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Abstract: Gated communities is a growing phenomenon in South Africa and abroad. The enclosed
and private nature of gated communities poses certain challenges to recycling. Using the Theory
of Planned Behaviour, we examine the effect of a weekly comingled kerbside collection service
on household recycling in a gated community. We used an ex post facto design and surveyed
and compared recycling behaviour across two separate, but comparable communities; Boardwalk
Meander, with no service, and Silver Lakes, with a service. Factor analyses validated the construct
‘perceived behavioural control’ in both settings. Households in Silver Lakes were more than three
times likely to recycle in comparison to Boardwalk Meander. Multivariate Analysis of Variance
suggests that the service had an overall significant effect on attitude, subjective norm and control.
Post hoc tests suggest that recyclers in Silver Lakes felt equally positive, but more pressured and
able to recycle, as compared to recyclers in Boardwalk Meander. Significantly more recyclers and
non-recyclers in Silver Lakes felt they had enough space to recycle, as compared to their counterparts
in Boardwalk Meander, even though house and yard sizes were the same across the two settings.
We conclude with policy, planning and design recommendations for facilitating comingled kerbside
collection in gated communities.

Keywords: comingled kerbside recycling; household recycling; gated community; theory of planned
behaviour; exploratory factor analysis; multivariate analysis of variance

1. Introduction

South African legislation currently requires integrated waste management and is aimed at
establishing separation at source in urban areas by 2016 [1,2]. Current levels of recycling in South
Africa are, however, very low [3]. In 2012, only about 10% of all waste was recycled [4], while only
about 3.3% of households recycled [5]. With full separation at source a distant goal in South Africa,
comingled kerbside collection currently appears to be the most viable option to encourage household
participation in recycling. Many households in South Africa, though, find themselves in enclosed
residential developments that present challenges to kerbside collections, such as restricted access,
privatised space, and management rules.

Gated communities are one type of enclosed development that has increased noticeably in South
Africa. Such communities are ‘residential areas with restricted access in which normally public spaces
are privatized’ [6]. Landman and Badenhorst [7] identify two main types of gated communities in
South Africa, i.e., enclosed neighbourhoods (existing neighbourhoods that are closed off in retrospect),
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and security villages/developments (new private gated developments for residential or non-residential
use). Security villages/developments have four subtypes, i.e., large luxury estates, gated townhouse
complexes, gated apartments, and non-residential gated parks. Although precise data are lacking on
the proportion of people or households in South Africa living in gated communities, Landman and
Badenhorst [7] have shown that gated communities have recently had a considerable impact on spatial
transformation in Johannesburg. In security developments and large luxury estates in particular,
access is typically controlled by perimeter fencing or walls and most often 24 h security that regulates
entrance for non-residents. Collection of recyclables by formal and/or informal recyclers would thus
be restricted, if not impossible, while access is usually only granted for municipal collection of residual
waste. Residents also tend to define themselves as tight-knit communities which offers the opportunity
to study community effects on recycling, a factor that has been shown to increase recycling [8–10].

Previous research on socio-spatial factors affecting household recycling in townhouses (another
type of enclosed development) has shown the importance of providing appropriate recycling facilities
for specific housing types [11]. While it has been shown that households in Exeter (UK) and Kuala
Lumpur (Malaysia) were more likely to recycle with access to kerbside collection [12–14], few studies
have examined the effect of comingled kerbside collection on household recycling in specific residential
settings. One study on waste management in middle-class gated communities in Bangalore (India)
suggests that community-led initiatives for segregation at source are successful due to peer pressure
and strong social networks [15]. Some recent comparisons of recycling schemes of different maturity
have shown that the presence/absence of a convenient kerbside collection service is the most important
factor behind increased household sorting [16–18]. Good communication and clear information about
what to recycle are also key drivers [17,19], especially when introducing new programmes or making
changes to existing ones [20]. Comingled kerbside collection results in higher participation rates than
single material collection [21,22], although it may result in a lower percentage of recyclable material
due to contamination [23]. To our knowledge there are no published studies in the framework of the
Theory of Planned Behaviour that examine the effect of comingled kerbside collection on household
recycling in the context of gated communities or security developments in particular.

Given the unique features of gated communities, especially security developments, what effect
can comingled kerbside collection services have on household recycling, and how may planners
respond to help facilitate recycling in security developments? We examine the effect of a comingled
kerbside collection service on household recycling by comparing responses in Silver Lakes, a large
luxury estate with such a service, with responses in Boardwalk Meander, a similar large luxury estate,
but with no such service. We first present the Theory of Planned Behaviour followed by a discussion of
the study method. We then present results in terms the (1) socio-demographic profile of respondents;
(2) construct validity; and (3) effect on actual household recycling and the determinants of recycling.
We conclude with policy, planning and design recommendations for facilitating comingled kerbside
collection in security developments.

2. Theoretical Framework

We used Ajzen’s [24] well-known Theory of Planned Behaviour (TPB) as a theoretical
framework considering its applicability to environmental behaviour, especially recycling [25–28].
According to the TPB, there are three determinants of behaviour, including ‘attitude’ towards the
behaviour (i.e., perceptions about the consequences of performing the behaviour), ‘subjective norm’
(i.e., perceptions of others’ expectations to perform the behaviour, notably social pressure), and
‘perceived behavioural control’ (PBC) (i.e., perceptions of how much control one has to perform the
behaviour, notably the ability to perform the behaviour). The interaction between these determinants
leads to an intention to perform the behaviour followed by the behaviour itself. The TPB basically
suggests that if people’s feelings about a certain behaviour are positive, they feel expected to perform
the behaviour, and they feel they are able to do so, then their intention to perform the behaviour should
be strong and they would most probably perform the behaviour [29].
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Some studies on recycling include additional determinants, such as moral norm, past experience
and perceived consequences of recycling [25,28]. We found the original framework of the TPB sufficient
to address our main question about the overall effect of a recycling service on recycling behaviour in a
security development. Given our focus on a security development, we were particularly interested in
the role of spatial and physical factors relative to social factors. For us the construct of PBC presented
a conceptual category within which to address spatial and physical factors, though we had a wider
understanding of PBC to include situational factors such as storage space and access to recycling
facilities [29]. This study is arguably one of the first to examine the applicability of the TPB in examining
the effect of a comingled kerbside collection service on household recycling in a gated community,
specifically a security development, and can therefore provide a basis for further studies that may
include additional constructs or examine the effect of comingled kerbside collection services in other
types of enclosed residential developments.

3. Method

3.1. Research Design and Setting

We used an ex post facto design for this study. In order to examine the effect of a recycling service on
recycling behaviour in a security development, we conducted a survey in two separate, but comparable
communities, one that had a service, and one that did not. We used the same sampling technique and
questionnaire and compared responses between the two communities. The design is therefore similar
to a pre-experimental static group comparison, but without a control. Although ex post facto studies lack
the same control of experimental designs, it is nevertheless a legitimate design and applicable to the
current setting and question posed in this study [30,31]. Thus, instead of emphasising cause-and-effect,
we focused on how differences in recycling behaviour between the two settings were associated with
the presence/absence of a recycling service.

We conducted the surveys in Boardwalk Meander and Silver Lakes, two high-income security
estates on the eastern edge of Pretoria, the administrative capital of South Africa. Although both
communities are located on the eastern edge and are considered high-income relative to most other
neighbourhoods in Pretoria, they are approximately 6 km apart and have no direct bearing or influence
on each other. Consumer surveys suggest that Pretoria east had the highest average monthly household
income in urban South Africa during 2016 at R28974 or approximately $2426 as at March 2018 exchange
rates. Both communities are access-controlled with a closed- or hierarchical road network and luxurious
freestanding houses on individual stands. Both communities are privately managed, while the role
of the local authority is limited to regulation and provision of bulk services. Average stand sizes
are approximately 1060 m2 in Boardwalk Meander and 1090 m2 in Silver Lakes, with a coverage
of 50% and average house size of approximately 350 m2 in both estates. Boardwalk Meander has
approximately 260 stands while Silver Lakes has approximately 1200 stands. Figures 1 and 2 show the
layout plans of Boardwalk Meander and Silver Lakes.

Although Boardwalk Meander is smaller than Silver Lakes in terms of number of stands, the
spatial and physical comparability between them is evident, i.e., the physical and spatial features
that may influence household recycling, such as accessibility, layout, stand size, housing type, road
reserve, and kerbside design, are similar. At the time of the study, both estates were serviced by
weekly municipal refuse collection requiring households to put out wheelie-bins on the kerbside.
The municipal service required no separation or recycling and collected all forms of materials and
waste except garden refuse, building rubble, and other forms of hazardous or toxic waste that would
otherwise be considered illegal. Boardwalk Meander had no formal recycling service inside the
estate in addition to the standard municipal service. Residents would have had to take recyclables
to different collection points for different materials at nearby schools, offices, or shopping centres.
Silver Lakes, on the other hand, had a free weekly comingled kerbside collection service that was
already in place at the time of our study. Residents would place any paper, glass, metal or plastic
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(i.e., dry recyclables) in any of their own bags and put it out on the kerbside every morning of a specific
day of the week. The estate management used their own staff and vehicles to collect the bags and to
take it to a central point inside the estate where the materials were separated. The management then
arranged access for different private recycling companies to collect different respective materials from
the estate. The service therefore involved no costs to residents at the time of our study. We selected
Silver Lakes as it was the only gated community in Pretoria east that we were aware of that had a
weekly comingled collection service in place at the time of our study, and Boardwalk Meander based
on its comparability with Silver Lakes and lack of recycling services.
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3.2. Measurement and Questionnaire Design

Using the TPB, we designed a questionnaire to capture the basic socio-demographic characteristics
and recycling behaviour of households (see Annexure 1). Table 1 shows the items we formulated to
measure the constructs of ‘attitude’ (towards recycling), ‘subjective norm’ (social pressure), and PBC
(ability to recycle).

Table 1. Questionnaire items used to measure Theory of Planned Behaviour (TPB) constructs.

Attitude (Towards Recycling) Subjective Norm (Social Pressure) Perceived Behavioural Control (Ability to Recycle)

“Please indicate the extent to which
you agree or disagree with the

following statements:”

“Please indicate the extent to which you agree
or disagree with the following statements:”

“On a scale of 1 to 5, with ‘1’ being ‘not at all’, and ‘5’
being ‘to a large extent’, to what extent . . . ”

Recycling is important for the sake of
the environment. (A1)
Recycling is not worth the cost
incurred by recycling companies. (A2)
Recycling is important to help reduce
waste in municipal landfills. (A3)
Recycling is not worth the effort
incurred by households. (A4)

My family and friends would like me to
recycle my household waste. (SN1)
My neighbours would approve of me recycling
my household waste. (SN2)
My local authority (City of Tshwane) expects
me to recycle my household waste. (SN3)

. . . do you have information on what, where, when and
how to recycle? (PBC1)
. . . is there sufficient space or facilities within your house
to do recycling? (PBC2)
. . . is there sufficient space or facilities in your yard to do
recycling? (PBC3)
. . . is there sufficient space or facilities inside your estate
to do recycling? (PBC4)
. . . does your body corporate or resident association
promote or support recycling inside your estate? (PBC5)
. . . do recycling companies have access to your estate to
collect recyclables? (PBC6)
. . . do you have access to a kerbside or collection point for
recycling just outside your estate? (PBC7)

We discuss the formulation of these items in more detail in a similar study about recycling
in townhouses in the same special issue of Waste, Space, and Place [11]. The main points are
summarised below.

Attitude and subjective norm were measured with four and three statements respectively about
recycling followed by five-point Likert scales ranging from ‘agree completely’, ‘agree to some
extent’, ‘neither agree nor disagree’, ‘disagree to some extent’, to ‘disagree completely’ (e.g., see
Martin et al. [32]). PBC was measured with seven questions about the household’s ability to recycle
followed by five-point numbered scales ranging from ‘not at all’ towards ‘to a large extent’. To measure
PBC we followed a similar approach to Tonglet et al. [25] and Davies et al. [29] by using a combination
of traditional items (ease and opportunity) and facilitating/inhibiting items (knowledge and resources).

Our conceptualisation of ‘attitude’ conforms to Wan et al.’s [33] conception of an experiential and
instrumental dimension to attitude, though we did not include a cognitive dimension (i.e., knowledge
about the consequences of recycling) as suggested by Davies et al. [29]. We also conceptualised social
norms in terms of injunctive norms only, i.e., the perceived expectation by others to recycle, without
any descriptive norms, i.e., the knowledge that others recycle [34]. Instead, we measured social norms
by relating each item to a specific social group instead of the unspecified phrase ‘ . . . most people who
are important to me . . . ’ used in certain studies (e.g., see Tonglet et al. [25]).

Considering that the construct of ‘intention’ has been criticised for failing to predict actual
behaviour [29], we did not measure intentions to recycle as per the original TPB framework. Instead,
we captured actual recycling with a question that asked respondents whether their households had
recycled any paper, glass, metal or plastic (i.e., dry recyclables) in the past three months followed by a
binary ‘yes/no’ response.

We translated the questionnaire to include an Afrikaans version, piloted both the English and
Afrikaans versions, and submitted final versions for ethical clearance. The Research Ethics Committee
of the Faculty of Engineering, Built Environment, and Information Technology at the University of
Pretoria granted clearance on the 19th of May 2014 (reference number EBIT/16/2014). The clearance
required informed consent, voluntary participation, and anonymity of responses.
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3.3. Data Collection

Using base maps of Boardwalk Meander and Silver Lakes that showed individual stands, we
numbered each stand and randomly sorted stand numbers using Excel (Microsoft Corporation,
Redmond, WA, USA). After we negotiated access with the management of Boardwalk Meander
and Silver Lakes, 18 undergraduate students in Town and Regional Planning, who participated in the
study as part of their final year research project, surveyed households in both communities using the
randomly sorted lists of stand numbers and self-administered questionnaires. The planning students
were trained and mentored by research psychology master’s students on various aspects of fieldwork,
data analysis and report writing (see Wagner, Du Toit and Venter [35]).

Considering that we obtained ethical clearance to survey residents of 19 years or older
(i.e., residents past the school-going age in South Africa), the students identified a member of
19 years or older in each household who was the most appropriate person to answer the questionnaire.
The students introduced the study, obtained informed consent, and then asked respondents to complete
the questionnaire in their presence. The students could therefore assist respondents with clarifying
questions and encourage non-recycling households to participate if they thought the study applied to
recyclers only.

Students were able to survey 131 households in Boardwalk Meander after which they started
encountering saturation, yielding a sample of approximately 50%. In Silver Lakes they were able to
survey 300 households within the time they were granted access, yielding a sample of approximately
25%. Upon completion of the survey, random spot-checks were conducted on a small sample of
completed questionnaires collected by each student. After authenticating each student’s batch of
questionnaires, data were captured, cleaned, and analysed.

3.4. Data Analysis

We analysed the data using SPSS 24 (International Business Machines Corp., Armonk, NY, USA).
Since some of the Likert scales were reversed, we were able to identify a response set in nine cases, one
in Boardwalk Meander and eight in Silver Lakes. These cases were removed to yield a final sample
of 422 valid responses (n = 422); 130 from Boardwalk Meander (n = 130) and 292 from Silver Lakes
(n = 292). We first conducted an exploratory factor analysis for Boardwalk Meander and Silver Lakes
to determine the construct validity of the 14 individual TPB items in each setting. We then conducted a
chi-square test to determine the effect of the recycling service on household participation, followed by
a Multivariate Analysis of Variance (MANOVA) and post hoc tests to determine the overall effect of the
service on the determinants of recycling behaviour (attitude, subjective norm and PBC). We followed
up the MANOVA with chi-square tests for group differences and a measure of association across each
of the 14 TPB items. Statistical significance was calculated at the 0.05 level.

4. Results and Discussion

4.1. Socio-Demographic Profile of Respondents

Table 2 shows the socio-demographic profile of respondents at Boardwalk Meander and Silver
Lakes in terms of gender, age, highest level of education completed, and position in the household.
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Table 2. Socio-demographic profile of respondents at Boardwalk Meander and Silver Lakes.

Socio-Demographics
Boardwalk Meander Silver Lakes

n % n %

Gender
Female 82 63.1 191 65.4
Male 48 36.9 101 34.6
Total 130 100.0 292 100.0

Age

19–35 Years 33 25.4 49 16.8
36–59 Years 87 66.9 193 66.1
60+ Years 10 7.7 50 17.1

Total 130 100.0 292 100.0

Highest level of
education
completed

Matric/Grade 12 or less 22 16.9 55 19.1
Certificate or diploma 31 23.8 73 25.3
Bachelor or honours 57 43.8 105 36.5
Masters or doctoral 20 15.4 55 19.1

Total 130 100.0 288 1 100.0

Position in the
household

Head of the household 52 40.0 110 38.3
Spouse of the head of the household 64 49.2 149 51.9

Other (e.g., dependent) or not
applicable (e.g., cohabiting) 14 10.8 28 9.8

Total 130 100.0 287 2 100.0
1 Four respondents did not indicate their level of education; 2 Five respondents did not indicate their position in
the household.

At the time of the study, household members in Boardwalk Meander and Silver Lakes who were
mainly responsible for recycling were, in both settings, predominantly female, 36 to 59 years old,
qualified at a tertiary level, and described themselves as the spouse of the head of the household.
The average household size was approximately 3.6 persons in Boardwalk Meander and 3.8 persons in
Silver Lakes, while the average number of children per household was approximately 1.4 in Boardwalk
Meander and 1.3 in Silver Lakes. Chi-square tests revealed no statistically significant differences in
the socio-demographics between the two settings, except with regard to age χ2 (2) = 9.063, p = 0.01.
Yet, Table 2 shows that the bulk of respondents in both settings (67% and 66% respectively) fell in
the same age category of 36 to 59 years old. Boardwalk Meander had a larger proportion of younger
respondents while Silver Lakes had a larger proportion of older respondents. The two settings are
therefore comparable with regard to socio-demographics. Although this does not mean that we
controlled for the possible influence of socio-demographics during the surveys, it does suggest that
responses can be compared between the two settings with reasonable confidence.

4.2. Construct Validity

We conducted two separate exploratory factor analyses for Boardwalk Meander and Silver
Lakes to determine the construct validity of the 14 TPB items. Both analyses were conducted
using principal component analysis (PCA) with an Oblimin rotation and Kaizer normalisation.
For Boardwalk Meander, the Kaiser–Meyer–Olkin measure verified the sampling adequacy for the
analysis, KMO = 0.65, suggesting a weak though acceptable sample according to Field [36]. All 14 KMO
values, except two (A3 and SN3), were above the acceptable limit of 0.5 [36]. Respondents’ uncertainties
or differing views about the impact on landfills and the expectations of the local authority might
have played a role here. However, Barlett’s test of sphericity χ2 (91) = 344.491, p < 0.001, indicated
that correlations between items were sufficiently large for PCA. Three factors were specified to
correspond with the TPB. All three factors had initial eigenvalues over Kaiser’s criterion of 1 and
in combination explained 45.4% of the variance. Table 3 shows the factor loadings for Boardwalk
Meander after rotation.
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Table 3. Summary of the PCA results for the TPB constructs at Boardwalk Meander. (n = 118).

Item
Rotated Factor Loadings (Pattern Matrix)

1 2 3

. . . does your body corporate or resident association promote or support
recycling inside your estate? (PBC5) 0.761

. . . do recycling companies have access to your estate to collect
recyclables? (PBC6) 0.704

. . . do you have information on what, where, when and how to recycle? (PBC1) 0.676

. . . is there sufficient space or facilities inside your estate to do
recycling? (PBC4) 0.631

. . . do you have access to a kerbside or collection point for recycling just outside
your estate? (PBC7) 0.493

Recycling is worth the effort incurred by households. (A4) 1 0.742

My neighbours would approve of me recycling my household waste. (SN2) 0.673

. . . is there sufficient space or facilities in your yard to do recycling? (PBC3) (0.419) −0.597

Recycling is worth the cost incurred by recycling companies. (A2) 1 0.547

. . . is there sufficient space or facilities within your house to do
recycling? (PBC2) (0.468) −0.539

Recycling is important for the sake of the environment. (A1) 0.616

My family and friends would like me to recycle my household waste. (SN1) (0.402) 0.501

Recycling is important to help reduce waste in municipal landfills. (A3) 0.478

My local authority (City of Tshwane) expects me to recycle my household
waste. (SN3) 0.368

Initial eigenvalues 3.17 1.91 1.28
% of variance 22.6 13.7 9.1

1 The original questionnaire items that were phrased in the negative were reversed for the factor analysis.

The items that cluster on the same components suggest that component 1 represents perceived
behavioural control, component 2 represents all three constructs, and component 3 represents attitude
and subjective norm. However, the two control factors under component 2 load equally well onto
component 1, validating the construct of control in Boardwalk Meander, whereas attitude and
subjective norm do not appear to be distinct constructs.

For Silver Lakes, the Kaiser–Meyer–Olkin measure provided a stronger verification of the
sampling adequacy compared to Boardwalk Meander, KMO = 0.75, suggesting a good sample
according to Field [36]. All 14 KMO values were > 0.6, which is well above the acceptable limit
of 0.5. Moreover, Barlett’s test of sphericity χ2 (91) = 987.38, p < 0.001, indicated that correlations
between items were sufficiently large for PCA. Again, three factors were specified to correspond
with the TPB. All three factors had initial eigenvalues over Kaiser’s criterion of 1 and in combination
explained 51.8% of the variance. Table 4 shows the factor loadings for Silver Lakes after rotation.



Sustainability 2018, 10, 1207 9 of 16

Table 4. Summary of the PCA results for the TPB constructs at Silver Lakes. (n = 235).

Item
Rotated Factor Loadings (Pattern Matrix)

1 2 3

. . . does your body corporate or resident association promote or support
recycling inside your estate? (PBC5) 0.908

. . . do recycling companies have access to your estate to collect
recyclables? (PBC6) 0.871

. . . do you have information on what, where, when and how to
recycle? (PBC1) 0.723

. . . do you have access to a kerbside or collection point for recycling just
outside your estate? (PBC7) 0.456

My family and friends would like me to recycle my household waste. (SN1) 0.730

Recycling is important to help reduce waste in municipal landfills. (A3) 0.698

My neighbours would approve of me recycling my household waste. (SN2) 0.688

Recycling is important for the sake of the environment. (A1) 0.670

Recycling is worth the cost incurred by recycling companies. (A2) 1 0.461

Recycling is worth the effort incurred by households. (A4) 1 0.416 (−0.400)

My local authority (City of Tshwane) expects me to recycle my household
waste. (SN3) 0.411

. . . is there sufficient space or facilities in your yard to do recycling? (PBC3) 0.874

. . . is there sufficient space or facilities within your house to do
recycling? (PBC2) 0.835

. . . is there sufficient space or facilities inside your estate to do
recycling? (PBC4) 0.540

Initial eigenvalues 3.86 2.17 1.23
% of variance 27.5 15.5 8.8

1 The original questionnaire items that were phrased in the negative were reversed for the factor analysis.

As with Boardwalk Meander, the items that cluster on the same components suggest that
component 1 represents perceived behavioural control, whereas component 2 represents attitude
and subjective norm. The three remaining control factors that loaded separately onto component 3
are about the availability of space for recycling, suggesting ‘space’ to be a distinct construct. Again,
attitude and subjective norm do not appear to be distinct from each other.

We repeated both PCAs specifying two factors only. For Boardwalk Meander, five of the seven
control items loaded onto component 1, while the remaining two also loaded reasonably well onto
component 1 (0.325 and 0.388). All the attitudinal and normative items loaded separately onto
component 2. For Silver Lakes, all the control factors, including those around ‘space’, loaded onto
component 1, while all the attitudinal and normative items loaded separately onto component 2.

The construct validity in this study differs to the validity we obtained in our study in townhouses,
in which a confirmatory factor analysis on the same questionnaire verified the three-factor model of
the TPB [11]. Respondents in the exclusively higher income communities of Boardwalk Meander and
Silver Lakes are arguably more homogeneous in terms of socio-demographic profile and economic
status compared to respondents in the middle income townhouse estates, suggesting that respondents
in Boardwalk Meander and Silver Lakes perhaps do not really differentiate between their own attitudes
towards recycling and the perceived expectations of their neighbours (hence, their neighbours’ own
attitudes towards recycling). Still, the exploratory factor analyses in this study clearly validated
‘control’ as a distinct construct, with ‘control’ being one of the more important determinants in terms
of examining the effect of recycling services in gated communities. Moreover, the conflation of attitude
and subjective norm does not necessarily change the main outcome of the study.
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4.3. Effect on Actual Household Recycling and the Determinants of Recycling

With regard to the effect on actual household recycling, a chi-square test and Phi-coefficient
revealed a highly significant but moderate association between the weekly comingled kerbside
collection service and actual household recycling χ2 (1) = 32.169, p < 0.000, ϕ = −0.277, with 82.4% of
households in Silver Lakes having recycled paper, glass, plastic or metal (i.e., dry recyclables) in the past
three months at the time of the survey, compared to only 56.2% of households in Boardwalk Meander.
The odds of households recycling were 3.65 times higher in Silver Lakes with the service compared
to Boardwalk Meander without the service. However, considering social desirability bias and the
tendency for self-reported recycling to be overstated, the actual rate of recycling in both settings is likely
to be lower [34,37–40]. Operations staff at Silver Lakes confirmed that apart from our survey, there
have not been any other attempts to determine recycling participation. Further research may focus on
monitoring set out rates to determine and compare actual participation with reported participation.

We conducted a MANOVA to examine the possible overall effect of the recycling service on the
determinants of recycling (i.e., attitude, subjective norm, and PBC). We computed a single composite
mean for attitude, subjective norm and PBC, and compared the three composite means across four
groups, i.e., a recycling and non-recycling group in both Boardwalk Meander and Silver Lakes
(i.e., 3 × 4 = 12 comparisons). Thus, we were also interested to see how the effect of the recycling
service on behaviour differed between recyclers and non-recyclers in Silver Lakes, and how recyclers
and non-recyclers in Silver Lakes would compare to their counterparts in Boardwalk Meander.

The assumptions of MANOVA include (1) independence, (2) random sampling, (3) multivariate
normality, and (4) homogeneity of covariance matrices [36]. Our research design enabled us to meet
the first two assumptions considering that households in both Boardwalk Meander and Silver Lakes
were sampled randomly and interviewed independently.

The third assumption requires that each dependent variable is normally distributed within each
group (requiring 12 normal distributions). We conducted a Kolmogorov-Smirnov (K-S) test on each of
the distributions to compare sample scores with a normally distributed set of scores with the same
mean and standard deviation. Only three of the 12 distributions were normal, while 9 were significantly
non-normal D(73) = 0.229, p < 0.001; D(56) = 0.169, p < 0.001; D(236) = 0.253, p < 0.001; D(51) = 0.146,
p < 0.05; D(73) = 0.100, p = 0.07; D(56) = 0.160, p < 0.05; D(236) = 0.141, p < 0.001; D(51) = 0.151, p < 0.05;
D(73) = 0.103, p = 0.05; D(56) = 0.068, p = 0.20; D(236) = 0.158, p < 0.001; D(51) = 0.130, p < 0.05. However,
Field [36] points out that the K-S test is sensitive to sample size and may yield significant results from
even small deviations from normality. Moreover, P-P plots reveal some tendency towards normality in
most of the distributions.

The fourth assumption requires that the variances in each group are roughly equal for each
dependent variable and that the correlation between any two dependent variables is the same in all
groups. For this assumption the univariate tests of equality of variances between groups should be
met. We tested this assumption using Levene’s test and compared the variance-covariance matrices
between groups using Box’s test considering the difference in sample sizes. For subjective norm
and PBC, variances were equal for the four groups F(3, 412) = 0.332, ns; F(3, 412) = 0.366, ns, but for
attitude the variances were significantly different F(3, 412) = 7.692, p < 0.001. Box’s test was significant
F(18, 141839) = 2.283, p = 0.001, suggesting that the covariance matrices were significantly different
between the groups and that the homogeneity assumption is violated. However, Field [36] points out
that results from a MANOVA should not be trusted only when p < 0.001 for Box’s test.

While we were able to meet the first two of the four assumptions, we acknowledge that we were
only able to meet the third and fourth assumptions partially. Results from the MANOVA should
therefore be treated cautiously and only be used to obtain a general idea of the overall effect of the
recycling service.

Using Pillai’s trace, the MANOVA suggests that the recycling service had an overall significant
effect on the determinants of recycling V = 0.31, F(9, 1236) = 15.9, p < 0.001. Therefore, not only were
households in Silver Lakes that benefited from the service more than three times likely to recycle
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compared to households in Boardwalk Meander, recyclers and non-recyclers in Silver Lakes probably
also felt more positive about recycling, more pressured to recycle, or more able to recycle compared to
their counterparts in Boardwalk Meander. Because we do not test any specific hypothesis, we also
conducted post hoc tests to compare each group to all other groups in terms of attitude, subjective
norm and PBC. Table 5 shows the probability values of the post hoc tests. For attitude we used the
Games-Howell procedure as Levene’s test showed that variances differed between the four groups
with regard to attitude. For norms and control we used Hochberg’s GT2 as sample sizes differ between
the four groups [36]. Table 6 shows the descriptive statistics of the MANOVA.

Table 5. Probability (p) values of the post hoc tests.

Boardwalk Meander Silver Lakes

Non-Recycling Recycling Non-Recycling

Attitude
(Games-Howell)

Boardwalk
Meander

Recycling 0.446 0.796 0.027 1

Non-recycling 0.059 0.386
Silver Lakes Recycling 0.002 1

Subjective norm
(Hochberg’s GT2)

Boardwalk
Meander

Recycling 0.996 0.003 1 1.000
Non-recycling 0.001 1 0.990

Silver Lakes Recycling 0.027 1

Perceived Behavioural Control
(Hochberg’s GT2)

Boardwalk
Meander

Recycling 0.000 1 0.000 1 0.439
Non-recycling 0.000 1 0.000 1

Silver Lakes Recycling 0.002 1

1 Significant at the 0.05 level.

Table 6. Descriptive statistics of the MANOVA.

Construct Statistic
Boardwalk Meander Silver Lakes

Recycling Non-Recycling Recycling Non-Recycling

Attitude
n 73 56 236 51

Composite mean 1.494 1.653 1.426 1.882
Standard deviation 0.575 0.618 0.507 0.839

Subjective norm
n 73 65 236 51

Composite mean 2.368 2.449 1.953 2.343
Standard deviation 0.831 0.866 0.885 0.971

Perceived Behavioural Control
n 73 56 236 51

Composite mean 3.500 2.892 4.203 3.750
Standard deviation 0.842 0.807 0.795 0.858

Of particular interest is how the recycling and non-recycling groups in Silver Lakes differ from
their respective counterparts in Boardwalk Meander. Table 5 shows that the recycling group in Silver
Lakes differed significantly from the recycling group in Boardwalk Meander with regard to subjective
norm and PBC, but not attitude (p < 0.05, p < 0.001, p = 0.80). Table 6 shows that recyclers in Silver
Lakes felt significantly more pressured as well as able to recycle compared to recyclers in Boardwalk
Meander. The mere presence of a weekly comingled collection service can therefore make recyclers
feel more pressured and able to recycle, supporting the view that the normative and visible nature of
recycling can influence others to recycle [34,37], while the absence of such a service does not necessarily
mean that recyclers who have to use other and probably less convenient means of recycling might be
less positive about recycling.

Table 5 shows that non-recyclers in Silver Lakes differed significantly from non-recyclers in
Boardwalk Meander with regard to PBC, but not attitude or subjective norm (p < 0.001, p = 0.39,
p = 0.10). Table 6 shows that non-recyclers in Silver Lakes felt significantly more able to recycle
compared to non-recyclers in Boardwalk Meander. Therefore, although the presence of a recycling
service can make non-recyclers feel more able to recycle, they do not necessarily feel more positive
or pressured to recycle compared to non-recyclers elsewhere. This suggests that recycling services
in gated communities with relatively homogeneous resident profiles may need to be coupled with
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more careful design, awareness or incentivising measures to influence the attitudes and perceptions of
non-recyclers along ways other than peer pressure.

In fact, Table 6 shows that, despite the presence of a service, non-recyclers in Silver Lakes are
actually less positive about recycling compared to non-recyclers in Boardwalk Meander, although
this difference is not statistically significant. Standard deviations for non-recyclers in Silver Lakes
are the highest across all three constructs, suggesting two opposing groups of respondents amongst
non-recyclers in Silver Lakes more so than in any of the other three groups. Cross tabulations of
individual TPB items confirm that, of all four groups, the largest proportion of respondents that
showed negative attitudes on each of the four attitudinal items were all non-recyclers in Silver Lakes.
It is therefore possible that the presence of a recycling service may actually contribute towards negative
attitudes about recycling, especially if the service is perceived as, for example, a security risk or
aesthetic problem. Operational staff at Silver Lakes pointed out that non-recyclers in Silver Lakes
might have been put off by the sight of a mix of different types of recycling bags on sidewalks with
higher levels of wind-blown litter on recycling collection days. If so, this suggests the importance of
formalising kerbside collection in gated communities by providing appropriate bags and bins of the
same standard as municipal services.

In addition to the MANOVA and post hoc tests, we conducted chi-square tests and calculated
measures of association for the 14 individual TPB items across recycling and non-recycling groups in
Boardwalk Meander and Silver Lakes. For the chi-square tests responses on the original five-point
scales were recoded into three conceptually similar categories to reduce the number of cells with
expected frequencies below 5. For the measures of association, we used Cramer’s V as variables
were categorical with more than two categories. Table 7 shows the results of the chi-square tests and
measures of association.

Table 7. Chi-square tests and measures of association for individual TPB items across recycling and
non-recycling groups in Boardwalk Meander and Silver Lakes.

Construct Item n χ2 Cramer’s V p-Value

Attitude

A1 419 16.283 1 0.139 0.012 2

A2 407 10.761 0.115 0.096
A3 418 3.049 1 0.060 0.803
A4 417 34.714 0.204 0.000 2

Subjective norm
SN1 415 30.321 0.191 0.000 2

SN2 403 4.567 1 0.075 0.600
SN3 402 37.565 0.216 0.000 2

Perceived Behavioural Control

PBC1 417 102.916 0.351 0.000 2

PBC2 418 40.337 0.220 0.000 2

PBC3 417 32.620 0.198 0.000 2

PBC4 406 12.916 0.126 0.044 2

PBC5 411 95.525 0.341 0.000 2

PBC6 406 79.891 0.314 0.000 2

PBC7 390 42.188 0.233 0.000 2

1 More than 20% of cells had expected frequencies below 5; 2 Significant at the 0.05 level.

Table 7 shows that the four groups differed significantly across all except three of the 14 items,
supporting the result of the MANOVA that the recycling service had an overall significant effect on the
behavioural determinants of recycling in Silver Lakes. Differences were also highly significant for most
of the items (p < 0.001). All seven PBC items were significant, with a moderate to strong association
between group and three PBC items, including PBC1 (‘Do you have information on what, where, when
and how to recycle?’), PBC5 (‘Does your body corporate promote or support recycling inside your
estate?’) and PBC6 (‘Do recycling companies have access to your estate to collect recyclables?’).
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Annexure 2 contains tables showing the descriptive statistics of the chi-square tests for each
of the 14 individual TPB items across recycling and non-recycling groups in Boardwalk Meander
and Silver Lakes. Significantly larger percentages of recyclers and non-recyclers in Silver Lakes
(81% and 41% respectively) indicated that they had sufficient information compared to recyclers and
non-recyclers in Boardwalk Meander (62% and 19% respectively). However, a noticeable percentage of
non-recyclers in Silver Lakes (39%) indicated that they had no information, despite the visibility of
weekly kerbside collections inside the estate. This may be a deliberate response by non-recyclers to
legitimise their lack of participation, or, may indicate that additional information is in fact necessary to
ensure fuller participation in Silver Lakes. As expected, significantly larger percentages of recyclers
and non-recyclers in Silver Lakes (90% and 70% respectively) indicated that their body corporate
fully supported recycling compared to recyclers and non-recyclers in Boardwalk Meander (60% and
34% respectively). The weekly service in Silver Lakes therefore also raised residents’ awareness of
the role of the body corporate in facilitating recycling inside the estate. Similarly, significantly larger
percentages of recyclers and non-recyclers in Silver Lakes (93% and 82% respectively) confirmed that
recycling companies had proper access to their estate compared to their counterparts in Boardwalk
Meander (67% and 43% respectively).

While we indicated earlier that Boardwalk Meander and Silver Lakes are comparable with regard
to average stand and house sizes, all three control items around the sufficiency of space for recycling
(PBC2-4), though not strongly associated with group, yielded significant differences between groups.
Interestingly, significantly larger percentages of both recyclers and non-recyclers in Silver Lakes
indicated that they had sufficient space or facilities within their (1) house, (2) yard and (3) estate to
recycle ((1) 70% and 47%; (2) 77% and 61%; (3) 75% and 70% respectively) compared to recyclers and
non-recyclers in Boardwalk Meander ((1) 48% and 32%; (2) 55% and 42%; (3) 67% and 55% respectively).
Moreover, there are no specific planning or designs features in and around houses, yards, or within the
estate of Silver Lakes to facilitate recycling in such a way that it would necessarily be easier to recycle
in Silver Lakes compared to Boardwalk Meander. This suggests that the weekly service in Silver Lakes
probably contributed directly and indirectly to an increased sense of sufficient space, and hence ability,
to recycle, even though yards and houses are not larger than in Boardwalk Meander. Directly, in the
sense that recyclers, who actually participated in the service experienced just how possible it is to
recycle, and that space should not have to be an issue. Indirectly, in the sense that the visibility of
kerbside recycling in Silver Lakes contributed to a realisation amongst many non-recyclers that, if
recycling is possible for their neighbours, it should probably be possible for them as well.

5. Conclusions

We examined the effect of a weekly comingled kerbside collection service on household recycling
in a gated community in Pretoria, South Africa. We used an ex post facto design and surveyed and
compared recycling behaviour across two separate but comparable security developments; Boardwalk
Meander, with no service, and Silver Lakes, with a service. Households in Silver Lakes were more
than three times likely to recycle compared to Boardwalk Meander. The service also had an overall
significant effect on attitude, subjective norm and perceived behavioural control. Recyclers in Silver
Lakes felt equally positive but more pressured and able to recycle compared to recyclers in Boardwalk
Meander. Non-recyclers in Silver Lakes felt equally positive and pressured but more able to recycle
compared to non-recyclers in Boardwalk Meander. The service, however, appeared to have a negative
effect on some non-recyclers in Silver Lakes. Significantly more recyclers and non-recyclers in Silver
Lakes felt they had sufficient space to recycle compared to their counterparts in Boardwalk Meander,
even though house and yard sizes are similar across the two settings. We conclude with policy, planning
and design recommendations for facilitating comingled kerbside collection in gated communities and
security developments in the form of large luxury estates in particular.
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• Responses in this study suggest that comingled kerbside collection is certainly a viable option to
not only increase household recycling in large luxury estates, but to also influence perceptions
and to help foster a culture of recycling in general. For instance, residents’ perceptions, especially
around the availability of space, may only change once kerbside collection is actually operational
and visible and residents have themselves either experienced or witnessed the ease of kerbside
collection within their estates. Although some consultation with residents via the management
agency of the estate ought to take place before a service is implemented, residents’ initial
perceptions about the service should not necessarily be a decisive factor whether to implement
or not. Some experimentation with a service might be necessary before participation is optimal.
In addition, existing literature provides ample guidance on planning, designing and incentivising
comingled kerbside collection (e.g., see Kipperberg & Larson [20]).

• Although we recommend that residents’ initial perceptions should not necessarily be a decisive
factor on whether to implement comingled kerbside collection or not, some planning, consultation
and campaigning might be necessary to minimise possible negative effects that a service can have
on non-recyclers. Yet, the cost of appeasing and motivating non-recyclers should be considered,
especially if they are a minority. Appropriate bags and bins of the same standard as municipal
services might help to mitigate negative perceptions.

• Security developments and large luxury estates in particular should be planned and designed
more carefully to be accommodative of kerbside collection, particularly with regard to access,
layout articulation and kerbside design. Many estates have a single entrance to reduce the cost of
security. However, this also reduces accessibility and route optimisation for recycling companies.
Providing access for companies on opposite sides of an estate can improve access and route
optimisation. Similarly, many estates have a closed or hierarchical road network with numerous
loops and dead-ends that also reduce route optimisation. While this type of layout is likely to
remain a feature of security developments, such layouts can be made more permeable in order
to optimise collection routes, e.g., by reducing loops, shortening dead-ends and increasing the
number of four-way intersections. Road reserves should be sufficiently wide so that recyclables
do not obstruct driveways or sidewalks. Small court yards for municipal and recycling bins can
be placed at strategic points to reduce the visibility of bags and to minimise collection route stops.

This study is arguably one of the first to examine the applicability of the Theory of Planned
Behaviour in examining the effect of a comingled kerbside collection service on household recycling in
a gated community, and can, therefore, provide a basis for further studies that may include additional
constructs or examine the effect of comingled kerbside collection services in other types of enclosed
residential developments.

Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/10/4/1207/s1.
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