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Abstract. The effect of physical activity (PA) on
health is well documented. The assessment of PA is a
valuable and important issue, however, there are
several methodological issues among the available
methods of measurement that may have implications
for the prevention of specific diseases. The purpose of
this study was to examine the differences between an
objective method of measurement and the subjective
estimation of the PA for novice skiers. Seventy-five
students aged 19-21 years old with no previous ex-
perience in ski participated in this study. Participants
wore a heart rate monitor during practice in order
to record the exercise intensity. Simultaneously, a
trained observer recorded their time on task. A day
after the objective measurement, the participants fil-
led a questionnaire in order to estimate their per-

ceived exertion during practice as well as their
perceived time on task. The results showed (1) dif-
ferences between the observed time on task and the
perceived recalled time, (2) no differences overali
between the recorded and perceived recalled intensity
of exercise but when groups were split according to
their objective intensity a difference was found for
each group respectively. Participants overall had
overestimated the time on task, but they had under-
estimated the intensity of their effort recalled 1 day
after their practice. These results raise the question
whether a questionnaire as method of measuring PA
1s reliable, especially when it is used to estimate en-
ergy expenditure. However, further studies must be
made in order to examine the implications of such a
question.
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Introduction

Valid measurement of physical activity (PA) is a
challenging task because there are several health-re-
lated dimensions and attributes associated with health
status [1-5]. The measurement of PA can be defined in
several ways such as the amount of work performed,
the time period of the activity, the units of movement
or even as numerical scores derived from responses to a
questionnaire [6]. In the more sophisticated question-
naires, PA is expressed in terms of energy expenditure.
However, according to the existing scientific literature,
the effects of two markers of PA are the most impor-
tant for health outcomes: (1) the amount of PA per-
formed as indicated by estimation of the weekly caloric
expenditure based on the equation described by Kriska
and Caspersen [7], and (2) the effect of exercise inten-
sity, independent to the overall amount of activity.

According to the formula described from Kriska
and Caspersen [7], the total time of PA of each in-
dividual comprises the base for his/her classification
according to ACSM (1995) guidelines for health.
However, the exact nature, duration and intensity of
activity required to produce health benefits is yet a
controversial issue.

In order to assess PA there is a number of different
methods available, each one tailored for a specific
use. They can be divided in laboratory and field
methods. The advantages and disadvantages of these
methods depend upon the population being studied
and the research objectives [6]. Field methods are
further divided in objective measurements of PA
(such as behavioral observation, motion analyses,
movement assessment devices and physiologic re-
sponse to activity), and self-report measurements
(such as diaries, retrospective reports on self-com-
pleted forms and retrospective interviewer-conducted
forms). However, techniques based on physiological
assessment used in laboratory settings or complicated
electronic devices are inappropriate for measuring PA
in epidemiological studies because of their intrusive-
ness and cost [8]. Self-report measures, and especially
questionnaires, have been commonly used to measure
PA because they are inexpensive, unobtrusive and
easy to administer.

Self-report instruments vary in the specificity with
which mode, duration, intensity and frequency of PA
are assessed, in the period of time covered by the
report, and the nature of the collected data. More-
over, the data is reported as ratings, activity scores
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(indexes), times, calories expenditure, or other sum-
mary scores [9]. Nevertheless, instruments that clas-
sify PA behavior in indexes, activity scores, ratings or
other arbitrary summary scores, have limited value
because of the lack of specificity in terms of the
characteristics of the imposed stimulus, and often
they have not been fully examined for evidence of
reliability and validity [10]. The most promising self-
reports estimate PA by deriving data for summing the
time spent in PA and the time weighted by an esti-
mation of the intensity of that activity covering a
period of time of 24 hours/7 days in different seasons
of the year.

However, a number of researchers have reported
various problems and limitations of self-report in-
strument [10-14]. Problems usually arise when re-
spondents are asked to estimate the time and the
intensity of PA that they performed. Although many
researchers have examined the validity and reliability
of various self-report instruments against objectives
measures of PA [11, 15-18], very few studies have
examined the magnitude of the error correlated with
the perceived time and estimation of intensity, when
respondents recall their involvement in PA and/or
exercise. Also, there is a limited number of studies
that explored how the perceived intensity influences
the perceived time on task or PA. This is a critical
issue because the accuracy of the measure may have
implications on the prevention of specific diseases [19]
and furthermore, measures of PA are used in various
settings to describe PA habits in populations, classify
PA levels for intervention efforts, evaluate interven-
tion effectiveness, assess changes in PA over time, and
identify behavioral correlates of PA. The purpose
of this study was to compare the accuracy of the
recalled information with the objective measurement
of time and intensity for activities performed by the
students.

Methods
Sample

Seventy-five physical education students, 42 girls and
33 boys, 19-21 years of age (M = 20.2) enrolled in
the ski course as part of their undergraduate pro-
gram. All subjects had no previous experience
in skiing and they voluntarily participated in the
study.

Procedure

The study was conducted in a skiing resort and a
sample of 10 subjects each day for 8 days was under
inspection. Subjects participated in two 45 min
practice sessions each day and their practice included
specific fundamental skiing exercises. Prior to the
starting of the practice session, each subject wore a

polar heart rate monitor (polar HRM) that recorded
the intensity of the practice. After giving the pre-
scribed instructions, subjects were engaged in the ski
practice session. The data from the HRM were col-
lected at the end of the two practice sessions each
day. All sessions were videotaped and three trained
observers recorded and evaluated the practice time
(time on task) of each individual by completing an
observation protocol.

The following day subjects completed a short PA
questionnaire [20]. They were asked to report their
perceived intensity and their time on task of each of
the two practice sessions of the previous day. Subjects
were then divided in three groups according to their
mean heart rate (HR) scores during the practice. The
cut-points for the three groups suggested by Grosser
and Starischaka [21] and Zintl [22] and corresponded
to adults. The first group (n; = 41) was consisted of
students whose mean HR was fewer than 130 pulses
per minute (p/min) (low intensity group). Students
who worked in a range of mean intensity between
130-170 p/min (n, = 28) comprised the medium in-
tensity group. Finally, students with a HR mean
more than 170 p/min comprised the high intensity
group (n3 = 6).

Measures

Measure 1: Objective assessment of exercise intensity
In order to objectively assess the intensity of exercise,
the polar HRM recorded the HR during practice.
This device, compared to laboratory methods, has
been proved to be a valid and reliable method of
estimating work performance as well as functional
and stable in a variety of field conditions [23, 24].

Measure 2: Objective time assessment

The most basic level of duration recording was the
observation of the time on task which was described
as the time students spent in a state of motion de-
voted to the fitness activity [25] a single behavior,
event, or episode [26]. For this reason subjects were
recorded on videotape [25] and observers evaluated
the duration of the PA behavior.

Measure 3: The questionnaire

Subjects completed a questionnaire 24 hours after the
practice and therefore, they reported recalled infor-
mation. They were asked for: (1) their perceived ex-
ertion and (2) their perceived time on task during
their practice the previous day. The questionnaire
was consisted of the following items: (1) demographic
information, (2) previous experience in ski, (3) Borgs’
scale (four very light-20 very hard) in order to esti-
mate the intensity of perceived exertion [27], (4) a
question concerning their estimation of the time on
task.



Tasks

Three different ski skills were used in this experiment
according to the Rogers’ (unpublished) skiing test.

Turn

The students assumed a starting position with ski tips
behind the starting line. On the ‘go’ signal the stu-
dents skied towards a slalom, lope 30 feet away, then
had to process through six gates and cross the finish
line. Two trials were given. The students’ time needed
to complete the run.

Stop

The students assumed a starting position with ski tips
behind the starting line and had to stop after skiing
straight down the fall line for 30 feet, executing a
snow plow stop and stop completely as quick as
possible. Three trials were allowed. Trials were re-
peated if the students fell or began to stop before
reaching the stop line. Each trial was scored on a
point basis, depending on the distance it took the
skiers to stop.

Climb

To begin the student stood below the starting gate
with ski tips behind the first gate. On the ‘go’ signal,
the student walked the first 25 fect (level base of the
slope) to gate 1. At gate 1, the student performed a
step turn to the right and half steps the 50 feet to gate
2. At gate 2 a kick turn to the left was performed
followed by half steps covering 50 feet to gate 3.
From gate 3 to gate 4 the student performed a her-
ringbone step. At gate 4 a step turn was performed
followed by a side step to the finish line with leading.
Proper climbing technique required proper use of the
ski poles. Students were striving towards time.

Statistical analysis

Since homogeneity test for all variables were not
significant -test analysis was used to determine the
differences between (1) the perceived time on task and
the objective time, (2) the perceived intensity and the
objective intensity for the whole sample. The group
was split in three homogeneous groups (1) a low, (2)
medium and (3) high according to their objective
intensity. An analysis of variance (ANOVA) was used
to estimate the difference between (1) the perceived
and objective time on task and (2) intensity for the
three groups. Each variable was tested using an alpha
level of 0.05.

Results

There were significant differences #(73) = 22.706,
p <005 between the objective (M = 39.28,
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SD =14.98) and the perceived time on task
(M = 65.55, SD = 37.12) (Figure 1). The ¢-test indi-
cated that overall subjects overestimated their time
on task.

The scores from the objective intensity from HRM
and the questionnaire were transformed into z-scores
in order to be compared. The results showed that
there were no significant differences #(73) = 22.706,
p < 0.05 between the objective intensity (M = 3.2,
SD =0.09) and the perceived intensity (M = 5.7,
SD = 1) (Figure 2).

After the forming of the three groups according to
subjects’ intensity levels, a comparison among
the groups was made for the objective time on task
and the perceived time on task. There were no
significant differences F(2.73) = 1.2, p > 0.05 on the
objective time on task when groups split according
to their intensity levels however, there were signifi-
cant differences F(2.73) = 5.253, p < 0.05 among the
three groups for the perceived time on task
(Figure 3). The Scheffé post hoc analysis indicated,
that the high intensity group (M =75, SD = 21.21)
perceived higher practice time than the other
two groups of medium (M = 62.88, SD = 31.05)
and low (M =66.85 SD =38.37) intensity.
There were no differences for the objective time on
task.

A comparison was made among the three
groups for the objective and the subjective intensity.
It was found that even if the groups were significantly
different F(2.73) = 76.74, p < 0.05 in the levels of
intensity according to the objective measurement they

second
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Figure 1. Subjects’ scores of objective and subjective time
on task.
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Figure 2. Subjects’ scores of perceived and objective in-
tensity.
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Figure 3. Difference among the three intensity groups for
the objective and the perceived time on task.
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Figure 4. Differences between the objective and the per-
ceived intensity for the different intensity levels.

did not significantly differ F(2.73) = 2.75, p > 0.05 in
their perception of the intensity (Figure 4). For
each corresponding level of intensity a comparison
was made between objective and subjective intensity
scores. Significant differences were found for all three
pairs of comparisons, namely, low intensity (t = 4.50,
p < 0.05), medium intensity (¢ = 5.30, p < 0.05) and
high intensity (+ = 8.45, p < 0.05). This finding im-
plies that participants, for each corresponding level
of intensity, underestimated their exertion when they
asked to recall this information a day after the
practice session.

Discussion

The measurement of PA has raised a considerable
debate. This is because health is a multi-factorial
construct and PA has been shown that can affect
numerous health parameters in different ways [19].
Thus, different researchers have measured different
aspects of PA such as caloric expenditure associated
with any type of activity [28], while others have been
concerned with measuring aerobic activity of specific
durations, intensities, and frequencies [29]. Further-
more, there is an agreement that the true relation-
ships between PA and health can not be fully
established due to the current state of techniques used
in the measurement of PA [30].

Many studies have shown the diversity between the
various methods, caused probably by the limited use
of the ‘gold standard’ (doubly labeled water) and the

practical field limitations of other methods [15, 31,
32]. The need for explanation of this variation marks
the importance of the validity and the accuracy both
of the objective and the subjective PA measurements.
Although the questionnaire is a widespread method
of measuring PA in epidemiological studies, it is
characterized by a number of limitations that may
affect its potential use as a valid and accurate re-
search instrument. In this study an effort was made to
estimate the accuracy of recalled information for
perceived time and intensity of exercise.

The results indicated that subjects overall, inde-
pendently of the intensity of their effort, overestimated
their time on task. They perceived that the time they
exercised was much longer than thereal time. In ad-
dition, it was found that the high intensity group re-
called the time on task with less accuracy. This finding
indicates that the accuracy of the recalled time on task
was negatively associated with the level of activitys’
intensity performed by the participants. Therefore,
self-report PA instruments that ask from responders’
precise time judgements in order to classify them in
activity categories, it is likely to overestimate the ac-
tual activity. This is an important finding because the
duration of exercise is a key indicator in the mea-
surement of PA.

In this research the estimation of the perceived
intensity, retrospectively recalled, for the whole
sample did not differ from the objective intensity of
the exercise measured by the HRM. However, when
participants split into three groups according to their
intensity levels the discrepancies of intensity existed
as measured by a HRM did not exist when measured
by the questionnaire. This finding indicates that
participants for each corresponding level of intensity
underestimated their exertion when they asked to
recall this information a day after the practice ses-
sion. Borgs’ scale is a valid instrument to measure
perceived exertion simultaneously with the exercise,
however, it seems that it was difficult for the parti-
cipants to recall the intensity of their effort or to
express it in a more quantitative way one day after
practice. The Paffenbargers’ physical activity ques-
tionnaire [33] is an example of a self-report instru-
ment in which applied the idea of a 10-point scale in
order to quantify the level of exertion ‘When you are
exercising in your usual fashion, how would you rate
your level of exertion (degree of effort)? Please, circle
one number’. According to the findings of this study,
this description did not provide more accurate in-
formation than more general descriptions used in
other questionnaires (such as ‘huff and puff activity’
[10], as ‘make you breathe heavily and make your
heart beat fast’ (‘modifiable activity questionnaire for
adolescents’) [34], as ‘regularly engagement in stren-
uous activity or hard physical labor’ (the lipid re-
search clinics’ physical activity questionnaire), [15]).
It is expected that measures of PA that require from
responders to recall intensity of activities retrospec-



tively for prolong periods of time (e.g. 12 months) to
provide only general estimations [30].

The discussion so far indicates that self-reports may
be ineffective instruments to provide accurate infor-
mation concerning the time and intensity of PA. An
important question that emerges comes with the
magnitude of the associated error in the measurement.
This is a particular difficult answer taking into account
the methodology used in this study, namely, (1) the
error of the time and intensity estimation may be more
obvious when the recall time is longer than used in this
study (for example 7 days recall), (2) the type of the
activity (daily living activities or occupational activi-
ties vs. organized or sport activities) may influence the
process of the recalled information.

There was no evaluation of the motivation that
students had during their reporting of their intensity
levels. Participants’ motivation to provide accurate
results may influence responses and future research is
needed to assess the degree to which accuracy of PA
information is affected by subjects’ motivational
level.

A second limitation related to the type of activity
that may also influence participants’ responses. In
this study, a well-organized activity (ski) was chosen
in a particular setting. The findings of the present
study must be confirmed using other forms of PA
such as occupational, daily or leisure activities per-
formed in different settings. However, organized ac-
tivities are easier to be recalled. It is assumed that
with less organized activities it is more difficult to
evaluate accurately the intensity or the time of the
activity.

Participants of this study were physical education
students and were more familiar with evaluation of
time or intensity of their effort than the typical popu-
lation. It is expected therefore, that the estimation of
time and intensity may be different with groups of
different characteristics in terms of age, educational
level, activity level and obesity.

Finally, the accuracy of the recalled information
may be different if: (1) subjects had to recall longer
time (more than the 45 min of exercise) and (2) sub-
jects completed the questionnaire more than the
24 hours. Some measures of PA require individuals
to recall activities retrospectively for a year or more
[30]. In the present study, PA was observed for a
short period of time, and, such as, these results
should not be over generalized. Longer observation
and assessment periods may be needed for more ac-
curate results.

The use of questionnaires is a favorable procedure
in epidemiological studies, however, the discussion so
far showed that they it may not be the most accurate
instrument to measure quantitatively PA levels.
Therefore, when questionnaires are used to quantify
PA (in terms of time or energy expenditure) in order
to evaluate the effectiveness of intervention efforts, to
assess changes in PA over time and to identify be-
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havioral correlates of PA, should be considered with
some degree of caution. The findings of the presents
study support that a combination of a subjective and
an objective measures should be used, especially when
use of objective measures only is not possible. Fi-
nally, it is clear that before the relation between
health and PA can be established, research should
focus on the development of simple, low cost, reli-
able, and valid PA assessments [35].
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