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Abstract. Population growth, urbanization and industrialization are increasing
the amounts of solid waste generated in municipalities globally. Municipal solid
management (MSWM) is complex and requires active and broader stakeholder
participation to achieve sustainable solutions. However, existing solutions to
MSWM challenges lack public participation. Although public participatory geo-
graphic information systems (PPGIS) may be used to solicit stakeholders’ views
in planning for spatial environmental issues, there is a need to develop robust
theoretical frameworks to guide their development and use. This study sought to
extend the adaptive structuration theory-2 (EAST-2) to develop a comprehensive
theoretical framework for the use of PPGIS applications to ensure effective public
participation and social inclusion in MSWM. Additional constructs as suggested
in literature were added to the existing EAST-2 framework. Data were collected
cross-sectionally from MSWM stakeholders in central-Uganda and analyzed using
partial least squares structural equation modelling. In the revised framework,
participant influences, technology influences and task influences influence GIS-
enabled participatory decision-making processes. The revised framework could
be used to guide GIS-enabled participatory processes in different environmental
problems in similar resource-constrained settings.

Keywords: Geographic information systems - Participatory planning -
Municipal solid waste management - Uganda

1 Introduction

Globally, the high population growth, urbanization and industrialization have tremen-
dously increased waste generation in municipalities. Annually, 2.01 billion metric tons
of wastes are generated globally [1]. In Sub-Saharan Africa, 62 million tons of waste are
generated annually [2]. Therefore, efficient, and effective municipal solid waste man-
agement (MSWM) is a global priority. However, current MSWM systems are not well
planned [3] and are therefore inefficient and not effective [2].

Several strategies to address MSWM challenges have been proposed. These include
Life Cycle Assessment [4], Cost-Benefit Analysis [5], Multi-criteria Decision Analy-
sis (MCDA) [6], and MCDA integrated with Geographic Information Systems (GIS).
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Regardless of the strategy adopted, public participation is central to achieving sustain-
able solutions [7]. Public participation ensures that MSWM challenges are identified
and addressed [8].

Public participation in government administrative process can be supported by dif-
ferent tools such as public hearings, focus groups, and public education, interviews,
electronic mails, faxes, volunteered Geographic Information (VGI), PPGIS, discussion
forums and chat rooms [9]. However, other participation methods, other than PPGIS,
reach fewer participants and are ineffective for gathering useful information for plan-
ning [10]. PPGIS is one of the e-participation tools that have been specifically developed
to support the solicitation of public views for planning purposes [11]. However, there
are concerns that PPGIS lack theoretical and conceptual foundations [12]. Theoretical
concepts and foundations help to reduce the complexity associated with GIS use in
collaborative decision making [13].

This study sought to develop a comprehensive theoretical framework that supports
the implementation of PPGIS in MSWM in resource-limited settings (RLS). To this end,
the Enhanced Adaptive Structuration Theory (EAST-2) was adapted, and modifications
made to increase public participation. The development and testing of the proposed
framework were guided by design science. Design science is preferred over other meth-
ods of framework development because it clearly specifies the two major processes of
“build” and “evaluate”, which are important in developing frameworks [14]. Addition-
ally, it is a flexible method which can be combined with other methods such as action
research, case studies in order to enhance its contribution to theory [15].

After the introduction, the remainder of this paper is structured as follows. Section 2
covers the key literature review on MSWM, public participation, and theories for ICT-
enabled collaborations. Section 3 explains the research methods for this study. Section 4
presents the study findings while Sect. 5 presents the discussion and the conclusions.

2 Related Work

2.1 Municipal Solid Waste Management in the Ugandan Context

Municipal solid waste management (MSWM) involves the control of generation, storage,
collection, transport, processing and disposal of solid waste materials in a way that best
ensures public health and environmental safety [16]. Therefore, MSWM is a core service
that municipalities should offer to its inhabitants in order to minimize the potential health
and environmental hazards [17].

In Uganda, the amount of waste generated is increasing due to rapid population
growth and industrialization. The management of solid is a function of local government
and urban councils (UCs); municipal authorities are therefore responsible for the collec-
tion, transportation and disposal of all waste [18]. However, MSWM is largely inefficient
and ineffective due to limited funding and poor infrastructure [17]. Therefore, there is
limited coverage of MSWM, waste transportation routes are not planned [19], and there is
indiscriminate and illegal waste dumping [18, 20]. These gaps are compounded by inad-
equate public participation in MSWM decision making [19]. Therefore efficient MSWM
approaches, including public participation, are needed for across municipalities [21, 22].
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2.2 The Role of Public Participation in Municipal Solid Waste Management

Public participation in environmental decision making is one of the strongest pillars for
sustainable development. Environmental issues are better handled by ensuring broader
stakeholder participation [7, 24], including citizens at all levels [23]. Public participa-
tion ensures that popular decisions and policies are implemented [24]. However, public
participation in MSWM has received less attention [25]. In Uganda, inadequate MSWM
is attributable to the lack of public participation [20]. Therefore, public participation
should be incorporated and evaluated at all stages of solid waste management [26].

2.3 Methods of Public Participation

Public participation in governmental administrative processes can be implemented using
both traditional and ICT-enabled methods (E-participation). Traditional public partic-
ipation involves the use of physical participatory mechanisms such as surveys, public
meeting, and interviews [9]. On the other hand, E-participation involves using modern
two-way modern techniques such as PPGIS, Web GIS, volunteered geographic informa-
tion, social media, discussion forums and chat rooms, games, collaborative software, and
3D virtual animations [27]. E-participation enhances and is complementary to traditional
participation activities [28].

2.4 Public Participatory Geographic Information Systems (PPGIS)

PPGIS involves the use of GIS for public participation [29]. Its goal is to ensure the
participation of stakeholders who would have otherwise been left out by the traditional
tools [30, 31]. PPGIS decision-making includes discussions between stakeholders to
clarify and resolve existent spatial MSWM challenges. PPGIS integrates people, GIS
data, exploratory tools in order to maximize the participation of all stakeholders [32].

2.5 Theories for Analyzing E-Participation

E-participation is best analyzed using structural frameworks [33]. Structural frameworks
help to deconstruct the decision support system into components that can be accom-
plished by appropriate tools and technologies. Examples of structural frameworks used
for e-participation include Adaptive Structuration Theory [34], Enhance Adaptive Struc-
turation Theory (EAST) [35], and Enhanced Adaptive Structuration Theory (EAST-2)
[36].

2.6 Enhanced Adaptive Structuration Theory (EAST-2)

In this study, EAST-2 was selected for modification because it was specifically devel-
oped for analyzing group decision making and use of PPGIS [36]. The framework
comprises of constructs and aspects that describe participatory decision making. The
constructs show the structure and aspects that address the content of participatory deci-
sion making [37]. The EAST-2 framework is divided into three construct categories
that characterize the complex decision-making processes of public participatory GIS
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(PPGIS). The construct categories are convening, process and the outcome constructs.
In these three construct categories, eight influences are prescribed: social-institutional
influences, group-participant influence, PGIS influence, appropriation, group process,
emergent influence, task outcomes, and social outcomes [36]. Thus, EAST-2 categorizes
‘participation’ into 25 aspects, and eight constructs.

2.7 Extending the Adaptive Structuration Theory-2

As shown in Fig. 1, the EAST-2 framework was adapted to develop an extended version
that provides a robust theoretical framework for PPGIS adoption in RLS. The aspects
and constructs that have been previously been found to be important in GIS-enabled
collaborative decision making were systematically included to the original EAST-2.

Task Influence was added on the existing three convening constructs. The influence
of task on the utilization of technology in social interaction is well described [34] and
considers the content of a task as a source of structures that affect the actual use of
technology in participation. In addition, the nature of the task influences the choice of
technology and its use [38].

To ensure spatial MSWM planning, reading background information, generating
alternatives, evaluating alternative, ‘discuss plan’ and collaboration among participants
were added to the original decision process construct [39]. In addition, the process
of participation benefits from the dynamic capabilities orchestrated by ICTs [40]. The
dynamic capabilities from the dynamic capabilities theory that are important for public
participation - ubiquitous participation and monitoring of the process [40] were added
onto the “decision process construct”.

Organizational aspects that enhance PPGIS were identified from the literature and
added on the “social-Institutional influence” construct. These include (1) availability of
resources [41], (2) access to spatial data [42], (3) assess the impact and outcomes of
PPGIS [12] and (4) procedures for integrating public input in the final decision [12].
The participant influence aspects that were added to this construct include motivation
and incentives [43], skills and experience [41], collaboration and knowledge sharing
[43] and perceptions of other peoples’ knowledge [12].

EAST-2 does not consider aspects related to the evaluation of the decision outcomes
[44]. Therefore the evaluation parameters of efficiency finance, equity, accountability,
conformance to values and sustainability [45], were added to the decision outcome
construct.

2.8 Study Hypotheses

Based on the nine constructs in the extended EAST-2 framework, eight null hypotheses
were tested:

1. H;j: PPGIS influence has a positive significant effect on the appropriation of PPGIS
in a participatory decision process.

2. Hpj: Social-Institutional Influences have a positive significant effect on the appropri-
ation of PPGIS influences in a participatory decision process.
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Decision quality

Degree of consensus
Desoree of commitment

Fig. 1. Proposed extended EAST-2 framework* Note: the constructs which were added to the

revised framework are in bold.

3. Hj: Public Participant Influences have a positive significant effect on the appropri-
ation of PPGIS influences in a participatory decision process.
4. Hy: Task influence has a positive significant effect on the appropriation of PPGIS
Influence in a participatory decision process.
5. Hs: Appropriation has a positive significant effect on the participatory decision

process.

6. Hg: participatory decision process has a positive significant effect on the social
outcomes of a participatory decision process.
7. Hy: Appropriation has a positive significant effect on the decision outcomes of a
participatory decision process.
8. Hg: Appropriation has a positive significant effect on the social outcomes of a
participatory decision process.
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3 Methodology

3.1 Study Design and Survey Participants

A cross-sectional survey was conducted among stakeholders in MSWM in Uganda’s
rapidly growing urban areas of Kampala, Wakiso, Entebbe, Mukono, Mbarara and Busia.
In the Ugandan context, stakeholders included residents, solid waste officers, health
inspectors, environmental officers, landfill officers, waste recyclers, physical planners,
and waste pickers.

3.2 Data Collection and Data Collection Tools

A Likert scale-based self-administered questionnaire was used to collect data to measure
the nine latent variables. The questionnaire consisted of two parts. The first part consisted
of questions on the nine variables in the proposed framework. Questions were arranged
basing on the constructs in the proposed framework. The scale had 5 points, 1 (strongly
disagree) to 5 (strongly agree). An option for ‘not sure’ was provided to avoid forced
responses. The questionnaire was pretested on 15 respondents to determine reliability
and validity and the suggested improvements were made before the survey. The second
part of the questionnaire collected respondent demographics, including gender, age, the
highest level of education and years of experience.

Stratified random sampling approach was used to select participants. The prospective
study population was divided into municipal staff, the staff of agencies contracted for
MSWM and the public. The study participants were then randomly from these groups.

3.3 Data Processing and Analysis

Partial least squares structural equation modelling (SEM) using SmartPLs 3.2.8 [46], was
used to test the relationships between the measures and to fit the final structural model.
Variables with loadings and path coefficients lower than the recommended values were
omitted from the final model. Path coefficients for the trimmed model were then tested.
Internal consistency was measured by Cronbach alpha and the recommended acceptable
value (0.70) was used [47]. Convergent validity was measured by the average variance
extracted (AVE) and a validity threshold of 0.50 used. The structural model included
unobservable latent variables and their theoretical relationships [48].

4 Results

4.1 Characteristics of the Participants

Overall, 500 participants were enrolled, the majority of whom were male (65.2%), with
at least diploma level education (58.3%). However, 97% had working experience for
less than 10 years (Table 1).
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Table 1. Demographics of participants (n = 500)
Characteristics Frequency Per cent
Gender
Female 105 34.8
Male 195 65.2
Level of education
Primary 39 12.9
Secondary 87 28.8
Diploma 86 28.5
Degree and above 90 29.8
Years of experience
0-10 years 293 97.0
10-20 years 7 2.5
>20 years 2 0.7
Table 2. Reliability results
Constructs Cronbach’s alpha Composite reliability AVE
Appropriation 0.724 0.844 0.644
Emergent structures 0.779 0.858 0.602
Organizational influence 0.880 0.907 0.582
Participatory decision process 0.774 0.848 0.529
Decision outcomes 0.856 0.888 0.499
Participant influence 0.850 0.883 0.487
Social outcomes 0.769 0.852 0.591
Task influence 0.767 0.851 0.588
Technology influence 0.806 0.861 0.510

4.2 Measurement Model

Overall, there was high internal consistency. The values of Cronbach’s alpha, composite
reliability, and AVE for the nine latent variables ranged from 0.724 to 0.856, 0.844 to
0.907, and 0.510 to 0.644, respectively (Table 2).

Additionally, the square roots of the AVEs were greater than the off-diagonal ele-
ments in their corresponding column (Table 3). Thus, most of the constructs in this study

were valid.
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4.3 Structural Model

Coefficient of Determination (R2): Figure 2 shows the validated structural model,
with the path coefficients and coefficient of determination (R2). The path coefficients
indicate the strength of the relationships between the variables. Together, participant
technology, task and institutional explain 46.1% of the variance in the appropriation
of technology. All path coefficients were positive. Technology appropriation explains
64.3% of the variance in the participatory decision-making process. Also, participatory
decision-making process explains 40.0% and 53.9% variances in social outcomes and
participatory decision-making task outcomes, respectively.

Task Influence 0.135

Appropriation of PPGIS
R2=0.461

PPGIS Influence

Participatory decision
process

1223

«

R2=0.643

Participant
Influence 0.082

Emergent Structures

0.134

v
Social outcomes Decision outcomes
R2=0.400 R2=0.539

Fig. 2. Structural model

I (=]

Social-Institutional
Influence 0.011 0.633 l-

Significance of Factors and Path Coefficients: To test for the significance of path
coefficient, we used bootstrapping and two-tailed test to generate estimates of t-values
and p-values for the indicators and path coefficients (Table 4).

4.4 Hypothesis Testing Results

Overall, there was statistically a significant relationship between Appropriation and
Participatory decision process (p-value < 0.001). Similarly, there was statistically a
significant relationship between emergent structures and participatory decision process
(p-value < 0.001) and appropriation (p-value < 0.001). Similarly, there is a statistically
significant relationship between participatory decision process and decision outcomes
(p-value < 0.001) as well as social outcomes (p-value < 0.001). In addition, there was
a statistically significant relationship between technology influence and appropriation
(p-value < 0.002). However, there was no statistically significant relationship between
the appropriation of technology and participant influence (p-value = 0.220), as well
as with organizational influence (p-value = 0.882). Additionally, there was a weak
but not statistically significant relationship between task influence and appropriation of
technology, but this relationship was not statistically significant (p-value = 0.066).
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Table 4. Significance of path coefficient

Relationship between variables SD t-statistic P-value
Appropriation — Participatory decision process 0.047 8.02 <0.001
Emergent structures — Appropriation 0.079 4.27 <0.001
Emergent structures — Participatory decision process 0.050 10.23 <0.001
Organizational influence — Appropriation 0.072 0.15 0.882
Participatory decision process — Decision outcomes 0.034 21.90 <0.001
Participatory decision process — Social outcomes 0.039 16.06 <0.001
Participant influence — Appropriation 0.066 1.23 0.220
Task influence — Appropriation 0.073 1.84 0.066
Technology Influence — Appropriation 0.072 3.11 0.002

Note: SD means standard deviation

5 Discussion and Conclusion

This study developed a comprehensive theoretical framework for guiding the implemen-
tation of GIS-enabled participatory processes to support planning and decision making
in MSWM. The developed framework extended the EAST-2 framework to include the
spatial planning process, decision outcome, evaluation, and social aspects. These aspects
have previously been reported to influence the use of PPGIS in governmental admin-
istrative process. Nine relationships between variables were tested, six of which were
statistically significant. This study validated the impact of technology influence on appro-
priation. Similarly, the impact of emergent structures on appropriation and participatory
decision process was validated. In addition, the impact of participatory decision process
on social and decision outcomes was also validated. Finally, there was also a relation-
ship between appropriation and the participatory decision process. However, the social
aspects such as those related to the individual participants, institutions and task influence
did not have an impact on the appropriation of technology in a participatory decision
process. This is potentially due to the infancy stage of utilization of technology to support
participatory MSWM processes.

5.1 Relationships Among Variables

This study suggests that the characteristics and intent of a technology have a direct bear-
ing on how the participatory process is conducted and ultimately on the outcomes. This
finding is consistent with prior research. Schmitz ez al. [49] found that the use and adap-
tation of technology enhance job performance. Similarly, technology enhances decision
making in virtual teams and ultimately increases the amount of work accomplished [50].

Concerning Task influence, our study found a positive relationship between the
nature of a task and the technology used. These findings are in line with Zigurs and
Buckland [51] who supported the argument that task characteristics, such as complexity,
are important in Group decision support systems.
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Regarding the appropriation of PPGIS influences, there was a significant relationship
between participatory decision process and decision outcomes. This finding is consistent
with previous literature findings which have shown that ICT is necessary for group
decision making [52]. The ICT tools that can potentially enhance group decision making
include groupware, decision support systems (DSS), and telecommunications that are
needed for quick and yet sustainable decision making. ICTs improve group and individual
performance [53], quality and type of decisions [35, 54].

Regarding social outcomes, we found a relationship between Appropriation of PPGIS
in a participatory decision process and the social outcomes. Group decision processes
not only result in task-related outcomes but also for the strong ties between participants
and organizations responsible for these processes [36, 55].

However, the study was unable to find a relationship between Social-institutional
influence and appropriation in a participatory decision process This finding is inconsis-
tent with prior literature that suggests that social influences affect uptake and utilization
of technology in group support systems (GSS) and within an organization [37, 56].
Additionally, the literature suggests that social-institutional influences affect the use of
technology in collaborative processes [35, 56]. The lack of relationship between social-
Institutional influence and appropriation in this study may be attributed to the differences
MSWM in most RLS and developed countries. Whereas public participation could be in
advance stages in developed countries, developing countries are yet to embrace citizen
engagement in governmental decision making [57].

Regarding participant influence, we did not find a significant effect of appropriation
of PPGIS influence in a participatory process. This finding is inconsistent with prior
literature that has reported the relationships between individual characteristics and tech-
nology use when executing a task [58]. The null finding in this study may be explained
by the poor attitude towards MSWM initiatives by citizens and limited adoption of
technology in MSWM process [25].

5.2 Application of the Extended EAST-2 Framework

The field of PPGIS is still evolving and faces social, political, and economic challenges,
especially in RLS. Thus, the salient social, political, and economic factors identified in
this study have a potential to contribute to the successful adoption and implementation
of PPGIS applications in RLS. Also, the recent developments including COVID-19
pandemic make traditional PPGIS approaches unfeasible. The identified factors include
establishing guidelines and procedures for evaluating public participation, access to
spatial information, integrating generated data, and solicitation of financial and human
resources.

The results of this study suggest that municipalities and cities intending to involve
the public in MSWM should ensure equitable access to information, training, pub-
lic participation, formulation of guidelines for conducting and evaluating participatory
process.
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5.3 Limitations

This study was conducted in urban areas therefore the performance of the framework
should be investigated in rural settings. However, across many RLS, waste management
is more challenging in urban settings. Additionally, in most RLS the use of spatial
technologies and other ICT in MSWM is still in the infancy phase. Therefore, there is a
need to study the adoption process and establish a clear understanding of the different
stages, activities, expertise, and the social-economic dynamics of the field. This study
relied on data from a survey among stakeholders. The results should be validated through
a field experiment.

5.4 Conclusion

This study developed and tested a framework to support GIS-enabled public participa-
tion implementations for MSWM especially in RLS. The study validated the positive
relationships between hitherto investigated aspects and PPGIS. The revised EAST-2
framework may comprehensively ensure public participation in MSWM. The findings
of this study contribute to the implementation of PPGIS especially in RLS where PPGIS
is in infancy stages. The revised framework could accelerate the adoption of PPGIS
in RLS amidst the ongoing COVID-19 epidemic that has threatened traditional public
participation avenues in most developing countries.
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