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Abstract: Geospatial data is urgently needed in decision-making processes to achieve Sustainable
Development Goals (SDGs) at global, national, regional and local scales. While the advancement
of geo-technologies to obtain or produce geospatial data has become faster and more affordable,
many countries in the global south still experience a geospatial data scarcity at the rural level due to
complex geographical terrains, weak coordination among institutions and a lack of knowledge and
technologies to produce visualised geospatial data like maps. We proposed a collaborative spatial
learning framework that integrates the spatial knowledge of stakeholders to obtain geospatial data.
By conducting participatory mapping workshops in three villages in the Deli Serdang district in
Indonesia, we tested the framework in terms of facilitating communication and collaboration of the
village stakeholders while also supporting knowledge co-production and social learning among
them. Satellite images were used in digital and non-digital mapping workshops to support village
stakeholders to produce proper village maps while fulfilling the SDGs” emphasis to make geospatial
data available through a participatory approach.

Keywords: collaborative spatial learning framework; geospatial data; knowledge co-production;
Musrenbang; participatory mapping; rural stakeholders; satellite images; SDGs; social learning;
spatial knowledge

1. Introduction

Sustainable Development Goals (SDGs) target 11.3 and 16.7 aim to “enhance inclusive and
sustainable urbanisation and capacity for participatory, integrated and sustainable human settlement
planning and management in all countries”, while “ensuring responsive, inclusive, participatory
and representative decision-making at all levels” [1]. The achievement and monitoring of SDGs
require vast geospatial data and the integration of knowledge from different development actors.
The United Nations initiative on Global Geospatial Information Management (UN-GGIM) emphasises
this notion by strengthening the institutional arrangements of countries on geospatial information
management through integrated geospatial data, particularly georeferenced maps [2]. However, as the
SDGs are not legally binding, states should take the responsibility to establish a national framework to
achieve the SDGs [3]. They should be able to adapt and localise the targets and indicators of SDGs
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into their country policies, from the national level to the rural or community levels, including to
ensure the availability of geospatial data to support the implementation of SDGs at different levels of
governmental structures [4,5].

For many countries, localising SDGs could be troublesome as it requires operationalised indicator
frameworks, which should be applicable in a specific context [3]. The same challenge can also be found
in making geospatial data available at the local level, especially in a rural context. Mapmaking is still
considered an expensive project. Complex geographical terrain, lack of knowledge and technologies
and weak coordination among institutions are issues that restrict governments from producing
maps [6,7]. Consequently, many countries in the global south are still experiencing a lack of spatial
data that visualise the landscape, socio-economic and resource characteristics that are needed for
supporting rural development processes, including public participation practices [8,9].

In public participation practices, scholars are still confronted with how to better integrate various
spatial knowledge owned by diverse stakeholders [10-12]. Scholars suggest the utilisation of visualised
geospatial data, such as maps, to integrate the diverse spatial knowledge of stakeholders, as they
are useful in facilitating communication and collaboration among diverse participants with different
backgrounds, interests, influence and knowledge [13-15]. Over the past decades, the rapid advancement
of geo-technologies, referring to geo-information technologies or the tools that we use to obtain or
process the geospatial data, e.g., a maptable, GIS software [13], has made the production of maps more
accessible and reliable. However, operational approaches to optimise stakeholders’ spatial knowledge
in mapmaking processes are often lacking [11,16,17].

Chambers [18] proposed a Participatory Rural Appraisal (PRA) approach that involves rural
stakeholders in the data collection and mapmaking processes. The involvement of stakeholders by
means of participatory mapping could help to integrate their spatial knowledge while also enabling
them to use their spatial knowledge properly in decision-making processes [19-21]. Participatory
mapping methods have been widely used in various development contexts, as they do not confine
the maps produced to geographic information, but also include the social, cultural and historical
knowledge of the local people [22]. The approach is powerful to solve data scarcity problems and to
map rural issues or resources, for mapping rural poverty-prone areas [23], for mapping flood-prone
areas [24] or mapping the hunting yields of indigenous people [25], as examples.

Satellite images are often used to involve participants in participatory mapping approaches.
Several case studies reported that satellite images helped in visualising a specific area from a sky view
in the photomap format and enabled the participants to explore their territories. Kienberger [24] used
satellite images in Mozambique to guide participants to orientate themselves on the maps and to draw
and highlight potential flood hazards in their living area. Satellite images were also helpful in engaging
the participants in mapping the land cover in Panama [26]. In Ethiopia, a participatory mapping
workshop used satellite images to map the mental models of shepherds, choosing their grazing
areas [27]. In spatial planning, satellite images were used to map a neighbourhood in Yogyakarta to
gain better geospatial data, which supports neighbourhood planning practices [28]. These examples
show that satellite images were beneficial in helping stakeholders better understand the mapped areas
while allowing stakeholders to use their spatial knowledge properly during mapmaking processes.

Producing maps collaboratively could trigger knowledge co-production and social learning
among involved workshop participants [29,30]. A participatory approach that provides spatial data
and information support would accommodate a dynamic deliberative process, allowing stakeholders
to communicate and collaborate effectively while eliciting and integrating their tacit and explicit
knowledge [31-33]. As participatory mapping is considered a renowned approach to obtaining and
managing different knowledge sources to produce maps [34], developing an applicable participatory
mapping method that can better integrate various types of knowledge owned by stakeholders, as well
as meeting the local context, is urgently needed.

Despite the fact participatory mapping has been widely discussed in various studies, there
remains a gap as to how to develop a collaborative framework to operationalise the production of
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geospatial data implied by SDGs” agenda into a local implementation. This paper addressed this gap
by moving beyond the global theoretical framework of SDGs into a localised operationalisation at the
rural scale. We developed a novel collaborative spatial learning framework, which was contextualised
from the SDGs agenda into a local-rural context. We applied the framework through participatory
mapping workshops in three villages in the Deli Serdang district, Indonesia. The workshops would
not only produce georeferenced village maps but also fulfil the SDGs” specific emphasis in the
participatory process to create geospatial data in a participatory manner. Therefore, we conducted
mapping workshops that enable the integration of stakeholders’ spatial knowledge, facilitate their
communication and collaboration and lead stakeholders in knowledge co-production and social
learning processes. We used different participatory mapping approaches—digital and non-digital—to
compare the strengths and limitations of both approaches in engaging participants in a mapmaking
process. Based on the above arguments, this paper aimed to investigate to what extent our collaborative
spatial learning framework helps in pursuing SDGs and localising SDGs at the rural scale. To reach
this goal, we established three main questions:

- Towhat extent does the collaborative spatial learning framework enable village stakeholders to
better understand sustainable development issues at the local-rural level?

- To what extent does the collaborative spatial learning framework help to integrate the spatial
knowledge of the village stakeholders?

- What challenges do occur when participants from rural communities are engaging in mapping
tasks using non-digital mapping tools and digital ones?

This paper is organised as follows: Section 2 gives an overview of the relevance of spatial knowledge
integration in achieving SDGs. Section Three describes a case study and the implementation of the
participatory mapping workshops. Section 4 describes the results, whereas Sections 5 and 6 discuss
the lessons learned and the conclusions of the study.

2. Eliciting Spatial Knowledge to Achieve Global Goals

Most sustainable development challenges are highly related to places and geographical locations
and involve various stakeholders in nature [4]. Therefore, UN-GGIM has established nine main
strategies to achieve an integrated geospatial information framework to support countries in reaching
global goals [2]. One of the key strategies is community and engagement, which emphasises the
importance of public participation in reaching global goals.

In public participation practices, the stakeholders involved commonly have different types and
levels of spatial knowledge [11,35,36]. They are also diverse in terms of their background, influence
and interests when engaging in participatory processes and using their spatial knowledge [37,38].
This diversity provides opportunities for them to learn together while utilising and exchanging
their spatial knowledge [10]. Participating in a collaborative mapping activity might help them
to better integrate their spatial knowledge and co-produce knowledge while also promoting social
learning [11,14,39].

Thus, to achieve knowledge co-production and social learning experiences, good communication
and collaboration among stakeholders are crucially needed. Therefore, the participatory mapping
activity should enable communication and collaboration processes among the stakeholders involved.
The communication component is successfully achieved when (a) diverse knowledge is used during
mapping processes [12,39]; (b) communication is fair and open to all participants [40] and (c) participants
can elicit and share their tacit and explicit knowledge [14,28].

Collaboration is another critical factor that enables knowledge co-production and social learning
among multi-stakeholders [41,42]. Dialogue among participants is collaborative when participants:
(a) appreciate others’ perspectives by acknowledging that each participant has their own knowledge
that may be distinct from one another [43]; (b) gain new knowledge when stakeholders share, and



ISPRS Int. . Geo-Inf. 2020, 9, 515 4 of 26

exchange knowledge during interactions [12]; (c) decide to get involved in a joint data/information
activity, such as participatory mapping [28,39].

Good communication and collaboration during participatory mapping would provide a context
where stakeholders are able to co-produce spatial knowledge. Nonaka and Takeuchi [44] suggested
knowledge production as a circling process that involves two types of knowledge: explicit and tacit
knowledge. The shift from tacit knowledge into explicit knowledge occurs through four key phases.
First, socialisation of knowledge (tacit with tacit), where individuals are aware that each individual
has tacit knowledge that is often unspoken or implicit [44]. Second, externalisation (tacit with explicit)
occurs when individuals in the group start to share their tacit knowledge with other participants [28,42].
Third, the combination (explicit with explicit) appears when interpersonal trust is built within the
group during the mapmaking process [45]. Fourth, internalisation (explicit with tacit) is achieved
when participants are ready to take collective actions during and after codifying their knowledge [16].

Another output of the participatory mapping activity is the social learning experience. This occurs
whenever multi-stakeholders with different interests, influences and perspectives acknowledge their
differences, sit together in a dialogue and then deal with their disputes and conflicts to achieve a
common purpose [40]. Thus, at this stage, participants are expected to gain learning experiences
individually and within a group. Through the learning environment, participants begin to think
systematically and holistically [45-47], create collaborative relationships [43,48] and develop a common
understanding within the group [8,48].

To better conceptualise a collaborative spatial learning framework to support SDGs’
operationalisation, we proposed a framework that would integrate the spatial knowledge of the
stakeholders, as can be seen in Figure 1 below.

(Pfeffer et al., 2013; Akbar et al.,
20203, 2020b; Mostert, 2003)

(Pfeffer et.al., 2013; Ishikawa &
Montello, 2006; Osti, 2015;
Natarajan, 2017; Akbar et al.,
2020b)

(Flacke et al, 2020; Mostert et.al,
2007; Bradley, 2018; Aditya, 2010;
McCall & Dunn, 2012; Elwood,
2006; Pahl-Wostl et al., 2007;
Webler, Kastenholz, & Renn, 1995)

(Nonaka & Takeuchi, 1995; Aditya,
2010; Elwood, 2006; Shrestha et
al., 2018a; Kahila-Tani et al., 2019;
Dana & Nelson, 2012; Johnson et
al., 2012; Webler et al., 1995;
Schusler et al., 2003; Eilola et.al.,
2019)

Figure 1. The collaborative spatial learning framework.

The framework is divided into four main stages. Diverse stakeholders with different types and
levels of spatial knowledge and socio-spatial relationships will work collaboratively in a participatory
mapping workshop. The process stage would allow diverse stakeholders with distinct spatial
knowledge to elicit their spatial knowledge, communicate and collaborate to produce joint maps
in a participatory manner. In the next stage, it is expected that stakeholders could integrate their
spatial knowledge through knowledge co-production and social learning experiences. Therefore, the
involvement of relevant stakeholders as the primary users and beneficiaries of the maps during the
mapmaking process is fundamental. These created maps should fit the local context [49], and mapping
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activity should be doable, particularly for participants with little or no experience with mapping
technologies [8]. For these purposes, satellite images will be used in the mapping workshops because
it could help different stakeholders to better understand the mapped areas while allowing them to use
their spatial knowledge effectively during mapmaking processes [24].

3. Implementation of the Collaborative Spatial Learning Framework

3.1. Context

This research was developed in the context of public participation practices in rural Indonesia,
which is known as the Musrenbang. The Musrenbang is a participatory planning and budgeting
practice held annually to formulate and produce the planning and budgeting documents [9]. Problems
of the Musrenbang include limited knowledge sharing or integration among stakeholders [9,50], power
relations among participants [51] and lack of data availability, particularly visualised geospatial data
to support Musrenbang participatory planning practices [52].

In Indonesia, the laws 6-year 2014 stated that each village must have at least three maps, namely,
a satellite image map, facilities/infrastructure map and land-use map. The government needs these
maps for determining legal boundaries, supporting village development, deciding on village allocation
funds [6] and supporting Musrenbang practices [52]. Until 2019, there were only 31,147 villages out
of 83,436 villages in Indonesia that have been delineated in the village boundary map format [53].
Consequently, in the Musrenbang implementation, it is hard to find such data used to support the
stakeholders” discussions. Limited funding for mapping the whole village, diverse geographical
terrain, a lack of expertise and technologies for producing maps and a lack of coordination among
institutions are the main limitations that inhibit governments from producing village maps [7].

The framework of this study was implemented by applying participatory mapping workshops in
three villages in the Deli Serdang district, Indonesia, namely, the Kramat Gajah, Kolam and the Denai
Lama villages. All three villages did not have village maps, only a village sketch map hanging on the
wall of each village office that was produced between the 1970s-1990s. Since the upper governments
were unable to provide the villages with maps that had an accurate scale and coordinates, the current
sketch village maps were useless to support decision-making processes in the villages.

3.2. Workshop Design and Implementation

This paper followed a participatory design approach by involving the Musrenbang village
stakeholders in the design phase and the implementation of the mapping workshops [54,55]. In previous
steps, activities, such as focus group discussion, questionnaire and semi-structured interviews with
the village stakeholders, were conducted to elicit their opinions and ideas about the Musrenbang and
the potential of spatial knowledge and geospatial data to improve the current village Musrenbang
practices [9,11,56]. This involvement allowed the researcher to construct the collaborative spatial
learning framework and to create the design of the participatory mapping workshops. Based on
the results and findings of the previous work, we decided to capture the local knowledge of the
stakeholders by applying image interpretation techniques through photo-mapping, supported with
a sketch mapping method. The participants of the workshop drew their knowledge on existing
satellite images using two different methods. They could draw the maps digitally by using a computer
touchscreen and non-digitally by using analogue, traditional tools, such as transparent layers, markers
and stickers.

There are various techniques in participatory mapping from low-cost and straightforward methods
to high-cost and sophisticated techniques [26,57]. As this study was built on previous studies on
improving public participation practices by utilising the spatial knowledge of the stakeholders [9,11],
we conducted a participatory research design to gain insights from the village stakeholders when
deciding the most suitable methods [54,55]. We did an experiment with the village stakeholders during
interviews and focus group discussions by showing them several participatory mapping methods and
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tools, such as sketch mapping, drones, maptable and photo-mapping, to find out what worked best
for them. Based on that experiment, most of our respondents preferred photo-mapping as the most
convenient method for them to identify and draw their villages on maps. This finding was the main
reason for using photo-mapping, understood as scale mapping activities using an aerial photograph or
satellite images of the study area [57], as the primary method. Additionally, sketch mapping was used
as the supplementary method to prepare the participants before the photo-mapping activities.

We applied the framework through three different participatory mapping workshops between
October-November 2019. In each workshop, we used a Worldview high-resolution satellite image of
each village. The satellite image data were taken between January-May 2019. Map symbols, lines,
colours and other technical specifications required for the production of the village maps followed the
guidelines of the Head of Geospatial Information Agency (BIG) regulation 3-year 2016 [6].

We applied two different types of mapping methods in the participatory mapping workshops to
identify the strengths and limitations of each technique during the participatory mapping activities.
The Kolam village used a non-digital participatory mapping method; this non-digital approach
consisted of using transparent plastic layers above printed satellite images, and the participants drew
their village maps on the plastic sheets using markers and stickers. In the Kramat Gajah village and
Denai Lama villages, we used a digital participatory mapping method using an application called
OGITO (Open Geospatial Interactive Tool), which is an open-source software application designed to
support collaborative spatial planning processes with a maptable [56,58]. The application displayed
the satellite image on a touchscreen monitor, and the participants drew the maps by touching the
screen with their fingers on top of it (Figures 2 and 3). The features of the application were written
in the local language (Bahasa Indonesia) to ease the participants to understand and use the OGITO.
The name OGITO was derived from the words ‘Oh Gitu’, meaning ‘Oh, I got it’ or ‘Okay, I understand’
in Bahasa Indonesia. It was inspired by the reactions of some participants when using the tool during
the mapmaking process. When they managed to use the tool or they showed an understanding of
something or the tasks given, they would say these words.

B simbol @
@ Gereja

@) ndustri kecil/UMKM

Halaman

Fasllitas

Penggunaan Lahan A ¥ -
Proposal s i % @Kamornesa

i [J Penggunazn Lahan
1

Q Kantor lainnya
0

i

Jalan dan batas

wilayah proposal ¥ _ﬁ:' G - 3 . 1 7 @ Masjid
Jalan dan batas f 4 o = 3 ; - :
wilayah . : B 3 @ Pabrik
\ .
[ sketsa - ; ¥ @ Pasar Modern
/i -
\ i
[ Fasilitas Proposal o b & P s
L 7 S 4 asar tradisional
. 3 i
Citra satelit W, A / i (9 Pemakaman umum
kramatgajah - Base

@ Pendidikan lainnya

@ Pergudangan

Figure 2. The OGITO (Open Geospatial Interactive Tool) application displayed on a maptable screen.
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(a) (b)

Figure 3. Digital participatory mapping workshop in the Denai Lama village (a), and non-digital
mapping workshop in the Kolam village (b).

A maptable used for digital mapping. It had a display size of 27-inches. As a result, fewer
participants could participate at the same time around the table in the digital mapping workshop than
the non-digital mapping method (Figure 3). The number of participants was limited to a maximum of
eight participants for the digital mapping and 40 participants for the non-digital mapping to ensure the
effectiveness of the workshops. The participants represented the stakeholder groups who participated
in the village Musrenbang, which consisted of the village head, village secretary, village council (BPD),
village empowerment board (LKMD), community leaders, youth group (Karang Taruna) and women
group (PKK). Furthermore, we only considered the representativeness of the village stakeholders’
groups regardless of age, educational level and mapping experiences of the participants. We limited
the participants of the workshops to the representatives of the stakeholder groups who attended the
Musrenbang implementation because we wanted to keep the participants in the mapping workshops
as similar as possible with the participants in the real Musrenbang situation. We did not interfere with
the existing power structures within the village, i.e., the villagers took the decisions of who should be
invited to the workshops based on a list that we provided. Based on this list, the village officials had
an internal discussion with other stakeholders in the village to decide on the participants who would
become the representatives of each stakeholder group and then invited them to the workshops.

At the day of implementation, we had more participants for the digital workshops because the
village officials invited more people to their workshops. However, it appeared that not all participants
were able to attend the workshops, especially women participants in Kramat Gajah and Denai Lama.
The workshops in Kramat Gajah and Denai Lama were followed by 10 and 16 participants, respectively;
all participants were males. The workshop in Kolam village was attended by 30 participants, 15 males
and 15 females. The profile of the participants in all villages can be seen in Appendix A.

Each mapping workshop was implemented in the village hall, and participants spent close to one
full day for the implementation—five hours in Kramat Gajah and eight hours at the Kolam and Denai
Lama villages. At least three facilitators were needed in the digital workshops for (a) moderating
the discussion and guiding the mapping process; (b) providing technical assistance; (c) recording
the workshop using videos, audios and observation notes. The non-digital workshops needed five
facilitators, as three facilitators guided the participants (one per group) to draw maps, while the other
two served as technical support and recorded the mapping sessions.

The workshop was implemented in the local language (Bahasa Indonesia) to ease communication
among participants. During the workshops, the Javanese language was also used by the participants
since the dominant population of the villages are Javanese. The facilitator who moderated the
workshops is Indonesian, and he understood the local languages (Bahasa Indonesia and Javanese
languages) as well as the cultural background of the participants. A script of workshop activities
was also prepared to moderate the sequences of the workshop implementation (Figure 4) to have



ISPRS Int. . Geo-Inf. 2020, 9, 515 8 of 26

consistency in the sequence of activities in each group. The script was tested in three preliminary
workshops and refined to meet the real context of the place where the workshops were undertaken.

Figure 4. The sequence of activities in the participatory mapping workshops.

In both mapping approaches, the session began with an introduction of the workshop and the
study area. The participants were asked to manually draw their villages in a sketch map using a pen
and a blank sheet of paper (No. 1). Thereafter, they were asked to compare and discuss their drawings
in a group. This activity was intended to raise the participants’ awareness of their local knowledge
about their villages so they would be more prepared when doing the real drawing using the mapping
tools. The moderator gave a short explanation about the steps and mapping tools and then guided the
participants in each mapping session (No. 2—4). Again, we asked the participants to identify and write
down three main village problems individually (No. 5), followed by a group discussion to formulate
possible development plans to solve the problems (No. 6). Thereafter, there was a group discussion to
reach a consensus on five to ten proposed development plans (No. 6-7). Then, they were asked to
draw the proposed development plans into the map (No. 8). At the end of the session, a short group
discussion was conducted to reflect on their learning experiences and to complete a questionnaire
(Appendix B).

3.3. Workshop Analysis

We used a list of assessment criteria and means of verification to evaluate the implementation of
mapping workshops in integrating the participants’ spatial knowledge by enabling communication,
collaboration, knowledge co-production and social learning among the participants (Table 1). Data for
analysis were collected from four sources, namely, the village maps produced during the mapping
session, observations (through voice recording, video recording and observation notes), a short-group
discussion immediately after the workshop, a post-session questionnaire and semi-structured interviews
with selected participants after the workshops.
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Table 1. Assessment criteria and means of verification.

Assessment Criteria Means of Verification
Process
Communication
1 Different types of knowledge used Questionnaire, observations
2 Open and fair communication Questionnaire, observations
3 Eliciting tacit and explicit knowledge Questionnaire, group discussion, observations
Collaboration
4 Appreciate others’ point of view Interviews, observations
5 Knowledge increase Interviews, group discussion, observations
6 Producing joint data/information Questionnaire, interviews, observations
Output
Knowledge co-production
7 Increase trust Questionnaire, interviews
8 Collective actions/decisions Questionnaire, interviews
9 Codified knowledge Group discussion, village map produced
Social learning
10 Think in a systematic and holistic way Questionnaire, interviews
11 Collaborative relationships Questionnaire, interviews
12 Common understanding Questionnaire, interviews

The village maps captured the interactions between participants to integrate their spatial
knowledge during the mapmaking process. The observations consisted of video, audio recording and
observation notes so that the authors could recall and reflect on the workshop implementation when
analysing the data. A self-reported questionnaire collected participants background, expectations
and reflections on the workshop using a five points Likert scale [59]. All participants filled out the
post-session questionnaire except for one participant from the Kolam village, who left the workshop
early before the session ended. A short group discussion was held to gain participants’ opinions
about the workshops, and both were held directly after each mapping workshop. We also conducted
in-depth semi-structured interviews to obtain additional information about the mapping workshops
(Appendix C). We interviewed 15 respondents in the Kolam village, nine respondents in Denai
Lama, and eight respondents in Kramat Gajah. Furthermore, we analysed the data through content
analysis [59] using ATLAS.ti. To fulfil the European General Data Protection Regulation-GDPR
(https://gdpr-info.eu/), we always asked participants for their informed consent for using the audios,
videos, pictures and questionnaire for research and publications before the data collection [58].

4. Insights from the Participatory Mapping Workshops

The presentation of the results has been divided into two parts. First, in the process stage, we
discussed communication and collaboration among stakeholders. Second, we discussed knowledge
co-production and social learning processes in the output stage.

4.1. Process Stage: Enabling Communication and Collaboration

Our findings showed that both approaches—the digital and non-digital workshops—supported
communication and collaboration among the participants. The sketch mapping technique conducted
at the beginning of the workshops was useful to prepare the participants before engaging in the scale
mapping activity. It allowed participants to freely draw sketches of their village and to compare
their drawings with their peers, and thus triggered communication and collaboration among them.
The participants enthusiastically tried to combine their sketch maps to form their village, which brought
positive influence to the next stage when they started to draw on the satellite images. The sketch map
built their awareness about their local knowledge and prepared them mentally when engaging with
the photomap activities.
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The satellite images used in both workshops functioned as a platform for the participants to
explore and navigate themselves in their villages. They were helpful by stimulating communication
among participants, particularly when exploring or clarifying specific places around the villages.
The results of the questionnaire indicated that both workshops (digital and non-digital methods) were
quite useful to provide fair and open communication among participants (Table 2).

Table 2. Participants’ responses to the communication stage of the workshops.

Responses in the Self-Questionnaire (In Numbers and %)

Questionnaire Villages

Strongly Agree Agree Neutral Disagree  Strongly Disagree

. . Kramat Gajah 5 (50%) 5 (50%) 0 0 0

{;‘2 E:ff;lf’f;‘;s:;;“ff:; Denai Lama 8 (50%) 8 (50%) 0 0 0

Kolam 13 (45%) 16 (55%) 0 0 0

I can articulate my opinions ~ Kramat Gajah 4 (40%) 6 (60%) 0 0 0

during the mapping Denai Lama 5 (31%) 10 (63%) 1 (6%) 0 0

workshop Kolam 11 (38%) 18 (62%) 0 0 0

Each participant has the Kramat Gajah 4 (40%) 6 (60%) 0 0 0

same opportunities to share Denai Lama 8 (50%) 8 (50%) 0 0 0

their knowledge Kolam 12 (41%) 15(52%) 2 (7%) 0 0

Kramat Gajah n = 10 (digital mapping); Denai Lama n = 16 (digital mapping); Kolam n = 29 (non-digital mapping);
n = number of participants filling the questionnaire.

Most participants also gave positive responses that the workshops were helpful in expressing their
opinions (Table 2). However, there was one participant in Denai Lama who gave a neutral response.
It seems that the number of participants in the digital mapping workshop affected the participants’
chances to have a say in the workshop. Reflecting on the digital workshops, having more than eight
people working around a 27-inch map table might not be convenient for some participants.

We also found that the majority of participants gave positive responses concerning they had the
same opportunities to share their knowledge in the workshop (Table 2). In the interview, A9 said,”
There was no problem in communication. The mapping workshop was running well. The (tool helped)
communication getting better” (A9, personal communication, 18 February 2020).

Regarding collaboration among participants, both methods also got positive feedback. Most
respondents in all of the villages also gave positive responses towards the statement that other
participants listened to what they had to say (Table 3), indicating that they actively engaged in the
mapping workshops, and their opinions received proper attention from other participants. However,
in the Kolam village, there were three participants who responded neutrally to the question that
other participants listened to them during the workshop. In this village, each working group was
separated only by 3—4 m from the other groups, and the village hall was noisy due to the short distance.
This might explain why three participants in Kolam village responded neutrally to the question.
Besides, in the post-discussion session, a participant expressed that sometimes they could not hear
what other participants” were saying due to the noise.

Table 3. Participants’ responses to the collaboration stage of the workshops.

Responses in the Self-Questionnaire (In Numbers and %)

Questionnaire Villages - -
Strongly Agree Agree Neutral Disagree  Strongly Disagree
Other participants at Kramat Gajah 2 (20%) 8 (80%) 0 0 0
the workshop listened Denai Lama 2 (13%) 13 (81%) 1 (6%) 0 0
to what I said Kolam 11 (38%) 15(52%) 3 (10%) 0 0
Kramat Gajah 6 (60%) 4 (40%) 0 0 0
My knowledge about

my Vlﬁ‘f;“’:irierja;‘é Denai Lama 8 (50%) 8 (50%) 0 0 0
yvitias Kolam 16 (55%) 13 (45%) 0 0 0

Kramat Gajah n = 10 (digital mapping); Denai Lama 7 = 16 (digital mapping); Kolam n = 29 (non-digital mapping);
n = number of participants filling the questionnaire.
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Table 3 also indicates that all workshops were a success in increasing the participants” knowledge
about their villages. Even though seeing their village from the sky might be new for most participants,
the satellite images proved to be effective in helping the participants to orientate and explore their
villages. For example, in the interviews, respondents C4 stated, “Especially the boundaries. The satellite
images clearly showed our villages, showed the village boundaries, (we can identify) the rice field
(owners) and the borders. It was clear, very clear” (C4, personal communication, 7 February 2020);
while respondent B1 conveyed.

“The satellite images used in the workshop displayed the real situation of our village, and we
worked together to identify and draw the data (boundaries, facilities, land use). The workshop was
helpful to sharpen our area knowledge and to fully understand our administrative area” (B1, personal
communication, 28 January 2020).

The satellite images were also beneficial in increasing the participants’ knowledge about their
villages and current geo-technologies, as implied by respondent A7, “I feel that my knowledge
increased, especially with the (current map) technologies. It is getting easier (to use)” (A7, personal
communication, 18 February 2020). The participants also expressed that the satellite images enabled
them to think critically towards the information provided in the images. For instance, respondent B3
stated that the satellite images helped them to identify the changes of land use around their villages,
“We get to know the village boundaries and also the land-use changes in our village. For example,
I found a certain location, which was previously a rice field that had changed into settlements” (B3,
personal communication, 12 February 2020).

The responses from participants confirmed the benefits of using satellite images in participatory
mapping workshops. The true-colour composite of the satellite image that displayed natural colours
enabled participants to better identify and explore their villages from the sky view. These benefits
would be advantageous for them to better co-produce their spatial knowledge while experiencing
social learning.

4.2. Output Stage: Experiencing Knowledge Co-Production and Social Learning While Creating Village Maps

Insights from the questionnaire and the short group discussion confirmed that both mapping
methods were useful in motivating knowledge co-production among participants. They were able to
actively contribute to each session of the workshops, codifying their spatial knowledge into the village
maps. Participants reported that their trust in other participants increased after they collaborated in the
mapping workshops (Table 4). This could be a good indicator that they would be able to collaborate
on other projects, including in the Musrenbang public participation practices.

Table 4. Participants’ responses on knowledge co-production processes during the workshops.

Responses in the Self-Questionnaire (In Numbers and %)

Questionnaire Villages

Strongly Agree Agree Neutral Disagree  Strongly Disagree

After this workshop, my Kramat Gajah 5 (50%) 5 (50%) 0 0 0

trust in other participants Denai Lama 3 (19%) 12 (75%) 1 (6%) 0 0

increased Kolam 11 (38%) 18 (62%) 0 0 0

I believe that the maps we Kramat Gajah 8 (80%) 2 (20%) 0 0 0

produced would be useful Denai Lama 10 (63%) 6 (38%) 0 0 0

for village development Kolam 21 (72%) 8 (28%) 0 0 0

I would recommend using Kramat Gajah 7 (70%) 3 (30%) 0 0 0

maps during the Denai Lama 7 (44%) 9 (56%) 0 0 0

Musrenbang practice Kolam 18 (62%) 11 (38%) 0 0 0

Kramat Gajah n = 10 (digital mapping); Denai Lama n = 16 (digital mapping); Kolam n = 29 (non-digital mapping);
n = number of participants filling the questionnaire.

Most participants also stated their agreement by taking collective actions to use the maps
produced during the next Musrenbang practice (Table 4). In the interview, respondent C8 said,
“The implementation of Musrenbang will be much better. Previously, we could only guess where the
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exact location of the topic being discussed was. Now, we will be able to see the sites (as they will be)
displayed on the village maps” (C8, personal communication, 11 February 2020).

The satellite images used in the digital and non-digital mapping workshops were helpful for
the participants to work collaboratively by integrating and co-producing their spatial knowledge.
For most participants, seeing their village displayed on a satellite image was something new for them.
Thus, the satellite images helped them to better understand their village, facilitated the discussion and
collaboration, while also co-producing their village maps, as required by the laws.

Regarding the social learning process, most of the participants expressed that they were able
to work collaboratively as a group when doing the mapping exercises, which was indicated by
most participants who chose “Strongly Agree” and “Agree” responses on the questionnaire (Table 5).
Respondent A8 said, “We collaborated. Let me tell you why, when one participant drew a line, another
participant checked the line, (if there were mistake) they corrected line, the line should be moved to
this area, for example” (A8, personal communication, 18 February 2020).

Table 5. Participants’ responses on social learning processes during the workshops.

Responses in the Self-Questionnaire (In Numbers and %)

Questionnaire Villages
Strongly Agree Agree Neutral Disagree  Strongly Disagree
Kramat Gajah 10 (100%) 0 0 0 0
tzveri‘ﬁfcbeotfetevﬁ; aetfnaams Denai Lama 5 (31%) 11 (69%) 0 0 0
p §¢ map Kolam 12 (41%) 17 (59%) 0 0 0
We learned from each other Kramat Gajah 7 (70%) 3 (30%) 0 0 0
during the mapping Denai Lama 8 (50%) 8 (50%) 0 0 0
workshop Kolam 18 (62%) 11 (38%) 0 0 0
. o . , Kramat Gajah 1 (10%) 8 (80%) 0 0 1 (10%)
Wiﬁ’;;‘f;fld t};zglliﬁ%es Denai Lama 5 (31%) 11 (69%) 0 0 0
ying p Kolam 10 (34%) 16 (55%) 2 (7%) 1(3%) 0

Kramat Gajah n = 10 (digital mapping); Denai Lama 7 = 16 (digital mapping); Kolam n = 29 (non-digital mapping);
n = number of participants filling the questionnaire.

Most participants also agreed that the workshops enabled them to learn from each other during
the mapping processes (Table 5). In the digital and non-digital workshops, the session on drawing the
boundaries, facilities and land-use maps resulted in the participants eliciting their existing knowledge
or mental models. When developing the proposed development maps, the participants were brought
into an intense discussion, where they were arguing and reasoning. The participants were then given
the opportunity to change or compromise their existing knowledge or mental models when they
reached a common understanding or consensus.

Positive responses were also given towards the question of learning from each other. From the
observations, the learning processes can be seen through how the participants distributed the mapping
tasks. The older-aged participants in the digital workshop seemed to be more passive than the
older-aged participants in the non-digital workshop. In Kramat Gajah and Denai Lama, younger
participants acted as the drawer on a maptable, while the older-aged participants observed their
younger colleagues drawing. When we asked for the reasons as to why they did not draw, they
responded that the youths were better at drawing, and the drawing tool can only be used by one
person at a time when drawing (A9, personal communication, 18 February 2020). Nevertheless, the
older-aged participants could still contribute by giving information about boundaries or places that
the younger participants did not know, as portrayed in Figure 5. Moreover, they were still active by
giving or verifying information during the mapping process. Through these interactions, participants
exchanged spatial knowledge while increasing knowledge about their villages.
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(a) (b)

Figure 5. Older-aged participants in Denai Lama were observing and giving advice/additional

information to the younger participants (a); The older-aged participants actively engaged in the
participatory mapping of the Kolam village while giving additional information that the younger
participants might not know (b).

In the non-digital mapping workshop, the collaboration of the older-aged participants was more
active during the mapping process. For example, in Figure 5, the man wearing the black cap was more
than 70 years old, but he was quite active in the mapping process. The task distribution went better
than the digital mapping since every participant in the group could work manually and was drawing
on the maps at the same time. Figure 5 also depicts how the women participants actively engaged
in the mapping process of the Kolam village, while in the other two villages with digital mapping
workshops, women’s involvement could not be investigated due to no women participants attending
the workshops.

The questionnaire also revealed that most participants agreed that the workshops were helpful
in assisting them in identifying the villages” main problems (Table 5). However, there were four
participants who did not show agreement—one participant in Kramat Gajah and three participants
in the Kolam village. In the discussion and interviews, it was revealed that participants were in
disagreement because they were confused about the administrative village boundaries. In Kramat
Gajah, participants had an intense discussion about the vast plantation area along the river bank.
Even though the area is located in the Kramat Gajah village, the village has no rights because the river
and the banks are under the control of the central government, as stated in the laws. In the Kolam
village, the participants discussed the legal boundaries of a neighbourhood. The area is out of their
administration, but all the citizens who live in the area are administratively registered as citizens
of the Kolam village. They cannot make decisions about the boundaries, as they have to consult
with external parties who were not involved in the workshops, such as the upper government and
the adjacent villages. Even when facing confusion, these findings showed that the administrative
boundaries play a critical part in assisting the participants in identifying their villages” underlying
problems. The discussions that arose from the village boundaries also indicated that the workshops
helped participants think systematically beyond the tasks that we provided. The information displayed
on the satellite image was powerful in triggering discussions among the stakeholders. Moreover,
the mapping workshops were helpful to encourage participants to critically reflect on sustainable
development agenda when thinking and acting at the local-village scale.

5. Discussion

Proper geospatial data is urgently needed to achieve and monitor the SDGs implementation [4].
The UN-GGIM promotes this urgent need by encouraging countries to improve their geospatial
management strategies and to provide accurate and reliable geospatial data for supporting the
development processes [2]. Maps, as the visualised spatial data, play an essential role to address the
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complex and interlinked issues of SDGs implementation [5]. However, the application of SDGs is
often confronted with problems of contextualization, concerning global goals, targets and indicators.
The operationalisation at the national level is quite challenging, while at the local level, including rural
areas, localising the SDGs concept into actions is more challenging [4,60,61].

Indonesia, as a country adopting the SDGs in its national policies, faces the same circumstances.
The government has launched the One Map Policy aiming to fulfil the geospatial data availability at
the national, regional, district/cities and rural levels while supporting the SDGs implementation in
Indonesia [53]. Even though village maps are mandated by the laws, up to 2019, there was only about
37 per cent of the village boundaries, which have been delineated [6]. This percentage should be a
warning for the governments to take substantial actions to accelerate the village map production, as
time is ticking, and SDGs will end in a few years.

The government, through the Geospatial Information Agency (BIG), has published regulation
3-year 2016 as the guidelines for the village map production. Moreover, the government has also
encouraged citizens to contribute actively in the mapmaking processes by launching an application
of PetaKita (https://petakita.big.go.id/) to enable citizens to participate in mapping their areas.
The utilisation of the app was less successful in engaging citizens due to sophisticated map features,
low intuitivity and user-friendliness as it needed to be connected to the internet when using it [32].
In contrast, other participatory mapping initiatives, which facilitate people to have direct interactions
in the mapmaking processes, have better results to engage people to contribute [28,62,63]. As the SDGs
place a specific emphasis on the participatory process, thus encouraging the production of geospatial
data in a participatory manner, the contextualisation of global and national geospatial data targets into
a local-rural scale is necessary. Developing a collaborative spatial learning framework, which has an
impact on SDGs, notably on target 11.3 and 16.7, is urgently needed. For this reason, the participatory
mapping workshops used in this paper emphasised on the process of communication, collaboration,
knowledge co-production and social learning during the mapmaking processes.

Our findings showed that the mapping workshops gave significant positive outputs to pursue
the SDGs operationalisation at the rural scale while achieving the SDGs and national targets to have
proper village maps aiming for sustainable development processes. The workshops also helped village
stakeholders to better understand sustainable development issues in the local context. Discussion
about waste management, for instance, occurred during the mapmaking processes, although this was
not listed in the mapping tasks. Some participants also became aware of the land-use changes in their
villages. They criticised the changes by discussing the significant conversion of agricultural areas
into settlement areas, which could endanger their main livelihood and thus increase poverty (SDG 1).
They also had an intense discussion about the water allocation for their rice fields that might affect
not only the farmers in their villages but also farmers in other villages, which used the same water
resources (SDG 6). All these topics of discussions might seem simple and with moderate impacts for
reaching the SDGs agenda. Still, in reality, it clearly shows how the grass-root citizens react to the
SDGs issues, and how they gain awareness about the SDGs, and why it is crucial to apply village
development in a sustainable way at the local context. By putting this information and knowledge on
maps, the villagers, as the smallest social structure within the governmental hierarchies, have made
their contribution to achieving the SDGs agenda [5].

Our findings also showed that in the local context, such as rural areas, the digital and non-digital
participatory mapping approaches facilitated communication and collaboration among the participants.
Moreover, the methods were also useful in integrating the spatial knowledge of the stakeholders while
also supporting knowledge co-production and social learning processes. Our results were similar to
other studies that showed how the non-digital and digital media of mapping were helpful in increasing
the spatial understanding of the participants [64—66].

Each mapping method has its own strengths and limitations. Non-digital mapping was powerful
in engaging more people to participate, as people with less or no prior experience with digital
geo-technologies were able to engage in the process [8]. The materials needed for the workshops were
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less expensive and easy to prepare. However, this method was complicated during the post-processing
stage because the researcher needed to work harder to manually convert all the drawn objects from
the transparent plastic layer into the digital map format. This method also required a large room for
implementation and more facilitators to guide the processes.

In contrast, digital mapping was easy for the map post-processing stage. Fewer mistakes were
made because the objects drawn by participants were more comfortable to interpret by the researcher.
This method only required a small room and fewer facilitators for implementation. The drawbacks
were that fewer people were able to engage due to the size limitations of the computer screen.
The development of the mapping application needed particular expertise and was not easy to handle.
The technology barrier could also be challenging, particularly for participants with a lack of knowledge
or experience with geo-technologies. We should acknowledge that the potential strengths and
limitations of using specific mapping approaches are highly context-dependent, beneficial in one
situation, but maybe not as helpful in other contexts [16,33,39]. Despite the successful implementation
of the mapping workshops in this study, some issues need to be adequately managed to achieve
excellent participatory mapping workshops.

When selecting a participatory mapping method to use, Corbett [63] recommended certain factors
to be considered, namely, how accurate the final product needs to be; how it will be utilized; the available
resources for the mapmaking process. In this study, we chose to use the photo-mapping method by
drawing the maps on high-resolution satellite images. The use of high-resolution satellite images for the
mapping workshops helped the participants to better engage in the mapping processes while ensuring
the maps were produced accurately. The satellite images use a true-colour composite that can display
objects in the same, natural colours that human eyes would typically see them. Thus, the natural
colours helped the participants interpret the information provided on the satellite images [24,28].
Using a georeferenced image, such as a satellite image in the participatory mapping workshops,
offers more details of the landscape of the villages; therefore, it enhances the participants’ spatial
and functional understanding of their village areas, even for participants with no previous mapping
experiences [8,57,60]. In this study, the satellite images increased the participants” understanding of
their village, the village boundaries, existing land use and the village infrastructure/facilities.

It is also essential to use the most suitable map scale during the workshops since it might affect
the participants’ engagement in mapping processes. For digital mapping, the participants can apply
the zooming in-out feature to get the most suitable scale when drawing; however, this is not possible
in the non-digital mapping workshop. In the non-digital workshop, 1:2500 printed satellite images
were used. Using the scale maps drawn on existing scaled satellite images helped the participants
interpret the objects more accurately and oriented themselves while viewing the satellite images [26].
The scale map drawing was also helpful for post-processing to transform the manual hand-drawing
maps into digital maps.

The requirements imposed by the regulations, to some extent, could inhibit the participants from
expressing their tacit knowledge. The strict technical specifications required by regulation 3-year 2016,
published by the Geospatial Information Agency (BIG), often created confusion for the participants.
For instance, when they wanted to draw a specific object on the satellite images, they had to choose
the standard lines, symbols and colours imposed by the regulation. The participants often used their
local spatial knowledge by expressing uncertain boundaries, shapes or symbolic interpretations when
describing the village landscapes [14]. By only allowing them to use the standard guidelines, we may
lose diverse, valuable, local knowledge and the original information owned by the local people [66].
Therefore, the mapping method should provide support for the participants to express local knowledge
in their own way or even in their own local language. Wartmann and Purves [67] underlined this
issue. They argued that participatory mapping approaches should enable communities to use their
local language during the mapmaking process. Further, the map produced should also adopt the
local language of the communities to better represent the localness of the information captured on
the maps. We were also confronted with this issue. Translating or capturing the tacit knowledge
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into spatial knowledge depicted on a map was also a tricky part in each workshop. Our digital and
non-digital mapping workshops applied sketch mapping to enable participants to better elicit their
tacit knowledge. The sketch mapping was useful for facilitating participants to draw a rich picture that
might not be available in the mapping tool features [30]. Sketch mapping method provides participants
with free choices to draw and visualise their desired spatial objects [17,65]. Rambaldi [68] stated that
the selection of features used in mapmaking processes is a crucial success of participatory mapping
approaches since it would determine how the local knowledge is captured or drawn, and stimulating
the sense of ownership and the benefits of maps among the communities. As a result, the maps
produced by the communities would be more useful for the local use and understandable to the local
communities. Thus, an amendment of current government regulations that allows local communities
to draw their tacit knowledge into participatory maps should be a priority for governments, especially
when they are aiming at reaching the SDGs targets in public participation practices.

The success of participatory mapping during the digital and non-digital workshops requires
excellent facilitation. The facilitator should guide and create an inclusive workshop while inviting all
participants to actively engage in each mapping session. The facilitator needs to provide an inclusive
mapping process, where diverse participants with little or no mapping experiences are involved.
To reach an inclusive process, the facilitator needs to use proper instructions with terminologies
that are understandable for all participants [8,40]. The number of participants also influences the
implementation of the participatory mapping process. The more participants engaged in a workshop,
the more complex the process could become. The number of participants highly depends on the context
and the methods used for the mapping workshops. Moreover, the purpose of the mapping workshop,
types of spatial data to be produced and the level of accuracy of the expected results have to be clear
when selecting the participants [22,69]. It is important to note that in a participatory mapping process,
the representativeness of key stakeholders as participants is indispensable [28]. However, involving all
relevant stakeholders in the village area does not guarantee that the quality of the maps produced will
increase. In this study, there were many participants, especially younger participants, who had a lack
of knowledge about their villages before the workshop, indicating less local knowledge that could be
captured during the mapping process. They acquired new knowledge about the village area from the
older-aged participants who were more passive during the mapping process. Although the elders
tended to be more passive during the mapping process, they were knowledgeable and became the
primary source of knowledge about the village areas. Conversely, the elders learned how to use the
mapping tool from the younger participants. This mutual learning experience among the younger and
older participants clearly showed how knowledge co-production and social learning occurred during
the mapping process.

The knowledge co-production process was also evident when participants worked collaboratively
to codify their spatial knowledge into village maps. If we refer to Nonaka and Takeuchi’s knowledge
co-production process [44], the participants were actively using their tacit and explicit spatial knowledge.
The participants discussed their tacit knowledge to other participants when they started to communicate
during the initial stage of the workshop. They externalised their tacit spatial knowledge through a
sketch mapping exercise. The combination was evident when they compared their sketch drawing
results and started to draw on the satellite images. Furthermore, they internalised their spatial
knowledge by coming to a consensus and learning new knowledge during the discussions. Their trust
for the other participants increased when they took collective action and reached an agreement over
the proposed development map. This finding proved that a stakeholder-driven approach, such as
participatory mapping, is useful to better understand the region and stimulate the co-production of
knowledge [21].

The social learning process was also evident when the participants started to understand that
they could work collaboratively to produce their own village maps. The experience enabled them to
collaborate on other future projects. Single-loop and double-loop learning were also evident when the
participants gradually acquired new knowledge while transforming their initial values or views [45,70].
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For instance, single-loop learning occurred when participants felt a common understanding of needing
to use maps when discussing village problems. The participants started to think systematically and
holistically beyond the tasks given during the mapping workshops. In the Kolam village, participants
discussed the solid-waste management problem during the mapping process, even though waste
management was not listed in the task sequences prepared by the facilitators. Some participants also
expressed their satisfaction in the interview, where the exact width of the area for each land use could
now be measured accurately in their new village maps. Again, these findings clearly showed that
participants had started to reflect on sustainability issues when discussing the development processes
in their villages. The learning experiences are an example of how rural citizens could also contribute to
the upper or central governments’ efforts to achieve the SDGs.

Double-loop learning occurred when the participants started to realise that the maps could be
used for other developmental purposes. Instead of having only three categories of maps required by
regulations, they co-created other maps that they needed. The Kolam village made the neighbourhood
maps and distributed the maps to each head of the neighbourhood. The head of the neighbourhoods
was now responsible for updating the maps with data, such as the names of family members in
each household, new or broken facilities or distribution of social safety nets in the neighbourhoods.
The Denai Lama village created a farmers” group map to display the distribution of land allocation for
each group. Thus, the visualised geospatial data and learning experiences enabled the stakeholders to
better formulate their decisions and actions [8].

In this study, the method was implemented in one full day, reducing the field day and cost of
implementing a participatory mapping workshop. It is important to note that an all-day workshop
requires careful preparation, skilful facilitation, suitable methodologies, sufficient allocated time and
manageable tasks [20,63]. However, the applicability of the participatory mapping method in different
contexts should consider the livelihood of the participants, cultural settings, as well as the landscape
environments where the participants live and do their activities. For example, in a village where most
citizens do pastoral and grazing activities, a mobile mapping tool should be more reliable to get better
map results [27], or planning the schedule properly to suit the available time of the participants to
contribute on the mapmaking process [63].

In this study, we also discovered that an unequal power relation among participants became a
major impediment in the participatory processes. The fact that in two out of three villages, no females
were involved in the mapping workshops contradicts the SDGs target 11.3 and 16.7, which emphasise
the representativeness of people in participatory processes based on sex, age, disability and minority
groups [71]. The strict patriarchal values within the social structure could be a reason why less or no
women were involved [72]. Most of the prominent positions in the villages are held by men. In the
village structure, the women group was only represented by the PKK organisation, while the PKK is
often chaired and organised by the wives of the village government officials. Moreover, the village
officials often have more power to decide who should be invited into a meeting or workshop [9].
These circumstances eventually limit options for women groups in the villages to participate actively
in the public participation practices, including in the participatory mapping workshops.

Hence, some methods could be useful to overcome this shortcoming, for example, by choosing
the most suitable time for the targeted participants to attend the workshop [63]. Other alternatives
might be by providing visualised mapping tools, which can engage more participants [18], visiting
the households [25] or using online mapping [19]. However, even though all of these requirements
are fulfilled, it would not guarantee that the participatory mapping activities are free from power
gaps. Therefore, the facilitator plays an essential role in moderating the interaction of the participants.
As facilitators are often confronted with power relations among participants, designing and facilitating
a workshop that can accommodate different groups of stakeholders, particularly marginalised groups,
is crucial [21,63,73]. A combination of internal and external facilitators might help to reduce the biases
caused by the community power structures towards the workshop implementation [63].
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This study was more than just an extractive approach for gathering data because, during the
mapping workshops, the participants also had an intense discussion to identify main problems that
need to be addressed in their village. They also made suggestions and took decisions about possible
solutions or potential projects that should be done to solve the problems, for example, by proposing
to build new schools, to renovate a bridge or to build a dam. Then they put the project priorities
into a village proposed development plan map, so that the map can be used during the Musrenbang
discussion sessions or to submit proposals for funding allocations to upper governments. However,
the final decisions, whether the project priorities would be implemented or not are beyond the scope
of this paper because they will be discussed and decided in the Musrenbang practices. If we refer to
Arnstein’s ladder of citizen participation [74], the participatory process occurred in this participatory
mapping workshop could be classified at the partnership level. The workshops helped participants to
generate localised knowledge. Furthermore, participants’” opinions or suggestions were taken into
account during the mapmaking process. These two examples indicated that the participatory process
at the partnership level occurred during the workshops.

We acknowledge that the mapping workshops had some limitations. First, the composition
of the participants was still far from ideal; for instance, there were no female participants at the
Kramat Gajah and Denai Lama workshops. Ideally, the composition should not only consider the
representativeness of the stakeholder groups but also include the gender, education level and other
socio-economic characteristics, as prescribed by the principles of SDGs - leaving no one behind [1].
For future research on participatory mapping approaches, it is crucial to include more women and, in
general, more participants in the mapping activities. The representativeness of relevant stakeholders
would ensure the participatory mapping activities to achieve a higher degree of participation, capture
more knowledge to gain more reliable results and prevent participation into a small-group elitist
activity [16,25]. Second, the cultural background of the participants, which tended to be polite and not
very open to criticism, might influence the participants’ feedback. Therefore, having different sources,
such as observations and in-depth interviews, was helpful to crosscheck the responses given on the
questionnaire. Third, technical issues, such as the computer screen size and quantity, should also
need further consideration. Having larger computer screens, providing more displays or developing
an online mapping platform might be useful in engaging more participants. The more participants
engaged, the more knowledge can be captured during the participatory mapping processes.

It is also important to note that the rapid changes in the world situation might require immediate
adaptation towards the participatory mapping practices. During the implementation of the workshops,
gathering lots of people in a participatory mapping activity was not a problem. However, after the
Covid-19 pandemic started, it appears that we need to change the participatory mapping methods,
which have less direct contact or interactions due to physical distancing policies. Maceachren and
Brewer [75] in their paper mentioned that collaborative mapping could be implemented in four
space-time situations: same time-same place; same time-different place; different time-same place;
different time-different place. In this current pandemic situation, applying a participatory mapping
workshop that facilitates group collaboration in different places but at the same or different time might
be a better option to keep everyone safe during the mapmaking process.

6. Conclusions

In this study, we sought to develop a suitable approach to achieve the SDGs in terms of providing
geospatial data to support decision-making processes at the local level. We developed a collaborative
spatial learning framework to integrate the spatial knowledge of the stakeholders by building upon
their communication and collaboration and facilitating knowledge co-production and social learning
experiences. Through three participatory mapping workshops in the case study areas, this study clearly
showed that the workshops helped to increase the participants’ awareness to understand and apply
sustainable development at the rural scale while helping them to produce accurate and georeferenced
village maps. The photo-mapping method by using satellite images was useful to support the
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stakeholders” communication and collaboration and eventually, integrated the stakeholders’ spatial
knowledge through knowledge co-production and social learning processes. Working with satellite
images was helpful to capture local spatial knowledge, increase the knowledge of the participants,
support the collaboration of diverse stakeholders, and assist the co-production of reliable and accurate
geospatial data. To be successful, having a clear and direct task sequence and skilful facilitators are
necessary to actively engage the participants during a participatory mapping process. Yet, how the
outcomes of such mapping experiences would affect the behaviour of the participants in a real public
participation practice is still uncertain. In the long run, the impact of this initiative to achieve the SDGs
also needs further investigation. Therefore, further studies may be worthwhile on how such mapping
experiences and co-produced geospatial data could enhance public participation practices in villages,
while also contributing to the achievement of SDG targets.
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Appendix A

Table A1. Profile of the participatory mapping workshop participants.

Villages
. Denai Lama Kramat Gajah Kolam
Attributes (n = 16) (n = 10) (n = 29)
Freq % Freq % Freq %
Respondents’ background

Age (year)
18-30 1 6 0 0 0 0
31-50 12 75 6 60 25 86
51-65 3 19 4 40 3 10
More than 65 0 0 0 0 1 3

Sex

Male 16 100 10 100 14 48
Female 0 0 0 0 15 52

Education
Primary school 1 6 1 10 1 3
Junior high school 4 25 3 30 7 24
Senior high school 9 56 5 50 18 62
Diploma 1 6 0 0 2 7
Bachelor 1 6 0 0 1 3
Not say 0 0 1 10 0 0

Role in the village
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Table Al. Cont.

Villages
. Denai Lama Kramat Gajah Kolam
Attributes (n=16) (n=10) (n=29)
Freq Y% Freq % Freq %
Village officials 5 31 4 40 2 7
BPD (Village council) 4 25 1 10 3 10
LKMD (Village development board) 3 19 1 10 0 0
Head of neighbourhood 4 25 3 30 9 31
PKK (Women group) 0 0 0 0 11 38
Karang Taruna (Youth group) 0 0 0 0 0 0
Tokoh masyarakat (community leaders) 0 0 1 10 4 14
Others 0 0 0 0 0 0
Respondents’ Literacy
Frequency of Use
Computer
Daily 6 38 3 30 2 7
Every week 1 6 0 0 0 0
Once per month 0 0 0 0 1 3
Few times per year 1 6 2 20 10 34
Never 8 50 5 50 16 55
Digital maps
Daily 2 13 0 0 0 0
Every week 2 13 0 0 6 21
Once per month 1 6 0 0 0 0
Few times per year 2 13 6 60 8 28
Never 9 56 4 40 15 52
Paper maps
Daily 2 13 0 0 0 0
Every week 2 13 1 10 1 3
Once per month 0 0 3 30 1 3
Few times per year 11 69 6 60 11 38
Never 1 6 0 0 16 55
Participation in a group mapping activity
Never 3 19 3 30 11 38
1-2 times 11 69 6 60 16 55
3-5 times 1 6 1 10 2 7
More than 5 times 1 6 0 0 0 0

n = number of respondents (attendees who filled the questionnaire).

In Kolam village, from thirty participants, there was one participant who left the workshop early
and did not fill the questionnaire.

Appendix B

Questionnaire

This survey is part of the mapping activity in the village: . Your participation will be a
great help to us. Please agree or disagree with the following statements. The responses will be kept
anonymous. They will be used to better understand your perception of the participatory mapping
workshop. In addition, summarised data will be used in scientific articles to be published. Please
complete this survey before you leave.

Thank you for your participation!
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Part 1. Your perception of the participatory mapping workshop.

By Participating in
This Participatory Strongly Disagree = Disagree Neutral Agree Strongly Agree
Workshop ...

I learned a lot about our

village

My knowledge about my

village increased

We identified the villages’

underlying problems

We collaborated as a team
in the mapmaking process

The participants discussed

the issues in an open way

I could articulate my
opinions during the 1 2 3 4 5
mapping workshop

Each participant had the
same opportunities to 1 2 3 4 5
share their knowledge

Other participants at the
workshop listened to what 1 2 3 4 5

Isaid

We learned from each
other during the mapping 1 2 3 4 5

workshop

After this workshop, my
trust in other participants 1 2 3 4 5

increased

I believe the map

produced would be useful 1 2 3 4 5
for village development

I would recommend using

maps during the 1 2 3 4 5
Musrenbang practice

Part 2. About yourself.

This part aims to know about your personal background and experience with maps and

participatory mapping activities. Please fill the questions below by selecting one of the given options.

1.

Fill in your gender: L1 Female [1 Male U Prefer not to say

Age group: [ <18 years U 18-30 years [ 31-50 years [1 51-65 years Ll >65 years

Select your highest completed educational level [ Primary School 1J High School U Bachelor [
MSc U PhD

What role do you hold in the community organisation? U Village official, as: O Village
council (BPD), as: U Village development board (LKMD), as: O Women
group (PKK)), as: U Youth group (Karang Taruna), as: 0 Community leader.

U Other. Please specify:
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5. How often do you use a computer/laptop? [l Never [1 Few times per year Ll Once per month [
Every week U Daily

6. How often do you use a map in the paper? [ Never [ Few times per year [J Once per month [
Every week [ Daily

7. How often do you use a digital map (e.g., in a phone)? [ Never L] Few times per year [J Once
per month O Every week [ Daily

8. Have you participated in a group mapping activity? [ Never [ 1-2 times U 3-5 times L1 More
than five times

Appendix C

In-Depth Interviews of the Participatory Mapping Workshop Participants

This interview is part of the mapping activity in the village: to gain additional

information about your perception of the participatory mapping workshop. Your participation will

be a great help to us. The interview will be recorded, and your responses will be kept anonymous.
The data will be analysed and used in scientific articles to be published.

A

o 0N B

Background information

What is your name?

What is your occupation?

How long have you worked there? Where did you work before?

What is your role in the village?

What is your education?

Can I have your phone number? Can I call your number if I have other questions?

The participants’ experiences with visualised geospatial data and mapping workshop

Have you ever used a paper map before the mapping workshop? Please explain.

Have you ever used a digital map on a computer before the mapping workshop? On your mobile
phone? Please explain.

Have you ever used a satellite image before the workshop? Please explain.

Have you ever participated in a participatory mapping workshop before the workshop?
Please explain.

The implementation of the participatory mapping workshop

What do you think about the methods used during the participatory mapping workshop?
What do you think about the mapping tools? Please explain.

What were the strengths of the mapping workshop? What were the benefits? Please explain.
What were the challenges that you had during the workshops? Please explain.

What were the limitations of the mapping workshop that could be improved? Please explain.
What do you think about the tasks given during the workshop? Please explain.

What do you think about the time allocation? Please explain.

What do you think about the moderation of the workshop? Please explain.

Did you find the satellite image that we used was useful? Why? Please explain.

The communication and collaboration

What do you think about the communication among the participants during the workshop?
Please explain.

What do you think about the knowledge used during the workshop? Please explain.
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® N o U

In your opinion, to what extent the participants use and share their knowledge? How?
Please explain.

To what extent did the workshop allow each participant to share their opinions of knowledge?
How? Please explain.

What do you think about the collaboration among the participants during the workshops?
Please explain.

Did participants in the workshop appreciate others’ point of view? How? Please explain.

Did your knowledge about the village increase after participating in the workshop? How?
Please explain.

The knowledge co-production and social learning

What do you think about the integration of spatial knowledge during the workshop?
Please explain.

To what extent did your trust to other participants increase after participating in the workshop?
Please explain.

What kind of collective actions or decisions were made during the workshop? Please explain.
What do you think about the maps produced during the workshop? Would you recommend to
use the maps in the Musrenbang or other projects? Why?

Did the workshop help participants to codify their spatial knowledge? Why? How? Please explain.
To what extent did the workshop help participants to think systematically? How? Please explain.
To what extent did the workshop help participants to think holistically? Please explain.

To what extent did the workshop help to build the relationships among participants so that
participants were willing to collaborate? How? Please explain.

Did the workshop help participants to reach a common understanding? How? Please explain.
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