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Abstract

Policies that aim to facilitate and promote non-motorised transport (NMT), and in particular cycling, have been developed
by many high-income countries facing increasingly congested roads and saturated public transport systems. Such policies are
also emerging in many low- and middle-income settings where high rates of urbanisation have led to similar problems with
motorised transport. The aim of the present study was to better understand the potential structural and attitudinal barriers to
cycle-based transport in one such context: South Africa’s Gauteng Province, the industrial powerhouse of sub-Saharan Africa
that has recently made a firm commitment to NMT. The study focussed on demographic and socioeconomic variation in
bicycle and car ownership, and related this to: (1) the reported use of motorised and non-motorised transport (both private and
public); and (2) perceived ‘problems’ with cycling. The analyses drew on interviews with key respondents from n=27,490
households conducted in 2013 as part of the third Quality of Life survey undertaken by the Gauteng City Regional Observa-
tory. The survey contained items on three outcomes of interest: household vehicle ownership (bicycles and cars); modes of
transport used for the “trips” most often made; and respondents’ “single biggest problem with... cycling”. Respondent- and
household-level demographic and socioeconomic determinants of these outcomes were examined using descriptive and
multivariable statistical analyses, the latter after adjustment for measured potential confounders identified using a theoretical
causal path diagram (in the form of a directed acyclic graph). Of the n=26,469 households providing complete data on all
of the variables examined in the present study, only n=_8722 (32.9%) owned a car and fewer still (n =2244; 8.4%) owned a
bicycle. The ownership of these assets was commonest amongst wealthier, economically active households; and those that
owned a car had over five times the odds of also owning a bicycle, even after adjustment for potential confounding (OR
5.17;95% CI 4.58, 5.85). Moreover, of household respondents who reported making ‘trips’ during the preceding month
(n=18,209), over two-thirds of those whose households owned a car (70.1%) reported private car-based transport for such
trips, while only 3.2% of those owning a bicycle reported cycling. Amongst the specific responses given to the item requesting
the “single biggest problem with... cycling” by far the commonest was “Don’t know how to cycle” (32.2%), less than half as
many citing “Vehicle accident risk” (15.9%), and fewer still: “Destination is too far” (13.9%); “Crime” (10.3%); “Too much
effort” (9.2%); or “Lack of good paths” (4.6%). While the first of these reasons was commonest amongst poorer households,
concerns about risk and effort were both most common amongst better educated, economically active and wealthier/better
serviced households. In contrast, concerns over (cycle) paths were only common amongst those owning bicycles. The low
prevalence of household bicycle ownership, and the disproportionate number of households owning bicycles that also owned
cars, might explain the very small proportion of the ‘the trips most often made’ that involved cycle-based transport (0.3%),
and the preferential use of cars amongst households owning both bicycles and cars. Low levels of bicycle ownership might
also explain why so many respondents cited “Don’t know how” as the “single biggest problem with... cycling”; although
risk and effort were also substantial concerns (presumably for many who did, and some who did not, know how to cycle); the
lack of suitable cycle lanes being only primarily a concern for those who actually owned bicycles. Structural and attitudinal
barriers to cycle-based transport limit the use of cycle-based transport in Gauteng, not only amongst the vast majority of
household respondents who lack the means to cycle (and the means to learn how), but also amongst those dissuaded from
learning to cycle, purchasing a bicycle and/or using a bicycle they own by: the risks and effort involved; the lack of suitable
cycle paths; and/or because they also own a car and prefer to drive than cycle.
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Introduction

Cycling is considered one of the most efficient modes of
transport for short journeys, as well as for the “first or last
mile” of longer commutes when integrated with public
transport [16, 29, 37, 39]. This is because cycling costs
far less than private or public motorised transport, both in
terms of direct user costs and public infrastructure costs
[14, 15, 32, 36]. As a result, cycling is considered one of
the most equitable modes of transport available, being far
more accessible to those with modest means than either
public transport or private cars [35]. More recently, there
has been renewed interest in the environmental and health
benefits of cycling, given it causes virtually no noise or
air pollution,requires far less space than roads; poses less
danger to pedestrians [22], and consumes far fewer non-
renewable resources than motorised transport [39], while
cycling also offers a valuable source of regular cardiovas-
cular exercise [9].

Policies that aim to facilitate and promote non-motor-
ised transport (NMT), and in particular cycling, have been
developed by many high-income countries facing increas-
ingly congested roads and saturated public transport sys-
tems [39]. Many of these have been inspired by the high
levels of cycling in the Netherlands and Denmark, both
of whom are established global leaders with high levels
of cycle-based transport [1]. Indeed, the prevalence of
cycling has recently experienced a substantial increase
in cities where it has been far less commonplace in the
past including, for example, Paris, London, Barcelona,
and Dublin [10, 31]. All of these cities have implemented
transport policies that aim to facilitate and encourage
cycle-based transport, and each have invested in new
cycle infrastructure (and improvements in existing infra-
structure) over the past 10-20 years to enhance and extend
levels of cycling [10, 14, 20, 31]. Similar initiatives have
emerged in the urban centres of middle- and low-income
countries where high rates of urbanisation and limited
investment in transport infrastructure have led to similar
problems with motorised transport (i.e. increasingly con-
gested roads and saturated public transport systems [1,
11, 38, 45]). The aim of the present study was to better
understand the potential structural and attitudinal barri-
ers to cycle-based transport in one such context: South
Africa’s Gauteng Province—the industrial powerhouse of
sub-Saharan Africa; South Africa’s most urbanised Prov-
ince; and one that recently made a firm commitment to
NMT [24, 25].

Despite, and perhaps as a result of, South Africa’s status
as sub-Saharan Africa’s dominant economy, cycling has
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largely been overlooked as a potential form of transport
in the country’s urban centres [2, 3, 23, 33, 34]. South
Africans tend to view cycling primarily as a means of rec-
reation for the wealthy or a mode of transport for the poor
[6, 27, 30], and the country still lacks a single bicycle
factory—a fact that is all the more remarkable given it was
the first to have a BMW manufacturing plant outside Ger-
many [4]. In this context, and given its high rate of urbani-
sation [45], South Africa appears an ideal context in which
to implement and evaluate cycling as part of sustainable
NMT within urban and rapidly urbanising middle-income
contexts. Indeed, the City of Johannesburg’s response to
the 2009 National Policy on NMT [5] involved a series of
integrated local policies that aim to provide both the com-
prehensive framework and the enabling political commit-
ment required to ensure City stakeholders can address the
challenges inherent to NMT [5-7]. These policies include
measures developed in collaboration with the Johannes-
burg Roads Agency [25] and the Johannesburg Develop-
ment Agency [24], to provide more support for the safe
movement of pedestrians and cyclists, thereby creating a
transport system in which cycling and walking become
‘commuting and travelling modes of choice’, alongside
public transport, for all city residents.

Given that the road networks in Johannesburg (as in
most South African cities) were not originally designed to
accommodate and safeguard commuters making use of NMT
(whether walking or cycling [41]), a central plank of Johan-
nesburg’s integrated NMT policies involves a commitment
to invest in the infrastructure required for short and long
cycle-based journeys, and integrating this infrastructure with
public transport hubs [16, 29, 37, 39]. Based on this commit-
ment, the City of Johannesburg’s recent ‘Strategic Integrated
Transport Plan Framework’ [6] outlined a number of the
strategies focussing specifically on the provision and uptake
of cycling infrastructure, including:

e the construction of dedicated high-quality cycle lanes;

e the integration of cycling with public transport;

e dedicated NMT projects focusing on schools, university
students, and the general public;

e increasing the availability of bicycles; and

e an awareness and social marketing programme to make
cycling “cool” and encourage more people to make use
of cycle-based transport.

While much of the focus of these strategies has been on
identifying routes where cycle-based transport might be fea-
sible (and what infrastructure might be required to: improve
the suitability of these routes for cycling; and ensure they
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are better integrated with public transport), they also rec-
ognise access to bicycles and attitudes towards travelling
by bicycle as key to their potential success. With this in
mind, the present study examined potential structural and
attitudinal barriers to cycle-based transport across Gauteng.
The study used data from the third Quality of Life household
survey (QoL-III) undertaken by the Gauteng City Regional
Observatory (GRCO) in 2013, prior to the completion of
Johannesburg’s proposed cycle lanes. It aimed to identify
demographic and socioeconomic determinants of bicycle
and car ownership, and to evaluate their potential impact on:
the reported use of motorised and non-motorised transport
(both private and public); and perceived ‘problems’ with
cycle-based transport. As such, the present study aimed to
identify structural and attitudinal barriers to bicycle owner-
ship and cycle-based transport in Gauteng, and to identify
what additional measures might be required for the success-
ful implementation and uptake of NMT policies within the
Province and beyond.

Methods

The Gauteng City Regional Observatory’s Third
Quality of Life Household Survey

The GCRO was established in 2008 as a partnership between
the University of Johannesburg, the University of the Wit-
watersrand and the Gauteng Provincial Government, with
the intention of providing up-to-date information on “a fast
growing and dynamic urban region” to support “better plan-
ning and management, and... improved co-operative gov-
ernment relations” [19]. To this end, the GCRO has con-
ducted a series of Quality of Life (QoL) household surveys
to “analyse the quality of life of citizens, identify key areas
and groups needing intervention and support, and provide
a holistic assessment of life in the Gauteng City-region”
[19]. Field work for the GCRO’s QoL-III survey was com-
pleted in July 2013 using a digital questionnaire uploaded
to electronic tablets on which information was collected
from fieldworker observations and interviews with a single
key informant/respondent per household. These interviews
focussed on the living conditions, socioeconomic position,
“values and attitudes of citizens, their levels of social capital,
alienation, and anomie” [19]. The primary sampling frame
for the QoL-III survey was based on 2011 local electoral
wards, with random sampling implemented at small area
level within each electoral ward and a dedicated KISH grid
for the selection of key household informants [19]. Despite
fieldworkers experiencing difficulties accessing residential
dwellings within industrial areas and secure gated communi-
ties, the survey succeeded in collecting data from n=27,490
households across all 508 of Gauteng’s electoral wards and

all ten municipalities. Quality assurance of data collection
involved the use of two independent contractors: one to con-
duct fieldwork/data collection; the other (present throughout
the duration of fieldwork) to undertake random and specific
back-checking of these data as they were collected. Further
quality assurance was provided by Statistics South Africa,
and the University of the Witwatersrand [19].

Selection and Coding of Items from the GCRO QoL-lli
Questionnaire

The questionnaire used in the GCRO’s QoL-III survey con-
tained more than 300 items within separate modules (i.e.
sections) focussing on: location information; fieldworker
observations; household information; population mobility
and migration; neighbourhood amenities; transport; com-
munity participation; the performance of local and national
government (including satisfaction with service delivery);
socio-political attitudes and behaviours; satisfaction with
family life; employment and work opportunities; experience
of, and attitudes towards, crime; social capital and social
cohesion; health; educational attainment; and income. These
items included four relevant to the outcomes of interest in
the present study: household car and bicycle ownership; the
role of cycling within self-reported transport practices; and
perceived barriers to cycling.

A single question within the household circumstances
module asked: “Does this household have any of the fol-
lowing that are in good working order, that is not bro-
ken?” to which both “Bicycle” and “Car” were two of nine
answers available (the others being: “Radio, CD player or
music system”; “Television”; “TopTV, DSTV and/or MNET
[subscription television channels]”; “Cell [mobile] phone”;
“Telephone or landline”; “Personal computer or laptop”; and
“Internet connection”). In the present study the responses to
this question were used to generate two separate variables
regarding bicycle and car ownership (and a third for televi-
sion ownership, as a separate measure of household assets;
see below), each recoded as either: ‘Owned’ or ‘Not owned’.
The questionnaire also included a suite of secondary trans-
port-related items situated immediately after asking respond-
ents to: “Think about the trip that you make most often that
involves walking or cycling or other mode of transport such
as a taxi, car or train...” (the ‘trip made most often’) and
to: “Think about the last time you made this trip, from your
home to your destination (one way)...”. Two subsequent
items included “Cycling” as one of the potential answers, the
first asking: “What were all the different types of transport
you used to make the trip?”’; the second asking: “Thinking
about the LONGEST distance travelled as part of your trip,
what type of transport did you use for this part of the trip?”.
For the purposes of the present study, the answers to both of
these questions were recoded as: ‘Cycling’, ‘By private car’
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(“Car as driver”, “Car as passenger” or “Car as passenger
through a lift club”), ‘Motorbike’, ‘Public transport’ (“Taxi”,
“Gautrain”, “ReaVaya bus [BRT Joburg]”, “Other bus” or
“School bus”) “Walking’ (“Walk™) or ‘Other’ (“Other type
of transport”), together with a separate category for the sur-
prising number of respondents who reported that they had
not made any trips from their house in the preceding month
(a response that interviewers were required to carefully
probe to minimise misreporting errors). Finally, one of the
last questions in the transport module asked: “What is the
single biggest problem with walking or cycling to work, the
shops or anywhere, not for exercise (even if you do not walk
or cycle)” with separate responses available for ‘cycling’
and ‘walking’, coded into twelve categories, ten of which
related to specific cycling-related “problems”: “Crime”;
“Destination is too far’’; “Vehicle accident risk™; “Lack of
good paths”; “It takes too long”; “Too much effort”; “Pov-
erty status”; “No shower at destination”; “No lock up facility
at destination”; and “Don’t know how to cycle”), one for
“Other” problems (i.e. those falling outside these categories)
and one for respondents who were unable to offer an answer
(“Don’t know or no opinion”). The ten specific responses
were recoded as ten separate variables, each coded simply
as ‘Present’ or ‘Absent’, with responses recorded as ‘Absent’
where these were for one of the other nine specific responses
or “Other” (but not responses recorded as “Don’t know or no
opinion”, which were recoded as ‘Missing’).

Items relevant to individual-level demographic and socio-
economic predictors of car and cycle ownership, and on the
cycling behaviours and attitudes of respondents included:
gender; population group classification (a marker of racial/
ethnic identity based upon fieldworker observations and
categorised according to the apartheid-era 1950 Population
Registration Act [which was repealed in 1991] as: ‘African’;
‘Asian/Indian’; ‘Coloured’; or ‘White’); age (categorised
into: 18-25 years; 26-35 years; 3645 years; 46—60 years; or
> 60 years); educational attainment (categorised into: ‘Grade
8 or above’, equivalent to at least some secondary education;
and ‘Grade 7 or below’, equivalent to only some, if any,
primary education); and employment status (recoded from
the survey’s twelve separate categories into: ‘Unemployed’,
including those looking and not looking for work, those pre-
occupied with household or caring responsibilities, the disa-
bled, the retired and students; or ‘Employed’, which included
those employed full- and part-time in both the ‘formal’ and
‘informal’ sectors, and in their own businesses).

Items relevant to area-level and household-level socio-
economic indices included: municipality (based on the
municipality in which each household was based, coded
as ‘Emfuleni’, ‘Midvaal’, ‘Lesedi’, ‘Mogale City’, ‘Rand-
fontein’, ‘Westonaria’, ‘Merafong City’, ‘Ekurhuleni’, ‘City
of Johannesburg’ or ‘City of Tdhwane’); housing tenure
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(categorised as either: ‘Rented’ or ‘Owned’); the type of
dwelling occupied by the household (as categorised by the
GCRO, based on the construction materials used, as either:
‘Formal’ or ‘Informal’ [18]); a derived household crowd-
ing index (determined by: dividing the total number of
household members by the number of rooms occupied by
each household; splitting the range of values into two equal
samples at the median value; and coding these as either the
‘Most crowded’ or ‘Least crowded’ households); whether
households had access to all three basic services (catego-
rised into households who had ‘All three’ or “Two or less’
of: piped water, mains electricity and a separate toilet); and,
finally, whether households owned a key asset (a television
“in good working order”, categorised simply as ‘Owned’ or
‘Not owned’).

Statistical Analysis

Descriptive statistical analyses were used to compare the
distribution of area-, household- and individual-level demo-
graphic and socioeconomic characteristics amongst: (1) all
QoL-III respondents and those with complete data on all of
the variables examined in the present study, to assess the
risk of selection bias; and (2) respondents whose households
owned a car and/or a bicycle. Descriptive statistics were
also used to describe the prevalence of cycling (and other
forms of transport) during ‘the trip most often made’; and
the proportion of such trips in which cycling (as opposed to
other forms of transport) was used to complete “the LONG-
EST distance travelled as part of your trip”. All results are
presented as frequencies (with percentages in parentheses),
with Pearson’s Chi-squared used to assess their statistical
precision.

Multivariable logistic regression analyses were then
used to examine: the relationship between household- and
individual-level demographic and socioeconomic charac-
teristics and household car, and bicycle, ownership; and
the most commonly cited “problems” with cycling, before
and after adjustment for potential confounding from meas-
ured covariates. Measured potential confounders were
identified using a causal path diagram (developed in the
form of a Directed Acyclic Graph [DAG] using www.dagit
ty.net to verify the covariate adjustment sets required [42,
43]. This is a theory-driven analytical approach which
assumes that only covariates that temporally precede both
the variable acting as the specified ‘exposure of interest’,
and the variable acting as the specified ‘outcome of inter-
est’ can act as potential confounders [26]—an approach
that minimises inappropriate adjustment for covariates
acting as mediators or consequences of the outcome, but
remains vulnerable to "residual confounding" (due to
measurement error) and “unmeasured confounding” from
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Population group

Fig. 1 Theoretical causal path diagram (represented in the form of a
Directed Acyclic Graph [DAG] using the online program DAGitty:
dagitty.net [43, 44]) describing the presumed temporal sequence' of
the measured variables examined in the present study, and the pos-
tulated existence of unmeasured ([latent]) variables determining
"simultaneously crystallising" clusters of those variables associated
with: the socio-structural properties of households (tenure, type of
dwelling, crowding and services); and key household assets (televi-
sion, bicycle and car ownership). This hypothesised model was then
used to determine the covariate adjustment sets required to adjust
for potential confounding when each of the measured covariates
was specified as the ‘exposure of interest’>. Importantly, the DAG

unmeasured (i.e. ‘latent’) covariates for which adjustment
is not possible [46]. The model developed for use in the
present study assumed that age, gender and population
group classification were all determined simultaneously
(at birth), and that these all influenced educational attain-
ment, employment status, and household socio-structural
characteristics (tenure, type of dwelling, household crowd-
ing and household services) in that order; and that these,
in turn, affected the ownership of assets (television, bicy-
cle and/or car), and thereafter perceived “problems” with
cycling, in a sequential fashion (see Fig. 1). This model
therefore prescribed the sequence in which measured
potential confounders were included in each of the covari-
ate adjustment sets used by multivariable logistic analyses
estimating the (confounder-adjusted) relationship between
those variables specified as the ‘exposure of interest’ and
each cycling-relevant ‘outcome’. This involved including

=S

‘ (ﬂ/u:'
Cycling "problems”

s/
7 Car
= O/
{2

' Bicycle
A

does not display innumerable, additional unmeasured/unknown
(latent) confounders that are also likely to be present throughout.
ISee: Ellison GTH. Journal of Statistics and Data Science Educa-
tion 2021;29:202-213 (and Supplementary Online Materials). *When
individual-level age, gender or population group classification were
specified as the ‘exposure of interest’ they were adjusted for one
another; while individual-level measures of education and employ-
ment were only adjusted for preceding variables. In contrast, when
each of the household-level socio-structural characteristics and assets
were specified as the ‘exposure of interest’, these were only adjusted
for preceding variables (i.e. not for one another)

gender, age and population classification in all analyses
examining any of these as the ‘exposure of interest’; while
educational attainment, employment and each cluster of
household socio-structural variables were then adjusted
for any preceding variables but not for those likely to have
occurred (or "crystallising") simultaneously (see Fig. 1).
All analyses were conducted in STATA-IC 13 (Stata Corp,
USA).

Ethical Approval

The present study used publicly available anonymised data-
sets based on information collected by the GCRO’s QoL-III
survey [18], for which formal ethical approval was obtained
from the University of the Witwatersrand research ethics
committee [19].
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Table 1 The distribution of individual- and household-level charac-
teristics, and transport-relevant variables amongst: key respondents
from all of the households included in the GRCO QoL-III survey

present study

(2013; including those with missing data for one or more variable);
and those with complete data on all of the variables examined in the

Sample All households included in the GCRO QoL-III  All households included in the GCRO
survey (regardless of missing data) n=27,490  QoL-III survey (providing complete data)
n=26,469
Characteristic n (%) n (%)
Individual-level characteristics
Age category
18-25 years 5478 (19.9) 5334 (20.1)
26-35 years 7461 (27.1) 7199 (27.2)
36-45 years 5768 (21.0) 5567 (21.0)
46-60 years 5573 (20.3) 5337 (20.2)
> 60 years 3174 (11.5) 3032 (11.5)
< 18 years or missing 36 (0.1) n/a
Gender
Male 11,835 (43.1) 11,235 (42.5)
Female 15,655 (57.0) 15,234 (57.6)
Missing 0 (0.0) n/a
Population group classification
‘African’ 23,059 (83.9) 22,202 (83.9)
‘Coloured’ 894 (3.3) 886 (3.4)
‘Asian/Indian’ 501 (1.8) 487 (1.8)
‘White’ 2926 (10.6) 2894 (10.9)
Missing 110 (0.4) n/a
Educational attainment
Primary and below 4016 (14.6) 3856 (14.6)
Secondary and above 23,142 (84.1) 22,613 (85.4)
Missing 332 (1.2) n/a

Employment status
Employed
Unemployed
Missing
Household-level characteristics
Housing tenure
Rented
Owned
Missing
Type of dwelling
Formal
Informal
Missing
Household crowding
Least crowded
Most crowded
Missing
Basic household services
No piped water, mains electricity and/or toilet
Piped water, mains electricity and toilet
Missing
Household television ownership
Television

11,675 (42.5)
15,815 (57.5)
0 (0.0)

9233 (33.6)
18,257 (66.4)
0 (0.0)

22,875 (83.2)
4055 (14.8)
560 (2.0)

13,789 (50.2)
13,699 (49.8)
2 (<0.1)

4172 (15.2)
23,318 (84.8)
0 (0.0)

23,669 (86.1)

11,209 (42.4)
15,260 (57.7)
n/a

8581 (32.4)
17,888 (67.6)
n/a

22,488 (85.0)
3981 (15.0)
n/a

13,241 (50.0)
13,228 (50.0)
n/a

3829 (14.5)
22,640 (85.5)
n/a

22,938 (86.7)
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Table 1 (continued)

Sample All households included in the GCRO QoL-III  All households included in the GCRO
survey (regardless of missing data) n=27,490  QoL-III survey (providing complete data)
n=26,469
Characteristic n (%) n (%)
No television 3821 (13.9) 3531 (13.3)
Missing 0(0.0) n/a
Household bicycle ownership
Bicycle 2269 (8.3) 2224 (8.4)
No bicycle 25,221 (91.8) 24,245 (91.6)
Missing 0(0.0) n/a
Household car ownership
Car 8874 (32.3) 8722 (32.9)
No car 18,616 (67.7) 17,747 (67.1)
Missing 0 (0.0) n/a

Transport-related variables

Mode(s) of transport used during last “trip most often made”

Walk

Bicycle

Public transport
Private car/motorbike
Other

‘No trip made’/missing

12,215 (44.4)* (35.7)°
108 (0.4)* (0.3)°
15,153 (55.1)* (44.3)°
6612 (24.1)* (19.3)°
94 (0.3)* (0.2)°

2924 (10.6)* n/a

Mode of transport for longest distance of last “trip most often made”

Walk
Bicycle
Public transport
Private car/motorbike
Other
‘No trip made’/Missing
“Single biggest problem” with cycling
“Crime”
“Destination is too far”
“Vehicle accident risk”
“Lack of good paths”
“It takes too long”
“Too much effort”
“Poverty status”
“No shower at destination”
“No lock-up facility at destination”
“Don’t know how to cycle”
“Other”

“Don’t know or no opinion”/Missing

3786 (13.8)* (15.4)°
60 (0.2)* (0.2)°
14,426 (52.5)* (58.7)°
6207 (22.6)* (25.3)°
87 (0.3)* (0.4)°

2924 (10.6) n/a

1948 (7.1) (10.3)°
2623 (9.5) (13.9)°
2995 (10.9) (15.9)¢
881 (3.2) (4.7)¢
682 (2.5) (3.6)°
1703 (6.2) (9.0
390 (1.4) (2.1)°

51 (0.2) (0.3
55(0.2) (0.3
6050 (22.0) (32.0)°
1501 (5.5) (8.0)°
8611 (31.3) n/a

11,650 (44.0)* (35.4)°
105 (0.4)* (0.3)°
14,497 (54.8)* (44.2)°
6477 (24.5)* (19.7)°
90 (<0.1)* (0.3)°
2827 (10.7)* n/a

3614 (13.6)* (15.3)°
59 (0.2) (0.2)°
13,806 (52.2)* (58.4)°
6082 (23.0)* (25.7)°
81 (0.3)* (0.3)°

2827 (10.7) n/a

1862 (7.0) (10.2)°
2448 (9.3) (13.4)°
2903 (11.0) (15.9)°
844 (3.2) (4.6
675 (2.6) (3.7)°
1668 (6.3) (9.2)°
370 (1.4) (2.0)°

50 (0.2) (0.3)°
55(0.2) (0.3)°
5880 (22.2) (32.2)°
1454 (5.5) (8.0)°
8260 (31.2) n/a

Since responses could include more than one mode of transport, the percentages for this variable exceed 100%

®The second figure in parentheses comprise the percentages of only those n=23,642 respondents who reported that they had made a ‘trip’ in the

past month

“The second figure in parentheses comprise the percentages of only those n=18,209 who cited a specific “problem” (i.e. after excluding the
n=_8260 respondents who reported “Don’t know or no opinion”)
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Results

Demographic, Socioeconomic
and Transport-Related Variation Amongst QoL-lll
Respondents

Of the n=27,490 respondents included in the GCRO QoL-
III survey [18], n=26,469 had complete data on all of the
variables examined in the present study. By comparing the
distribution of the household- and individual-level charac-
teristics of these two samples, it was clear that these were
very similar (see Table 1), suggesting that respondents with
complete data were likely to be broadly representative of
those included in the QoL-III survey. In both samples around
two-thirds of the households were resident-owned, and over
80% were considered ‘formal’ dwellings, had access to all
three basic services (piped water, mains electricity and one
or more toilets), and owned a television. However, only
around a third of households owned a car, and fewer than
10% owned a bicycle.

Given the limited availability of private transport, it is
perhaps not surprising that public transport and walking
were the commonest modes of transport routinely used
by respondents; and while only a fifth mentioned private
motorised transport, fewer than 1% reported travelling by
bicycle. Likewise, when respondents were asked to select
the mode of transport used to complete the “longest part” of
the ‘trip most often made’, more than half cited public trans-
port and around a quarter used private motor vehicles, with
only 15% of these distances involving walking and fewer
than 1% involving cycling. However, these figures mask the
differential use of bicycles and cars during such ‘trips’ by
respondents living in households that owned these assets. In
particular, while only n=67 of the n=2096 (3.2%) respond-
ents whose households owned a bicycle mentioned cycling
as a “type of transport” used in these trips; n=5787 of the
n=28254 (70.1%) whose households owned a car mentioned
being the driver or passenger of a car for all or part of such
trips.

The differential use of cars and bicycles for ‘trips most
often made’ by respondents living in households that owned
either of these, indicates that: in households where these
were owned, cars were far more frequently used for such
trips than bicycles; and, in households that owned both, cars
were likely to have been used in preference to bicycles. As
such, when respondents were asked to state (what they con-
sidered to be) “the single biggest problem with... cycling”
it is worth bearing in mind that while the vast majority of
respondents had little (if any) first-hand experience of cycle-
based transport, even those who lived in households that
owned a bicycle were very unlikely to have reported using
this for the ‘trips most often made’.

@ Springer

The “problem(s)... with cycling” cited by QoL-III
respondents are therefore more likely to provide insights into
‘attitudinal’ than ‘experiential’ barriers to cycling (not least
amongst the vast majority whose households did not own a
bicycle, though also those whose households owned both a
bicycle and a car, who were more likely to travel by car in
preference to cycling). With this in mind it is unsurprising
(though no less striking) that by far the commonest “prob-
lem” cited in the QoL-III survey was “Don’t know how to
cycle”—an answer given by n=5880 respondents (almost a
third of the n=18,209 who cited a specific “problem”; see
Table 1). In comparison, only around half as many cited
“Vehicle accident risk”, with fewer still citing “Destination
is too far”, “Crime”, “Too much effort” and “Lack of good
[cycle] paths”, in that order. Moreover, the lack of washing
facilities and somewhere to lock-up a bicycle at the trip’s
destination were cited by fewer than 1% of respondents,
though “Poverty” and “It takes too long” were marginally
more common (being cited by 1.5% and 2.7% of those who
cited a specific “problem”, respectively).

Unfortunately, a substantial weakness of the data gener-
ated by this item within the QoL-III survey is that multiple
answers were not permitted. It is, therefore, not possible,
for example, to determine the tofal numbers of respondents
who did not know how to ride a bicycle, or who felt that
“poverty” prevented them from obtaining (and/or using/
maintaining) a bicycle. For this reason, these data make it
more challenging to speculate concerning the key barriers
to cycling as a form of transport and to assess, for example,
whether the limited numbers of households owning a bicy-
cle was the result of: socioeconomic factors (i.e. inadequate
financial resources); a decision based on the limited utility
of cycling (as a suitable form of transport for the ‘trip most
often made’); or a lack of exposure to/experience of cycling
(and therefore limited, if any, cycling competency).

Area-, Household- and Individual-Level Variation
in Bicycle and Car Ownership

To further explore possible explanations for the small
numbers of households owning bicycles, it was necessary
to examine individual-, household- and municipality-level
variation in bicycle and car ownership (see Table 2). These
analyses indicate that the distribution of both these assets
amongst households included in the QoL-III survey was
very similar. Both were less common amongst households
where the key respondents were young (< 35 years), though
bicycle ownership then declined with age while car owner-
ship did not. Both were also less common in households
where the key respondent was female than where these were
male; and both were strongly associated with the population
group classification of the key respondent, each being far
more common in households where the key respondent was
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Table 2 Individual-, household- and municipality-level variation in bicycle and car ownership amongst households included in the GCRO QoL-

III survey (2013)

Bicycle ownership

Car ownership

n (%) n (%)
Demographic characteristic
Age category
18-25 years 432 (8.1) 1420 (26.6)
26-35 years 547 (7.6) 2119 (29.4)
36-45 years 583 (10.5) 2041 (36.7)
46-60 years 457 (8.6) 1945 (36.4
> 60 years 205 (6.8) y*=49; df=4; p<0.001 1197 (39.5) ¥*=260; df=4; p <0.001
Gender
Male 1132 (10.1) 4216 (37.5)
Female 1092 (7.2) y*=159; df=1; p<0.001 4506 (29.6) y*=184; df=1; p<0.001

Population group classification

‘African’
‘Coloured’
‘Asian/Indian’

‘White’

Educational attainment
Primary and below
Secondary and above

Employment status
Employed
Unemployed

Household-level characteristics

Housing tenure
Rented
Owned

Type of dwelling
Formal
Informal

Household crowding
Least crowded
Most crowded

Basic household services
No piped water, mains electricity and/or toilet
Piped water, mains electricity and toilet

Household television ownership
Television
No television

Household car ownership
Car
No car

Household bicycle ownership
Bicycle
No bicycle

Municipality

Midvaal

Mogale City

Lesedi

Randfontein

1223 (5.5)

95 (10.7)

96 (19.7)

810 (28.0) 2= 1800; df=3; p<0.001

163 (4.2)
2061 (9.1) 2=102; df=1; p<0.001

970 (6.4)
1,254 (11.2) *=196; df=1; p<0.001

413 (4.8)
1811 (10.1) £*=212; df=1; p<0.001

2047 (9.1)
177 (4.5) *=95; df=1; p<0.001

1411 (10.7)
813 (6.2) > =175; df=1; p<0.001

227 (5.9)
1997 (8.8) y*=36; df=1; p<0.001

2086 (9.1)
138 (3.9) ¥*=107; df=1; p<0.001

1689 (19.4)
535 (3.0) 2=2100; df=1; p<0.001

62 (15.5)
110 (10.7)
39 (10.2)
72 (10.5)

5237 (23.6)
409 (46.2)
408 (83.8)
2668 (92.2) ¥2=6100; df=3; p<0.001

478 (12.4)
8244 (36.5) 2 =551; df=1; p<0.001

4141 (27.1)
4581 (40.9) *=551; df=1; p<0.001

1903 (22.2)
6819 (38.1) 2 =667; df=1; p<0.001

8490 (37.8)
232 (5.8) y*=1600; df=1; p<0.001

5683 (42.9)
3039 (23.0) 4*=1200; df=1; p<0.001

350 (9.1)
8372 (37.0) £*=1100; df=1; p<0.001

8537 (37.2)
185 (5.2) 2= 1400; df=1; p <0.001

1689 (75.9)
7033 (29.0) 2=2000; df=1; p <0.001

150 (37.5)
368 (35.7)
135 (35.2)
200 (29.3)
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Table 2 (continued)

Bicycle ownership

Car ownership

n (%) n (%)
Emfuleni 137 (9.8) 403 (28.9)
Merafong City 75 (9.8) 232 (30.5)
City of Tshwane 609 (9.4) 2254 (34.7)
Westonaria 40 (8.9) 111 (24.6)
Ekurhuleni 502 (8.0) 2012 (32.1)

City of Johannesburg

578 (6.7) y*=85; df=9; p<0.001

2857 (33.2) #=51; df=9; p<0.001

All results are presented as frequencies with percentages in parentheses (%). The statistical precision of differences in the distribution of bicycle
and car ownership associated with each of the characteristics examined was assessed using Pearson’s Chi-squared

classified as “White’ than in those where the key respondent
was classified as ‘Asian/Indian’, ‘Coloured’ or ‘African’ (in
that order). Key respondents with at least some secondary
education, and those who were employed, were also more
likely to report that their household owned both a bicycle
and a car. Thereafter, all of the household-level markers of
socioeconomic position (i.e. housing tenure, type of dwell-
ing, crowding, access to basic services and TV ownership)
were all more favourable amongst households owning bicy-
cles and/or cars; and ownership of either was positively asso-
ciated with ownership of the other (see Table 2). Finally,
analysis of households sampled in each of the ten Gauteng
municipalities revealed there was also substantial variation
in the ownership of bicycles and cars therein, though with
far greater variation in the rates of bicycle ownership (which
ranged from 6.7 to 15.5%) than in the rates of car ownership
(24.6-37.5%). Moreover, while three of the four municipali-
ties with the highest rates of bicycle ownership also had the
highest rates of car ownership, the municipality with the
lowest rate of bicycle ownership (the City of Johannesburg:
6.7%) had the fifth highest rate of car ownership (33.2%).
Thus, while individual- and household-level characteristics
suggest that bicycle and car ownership was more common
amongst wealthier, economically active households, the
contrasting distribution of these assets across households
in different municipalities suggests that other factors (such
as the availability of public transport, or the proximity of
employment, retail and recreation facilities) also play a role
in the utility of owning bicycles and/or cars.

Whilst most of the individual- and household-level demo-
graphic and socioeconomic relationships with bicycle and
car ownership were attenuated following adjustment for
measured potential confounding, the precision of all but
three (age, type of dwelling and household services; though
for bicycle ownership alone) remained strong (see Table 3).
However, all of these relationships were weaker for bicycle
ownership than for car ownership, suggesting that demo-
graphic and socioeconomic factors are weaker predictors
(and determinants) of owning a bicycle than of owning a
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car. This may also reflect greater heterogeneity in the func-
tional significance of bicycle ownership, i.e. whether as an
asset owned primarily for recreational purposes (which is
likely to be the case for many of the wealthier households
that also owned cars) or as a form of transport (for poorer
households in which bicycles were the only form of private
transport). Indeed, of particular interest in this regard were
the very different odds of car ownership amongst those aged
> 60 years before and after adjustment for gender and popu-
lation group classification. Following adjustment, the odds
of car ownership changed from 1.80 (95% CI 1.64, 1.98)
to 0.88 (95% CI 0.79, 1.99), suggesting very different pat-
terns of car ownership by gender and/or population group.
Notably, a similar effect was not observed for bicycle own-
ership amongst any of the age groups examined following
adjustment for gender and population group classification
(see Table 3). These issues aside, the multivariable analyses
summarised in Table 3 largely confirm that bicycles and cars
are predominantly possessions of households where the key
respondents were ‘White’, middle aged, middle-class men;
and that, as such, the ownership of both bicycles and cars
appear not only attributes of, but also markers for, wealthier
households.

Finally, to establish whether the perceived barriers to
cycling were determined simply by bicycle or car owner-
ship, or were also patterned according to demographic and
socioeconomic factors, additional multivariable analyses
were conducted for each of the six most commonly cited
“single biggest problem[s] with... cycling”: “Don’t know
how to cycle”; “Vehicle accident risk”; “Destination is
too far”; “Crime”; “Too much effort”; and “Lack of good
paths”. This involved a series of logistic regression analy-
ses that compared the odds of respondents with different
individual- and household-level characteristics citing each
of these six “problems” as compared to any of the others
(excluding respondents who responded “Don’t know or no
opinion”). Table 4 summarises the results of these analyses,
both before and after adjusting for measured potential con-
founders, as identified using the DAG (see Fig. 1). Unlike
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Table 3 Individual- and
household-level demographic
and socioeconomic
determinants of bicycle and
car ownership, before and

Sample

Covariates (referent)

Bicycle ownership

Car ownership

Unadjusted
OR (95% CI)

Adjusted®®<
OR (95% CI)

Unadjusted
OR (95% CI)

Adjusted®®<
OR (95% CI)

after adjustment for potential

arc)d
confounders Age (18-25 years)

26-35 years
3645 years
46-60 years
> 60 years
Gender (Male)?
Female

0.93 (0.82, 1.06)
1.33 (1.16, 1.51)
1.06 (0.93, 1.22)
0.82 (0.69, 0.98)

0.69 (0.63, 0.75)

Population group classification (‘White')*

'African’
'Coloured'
'Asian/Indian'

0.15 (0.14, 0.17)
0.31 (0.25, 0.39)
0.63 (0.50,0.80)

Educational attainment (primary or less)

Secondary or more

2.27(1.93,2.68)

Employment status (unemployed)

Employed

Housing tenure (rented)”
Owned

Type of dwelling (informal)®

Formal

1.86 (1.70, 2.03)

2.23 (2.00, 2.49)

2.15 (1.84,2.52)

Household crowding (most crowded half)®

Least crowded half

Household services (no piped water, mains electricity and/or toilet)®

Water, electricity and toilet

1.82 (1.66, 1.99)

1.54 (1.33,1.77)

Television ownership (no television)®

0.90 (0.79, 1.04)
1.07 (0.93, 1.22)
0.77 (0.67, 0.90)
0.42 (0.35, 0.50)
0.77 (0.71, 0.85)
0.13 (0.12, 0.15)
0.27 (0.22, 0.35)
0.56 (0.44, 0.71)
1.19 (1.00, 1.42)
1.49 (1.35, 1.65)
2.10(1.87, 2.36)
1.35 (1.15, 1.59)

1.16 (1.05, 1.28)

1.10 (0.95, 1.28)

1.15 (1.06, 1.24)
1.60 (1.47, 1.73)
1.58 (1.46, 1.72)
1.80 (1.64, 1.98)
0.72 (0.69,0.76)
0.03 (0.02, 0.03)
0.07 (0.06, 0.09)
0.44 (0.33, 0.58)
4.05 (3.67, 4.48)
1.86 (1.76, 1.95)
2.16 (2.04, 2.29)
9.80 (8.56, 11.22)

2.52(2.39, 2.66)

5.83(5.21,6.53)

1.14 (1.05, 1.25)
1.35 (1.24, 1.48)
1.24 (1.13, 1.36)
0.89 (0.79, 1.00)
0.75 (0.71,0.80)
0.03 (0.02, 0.03)
0.07 (0.06, 0.09)
0.42 (0.31, 0.55)
3.12 (2.80, 3.49)
173 (1.62, 1.84)
2.23(2.08, 2.39)
5.96 (5.19, 6.85)

1.58 (1.48, 1.68)

4.81 (4.24, 5.46)

Television
Bicycle ownership (no bicycle)®
Bicycle
Car ownership (no car)®
Car

2.46 (2.06, 2.93)

1.74 (1.42,2.13) 10.72 (9.22, 12.46) 5.53 (4.64, 6.58)

7.73 (6.98, 8.55) 5.15(4.55,5.83)

7.73(6.98,8.55) 5.17 (4.58, 5.85)

All results are presented as odds ratios (ORs) with 95% confidence intervals (95%Cls) in parentheses

4Age, population group classification and gender were entered simultaneously into the confounder-adjusted
models (i.e. after adjusting for one another)

®Housing tenure, type of dwelling, household crowding and basic household services were entered sepa-
rately into the confounder-adjusted models (after adjusting for all preceding variables)

“Household television, bicycle and car ownership were entered separately into the confounder-adjusted
models (after adjusting for all preceding variables)

the analysis of bicycle and car ownership (summarised in
Table 3), Table 4 revealed that the six commonest “prob-
lems” were associated with very different demographic and
socioeconomic characteristics of the key respondents and
their households. In particular, older respondents were more
likely to cite “Don’t know how” than any of the other five
common “problems”, as were women and those classified as
‘African’, ‘Asian/Indian’ and ‘Coloured’ (in that order). In
contrast, respondents with either some secondary education
and/or employment were more likely to cite “Vehicle acci-
dent risk”, “Crime” and “Destination too far”’. Respondents

living in formal dwellings and in households that were least
crowded and/or better serviced were also more likely to cite
“Vehicle accident risk”, although they also cited “Too much
effort”, and both of these were also the principal “problem”
cited by those whose households owned a television. Some-
what unsurprisingly, respondents whose households owned
a bicycle were far less likely to cite “Don’t know how” as
the principal “problem”, and while these respondents were
more likely to cite “Crime” and “Too much effort”, bicycle
ownership was also the only variable associated with cit-
ing “Lack of good paths” as the principal “problem” facing
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Table 4 Demographic and socioeconomic determinants of perceived “problems with... cycling” in Gauteng, before and after adjustment for
potential confounders

Covariate (referent) “What is the single biggest problem with cycling to work, the shops or anywhere, not for exercise (even if you do not

cycle)”—Referent: Other answers (excluding “Don’t know, no opinion”)

Don’t know how Vehicle accident risk Destination too far

Unadjusted
OR (95% CI)

Adjusted®>©
OR (95% CI)

Unadjusted
OR (95% CI)

Adjusted®®©
OR (95% CI)

Unadjusted
OR (95% CI)

Adjusted®®©
OR (95% CI)

Age category (18-25)*

26-35 years 1.03 (0.94,1.13)
36-45 years 1.16 (1.05,1.28)
46-60 years 1.35(1.22,1.49)
> 60 years 1.65 (1.48,1.85)

Gender (male)’
Female 2.43(2.27,2.60)

Population group classification (‘White’)?

‘African’ 2.74 (2.42,3.11)
‘Coloured’ 1.91 (1.54,2.36)
‘Asian/Indian’ 2.25(1.72,2.95)

Educational attainment (primary or less)
0.66 (0.60,0.71)
Employment (unemployed)
0.70 (0.66,0.75)
Housing tenure (rented)®
Owned 1.19 (1.11,1.27)
Type of dwelling type (informal)®
0.94 (0.87,1.03)
Household crowding (most crowded half)®
Least crowded half  0.77 (0.72,0.82)

Secondary or more

Employed

Formal

1.03 (0.94,1.14)
1.22 (1.10,1.35)
1.43 (1.29,1.58)
1.97 (1.75,2.22)
2.36 (2.20,2.52)
3.05 (2.67,3.47)
1.99 (1.59,2.48)
2.60(1.97,3.43)
0.95 (0.87,1.05)
0.86 (0.80,0.92)
1.12 (1.04,1.20)

1.01 (0.92,1.11)

0.95 (0.89,1.02)

1.02 (0.91,1.15)
1.03 (0.91,1.16)
0.93 (0.82,1.06)
0.88 (0.75,1.02)
0.74 (0.69,0.80)
0.56 (0.50,0.63)
0.66 (0.52,0.83)
0.69 (0.51,0.94)
1.35 (1.20,1.53)
1.27 (1.17,1.37)
0.78 (0.72,0.85)

1.26 (1.12,1.41)

1.21 (1.12,1.31)

Basic household services (no piped water, mains electricity and/or toilet)®

All three services 1.09 (1.00,1.20)

1.16 (1.06,1.27)

Household television ownership (no television)®

Television 1.03 (0.94,1.13)
Household bicycle ownership (no bicycle)®
0.47 (0.41,0.54)

Household car ownership (no car)®

Bicycle

1.01 (0.90,1.14)

0.63 (0.55,0.72)

1.26 (1.12,1.42)

1.21 (1.06,1.37)

1.14 (1.00,1.31)

1.02 (0.91,1.15)
0.99 (0.88,1.12)
0.89 (0.78,1.01)
0.77 (0.66,0.90)
0.76 (0.71,0.83)
0.54 (0.48,0.61)
0.65 (0.51,0.82)
0.66 (0.49,0.90)
1.14 (0.99,1.30)
1.15 (1.06,1.26)
0.78 (0.71,0.85)
1.16 (1.03,1.31)
1.05 (0.97,1.15)
1.19 (1.06,1.35)

1.04 (0.90,1.21)

0.93 (0.80,1.07)

0.97 (0.86,1.10)
0.97 (0.85,1.11)
0.92 (0.80,1.05)
0.72 (0.61,0.86)
0.81 (0.74,0.88)
0.91 (0.79,1.04)
0.81 (0.61,1.06)
0.86 (0.60,1.22)
1.23 (1.08,1.40)
1.27(1.17,1.39)
1.08 (0.99,1.19)
0.91 (0.80,1.01)
1.14 (1.05,1.25)
0.83 (0.74,0.93)

0.95 (0.84,1.08)

1.14 (0.99,1.32)

0.97 (0.86,1.10)
0.97 (0.85,1.10)
0.91 (0.80,1.04)
0.71 (0.60,0.85)
0.82 (0.75,0.89)
0.87 (0.76,1.00)
0.79 (0.60,1.03)
0.82 (0.57,1.17)
1.12 (0.97,1.29)
1.21 (1.10,1.33)
1.15 (1.04,1.26)
0.89 (0.78,1.00)
1.10 (1.00,1.20)
0.82 (0.73,0.93)

1.07 (0.92,1.25)

1.04 (0.89,1.22)

Car 0.72 (0.67,0.77)  0.98 (0.91,1.07) 1.31 (1.20,1.42) 1.06 (0.96,1.17) 1.09 (1.00,1.19) 1.03 (0.93,1.15)
Covariate (referent) Crime Too much effort Lack of good paths
Unadjusted Adjusted®®¢ Unadjusted Adjusted®®¢ Unadjusted Adjusted®®¢
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Age category (18-25)*

26-35 years 0.85 (0.74, 0.98)
3645 years 0.89 (0.77, 1.03)
46-60 years 0.86 (0.74, 1.00)
> 60 years 0.81 (0.67, 0.96)

Gender (male)'
Female 0.89 (0.81, 0.98)

Population group classification (‘White’)?*

‘African’ 0.72 (0.62, 0.83)
‘Coloured’ 1.49 (1.17, 1.91)
‘Asian/Indian’ 1.36 (0.98, 1.89)

0.85(0.74, 0.98)
0.86 (0.75, 1.00)
0.83(0.71, 0.96)
0.74 (0.62, 0.89)

0.91 (0.83, 1.01)
0.69 (0.60, 0.81)

1.45(1.13,1.86)
1.33 (0.96, 1.84)

0.94 (0.81, 1.08)
0.81 (0.70, 0.95)
0.95 (0.81, 1.11)
0.98 (0.81, 1.17)

0.67 (0.60, 0.74)
0.65 (0.56, 0.75)

0.56 (0.40, 0.77)
0.83 (0.57, 1.21)

0.94 (0.81, 1.08)
0.80 (0.68, 0.93)
0.92 (0.79, 1.08)
0.91 (0.75, 1.10)

0.68 (0.61, 0.75)
0.66 (0.57,0.77)

0.57 (0.41, 0.80)
0.82 (0.56, 1.20)

0.97 (0.80, 1.18)
0.86 (0.70, 1.06)
0.82 (0.66, 1.01)
0.57 (0.42, 0.76)

0.68 (0.59, 0.78)
1.12 (0.88, 1.41)

0.78 (0.48, 1.27)
0.73(0.38, 1.43)

0.97 (0.80, 1.18)
0.87(0.71, 1.08)
0.84 (0.67, 1.04)
0.59 (0.44, 0.79)

1.02 (0.87, 1.18)
1.19(0.92, 1.55)

0.76 (0.45, 1.29)
1.32 (0.61, 2.84)
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Table 4 (continued)
Covariate (referent) Crime Too much effort Lack of good paths
Unadjusted Adjusted*®© Unadjusted Adjusted*®© Unadjusted Adjusted*®©
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Educational attainment (primary or less)
1.35 (1.16, 1.56)
Employment (unemployed)

1.06 (0.96, 1.17)

Secondary or more 1.19 (1.01, 1.41)

Employed 1.04 (0.93, 1.15)
Housing tenure (rented)?
Owned 1.00 (0.90, 1.11)
Type of dwelling (informal)?
1.21 (1.05, 1.40)
Household crowding (most crowded half)®
Least crowded half ~ 0.93 (0.85, 1.02)

0.99 (0.89, 1.10)

Formal 1.12 (0.97, 1.29)

0.86 (0.77, 0.95)
All three services 1.01 (0.88, 1.15)  0.93 (0.81, 1.06)
Household television ownership (no television)®

0.86 (0.75,0.99)  0.73 (0.62, 0.86)
Household bicycle ownership (no bicycle)®
1.53 (1.32, 1.78)

Household car ownership (no car)®
Car 1.12 (1.01, 1.24)

Television
Bicycle 1.38 (1.17, 1.62)

0.94 (0.83, 1.06)

1.06 (0.91, 1.22)
1.05 (0.95, 1.17)
1.00 (0.89, 1.11)
1.31 (1.12, 1.52)
1.19 (1.07, 1.31)
Basic household services (no piped water, mains electricity and/or toilet)

1.33 (1.14, 1.55)
1.62 (1.35, 1.94)

1.39 (1.18, 1.63)

1.45(1.31, 1.61)

0.94 (0.80,1.11)  1.11(0.90, 1.36)  0.95 (0.76, 1.18)

0.98 (0.87,1.09) 0.98 (0.85,1.13)  0.87 (0.75, 1.01)

0.98 (0.88,1.10)  1.25(1.08,1.46) 1.34(1.15,1.57)

1.25(1.07,1.47)  0.49(0.42,0.57)  0.50 (0.42, 0.59)

1.05(0.95,1.18)  0.92(0.80, 1.05)  0.91 (0.79, 1.06)

1.30 (1.11,1.52)  0.47 (0.40, 0.55)  0.48 (0.41, 0.57)

1.54 (1.26,1.90)  0.60 (0.50, 0.71)  1.01 (0.81, 1.26)

1.21(1.02, 1.44)  1.63(1.32,2.01)  1.68 (1.35,2.10)

1.32(1.16,1.49)  0.77 (0.66, 0.91)  0.84 (0.69, 1.01)

#Age, population group classification and gender were entered simultaneously into the confounder-adjusted models (i.e. after adjusting for one

another)

bHousing tenure, type of dwelling, household crowding and basic household services were entered separately into the confounder-adjusted mod-

els (after adjusting for all preceding variables)

“Household television, bicycle and car ownership were entered separately into the confounder-adjusted models (after adjusting for all preceding

variables)

cycling as a means of transport. In contrast, respondents
living in households that owned cars primarily cited only
“Too much effort” as the “biggest problem with... cycling”.

These, somewhat complicated relationships nonetheless
reveal four distinct patterns associated with: cycling com-
petency, fear (of accidents and/or crime), practicability
(distance and effort) and infrastructure (cycle paths). Each
of these displayed fairly clear trends with demographic
and socioeconomic factors, and with access to/ownership
of private transport (whether a bicycle and/or a car). Inter-
preting these as potential limiting factors for cycle-based
transport, cycling competency appeared least relevant to
younger, male respondents classified as “White’; presum-
ably because this demographic group is most likely to
have learnt how to ride a bicycle. Fear appears to dissuade
travelling by bicycle amongst better educated, economi-
cally active respondents living in better quality and better
equipped households; perhaps because their more ‘com-
fortable’ social position makes them unfamiliar with, and/
or unwilling to take, the (unnecessary) risks they associate
with cycling. This might also explain why respondents
from these sorts of households, like those who were better
educated and economically active, appeared to be put off

cycling by the (additional, unnecessary) effort involved,
and the distances this might entail when, for example,
commuting to work. The impracticability of cycle-based
transport for longer journeys appears particularly impor-
tant to those living in households that owned a car, for
whom the effort required to adopt non-motorised transport
(given that they owned/had access to private motor trans-
port) appeared pre-eminent. Finally, it was particularly
striking that respondents from households that owned a
bicycle appeared to recognise the lack of appropriate cycle
paths as a key barrier to cycling. Since these respondents
had both the competency and the means required to cycle,
they are perhaps best equipped to recognise the neces-
sity of appropriate infrastructure to facilitate travelling by
bicycle.

Discussion
Given that so few of the households surveyed by the QoL-III
owned bicycles (< 10%), it is perhaps surprising that more

respondents (rather than only around a third) did not cite
“Don’t know how to cycle” as the “single biggest problem
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with... cycling” as a form of transport. However, since
the instrument used by the QoL-III survey only allowed
respondents to provide one answer to this item, it seems
very likely that many of the respondents who cited other
“problem(s)” (or “Don’t know or no opinion’’) will also have
had limited (if any) cycling competency. The low preva-
lence of bicycle ownership and the low prevalence of cycling
competency therefore appear to be the two most important
structural barriers to cycle-based transport in Gauteng. Both
are likely to play a large part in the very small number of
respondents (just 0.3%) who included cycling as one of the
modes of transport used in the ‘trips most often made’, and
the even smaller number who reported cycling for the long-
est part of these trips (0.2%; see Table 1). Nonetheless, these
figures may also reflect substantial, additional attitudinal
barriers regarding the perceived utility of cycling for many
such trips (not least where these involve travelling longer
distances, over hilly terrain and/or transporting goods or
people); accentuated by commonly held perceptions of the
effort required and the risks involved [13]. These attitudinal
barriers are harder to discern from the data available from
the QoL-III survey, although these are evident from the dis-
tribution and use of private vehicles (both bicycles and cars),
and from demographic and socioeconomic variation in the
“single biggest problem(s) with... cycling” cited by survey
respondents.

In terms of the distribution of private vehicle ownership,
the QoL-III survey data reveal that a far larger proportion
of Gauteng’s households owns cars (>30%) than bicy-
cles (<10%), and that bicycles are predominantly owned
by the wealthier households that also own cars (>75% of
car-owning households also owning bicycles). This distri-
bution of bicycle ownership indicates that bicycles are not
the only form of private transport available to (most of) the
households that own them, and that bicycles may not have
been purchased (solely) for transport purposes (being used
instead, and primarily perhaps, for recreational purposes
[12]). Indeed, this might explain the geographical variation
in bicycle (and car) ownership amongst households in each
of Gauteng’s ten municipalities, and why some municipali-
ties (such as the City of Johannesburg) have high rates of car
ownership but low rates of bicycle ownership. If this varia-
tion in bicycle ownership reflects a tendency for more of the
wealthier, car-owning households to own bicycles in those
municipalities where bicycles can (more easily) be used for
recreational purposes, then variation in bicycle ownership
amongst households in different municipalities (together
with variation in the availability of alternative forms of pri-
vate and public transport in each municipality) might help
to explain the very limited use of cycle-based transport
for ‘trips most often made’ even by those households that
owned bicycles. Indeed, while >70% of respondents from
car-owning households included driving a car or being a car

@ Springer

passenger in the list of “different types of transport” used for
‘trips most often made’, fewer than 5% of those from bicy-
cle-owning households included cycling in this list. In other
words, most respondents from households that owned cars
reported travelling by car, while very few respondents from
households owning bicycles reported travelling by bicycle.

Regardless of the reason why wealthier car-owning
households also own bicycles, there remain two, ostensibly
intractable, challenges facing efforts to increase the number
of journeys taken by bicycle in Gauteng: first, the vast major-
ity of households lack the means to cycle (i.e. they do not
own a bicycle); and second, the vast majority of households
that own a bicycle (>75%) also own a car (i.e. they have
an alternative means of private transport, and might there-
fore have less incentive to use cycle-based transport [2, 12].
Given the small percentage of households that own a bicycle
it is perhaps unsurprising that by far the largest number of
respondents chose “Don’t know how to cycle” as the “single
biggest problem with... cycling” (>30%; more than twice
as many as the next most popular “problem”), although this
was also most commonly cited by female respondents and
those classified as ‘African’, ‘Asian/Indian’ and ‘Coloured’
(in that order). Whilst owning a bicycle (or having access
to a bicycle, as a result of living in a household that owns a
bicycle) is inevitably a pre-requisite for learning how to ride
a bicycle, knowing how to cycle is also likely to strengthen
interest in owning a bicycle [13]. Exposure to others who
own and use bicycles is also likely to play an important
role in ‘normalising’ learning to ride, riding, and owning a
bicycle [17, 35, 40]. In this regard, it may not be surprising
that male respondents, and those classified as “White’, who
were least likely to cite “Don’t know how to ride”, were also
those most likely to live in households that owned a bicycle
(see Table 2). Since the key respondents in these households
were also more likely to be better educated and economi-
cally active, it might appear that socioeconomic factors are
the principal barrier to bicycle ownership (Table 3) and,
thereby, cycling competency. Yet, despite the fact that bicy-
cle ownership was commonest amongst wealthier and better
serviced households, with better educated and employed key
respondents, the “problem” most likely to reflect financial
barriers to bicycle ownership (‘“Poverty status”) was actually
only cited by around 2% of respondents. This is remarkable
given that over 90% of respondents lived in households that
did not own a bicycle. Indeed, although wealthier house-
holds were more likely to own bicycles it is far from certain
how important socioeconomic factors might actually be as
barriers to cycle-based transport. This is because the most
commonly cited “single biggest problem(s) with... cycling”
(beyond not knowing how) were: first, the perceived risks;
and second, the practical challenges involved.

Three such risks comprised another 30% of responses
to this question (namely, “Vehicle accident risk”: 15.9%;
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“Crime”: 10.2%; and “Lack of good paths”: 4.6%) although,
arguably, the last of these might also apply to the practical
challenges involved in cycling on unsuitable routes/surfaces.
Concerns over such risks were more commonly cited by bet-
ter educated, economically active respondents and those liv-
ing in better quality/serviced households. Respondents from
similar socioeconomic circumstances were also more likely
to cite “problems” relevant to the impracticability of cycling
(namely, “Destination is too far”: 9.3%; and “Too much
effort”: 6.3%), suggesting that respondents from households
that were likely to be most capable of purchasing/owning
bicycles perceived cycling to be risky/dangerous and dif-
ficult and/or impracticable. Indeed, the commonest “prob-
lems” cited by respondents from the minority of households
that owned a bicycle were “Lack of good paths”, “Crime”
and “Too much effort” (in declining order of importance)—
suggesting that the issues dissuading these respondents from
using the bicycles their households owned were very simi-
lar to those cited by respondents whose households were
unlikely to own a bicycle (yet are likely to have been able
to own one if they so chose). Nonetheless, these findings
do provide some comfort for the City of Johannesburg’s
NMT strategy [6, 8], which claims to have constructed/des-
ignated over 400 km of cycle lanes [47] at a reported cost of
at least ZAR70Million (approximately US$5Million at 2015
exchange rates [27]. This is because respondents who cited
a “Lack of good paths” as the “single biggest problem(s)
with... cycling” were primarily those from households that
owned bicycles and who are therefore best placed to make
greater use of cycle-based transport. In addressing this
“problem” by building dedicated cycle lanes the City will
have removed a key barrier for those equipped to use them.
Unfortunately, as the present study has shown, substantial
structural and attitudinal barriers remain (not least the lim-
ited prevalence of bicycle ownership and cycling compe-
tency, and the perception of cycling as risky, challenging
and impracticable).

Conclusion

While the limited number of households owning bicycles
(and the availability of cars in many of these households)
might pose the most immediate barrier to cycle-based
transport in Gauteng, negative attitudes towards travelling
by bicycle (amongst those who have access to bicycles and
those who do not) are likely to pose more persistent barriers
in the longer term. Attitudes towards cycling as a potential
form of transport are unlikely to change whilst those who
own both bicycles and cars prefer to travel by car, and while
bicycles are framed as recreational accessories (by those
who own them and those who do not) rather than as cred-
ible (alternative) forms of transport. Although it might be

argued that a potential benefit of the very similar distribution
of bicycle and car ownership is that encouraging those who
own bicycles to use them more (i.e. for transport rather than
purely for recreational purposes) would lead to a reduction in
the number of private motor vehicles using the roads (albeit
for those ‘trips’ in which cycle-based transport replaced the
use of a car); this would require a sea change in attitudes
towards cycle-based transport, and assumes that bicycles can
offer an equivalent (acceptable, desirable and practicable)
form of transport for many of those households that own
cars. However unlikely such a change in transport behaviour
might appear, the provision of dedicated cycle lanes by the
City of Johannesburg does make this possible and perhaps
less fanciful [28]. Even a small increase in the visible use of
cycle-based transport might help dispel some of the attitu-
dinal barriers to cycling, and help challenge the perception
of cycling as (only) a recreational pursuit (as Goodman et al.
suggest occurred in London [21]).
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