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BACKGROUND
South Africa, like many developing coun-
tries, is experiencing a rapid population 
growth, with an increasing demand for 
travel. Most inhabitants still rely on public 
transport to gain access to economic, social, 
educational, medical, recreational and 
cultural activities. In 2013, 91.4% of people 
in the lowest income group in the country 
were reliant on public transport, with 5.7% 
using trains, 23.6% buses and 62.1% minibus 
taxis (Statistics SA 2013a). Public transport 
thus remains an absolute necessity to low-
income inhabitants. The public transport 
system of South Africa, however, is in a bad 
state, at least in part because “… there has 
been a very poor post-apartheid government 
response to the escalating mobility needs of 
low-income travellers, who constitute the 
vast majority of South Africa’s urban popula-
tion (Lucas 2011 pg 1320).”

Lucas (2011) gives four key causes for 
the level of transport poverty we see in 
South Africa today, namely: (1) low access 
to private and public transport services, 
(2) affordability issues connected to over-
reliance on minibus taxis, (3) the legacy 
of apartheid planning on contemporary 

housing developments and (4) over-reliance 
on walking. Lucas (2011) furthermore found 
that, for urban low-income residents, the use 
of formalised public transport is often not 
an option due to their location of residence 
and the times of the day when they require 
public transport. Because of this, and 
because of the existence of an extensive, 
informal, minibus taxi industry, many com-
muters from low-income areas have become 
captive users of this form of paratransit. 
This in a context where Statistics SA (2013b) 
reports that the lowest income population 
group spends on average up to 66.6% of 
their income on transport, with the second 
and third lowest income groups spending 
41.9% and 29.4% respectively, instead of 
the internationally accepted target of 10%, 
which is also adopted by South Africa in 
its 1996 White Paper on Transport Policy 
(Department of Transport 1996), and which 
shows the urgency to address the mobility 
needs of the poor.

South Africa’s hopes of finding a solu-
tion to these transport problems are placed 
upon Bus Rapid Transit (BRT) systems, 
which are currently being rolled out in 
most major cities in South Africa. Progress 
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has been slow, however, mainly due to 
conflicts between the developers of the 
BRT system and the existing minibus taxi 
industries (Schalekamp & Behrens 2010), 
and financial challenges associated with 
the building and operating of full-fledged 
BRT systems. Because of these and many 
other reasons, it has been acknowledged 
that the minibus taxi industry should 
actually form part of the solution to the 
transport problems faced by South Africa’s 
urban poor (see Lucas 2011; Del Mistro 
& Behrens 2015; Ferro & Golub 2012), 
for example by operating minibus taxis 
as feeders of the formalised transit trunk 
routes (Golub et al 2009; Ferro Salazar & 
Behrens 2015).

Such hybrid systems would require 
more formalised infrastructure and regula-
tions that also cater for the minibus taxi 
industry in low-income areas, such as 
informal settlements. Pertinently, Mahapa 
and Mashiri (2001) argued that transport 
policy-makers in South Africa have been 
preoccupied with technological solutions 
and efficiency savings rather than focus-
ing on ‘local beneficiary’ communities, 
claiming that, with a focus on the latter, 
transport solutions would have been less 
expensive and more context- and gender-
specific. Furthermore, Potgieter et al (2006, 
p 35) suggest that there is a “… need for a 
national qualitative and quantitative study 
that provides insight and baseline data 
on how issues of transport are gendered 
and the consequences on the quality of 
lives of women.” Potgieter et al ’s argu-
ment is especially relevant in view of the 
statement by Statistics SA (2013c) that, 
in general, women are more reliant on 
public transport in South Africa than men. 
Thus, should the development of transport 
infrastructure in low-income areas occur, 
the infrastructure and regulations provided 
must be context- and gender-specific.

To get a better understanding of the 
public transport-related experiences and 
associated needs of the urban poor in 
South Africa’s informal settlements, this 
paper seeks to apply an innovative survey 
method and analysis based on principles of 
choice modelling and stated choice survey 
design for the collection of such data in the 
context of informal settlements.

LITERATURE REVIEW
Literature regarding user satisfaction and 
service quality in public transport describes 
how consumers evaluate the quality of a 

public transport service, i.e. public transport 
service attributes including, but not limited 
to, safety, availability and travel fares. 
Furthermore, and of significance to trans-
port authorities, the relative importance of 
these attributes is typically evaluated (Beirão 
& Sarsfield Cabral 2007).

User satisfaction and service qual-
ity studies come in many forms, either 
qualitative, quantitative or as a mixed-
methods approach (de Oña & de Oña 2014). 
Qualitative studies have typically taken 
two forms. In-depth interviews such as 
those conducted by Beirão and Sarsfield 
Cabral (2007), or focus group discussions 
as seen in Guiver (2007). The advantage of 
such qualitative studies is that they yield 
nuanced and detailed information regarding 
the field of study. The more quantitative 
survey methods in service quality and user 
satisfaction in public transport typically 
use Likert scales (Donoso et al 2013), which 
is an approach used to scale responses 
comparable with a 3, 5 or 7-point rating 
scale. See for example Sam et al (2017) for 
a study on public transport experiences 
in Ghana, Wong et al (2017) for a study 
on public transport satisfaction of elderly 
citizens in Hong Kong, and Efthymiou and 
Antoniou (2017) for a study on changing 
public transport satisfaction in Greece dur-
ing the economic crisis. There are clearly 
two main approaches by which these studies 
assess the relative importance of service 
attributes. The first approach, referred to as 
an indirect method, uses statistical models 
of correlation and regression after collecting 
the respondents’ surveys to ascertain the 
relative importance of service quality or 
transport attribute information. The second 
approach, referred to as a direct method, is 
characterised by finding attribute impor-
tance and service quality directly from the 
interviews or surveys. There is still debate 
as to whether direct or indirect measures 
are more effective (Schalekamp & Behrens 
2010). While these survey methods are 
useful due to their ubiquity, the Likert scale 
is prone to response biases, mainly socially 
desirable responding, acquiescence and 
extremity bias (Paulhus 1991). Furthermore, 
the focus in these studies is largely on iden-
tifying important user satisfaction of par-
ticular service attributes and not the relative 
importance of them (Behrens & Schalekamp 
2010). In studies that aim for capturing 
the relative importance of attributes rat-
ing scales, researchers mostly use rating 
scales that do not force respondents to 
discriminate between items, allowing them 

to state that multiple items are of similarly 
high importance of satisfaction/dissatisfac-
tion (Flynn & Marley 2014), whilst in some 
cases only the preferred item is identified 
and thus little is understood of the relative 
ranking of attributes for a given respondent. 
The Best-Worst-Scaling technique used in 
this paper to elicit public transport related 
experiences in Cape Town’s informal settle-
ments, is a direct method that overcomes 
both shortcomings of the commonly used 
rating scales.

Best-Worst-Scaling (BWS)
BWS is a statistical research tool, a theory 
for data collection, and a modelling tech-
nique for eliciting ranked preferences of 
respondents. Surveys conducted using 
the BWS technique allow respondents to 
indicate their most important attribute and 
their least important attribute in a set of 
choices. The BWS technique thus allows 
the surveyor to get a full ranking of terms, 
rather than just the most preferred item/s 
as is common in, for example, stated pref-
erence survey design. In addition, BWS can 
be applied to many more than seven attrib-
utes, where many other ranking methods 
are known to suffer from accuracy and 
consistency when numbers of attributes 
increase beyond seven (see for example 
Bettman et al 1990).

The BWS technique has predominantly 
been applied in the marketing, health 
and social sciences fields, and is relatively 
new to the field of transport planning and 
engineering, with only a handful known 
applications dealing with preferences for 
electric vehicle choice in Germany and 
Australia (Hinz et al 2015; Beck et al 2016) 
and for assessing public transport experi-
ence in Australia (Beck & Rose 2016).

First proposed in the 1980s by Professor 
Jordan Louviere, it was initially called the 
method of maximum difference scaling or 
MaxDiff. It was introduced to capitalise on 
a human’s tendency to be more reliable and 
accurate at identifying extreme options, 
rather than options placed on a graded 
scale (Louviere et al 2015). BWS provides 
a theoretical framework within which to 
measure latent, subjective quantities that 
produce measurement values that can be 
presented nominally and compared. The 
principles underlying the analysis of BWS 
choice data are similar to those in a dis-
crete choice experiment and are based on 
random utility theory (RUT).

RUT assumes that people make errors, 
but when choosing repeatedly, their choice 
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frequencies give an indication of how much 
they value the items under consideration, 
i.e. how often item A is picked over item B 
gives an indication of how much item A is 
preferred over item B.

The first step in applying the BWS tech-
nique is to decide how many attributes will 
be compared, and then to develop survey 
designs using that number of attributes. 
There are three different case types that 
are used in BWS designs, each for different 
reasons.

BWS Case Types
Case 1 analysis, also referred to as the 
object case, is the simplest and most 
commonly used of the three BWS design 
methods. This type of analysis derives the 
relative values associated with each object 
in a list of comparable objects (Louviere 
et al 2015) such as modes of transport. 
The value scale being used, such as degree 
of concern or effectiveness, is up to the 
discretion of the researcher. Thus, category 
rating scales, such as the aforementioned 
Likert scale, can easily be substituted with-
in a BWS design (Flynn & Marley 2014).

Case 2 analysis, which is also referred to 
as the profile case, asks the respondent to 
choose the attribute within a profile, which 
is defined as a set of attributes with attribute 
levels, that is the best and the one that is the 
worst (Louviere et al 2015). Presenting dif-
ferent profiles with different attribute levels 
now ensures trade-off between attributes. 
The difference between Case 1 and Case 2 
analyses is illustrated in Table 1.

Finally, a Case 3 analysis is referred to 
as the multi-profile case, which is a logical 
extension of the Case 2 type and looks most 
like a common choice experiment, except 
that the respondent is asked to choose the 
worst/least attractive profile and the best/
most attractive profile from a set of three 
or more profiles (Louviere et al 2015). This 
case type allows for the estimation of multi-
nomial logit models (Flynn & Marley 2014).

An in-depth review of the different 
cases and their uses, amongst others the 
estimation of logit models from BWS 
outputs, as well as their position in the 
field of choice modelling and discrete 
choice experiments, is beyond the scope of 
this paper. See Hess and Daly (2014) for a 
review of choice modelling methods. and 
Louviere et al (2015) for more details on 
BWS itself.

In this paper we apply a Case 1 BWS 
design to capture public transport experi-
ences (PTE) of commuters in informal 

settlements based on a set of defined 
features (attributes) of the public transport 
experience, such as overcrowding, travel 
delays, personal safety and availability. 
These can be meaningfully compared in an 
object analysis. A Case 2 or 3 analysis would 
have been more appropriate when dealing 
with preferences rather than experiences.

BWS balanced incomplete block designs
Early executions of Case 1 analyses were 
conducted using so-called 2J designs 
(Flynn & Marley 2014), so named because 
for J objects there are 2J best-worst choice 
sets that are possible. Issues around using 
this format of choice set design arise only 
from psychological phenomena, as the 
size of the choice sets is not constant; for 
instance, respondents can view choice sets 
with a small number of objects as the more 
important ones (Louviere et al 2015). To 
avoid these problems, Balanced Incomplete 
Block Designs (BIBD), which stem from 
combinatorial mathematics, are most com-
monly used now. A BIBD guarantees that 
the occurrence and co-occurrence of all 
objects (or attributes) is constant, therefore 
reducing the propensity of respondents to 
make assumptions regarding the relative 
significance of objects.

A BIBD has the following characteris-
tics (see Table 2):

 ■ Each task contains the same number of 
items.

 ■ First order balance or frequency bal-
ance: each item occurs the same num-
ber of times across tasks.

 ■ Second order balance or orthogonality: 
each item appears equally often with 
every other item.

 ■ Positional balance: each item should 
appear an equal number of times in the 
first, second, third and n-th positions 
within the sets to avoid order-bias.

 ■ Connectivity: each item should be 
directly/indirectly compared to every 
other item in the study to allow for all 
the items to be compared on a common 
scale (Peitz & Mcewan 2016).

Table 2  A BIBD design example of four 
attributes; attribute numbers fill the cells

Attribute number

Position 
A

Position 
B

Position 
C

Set 1 1 2 3

Set 2 2 3 4

Set 3 3 4 1

Set 4 4 1 2

Practice with BWS designs revealed that 
four to six items per choice is optimal for 
most respondents and most tasks. If the 
item labels are long, such as positioning 
statements, then fewer than six items 
should be used. Respondents can typically 
undertake up to 20 choice sets, though 
anecdotal evidence suggests that boredom 
sets in after about 10 to 12 choice sets 
(Chrzan & Peitz 2015).

RESEARCH DESIGN
For this study attributes related to a com-
muter’s public transport experience within 
the context of Cape Town’s informal settle-
ments were used to design the choice sets of 

Table 1 Example of Best-Worst-Scaling Case Types 1 and 2

Example of Type 1: Object case

Most 
Concerning

Public Transport Feature
Least 

Concerning

 Travel delays

Overcrowding

✔ Personal Safety (crime)

Availability ✔

Example of Type 2: Profile case

Most 
Concerning

Public Transport Feature and Level
Least 

Concerning

Some problems finding the bus station

✔ No waiting time at the station

Extremely crowded during the commute ✔

Moderately loud inside mini-bus taxi
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the survey. The attributes were formulated 
through a literature review (including 
Beirão & Sarsfield Cabral 2007; Behrens & 
Del Mistro 2010; Donoso et al 2013; Lucas 
2011; de Oña & de Oña 2014; and Transport 
for Cape Town 2013), field reconnaissance 
visits and semi-structured interviews with 
township dwellers, and a pilot survey. 
Formal surveys were conducted after 
the pilot survey to obtain the BWS data. 
The choice data was accordingly statistically 
analysed to develop the most concern-
ing and least concerning choice clusters. 
The most concerning and least concerning 
public transport experience attributes were 
then used to draw relationships across the 
boundaries of locations and gender.

Pilot survey
The preliminary design of the BWS attrib-
utes was developed based on the literature 
review, including priorities highlighted in 
the City of Cape Town’s comprehensive 
integrated transport plan (Transport 
for Cape Town 2013), semi-structured 
interviews with community organisations, 
and discussions with 32 randomly selected 
respondents from the University of Cape 
Town (UCT) and the Thandokhulu High 
School in Rondebosch, who presently 
live in informal settlements, or in areas 
that have historically been on the urban 
periphery of Cape Town. The respondents 
were asked to describe (in their own words) 
some of the challenges they experience 
when accessing and using public transport. 
The respondents were also asked to com-
ment on transport infrastructure elements 
that they feel are lacking. A draft final 
attribute list was then established.

In a pilot survey a provisional Case 1 
BWS design was tested to see whether 
the chosen attributes were understand-
able to the respondents. This pilot survey 
was again conducted with randomly 
selected students and staff at UCT and 
Thandokhulu High School. At each of 
these locations, a total of five respondents 
were asked to complete the BWS question-
naire. It was observed, in this case, that 
some respondents became agitated by 
the repetition of attributes in the differ-
ent choice sets. Respondents would very 
seldom ask that a certain attribute be 
explained to them, as they were confident 
in their understanding of the attribute. 
However, most respondents responded well 
when the BWS method was explained. In 
some cases, respondents preferred that the 
questionnaire should be filled out for them 

while they provided the relevant answers. 
This procedure seemed to be more effec-
tive, as the inferences from the respond-
ents’ own interpretation of the study were 
reduced, making the responses more 
consistent. Lessons learned from the pilot 
survey were incorporated in the final BWS 
questionnaire design and survey approach.

Table 3 shows the final attribute list 
for the study, which comprises questions 
around public transport use as well as 
access conditions. Most attributes are 
self-explaining. Walking Safety for example 
refers to how safe a respondent feels when 
walking to the public transport stop, whilst 
Personal Safety refers to how safe a person 
feels whilst using the mode of public trans-
port. All terms were, however, explained to 
each respondent prior to the completion of 
the survey.

BWS survey design
In the BWS survey, participants choose 
their ‘most concerning’ and ‘least concern-
ing’ feature related to the use of and access 
to public transport. The features presented 
were negative challenges related to the use 
of the various public transport modes used 
by participants and made up the BWS list 
of attributes. In choosing a feature as ‘most 
concerning’, the participant acknowledged 
that the challenge in question was signifi-
cantly troubling or unsettling. Conversely, 
in choosing a feature as ‘least concerning’, 

the participant acknowledged that the 
challenge experienced was insignificantly 
troubling or insignificantly unsettling rela-
tive to the other attributes.

BWS choice set generation and design
Sawtooth Software Inc (SSI) implements a 
BIBD BWS survey design and was used to 
develop the BWS choice sets. The following 
additional considerations compared to the 
five listed before were considered when 
determining the choice sets:

 ■ A maximum of four items per choice set 
to avoid choice task fatigue

 ■ Each item appears at least three times 
per survey, following a recommendation 
by Peitz and Mcewan (2016).

Equation 1 was used to determine the num-
ber of choice sets (tasks) for the BWS design:

tasks × size

items
 = r, with r ≥ 3 (1)

With a task size of four items (size) per 
choice set, 13 items (items) in total, and 
a minimum repetition of three times per 
survey, a minimum of 10 choice sets (tasks) 
had to be generated, all in accordance with 
the BIBD principles. The final design is 
depicted in Appendix A on page 50.

BWS analysis
XLSTAT software was then used to analyse 
the BWS data. So-called raw scores were 

Table 3 Final list of attributes

Attribute Descriptive Question 

Travel Delays Are there frequent delays when you travel? 

Overcrowding Is there overcrowding/overloading? 

Personal Safety (mugging/abuse) 
Is there criminal activity such as mugging, assault, or 
abuse that makes you feel unsafe using the transport?

Availability
Is transport readily available and in operation during 
the course of the week?

Frequency (waiting time) Do you have to wait long for the transport? 

Unsafe Driving 
Do you have experience of unsafe/dangerous driving 
when using road-based public transport?

Travel Costs Are public transport fares affordable? 

Protest Action (strikes) 
Do strikes/protests often affect normal operations of 
public transport?

Unclean Conditions Is public transport clean and/or comfortable? 

Walking Distance (to/from access point) Is access to public transport far? 

Walking Experience/Safety (to/from access 
point)

Do you feel unsafe or uncomfortable when accessing 
public transport? 

Lack of Disability Services Are disabled people struggling to use the transport? 

Traffic Congestion/Jams 
Is there frequently congestion when travelling with 
the road-based public transport?
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calculated by subtracting the number of 
times an item has been chosen as the worst 
(least concerning) choice from the number 
of times the same item has been chosen 
as the best (most concerning) choice. 
Equation 2 shows how the raw scores 
are obtained:

Øi = Bi – Wi i ∈ I (2)

where Øi is the raw score (per item i), B is 
the number of times an item i is chosen as 
best (most important/concerning), and W 
is the number of times an item i is chosen 
as worst (least important/concerning). The 
set of items is depicted as I.

The raw scores are then converted to 
average B-W scores ~Øav.i by dividing the 
raw score of an item by the number of 
respondents R and the number of times 
each item appeared in the choice sets, r:

 ~Øav.i = 
Øi

R × r
 i ∈ I with r = 3. (3)

The conversion of the raw scores to ~Øav.i 
helps to simplify the interpretation of the 
results on an interval scale [+1.0 … –1.0]. 
The items chosen as best (most concern-
ing) more than they have been chosen as 
worst (least concerning) will have a value  
~Øav.i > 0. Conversely, the items chosen as 
worst (least concerning) more than they 
have been chosen as best (most concern-
ing) will have a value  ~Øav.i < 0.

An item with a score of 1.0 is higher 
(more important) than an item with a score 
of 0.5, for example. But, when interpret-
ing these scores, it cannot be said that 
the item with a score of 1.0 is twice as 
preferred as an item with a score of 0.5. To 
do that, the raw scores ~Øav.i first have to be 
transformed to a positive probability scale 
that supports ratio operations, which is dis-
cussed next. In literature, the Øav.i scores 
are also referred to as utility scores.

There are a number of ways to trans-
form scores from a discrete choice experi-
ment (such as this BWS study) into compa-
rable utility scores – see Green et al (2001). 
Of the different methods in BWS surveys, 
the one mostly used is the Hierarchical 
Bayes method. The Hierarchical Bayes 
method is a hierarchical model using 
Bayesian statistics to create individual 
utilities for each respondent. A description 
of the method is beyond the scope of this 
paper, but the reader is referred to Howell 
(2009) or Gustafsson et al (2003) for a 
review of Hierarchical Bayes applied in 

choice modelling. Both SSI and XLSTAT 
have implemented Hierarchical Bayes rou-
tines to get the utility scores Øav.i.

Survey
The actual survey was conducted in 
six informal settlements situated in the 
Southern Peninsula, Cape Flats and 
Mitchells Plain districts of Cape Town. 
All six settlements were chosen based on 
their proximity to township areas with 
developed public transport infrastructure, 
including taxi ranks, bus terminals and 
train stations, as well as their closeness 
to high-volume transport corridors con-
necting the city centre. Five informal 

settlements are situated along the N2 
freeway corridor and the Metrorail central 
line, both carrying high volumes of public 
transport commuters to and from the 
urban business centres. The other informal 
settlement is situated in the Southern 
Peninsula along another high-volume corri-
dor (the M3, Main Road and the Metrorail 
Southern Suburbs line). The informal 
settlements sampled were (1) Gugulethu, 
(2) Kanana, (3) Barcelona, (4) KTC and 
(5) Philippi in the Cape Flats and Mitchells 
Plain area, and (6) Masiphumelele in the 
Southern Peninsula. Figure 1 indicates the 
locations of the six informal settlements 
relative to the high-volume corridors.

N

N2 CORRIDOR

M
3 CO

RRID
O

R

City Centre

15–20 km from 

City Centre

25–30 km from 

City Centre

Philippi

Gugulethu

KTC

Barcelona

Kanana

Survey locations

Masiphumelele

Figure 1   Locations of surveyed informal settlements (Data source: City of Cape Town Open Data 
Portal Map (2016))
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Ethics approval was obtained from the 
University of Cape Town. The objective 
was to obtain a minimum of 50 partici-
pants from each settlement. In total 334 
participants across the six settlements were 
finally recruited. Initial questions included 
age, location of residence, occupation 
and regular mode of transport they use. 
Eventually, 44 of the questionnaires were 
omitted, due to crucial missing information 
or because respondents were not living in 
the area, leaving 2 900 (290 × 10 choice 
sets) useable responses for the BWS analy-
sis. The selection of respondents across 
the locations was done using a gender-
stratified sampling during weekdays, 
targeting a 50/50% split between men and 
women. There were always three to five 
trained surveyors in each area. The survey-
ors would split into opposite directions to 
conduct door-to-door surveys, interviewing 
one individual who was at least 18 years of 
age per household. Surveyors would sys-
tematically approach every third dwelling 
in a street or the following house in case of 
no response or when none of the qualifying 
household members were willing to par-
ticipate. In some informal settlements, par-
ticularly in Masiphumelele, the main roads 
were replete with pedestrian thoroughfare. 
Surveyors would take advantage of this by 
conducting the interviews along the length 
of the road, approaching pedestrians (of 
18 years and older) in each stratum (male/
female), in addition to the systematic 
sampled door-to-door surveys, until meet-
ing their quota. We are confident that this 
way the sample is representative enough to 
infer lessons about public transport needs 
of informal settlement dwellers.

RESULTS

Sample statistics
In total, 51% of the 290 respondents were 
female, close to the target strata of 50%. 
This suggests that the overall result will 
not have a gender bias. There was a larger 
disparity in the percentage respondents 
with respect to age groups. Most partici-
pants were young (aged 18–34) and made 
up 65% of the total respondents (~28% of 
the South African population is in this age 
group (Statistics SA 2013d)). The middle-
agers (35–54) made up 32% (against ~22% 
in South Africa (Statistics SA 2013d)) of 
the total respondents, followed by the 
senior citizens at 3% (against ~12% of the 
South African population (Statistics SA 

2013d)). Only in three of the six informal 
settlements senior citizens (age ≥ 55 years) 
participated. The analysis may therefore 
have a bias towards the youth.

Most of the respondents in the sample 
are from the Kanana informal settlement 
making up 19% of the participants. This 
is followed by Philippi, Barcelona and 
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Journal of the South african institution of civil engineering Volume 61 Number 2 June 2019 45

KTC with 17% of the participants coming 
from each of these areas. Gugulethu and 
Masiphumelele make up 16% and 14% of 
the participants respectively. The propor-
tion of the participants, with respect to 
location, is thus relatively balanced.

In total, 46% of the total respondents 
are taxi users. This is followed by bus and 
train users at 30% and 24% respectively, 
while less than 1% of respondents are 
MyCiti (BRT) users. This data is consist-
ent with ‘Cape Town’s Transport Picture 
2015’, which revealed that transport users 
of minibus taxis, buses and trains make up 
44%, 33% and 23% of these forms of public 
transport respectively (Transport for Cape 
Town 2013). Furthermore, 58% of bus users 
are male and 56% of taxi users are female.

Area-based public 
transport experience
The following results are derived from the 
2 900 responses from the 290 qualifying 
surveys. Figure 2 gives the overall average 
B-W scores, ~Øav.i, following Equation 3. 

Walking Safety has the highest average 
B-W score, while Availability comes out 
with the lowest average B-W score.

The results of the top five most con-
cerning utility scores (Øav.i) are shown 
for each of the choice clusters in Figure 3, 
and can be compared ordinally between 
areas. The most concerning clusters 
are summarised in ‘percentage stacked 
column’ graphs to compare, on a scale of 
one to 100%, i.e. the performance of these 
attributes in the various locations/study 
areas. Figure 3 identifies that Walking 
Safety, Personal Safety, Unsafe Driving, 
Overcrowding and Walking Distance are 
the top five most concerning features in 
the various areas. Walking Safety is the 
most concerning attribute, with an average 
utility score of 14.7%. This means that, 
overall, Walking Safety is seen as almost 
twice as important as Walking Distance. 
Walking Safety, Personal Safety and Unsafe 
Driving are most concerning in Barcelona, 
scoring 19.9%, 19.3% and 18.3% respec-
tively. Overcrowding is most concerning 

in Philippi with a utility score of 12.3%. 
Finally, Walking Distance is most concern-
ing in KTC, which scored 12.0%.

Summing these top five features in the 
overall study generates a score of 54.5%, 
meaning that the other eight features contrib-
ute 45.5% to the total importance, illustrating 
their relative insignificance. Figure 3 also 
shows that these five features are of greater 
concern in Barcelona where they scored an 
overall BWS mean value of 64.7%, whereas in 
Kanana these features scored 40.5% cumula-
tively. Overall, the least concerning features 
include Availability and Frequency which 
scored 3.3% and 4.3% respectively, in line with 
the results in Figure 2.

Next, a one-way ANOVA test was 
conducted to test the variance of means 
for each of the attributes between the six 
informal settlements. First, Table 4 shows 
that for all the attributes, the p-values are 
much lower than the significance level, 
α = 0.05, with the smallest difference being 
in Traffic Jams/Congestion, which has a 
p-value of 0.018. The null hypothesis (that 

Table 4 One-way ANOVA table showing the variance in means between areas for each attribute, α = 0.05

Source of variation SS df MS F P-value F crit.  α

Walking Safety
(to/from access point)

Between groups 2 705.28 5 541.06 80.22 < 0.0001 2.25 0.05

Within groups 1 915.53 284 6.74

Travel Costs
Between groups 5 294.03 5 1 058.81 34.63 < 0.0001 2.25 0.05

Within groups 8 683.60 284 30.58

Personal Safety 
(crime)

Between groups 5 779.36 5 1 155.87 31.43 < 0.0001 2.25 0.05

Within groups 10 443.95 284 36.77

Walking Distance  
(to/from access point)

Between groups 2 820.11 5 564.02 27.10 < 0.0001 2.25 0.05

Within groups 5 911.19 284 20.81

Frequency  
(waiting time)

Between groups 1 709.21 5 341.84 22.29 < 0.0001 2.25 0.05

Within groups 4 354.90 284 15.33

Travel Delays
Between groups 1 804.23 5 360.85 22.29 < 0.0001 2.25 0.05

Within groups 4 597.67 284 16.19

Unclean Conditions
Between groups 2 960.17 5 592.03 19.58 < 0.0001 2.25 0.05

Within groups 8 585.51 284 30.23

Availability
Between groups 738.81 5 147.76 19.29 < 0.0001 2.25 0.05

Within groups 2 175.68 284 7.66

Unsafe Driving
Between groups 4 270.25 5 854.05 19.21 < 0.0001 2.25 0.05

Within groups 12 627.37 284 44.46

Protest Action 
(strikes)

Between groups 2 121.49 5 424.30 15.28 < 0.0001 2.25 0.05

Within groups 7 887.89 284 27.77

Overcrowding
Between groups 1 664.14 5 332.83 10.61 < 0.0001 2.25 0.05

Within groups 8 906.46 284 31.36

Lack of Disability 
Service

Between groups 916.44 5 183.29 10.37 < 0.0001 2.25 0.05

Within groups 5 018.91 284 17.67

Traffic Jams/
Congestion

Between groups 483.36 5 96.67 2.79 0.0176 2.25 0.05

Within groups 9 834.21 284 34.63
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there is no difference between means) 
is thus rejected in all cases, i.e. there are 
significant differences in the perceptions of 
importance of PTE attributes between the 
six informal settlements

Figure 4 shows the top five most con-
cerning features between users of different 
modes across the locations. For bus users 
Walking Safety comes out as the most 
concerning attribute, with a scoring of 16% 
on average, while Unsafe Driving was the 
most concerning attribute for taxi drivers, 
scoring 14.6%. For train users Personal 
Safety was most concerning with a score of 
13.9%. Walking Safety was the second most 
concerning attribute for both taxi and train 
users, scoring 13.6% and 13.2% respectively. 
For bus users this is Unsafe Driving.

Further statistical tests (not shown 
here) revealed that, in general, between 
the different modes, for each attribute, the 
p-values are lower than the significance 
level, α = 0.05. The null hypothesis (that 
there is no difference between means) is 
thus rejected in most cases, i.e. there are 
significant differences in the perceptions 
of importance of PTE attributes between 
the different modes. However, perceptions 
around Personal Safety, Travel Costs, 
Unclean Conditions and Walking Distance 
are found to be similar between taxi and 
train users. Similarly, train and bus users 

feel similarly about Lack of Disability 
Service, Overcrowding, Personal Safety, 
Unclean Conditions and Walking Distance. 
Finally, taxi and bus users are equally 
concerned about Personal Safety, Unclean 
Conditions and Unsafe Driving.

Gender-based public transport 
experience
Figure 5 gives the overall average B-W 
scores for the 290 respondents, arranged 
such that the scores of men and women 
can be compared. For women, personal 
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safety has the highest average B-W score, 
while availability has the lowest average 
B-W score. For men, Walking Safety has 
the highest average B-W score, while 
Unclean Conditions has the lowest average 
B-W score.

Figure 6 shows the top five choice 
clusters for men, women and overall. The 
most concerning features are Walking 

Safety, Personal Safety, Unsafe Driving, 
Overcrowding and Walking Distance, 
with Walking Safety being the most 
concerning attribute for both men and 
women. Walking Safety is more concern-
ing for men (14.9%) than women (14.0%), 
while Personal Safety on public transport 
is more important for women (13.8%) than 
men (12.9%).

Finally, Table 5 shows the results of the 
two-sample T-test comparing the means of 
all attributes between men and women. The 
null hypothesis was set as there being no 
difference between the means. Overall there 
was little variance in the means of choices 
between men and women. The only signifi-
cant variances found, where the p-value is 
less than the significance level α = 0.05, were 
in the means of Frequency (waiting time), 
Protest Action (strikes) and Traffic Jams 
(congestion). These attributes are all relative-
ly unimportant, as none of them are of the 
top five most important attributes. Hence it 
can be said that there is no significant differ-
ence in the perception of importance of PTE 
attributes between men and women in the 
surveyed informal settlements.

DISCUSSION
From the results we can surmise that 
Walking Safety, Personal Safety, Unsafe 
Driving, Overcrowding and Walking 
Distance are the most concerning features 
for the overall PTE. These features make 
up the most concerning choice cluster 
with a cumulative BWS mean value of 55%. 
Walking Safety to access public transport 
is consistently the most concerning in all 
the locations, with scores ranging from 12% 
(Masiphumelele) to 20% (Barcelona). The 
least concerning features across all loca-
tions have been identified as Availability 
and Frequency. It is assumed that, because 
of the multiplicity of minibus taxis, travel-
lers assume a readily available minibus 
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Table 5 T-test describing variance of means between men and women for each attribute, α = 0.05

Attribute

T-test for equality of means

Difference
t (Observed 

value)
|t| (Critical 

value)
DF

p-value
(Two-tailed)

α

Frequency (waiting time) –0.867 –2.065 1.968 288 0.040 0.05

Lack of Disability Service –0.426 –0.924 1.968 288 0.356 0.05

Overcrowding 0.460 0.712 1.968 288 0.477 0.05

Personal Safety (crime) 0.919 0.938 1.968 288 0.349 0.05

Protest Action (strikes) 1.225 2.159 1.968 288 0.032 0.05

Availability 0.393 1.453 1.968 288 0.147 0.05

Traffic Jams/Congestion –1.287 –2.300 1.968 288 0.022 0.05

Travel Costs 0.233 0.312 1.968 288 0.755 0.05

Travel Delays –0.814 –1.673 1.968 288 0.095 0.05

Unclean Conditions 0.003 0.005 1.968 288 0.996 0.05

Unsafe Driving 0.477 0.520 1.968 288 0.603 0.05

Walking Distance (to/from access point) 0.556 0.995 1.968 288 0.321 0.05

Walking Safety (to/from access point) –0.871 –1.888 1.968 288 0.060 0.05
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taxi, and thus availability is seen as least 
concerning, despite the service quality and 
delivery levels.

All the attributes seem to have signifi-
cant variance across the different locations. 
Personal Safety for example ranges from 
6% (Kanana) to 19% (Barcelona), while 
Unsafe Driving ranges from 6% (Kanana) 
to 18% (Barcelona), Overcrowding ranges 
from 5% (Barcelona) to 12% (Philippi), and 
finally Walking Distance ranges from 3% 
(Barcelona) to 12% (KTC).

The differences between mode users 
are less pronounced, with some attributes 
differing significantly between the modes, 
such as frequency and travel delays, and 
some attributes being of concern to all 
mode users, such as personal safety and 
unclean conditions.

Combining these findings there are 
obviously differences between mode users 
in the different areas, for example Walking 
Safety for minibus taxi users ranges from 
11.9% in KTC to 3.9% in Philippi. For train 
users Travel Delays range between 12% 
in Masiphumelele to 4.1% in Barcelona. 
Nevertheless, for certain attributes, regard-
less of area and mode, there will be similar-
ities in perception. Analysis shows that the 
context of actual realities on the ground 
is a driving factor in people’s perception 
of public transport experience. It is thus 
important to make site-specific consider-
ations when designing any public transport 
infrastructure in informal settlements.

As illustrated in Figure 5 and 6, 
Walking Safety, Personal Safety, Unsafe 
Driving and Overcrowding have all 
been regarded as most concerning in 
the same order of importance by both 
women and men. Attributes pertaining 
to safety (Walking Safety and Personal 
Safety) are the two most concerning for 
men and women and make up 27.8% of 
the overall importance. For comparison’s 
sake, a combination of the next two most 
concerning features, Unsafe Driving and 
Overcrowding, makes up only 19%.

The only distinct difference in 
choices between men and women concerns 
Frequency (waiting time), Protest Action 
(strikes) and Traffic Jams (congestion). Men 
considered congestion slightly more con-
cerning than women did, with the former 
having a score of 7.3% and women having a 
score of 6%. Women viewed Protest Action 
more important than men did, with the 
former having a score of 7.8% and men hav-
ing a score of 6.5%. This can be explained 
by the known gender differences between 

men and women when it comes to risk per-
ception and risk taking (for a meta-study 
on this see Byrnes et al (1999)). Finally, 
men found Frequency more important than 
women, with the latter having a score of 4% 
and the former having a score of 4.8%.

CONCLUSIONS AND 
RECOMMENDATIONS
This paper implemented the BWS tech-
nique using Case 1 type of analysis and a 
BIBD survey design to obtain meaning-
fully comparable data regarding public 
transport priority needs of people living 
in informal settlements around Cape 
Town. The attributes used were based on 
literature, conversations in the community 
and with students of the University of Cape 
Town and Thandokhulu High School in 
Cape Town. Interviews were conducted 
with 334 participants in total across six 
informal settlements in Cape Town. 
The data of the interviews was analysed 
using the Hierarchical Bayes clustering 
routine provided by XLSTAT to make 
useful comparisons of the most important 
attributes ascertained by the BWS survey. 
An ANOVA table was then generated to 
ascertain whether there was significant 
variance in the means of the results gener-
ated for each attribute between each area. 
Statistical tests were conducted to assess 
whether there are significant differences 
in perceptions of attribute importance 
between men and women.

The study found that Walking 
Safety, Personal Safety, Unsafe Driving, 
Overcrowding and Walking Distance are, 
overall, the most concerning features for 
public transport users in the informal 
settlements surveyed. The least concern-
ing features across all locations have been 
identified as Availability and Frequency. In 
addition, there is no apparent trend in the 
variance between the choices of men and 
women. Yet, there is significant variance 
across the different locations, and gener-
ally there is significant variance between 
mode users.

Walking Safety is considerably and 
consistently important across all the loca-
tions and genders. Personal Safety during 
the use of public transport is of high 
importance for both genders, and across 
all locations. Walking Safety and Personal 
Safety are highly important, but relate 
to two different settings. Walking Safety 
relates to a respondent’s environment 
when accessing the public transport, and 

Personal Safety relates to a respondent’s 
environment whilst using the public 
transport. Their high importance reflects 
daily anxieties that plague both men 
and women in the informal settlements 
surveyed, posing the question: are both 
the public transport user’s walking safety 
to and from the infrastructure and the 
user’s safety on board the public transport 
the responsibility of the transport author-
ity? Thus, a complementary study would 
be one that investigates the pedestrian 
experience of a traveller’s commute with 
regard to his/her safety.

With Availability and Frequency of 
public transport having a low perceived 
importance, while Unsafe Driving and 
Overcrowding have a much higher per-
ceived importance, it seems that travellers 
are easily able to find a means of transport, 
but are unhappy with the quality of service 
being provided. Pertinent to the argument 
of Mahapa and Mashiri (2001), it is clear 
from the results that all informal settle-
ments are unique, as there are significant 
differences in the results obtained from 
different areas. Infrastructure interventions 
must thus be case-sensitive to be effective.

From a methodological perspective, 
this paper demonstrates the ability of the 
BWS technique to yield clear and accessible 
data regarding public transport priorities 
for people living in informal settlements. 
This research has room for expansion, 
however, as a larger sample size would 
generate data that is perhaps more statisti-
cally representative. The research could 
also be spatially compressed, as it could be 
useful to generate a larger sample size from 
just three informal settlements to allow 
for more effective comparisons regarding 
which attributes are more important and 
why. Alternatively, a survey could be imple-
mented that targets specific age groups to 
facilitate design that cater for the most vul-
nerable in terms of age. The attributes used 
for this study might not include all features 
that are important for public transport 
users – further studies could be done 
to nominally understand the transport 
needs of the urban poor, before assessing 
them in terms of priority. Furthermore, a 
complementary survey could focus on the 
pedestrian experiences of public transport 
users in informal settlements. A final 
recommendation is to implement further 
analysis regarding variance in modal choice 
in the six informal settlements.

This study proves that the BWS tech-
nique can be an effective tool for rating and 
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ranking preferences in the civil engineering 
domain and provides an opportunity for 
more studies of this nature to be con-
ducted. The research has also shown that 
the BWS method can be an effective way 
to engage with communities to understand 
their prioritised areas of needs and to iden-
tify specific areas of concern.
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APPENDIX A
Which of the following public transport mode features most concerns you and which concerns you the least?

(1 of 10)

Most 
Concerning

Feature
Least 

Concerning

 Travel Delays

Overcrowding

Personal Safety (crime)

Reliability (availability)

(2 of 10)

Most 
Concerning

Feature
Least 

Concerning

 Frequency (waiting time)

Unsafe Driving 

Travel Costs

Protest Action (strikes)

(3 of 10)

Most 
Concerning

Feature
Least 

Concerning

 Unclean Conditions

Walking Distance (to/from access point)

Walking Safety (to/from access point)

Lack of Disability Service

(4 of 10) 

Most 
Concerning

Feature
Least 

Concerning

 Traffic Jams/Congestion

Travel Delays

Overcrowding

Personal Safety (crime)

(5 of 10)

Most 
Concerning

Feature
Least 

Concerning

 Reliability (availability)

Frequency (waiting time)

Unsafe Driving

Travel Costs 

(6 of 10)

Most 
Concerning

Feature
Least 

Concerning

 Protest Action (strikes)

Unclean Conditions

Walking Distance (to/from access point)

Walking Safety (to/from access point)

(7 of 10) 

Most 
Concerning

Feature
Least 

Concerning

 Personal Safety (crime)

Reliability (availability)

Frequency (waiting time)

Unsafe Driving 

(8 of 10)

Most 
Concerning

Feature
Least 

Concerning

 Lack of Disability Service

Traffic Jams/Congestion

Travel Delays

Overcrowding

(9 of 10)

Most 
Concerning

Feature
Least 

Concerning

 Travel Costs

Protest Action (strikes)

Unclean Conditions 

Walking Distance (to/from access point)

(10 of 10) 

Most 
Concerning

Feature
Least 

Concerning

 Walking Safety (to/from access point)

Lack of Disability Service

Traffic Jams/Congestion

Travel Delays
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