!.!!lill'. 
Study Quality 

1 2 3 
I .592 (77) .623 (19) .448 (3) 
2 .617 (23) .583(11) .206(3) 

Type 3 .999 (1) .160 (1) .444 (2) 
s .171 (11) 

4 
455 (8) 
.410 (2) 

Gender ' E :u:rcisc Type 

Type 

Type 

I 
2 
3 
s 

2 
3 
s 

Males 
.622 (74) 
.629 (16) 
.580 ( 2) 
.920 ( 2) 

I 
.619(95) 
.572 (31) 
.512 (4) 
.771 (11) 

E:<m:ise Type• Protocol 

I 
I .620 (46) 
2 .762 (12) 

Protocol 3 .346 (17) 
4 .880 (6) 
s 620 (27) 

fl:!l!ocol • Stu!b'. ~lirt: 

I 
I .622 (43) 
2 .796(16) 

Protocol 3 313 (16) 
4 .927 (10) 
s .515 (27) 

~ RPE I is l S-point scale. RPE 2 is 21-point scale. RPE 3 is 9-point scale. 
RPE 4 is Category-ratio scale. 

RPE Scale 

Females 
.544 (29) 
.603 (IS) 
.444 ( 2) 
.Y30 ( 2) 

2 3 
580 (2) .643 (3) 

.670 (4) 

Exercise Type 
2 3 
.577(11) 
.605 (2) 
.470 (I) 
.999 (4) 
.484 (19) .512 (4) 

Study Quality 
2 3 
.593 (10) .436 (2) 
.657 (2) 
.679 (2) 

.566 (18) .330 (6) 

141 

4 

455 (8) 

410(2) 

s 
.8 10 (1) 
.921 (4) 

.664 (6) 

Type 1 is bicycle ergometer. Type 2 is treadmill. Type 3 is track running. Type S is swimming. 
Protocol 1 is progressive continuous. Protocol 2 is progressive intermittent. Protocol 3 is random 
intermittent Protocol 4 is one-level maximal exertion. Protocol Sis one-level submaximal 
exertion. 
Study quality I is excellent. Study quality 2 is good. Study quality 3 is poor. 
Nwnbers in parentheses refer to the number of validity coefficients. 
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Table A.8 

Descriptive Statistics for Statistically Significant Two-Way Interactions by Study 

Characteristics for Oxygen Uptake 

Gender , Stu!tJ: Ouali!}: !;;xm:ise T~ < Protocol 
Gender Type 

Males Females l 2 3 
Quality l .130 (39) .811 (6) 1 .643 (20) .624 (8) .827 () ) 

2 .613 (16) • 04S (2) 2 .74S (S) .148 (4) .881 (S) 
Protocol 3 .750 (1) 

4 .871 (3) ·.610 (I) 
s . 733 (20) .381 (4) 

Note Study quality I is excellent. Study quality 2 is good. 
Type 1 is bicycle ergometer . Type 2 is treadmill . Type 5 is swimrrung. 
Protocol 1 is progressive continuous . Protocol 2 is progressive intermittent. Protocol 3 is random 
intermittent. Protocol 4 is one-level maximal exertion. Protocol 5 is one-level submaximal 
exertion. 
Numbers in parentheses refer to the number of validity coefficients . 
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Table A.9 

Mean Validi~ Coefficients b~ Criterion Variable and b~ Stud~ (Overall) 

Heart Blood Oxygen 
Study Rate (1 .. ) Lactate Q0 Uptake Q0 Overall Ck) 

Allen & Pandolf ( 1977) .64 ( l) .64 ( l) 
Anshel et al. ( l 991 ) .48 (9) .48 (9) 

Arstila et al. ( 1994) .86 (3) .86 (3) 

Bacharach ( I 984) .65 (2) .65 (2) 

Bar-Or et al. ( 1972) .79 (4) .79 ( 4) 

Bloem et al ( 1991) .35 (I) .61 (I) 56 (4) .53 (6) 

Borg ( 1973) .59 (6) .59 (6) 

Borg et al. ( 1977) .82 (I) .82 (I) 

Borg et al ( 1985) .50 (8) 39 (8) .45 (16) 

Borg et al. (1972) 27 (4) .27 (4) 

Borg, Van den Burg et al. (1987) 1.00 (3) 1.00 (3) 

Brown et al. ( I 996b) .81 (I) .83 (3) 82 (4) 

Butts (1982) .53 (6) -.05 (2) 38 (8) 

Clapp & Little ( J 994) .44 (2) .44 (2) 

Costa & Gaffuri (1977) .84 ( I) .84 (l) 

Demello et al. ( 1987) .74 (4) .69(4) .72 (8) 

Duncan ct al. ( 1996) .98 (2) .98 (2) 

Edwards et al. ( 1972) .87 (2) . 70 (2) .67 (6) .72 (10) 

Gamberale (1972) .57(4) 57 (4) 

Goslin & Rorke ( 1986) .47 (I) .75 (I) .61 (2) 

Hardy & Rcjeslci ( 1989) .85 (I) .77 (3) .79 (4) 

Hassmen ( 1990) 1.00 (8) 1.00 (8) 

Higgs & Robertson ( I 981) .67(4) .67 (4) 

Jackson et al. ( 1981) . 16 (I) . 16 (I) 

Kamon et al. (1974) .48 (I) .59 (3) 56 (4) 

Kay & Shepard ( 1969) 15 (I) .15 (I) 

Kilborn (1971) .86 (6) 74 (6) .80 (12) 

Kolkhorst et al. ( 1996) .61 (2) 15 (4) .30 (6) 

Kurokawa & Ueda ( 1992) .74 (8) .92 (2) .78 (JO) 

Lamb (1995) .57 (I) .57 (I) 

Lamb (1996) .61 (3) .61 (3) 

Ljunggren ct al. ( 1987) .48 (2) .48 (2) 

Lollgen et al. (1977) .63 (I) .63 (I) 

Lollgen et al. (1980) .79 (I) .79 (I) 

Miller et al. ( 1985) 34 (6) .24 (6) 

Morgan & Pollack ( 1977) .43 (I) .61 (I) .52 (I) .52 (3) 

Noble et al. (1973) .78 (6) .74 (18) . 75 (24) 

O'Neill et al. (1992) .65 (3) .65 (3) 

P andolf et al. ( 1972) .69 (2) .69 (2) 

(table continues) 
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Heart Blood 0:-.-ygen 
Study Rate (k") Lactate Ck) Uptake Ck) Overail Ck) 

Pedersen & Welch ( 1977) .81 (I) 80 (1) 80 (2) .80 ( 4) 
Robertson et al. ( 1 979) .46 (3) .46 (3) 
Robertson et al. ( 1986) .87 (3) .87 (3) 
Rudolph & McAuley (1996) -.61 ( 1) - 61 ( 1) 
Sargeant & Davies ( 1977) .87 ( 1) .81 (3) .82 ( 4) 
Sargeant & Davies ( 197 3) .84 (1) .88 (3) .87 (4) 
Skinner et al. (1969) .83 ( 1) .83 ( 1) 
Slainar et al ( 1 99 3) .68 (I) .68 (I) 
Smith ( 1994) 03 (1) .03 ( 1) 
Steed et al. ( 1994) .90 (1) .90 (1) 
Stevenson et al. (1982) .87(1) .87 (1) 
Toner et al. ( 1986) .68 (1) .56 (2) .60 (3) 
Travlos & Marisi (1996) .52 (15) .52 (15) 
Turkulin et al. (1977) .64 (2) .64 (2) 
Ueda et al. (1993) .87 (1) .76(2) .83 (2) .81 (5) 
Ueda & Kurokawa ( 1991) .88 (1) .91 (l) .90 (2) 
Ulmer et al. ( 1977) 88 (1) 88 (1) 
Williams & Eston ( 1988) .74 (1) .74 (1) 
Wilmore et al. ( 1985) .29 (3) 33 (3) .31 (6) 
Winborn et al. (1988) .31(16) .31 (16) 
Zeni et al. ( 1996) 1.00 (2) .99 (2) 99 (4) 

• k is the number of validity coefficients . 
b A dash indicates that that study did not report a value. 
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