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Abstract

While structured physical activity improves cardio-pulmonary parameters and Reaction Time (RT), heavy weight schoolbag
carriage is detrimental. Schoolbag carriage may have either consequence. The purpose of this study is to explore the
consequences of heavy and light weighing schoolbags on cardio-pulmonary parameters and RT. Healthy male participants
(10-15 years) carrying schoolbags- 0%, 4%, 8%, 12%, 16% load of bodyweight walked (20-minutes) for 5 times each. For
each of the 30 participants, during walks, COSMED k4b2 measured heart rate (HR), respiratory quotient (R), total energy
expenditure (EEtot) and number of steps taken. Ruler-drop-test marked RT before and after each walk. RT improved after
walking with schoolbags weighing 0%, 4% of bodyweight. RT didn’t improve for 8%, 12% carriage, worsened for 16%
load carriage. HR and EEtot showed proportionality (r=0.24, p<0.05), R correlated positively to percentage change in RT
(r=0.24, p<0.05) and inversely to number of steps taken (r=-0.40, p<0.01). Percentage change in RT could significantly predict
R (R=1.223+0.028(Percentage RT change)). Respiratory quotient can predict whether or not reaction time worsens for
20-minutes schoolbag carriage as per Receiver Operating Characteristic (ROC) curve (Area Under Curve (AUC)=0.668, 95%
confidence interval: 0.558-0.779, p<0.01). Carrying light-weight schoolbags (4% of bodyweight) for 20-minutes is beneficial,
but heavy-backpack carriage effectuates adverse cardio-pulmonary response and higher RT.
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Abbreviations: HR: Heart Rate; R: Respiratory Quotient;
EEtot: Total Energy Expenditure; RT: Reaction Time;
U: Predicted Upper Limit; L: Predicted Lower Limit; CI:
Confidence Interval; AUC: Area Under the Curve; ROC curve:
Receiver Operating Characteristic curve.

Introduction

Each school-going child, irrespective of the background
they belong to carry schoolbags. School curriculum demands
heavy backpacks and absence of lockers mandates schoolbag
carriage for children. The physiological cost of carrying
heavy schoolbags is enormous and heavily documented,
most common of which is low back pain, scoliosis, change in
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posture, and change in muscular activity [1-3]. Schoolchildren
being in the expeditious growth and development phase
are more vulnerable to the ill effects of the aforementioned
musculo-skeletal symptoms [4]. Moreover, pain in childhood
and adolescence persists even in adulthood [5] vitiating the
emergent population.

Besides the musculo-skeletal effects, backpack carriage
has cardio-respiratory consequences. Carrying heavier
backpacks are denoted to cause increased heart rate, energy
expenditure [6] and decreased pulmonary ventilation [7]
indicating less oxygen availability. As bodily movement
involving energy expenditure is termed as a physical activity
which when performed regularly for a fixed duration of time,
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has physiological benefits [8]. Here, we explore schoolbag
carriage in this context to understand the extent of benefits
and risks posed to children due to schoolbag carriage.

Schoolbag carriage is also known to influence gait and
posture in an individual with heavier loads showing adverse
effects [9,10]. Various alterations in posture are speculated
to improve reactive performance [11]. We hypothesize that
carrying lower backpack weights for a fixed duration may
improve reactive performance or the reaction time measured
for hand-eye coordination, that is, the motor ability.

Low reaction time or better motor ability is indicative of
physiological well-being as slower reaction time is associated
with increased mortality from all-causes and cardiovascular
disease [12]. Physiological well-being is reflected in an
important parameter associated with respiratory physiology-
the respiratory quotient. Respiratory quotient (R) measures
the carbon dioxide evolved relative to the oxygen consumed.
The R value of 0.7 indicates lipid metabolism, R of 0.8 indicates
protein metabolism while carbohydrate metabolism is
indicative of an R-value 1 [13]. In conditions where aeration is
possible, higher respiratory quotients indicate faulty air supply
and presence of anaerobic zones in the system [14]. Higher R
thereby denotes inefficient pulmonary ventilation. Lacunae
remain in exploring the relationship between respiratory
quotient and reaction time response in the foreground of
physical activity, which we explore in this present study.

So, in this study, we explore the undetermined
relationships between physical activity with backpack
carriage, for particular time duration, and its effects on
reaction time and respiratory quotient.

Methodology

Subject Selection

The total number of subjects (randomly taken) that
participated in the study was 30. All subjects were healthy
males belonging to the age group 10-15 years. Participants
with any congenital disorder or visual impairment were
excluded from the study. All data was collected in compliance
to the guidelines set by the Institutional Ethical Committee
(Human) of Presidency University, Kolkata and in accordance
to Declaration of Helsinki. Since the participants were
minors, participation was subject to obtaining consent forms
signed by parents or guardians.

Experimental Protocol

Each subject was made to walk for 20 minutes at their
preferred pace on a plane ground with a schoolbag weighing
0%, 4%, 8%, 12% and 16% of their body weight. The same
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schoolbag was placed in mid-back region on both shoulders
for each participant to obtain consistent backpack placement.
Each of the 30 participants walked 5 times, bringing the
total number of walks to 150. Not every participant could
complete all the walks and finally 102 walks were considered
in the study (n=102). Each of the walks with different loads
were conducted on separate days to remove the cumulative
effect of consecutive walks and the percentage weights
were randomly assigned to nullify the effect of graded load
carriage. Temperature and humidity check was done each
day and walks were not conducted if temperature exceeded
25°C or the relative humidity exceeded 50% and a parity of
weather conditions were maintained for all walks for better
results.

Measurement of Physiological Parameters

The vital parameters of each participant along with
height and weight were all measured using laboratory
equipment dedicated for study to minimize instrument
errors and variations. Data on physiological parameters
such as heart rate (HR), respiratory quotient (R) and total
energy expenditure in kilo calories (EEtot) during walks was
collected using COSMED k4b2.

Measurement of speed adopted by the
participants

The speed adopted by each participant was derived based
on the number of steps taken as recorded in the COSMED
k4b2. The step length for each subject was derived from their
heights [15] and based on the number of steps taken, the
distance walked was evaluated. Since each subject walked
for 20-minutes, speed adopted was calculated.

Measurement of Motor Ability

The motor ability of the participants was measured twice-
before and after each walk using ruler drop test [16] which
gives the reaction time for hand-eye coordination. A lower
reaction time reflects better hand-eye coordination or motor
ability. The percentage change in motor ability was evaluated
and subsequently the percentage was dichotomized based
on whether the change was negative or not.

Statistical Analysis

Graphical and tabulated representation was chosen for
aforementioned parameters for each different load carriage.
Correlogram was developed to pictorially represent the
matrix of linear relationship between parameters. Significant
correlations were used to evaluate linear regression model.
Finally, ROC (Receiver-Operator Characteristic) curve was
generated to check whether any physiological parameter
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duringload carriage was able to predict the binary outcome of
motor ability improved or not after 20 minutes of schoolbag
carriage. All analysis was done using IBM SPSS (version
25) and R software (R Core Team and the R Foundation for
Statistical Computing).

Results

Baseline Data for the Participants

The mean and standard deviation for height, weight, age
of the participants is tabulated in Table 1. The participants
belonged to the age range of 10-15 years, a period of rapid
growth and development [4], which attributed to large
standard deviations in weight and height within the sample.

Mean (%) Standard Deviation
Age (years) 11.7 1.29
Height (cm) 142.5 10.5
Weight (kg) 36.2 10.69

Table 1: Baseline data of the participants.

Speed Adopted by the Participants While
Walking

Number of steps taken, heart rate, total energy
expenditure and respiratory quotient (R) was measured
when the participants walked with schoolbags weighing 0%,
4%, 8%, 12% and 16% of their body weight. Prior to placing
the backpack, the subjects were made to wear the COSMED
k4b2 instrument. Figure 1 depicts the entire experimental
set-up. The instrument analyses all the aforementioned
parameters breath-to-breath, thus generating parameter
measures for each breath taken during the 20-minute walk.

The participants were asked to walk at their preferred
pace to achieve realistic field conditions when they travel
to school with their backpacks. Average speed adopted by
the participants was significantly different across different
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weights carried as per ANOVA (p<0.05). The adopted speed
decreased gradually with increase in the load of schoolbag
carried while at no load conditions, most of the participants
adopted a low, leisurely pace Figure 2A.

-

Figure 1: The experimental set-up.

Heart rate of the participants while walking

The average heart rate (rounded up) when carrying any
load (4%, 8%, 12% or 16% of body weight) was 118 beats
per minute. The predicted maximum heart rate is 220 minus
age [17]. Given the average age of the participants- 12 years
(rounded up), the predicted maximum heart rate within
this sample population is therefore 208 beats per minute
which makes carrying schoolbags a physical activity eliciting
56.7% of predicted maximum heart rate. The percentage of
maximum predicted heart rate when walking with different
loads is represented in Table 2 which portrays that walking
with any load of schoolbag is a moderate intensity physical
activity as per the American Heart Association [18] when
mean heart rate is considered. The average heart rate varied
for different loads carried Figure 2B but the difference was
not significant.

Percentage HR (av) Age Maximum predicted | Percentage of maximum Tvoe of work
Load Carried (bpm) | (Years) HR (bpm) predicted HR (%) yp
Minimum 97 10 210 46.2 Light intensity
0% Maximum 140 14 206 68 Moderate intensity
0
117
Mean (*) SD 12) 12 208 56.3 Moderate intensity
Minimum 80 10 210 38.1 Light intensity
4% Maximum 132 14 206 64.1 Moderate intensity
0
113
Mean (*) SD (12) 12 208 54.3 Moderate intensity
Ruchira M, et al. Percentage Change in Reaction Time Can Predict Respiratory Quotient during Light Copyright© Devashish S and Aparna M.
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Minimum 94 10 210 44.8 Light intensity
8 Maximum 162 14 206 78.6 High intensity
0
Mean (%) SD 122 12 208 58.7 Moderate intensity
(x20)
Minimum 108 10 210 Moderate intensity
Maximum 134 14 206 Moderate intensity
12% 118
Mean (%) SD (28) 11 209 56.5 Moderate intensity
Minimum 94 10 210 44.8 Light intensity
Maximum 155 14 206 75.2 High intensity
16% 117
Mean (*) SD (216) 12 208 56.3 Moderate intensity

Table 2: The heart rate (HR)-maximum, minimum, mean (HR (av)) in beats per minute (bpm) and subsequent work intensities

when walking with different loads.

schoolbag-

Figure 2: Speed and physiological parameters of the participants during 20 minutes of walk while carrying different loads of

A: Speed adopted by the participants; B: Average heart rate during walks
C: Respiratory quotients during walks; D: Total energy expenditure during walks. The speed adopted by the participants Figure
A was significantly different as per ANOVA (p<0.05), none of the other parameters Figure B-D was significantly different.

Respiratory Quotient (R) of the Participants
While Walking

The respiratory quotient was found to reach the highest
value of 2.1 when carrying a load equivalent to 16% of the
body weight Figure 2C indicating higher amounts of CO2
release. The average R for walks with 0%, 4%, 8% and 12%
load of bodyweight was 0.1, 0.8, 0.9 and 0.8 respectively.

Total Energy Expenditure (EEtot) of the
Participants While Walking

Total energy expended increased with higher loads
carried Figure 2D. In no-load condition, the EEtot was 52.5
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Kcal while for 4%, 8%, 12% and 16% load of bodyweight it
was 49.5, 49.8, 52.1 and 53.0 Kcal respectively.

Motor Ability of the Participants Before and
After Walking

The motor ability of the participants was measured
before and after each walk on basis of their reaction time via
ruler drop test. The shortest reaction time (RT) measured was
0.07s, both before and after walk while the longest reaction
time measured before walk was 0.21s and 0.25s after walk.
On the whole, the motor ability showed improvement after
the physical activity of schoolbag carriage for 20 minutes
Figure 3A from 0.14s to 0.13s when all walks was considered
together. However, on closer inspection, it was seen that

Copyright© Devashish S and Aparna M.
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reaction time decreased, improved when carrying no load
(0.15s to 0.14s) and also while carrying a load pertaining
to 4% of bodyweight (0.13s to 0.12s). It showed no change
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when carrying 8% and 12% load of bodyweight while it
increased or worsened (0.12s to 0.13s) when carrying 16%
load of body weight Figure 3B.

A: For all walks

Figure 3: Change in Reaction time of the participants before and after 20 minutes of walking-

B: For different schoolbag load carried (as percentage of body weight).

Linear Relationship Between Different

Parameters

The trends visible via prior graphical representations
indicated linear relationship and correlation was performed
to evaluate the same Figure 4. Heart rate was observed to

rise with increase in energy expenditure (r=0.24, p<0.05).
The respiratory quotient was seen to have significant
proportional relationship with percentage change in
reaction time before and after walk (r=0.24, p<0.05) while it
was inversely related to the number of steps taken during the
walk (r=-0.40, p<0.01).

the correlations are not significant (p>0.05).

Figure 4: Correlation of different parameters. Blue indicated positive correlation while red negative correlation. Both the color
intensity as well as the radius of each circle increases as the correlation value becomes closer to 1. The crosses indicate that

Prediction of Respiratory Quotient Based on
Change in Motor Ability

Owing to the significant association between change in
reaction time and respiratory quotient, we evaluated the
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linear regression of the two parameters. Since, ruler drop
is an inexpensive, easy test to perform while respiratory
quotient measurement expensive and tedious, we proceeded
to develop a prediction model for R based on reaction time
change Table 3. About 6% of the variance (R?*=0.062) in R
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could be explained by the percentage change in RT Table (Percentage RT change)). The coefficients for the model (all
3a. The model could significantly predict (p=0.016) the R significant, p<0.05) are listed in Table 3c.
Table 3b based on percent change in RT (R=1.223+0.028

3a: Model Summary
Model R R Square Adjusted R Square Std. Error of the Estimate
1 0.2492 0.062 0.051 2.3625
a. Predictors: (Constant), Percentage RT change

3b: Model ANOVA?

Model Sum of Squares df Mean Square F Sig.
Regression 33.45 1 33.45 5.993 0.016°
1 Residual 507.924 91 5.582
Total 541.374 92

a. Dependent Variable: R

b. Predictors: (Constant), Percentage RT change

3c: Coefficients ? of the model

Model Unstandardized Coefficients Standardized Coefficients t Sig.
Beta Std. Error Beta
1 (Constant) 1.223 0.245 4.992 0
Percentage RT change 0.028 0.011 0.249 2.448 | 0.016

a. Dependent Variable: R

Table 3 (a-c): Linear regression model.

The efficacy of the model was checked by plotting the high respiratory quotients of 22.1 and 10.9, most of the actual
actual R against the upper and lower bound of the 95% cases fell within the predicted confidence interval indicating
confidence interval Figure 5. Besides the two abnormally a good model fit.

Figure 5: Actual respiratory quotient scores plotted against the upper and lower bound of predicted 95% confidence intervals.
The red line indicates the actual Respiratory quotients (R) as measured during 20-minute walk. The blue and the green lines
indicate the predicted upper (U) limit and predicted lower (L) limit of 95% confidence interval (CI) respectively. Mostly, the
actual values fall within the predicted 95% CI indicating a good prediction model.
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ROC Curve for Respiratory Quotient

ROC curve is valuable tool to evaluate predictive models
having a binary outcome, where a good predictor acquires
higher area under the curve (AUC). So, to emphasize the
importance of the relationship between respiratory quotient
and changeinreactiontime,a ROC curve was generated Figure
6. The percentage change in reaction time was dichotomized

Ergonomics International Journal

to worsened or not worsened and the respiratory quotient
was used to evaluate this binary outcome. The area under
the curve was significant (p<0.01) and evaluated to be 0.668
Table 4. AUC=0.668, 95% confidence interval: 0.558-0.779,
p<0.01 indicates that respiratory quotient has predictive
ability to discriminate whether or not reaction time worsens
after carrying school bag for 20 minutes [19].

-

Figure 6: ROC curve depicting efficiency of respiratory quotient as a tool in predicting the binary outcome of whether or not
the motor ability shows improvement after carrying schoolbag. The red line is the reference line while the blue line is the
Respiratory quotient for all subjects during 20-minute walk. The area between the two lines, that is, the area under the curve
(AUC) amounted to 0.668 (p<0.01).

Area Under the Curve

Test Result Variable(s): Respiratory quotient (R)

Area Std. Error? Asymptotic Sig.’ Asymptotic 95% Confidence Interval
Lower Bound Upper Bound
0.668 0.056 0.006 0.558 0.779

a. Under the nonparametric assumption

b. Null hypothesis: true area = 0.5

Table 4: Parameters for ROC curve.

Discussion

This study bolsters that schoolbag carriage is a physical
activity regularly performed by children and resulting stress
generated depends on the weight of the school bag. Backpack
carriage (any load) was found to elicit an average heart rate
equivalent to 56.7% of predicted maximum heart rate. As
per the American Heart Association [18], the heart rate for
moderate intensity activities is 50-70% of the maximal heart

Ruchira M, et al. Percentage Change in Reaction Time Can Predict Respiratory Quotient during Light
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rate. This makes carrying schoolbags a moderately intense
physical activity. This matches another study conducted
by Hong and Brueggemann [9] that found the heart rate
in 10-year-old boys to be 125 beats per minute (59.5% of
predicted maximum heart rate) after walking for 20 minutes
[9]. Another study in adolescents of 12.5 years of mean age
showed the heart rate to be 107.4, 106.8 and 108.9 when
carrying loads of 8%, 10.5% and 13% respectively [20]
amounting to about 52% of predicted maximum heart rate.
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ANOVA portrayed that the preferred speed adopted
by participants differed significantly (p<0.05), gradually
decreasing with increase in loads from 4% to 8%, 12%
and 16% of body weight Figure 2A. This is in accordance
to previous study where increase in load decreased the
preferred walking speed [21]. Most muscles try to work
under minimum effort criteria [10]. As the preferred walking
pace matches the most energy efficient speed [22], the
extra energy needed to carry the load is compensated by
decreasing the walking pace [23].

In the context of physical activity oxygen consumption is
avital factor. The respiratory quotient takes into account not
only oxygen consumption, but also carbon dioxide evolved
besides evincing the metabolic fuel utilized [13]. A prior
study denoted respiratory quotient to increase during load
carriage indicating transition to carbohydrate oxidation and
anaerobic metabolism. This implies maximal oxygen uptake
at submaximal loads restricts daily activity capacity thus
contributing to the risk for weight gain [24]. In accordance
to this, our study found the respiratory quotient during
16% load carriage to exceed 2, thus designating it to be
physiologically harmful.

Energy expenditure, although not significant, was found
to increase with higher load carriage Figure 2D. This is in
accordance with the findings by Hong et al,, where energy
expenditure in 10-year-olds was observed to increase
gradually across 0%, 10%, 15% and 20% loads of body weight
during a 20-minute treadmill walk [25]. A recent study also
depicted similar findings where energy expenditure rose
with increase in 0%, 5% and 10% load of bodyweight but the
change was not significant [26].

This study found improvement in reaction time after
the physical activity of carrying schoolbags in a 20-minute
walk Figure 3A. Walking with no load condition and 4%
loaded condition was seen to have improved reaction time
in children Figure 3B. So, it can be said that carrying light
backpacks for duration of 20 minutes can improve the
reaction time in school-going children. A recent study by
Patti et al., mentioned the physically active state to stimulate
reaction time, cognitive performance and sensory stimulation
[27]. The 8% and 12% load carriage did not alter reaction
time whereas 16% load impaired the reaction time. This may
be due to the sensation of over-exertion in children owing
to maximal energy expenditure when carrying load 16% of
body weight. Regular physical activity or exercise training
has been seen to improve reaction time in children [28].

The percentage change in reaction time was found to
be linearly associated with respiratory quotient Figure 4
and could significantly predict the same Table 3, Figure
5. Conversely, when percentage change in reaction time
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was dichotomized to whether it improved or not after the
physical activity of schoolbag carriage, the respiratory
quotient served as good tool indicating this binary outcome
as depicted by the ROC curve Figure 6. A myriad of beneficial
neurological processes emanates from regular physical
activity induced cardio-respiratory fitness [29]. Respiratory
quotient is a respiratory parameter whose high values are
indicative of gain in body weight, fat mass [30] connoting
the tendency to being overweight or obese. Maintenance and
prediction of respiratory quotient is therefore vital.

To the best of our knowledge, this is the first study
investigating schoolbag carriage as a regular physical
activity which may have physiological benefits. We conclude
that carrying light backpack weighing 4% of body weight
on both shoulders and mid-back region can improve the
reaction time. The percentage improvement in reaction time
can significantly predict the respiratory quotient which is
an important parameter that can conversely determine the
binary outcome of whether reaction time improves or not
after the physical activity of schoolbag carriage. The effects
of load on the growing spinal cord, gait and posture were
not studied which is a major limitation of this study. While
carrying 4% load of body weight can be physiologically
beneficial, carrying a load equivalent to 8% and 12% shows
no such benefits while carrying a 16% load is positively
deleterious to physiological health.

Conclusion and Future Prospects

Scientifically, through empirical findings, it can be
confirmed that although carriage of light- weight bag on both
shoulders is beneficial to children, heavy back pack carriage
is physiologically harmful leading to cardio-pulmonary stress
and delayed reaction time. These findings can help mitigate
the harmful effects of heavy backpack carriage, separating
them from beneficial ones that usually accompany regular
structured physical activity.

The effect of physical activity on cognition is well
documented. Physical activity is a commonly used method
of improving cognitive function, not only in children, but
also in adolescents and adults. Observations from our study
show that schoolbag weighing 4% of body weight improves
the reaction time in children when carried for 20 minutes.
Hence our results pave the way for customized mode of
improving cognitive function in a manner that can be self-
applied. This may be extended to children with an otherwise
dearth of physical activity, given that schoolbag carriage is
performed regularly. This study may further be extended for
other physical activities performed on a daily basis. It may be
extrapolated to adult populations as well. Further, the study
has ample scope to work on females to examine whether
there are any gender differences in our observations.
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Implementing physical activity logs for the day, created on
basis of predicted respiratory quotient, can pave way for a
healthy lifestyle in individuals.
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