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ABSTRACT

Ratingscales of perceived exertion (PE) havebeen
used to measure PE during exercise in the adult
population with successful results. However,
in children, it is necessary to develop adapted
instruments due to their cognitive immaturity.
The number of Spanish-language validated
instruments for the pediatric populationisscarce.
Our objective was to develop a new PE rating
scale. Research design was divided into three
stages: development, content validity, and
criterion validity. For development, a panel
of five expert members was summoned, who
provided indications for the new instrument.
A systematic review of the literature to identify
other validated instruments was performed.
This process resulted in the development of
the new EPInfant scale to measure PE, which
integrates the expert panel’s indications and the
result of the literature systematic review. The
evaluation of its content showed a high level of
agreement regarding the quality of its design;
the contentvalidity index was 1. During the field
assessment, a high concurrent criterion validity
was observed in healthy adolescents due to the
strong correlation shown between PE and heart
rate in both boys and girls.

The methodology used to develop the EPInfant
scaleaimed atreducing potential biases thatmay
hinder its psychometric properties. Preliminary
results suggest that this may be a validated
instrument that could beimplemented in healthy
adolescents.
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INTRODUCTION

Perceived exertion (PE) rating
scales are used to measure the feeling
caused by metabolic changes during
exercise.'” These instruments were
initially developed and validated
for the adult population; the first
version was developed by Borg.! The
Borg Scale is a numerical vertical
scale with a rating of 6-20 and its
objective is to provide perceptual
data in correlation to heart rate (HR)
and workload. The purpose of such

numerical distribution is to establish
an association between the level of
PE (multiplied by 10) and HR during
exercise.!

PE measurement has been used
in varying settings, both as a tool
to measure physiological stress and
to establish exercise intensity.**
According to Borg’s model, as
exercise intensity increases, PE
increases accordingly in response to
progressive activity intensities, which
demonstrates a positive correlation
between both outcome measures.'®
However, since children’s cognitive
development is not sufficient to
understand numerical descriptors of
physiological stress used for adults,®
it is necessary to develop scales
especially designed for the pediatric
population with characteristics
expressing levels of physiological
stress during exercise in a particular
manner.’*? Several instruments have
been developed that have shown an
acceptable performance in children
and adolescents of different age
groups and cultures.'*®

However, the number of
adequately-developed and validated
scales in Spanish language is scarce."
In Chile, several initiatives have
resulted in the development of tools
to measure PE in children, including
the Pediatric Visual Analog Scale
(PVAS), which is an adaptation
of the Borg Scale for the pediatric
population.® To date, its psychometric
properties have not been established
and its clinical usefulness has shown
inconsistent results.?'In addition, the
PVAS is derived from the Borg Scale
(adaptation), which has demonstrated
a limited concurrent criterion validity
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in the pediatric population.’® Based on this, there
is a need to introduce major modifications in the
PVAS in order to generate an instrument that is
adequately adapted for the pediatric population,
in Spanish language and with methodological
characteristics that allow its valid implementation
in the target population.

This new measuring instrument was
developed using a methodology aimed at
reducing potential biases that may affect its
psychometric properties.”? Research design
was divided into three stages: development,
content validity, and concurrent criterion validity
(Figure 1).

Below we describe each stage in the
preparation of this new perceived exertion rating
scale for children (EPInfant).

DEVELOPMENT OF THE EPInfant SCALE

The EPInfant was developed based on the
recommendations for the development of health
measurement instruments®?* which suggest
considering the opinions of an expert panel as
well as theoretical background obtained by means
of a systematic review of the literature (SRL). In
our case, we requested the opinion of an expert
panel to establish the instrument’s characteristics
for an adequate PE rating on the basis of a
consensus. Simultaneously, we performed an SRL
to identify other scales that have been adequately
validated for the pediatric population.

FIGURE 1. Research design

The expert panel was made up of five
Chilean health care professionals with more
than four years of experience and verifiable
training in the fields of health and child education
(two psychologists, two kinesiologists and a
pediatrician specialized in bronchopulmonary
conditions). As per the Delphi method,*
each expert separately received a manuscript
containing general information on PE,* an image
of the PVAS,” and three open questions aimed at
making possible changes to said instrument:' Do
you think the PVAS has the necessary elements
for 6-18 year-old children and adolescents to
interpret it? Please indicate which elements.”Do
you think the PVAS should include other
elements in order to improve its validity based
on the type of thinking according to the child’s
psychological development? Please indicate
which elements.? Do you think the PVAS should
suppress certain pictorial elements in order to
improve its psychometric properties based on the
child’s cognitive development? Please indicate
which elements.

To sum up, the five members of the expert
panel agreed on the fact that, for question 1, the
new instrument should maintain the purpose (of
the PVAS) of representing the level of PE and
physiological stress by means of pictures and
numbers that would allow children to interpret
it intuitively. For question 2, experts suggested
the introduction of verbal descriptors of PE

Development

| Expert panel creation

Systematic review of the literature | \I/

Assessment and modification
of the PVAS be the expert panel

Content validity

Criterion validity

PVAS: Pediatric Visual AnalogScale; CVI: content validity index;

Development of a new scale EPInfant,
based on the modified PVAS and other
scales identified in the SRL

| Re-assessment of EPInfant, CVI estimation |

| Assessment of concurrent criterion validity |

EPInfant: new pediatric perceived exertion rating scale; SRL: systematic review of the literature.
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in Spanish, using a clear language targeted at
children, as well as pictures with better quality
and resolution (compared to the PVAS). For this
question, only one expert suggested that bar
height should increase in an exponential left-
to-right manner instead of in a linear manner,
as depicted in the PVAS. Finally, for the last
question, the entire panel suggested that the scale
should not include images that represent other
constructs (sun, moon, or mountains, which are
included in the PVAS).

For its part, based on the SRL, studies conducted
in childrenthat established the correlation between
PE and a physiological outcome measure (VO,
and HR) during a standardized exercise test were
selected® For each primary article, Pearson’s r
correlation coefficient (CC) was recorded, which
was weighted according to the sample size to
estimate a general weighted average. Only scales
with a weighted CC higher than the general

FIGURE 2. EPInfant, perceived exertion rating scale

weighted average were considered. The following
scales were selected: the perceived exertion scale
for children,” the cart and load effort rating," the
Eston-Parfitt scale of perceived exertion,?? the
pictorial version of the Children’s Effort Rating
Table,'*** and the “OMNI” ratings of perceived
exertion scale.”>'8?!%2Based on these five selected
scales, pictorial, numerical and verbal descriptors
were considered to develop the EPInfant (the
details on the SRL methodology are shown in the
supplementary annex in electronic format spanish
version).

The EPInfant scale was designed by integrating
experts’ indications and methodological elements
observed in the design of those scales with the
highest CVI identified in the SRL (Figure 2). In
addition, and during the development process, a
set of recommendations for use was prepared in
order to standardize instructions for an adequate
instrument use (Table 1).
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The scale shows 11 numerical descriptors (0 to 10), five verbal descriptors located each every two intensity levels, and a set
of pictures that illustrate a child running at progressively increasing intensities across a scale made up of bars that increase in

height with an exponential, left-to-right slope.
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CONTENT VALIDITY

The next stage was content validity,
which accounts for the extent to which the
scale measures the construct of interest. The
measurability method here is the content
validity index (CVI). This indicates the degree
of agreement among a group of experts in
relation to the relevance of items included in the
new measurement instrument.** Given that the
EPInfant scale is not based on items, CVI was
measured based on its quality. To this end, each
member of the expert panel assessed the EPInfant
scale by establishing a certain level of agreement
with different statements on its methodological
quality. Agreement levels were established based
on literature recommendations,*® as follows: 0:
strongly disagree; 1: disagree; 2: agree; 3: strongly
agree. The proportion of answers in agreement
with each statement was regarded as an index of
agreement, and the proportion of answers with
some level of agreement with each statement (2:
agree; 3: strongly agree) was considered the CVL
As a result, the index of agreement among experts
was 0.86 and CVI was 1; this demonstrates that
the expert panel agreed that the methodological
quality of the EPInfant scale was adequate for the
construct (Table 2).

CONCURRENT CRITERION VALIDITY

For the last stage in this process, a study was
conducted to assess the correlation between HR
and PE (EPInfant) during the exercise test. To this

end, healthy adolescents from a public school in
Concepcidn, Chile, were selected. Subjects with
cognitive impairment, obesity or motor neurone
disease that prevented them from doing exercise
were excluded.

Protocol: The exercise test used was the
Chester test (CT), which consists in going up and
down a 20 cm step at an increasing pace set by
a signal sound. It includes five 2-minute levels;
for each level, the number of cycles to be done
in 1 minute by the patient increases (cycle= each
foot stepping up and then each foot stepping
down): level 1: 15 cycles; level 2: 20 cycles; level 3:
25 cycles; level 4: 30 cycles; level 5: 35 cycles.
During the last 20 seconds of each minute, PE,
HR and oxygen saturation (SatO,) are recorded.
Theoretical maximum HR is estimated based on
the following formula: 208 - (0.7 x age).

HR was recorded using a Polar®
cardiorespiratory monitor, SatO, was recorded
using a NONIN® pulse oximeter. Before doing
the test, subjects became familiar with the
EPInfant scale and had time to consider its
recommendations for use.

Statistical analysis schedule: Assuming a
type I error of 5%, a type II error of 80% and a
Pearson’s r coefficient of 0.7, the necessary sample
was 14 subjects per sex. Considering that the
sample was made up of 40 adolescents (20 boys
and 20 girls), the study’s estimated statistical
power was 95%. Once the sample’s normality was
verified through the Shapiro-Wilk test, average

TABLE 1. Recommendations for the implementation of the EPInfant pediatric perceived exertion rating scale

- The EPInfant scale is an instrument designed to measure whole-body perceived exertion in children and adolescents

(younger than 18 years old) during physical exercise.

- This scale should be introduced before performing physical exercise and explained in terms that are simple and appropriate

for the subject’s age.

- If the child cannot read, pictures of children doing exercise should be used to provide instructions aimed at interpreting

perceived exertion.

- For an adequate measurement of perceived exertion, subjects should answer the question “How tired do you feel during
exercise?”. This question should aim at assessing whole-body perceived exertion, including weariness in the legs and

dyspnea.

Below, there is an example on how to adequately provide instructions:
e Before, during and after exercise, I will ask you how tired you feel.
® You should use the numbers, words or pictures of children to indicate your level of tiredness during exercise.
® DPlease, watch the picture of the child at the beginning of the scale. If you feel like him, it means you are not tired.
® DPlease, watch the pictures of the children in the middle of the scale (levels 5 and 6). If you feel like any of them, it means

you are tired, but you may continue doing exercise.

¢ Please, watch the picture of the child at the end of the scale. If you feel like him, it means you are very tired and cannot

continue doing exercise.

* You may use any of the numbers, statements and/or pictures of children in the scale to describe how tired you feel.

There are no right or wrong answers.
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and standard deviation values were estimated.
An ANOVA for repeated measures was used
to assess differences between HR and PE at the
different exercise intensity levels; a t test for
independent samples was used to compare PE
and HR at the end of the test between boys and
girls. In addition, criterion validity was assessed
by estimating Pearson’s r CC between average
HR and PE values in boys and girls during the
exercise test. A p value < 0.05 was considered
significant. The MedCalc software, version 14.12.0
(MedCalc Software bvba, Ostend, Belgium) was
used.

Assessment results: The average age of
participants in the sample was 14.2 + 0.8 years
old, with a normal height and weight. The mean
HR reached was 150.3 + 17.1 (76% of maximum
HR) and 171.2 + 11.4 (86% of maximum HR) in
boys and girls (p < 0.0001). In addition, the level
of PE reached was 2.8 + 1.4 and 3.8 = 2.3 in boys
and girls, respectively. In turn, PE increased
significantly with each increasing level of exercise
intensity (p < 0.05) (Figure 3). Besides, a strong
correlation between PE and HE was observed
throughout the test in boys and girls (r= 0.93,
p < 0.0001 and r= 0.95, p < 0.0001, respectively).
No significant difference was observed in the
degree of correlation between PE and HR between
both sexes (Figure 4).

COMMENT

PE is a subjective assessment of the intensity
of exercise done, which is made up of a set of
feelings that integrates stress and fatigue in the
muscle-skeletal, cardiovascular and respiratory

TaBLE 2. Content assessment

systems during exercise.®*?* This allows to
adequately regulate physical fitness so that
tasks may be completed without exceeding a
physiological tolerance threshold.'*

No data have been reported from a
neurophysiological perspective that allow to
verify whether cognitive function influences PE;
however, PE has been observed to increase based
on children’s cognitive development stages.® For
this reason, it has been suggested that scales be
adapted to the pediatric population in order to
obtain valid and reliable PE measurements.™

FIGURE 3. Perceived exertion as per progressive excercise
intensity level

I [o—o Girls (n=20)
| | =—a Boys (n=20)

Perceived exertion
(EPInfant)

1 1 1 1 1
CT CT CT CT CT
Level1 Level2 Level3 Level4 Level5

* CT Levels 1-5: these account for exercise intensity levels
during the Chester test.

Statements Concordance CVI
The scale pictures have the necessary elements

for 6-12 year-old children to interpret it. 0.8 1
The scale pictures have the necessary elements

for 13-15 year-old children to interpret it. 1 1
Numerical and verbal descriptors are adequate

for 6-12 year-old children to interpret them. 0.8 1
Numerical and verbal descriptors are adequate

for 13-15 year-old children to interpret them. 1 1
Recommendations for use are adequate to provide instructions

on the instrument to 6-12 year-old children. 0.6 1
Recommendations for use are adequate to provide instructions

on the instrument to 13-15 year-old children. 1 1
General average 0.86 1

CVI (content validity index): proportion of answers with some level of agreement with each statement

(2: agree; 3: strongly agree).
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The EPInfant scale includes pictorial aids
that may potentially favor its interpretation
considering different cognitive development
stages,® such as pictures, colors, increasing
height bars (preoperational stage [5-7 years old]
and concrete operational stage [8-12 years old]),
as well as numbers and verbal descriptors to
describe exercise intensity (formal operational
stage [13-18 years old]). This was supported by
the expert panel, which showed a high level of
agreement with the scale’s quality.

Once developed and validated by the expert
panel, any new scale should be assessed in
different implementation settings. For this
reason, first of all we considered a test with
increasing exercise levels that was safe and
easily performed, such as the step test, in order
to focus on measuring PE instead of on the
exercise test performance process. Research
design considered the perceptual estimation
paradigm, which uses PE to measure perceived
intensity during an exercise test. CC observed
between HR and PE was used as criterion validity
index. Therefore, the CC observed both in boys
and girls corresponded to r= 0.93 and r= 0.95,
which suggests that the EPInfant scale may have
an adequate performance during exercise in this
group of subjects.

Similar results have been observed in
other studies. Pfeiffer, et al. observed a strong
correlation between PE and HR in adolescents
during an increasing exercise test using
a treadmill.’® On their side, Robertson, et al.
observed correlation levels of 0.83 and 0.88 in
both sexes during a step exercise test.*

FIGURE 4. Correlation between preceived exertion
and heart rate
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To date, no other field validity studies have
been conducted that consider other age groups
and other exercise types and modalities, so it is
not possible to extrapolate these results to the
overall pediatric population. However, these
results are encouraging to continue studying the
performance of the EPInfant scale based on its
high content validity (agreement among experts)
and an adequate criterion validity in adolescents,
two characteristics that had been questioned
and completely unknown with the instrument
available to date.

Future studies should not only consider
other age groups and clinical settings, but
should also include both cognitive function
assessment paradigms during exercise in their
methodological designs, i. e., the estimation
paradigm (the instrument’s ability to measure
PE) and the output paradigm (dosing of exercise
intensity based on PE). In addition, it is necessary
to assess the scale’s reliability in order to know
the expected degree of variability between
repeated measures over time and among different
observers. A thorough knowledge of these data
will provide a solid support to validate the
instrument in the general pediatric population
and it will therefore allow to recommend it in
different settings that are related to physical
therapy and exercise practice in children and
adolescents. B
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