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Abstract: The demands to improve the livelihood of small farmers require a systemic shift from fossil
fuel-based and destructive approaches to sustainable renewable raw materials and non-destructive
approaches. This should be accompanied by a fundamental reorganization of education and learning
policies to create new bio-oriented value chains for biomaterials, food, wood, and energy, as well as
in large parts of the health, manufacturing, and service industries. In the long run, the successful
implementation of bio-oriented production depends on the systemic linking of both first- and second-
hand learning in communities in rural as well as urban settings. The purpose of this paper is to
present a concept for the co-design of a new curriculum to better equip new graduates with the
ability to support the effort of the sustainable production of biomaterials that are non-destructive to
the environment. To sustain biomaterials and enhance non-destructive ways of thinking, learning
needs a community of practice in both online and onsite platforms—allowing students to better
understand and support cascade use. Therefore, the use of by-products and recycling products after
use will increase in importance. A community of practice, and institutions, must create education and
learning platforms for improved actions regarding biomaterials across generations and experiences,
which will subsequently be integrated into the circular value chains of the bioeconomy. The first-
and second-hand learning to sustain these value chains depends on higher education and learning
institutions with both legal mandates and systems approaches.

Keywords: rubber wood; systems approaches; first-hand learning and second-hand knowledge;
higher education and learning institution; SDG’s partnership

1. Introduction

“The sustainability of natural and man-made systems rests on the principle that we, as
a society, use available natural resources to meet our present needs without compromising
the ability of the future generations to derive enough satisfaction from the same set of
resources” [1,2]. In general, activity on a system is considered sustainable if it can be carried
out indefinitely renewably, such as sunlight [3]. Futures studies indicate that agricultural
systems and forestry must provide food, fiber, and biomaterials for both human systems as
well as ecosystems [4–7]. Educational learning systems and platforms must be re-designed
to equip instructors, students, and learners with an understanding of sustainability and
the 21st Century skills and key alternatives to maintain the abilities of natural systems, as
well as agroecosystems, to meet the needs of both systems sustainably [8]. The new non-
destructive curriculum must be designed for personal development and the networking
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of reform leaders [9] by systemically collaborating in planning, doing, studying, and
acting [10].

Current knowledge on sustainable curricula in higher education institutions has been
implemented in various fields to cope with changes [11], for example: in sustainability sci-
ence hosted by Harvard’s Kennedy School of Government [12]; in wood products industry
dynamics, which also focuses on project-based learning (PBL) [13]; in pharmacy educa-
tion [14]; in a transdisciplinary curriculum for sustainable businesses [15]; in agricultural
systems at the Master and Doctoral degrees level by Chiang Mai University [16], in tourism
education [17]; and in bioeconomy systems at the Master and Doctoral degrees level by an
alliance of six universities in Europe [18]. The assessment of students can be standardized
at the pre-university level [19] and evaluated based on developmental evaluation [20].
Ideally, these curricula and programs must be designed to fulfil multiple goals and the
expectations of a range of internal and external stakeholders. These goals and expectations
preferably go beyond the typical academic and professional skills to actively learn and
engage with societal values, especially sustainability goals [21].

The Sustainable Development Goals (SDGs) are a collection of 17 global goals to
be achieved by 2030, set by the United Nations in 2015. The goals were based on the
Millennium Development Goals (MDGs), which ended in 2015 and applied to all countries
and nations [22]. In particular, SDG 4 calls for inclusive and equitable quality education
and the promotion of lifelong learning opportunities for all with ten targets and 31 in-
dicators [23]. To achieve these ambitious goals and deal with high-level complexity, a
bio-based economy is required to cross the boundaries of a single sector and integrate
tools, language, and knowledge drawn from different disciplines and sub-disciplines [24].
Henceforth, these targets and indicators can be achieved and based on first-hand and
second-hand knowledge.

While the number of people with direct experience in agriculture and forestry declines,
student interest in agriculture and forestry and their related fields remains high. Due to
many urban students having little to no practical experience with agriculture, educators
have stressed the need for the inclusion of practical learning experiences that are integrated
into the formal curriculum. This focus on practical education harkens back to the original
intentions of the purposes of the regional universities. One significant step toward institu-
tionalizing the field would be to develop undergraduate majors in sustainable agriculture.
There are few published studies that document regional university progress towards the de-
velopment of non-destructive sustainable agriculture and biomaterials curricula, especially
one that focuses on sustainable biomaterial production systems.

The purpose of this paper is to present a concept for the co-design of a new curriculum
to better equip new graduates with the ability to support the effort of non-destructive
and sustainable production of biomaterial by combining both first- and second-hand
knowledge. We focus on the Mekong River Basin (MRB) region, covering Southwest China
PRC, Myanmar, Lao PDR, North and Northeast Thailand, Cambodia, and Vietnam. The
MRB is home to approximately 65 million people with diverse cultures, agroecosystems,
and political systems [25]. Our study is intended to provoke constructive discussion and
stimulate interest among agricultural educators and higher education Ministries in the
MRB to look at these biomaterials for the bioeconomy from a more holistic perspective
whilst developing an educational curriculum to better equip graduates who are capable of
addressing sustainability.

2. Materials and Methods
2.1. Study Area: A Common Source of Biomaterial Production in MRB

Based on the 2015 estimates, approximately 65 million people are living within the
Lower Mekong Basin (LMB). Thailand and Vietnam each account for a little over a third of
the population in the LMB, China and Cambodia a fifth, and Lao PDR the remainder [10].
The region has a large rural population that is predominantly employed in agriculture.
The sector is therefore critical to maintaining food security and realizing poverty reduction
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efforts. It is also organized and operated by small to medium-size farms growing both
annual and perennial crops in diverse cultures and agroecosystems with elevation ranging
from sea level to more than 4000 m above mean sea level [26]. Agriculture also provides
important inputs for the manufacturing sector.

Plantations of natural rubber (Hevea brasiliensis (Willd. ex A.Juss.) Müll.Arg.) represent
a major form of plantation. They are a source of biomaterials in MRB, recently promoted at
the policy level and adopted by local communities and private processing and operation
companies in the region. In 2018, the estimated size of the areas of rubber plantations within
the MRB boundary was 0.43 million ha (mha) in Southwest China [27], 0.30 mha in Lao
PDR [28], 1.16 mha in North and Northeast Thailand [29], and 0.41 mha in Cambodia [30].

Rubberwood and natural rubber latex (NRL) are two important sources of biomaterial
from rubber plantations that can be produced sustainably as a result of the MRB region’s
sound policy, education, and learning programs [31]. There is a considerable and likely
growing market demand for rubberwood products. Rubberwood can provide substantial
income for rubber growers and an opportunity for domestic wood processors to add value
to this resource. The gross economic value of annual timber production in the LMB is
estimated to be US$1.4 billion [10].

2.2. Methods

The present study is based on a desk review of the key national green economy/green
growth-related documents from Cambodia, China PRC, Lao PDR, Thailand, and Vietnam
(Figure 1). In particular, with respect to higher education and learning about biomaterials
in Thailand. During late 2019–early 2021, we conducted a series of panel discussions
with focus groups consisting of government officers, growers, growers’ organizations,
and agricultural educators in higher education organizations (Supplementary Table S1).
We used brainstorming [32] to address the main question of ‘What should be the role of
education and learning on sustaining biomaterials in the bioeconomy?’ in the MRB. In
addition, participants in the sessions brainstormed to provide ideas on three components
of the curriculum: philosophy and objectives, a network of learners, and future models of
sustainable bioeconomy education and learning.

Information regarding rubber plantations as a source of biomaterial, such as NRL, was
provided to the participants, as well as data on relevant and established industries with
important socio-economic contributions, both nationally and locally in areas where the
sector operates as being the major source of biomaterials with various applications [33,34].
We have also provided information and materials on system approaches relevant to cur-
riculum development [35] to improve the management of agriculture and resources [36],
agroecosystem analysis [37], and developmental evaluation (DE) [38].
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Figure 1. Rubber plantations in the Lower Mekong Basin (LMB) and Mekong River Basin (MRB) in
the inlet map. Source: Rubber plantations redrawn from [39]; Country boundary redrawn from [40];
MRB boundary from redrawn [41].

3. Results
3.1. National’s Policy Framework

In this section, we summarize key the messages of the Green Growth Policies and the
strategies of five countries in MRB to provide a background of common directions by five
governments. These common directions call for new generations of graduates with the
skills and capacity to support sustainable biomaterials production in the region.

3.1.1. Cambodia’s Green Growth Policy Framework

In Cambodia, the Green Growth Policy and Strategy were published in 2013. The
strategy will be in effect up to 2030 and is coordinated by the National Council for Sus-
tainable Development (NCSD). The policy and plan include the overall goal of “Ensuring
the reduction of poverty, social inequality, gender roles, and improving people’s quality
of life”. Its achievement is being monitored using poverty rates and GINI indices as well
as several gender and education-related indicators. The NSPGG (National Strategic Plan
on Green Growth) incorporated nine sectors, including human resource development and
green education. However, education (second-hand knowledge) and learning (first-hand
knowledge) of the potentials and opportunities of biomaterial production and utilization
in higher education institutions need to be elaborated on, and various priority actions and
intermediate goals must be clearly defined [42].



Forests 2021, 12, 1670 5 of 12

3.1.2. China’s Rural Revitalization and Agricultural and Rural Modernization

On 4 January 2021, the Chinese government issued opinions on comprehensively
promoting rural revitalization and accelerating agricultural and rural modernization [43].
Planned actions conclude that by 2025, the Chinese government will support the con-
struction of national pilot zones for “green” agricultural development. Subsequently, the
Yunnan provincial government released its fourteenth five-year plan for national economic
and social development and outlined the long-term goals for 2035. The plan calls for build-
ing a world-class “Green Food Brand (GFB)”, promoting the province’s green food variety
cultivation, quality improvement, brand building, standardized production, and a move
towards a high-value chain [44]. Additional processes are needed to develop plans and pro-
cedures regarding the priority and actions on regional education and learning institutions
regarding biomaterial production and utilization, particularly from rubber plantations.

3.1.3. Lao PDR

In January 2019, the first Lao PDR National Green Growth Strategy for 2030 was
approved by the prime minister. To build long-term prosperity, Laos’ growth pattern
needs to continue shifting to be better managed, more diversified, and a sustainable “green
growth” model by emphasizing the improvements of its macroeconomic fundamentals.
The key challenges stem from, and are compounded by, weak human capital [45]. As
of 2020, the Green Growth National Steering Committee (GGNSC) was mandated to
lead and oversee the country’s “green growth” agency. The government has established
a “Green Growth Promotion Center” with the mandate to operationalize the strategy
by incorporating its priorities in key planning and budgeting processes [46]. Similar to
Cambodia and China PRC, more work is needed to formulate plans and projects regarding
the priority and actions on education and learning about biomaterial production and
utilization, in particular from plantations.

3.1.4. Thailand

On 19 January 2021, Thailand’s cabinet approved the Bio-Circular-Green Economy
(BCG) model concept and approach to further develop and transform the country into a
high-income country (HIC) status with a strategic plan for 2021–2026 [47]. The BCG model
arose on the national agenda, and the committee requested that all government agencies
formulate BCG programs and projects, based on 4 + 1 strategies, namely: (a) agriculture
and food, (b) health and medicine, (c) energy, biomaterial, and biochemicals, (d) tourism
and creative economy, and e) biodiversity and cultural diversity [48]. The white paper on
BCG in action also called for BCG talent and entrepreneur development in six major groups,
namely (1) startups; (2) innovation-driven enterprises (IDEs); (3) smart farmers; (4) high-
value service providers; (5) deep technology developers; and (6) creative entrepreneurs [49].
These programs and projects are likely to reflect the needs of the agencies to be part of
the BCG model rather than the needs of the nation and with no priority on education
and/or learning.

3.1.5. Vietnam

On 25 September 2012, the prime minister issued a decision approving the national
strategy regarding “Green Growth No. 1393/QD-TTg” and on 20 March 2014, a na-
tional action plan regarding “green growth” in the period 2014–2020 according to decision
No. 403/QD-TTg of the prime minister [50]. The basic concept was to shorten the devel-
opment gap and to enhance access to a modern economy. The development of a “green
economy” should be the first orientation; However, the development model and the indus-
try structure matching with a “green economy” in the context of Vietnam’s development
needs to be continuously studied and perfected. Lessons must be learned from the nations
which have previously implemented “green economies” for the appropriate steps. Similar
to other nations in MRB, more work is needed to formulate plans and projects regarding
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the priority and actions on education and learning regarding biomaterial production and
utilization, particularly from plantations.

3.2. Bioeconomy Education and Learning Programs for MRB

In this section, we present the results of the brainstorming sessions, which focused
on a new curriculum to educate a tailor-made new generation of graduates ready for
implementing the Green Growth Policy and Strategy of the five countries in MRB. Figure 2
show the key components of a new learning program based on a symbiosis of various
non-destructive sustainable biomaterial production systems in MRB.
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3.2.1. Philosophy and Objectives

The participants of the brainstorming sessions in Thailand agreed that new programs
need to be introduced to produce future graduates and practitioners that understand the
social, environmental, and economic issues of a given situation. This future workforce
will be capable of self-organization with stakeholders, forming networks of learners to
collaboratively co-design educated practices for non-destructive and sustainable bioma-
terials. Communities of practice for sustainable biomaterial in the bioeconomy is a key
mechanism to co-design and co-implement the new programs. The new programs should
share a common main objective to create high-quality graduates that are well-equipped
with first- and second-hand knowledge. Both types of knowledge include selected contents
on social sciences, agricultural sciences and technologies, information and communication
technologies, and interdependent global communities with the ability to collaborate and
adapt to climate change and deal with the complexity of pandemics.

3.2.2. Network of Learners

We found that the new education and learning philosophy for the sustainable produc-
tion of biomaterials to support the BCG or ‘green’ policy must combine first-hand learning
processes and second-hand knowledge-capturing instructional processes for a network
of learners, including farmers, students, instructors, and policymakers. The philosophy
can be facilitated by a network of learners and practitioners of the whole value chain from
consumption back to production and the use of supply inputs, energy, retails, logistics,
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waste management, and new knowledge generations through responsible research and
innovation. Smallholder farm producers of raw materials must be included in the network
right from the start, with fair benefits for primary farm products, as well as for the process-
ing of secondary products and tertiary products by the network. Farm primary products
must be processed into secondary products by small and medium enterprise processing in
the region. Then, the final products can be manufactured and retailed for consumers in the
market places in and outside the region.

The network becomes the learning space for firsthand knowledge or ‘hands-on’ for
students and instructors. The students will better understand the interdependence of the
components within the network and their contributions to the performance of the whole
network. With data sets and evidence from the field and farm level, the students experience
firsthand experience on how to plan, do, check, and take actions to obtain high-quality raw
materials, reduce costs, and protect the environment. The instructors provide explanations
based on second-hand knowledge and scientific theory with evidence from the data sets to
each process. Thus, they strengthen and enhance the student’s learning ability as well as
their capability to be part of the wider learning network.

In the second-hand instructional process, the instructors introduce key theories, princi-
ples, and contents sufficient for students to self-direct their own firsthand learning process.
Instructors introduce the fundamental properties of forest biomaterials and their optimal
utilization, as well as a wide range of innovations to non-destructively evaluate important
properties with the goal of the development and use of labor, equipment, and procedures
for the assessment of forest and/or rubber biomaterials, from seedlings to historic rubber-
wood/timber structures. During the second-hand instructional process, it is important
that the students understand the relationships of various components of biomaterials from
rubber plantation value chains. The students will understand the instructions related to the
non-destructive testing and evaluation of rubber structures, as well as key global and local
technical authorities, principles, current research activities, and education. The instructors
act as facilitators for students and at the same time learn from students’ reflections on their
firsthand learning process.

During the firsthand learning process, students must be fully engaged with their own
interests and prepared to ask a series of questions related to biomaterials and the subject of
bioeconomy. Subsequently, the students design their own methods and materials to gain a
better understanding and solve questions with support from the instructors. Therefore,
both the students and instructors benefit from the exchanges of first-hand and second-hand
processes under the network. The network must be operated based on a combination of first-
and second-hand knowledge program structures to achieve their philosophy and objectives.
A common co-evaluation system for learning and understanding the students and learners
was discussed and agreed to be based on DE. DE is focused on the co-development and
co-support of an innovative and adaptive development of a new curriculum in diverse and
dynamic environments such as MRB. The outcome of the brainstorming indicated that DE
would allow students to be more responsive to culture and cultural context for sustainable
and non-destructive biomaterial production systems.

3.2.3. Future Model of Sustainable Bioeconomy Education and Learning

With the objectives and network of learners, the higher education institutions of
nations in the MRB region should co-design degree programs that take advantage of
both first- and second-hand instructional self-learning domains for the sustainability of
biomaterials within the bioeconomy. The first year covers second-hand knowledge of
the fundamentals of sustainability science, natural sciences, mathematics, languages and
communications, design engineering, and computer science together with the first-hand
learning of social issues in biomaterial value chains, i.e., planning, production, processing,
quality management, consumption, and entrepreneurship. In the second year, a number of
sustainable self-employment courses with more emphasis on first-hand learning settings
are experienced with the support of instructors and owners of biomaterials along the value
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chain. Subsequently, the students and instructors co-design the remaining years of the
education and learning courses and experiences based on students’ abilities, opportunities,
and challenges toward sustainable biomaterials.

The value chain for a sustainable biomaterial is a component of the learning space to
provide first-hand knowledge for students and instructors, where future contributions and
career paths can be identified, as well as jobs in the value chain. With the rubber plantation
in MRB as a learning space, learners experience the day-to-day operations carried out by
the owners and workers to trap, process and earn income from latex (NRL), a source of
biomaterial. The learners also gain experiences and lessons from the latex collection centers,
as cup lumps of rubber sheets and large dealers in each location within MRB.

4. Discussion

To address such demanding and complex issues as the production of sustainable
biomaterials under the bioeconomy concept, nations in the MRB must co-organize a
partnership and plan to bridge life and environmental, as well as social and economic
sciences, which is required not only in terms of research but also education and learning [9].
More specifically, new programs of education and learning in higher education institutions
must be offered and continuously updated at all levels in a complex body of agencies that
cover from high-level professional specialization to activities designed for various actors.
These institutions must combine first- and second-hand knowledge learning and sharing
between learners and instructors. A network may be formulated, similar to EBU [18],
to collaborate and establish the new curriculum. They must be deeply involved in the
establishment of the new partnership and its academic programs [51], possibly starting at
the high school level.

Finland achieved the highest scores in the Program for International Student Assess-
ment (PISA) scores by organizing firsthand learning experiences for students to be exposed
to experiential learning, or “learning by doing”, from farm settings. It was concluded
that the reason for this was that the subject to be learnt could be studied comprehensively
and firsthand in its original surroundings, including processes and output–outcome im-
pacts. On-farm learning has proven to be a versatile learning environment that encourages
learning and supports learners who differ in their learning preferences [19].

At the higher education institution level, six major research and higher education
and learning organizations collaborated to organize the European Bioeconomy University
(EBU). The EBU aims at providing new governance models for an internationally unique
and competitive theme-based, system and future-oriented university that focuses on inter-
and transdisciplinarity, as well as sectoral and European collaboration. The EBU partners
are best equipped for this task as, together, they cover the entire spectrum of bioeconomy
dimensions [16]. Instructors understand the greatest need in providing a systems approach
to learning and interdisciplinary classroom discussion. Also emphasized was the need
to couple practical experience with theory and subject curriculum. Additionally, useful
learning practices that were identified include guest lectures, senior projects that use
community resources, and group projects.

With respect to rubber plantations in the MRB, both students and instructors can gain a
better understanding of the potential contribution of more sustainable rubber production to
climate change mitigation. Thus, it depends on what it replaces and on how it is conducted:
(a) impact is generally negative when rubber replaces forest—be it primary or secondary;
(b) impact is positive when rubber is implanted in severely degraded land; (c) impact can
be neutral or slightly positive when rubber replaces swidden systems depending mainly on
the length of the fallow period of the system replaced; (d) impact is negative when rubber
displaces swidden systems, which as a consequence encroach into forest areas; (e) impact
is positive if systems are diversified, integrating other trees which can be as efficient to
store carbon as secondary forests [52].

Furthermore, in the MRB, instructors and students can gain real-time and real-life
learning materials from on-farm and in-field experiences. These in situ conditions are
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critically important for students to gain firsthand knowledge on the production of sus-
tainable biomaterials from rubber plantations. This could be contrasted with the absence
of practitioners’ recommendations for on-campus experiences in conventional lectures,
reading assignments, or in-lab exercises. With respect to life-long learning, on-farm intern-
ships, visits, and field trips are extremely important. Research experiences must be situated
on-farm. Students need to engage in dynamic relationships between diverse components
of the entire agri-food system. Students must be exposed to the overall complexity of the
agri-food system, and teaching must include experiences with a variety of conventional
and organic management settings, as well as differing scales of operation. Experience in
agriculture is necessary but needs to extend well beyond classical agronomic production
disciplines into environmental and social sciences.

Students and instructors must also learn how to co-investigate novel practices that
address agricultural and environmental sustainability. Ideas for practical projects empha-
size long-term implications of practices as well as on short-term production and profit
goals. Economic considerations and management are also very important factors to be
taken into account. Networking with stakeholders with divergent viewpoints must also
be emphasized. Our study supports the current curriculum focusing on sustainability in
various fields to cope with changes [12–17].

With this new setting that combines both first- and second-hand learning and knowl-
edge, it is visualized that better understanding and high perceptions of biomaterials by
sustainable agriculture can be captured and observed for both groups at higher education
and learning institutions in the MRB. We do agree with Schweisfurth et al. [9] that higher
education and learning institutions in the MRB have the potential to facilitate both the
personal development and the networking of reform leaders, but not sufficient condition
for promoting developmental leadership.

There are some limitations to this study, which can be summarized as follows:
(1) The concept of combining second-hand and first-hand knowledge for a new cur-

riculum on biomaterial sustainability is rather new in the MRB region. Therefore, national
policymakers and higher education institutions must collaborate into planning, doing,
studying, and acting [10] to successfully implement the new policy and new curricu-
lum. The collaboration will provide opportunities to co-design and co-transform beyond
business as usual (BAU).

(2) We conducted a series of brainstorming sessions in China, Laos, and Thailand.
Additional information from Cambodia, Myanmar, and Vietnam is needed to provide a
complete picture of the current and new curriculum for the whole MRB region.

To eliminate these situations in the future, researchers should consider forming a
regional network to gather and exchange information. This network would allow teams to
collaborate and start the process of changes in terms of structure, procedure, and culture in
higher education and policy institutions [21]. The focus of these new learning programs
was on collaboration to take advantage of first-hand and second-hand knowledge and
think systemically and reflexively about making the curriculum more responsible together.
Therefore, the contribution of our work is to raise awareness and co-develop a network that
could co-design a new curriculum by culturally shifting towards responsible symbiosis so
that learning innovations that could successfully take place.

5. Conclusions

Higher education institutions in the MRB need to address elements of emerging needs
for the bioeconomy by organizing partnerships to combine first- and second-hand learning
and knowledge. The partnerships must aim to generate new generations of graduates
ready for sustainable production, processing, and marketing and distribution systems of
biomaterials in the MRB by symbiosis and non-destructive methods. Firsthand learning
provides direct knowledge of the bioeconomy subject and knowledge of the student’s own
achievement and learning ability. The direct knowledge and the learning ability support
the joint venture to collaborate in various bioeconomy activities. In addition, our study also



Forests 2021, 12, 1670 10 of 12

raises important questions for further discussion about facilitating administrator, faculty,
and student internal engagement while directly bringing more firsthand learning space
into the work of regional universities. By incorporating such diverse input into the design
process, these universities are systemically in positions to better prepare students for the
future. Most importantly, the partnership is a major shift to fully meet the spirit of the
BCG plan of the MRB’s nations to develop an educational curriculum to educate graduates
capable of addressing sustainability issues of biomaterials.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10.3
390/f12121670/s1, Table S1: The detail of participants in brainstorming sessions during 2018–2020
in MRB.
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