Walking Technique and Estimated VO,max Values 21
JEPonline
Journal of Exercise Physiologyonline

Official Journal of The American
Society of Exercise Physiologists (ASEP)

ISSN 1097-9751

An International Electronic Journal
Volume 6 Number 2 May 2003

Fitness and Training

THE EFFECT OF ALTERNATING STEADY-STATE WALKING TECHNIQUE ON
ESTIMATED VO,MAX VALUES OF THE ROCKPORT FITNESS WALKING TEST IN
COLLEGE STUDENTS

ALLYN BYARS!, MICHAEL GREENWOOD?, LORI GREENWOOD?, WARREN SIMPSON*

'Hardin-Simmons University; 2 Baylor University

ABSTRACT

THE EFFECT OF ALTERNATING STEADY-STATE WALKING TECHNIQUE ON ESTIMATED
VO,MAX VALUES OF THE ROCKPORT FITNESS WALKING TEST IN COLLEGE STUDENTS. Allyn
Byars, Michael Greenwood, Lori Greenwood, Warren Simpson. JEPonline. 2003;6(2):21-25. The purpose
of this study was to determine if differences in steady-state walking technique between repeated trials of the
Rockport Fitness Walking Test (RW) would affect estimated VO,max values. Twenty-four male and thirty-
seven female college students (n=61), ages 18-39 years, volunteered as subjects. Subjects were randomly
assigned to complete two steady-state walking trials of the RW on nonconsecutive days utilizing either normal
walking technique or an aerobic walking technique during the pretest and the opposite technique for the
posttest. Estimates of VO.max were calculated using gender and age-appropriate equations and expressed as
both absolute (L/min) and relative (mL/kg/min). Data were anayzed using the total group (all subjects) and by
gender. Initial results using repeated measures ANOVA indicated no significant differences for either absolute
(p>0.53 or higher) or relative (p>0.32 or higher) estimated VO,max values for all groups between the two trials.
Further analysisincluded estimated reliability using an intra-class test-retest correlation (2-way ANOVA) for
absolute (Total; R=0.99, Mae;, R=0.97, Female; R=0.92) and relative (Total; R=0.96, Mae; R=0.97, Female;
R=0.93) values. It was concluded that walking technique and the use of a steady-state walking pace does not
adversely influence the reliability of estimating maximal oxygen consumption using the RW.
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INTRODUCTION

The Rockport Fitness Walking Test (RW) isamaximal paced 1-mile walk test used to evaluate
cardiorespiratory fitness through the estimation or prediction of maximal oxygen consumption (VO.,max) in
adults (1). Sincethe origina validation study by Kline, et al. (1), the RW has been cross-validated in many
samples (2,3,4,5), al of which have supported the accuracy of thisfield test. However, Dolgener, Hendley,
Marsh, and Fejelstul (6) demonstrated that the original RW generalized regression equations over predicted
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VO,max in college men and women and accordingly revised and validated a prediction equation for college age
individuals.

Reliability coefficients (test-retest) associated with the original maximally paced RW are reported to be .93 for
heart rate and .98 for walking time (1). However, subjectsin the Kline et a. validation study completed two to
five tridsin which the two trias that were within 30 s of elapsed time were used for data analysis, thus,
suggesting alearning effect. Thislearning effect was primarily due to individuas had to learn how to pace
themselves at amaximal pace for the 1-mile distance. I1n another study, the test-retest reliability of two RW
trials was found to be 0.97 for relative values of estimated VO,max (mL/kg/min) using the generalized equation
in subjects ages 70-79 (7). Also, in astudy of females 65 years and older, investigators reported test-retest
reliability coefficients of 0.97 for walking time, 0.92 for heart rate, and 0.95 for absolute (L/min) and 0.97 for
relative (mL/kg/min) estimated VO,max values for the last two of three RW trialsindicating a learning effect
for the test with much lower values being reported for the combination of all threetrials (8). More recently, a
study reported reliability coefficients for two trials of the RW performed by high school aged individuals (9).
Reliability coefficients (test-retest) were 0.60 for heart rate, 0.67 for walking time, and 0.91 to 0.97 for relative
estimated VO,max values using the Kline, et a. (1) and Dolgener, et d. (6) equations respectively (9).

As aresult of these studies, the RW is considered avalid and reliable field test used by many colleges and
universities to assess the aerobic performance of students. Consequentially, some students may elect to use
different walking techniques (i.e., aerobic or power walking) during test participation which may affect the
heart rate and time data used in estimating maximal oxygen consumption from the 1-mile walk test. In addition,
previous validity research has indicated that the original maximally paced RW can be performed using a steady-
state walk to yield a similar accurate estimation of maximal oxygen consumption from either a 1/4-mile or
traditional distance of 1-mile utilizing normal walking technique (10). Thisis based on the theoretical
assumption that regardless of the walking pace, aslong asit is consistent, the resulting prediction of VO,max
would not be affected as long as the pace is within the linear proportion of the heart rate and VO, relationship.
Therefore, the purpose of this study was to determine if differences in steady-state walking technique between
repeated trials of the RW would affect estimated VO,max val ues.

METHODS

In this investigation, sixty-one apparently healthy male (n=24) and female (n=37) college students, ages 18-39
years, volunteered as subjects. Participants were mainly recruited from a university required health-related
fitness course in which participation in the RW is a course requirement. The balance of the other participants
included volunteer subjects who were enrolled in either a physical education measurement course or a personal
health course. In addition, all subjects were administered a health questionnaire in order to screen for
individuals who might need medical clearance for participation as well as those taking medications that might
influence the heart rate data collected during this study and eliminated from participation. Written informed
consent was also obtained from each participant in accordance with the policy statements of the Intitutional
Review Board of the university in which the study was conducted.

Prior to test participation, students were familiarized with test protocol including a one-day instruction and
practice in an aerobic walking technique utilizing an arm swing with the elbows bent at ninety degrees. To
prepare for the 1-mile walk test, participants were asked to avoid moderate to high intensity exercise 12 hours
before testing, exhaustive exercise at least 48 hours before testing, alcohol and tobacco use, large meals and/or
caffeine use a least 3 hours before testing.

The order of the trials was counterbalanced, randomly determined with subjects being administered two steady-
state walking trials of the RW on nonconsecutive days utilizing either their normal walking technique (everyday
walking style with elbows extended) or the aerobic walking technique during pretest and the other for the



Walking Technique and Estimated VO,max Values 23

posttest trials. Subjects were instructed by a member of the research team to walk the 1-mile at a self-selected
brisk, but less than maximal pace while maintaining a sub-maximal constant pace (steady-state) throughout the
entire test. Steady-state pace was determined by monitoring the heart rate of each subject for every lap and
assumed if the heart rates for the last two laps were within five beats of each other. As the subjects crossed the
finish line for the 1-mile walk, the test administrator immediately recorded both the elapsed time and final
exercise heart rate.

Time and heart rate data were collected using electronic heart rate monitors (Polar, Inc., Westburg, NY). All
walk testing was performed in a controlled environment with subjects walking a pre-measured perimeter (11
laps), determined with a measurement wheel (Rolatape, Inc.), of two gymnasium floors. Body mass was
measured using a standard calibrated physician’s scale, with participants wearing lightwei ght exercise apparel
and no shoes.

The statistical analyses were performed using Statistical Package for the Social Sciences (SPSS for Windows
Version 9.0) (10). Estimates of maximal oxygen consumption were calculated using gender and age
appropriate equations and expressed as both absolute (L/min) and relative (mL/kg/min) VO,max values.
Estimated VO.max values for subjects <30 years of age were calculated using the Dolgener, et al. (6) equation
while values for participants 2 30 years of age were estimated using the Kline, et a. (1) equation. Datawere
analyzed by comparing the pre-test and post-test estimated VO,max values of total group (all subjects) and by
gender with the initial analysis including a repeated measures ANOV A to determine if there were mean
differences between pre-test and post-test data. Reliability analysis consisted of using intra-class test-retest
correlations (2-way ANOVA) for both absolute (L/min) and relative (mL/kg/min) VO.max values with their
respected 0.95 confidence intervals being reported. I1n addition, the Spearman-Brown Prophecy Formula was
used to estimate the maximum expected reliability for asingle test utilizing the estimated VO,max values. An
alphalevel of 0.05 was used for determining significance.

RESULTS
Descriptive data of the participants are presented in Table 1.

Table 1: Descriptive data of the subjects.
Total (n = 61) Male (n = 24) Female (n = 37)

Age (year) 21.28+4.14 20.83+3.09 21.57+4.71
Body mass (kg) 73.18+20.06 88.41+18.49 63.30+14.05
Pre-test walk time (min) 16.16+1.02 15.79+0.88 16.39+1.05
Post-test walk time (min) 15.69+1.75 14.99+1.78 16.15+1.59

Pre-test HRwalk (beats/min) 140.79+21.05 131.67+16.65 146.70+21.68
Post-test HRwalk (beats/min) 146.49+22.39 141.71+23.25 149.59+22.39

HRwalk = heart rate at the end of the 1-mile walk.

Initial results using repeated measures ANOV A indicated that there were no significant differences for either
the absolute (p=0.78) or relative (p=0.32) estimated VO,max values for the total group between the pretest and
posttest trials. Repeated measures ANOV A aso indicated that there were no significant differences for either
the absolute (p=0.53) or relative (p=0.72) estimated VO,max values for males as well as the absolute (p=0.97)
and relative (p=0.36) vaues for females, thus, demonstrating that the estimated values between the two trias
were essentially the same. The estimated VO,max mean values for the pretest and posttest trials are presented
in Table 2.

Further analysisincluded estimated reliability using an intra-class test-retest correlation (2-way ANOVA) for
both absolute (R=0.99) and relative (R=0.96) estimated VO,max values for the total group. Reliability was aso
estimated for males and females to determine if gender was a factor that affected the reliability coefficient. For
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males, the reliability for estimated VO,max values Table 2: Repeated Measures ANOVA for Estimated
in absolute (R=0.97) and relative (R=0.97) terms VO,max Valuesfor the RW.

was similar to the total group while the reliability Group Pre-Test  Post-Test F p

in absolute (R=0.92) and relative (R=0.93) terms Total (n=61)

for females was dightly lower. L/min 2.68+0.75 2.69+0.77 0078 0.781
mL/kg/min 36.89+5.56 37.16+5.72 0.992 0.323

In addition, the Spearman Brown Prophecy Male (n=24)

Formula was used to estimate the maximum L/min 3.52+0.34 353+0.36 0.414 0.526

expected reliability for asingle test administration ~_ML/kg/min 40.66+4.98 40.78+4.86 0.128 0.714

for both absolute (Ry,1=0.98) and relative (Ry 1 Female (n=37)

=0.93 ) values of the total group. Single test L/min _ 2.14+0.33 2.14+0.35 0.001 0.972

administration coefficients were also estimated for ~ _M/kg/min 34.45+4.48 34.8245.01 0.874 0.356

male absolute (R1,1=0.93) and relative (R11=0.94)
values as well as for female absolute (Ry,1=0.85)
and relative (Ry,1=0.88) estimated VO,max values.
The 0.95 confidence intervals for the reliability

Table 3: Intra-class Reliability Coefficients and 95%
Confidence Intervalsfor the RW.

estimates of both single and double Total (n R L /mi ; mL K g/i

aiministrations of thistest are presented in Table o qrinicration 098 0.96-099 093  0.89-0.96

3. Two Administrations 0.99 0.98-0.99 0.96 0.94-0.98
Male (n=24)

DISCUSSION One Administration  0.93 0.85-0.97 094 0.87-0.98
Two Administrations 0.97 0.92-0.99 0.97 0.93-0.99

The results of this study on differencesin Female (n=37)

estimated VO,max values of the RW using One Administration  0.85 0.73-0.92 0.88 0.77-0.93

alternating steady-state walking techniques support _Two Administrations  0.92 0.84-0.96 0.93  0.87-0.97

the work of previous findings (1,7,8,9). Theintra- R = intra-class correlation coefficient (all coefficients were
class test-retest reliability coefficients significant at p£0.001

demonstrated in this study, for the total group as

well as those for males and females expressed in both absolute and relative terms, were very similar to those
previously reported. In addition, the investigators failed to find any practical differences in the estimated
VO;max values of the RW as the result of using the two different walking techniques implemented in this
study. Thelack of differences could be due to no practical differencesin economy or efficiency of movement
between the two techniques, or perhaps the subjects’ inability to develop efficiency in the short amount of
instructional time provided for learning the aerobic walking technique. Also, there was no comparison between
amaximal pace as originaly prescribed for the RW and the steady-state pace performed by the participantsin
this study. In addition, since actual VO,max was not measured as part of this study, the validity of using an
aerobic walking technique may be in question as a consequence of no existing validation studies for this
particular walking technique. However, beyond these limitations, these results are the first to be reported from
a steady-state version of the RW.

As previoudly cited, the RW has just recently been investigated for accuracy as a steady-state field test for
estimating VO,max from a 1/4-mile walk as well as the traditiona distance of 1-mile (10). However, as
previously noted the subjects participating in this study utilized only the normal walking technique and did not
include the aerobic walking technique as part of their validity investigation. Additionally, it would seem
reasonable to accept these results based on the theoretical linear relationship between heart rate and VO, in
predicting maximal oxygen consumption. Also, there would appear to be no learning effect for the RW as the
result of eliminating the maximal pace of the original RW. As previously noted, earlier findings (1,8) seem to
indicate that acceptable test-retest reliability of the RW was a function of practice and learning how to pace
oneself at amaximal pace throughout the entire 1-mile walk. It would also seem logical to assume that a
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shorter version of the RW could be developed to elicit an acceptable steady-state for predicting VO.max when
compared to other similar field tests.

CONCLUSION

As aresult of these findings it was concluded that walking technique and the use of a steady-state walking pace
does not adversely influence the reliability of estimating maximal oxygen consumption using the Rockport
Fitness Walking Test. However, future additional validity investigations into the development of a shorter
steady-state walking test may be warranted for both normal and aerobic walking technique.

Addressfor correspondence: Allyn Byars, Department of Physical Education, Hardin-Simmons University,
Abilene, TX 79698. Phone: (915) 671-5767; Fax: (915) 670-1218; E-mail: abyars@hsutx.edu

REFERENCES

1. Kline G, Porcari J, Hintermeister R, Freedson P, Ward A, McCarron R, Ross J, Rippe J. Estimation of
vo,max from a 1-mile track walk, gender, age, and body weight. Med Sci Sports Exerc 1987;19:253-59.

2. Coleman R, Wilkie S, Viscio L, O'Hanley S, Porcari J, Kline G, Keller B, Hsieh S, Freedson P, Rippe J.
Validation of the 1-mile walk test for estimating vo, in 20-29 year olds. Med Sci Sports Exerc 1987;19: Suppl!.
2, 29.

3. Ward A, Wilkie S, O'Hanley S, Trask C, Kallmes D, Kleinerman J, Crawford B, Freedson P, Rippe J.
Estimation of vo,max in overweight females. Med Sci Sports Exerc 1987;19: Suppl. 2, 29.

4. Wilkie S, O'Hanley S, Ward A, Zwiren L, Freedson, P, Crawford B, Kleinerman J, Rippe J. Estimation of
voomax from a 1-mile walk test using recovery heart rate. Med Sci Sports Exerc 1987;19: Suppl. 2, 28.

5. Zwiren L, Freedson P, Ward A, Wilkie S, Rippe J. Estimation of vomax: A comparative anaysis of five
exercise tests. Res Quart Exerc Sport 1991;62:73-8.

6. Dolgener F, Hendley L, Marsh J, Fjelstul J. VValidation of the Rockport fitness walking test in college males
and females. Res Quart Exerc Sport 1994;65:152-58.

7. O'Hanley S, Ward A, Zwiren L, McCarron R, Ross J, Rippe J. Vaidation of aone-mile walk test in 70-79
year olds. Med Sci Sports Exerc 1987;19: Suppl. 2, 28.

8. Fenstermaker K, Plowman S, Looney M. Validation of the Rockport fitness walking test in females 65 years
and older. Res Quart Exerc Sport 1992;63:322-27.

9. McSwegin P, Plowman S, Wolff G, Guttenberg G. The validity of a one-mile walk test for high school age
individuals. Measurement in Physical Education and Exercise Science 1998;2:47-63.

10. George J, Fellingham C, Fisher A. A modified version of the Rockport fitness walking test for college men
and women. Res Quart Exerc Sport 1998;69:205-9.

11. SPSS for Windows Version 9.0 [Computer Software]. 1999: Chicago: SPSS, Inc.



