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Abstract 

Background Active school transport (AST) can increase children’s and adolescents’ physical activity. The proportion 
of children and adolescents who engage in AST has declined internationally in recent decades. This study examines 
the prevalence, correlates, and perceived barriers to AST in the city of Leipzig, Germany.

Methods The study sample includes 1070 participants, 364 children and 706 adolescents, aged between 6 and 
18 years, as well as their parents. The parents as well as adolescents age 10 and above completed questionnaires 
concerning sociodemographic variables, means of transport/AST and perceived barriers to AST. The distance between 
home and school was calculated as the network distance from the home to school address using the Dijkstra 
algorithm. Based on these data, logistic models were fitted in a two-step variable selection process, using AST as the 
dependent variable.

Results Approximately half of the children (59%) and adolescents (51%) engaged in AST. The prevalence of AST 
exhibited a negative correlation with age (Odds Ratio (OR) = 0.94, 95% confidence interval (CI) = 0.9–0.99, p = 0.015) 
and did not significantly differ by gender (children:  ORgirls = 1.5, CI = 0.95–2.25, p = 0.075, adolescents:  ORgirls = 1.01, 
CI = 0.75–1.37, p = 0.924). A high socioeconomic status was positively correlated to AST on the morning trip (OR = 1.7, 
CI 1.3–2.21, p < 0.01) but negatively on the afternoon trip (OR = 0.7, CI = 0.53–0.9, p < 0.01) in the summer. Common 
barriers for children (from their parents’ perspective) and for adolescents (from their own and their parents’ perspec-
tive) were distance and a heavy load to carry. The parents of adolescents did not perceive any other specific barriers as 
a serious impediment. Further significant barriers perceived by the younger children’s parents were adults giving a lift 
on the way to other errands, no other children to walk or cycle with, and too much traffic. Too much traffic was also a 
significant barrier for adolescents, as were taking too much time and bad weather conditions.

Conclusions Future interventions promoting AST in an urban environment should be guided by the identified per-
ceived barriers.
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Introduction
Physical activity is considered a key factor in the pre-
vention of several chronic conditions [1]. However, 
most German children and adolescents do not meet the 
recommended daily 60  min of moderate-to-vigorous 
physical activity [2]. One opportunity to increase chil-
dren’s and adolescents’ physical activity is commuting 
to and from school actively. Active school transport 
(AST) is beneficial in several ways: It is associated 
with better cardiovascular fitness [3], significantly 
higher levels of psychosocial wellbeing [4, 5], and fewer 
depressive symptoms [6]. On the other hand, areas 
around schools can be dangerous places for pedestri-
ans and cyclists because so many parents drive their 
children to school, causing heavy traffic and congestion 
[7]. By driving their children to school by car each day, 
parents not only deny possible health benefits to their 
children on an individual level, but also contribute to 
environmental damage affecting the whole population. 
As transport accounts for around one fifth of German 
 CO2 emissions, AST can counteract climate change, 
which is also a threat to children’s and adolescents’ 
health and wellbeing [8, 9]. Despite all these facts, the 
proportion of pupils who engage in active school trans-
port has been declining internationally in recent dec-
ades [10–15]. In Germany, there was a decline from 
84.4% in 2003 to 78.3% in 2017 [14].

An emerging body of literature discusses factors influ-
encing AST on an individual, cultural, social, physical, 
and political level. Social-ecological models highlight the 
role of the environment in behavioral choices [16]. The 
environment can be assessed via objective measures, 
e.g., using geographic information systems, but also via 
measures of subject perception. There is evidence that 
the associations between behavior and subjective percep-
tions are stronger than those with objectively measurable 
environment parameters [17]. Therefore, subjectively 
perceived barriers to AST are of particular interest. In 
AST research, perceived barriers are defined as a person’s 
perceived level of challenges stemming from intraper-
sonal, interpersonal, environmental, and policy obstacles 
[18]. A summary of studies comparing barriers to active 
school transport perceived by children or adolescents 
and their parents is given in Additional Table 1. Several 
reviews have found that the prevalence of AST and its 
influencing factors vary between geographic contexts 
[19, 20]. However, there are also common factors across 
settings. For example, most studies confirm that the dis-
tance between home and school plays a decisive role [10, 
21, 22]. The majority of the literature on AST originates 
in English-speaking countries. For Germany, there is a 
research gap regarding children’s and adolescents’ mobil-
ity [23]. To our knowledge, no research has previously 

been conducted on children’s or adolescents’ perceptions 
of barriers to AST in Germany.

Therefore, our study aimed to examine the prevalence, 
correlates, and perceived barriers to AST in Leipzig, a 
city in Germany. We analyzed which environmental char-
acteristics and which conditions are perceived as barriers 
by parents of primary and secondary school pupils and 
adolescents themselves (age 10 and above). In addition, 
we examined the potential effect modifiers of age, gender, 
socioeconomic status (SES), and distance.

Methods
Study design
The present study is part of the LIFE Child study con-
ducted at the Research Center for Civilization Dis-
eases in Leipzig (Germany). LIFE Child is a longitudinal 
cohort study investigating the development of children 
and adolescents from pregnancy until early adulthood 
with a particular interest in the origins of non-commu-
nicable diseases. The annual visits comprise a compre-
hensive physical examination, collection of bio-samples, 
and several questionnaires regarding sociodemographic, 
psychological, and lifestyle characteristics [24, 25]. The 
questionnaires are completed in the study clinic using 
electronic case report forms.

The following analysis is based on cross-sectional data 
collected between September 2018 and February 2020. 
In cases of multiple visits per child, the most recent visit 
was chosen.

LIFE Child is conducted in accordance with the Hel-
sinki Declaration and was approved by the Ethics Com-
mittee of the Medical Faculty of the Leipzig University 
(Reg. No. 264–10-19,042,010). All parents gave writ-
ten informed consent for them and their children to be 
included in the study. An additional written informed 
consent was obtained from adolescents age 12 and above.

Study population
The initial sample consisted of 1456 children and adoles-
cents. 386 participants were excluded because of miss-
ing information on their means of transport (n = 385) 
or implausible values (n = 1). The final sample included 
1070 children (n = 364) and adolescents (n = 706) aged 
between 6.12 and 17.97  years (mean: 11.64, standard 
deviation (Standart Deviation (SD): 3.09). 10 years is the 
age at which most children  change from primary to sec-
ondary school in Germany [26]. It was therefore defined 
as the cut-off between children (≤ 10) and adolescents 
(> 10 years).

Fifty-three percent of the participants were boys. Most 
participants had a mid-level socioeconomic status (SES) 
(58%); low SES (2%) was under- and high SES overrepre-
sented (34%). Information on SES was missing in 6% of 
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cases. A more detailed description of participants’ socio-
economic status is provided in Additional Table 2.

For 298 out of 364 children, information regarding all 
barriers as well as sociodemographic variables were avail-
able. The multivariate analyses were carried out on this 
complete subsample. The adolescent subsamples com-
prised 527 (out of 706, parent-reported information on 
barriers) and 570 (self-reported information on barriers) 
participants. Compared to participants without missing 
information, the excluded individuals had a significantly 
higher number of perceived barriers (b = 1.01, p = 0.02) 
in the children’s subsample and in the parent-reported 
adolescent subsample (b = 1.71, p < 0.01). The number 
of self-reported perceived barriers was lower among 
the excluded participants in the adolescent subsample 
(b = 0.54, p = 0.02). Participants excluded from the chil-
dren’s subsample reported significantly less AST on the 
morning trip in the summer (Odds Ratio(OR) = 0.54, 95% 
confidence interval (CI) = 0.31–0.94, p = 0.025). Those 
excluded from the parent-report adolescent subsample 
reported longer distances between home and school ( 
 b100m = 8.57, p = 0.024). Participants excluded from the 
self-report adolescent subsample were younger than the 
included ones (b = -0.46 p = 0.032).

Measures
SES was calculated as the Winkler Index, a composite 
score considering parental education, parental occupa-
tions, and equivalized household net equivalent income. 
Scores on the Winkler Index range from 3 to 21 [27]. 
As the share of participants with a low SES (index score 
3–8.7) was very small, low and middle SES (index score 
8.8–16.9) were combined into a single “low to middle” 
SES group.

The distance between home and school was calculated 
as the network distance from the home to school address 
using the Dijkstra algorithm [28]. Since our analyses 
showed a negative correlation between distance and AST 
only for pupils not living in the immediate sourroundings 
of their school (see results) we categorized distances into 

short distances (< 200 m for children, < 600 m for adoles-
cents) and longer distances.

Information about means of transport (car, public 
transportation, walking, and/or cycling/skateboard/
scooter), travel duration (minutes on each means of 
transport), and perceived barriers to AST were assessed 
in a questionnaire completed by the parents and, begin-
ning at age 9.5, additionally by the children and ado-
lescents themselves. Answers regarding the means of 
transport for participants below age 13.5 were primarily 
parent reports and only complemented with self-reports 
when parent reports were missing. For adolescents 
older than 13.5 years of age, self-reports were preferred 
because greater independence was assumed (Additional 
Fig.  1). The means of transport was reported separately 
for the way to school and the way from school back home, 
as well as for winter and summertime. A list of questions 
regarding the means of transport from the questionnaire 
for children and adolescents aged 9.5 and above is pro-
vided in Table 1. The questions in the parents’ question-
naire were structured in the same way.

Adolescents were additionally asked in a single-choice 
question to state which of the four given options they 
would prefer for their school transportation if they had 
free choice.

The primary means of transport was categorized as (1) 
cycling or (2) walking for children and adolescents who 
used cycling or walking as their only means of trans-
port or who used a combination that included at least 
15 min of cycling or walking. The third category public 
transport was assigned when participants took the bus, 
tramway, or train; the fourth category was being taken 
by car. Cycling and walking were considered active 
school transport (AST), whereas using public transport 
or being taken by car were considered motorized school 
transportation.

The perceived barriers were also assessed through 
questionnaires using the following phrasing:

“It is difficult for me / for my child to walk or to cycle 
to school independently (without the company of an 

Table 1 List of questions regarding the means of transport (in the adolescents’ self-report questionnaire)

1 We would like to know how you get to school and back home from school on most days!
Please describe your path between the door of your home and school in summer and in winter
Please give the most frequent variant, which can also consist of multiple means of transport
(e.g. partly walking and partly taking a bus)!

My most frequent way to school in summer consists of… a walk

a ride by bike, scooter or longboard

a journey by car, moped or motor scooter

a journey by bus, train or tramway

2 Subsequently, the time spent in each transportation mode was asked for
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adult) because…”. The participants could rate each poten-
tial barrier on a four-level Likert scale with the following 
options: “I disagree”, “I mildly disagree”, “I mildly agree”, 
and “I fully agree”. The first two answer options were 
aggregated into the category “non-significant barrier” 
and the last two answer options into the category “per-
ceived as a potent barrier".

A list of questions and answers regarding the perceived 
barriers can be found in Table 2.

The phrasing of the questions is based on a Canadian 
research paper by Wilson et al. [29].

Furthermore, children and parents were asked to state 
whether or not bad weather conditions hinder them/their 
children from walking/cycling to school on a scale from 
0–100 (with 0 = not at all and 100 = a lot). Ratings > 50 
were interpreted as considering weather as a significant 
barrier to AST. For parents stating that they have no res-
ervations about letting their children cycle or walk to 
school without an adult’s company, the perceived bar-
riers were set to “no barrier”. The barrier “bullying” was 
removed from the analysis because of the low number of 

positive answers (n < 10). The number of perceived effec-
tive barriers was also considered as a covariate.

Statistical analysis
All analyses were performed using the software R [30]. 
The prevalence of AST and the association between 
AST and SES were assessed separately for the morning 
and afternoon trip in summer and winter, respectively. 
The remaining analyses considered AST in the morn-
ing during summer as the primary outcome unless 
otherwise stated. Its relationship to sociodemographic 
variables was assessed using logistic regression models. 
Associations between AST and perceived barriers were 
estimated using multivariate logistic regression, strati-
fied by the two age groups: children (≤ 10) and adoles-
cents (> 10 years). Variable selection was based on the 
results of the univariate models (all hypothesized cor-
relates: sociodemographic variables, perceived barriers, 
number of perceived barriers, interaction between dis-
tance and distance group).

In order to identify the final set of explanatory varia-
bles, all variables with a significant result in the univariate 
analyses were included in the multivariate modelling pro-
cess. In a second step, following the statistical principle 
of parsimony, we used a forward and backward deletion 
algorithm based on the Akaike criterion and, thereby, 
removed stepwise all non-significant variables. Hence, 
the final models do not comprise all variables which 
were significant in the univariate analysis. The reported 
ORs are not adjusted except in the final models or when 
otherwise stated. We used Poisson regression models to 
compare the number of barriers perceived by parents of 
children, parents of adolescents, and adolescents them-
selves. The significance level was set to α = 0.05.

Results
Descriptive
On average, children lived 1930 m (SD: 2688) away from 
school and adolescents 3468  m (SD: 3210). The mean 
duration of the school trip was 13.28 min (SD: 8.84) for 
children and 19.50 min (SD: 13.30) for adolescents. AST 
was significantly more common in summer (morning: 
53.64%, afternoon: 54.58%) than in winter (morning: 
43.18%, afternoon: 44.49%, p < 0.01). Unless otherwise 
stated, the following results refer to the morning trip in 
the summer.

Sixty-three percent of the children (n = 54) and 57% of 
the adolescents (n = 403) stated that they would choose 
AST if they had free choice. In comparison, the number 
of children (59.34%) and adolescents (50.70%) who actu-
ally reported AST was lower. This difference was signifi-
cant in the adolescent subgroup (p < 0.01), but not in the 
children subgroup (p = 0.576).

Table 2 Questions regarding perceived barriers with answer 
options (multiple choice)

a only in the adolescents’ questionnaire

It is difficult for me / for my child to walk or to bike to school indepen-
dently (without the company of an adult) because

Physical environment

 • It is too far

 • It takes too much time

 • The route is too hilly/exhausting

 • There are no sidewalks or bike paths

 • The route is too monotonous/boring

 • The route is badly illuminated

Safety

 • The route is too dangerous

 • It is too dangerous because of crime (strangers, gangs, drugs)

 • There is too much traffic on the route

Social

 • There are no other children walking or going by bike

 • I am / my child is bullied, annoyed or harassed

Individual/Family preferences

 • I do not have confidence in myself/ My child does not have the 
confidence to go 

independently

 • I have too heavy a load to carry./My child has too heavy a load to 
carry

 • An adult gives me a lift on the way to other errands./ It is easier for 
me to take my child by car when I am on the way to other errands

 • I have / my child has no desire to do so

 • My parents do not allow me to do so.a
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Age, gender and SES
The share taking AST decreased with age (OR = 0.94 
per year, CI = 0.9–0.99 p = 0.025). After controlling for 
school type, age exhibited a (non-significant) positive 
correlation with AST (Fig. 1).

Children in secondary school had significantly lower 
odds of AST than children in primary school (OR = 0.57, 
CI = 0.45–0.74, p < 0.01). When controlling for the dis-
tance between home and school, the effect of school type 
was inversed (OR = 1.41, CI = 1–1.99, p = 0.048), i.e., 
when considering the same distance, a secondary school 
child is more likely than a primary school child to use an 
active means of transport.

Walking was more frequently reported than cycling. 
However, the share of cyclers increased with age while 
the share of walkers decreased (Table 3).

The prevalence of AST did not significantly differ by 
gender (children:  ORgirls = 1.5, CI = 0.95–2.25, p = 0.075, 
adolescents:  ORgirls = 1.01, CI = 0.75–1.37, p = 0.924).

Children and adolescents with a high SES had sig-
nificantly higher odds of AST compared to those with 
a middle to low SES (OR = 1.69, CI 1.3–2.21, p < 0.01, 
Fig.  2). This effect persisted after controlling for dis-
tance. Interestingly, the association between AST on 
the way home (summer) with high SES was inverse 
OR = 0.69, CI = 0.53–0.9, p < 0.01). For the winter sea-
son, there was no significant correlation between SES 
and AST.

For example, the estimated probability for AST was 
85.97% for children living 250 m, 68.83% for children liv-
ing 1500 m and 38.43% for children living 2500 m away 
from school. Likewise, for adolescents living 650 m away 
from school, the probability for AST was 76.86%, whilst 
it was 45.81% for adolescents living 3500  m away from 
school and 16.68% for adolescents living 6500  m away 
from school. For adolescents living close to their schools, 
there was a positive correlation between distance and 
AST (OR = 1.37, CI = 1.03–1.88, p = 0.025, n = 66). No 

Fig. 1 Associations between active school transport, age, and type of school: In general, a higher proportion of primary school children engage in 
active school transport. For both primary and secondary school children, the proportion increases with increasing age

Table 3 Distribution of means of transportation on the way to school in summer by age (values are % and (n))

By age

Children Adolescents

Means of transportation total 6–8 8–10 10–12 12–14 14–16 16–18

Bike 25.51%
(273)

15.65%
(41)

24.66%
(55)

26.79%
(60)

28.66%
(47)

30.15%
(41)

47.54%
(29)

Car 16.17%
(173)

25.95%
(68)

28.25%
(63)

8.48%
(19)

6.10%
(10)

5.88%
(8)

8.20%
(5)

Public transport 30.19%
(323)

12.98%
(34)

15.70%
(35)

42.41%
(95)

46.34%
(76)

46.32%
(63)

32.79%
(20)

Walk 28.13%
(301)

45.42%
(119)

31.39%
(70)

22.32%
(50)

18.90%
(31)

17.65%
(24)

11.48%
(7)
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significant relationship between distance and AST could 
be observed for children living close to their school.

Perceived barriers
The mean number of perceived barriers was 3.26 (SD: 
2.83) for the parents of children, 2.49 (SD: 2.86) for the 
parents of adolescents, and 1.55 (SD: 2.43) for adolescents 

themselves. The parents of adolescents perceived sig-
nificantly fewer barriers than the parents of children 
(p < 0.01) and significantly more barriers than the adoles-
cents themselves (p < 0.01).

The number of perceived barriers reported by parents 
and by adolescents showed significant inverse correla-
tions with AST in the univariate models. In the univariate 
models for children ≤ 10 years, most barriers exhibited a 

Fig. 2 The correlation between socioeconomic status and active school transport differs by season and direction of travel: For both children and 
adolescents, the odds of AST decreased significantly as the distance between home and school increased (children:  OR100m = 0.90, CI = 0.88-0.93, 
p < 0.01; adolescents:  OR100m = 0.95, CI = 0.94-0.96, p < 0.01, Fig. 3)

Fig. 3 Association between active school transport and distance for children and adolescents: In both groups, the probability of active school 
transport decreased as the distance between home and school grows
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negative correlation to AST. Only the way is too boring, 
too exhausting, and having no desire to walk/cycle were 
not associated with the outcome (Table 4).

The answering options the path is too dangerous (posi-
tive correlation), too much traffic, no other children, too 
heavy load to carry, an adult giving a lift, and longer dis-
tance (only for children not living in the immediate sur-
roundings of their school) also showed significant effects 
in the multivariate analyses (Table 4).

In the adolescent sample, the route being too exhausting 
or too boring were the only barriers not showing any sig-
nificantly negative correlation with AST in the univariate 
analyses using the parental answers. The multivariate analy-
sis using the parental answers showed significantly nega-
tive correlations between AST and the following perceived 

barriers: too heavy load to carry, number of perceived bar-
riers, and longer distance (only for adolescents not living 
in the immediate surroundings of their school). Examining 
the adolescents’ answers, crime was the only barrier that did 
not show a significantly negative association with AST in 
the univariate models (Table 5). In the multivariate model, 
we found negative associations with it takes too much time, 
too much traffic, too heavy load to carry, bad weather, and 
distance (for adolescents not living in the immediate sur-
roundings of their school). In contrast, for adolescents liv-
ing in the immediate surroundings of their school, distance 
showed a significant positive correlation with AST (Table 5). 
Insufficient street lighting also revealed a significantly posi-
tive correlation, likely indicating generally insufficient infra-
structure, including a lack of public transportation (Table 5).

Table 4 Models for children (≤ 10 years) analyzing correlations between active school transport and sociodemographic variables, 
distance between home and school, and perceived barriers (based on parental answers). OR = exp(ß)

Independent variable OR univariate
(95% CI)

P-value univariate OR 
final
(95% CI)

P-value final

Socioeconomic status
 Age 0.91 (0.73–1.12) 0.349

 Gender female (ref.: male) 1.47 (0.95–2.25) 0.075

 High socioeconomic status
(ref.: low to middle)

1.55 (0.99–2.42) 0.051

Distance to school
 Distance between home and school
(in 100 m) for very short distances

0.91 (0.26–3.23) 0.88 1.02 (0.25–4.15) 0.972

 Distance between home and school
(in 100 m) for longer distances

0.90 (0.88–0.93)  < 0.01 0.90 (0.87–0.93)  < 0.01

Perceived barriers
 Number of perceived barriers 0.67 (0.60–0.74)  < 0.01

Physical environment
 Too far 0.06 (0.03–0.12)  < 0.01

 Takes too much time 0.08 (0.04–0.14)  < 0.01

 Too hilly/too exhausting 0.00 (0.00-∞) 0.983

 No sidewalks or bike paths 0.37 (0.21–0.66)  < 0.01 2.53 (0.82–7.75) 0.098

 Route too boring 0.34 (0.03–3.96) 0.379

 Insufficient street lighting 0.32 (0.16–0.63)  < 0.01

Safety
 Route too dangerous 0.29 (0.18–0.45)  < 0.01 4.12 (1.33–12.80) 0.012

 Crime 0.41 (0.21–0.78)  < 0.01

 Too much traffic 0.20 (0.12–0.32)  < 0.01 0.33 (0.11–1.00) 0.046

Social
 No other children 0.12 (0.07–0.20)  < 0.01 0.37 (0.14–1.00) 0.045

Individual/Family preferences
 Not enough confidence 0.38 (0.22–0.67)  < 0.01

 Too heavy load to carry 0.22 (0.14–0.36)  < 0.01 0.42 (0.18–0.94) 0.031

 An adult gives a lift 0.09 (0.05–0.16)  < 0.01 0.09 (0.04–0.19)  < 0.01

 No desire 0.95 (0.40–2.25) 0.913
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Table 5 Models for adolescents (> 10 years) analyzing correlations between active school transport and sociodemographic variables, 
distance between home and school, and perceived barriers (separate models based on parental or adolescents’ answers). OR = exp(ß)

Adolescents’ answers Parental answers

Independent variable OR 
univariate
(95% CI)

P-value 
univariate

OR 
final
(95% CI)

P-value
final

OR univariat
(95% CI)

P-value 
univariate

OR 
final
(95% CI)

P-value final

Socioeconomic status
 Age 0.98 (0.92–1.05) 0.6 0.98 (0.92–1.05) 0.6

 Gender female (ref.: 
male)

1.01 (0.75–1.37) 0.924 1.01 (0.75–1.37) 0.924

 High socioeconomic 
status
(ref.: low to middle)

1.70 (1.21–2.38)  < 0.01 2.17 (1.34–3.49)  < 0.01 1.70 (1.21–2.38)  < 0.01 1.93 (1.07–3.48) 0.025

Transport modes to school
 Preferred means of 
transport active (ref.: 
passive)

10.10 (7.01–14.40)  < 0.01

Distance to school
 Distance between 
home and school (in 
100 m) for very short 
distances

1.37 (1.03–1.80) 0.025 1.34 (1.01–1.79) 0.040 1.37 (1.03–1.80) 0.025 1.37 (0.98–1.94) 0.064

 Distance between 
home and school 
(in 100 m) for longer 
distances

0.95 (0.94–0.96)  < 0.01 0.96 (0.94–0.97)  < 0.01 0.95 (0.94–0.96)  < 0.01 0.95 (0.93–0.96)  < 0.01

Perceived barriers
 Number of perceived 
barriers

0.60 (0.53–0.66)  < 0.01 0.65 (0.59–0.72)  < 0.01 0.82 (0.70–0.96) 0.013

Physical environment
 Too far 0.05 (0.03–0.11)  < 0.01 0.06 (0.02–0.16)  < 0.01

 Takes too much time 0.08 (0.04–0.15)  < 0.01 0.22 (0.08–0.58)  < 0.01 0.06 (0.02–0.14)  < 0.01

 Too hilly/too exhaust-
ing

0.29 (0.14–0.60)  < 0.01 0.00 (0.00-∞) 0.979

 No sidewalks or bike 
paths

0.25 (0.13–0.48)  < 0.01 2.93 (0.85–10.01) 0.081 0.11 (0.05–0.26)  < 0.01

 Route too boring 0.43 (0.24–0.78)  < 0.01 0.20 (0.02–1.77) 0.139

 Insufficient street-
lighting

0.27 (0.13–0.54)  < 0.01 4.37 (1.30–14.60) 0.015 0.19 (0.08–0.44)  < 0.01 6.33 (1.02–39.20) 0.043

Safety
 Route too dangerous 0.12 (0.05–0.30)  < 0.01 0.33 (0.10–1.12) 0.070 0.14 (0.07–0.28)  < 0.01

 Crime 0.57 (0.29–1.11) 0.092 0.16 (0.05–0.49)  < 0.01 0.22 (0.03–1.60) 0.126

 Too much traffic 0.19 (0.11–0.31)  < 0.01 0.34 (0.15–0.74)  < 0.01 0.15 (0.08–0.27)  < 0.01

Social
 No other children 0.17 (0.09–0.33)  < 0.01 0.12 (0.06–0.24)  < 0.01

Individual/Family preferences
 Not enough confi-
dence

0.13 (0.44–0.46)  < 0.01 0.28 (0.10–0.79) 0.014 6.05 (0.94–39.20) 0.054

 Too heavy load to 
carry

0.19 (0.12–0.29)  < 0.01 0.43 (0.22–0.84) 0.012 0.10 (0.05–0.20)  < 0.01 0.13 (0.03–0.48)  < 0.01

 An adult gives a lift 0.31 (0.17–0.58)  < 0.01 0.12 (0.05–0.27)  < 0.01

 No desire 0.26 (0.17–0.41)  < 0.01 0.10 (0.03–0.35)  < 0.01

 Parents do not 
permit it

0.12 (0.06–0.26)  < 0.01

 Bad weather condi-
tions

0.39 (0.28–0.53)  < 0.01 0.48 (0.31–0.75)  < 0.01 0.14 (0.07–0.32)  < 0.01
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Discussion
This study analyzed the prevalence of AST among chil-
dren and adolescents and barriers perceived by parents 
and adolescents in a city of about 600 000 inhabitants 
in Germany. The prevalence of AST in our study sam-
ple (53.6%) ranges below the percentages published for 
Germany as a whole: 78.3% in a nationwide cohort of 
children and adolescents [14] and 64.8% in a sample of 
primary school children in southwestern Germany [31]. 
Another study found a prevalence of 44% (73% when 
also considering combined transport modes) among 
eight-year-old children in Leipzig [32]. This corresponds 
to the lower odds for active school transport in eastern 
Germany described by Reimers et al. [14]. Like a previous 
study from Norway, we found a lower prevalence of AST 
in winter [33], which can be attributed to more unfavora-
ble weather conditions. However, comparisons between 
these studies are limited due to different cut-off points or 
definitions of AST.

Our data shows that more children and adolescents 
would engage in AST if they could choose than the num-
ber of children and adolescents who actually reported 
AST. This underlines the necessity of studying what 
external reasons deter children from AST. In our sample, 
the correlation between AST and age was negative but 
became positive when controlling for school type. The 
highest proportion was found at age 10, which is consist-
ent with results of a Canadian study by Pabayo et al. [34]. 
We could show that the negative correlation with second-
ary school (vs. primary school) inverses when controlling 
for distance. This suggests that there is a higher poten-
tial for AST among secondary school pupils that remains 
unused due to the longer typical distance to secondary 
schools. The increasing cycling in older age groups is in 
line with previous findings from Germany [35] and may 
reflect the higher complexity and risk of cycling. Further-
more, bicycles are more appropriate for the longer dis-
tances to secondary schools. Whilst higher rates of AST 
among boys than girls have been described for Australia 
and the United Kingdom [21, 36], our results are con-
sistent with the findings of a nationwide German study 
[14] and of a Turkish study [37] which found no mean-
ingful gender difference in the prevalence. The literature 
is inconsistent regarding the relationship between SES 
and AST. For example, a German study reported a posi-
tive correlation between high SES and AST [31], whereas 
a study from the United Kingdom came to the opposite 
conclusion [38]. In turn, another study from the United 
Kingdom found a negative correlation between AST and 
living in a deprived area [39]. In our study, higher SES 
was associated with more AST in the morning trip and 
less AST in the afternoon (both in summer). A possible 
explanation for this might be conditions that favor AST, 

such as a walkable neighbourhood or the availability of 
a bicycle, in families with high SES. We hypothesize that 
parents with high SES are more likely to drive their chil-
dren to fee-based afternoon activities like music lessons 
or sports clubs. Our analysis confirmed the importance 
of the distance between home and school, which has 
been found consistently in the literature [21, 40–43]. Pre-
vious studies concluded that school placement policies 
should aim to locate schools centrally in neighbourhoods 
to reduce the distance students need to travel [44, 45].

Regarding perceived barriers, significant associations 
were found in the domains of physical environment, 
safety, social and individual/family preferences. Taking 
too much time was a significant barrier for adolescents, 
but not their parents. Conversely, in a Canadian study, 
this was a barrier only perceived by parents [29]. Insuf-
ficient illumination showed a positive correlation with 
AST in both models for adolescents, likely indicating 
generally insufficient infrastructure like a lack of public 
transportation.

Counterintuitively, the route being too dangerous 
exhibited a positive correlation with AST in the model 
for children. However, again, this association might be 
attributable to worse infrastructure or a higher aware-
ness of traffic-related dangers among parents of children 
who use AST out of necessity than among parents whose 
children use passive means of transport. Too much traf-
fic exhibited a significant negative correlation in the 
self-reported model for adolescents and in the model for 
children, but not in the parent-reported model for adoles-
cents. It can be assumed that the parents of adolescents 
are less familiar with the exact route and its characteris-
tics due to adolescents’ higher degree of independence. 
Conversely, the number of barriers perceived by adoles-
cents’ parents was a significant predictor of AST, sug-
gesting that the number may be more decisive than any 
specific barrier. Previous studies have shown that traffic-
calming measures can increase use of active transport to 
school and elsewhere [46, 47]. Parents of younger chil-
dren perceived no other children walking or cycling as a 
significant barrier. Our findings thus confirm the results 
of a Canadian study, in which this aspect was described 
as significant from the point of view of parents, but not 
from the point of view of young people themselves [29]. 
This barrier might be addressed by implementing “walk-
ing school buses” or “bicycle trains”. Children can join a 
school- or parent-organized group of children walking or 
cycling to school together with an accompanying adult 
[48]. As walking school buses and cycling trains may 
reduce traffic around school, they can also contribute 
to abating the barrier too much traffic described above. 
Too heavy load to carry was the only barrier signifi-
cantly related to AST for children as well as adolescents 
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(self- and parent report). Therefore, reducing the weight 
of school bags is (still) a critical issue for promoting AST. 
Corresponding measures could include expanding possi-
bilities to store learning materials like textbooks at school 
or employing electronic media like online textbooks. 
An adult giving a lift while taking care of other errands 
was the strongest perceived barrier to AST for younger 
children. Therefore, choices for or against AST are not 
independent between household members. Convincing 
parents themselves to use active transportation, if pos-
sible, can promote AST in their children. Higher neigh-
bourhood walkability is a determinant of AST as well as 
active commuting in adults [49, 50]. Such variables with 
an effect on both children’s and adults’ active mobility 
add an indirect effect to the direct effect on AST: adults 
using active means of transport cannot take their child to 
school in their car.

Strengths and weaknesses
The strengths of our study include the objective defini-
tion of AST, which takes into account combined trans-
port modes. To our knowledge, this is the only study 
assessing perceived barriers to AST for schoolchildren 
across the whole age span from  1st to  12th grade in Ger-
many [35]. The differentiated consideration of two age 
groups creates an opportunity to better adapt future 
interventions to the respective target group. For example, 
the barrier no other children to walk with seems to be 
more relevant for parents of young children than for par-
ents of adolescents, indicating that walking school buses 
can be particularly helpful for primary school students.

A weakness is that we could not control for possible 
cluster effects on the neighbourhood, school or fam-
ily level, as the sample sizes per cluster did not permit 
this (e.g., the most frequented school in our sample 
accounted for less than 3% of participants). There was 
also a discrepancy in the phrasing of questions: The 
questions regarding barriers referred to independ-
ent active travel, whereas the transport mode question 
focused on the active/passive transportation mode, 
ignoring the aspect of independence.

Since our data collection was based on electronic 
case report forms, we were methodologically unable 
to survey children younger than 10 years, an age when 
they were not yet confident reading and using a com-
puter. We also assume lower independence at that age. 
Therefore, the statements of the parents seemed to be 
of primary importance. Finally, the generalizability of 
our results might be limited because of the underrep-
resentation of participants with a low SES and because 
majority of participating families lived in an urban 
environment.

Conclusions
Significant associations were found between AST and 
factors from the domains of physical environment, 
safety, social and individual/family preferences. Some of 
them were consistently negatively related to AST (e.g., 
a heavy load to carry) across all survey groups, whereas 
other differed (e.g., the route being too boring was sig-
nificantly negatively associated with AST in adolescents 
but showed no associations when asking parents). These 
findings can provide many starting points for future 
interventions, especially since most children and adoles-
cents would opt for AST if given a choice.

Abbreviations
AST  Active school transport
CI  95% Confidence interval
OR  Odds ratio
SES  Socioeconomic status
SD  Standard deviation

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12889- 023- 15464-7.

Additional file 1: Additional table 1. Summary of studies comparing 
barriers to active school transport perceived by children/adolescents and 
their parents (without claiming completeness). For a systematic review on 
the state of research until 2014, see Lu et al. 2014[1].

Additional file 2: Additional table 2. Socioeconomic status by age 
group (values are n and (%)).

Additional file 3. 

Acknowledgements
The authors would like to thank all participants, the LIFE Child study investiga-
tors, and the LIFE Child colleagues for their advice.

Authors’ contributions
IW refined the research question, analyzed and interpreted the data, and 
wrote the article. MG and IW performed the literature research and developed 
the research question. MV planned the study and provided guidance in the 
statistical data analysis, interpretation of data and writing of the article. TL, 
UI and CS critically reviewed the manuscript. CM provided the technological 
infrastructure for the project. WK supervised the project and its conceptualiza-
tion and critically reviewed the manuscript. All authors read and approved the 
final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. This study was 
supported by the German Federal Ministry of Education and Research (BMBF), 
Germany, FKZ: 01-GL1906; by the Free State of Saxony as per the budget 
approved by the state parliament (GeoEtiology); by the Regional Develop-
ment Fund (LIFE Forschungszentrum), and by the Free State of Saxony within 
the framework of the excellence initiative. This publication was further sup-
ported by the Leipzig University’s Open Access Fund.

Availability of data and materials
The datasets on which the present study is based are not publicly accessible, 
since the publication of data was not covered in study participants’ informed 
consent. Potentially sensitive information is collected in the context of the LIFE 
Child study; therefore, the data protection concept requires that all research-
ers interested in accessing the data sign a project agreement. Researchers 
interested in gaining access to the data collected in the LIFE Child study may 

https://doi.org/10.1186/s12889-023-15464-7
https://doi.org/10.1186/s12889-023-15464-7


Page 11 of 12Wex et al. BMC Public Health          (2023) 23:557  

contact the committee on data use and access (dm@life.uni-leipzig.de, Ms. 
Yvonne Dietz).

Declarations

Ethics approval and consent to participate
All parents gave written informed consent for them and their children to be 
included in the study. An additional written informed consent was obtained 
by adolescents age 12 and above. The study was conducted in compliance 
with the Declaration of Helsinki. Ethics approval was granted by the Ethics 
Committee of the Medical Faculty of the University of Leipzig (Reg. No. 
264–10-19,042,010).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 LIFE Child, LIFE Leipzig Research Center for Civilization Diseases, Leipzig 
University, Leipzig, Germany. 2 Department of Women and Child Health, Hos-
pital for Children and Adolescents and Center for Paediatric Research (CPL), 
Leipzig University, Leipzig, Germany. 3 Leibniz Institute for Regional Geography, 
Leipzig, Germany. 4 Department of Social Work, University of Applied Science, 
99085 Erfurt, Germany. 

Received: 19 July 2022   Accepted: 17 March 2023

References
 1. Janssen I, LeBlanc AG. Systematic review of the health benefits of physical 

activity and fitness in school-aged children and youth. Int J Behav Nutr 
Phys Act. 2010;7:40.

 2. Demetriou Y, Hebestreit A, Reimers AK, Schlund A, Niessner C, Schmidt 
S, Finger JD, Mutz M, Völker K, Vogt L, Woll A, Bucksch J. Results from 
Germany’s 2018 Report Card on Physical Activity for Children and Youth. J 
Phys Act Health. 2018;15:363–5.

 3. Cooper AR, Wedderkopp N, Wang H, Andersen LB, Froberg K, Page AS. 
Active Travel to School and Cardiovascular Fitness in Danish Children 
and Adolescents. Med Sci Sports Exerc. 2006;38:1724.

 4. Stark J, Singleton PA, Uhlmann T. Exploring children’s school travel, 
psychological well-being, and travel-related attitudes: Evidence from 
primary and secondary school children in Vienna. Austria Travel Behav 
Soc. 2019;16:118–30.

 5. Ruiz-Ariza A, de la Torre-Cruz MJ, Redecillas-Peiró MT, Martínez-López 
EJ. Influencia del desplazamiento activo sobre la felicidad, el bienestar, 
la angustia psicológica y la imagen corporal en adolescentes [Influ-
ence of active commuting on happiness, well-being, psychological 
distress and body shape in adolescents]. Gac Sanit. 2015;29:454–7.

 6. Sun Y, Liu Y, Tao F-B. Associations Between Active Commuting to 
School, Body Fat, and Mental Well-being: Population-Based, Cross-
Sectional Study in China. J Adolesc Health. 2015;57:679–85.

 7. Rothman L, Buliung R, Howard A, Macarthur C, Macpherson A. The 
school environment and student car drop-off at elementary schools. 
Travel Behav Soc. 2017;9:50–7.

 8. World failing to provide children with a healthy life and a climate fit 
for their future. Available from: https:// www. unicef. org/ press- relea ses/ 
world- faili ng- provi de- child ren- healt hy- life- and- clima te- fit- their- future- 
who- unicef. Accessed 20 Dec 2021.

 9. German federal governent: Projektionsbericht 2021 [Project report]. Avail-
able from: https:// www. bmu. de/ filea dmin/ Daten_ BMU/ Downl oad_ PDF/ 
Klima schutz/ proje ktion sberi cht_ 2021_ bf. pdf. Acces sed 29 Nov 2022

 10. McDonald NC, Brown AL, Marchetti LM, Pedroso MSUS. School Travel, 
2009: An Assessment of Trends. Am J Prev Med. 2011;41:146–51.

 11. Pavelka J, Sigmundová D, Hamřík Z, Kalman M, Sigmund E, Mathisen F. 
Trends in Active Commuting to School among Czech Schoolchildren 
from 2006 to 2014. Cent Eur J Public Health. 2017;25(Suppl 1):S21–5.

 12. Trang NHHD, Hong TK, Dibley MJ. Active Commuting to School Among 
Adolescents in Ho Chi Minh City, Vietnam: Change and Predictors in a 
Longitudinal Study, 2004 to 2009. Am J Prev Med. 2012;42:120–8.

 13. Onywera VO, Adamo KB, Sheel AW, Waudo JN, Boit MK, Tremblay MS. 
Emerging Evidence of the Physical Activity Transition in Kenya. J Phys 
Act Health. 2012;9:554–62.

 14. Reimers AK, Marzi I, Schmidt SCE, Niessner C, Oriwol D, Worth A, et al. 
Trends in active commuting to school from 2003 to 2017 among 
children and adolescents from Germany: the MoMo Study. Eur J Public 
Health. 2021;31:373–8.

 15. Shaw B. Children’s independent mobility: a comparative study in Eng-
land and Germany (1971–2010). London: Policy Studies Institute; 2013.

 16. Sallis JF, Owen N. Ecological Models of Health Behavior. In: Glanz K, 
Rimer BK, Viswanath K, editors. Health Behavior: Theory, research, 
and  practice. New York: Wiley; 2015.

 17. McMillan TE. The relative influence of urban form on a child’s travel mode 
to school. Transp Res Part Policy Pract. 2007;41:69–79.

 18. Lu W, McKyer ELJ, Lee C, Goodson P, Ory MG, Wang S. Perceived barriers 
to children’s active commuting to school: a systematic review of empiri-
cal, methodological and theoretical evidence. Int J Behav Nutr Phys Act. 
2014;11:140.

 19. D’Haese S, Vanwolleghem G, Hinckson E, De Bourdeaudhuij I, Deforche 
B, Van Dyck D, et al. Cross-continental comparison of the association 
between the physical environment and active transportation in children: 
a systematic review. Int J Behav Nutr Phys Act. 2015;12:145.

 20. Aranda-Balboa MJ, Huertas-Delgado FJ, Herrador-Colmenero M, Cardon 
G, Chillón P. Parental barriers to active transport to school: a systematic 
review. Int J Public Health. 2020;65:87–98.

 21. Easton S, Ferrari E. Children’s travel to school—the interaction 
of individual, neighbourhood and school factors. Transp Policy. 
2015;44:9–18.

 22. Wong BY-M, Faulkner G, Buliung R. GIS measured environmental cor-
relates of active school transport: A systematic review of 14 studies. Int J 
Behav Nutr Phys Act. 2011;8:39.

 23. Scheiner J. Mobilität von Kindern. Stand der Forschung und planer-
ische Konzepte [Children’s Mobility. State of the Research and Planning 
Concepts]. Available from: https://sciendo.com/article/https:// doi. org/ 10. 
2478/ rara- 2019- 0037. Accessed 25 Dec 2021.

 24. Poulain T, Baber R, Vogel M, Pietzner D, Kirsten T, Jurkutat A, et al. The 
LIFE Child study: a population-based perinatal and pediatric cohort in 
Germany. Eur J Epidemiol. 2017;32:145–58.

 25. Quante M, Hesse M, Döhnert M, Fuchs M, for the LIFE Child Study Inves-
tigators, Hirsch C, et al. The LIFE child study: a life course approach to 
disease and health. BMC Public Health. 2012;12:1021.

 26. Pietsch M, Stubbe TC. Inequality in the Transition from Primary to Second-
ary School: School Choices and Educational Disparities in Germany. Eur 
Educ Res J. 2007;6(4):424–45.

 27. Lampert T, Hoebel J, Kuntz B, Müters S, Kroll LE. Socioeconomic status 
and subjective social status measurement in KiGGS Wave 2. J Health 
Monit. 2018;3:108–25.

 28. Dijkstra EW. A note on two problems in connexion with graphs. Numer 
Math. 1959;1:269–71.

 29. Wilson K, Clark AF, Gilliland JA. Understanding child and parent percep-
tions of barriers influencing children’s active school travel. BMC Public 
Health. 2018;18(1):1053.

 30. R Core Team. R: a language and environment for statistical computing. 
Vienna: R Foundation for Statistical Computing; 2016. https:// www.R- 
proje ct. org.

 31. Kobel S, Wartha O, Steinacker J. Correlates of Active Transport to 
School in German Primary School Children. Dtsch Z Für Sportmed. 
2019;2019:67–74.

 32. Schicketanz J, Röder S, Herberth G, Kabisch S, Lakes T. On foot or by car: 
what determines children’s active school travel? Child Geogr. 2021;0:1–15.

 33. Børrestad LAB, Andersen LB, Bere E. Seasonal and socio-demographic 
determinants of school commuting. Prev Med. 2011;52:133–5.

 34. Pabayo R, Gauvin L, Barnett TA. Longitudinal Changes in Active Transpor-
tation to School in Canadian Youth Aged 6 Through 16 Years. Pediatrics. 
2011;128:e404–13.

 35. Scheiner J, Huber O, Lohmüller S. Children’s mode choice for trips to 
primary school: a case study in German suburbia. Travel Behav Soc. 
2019;15:15–27.

https://www.unicef.org/press-releases/world-failing-provide-children-healthy-life-and-climate-fit-their-future-who-unicef
https://www.unicef.org/press-releases/world-failing-provide-children-healthy-life-and-climate-fit-their-future-who-unicef
https://www.unicef.org/press-releases/world-failing-provide-children-healthy-life-and-climate-fit-their-future-who-unicef
https://www.bmu.de/fileadmin/Daten_BMU/Download_PDF/Klimaschutz/projektionsbericht_2021_bf.pdf.Accessed
https://www.bmu.de/fileadmin/Daten_BMU/Download_PDF/Klimaschutz/projektionsbericht_2021_bf.pdf.Accessed
https://doi.org/10.2478/rara-2019-0037
https://doi.org/10.2478/rara-2019-0037
https://www.R-project.org
https://www.R-project.org


Page 12 of 12Wex et al. BMC Public Health          (2023) 23:557 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 36. Trapp GS, Giles-Corti B, Christian HE, Bulsara M, Timperio AF, McCormack 
GR, et al. On your bike! A cross-sectional study of the individual, social 
and environmental correlates of cycling to school. Int J Behav Nutr Phys 
Act. 2011;8:123.

 37. Ozbil A, Yesiltepe D, Argin G, Rybarczyk G. Children’s Active School Travel: 
Examining the Combined Perceived and Objective Built-Environment 
Factors from Space Syntax. Int J Environ Res Public Health. 2021;18:E286.

 38. Panter JR, Jones AP, Van Sluijs EMF, Griffin SJ. Neighborhood, Route, and 
School Environments and Children’s Active Commuting. Am J Prev Med. 
2010;38:268–78.

 39. Bosch LSMM, Wells JCK, Lum S, Reid AM. Associations of the objective 
built environment along the route to school with children’s modes of 
commuting: A multilevel modelling analysis (the SLIC study). PLoS ONE. 
2020;15:e0231478.

 40. Timperio A, Reid J, Veitch J. Playability: Built and Social Environment 
Features That Promote Physical Activity Within Children. Curr Obes Rep. 
2015;4:460–76.

 41. Pont K, Ziviani J, Wadley D, Bennett S, Abbott R. Environmental correlates 
of children’s active transportation: A systematic literature review. Health 
Place. 2009;15:849–62.

 42. Larouche R, for the ISCOLE Research Group, Sarmiento OL, Broyles ST, 
Denstel KD, Church TS, et al. Are the correlates of active school transport 
context-specific? Int J Obes Suppl. 2015;5:S89-99.

 43. Stark J, Beyer Bartana I, Fritz A, Unbehaun W, Hössinger R. The influence of 
external factors on children’s travel mode: A comparison of school trips 
and non-school trips. J Transp Geogr. 2018;68:55–66.

 44. Kim HJ, Lee C. Does a More Centrally Located School Promote Walking to 
School? Spatial Centrality in School-Neighborhood Settings. J Phys Act 
Health. 2016;13:481–7.

 45. McDonald NC. Children’s mode choice for the school trip: the role 
of distance and school location in walking to school. Transportation. 
2007;35:23–35.

 46. Nicholson LM, Turner L, Slater SJ, Abuzayd H, Chriqui JF, Chaloupka F. 
Developing a measure of traffic calming associated with elementary 
school students’ active transport. Transp Res part D Transp Environ. 
2014;33:17–25.

 47. Carver A, Timperio A, Hesketh K, Crawford D. Are safety-related features of 
the road environment associated with smaller declines in physical activity 
among youth? J Urban Health. 2010;87:29–43.

 48. Mendoza JA, Haaland W, Jacobs M, Abbey-Lambertz M, Miller J, Salls D, 
et al. Bicycle Trains, Cycling, and Physical Activity: A Pilot Cluster RCT. Am J 
Prev Med. 2017;53:481–9.

 49. Ikeda E, Hinckson E, Witten K, Smith M. Associations of children’s active 
school travel with perceptions of the physical environment and char-
acteristics of the social environment: A systematic review. Health Place. 
2018;54:118–31.

 50. Kim EJ, Kim J, Kim H. Does Environmental Walkability Matter? The Role 
of Walkable Environment in Active Commuting. Int J Environ Res Public 
Health. 2020;17:E1261.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Active school transport in an urban environment:prevalence and perceived barriers
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Introduction
	Methods
	Study design
	Study population
	Measures
	Statistical analysis

	Results
	Descriptive
	Age, gender and SES
	Perceived barriers

	Discussion
	Strengths and weaknesses

	Conclusions
	Anchor 21
	Acknowledgements
	References


