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The use of active transportation such as walking to and from school is on the
decline globally. The primary purpose of the study was to determine the
prevalence of active school transportation among primary and junior high
school students in the upper east and upper west regions of Ghana.
The secondary purpose was to examine predictors for meeting the
recommended daily number of steps. A total of 2,505 (1,117 boys and
1,388 girls) primary (1,583) and junior high school (922) students
participated in the study. The distances from children’s homes to their
schools, heights, and body weights were measured —their heights were used
to estimate their stride lengths. The step count for each participant to and
from school each day was calculated. Data were analyzed using conditional
percentage distribution and Logit model. Analyses indicated that 98.96% of
participants used active transportation to and from school. Over 63% of the
students were within the normal BMI range. However, 26.47% of the
participants were either thin or underweight while 9.9% were either
overweight or obese. Overall, 46.47% of the participants met the
recommended daily steps. The Logit model indicated that education level,
BMI, mode of transportation, region, height, and age were significant
predictors for meeting the recommended daily number of steps.
The prevalence of school active transportation in the present study was high
compared to that reported in other studies. Furthermore, the prevalence of
thinness and underweight were higher than in previous studies, while the
prevalence in overweight and obesity were lower.

Copyright © 2019 Institute of Advanced Engineering and Science.
All rights reserved.

Corresponding Author:

Emmanuel Thompson,

Department of Mathemtics,
Southeast Missouri State University,

1 University Plaza, Cape Girardeau, MO 63701, USA.

Email: ethompson@semo.edu

1. INTRODUCTION

The World Health Organization (WHO) classifies physical inactivity as the fourth leading cause
of global mortality, and a major determinant for various chronic diseases [1]. Globally, there has been
a behavioral shift from traditionally active lifestyles, to more industrialized and sedentary lifestyles [2].
This decline in physical activity levels, coupled with increasing sedentary behaviors is referred to as
“physical activity transition” [2]. Sedentary lifestyles are major causes of chronic non-communicable
diseases such as obesity, coronary diseases, and diabetes [3]. Furthermore, diseases such as childhood obesity
should be a major public health concern, since obese children would likely be obese as adults [4].

Many adolescents do not accrue the recommended daily physical activity levels [5]. Small frequent
amounts of physical activity such as walking, or cycling can result in positive health outcomes [6].
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Children and adolescents who use active transportation are more likely to be moderately active than those
who do not [7]. Unfortunately, research shows a global decline in the use of active transportation,
such as walking to school [8]. Active transportation to and from school can contribute to the overall well-
being of children and adolescents, as active commuting is shown to be positively related to health-related
physical fitness components [9].

Sub-Saharan African economies that are based on manual labor are rapidly being replaced by
industries and mechanization [10]. These, coupled with urbanization and the appetite for white collar jobs,
has resulted in a shift from high-energy expenditure physical activities such as active transportation and
manual labor to low-energy expenditure physical activities such as motorized transport and
desk work [1]. This trend has resulted in what is termed “steps in reserve” which are the steps that
individuals could take but do not because they choose to use motorized modes of transport [11].
Evidence shows key findings for physical activity among children and youth in Sub-Saharan Africa.
First, lower socioeconomic status and rural children have higher levels of physical activity than higher
socioeconomic status and urban children. Second, boys have higher levels of physical activity than girls [12].
Third, there are relatively low rates of active transportation to and from school [13-15].

Data on the physical activity levels of children and youth in Ghana are scarce. The results of
Ghana’s 2014 and 2016 report cards on physical activity for children and youth were efforts to address the
scarcity of data [16-17]. The report cards showed that Ghana received grades of “D” and “C” in the active
transportation category in 2014 and 2016 respectively. However, the 2014 finding was based on a study of
urban high school students [18]. The 2016 report card indicated that approximately 74% of students walked
to school while 7% commuted by bicycle [17]. To ensure school-aged adolescents achieve fitness standards,
the Ministry of Health recommended the addition of 120 minutes of compulsory physical education in the
school curriculum [19].

To date, very few studies have investigated the interactions of active school transportation and
demographic characteristics of children and adolescents in Ghana. Therefore, the primary purpose of the
study was to determine the prevalence of active school transportation among primary and junior high school
students in the Upper East and Upper West regions of Ghana. The secondary purpose was to examine
predictors for meeting the recommended daily number of steps. The identification of the prevalence and
predictors of active school transportation and physical activity would allow policy makers and health and
educational administrators to better understand and develop national strategies for increasing active lifestyles
among school-aged children and the adolescents.

2. METHOD
2.1. Participants and settings

Participants for the study included a purposive sample of 2,505 (1,117 boys and 1,388 girls) primary
(PRIM) and junior high school (JHS) students from one municipality and one district in the upper east and
upper west regions of Ghana respectively. The sample consisted of 1583 and 922 children and adolescents
from primary and junior high schools respectively. Their ages ranged from 5.25 to 24.42 years
(M=12.68, SD=3.35, Skewness=.05). Primary (PRIM) and junior high schools (JHS) are part of Basic
Education in Ghana which includes Kindergarten lasting two years (Age 4-6), PRIM lasting
six years (Age 6-11), and JHS lasting three years (Age 12-15). Thus, the official age range for students from
PRIM to JHS is 6-15 years. However, the ages for participants in the present study ranged from 5.25 to 24.42
years. High rates of poverty in the two regions often result in late entry and temporary school dropouts
which, in turn, contribute to overage school attendance.

The Upper East and Upper West Regions of Ghana lie in the northern most part of the country,
with projected populations of 1.2 million and 830,000 respectively. The Upper East Region, with Bolgatanga
as the regional capital, is bordered by Burkina Faso to the north, Togo to the east, and the Upper West and
Northern Regions to the west and south respectively. The Upper West Region, with Wa as its regional
capital, is bordered by Burkina Faso to the north, Ivory Coast to the west, and the Upper East and Northern
regions to the east and south respectively. Both regions are predominantly rural, with low school enrollments
and literacy rates compared to the rest of the country (except the Northern Region). The streets and roads in
the towns and villages in both regions lack sidewalks, footpaths or open spaces. In addition, it is not
uncommon for unauthorized structures to be erected along streets or in officially designated open spaces,
resulting in poor walkability. The Human Subjects Committee at the first author’s institution granted
approval for the study. The District and Municipal Directorates of Education granted permission to conduct
the study in their respective schools. Parental written consents were obtained prior to data collection.
Students who verbally agreed to take part in the study were notified that participation was voluntary, and that
they could withdraw at any time.
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2.2. Measures
2.2.1. Questionnaire

A questionnaire was used to collect the following demographic information for the study: age,
child’s sex, grade level, and region. In addition, the questionnaire gathered data on students’ home location
and mode of transport to and from school. The questionnaires were completed by the classroom teachers.
The students self-reported their places of residence (home) and the mode of transport to and from
school— the teachers entered these on the questionnaires. Teachers extracted each participant’s sex and age
from class rosters. Using a zoning method, the researchers estimated the distance between each participant’s
home and the school. The distance traveled to and from school each day was determined by multiplying the
distance from school by two. Students’ names or any identifiable information were not indicated on the
completed questionnaires. The teachers assigned students identification numbers on the questionnaire with
their corresponding information. The teachers in the Upper West and Upper East regions handed the
completed questionnaires in sealed envelopes to the first and second authors respectively.

To calculate the daily number of steps, the stride length for each participant was estimated by
multiplying height (cm) by 0.415 for boys and 0.413 for [20]. To calculate the daily number of steps,
the distance traveled to and from school each day was divided by the stride length. In addition, children who
rode bicycles to and from school reported the time it took them to travel to school. This allowed the
researchers to calculate how fast they traveled (kilometer per minute) [21]. The number of steps for each
cyclist was estimated using the activity conversion chart from [22].

2.2.2. Body Mass Index (BMI)

BMI was calculated from height and weight. Participants’ heights were measured by the researchers
to the nearest 0.1 centimeter (cm), using wall mounted wooden tapes [9]. Participants stood erect on a flat
surface without shoes on and with their backs against the wall with feet parallel and hands hanging on the
sides. Height measured in centimeters was converted to meters for computing BMI. The researchers
measured body weight with a Tefal Glass Classic (Model P1101V) Bathroom Scale to the nearest 0.1
kilogram (kg). Children stood on the scale in light clothes and without shoes on, and with their arms by the
sides. BMI was calculated by dividing the person’s weight (kg) by the height (m) squared (kg/m?). For ages
5-19 years, BMI-for-age cut-offs [23] were used to classify BMI. The values <-2 SD, <1 SD, median,
>+1 SD, and >+2 SD were classified as thinness, underweight, normal range, overweight, and obese
respectively. For participants 20 years and above, BMI values of <16.00, <18.5, 18.5-24.9, >25.00,
and >30.00 were classified as thinness, underweight, normal range, overweight, and obese respectively [23].

2.3. Variables

The response variable for the study was the recommended daily number of steps (10,000 steps).
Nine (9) predictors were used (refer to Appendix A): Child’s sex, educational level, BMI, mode of transport,
region, active transport, body weight, height, and age. Before fitting the logit model, the dataset was divided
into two sets: Training and testing. The training set which constituted 70% of the entire dataset was used to
specify the predictive model and the remaining 30% was used as a testing set to perform out-of-sample
validation of the predictive accuracy of the model.

2.3.1. Logit model

Let Y; represent random variables taking values y; € (0,1) with probability 1—m; and m;
respectively. This implies:

fo, i) =m] (1 —n)") (1)

Suppose the logit of probability of m; is given by:

log (2) = X[ = m = S @)
08 1-m) — O T = 140X7 B
The predictive form of (2) can be written as:
1
(BIX) = — 7 3)

1+e i

Where X; and f are vectors of predictors and slopes respectively.
To estimate (2), the loglikelihood is given by:
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l(ﬂ) = log[“?:l fni (yl )]'
=Y [yilog(m) + (1 — y)log(1 — 1], )
=¥ [ylog(m(BIX)) + (1 — y)log(1 — n(B1X))].

2
Let VI(B) = aaL;fk) and H(B) = a(;kl;i) represent the gradient of the loglikelihood and the hessian
m

matrix respectively. No closed-form solution, so resort to Newton Raphson’s algorithm for approximate
solution. Newton Raphson’s algorithm [24] is given as follows:

a. Start from some initial values S

b. Setp, =P, HPB, ) 'VI(B, ) (aloop).
c. Repeat step 2 until B, is close to B, _,.

Inference is carried out as follows:

Va(B —B) - N(0,I1(B) ) asn - o, ©)
where I(8) = —H(p) is fisher information and I(f)~! is the variance-covariance matrix.

2.3.2. Prediction metrics

A confusion matrix contains information about actual and predicted classifications done by
a classification system. Table 1 shows the confusion matrix for a two-class classifier. The true positive rate
(TPR) is given by the ratio of the true positive (TP) to the sum of the true positive and false negative (FN).
The false positive rate (FPR) is obtained as the ratio of the false positive (FP) to the sum of the false positive
and true negative (TN).

Table 1. Confusion matrix

Predicted Class Total Rate
Yf=1 7=0
Yy=1 TP FN TP+ FN __TP
Actual ¥ T TPR=Tp v FN
Class FP
Y=0 FP TN FP+TN FPR=——
FP+ TN

At different thresholds say 0.00, 0.01, ..., 1.00, a graph of TPR (sensitivity) against FPR
(1- specificity) is plotted to obtain the receiver operating characteristic (ROC) curve. Numerically, the area
under the ROC curve also referred to as the area under curve (AUC). The AUC measures the prediction
accuracy of the logit model.

2.4. Data analysis

The authors used two-way tables to show the frequencies and percentages by which participants met
or did not meet the recommended daily number of steps and the predictor variables. In addition,
the conditional percentage distribution of each categorical predictor variable [25] was calculated for each
level of the response variable. Initial data included 2,590 participants, but observations for 85 (3.28%) were
deleted due to missing data. All data were analyzed wusing the R-Studio software
(Version 1.1.453-2009-2018 RStudio, Inc.).

3. RESULTS AND DISCUSSION
3.1. Active transportation and meeting the recommended daily number of steps

Table 2 presents data on the conditional percentage distribution of categorical predictors and
recommended daily steps. The results showed that 98.96% of the participants used active transportation to
and from school. Alternatively, only 1.04% of the participants used non-active transportation to and from
school. Of those who used active transportation, 46.11% met the recommended daily number of steps while
53.89% did not. Most of the participants 2,221(88.66%) walked to and from school while 260 (10.38%) rode
bikes, and the rest used other modes of transportation.

BMI analyses placed participants into five BMI categories as seen in Table 2: Thinness (11.86%),
Underweight (14.61%), Normal (63.63%), Overweight (8.38%), and Obese (1.52%). That is, 26.47% of the
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participants were either thin or underweight while 9.9% were either overweight or obese. Those in the
“Thinness” category (58.59%) had the highest percentage of participants meeting the daily recommended
steps (10,000 steps), followed by the “Obese” and “Normal” categories with 52.63% and 44.86%
respectively.

Data in Table 2 indicates that 46.11% of students who used active transportation
(walking and biking) met the daily recommended steps. Alternatively, of their counterparts who traveled to
and from school by car/bus (70.00%) and ‘Other” (Motor cycles) (85.71%) motorized means of transport
accrued “steps in reserve” that would have met the recommended daily number of steps [11]. Children who
went to school by car or motorcycle were sent by their parents or other adult family members.
The buses were usually part of public transportation.

Table 2. Conditional percentage distribution of categorical predictors and recommended daily steps
Variable Met Not Met
Frequency(Percentage)  Frequency(Percentage)

Active Transportation

Non-Active 21(80.77)* 5(19.23)*
Active 1143(46.11) 1336(53.89)
Mode of Transportation
Walking 947(42.64) 1274(57.36)
Biking 198(76.15) 62(23.85)
Car/Bus 7(70.00)* 3(30.00)*
Other (Motor cycle) 12(85.71)* 2(14.29)*
Educational Level
JHS 240 (26.03) 682 (73.97)
PRIM 924 (58.37) 659 (41.63)
Child’s Sex
Female 613(44.16) 775(55.84)
Male 551(49.33) 566(50.67)
BMI
Thinness 174(58.59) 123(41.41)
Underweight 161(43.99) 205(56.01)
Normal 715(44.86) 879(55.14)
Overweight 94(44.76) 116(55.24)
Obese 20(52.63) 18(47.37)
Region
UER 307(33.48) 610(66.52)
UWR 857(53.97) 731(46.03)

*Steps in reserve

Table 3 shows data on the conditional mean and standard deviation distribution of continuous
predictors and recommended daily steps. Table 3 indicates that 1,164 (46.47%) of the participants met the
recommended daily number of steps. The data show that participants who met the recommended daily
number of steps had lower mean scores in age, weight, height, and BMI than those who did not accrue the
recommended daily number of steps.

Table 3. Conditional mean and standard deviation distribution of continuous predictors and
recommended daily steps

Variable Met (N=1.164) Not Met (N=1.341)

Mean(Standard Error) Min Max Mean(Standard Error) Min Max

Age (Months) 136.8(1.08) 63 240 165.4(1.04) 68 293

Weight (kg) 34.59(0.36) 16.5 85 43.48(0.35) 18 82

Height (cm) 141.19(0.44) 99.06 194 151.7(0.44) 100 188
BMI 16.97(0.11) 8.77 57.07 18.49(0.08) 9.82  34.68

Distance to and from School (km) 8.35(0.08) 52 30 3.63(0.06) 0.2 7

Daily Number of steps 14352.19(126.09) 10008 49081 5718.01(88.44) 352 9989

Mean(SE)= Mean (Standard Error)

3.2. Predictors of students meeting the recommended daily steps

Table 4 presents data on the estimated z-score, odds ratio and the corresponding probability for the
reduced logit model. Six of the predictor variables significantly predicted students’ ability to meet the
recommended daily steps. The variables were educational level, BMI, mode of transportation, region, height,
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and age. Alternatively, weight was not significant. Junior High (JHS) students had lower odds than their
primary school (PRIM) counterparts to meet the recommended daily steps. The “Normal” category served as
the reference group for the variable BMI. Students in the “Thinness” and “Underweight” categories had
higher odds of meeting the recommended steps than those in the “Normal” category. Conversely,
participants in the “Overweight” and “Obese” categories had lower odds of meeting the recommended daily
steps than those in the “Normal” category, but these were not significant.

Students in the “walking” category served as the reference group for mode of transportation.
Those in the “biking” category had higher odds of meeting the recommended daily number of steps than
those who walked to and from school. Students in the Upper West Region had higher odds of meeting the
recommended steps than those in the Upper East Region. Furthermore, the odds of meeting the recommended
daily steps decreased with an increase in height. Finally, an increase in age resulted in a decrease in the odds
of meeting the daily recommended number of steps.

Table 4. Estimated Z-score, odds ratio and the corresponding probability for the reduced logistic model

Reduced Model 2

z-score odds ratio  probability
Intercept 3.951 76.145 0.987
Educational Level (PRIM)
JHS -3.081 0.561 0.359
BMI (Normal)
Thinness 3.019 2418 0.707
Underweight 1.464 1.327 0.570
Overweight -0.543 0.880 0.468
Obese -0.933 0.619 0.382
Mode of Transportation (Walking)
Biking 8.761 6.330 0.864
Car 1.149 2.665 0.727
Other 2.243 11.028 0.917
Region (UER)
UWR 10.471 3.625 0.784
Weight (Kg) 1.018 1.017 0.504
Height (Meters) -2.675 0.971 0.493
Age (Months) -3.631 0.988 0.497

|z] > 1.64 means statistically significant at the 10% level
|z] > 1.96 means statistically significant at the 5% level
|z| > 2.58 means statistically significant at the 1% level

3.3. Summary results

The present study examined the prevalence and predictors of active school transportation among
primary and junior high school students in the Upper East and Upper West regions of Ghana.
The study identified five main findings. First, most participants used active transport to and from school.
Second, over 63% of the children and adolescents were in the normal BMI range, while 26.47% were either
thin or underweight and 9.9% were either overweight or obese. Third, 46.47% of the participants met the
daily recommended 10,000 steps. Fourth, participants who met the recommended daily number of steps had
lower mean scores in age, weight, height, and BMI than those who did not accrue the recommended number
of steps. Finally, educational level (PRIM or JHS), BMI, mode of transportation, region, height, and age were
significant predictors for meeting recommended daily number of steps.

The present study examined the prevalence of active school transportation and predictors of physical
activity among primary and junior high school students in the Upper East and Upper West regions of Ghana.
The first major finding was that over 98% of the students in the study used active transportation to and from
school. This contradicts the declining global trend [8] and specifically Ghana [16-17]. The prevalence of
active transportation in the present study was higher than the 81%-87% prevalence reported for the Upper
East and Upper West regions by [17].

Second, the prevalence of obesity in the present study was lower than the 17%. Conversely, children
and adolescents in the current study had a higher prevalence of thin or underweight than the national average
of 13% reported by [27] and 16.7% and 6.7% stunting and thinness respectively by [28]. The “double
burden” of malnutrition, the concurrent existence of under and over nutrition [29], has serious consequences
for the development of low-and middle-income countries. Undernutrition can negatively impact children’s
development and learning. Even though children may catch up from stunting [30], they may not recover from
the cognitive delay associated with [31].

Third, participants in primary schools were more likely than those in junior high schools to meet the
recommended daily number of steps. Similarly, older students had lower odds of meeting the recommended
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steps. This finding is supported by the assertion that continuous participation in physical activity by school-
aged children and adolescents increases the probability of being active during adulthood [32].
Fourth, participants who met the recommended daily steps had a lower mean BMI score that those who did
not. This finding is consistent with that of [33], which indicated that participants with low levels of physical
activity had significantly high prevalence of overweight and central obesity than those who had high levels of
physical activity. Analyzing data from the Ghana Global School-Based Student Health Survey [34-35]
reported a significant negative association between BMI and physical activity and participation in physical
education classes among junior high and senior high students. That is, students who were overweight or
obese were less likely to participate in physical activities or in physical education classes. Fifth, students in
the UWR school district had higher odds than their counterparts in urban schools in the UER to meet the
recommended daily number of steps. This finding is consistent with that of [36] which indicated that active
transportation was lower among urban populations than rural groups in Ghana.

The study had three main strengths. First, the study investigated active transportation simultaneously
with multiple variables such as demographic information, anthropometric measures, and distance from
school. Previous studies have focused on active transportation and demographic information.
A second strength of the study was allowing teachers to complete the questionnaire. Teachers had access to
records on students’ age, and grade levels. In addition, it addressed the inadequacies in children’s reading
abilities, especially at the PRIM level. Finally, the study utilized a rigorous statistical tool to tease out the
important predictors of participants’ ability to meet the recommended daily number of steps.

Despite the strengths of the study, two limitations are worth noting. First, student bicycle riders’
self-report on how long it took them to travel to school was a major limitation. The use of a more objective
measure of their stride length would be more appropriate. Second, the sample in the study was not
representative of primary and junior high school students in the two regions. A random selection of schools
would have produced a sample that would reflect the prevalence of active school transportation in the two
regions. Furthermore, the present study utilized a small sample size, a larger sample of multiple school
districts/municipalities would result in more representative outcomes.

4. CONCLUSION

The present study reported a very high prevalence of active school transportation—most children
walked to and from school. Also, it identified child’s educational level, BMI, mode of transportation, region
(rural or urban), height, and age as significant predictors for meeting recommended daily number of steps.
The prevalence of school active transportation in the present study was high compared to that reported in
other studies on Ghanaian children and adolescents. In addition, prevalence of thinness and underweight were
found to be higher than in previous studies. However, prevalence in overweight and obesity were low
compared to those found in other studies on Ghana.

5.  IMPLICATIONS FOR SCHOOL HEALTH AND PHYSICAL ACTIVITY

The findings from the present study have implications for school health and physical education.
First, there is the need to identify strategies to increase physical activity through before and/or after school
programs and school physical education. Before and/or after school programs such as walking/running clubs
would provide students with additional opportunities to accrue the recommended physical activity levels.
Such clubs could be integral parts of the School Health Program. Second, primary school students were more
active and more likely to meet the daily physical activity requirements compared to junior high school
students. It is therefore pertinent to implement interventions at the junior high school level to sustain levels of
physical activity accrued in the primary school. This would increase students’ likelihood of being active later
in adulthood. Third, school feeding programs could help reduce the “double burden” of malnutrition [29] in
Ghanaian schools, as they have the potential to positively effect stunting and overweight simultaneously [37].
In addition to providing students’ daily nutritional requirements, school feeding programs could serve as
avenues for educating students about healthy dietary habits. Finally, students who rode bicycles were more
likely than those who walked to and from school of meeting the recommended daily number of steps.
This necessitates the provision of bicycle accessible roads in cities and towns. Furthermore, the present study
showed that students in the urban schools were less likely than their colleagues in less urban areas to meet the
recommended activity levels. Thus, the availability of bicycle lanes in the cities are particularly critical for
students’ physical activity behaviors and overall health.
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6. FUTURE RESEARCH

Future research should replicate the present study in other regions of the country. Also, nation-wide
studies using multistage sampling to select a representative sample are needed. Second, future research
should use objective measures for assessing school active transportation. The present study utilized
self-report questions to estimate the distances from students’ homes to their schools. For example,
an objective measure such as the Global Positioning Systems (GPS) technology could be used to determine
students’ distances from students’ homes to the schools. Furthermore, objective measures such as pedometers
could be used to estimate the number of steps students accrue daily to and from school. Third, future research
should investigate the relationship between availability of the School Feeding Program and the level of
physical activity among students
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