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Preface and Acknowledgements 

 

The International Sustainable Development Research Society (ISDRS) held its 30th annual 
international conference  in Kathmandu, the capital of the Himalayan nation of Nepal. T he 
conference marked a significant milestone in advancing the global sustainability agenda. Hosted 
in a hybrid format, the conference brought together over 250 participants from 47 countries, 
representing one of the most extensive international gatherings in the post-COVID-19 "new 
normal."  

The conference was inaugurated by the Vice President of Nepal, while the Deputy Prime Minister 
and the Minister for Foreign Affairs participated in the valedic tory session, underscoring the 
national significance of the event. 

Nepalôs new universities Mid -West University and Nepal Open University jointly hosted the 
conference. They established an inclusive academic platform by engaging five recently founded 
universities from across the country: Agriculture and Forestry University, Far -Western 
University, Madhesh University, Purban chal University , and Rajarshi Janak University . This 
collaborative initiative laid the groundwork for stronger inter -university cooperat ion across 
Nepal. 

In addition to the universities, the conference was supported by 12 key institutions, including the 
University Grants Commission  (Nepal), the National Trust for Nature Conservation  (Nepal), 
UNDP, and UNESCO. Serving as the conference secretariat, the Resources Himalaya Foundation 
played a central role in coordinating logistics and mobilizing resources. 

The conference featured 220 research contributions across 10 thematic tracks, showcasing the 
interconnected and multifaceted nature of sustainable development. It highlighted the critical 
need for inter - and transdisciplinary collaboration, localized strategies, and inclusive approaches. 
Of particular significance was the strong participation of scholars from the Global South and 
women researchers, whose contributions emphasized the importance of addressing context-
specific sustainability challenges and solutions. 

The event called for the strengthening of research cultures in emerging academic institutions, 
improved science communication, and deeper engagement with issues of equity and planetary 
boundaries. These themes are especially relevant for Nepalða Least Developed Country facing 
severe climate vulnerability. Melting Himalayan glaciers, rising frequency of wildfires, and 
increasingly erratic weather patterns are threatening livelihoods, particularly in rural farming 



 

 
 

communities. The timing of the conference was pivotal, as Nepal aspires to graduate to a 
developing nation status amidst these mounting sustainability challenges. 

The conference served both as a challenge and an opportunity. It identified the urgent need to 
build robust platforms and mechanisms for collaboration among key actors in the Global South 
and emerging economies, reaffirming their crucial roles in achieving the Sustainable 
Development Goals (SDGs). 

One of the key outcomes of the conference was the adoption of the Kathmandu Communiqué , 
which emphasized the importance of integrating the SDGs with planetary boundaries and 
understanding the socio-economic dimensions of sustainability ðparticularly equity, inclusivity, 
and the impacts of sustainability transitions on vulnerable populations.  

We sincerely thank all partner organizations, volunteers, researchers, and scholars whose 
commitment and contributions were instrumental in making this conference a meaningful and 
memorable milestone in the global dialogue on sustainable development.  

We extend special appreciation to the track reviewers, paper and poster presenters, and all 
participants, whose active engagement played a vital role in the conferenceôs success. 
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Prof. Sjors Witjes, PhD 
President 
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Convener 
30th ISDRS Conference 2024 Kathmandu 
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Abstract 

Implementing the 2030 Agenda, with its 17 goals and 169 targets, presents a multifaceted challenge in 
terms of context-specific prioritization and understanding the interconnections among Sustainable 
Development Goals (SDGs). It is widely acknowledged that focusing efforts on achieving a single goal or 
target may result in trade-offs with other objectives, while also creating opportunities for synergies to 
emerge. If the nature of interdependence between the goals is not considered, there is a risk of producing 
conflicting results that could hinder progress toward sustainability. For this, an interdisciplinary yet 
systemic approach is required to maximize the synergies at different scales and sectors. As understanding 
the interactions demands an interdisciplinary approach, different ontological assumptions regarding each 
SDG become imperative. As there is a broad acceptance of the critical role of interactions within the SDG 
agenda, scholarly attention has been shifting towards investigating interactions as a separate field of 
scientific inquiry. Despite the target of policy coherence being realized through multiple studies, a critical 
knowledge gap remains in understanding how these complex interlinkages are addressed for policy 
designs and implementations across various sectors and associated social, economic, and earth systems. 
We aim to bridge this gap by conducting a systematic synthesis of the current literature on SDG 
interactions. The review involves comprehensive keyword search strategies across multiple databases, 
including but not limited to Scopus, and Web of Science. Furthermore, manual searching of key journals 
and reference lists complements the electronic search. The inclusion criteria prioritize peer-reviewed 
articles and policy documents published between 2015 and 2024. Focus is set on various empirical studies, 
theoretical frameworks, and methodological tools accounting SDG interactions. Relevant data from the 
selected studies are extracted and synthesized to identify key findings, themes, and trends. This 
investigation highlights the significance of comprehending SDG interactions, offering valuable insights into 
present approaches for policy design and implementation. Along with discussing the opportunities 
created, the synthesis also notes the challenges associated with it both direct and indirect interactions. 
The findings from the review yet again establish the complex dynamics at play in sustainability science 
and promote recognition for interconnectedness. Serving as a reference for researchers and practitioners 
in governance and policymaking, it will provide a crucial perspective on addressing synergies and trade-
offs to enhance effectiveness in achieving SDG targets across disciplines. 
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Abstract 

Initially referred to as the planetary boundary (PB) for chemical pollution, it was expanded and called 
άƴƻǾŜƭ ŜƴǘƛǘƛŜǎέ όbƻǾ9ƴǘύΣ ƴƻǿ ƛƴŎƭǳŘƛƴƎ ŀƭƭ άnew substances, new forms of existing substances, and 
modified life forms that have potential to [produce] undesirable geophysical and/or biological 
effectsέΦ The myriad of entities that fall under this definition and the scale of the problem pose scientific 
and governance challenges. NovEnt encompasses more than one boundary, and we have probably already 
exceeded the safe threshold for it. However, there is the challenge of overcoming ignorance about the 
threats while the disruptive effects of NovEnt are not discovered until they become a potentially 
irreversible problem on a planetary scale. There are also potential additive and transgenerational effects 
for which current investigative methods are inadequate. 

Different types of NovEnt also require a diversity of study strategies and methodologies. Understanding 
the dynamics and effects of these entities on nature and humans depends on field studies and laboratory 
representation of the complex interactions involved. It was not initially possible to establish the status for 
NovEnt, which was only formally proposed in 2023. Current definition has a logical and qualitative 
character, and it is virtually impossible to quantify this boundary or parts of it. These conditions encourage 
a proactive and preventive attitude towards NovEnt. To move forward, efforts are needed to organize 
knowledge on this PB. We propose (i) to systematize the available knowledge and establish a classification 
of the different types of substances, (ii) to adopt ecological approaches based on biogeochemistry, (iii) to 
include invasive alien species (IAS) in the NovEnt list. The inclusion is based on three criteria: first, like 
genetically modified organisms, they are new to the ecosystems where they are introduced. The former's 
success depends on human intervention, while IAS are successful on their own merit, but regulated by 
human factors. Second, like heavy metals and radioactive elements, exotic species exist in nature but are 
transferred from their contexts to others in which they are new and can produce adverse and 
unpredictable impacts, cause species extinction and impact human health. Finally, IAS are considered a 
global threat to biodiversity, despite not being part of any PB. 

In conclusion, the complexity of NovEnt poses scientific and governance challenges. It is necessary to 
systematize knowledge about NovEnt and focus studies on their behaviours and dynamics in ecological 
and human systems. To contribute to these tasks, we propose: (i) the identification and classification of 
NovEnt; (ii) the study of the biogeochemistry of NovEnt; and (iii) the inclusion of IASs in the list of NovEnt. 
SDGs related to the study topic: 2, 3, 9, 11, 12, 14, 15. 
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Abstract  

Concerns regarding the adverse impacts of microplastics on livelihoods have arisen worldwide. Rainwater 
and clouds could also be a possible source of microplastics in terrestrial and aquatic environments, 
including mountains and agricultural systems, which can impact the livelihoods of people who rely on 
these systems for their survival, such as farmers, fishermen, and tourism operators. Microplastics in 
rainwater can also accumulate in agricultural soil. This can lead to soil contamination and increase the 
chance of microplastics being absorbed into plant roots and affecting plant growth. Microplastics in the 
food chain have a direct impact on human health and different species on land. Sustainable development 
Ǝƻŀƭǎ о άƎƻƻŘ ƘŜŀƭǘƘ ϧ ǿŜƭƭ-ōŜƛƴƎέ ŀƴŘ мр άƭƛŦŜ ƻƴ ƭŀƴŘέ ŎƻǳƭŘ ōŜ ŀŎƘƛŜǾŜŘ ōȅ ŦƻƻŘ ǇǊƻŘǳŎǘƛƻƴ ƛƴ ŀ ŎƭŜŀƴ 
environment. The aim of this study was to assess the wet deposition of microplastics in agricultural areas 
of Poland as a possible source of contamination in the food chain. The methodology used in this research 
was protected both nationally and internationally, and PCT/IB 2019 /051,838 of March 7, 2019, is the code 
of the submitted request granted an international patent extension in several countries worldwide, 
together with the accepted Italian patent number 102,018,000,003,337 on March 7, 2018. The sampling 
duration was three months from Jan-2023 to Mar-2024. Results showed a high concentration of 
microplastics in rainwater samples from agricultural areas. The results were categorized according to the 
identified particle sizes, colors, and shapes. The data was presented using FTIR Spectrometry. This study 
provides valuable information on the extent and sources of microplastics pollution in Poland's agricultural 
system, which will help to design policies and strategies to reduce microplastics pollution, promote 
sustainable development, and protect public health. This research study has linkage with SDG 15 and 3. 
The methodology and findings of this research can be used to assess microplastics impacts on livelihood, 
ocean and mountains worldwide and will help to plan strategy to achieve sustainable development goals.  

Introduction  

Microplastics are considered as a significant threat to the environment, particularly in agriculture system 
by affecting soil quality, microorganisms, crop production, and ultimately affecting the human health. 
Microplastics have been identified almost everywhere on the earth including remote areas. Few studies 
have shown the concentration of wet deposition of atmospheric microplastics but still we are not sure 
about the exact transportation flux of these tiny particles. Atmospheric washout with rain could be a 
potential source of microplastics deposition on agricultural land. The current research study focuses on 
wet deposition of atmospheric microplastics on agricultural land as possible sources microplastics 
contamination in agricultural soil of Poland.  
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Recent concern about microplastics in rainwater has arisen among researchers. MP in the clouds and 
rainwater can be an important source of microplastics transportation from one zone to another zone 
(Pirsaheb, 2020, p. 1-мпύΦ {ƛƴŎŜ ƛǘΩǎ a quite new area of research, it's essential to understand all the possible 
ways of microplastics precipitation with rainwater on the ground, especially on agricultural soil (Xiang, 
2022, p. 126843). It can lead to soil contamination and increase the chance of microplastics to get 
adsorbed on plant roots (Saud, 2023, p. 100298). There are some governmental strategies for the 
reduction in marine microplastics debris, but still there is a big gap between strategies and 
implementation (Onyena, 2021, p. 15-46).  

With the attention continuously being paid to microplastics pollution in marine and aquatic ecosystem, 
the presence and impacts of microplastics in terrestrial ecosystem, particularly in the agricultural soil are 
less understood with considerable attention to work for better understanding. Agricultural soil is 
considered very important not only for food production but also for maintaining the ecological balance, 
keeping the ecological diversity, and supporting sustainable livelihoods. Tiny particles of plastics have 
ability to penetrate deep into the soil. This penetration of microplastics in agricultural soil raises concern 
about the soil health, crop production, and potential transfer of micro pollutants with biomagnifications 
into the food chain.  

Rainwater is known as an important pathway for the deposition of microplastics on agricultural land 
(Brahney, 2020, p. 1257-1260). Wet deposition by rainwater enables the microplastics cycle in terrestrial, 
aquatic and atmospheric environments (Huang, 2021, p. 124399). Microplastics comes from households 
and industries that can directly go into the ecosystem, especially in air. From household micro pellets from 
air fresheners, sprayes, toothpaste, beauty products, and especially laundry can be directly released to 
the ecosystem (Yusuf, 2022, p. 118421). Degradation of plastic bottles, finishing nets and other plastic 
products can also lead to the secondary source of microplastic release to the atmosphere (Okeke, 2022, 
p. 100402). In the past few years, especially with the Covid 19 outbreak, the demand for single use plastic 
has increased (Adyel, 2020, p. 3114-1315).  

Poland with its diverse soil types and agricultural and farming practices serves as an ideal case study to 
examine the microplastics issue in agricultural soil. Poland agricultural sector contribute a big portion in 
country economy. Although, the rapid increase of plastic material usage in agricultural practices and use 
of fertilizers, coupled with urban and industrial activities could be a big source of these soil contamination, 
but we are trying to understand the pathway through which microplastics can enter into the agricultural 
soil via wet deposition. This study particularly focuses on Poland, a country known for extensive 
agricultural activities. The main objective of this research study is to investigate the wet deposition of 
microplastics and its implications for agricultural soil contamination. This research will contribute to 
understand the extent wet deposition as a possible source of microplastics contamination in soil. This 
study will help to better understanding the extent and impacts of wet deposition of microplastics pollution 
in agricultural soil. With better understanding of problem, we can establish strong strategies to mitigate 
its effects and promote sustainable agricultural practices. To achieve these objectives, study employs a 
multidisciplinary approach involving field sampling, laboratory analysis, and Screening Electron 
Microplastics and FTIR data modeling. Rain water and soil sample was collected from different locations, 
particularly representing different levels of industrial and farming practices. Advance microscopy 
including SEM and FTIR were used to identify and quantify microplastics in both samples.    
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Literature Review   

 With new discoveries including the presence of microplastics in remote areas, ocean depth, and snow, 
micro and nano plastics studies referring to the new trending research (Dehuat, 2019, p. 346-359). Due to 
their toxicity and physicochemical properties, microplastics are considered as hazardous substances and 
getting attention from researchers. Microplastics are commonly referred to substances between the size 
ranges ƻŦ р ƳƳ ǘƻ м ˃Ƴ ό!ƭƭŜƴΣ нлннΣ ǇΦ млллртύΦ aƛŎǊƻǇƭŀǎǘƛŎǎ Ŏŀƴ ōŜ ǇǊŜǎŜƴǘ ƛƴ ŀƴȅ ŦƻǊƳ ƛƴŎƭǳŘƛƴg, 
filaments, fibre, film, fragments (Shurti, 2021, p. e00123). Due to their physicochemical properties these 
materials never degrade easily and remain in the environment for many years and possess significant 
impacts on human health as they can accumulate in the food chain (Yang, 2021, p. 153511).   

Current projections illustrate approximately 250 million tons of plastic will be deposited into the ocean by 
2025 (Jambecek, 2015, p. 768-771). Although microplastics on land and surface water will remain 
suspended and will be re-suspended into the atmosphere. The weather conditions such as rain, wind and 
snow will serve as potential sources of microplastics deposition on different landscapes (Li, 2021, p. 
116833). With this endless cycle microplastics from the terrestrial environment will be suspended into the 
atmosphere and washed away in the aquatic environment referred to as the plastic cycle (Rilling, 2020, p. 
1430-1431).   

 Different strategies were used in different part of the world for advance modeling. In Eastern China filter 
was examined directly using a micro-Raman spectrometer (HR Evolution, Horiba, France), with size 
detection limit of ~ м ˃ƳΦ Lƴ ǎƻǳǘƘŜǊƴ /ƘƛƴŀΣ ŦƻǊ ǘƘŜ ǇǊŜƭƛƳƛƴŀǊȅ ǎŎǊŜŜƴƛƴƎ ƻǳǘ ƻŦ atΣ ǘƘŜȅ ǳǎŜŘ 
stereoscopic microscopy (Olympus SZX10, Japan). Later, Micro-FTIR analysis (Nicolet iN10, Thermo Fisher, 
U.S.A.) was used for compositional verification of suspected MPs (Yuan, 2023, p. 120113). In southwest 
England, all filters were examined under a Nikon SMZ800 stereomicroscope fitted with a 1x Achro 
objective (attaining a magnification up to 63 X) connected to an Olympus SC30 camera operated by 
Olympus Stream software. In southwest Iran, filter was analyzed with a binocular microscope (CarlZeiss) 
at up to 200 x magnification, with 250µm. For the visualization of polymers, they used ImageJ software. 
In India Bihar State, microplastics visual inspection happened under optical microscopy (Axiocam 503, 
Zeiss).  

Table 1. Case studies based on wet deposition of microplastics with precipitation on different parts of the world 

No. Study Area Sampling 
Location 

Coordinates (Latitude & 
Longitude) 

Sampling Period Duration 

1 Eastern China Shanghai όмнмϲол мт bΣ омϲмт п 9ύ Sept 2019 - June 
2020 

10 
months 

2 Southern China Guangzhou όннϲнс-ноϲрс bΣ ммнϲрт-
ммпϲло 9ύ 

Jan - Dec 2021 11 
months 

3 Southwest 
England 

Plymouth όрлΦотрм bΣ ҍпΦмоур 9ύ Nov - Dec 2021 42 days 

4 Iran Shiraz (29.61998°N, 52.47418°E) 18th Jul 2021 30 
minutes 
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No. Study Area Sampling 
Location 

Coordinates (Latitude & 
Longitude) 

Sampling Period Duration 

5 India Patna, Bihta 
(Bihar State) 

όнрϲон лм bΣ упϲрм лн 9ύ Jun - Oct 2022 5 months 

6 America Bahia Blanca, 
Argentina 

όоуϲпс от {Σ снϲмс м ²ύ Mar - Dec 2021 10 
months 

7 India Kochi, Kerala N/A Oct 2019 - Sept 
2022 

100 days 

8 America Colorado N/A Jan - Aug 2017 8 months 

9 Japan Mt. Oyama όорϲнс bΣ мофϲот 9Σ мнрн Ƴ 
a.s.l.) 

Jul - Aug 2022 2 months 

10 Japan Mt. Fuji όорϲор bΣ моуϲто 9Σ оттс Ƴ 
a.s.l.) 

Jul - Aug 2022 2 months 

11 Japan Mt. Tarobo όорϲмф bΣ моуϲпу 9Σ молл Ƴ 
a.s.l.) 

Jul - Aug 2022 2 months 

Methodology  

Present study's methodology includes multiple procedures designed to properly evaluate the wet 
deposition of microplastics in agricultural soils. The methodology used in this research was protected both 
nationally and internationally, and PCT/IB 2019 /051,838 of March 7, 2019, is the code of the submitted 
request granted an international patent extension in several countries worldwide, together with the 
accepted Italian patent number 102,018,000,003,337 on March 7, 2018. The sampling duration was three 
months from Jan-2024 to Mar-2024.  The methods for sample collection, laboratory analysis, and quality 
control procedures are explained in this section.  

Study Area  

Study was conducted in Poland mainly in Wroclaw Klodzko region. As per topographical features of land 
two different landscapes were chosen in this research study. Selected sites included both traditional 
farming practice based rural area and region closer to urban and industrial area. These regions were 
selected to represent agricultural practices and to provide comprehensive overview of microplastics 
contamination in agricultural soil.   

 



 

10 
 

  

Figure 1. Sampling sites for the analysis of micorplastis quantification in rain and soil samples  

Table 2. Dates specifications for both samples 

Rainwater Soil Sampling Date 

RW-1 S-1 23/Jan/2024 

RW-2 S-2 28/Jan/2024 

RW-3 S-3 19/Feb/2024 

RW-4 S-4 24/Feb/2024 

RW-5 S-5 5/Mar/2024 

Abb. RW: Rainwater, S: Soil Samples 

Sample Collection  

Rainwater sample collection  

Standardized rainwater sample collectors were used to collect the rainwater samples. The location to 
place these collectors were away from the direct sources of microplastics including industrial and urban 
area in open field. The collectors were designed for capturing all particles including microplastics and 
particulate matter coming with precipitation from the atmosphere.   

Soil sample collection   

Locations, where rainwater collectors were places, soil samples were collected from the same locations.  
To avoid contamination and following the standard, soil samples were collected from the top 5 cm of soil 
profile using stainless steel trowels. Multiple samples were collected from each site to ensure 
representativeness and were stored in pre-cleaned glass containers for laboratory analysis.  
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Lab Procedures  

Wet sieving protocols  

 Samples were passed through sieve size 1.8 mm for separation of large particles and collected in a beaker. 
Sieves were raised with distilled water to make sure all microplastics particles passed through it.   

Digestion process  

Hydrogen peroxide (H2O2) was used for removal of organic contamination from the samples. Each sample 
was heated to a standard temperature of 150-degree celsius for 20 minutes. Once the sample showed 
bubbles 10 g of H2O2 that is 10% of the sample volume were added into the samples for digestion process. 
Beakers with a capacity of 800 ml were used and weighted before and after putting the sample.   

Vacuum filtration system  

Samples were undergone vacuum filtration after digestion for effective separation of microplastics form liquid 
phase. Membrane filter with pore size of 0.25 ˃Ƴ ǿŜǊŜ ǳǎŜŘ ŦƻǊ ŎŀǇǘǳǊƛƴƎ ƻŦ ƳƛŎǊƻǇƭŀǎǘƛŎǎ ŦǊƻƳ ǎƻƛƭ ŀƴŘ 
rainwater samples. After vacuum filtration membrane filter were placed and examined under Screen Electron 
Microscope (SEM) and Fourier-Transform Infrared Spectroscopy (FRIT) analyzer for further analysis.  

 
Figure 2.  Vacuum filtration and sample preparation procedures. 

Quality and control protocols  

 To avoid the external contamination all plastic wears were eliminated from the study. Lab equipment 
including beakers, funnels, and petri dishes were washed and cleaned with distilled water with 20% 
alcohol to remove all possible contaminations from experimental equipment. Beakers were covered with 
glass led throughout the experiment. Throughout the analysis all the samples were closely monitored for 
quality control.   

Results  

Identified Microplastics in Precipitation   

Microplastics were categorized based on size and shape of the microplastics using Screening Electron 
Microscope (SEM) and Fourier-transform infrared spectroscopy (FTIR). Diameter of all microplastics 
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analyzed by SEM is shown in figure 3. Largest microplastics size identified in precipitation was 0.7µm and 
the smallest was 0.40µm were shown in finger 4.   

  
Figure 3. SEM analysis for the rainwater samples from different locations 

 
Figure 4. Particle size distribution of microplastics in different rainwater samples 
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Figure 5. Particles gray value with intensity by FTIR analyzer in rainwater samples 

Identified Microplastics in Soil  

In most of the samples microplastics size found in soil were larger than rainwater. The largest microplastics 
size found in soil sample were 0.92µm and the smallest were 0.54µm. The largest particle size was found 
in S-5 and smallest was in S-3.   

   
 Figure 6. SEM analysis for the soil samples from different locations  
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Figure 7. Particle size distribution of microplastics in different soil samples 

 
Figure 8. Particles gray value with intensity by FTIR analyzer in soil samples 
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Deposition Rate   

Based on the deposition trend of microplastics first sample, collected on 23rd Jan 2024 contained the 
highest number of microplastics 28 particles/ m3. Sample RW-2 collected on 28th Jan 2024 contained the 
least amount of microplastics 5 particle/m3 in wet deposition. In soil samples S-4 contained the highest 
amount of microplastics 340 particle/ m3 and S-3 contained the least amount of microplastics 110 
particles/ m3. Detailed of microplastics found in each sample based on number is provided in table 3.  

Table 3. Microplastics quantification based on deposition rate and soil contamination in different samples. 

Soil Sample Rain Sample Wet Deposition of Microplastic 
(Particles/m3) 

Soil Contamination 
(particles/mg) 

S-1 RW-1 28 283 

S-2 RW-2 5 198 

S-3 RW-3 11 110 

S-4 RW-4 7 340 

S-5 RW-5 20 288 

Correlation between Deposition Rates and Soil Contamination  

 
MP IN RAINWATER & SOIL CONTAMINATION 

 
Figure 9. Correlation between micorplastics abundance in rain and soil sample. 

Conclusion   

Abundance of Microplastics found in all samples. Largest mean particle size with abundance in rainwater 
samples was 0.70 µm and 0.92 µm in the soil samples. Soil sample contain more microplastics than 
rainwater sample. This research study contributes in scientific knowledge on microplastics abundance in 
atmosphere and deposition with rainwater on different landscapes, including agricultural land. Data 
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presented based on real time sampling and analysis of rainwater in Poland. Further studies needed to 
understand the mechanism of microplastics transportation cycle.  
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Abstract 

Since it was introduced in the Brundland Report in 1987, the term sustainability gradually increased its 
presence and exploded into popularity after the Sustainable Development Goals (SDGs) were adopted in 
2015. The term is now sprinkled everywhere, from product advertisements by private companies to 
tabloid shows on TV, as if it were a fashion icon to demonstrate the sensitivity to global issues. However, 
there is no clear consensus on what the term sustainability actually refers to, nor is it clear what values 
are held and acted upon by those who use it. On the other hand, regardless of how the term sustainability 
is used, fundamental principles and values that people rely on in judging the correctness of their and other 
people's behavior regarding the symbiotic existence of humans and nature are rooted in the societies in 
which individuals live.  

CǳƴŘŀƳŜƴǘŀƭ ǾŀƭǳŜǎΣ ǊŜŎƻƎƴƛǝƻƴ ƻŦ ƛǎǎǳŜǎ ƛƴ ŦǊƻƴǘΣ ǘƘŜƛǊ ǇŜǊŎŜƛǾŜŘ ǎƻƭǳǝƻƴǎΣ ŀƴŘ ŀŎǝƻƴǎ ǘƻ ǎƻƭǾŜ ǎǳŎƘ 
ǇŜǊŎŜƛǾŜŘ ǇǊƻōƭŜƳǎ ŀǊŜ ŀƭƭ ǊŜƭŀǘŜŘ ōǳǘ ŘƛũŜǊŜƴǘ ƭŀȅŜǊǎ ƻŦ ǘƘŜ ŎƻƎƴƛǝǾŜ ǇǊƻŎŜǎǎΦ .ŀǎŜŘ ƻƴ ǘƘƛǎ 
ǳƴŘŜǊǎǘŀƴŘƛƴƎΣ ƛƴ ǘƘƛǎ ǎǘǳŘȅΣ ǘƘŜ ŀǳǘƘƻǊ ǘǊƛŜǎ ǘƻ ŎŀǇǘǳǊŜ ǘƘŜ ǊŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǇŜƻǇƭŜϥǎ ŎƻƴŎŜǇǝƻƴǎ ƻŦ 
ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƴŘ ŦǳƴŘŀƳŜƴǘŀƭ ǾŀƭǳŜǎ ōŀǎŜŘ ƻƴ ǿƘƛŎƘ ǇŜƻǇƭŜ ƳŀƪŜ ŜǘƘƛŎŀƭ ƧǳŘƎƳŜƴǘǎ ŀƴŘ ŘŜŎƛŘŜ ǘƘŜƛǊ 
ŀŎǘǎ ƻƴ ǾŀǊƛƻǳǎ ƛǎǎǳŜǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘƻǎŜ ŦƻǊ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ Lƴ ƘŜǊ ŜŀǊƭƛŜǊ ǎǘǳŘȅΣ ǿƘƛŎƘ ŎƻƴŘǳŎǘŜŘ ŀ 
ǉǳŀƴǝǘŀǝǾŜ ǘƻǇƛŎ ƳƻŘŜƭƛƴƎ ǳǎƛƴƎ ƭŀǊƎŜπǎŎŀƭŜ ǿŜōπōŀǎŜŘ ǘŜȄǘǎ ŀǎ ŘŀǘŀΣ ǘƘŜ ŀǳǘƘƻǊ ƛŘŜƴǝŬŜŘ ŘƛǾŜǊǎŜ 
Ŏƻƴƴƻǘŀǝƻƴǎ ŀǧŀŎƘŜŘ ǘƻ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ōŀŎƪƎǊƻǳƴŘǎ ƻŦ ǘƘŜ ǇŜƻǇƭŜ ǿƘƻ 
ǳǎŜ ƛǘ ŀƴŘ ǘƘŜƛǊ ƳƻǝǾŀǝƻƴǎΦ ¢Ƙƛǎ Ǉŀǎǘ ǎǘǳŘȅ ŎŀƳŜ ǳǇ ǿƛǘƘ ŀ ƭƛǎǘ ƻŦ ǇƘǊŀǎŜǎ ŀƴŘ ǿƻǊŘǎ ǘƘŀǘ ŀǇǇŜŀǊŜŘ 
ŦǊŜǉǳŜƴǘƭȅ ƛƴ ŎƭƻǎŜ ŎƻƴƴŜŎǝƻƴ ǿƛǘƘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ ¢ƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅ ǳǎŜǎ ǘƘƛǎ ƭƛǎǘ ƻŦ ƛǎǎǳŜǎ ŀƴŘ ǘƘŜƳŜǎ 
ƛŘŜƴǝŬŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ǉǳŀƴǝǘŀǝǾŜ ǘƻǇƛŎ ƳƻŘŜƭƛƴƎ ŀǎ ǉǳŜǎǝƻƴƴŀƛǊŜ ƛǘŜƳǎΦ  

¢ƘŜ ǉǳŜǎǝƻƴƴŀƛǊŜ ǎǳǊǾŜȅ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ƛƴ CŜōǊǳŀǊȅ нлно ŀƴŘ ŘƛǎǘǊƛōǳǘŜŘ ƻƴƭƛƴŜ ǘƻ нлс ǇŀǊǝŎƛǇŀƴǘǎ ƛƴ 
ǘƘŜ tƘƛƭƛǇǇƛƴŜǎ ŀƴŘ YŜƴȅŀΦ ¢ƘŜǎŜ ǘǿƻ ŎƻǳƴǘǊƛŜǎ ǿŜǊŜ ǎŜƭŜŎǘŜŘ ŀǎ ǘƘŜ ǎŀƳǇƭŜǎ ŦƻǊ ǘƘŜ ǘǊƛŀƭ ǎǳǊǾŜȅ ŦƻǊ ōŜƛƴƎ 
9ƴƎƭƛǎƘπǇǊƻŬŎƛŜƴǘ ǎƻŎƛŜǝŜǎ ƛƴ ǘǿƻ ŘƛũŜǊŜƴǘ ǊŜƎƛƻƴǎ ς !ǎƛŀ ŀƴŘ !ŦǊƛŎŀΦ ¢ƘŜ ǉǳŜǎǝƻƴǎ ŀǎƪŜŘ ǊŜǎǇƻƴŘŜƴǘǎ ǘƻ 
ǊŀǘŜ ŘƛũŜǊŜƴǘ ǘƘŜƳŜǎ ŀƴŘ ƛǎǎǳŜǎ ǊŜƭŀǘŜŘ ǘƻ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ǘƘŜƛǊ ŎƻǊŜ ǾŀƭǳŜǎΣ ƛŘŜƻƭƻƎƛŎŀƭ 
ǘŜƴŘŜƴŎƛŜǎΣ ŀƴŘ ǇŜǊǎƻƴŀƭƛǘȅΦ ¢ƘŜ Řŀǘŀ ŦǊƻƳ ǘƘƛǎ ǉǳŜǎǝƻƴƴŀƛǊŜ ƛǎ ǘƘŜƴ ƭƛƴƪŜŘ ǘƻ ǘƘŜ ƛǘŜƳǎ ŦǊƻƳ ǘƘŜ ƭŀǊƎŜ 
ŘŀǘŀǎŜǘ ŦǊƻƳ ǘƘŜ ²ƻǊƭŘ ±ŀƭǳŜ {ǳǊǾŜȅ ό²±{ύ нлноΣ ƛƴ ǿƘƛŎƘ ǘƘŜ tƘƛƭƛǇǇƛƴŜǎ ŀƴŘ YŜƴȅŀ ŀƭǎƻ ǘƻƻƪ ǇŀǊǘΦ ¢ƘŜ 
²±{ ƛǎ ŀ Ǝƭƻōŀƭ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘ ǘƘŀǘ ŜȄǇƭƻǊŜǎ ǇŜƻǇƭŜϥǎ ǾŀƭǳŜǎ ŀƴŘ ōŜƭƛŜŦǎΣ Ƙƻǿ ǘƘŜȅ ŎƘŀƴƎŜ ƻǾŜǊ ǝƳŜΣ 
ŀƴŘ ǿƘŀǘ ǎƻŎƛŀƭ ŀƴŘ ǇƻƭƛǝŎŀƭ ƛƳǇŀŎǘ ǘƘŜȅ ƘŀǾŜΦ ¢ƘŜǊŜ ŀǊŜ ŀƭǎƻ ǉǳŜǎǝƻƴ ƛǘŜƳǎ ŀōƻǳǘ ǇŜƻǇƭŜϥǎ ǾŀƭǳŜǎ ŀōƻǳǘ 
ŘŜǾŜƭƻǇƳŜƴǘΣ ŎƻπŜȄƛǎǘŜƴŎŜ ǿƛǘƘ ƻǘƘŜǊǎΣ ŀƴŘ ǳǝƭƛȊŀǝƻƴ ƻŦ ƭƛƳƛǘŜŘ ǊŜǎƻǳǊŎŜǎΦ 

5ŀǘŀ ǿƛƭƭ ōŜ ŎƻƳōƛƴŜŘ ŦǊƻƳ ǘƘŜ ǉǳŜǎǝƻƴƴŀƛǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ ǎǳǎǘŀƛƴŀōƛƭƛǘȅπǊŜƭŀǘŜŘ ǘƻǇƛŎ ƳƻŘŜƭǎ ŀƴŘ ƛǘŜƳǎ 
ŀŘƻǇǘŜŘ ŦǊƻƳ ǘƘŜ ²±{ ŀƴŘ ŜȄŀƳƛƴŜ ǘƘŜ ǊŜƭŀǝƻƴǎƘƛǇǎ ŀƳƻƴƎ ǇŜƻǇƭŜϥǎ ŦǳƴŘŀƳŜƴǘŀƭ ǾŀƭǳŜǎΣ ǘƘŜƛǊ 
ŎƻƴŎŜǇǝƻƴǎ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛǎǎǳŜǎΣ ŀƴŘ ǇŜǊŎŜƛǾŜŘ ǎƻƭǳǝƻƴǎΦ  
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Abstract 

5ŜŎƻƴǎǘǊǳŎǝƻƴ ƛǎ ŀ ŎǊƛǝŎŀƭ ǊŜŀŘƛƴƎ ǘŜŎƘƴƛǉǳŜ ǇǊƻǇƻǎŜŘ ōȅ WŀŎǉǳŜǎ 5ŜǊǊƛŘŀ όмфолπнллпύΦ ¢Ƙƛǎ ǘŜŎƘƴƛǉǳŜ 
ŀƴŀƭȅǎŜǎ ǘƘŜ ƛƴǘŜǊƴŀƭ ǘŜƴǎƛƻƴǎ ƻŦ ŀ ŘƛǎŎƻǳǊǎŜΣ ŜȄǇƻǎŜǎ ƛǘǎ ƛƴƘŜǊŜƴǘ ŎƻƳǇƭŜȄƛǘȅ ŀƴŘΣ ŀǎ ŀ ǊŜǎǳƭǘΣ Ŏŀǎǘǎ ƴŜǿ 
ƭƛƎƘǘ ƛƴǘƻ ǘƘŜ ŀŘŘǊŜǎǎŜŘ ƛǎǎǳŜΦ Lƴ ǘƘƛǎ ǇǊŜǎŜƴǘŀǝƻƴΣ L ǇǊƻǇƻǎŜ ŀ ŘŜŎƻƴǎǘǊǳŎǝǾŜ ǊŜŀŘƛƴƎ ƻŦ ǘƘŜ ŎƻƴŎŜǇǘǎ ƻŦ 
ΨǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ŀƴŘ ΨŘŜǾŜƭƻǇƳŜƴǘΩΣ ŀǎ ǳǎŜŘ ōȅ ǘƘŜ ¦ƴƛǘŜŘ bŀǝƻƴǎ ƛƴ ǘƘŜ нлол !ƎŜƴŘŀ ŦƻǊ {ǳǎǘŀƛƴŀōƭŜ 
5ŜǾŜƭƻǇƳŜƴǘΣ ŀƴŘ ŜȄǇƭŀƛƴ ǘƘŜƳ ƛƴ ǘŜǊƳǎ ƻŦ ƛŘŜƴǝǘȅΦ ¢ƘŜ ǘŜǊƳ ŘƛũŞǊŀƴŎŜΣ ŎƻƛƴŜŘ ōȅ 5ŜǊǊƛŘŀΣ ŎƻƳōƛƴŜǎ 
ǘƘŜ ǘŜǊƳǎ ŘƛũŞǊŜǊ όŘƛũŜǊ ƛƴ CǊŜƴŎƘύ ŀƴŘ ŘƛũŞǊŜƴŎŜ όŘƛũŜǊŜƴŎŜ ƛƴ CǊŜƴŎƘύΦ 5ŜǊǊƛŘŀ ǳǎŜǎ ƛǘ ǘƻ ƘƛƎƘƭƛƎƘǘ ǘƘŜ 
ŎƻƴǝƴƎŜƴǘ ŀƴŘ ŜƭǳǎƛǾŜ ŎƘŀǊŀŎǘŜǊ ƻŦ ǘƘŜ ƳŜŀƴƛƴƎ ƻŦ ǿƻǊŘǎΥ ŜǾŜǊȅ ǿƻǊŘ ŬƴŘǎ ƛǘǎ ƳŜŀƴƛƴƎ ōȅ ŘƛũŜǊŜƴǝŀǝƴƎ 
ƛǘǎŜƭŦ ŦǊƻƳ ƻǘƘŜǊǎ όŘƛũŞǊŜƴŎŜύ ŀƴŘ ōȅ ƛƴŘŜŬƴƛǘŜƭȅ ǇƻǎǘǇƻƴƛƴƎ ǘƘŜ ŦǳƭƭƴŜǎǎ ƻŦ ƛǘǎ ƳŜŀƴƛƴƎ όŘƛũŞǊŜǊύΦ ¢ƘŜǎŜ 
ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ŀǊŜ ƴƻǝŎŜŀōƭŜ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ ǘŜǊƳǎΣ ΨǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ŀƴŘ ΨŘŜǾŜƭƻǇƳŜƴǘΩΦ 

Lƴ ¦b ŘƻŎǳƳŜƴǘǎΣ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ƛŘŜŀ ƻŦ ƳŀƪƛƴƎ ǳǎŜ ƻŦ ǊŜǎƻǳǊŎŜǎ ƛƴ ǘƘŜ ǇǊŜǎŜƴǘ ƛƴ ŀ ǿŀȅ ǘƘŀǘ 
ŀƭƭƻǿǎ ŦǳǘǳǊŜ ƎŜƴŜǊŀǝƻƴǎ ǘƻ ƳŜŜǘ ǘƘŜƛǊ ƴŜŜŘǎ ŀǎ ǿŜƭƭΦ ¢ƘŜ ǾŜǊȅ ŘŜŬƴƛǝƻƴ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǎǳōǎǳƳŜǎ ǘƘŜ 
ƳŜŀƴƛƴƎ ƻŦ ǘƘŜ ŎƻƴŎŜǇǘ ǘƻ ŀ ŦǳǘǳǊŜ όŘƛũŞǊŜǊύ ǿƘƛŎƘΣ ōȅ ŘŜŬƴƛǝƻƴΣ ƛǎ ǳƴƪƴƻǿƴ όǿŜ ǿƛƭƭ ƴŜǾŜǊ ǊŜŀŎƘ ƛǘΣ 
ƻǘƘŜǊǿƛǎŜ ƛǘ ǿƻǳƭŘ ŎŜŀǎŜ ǘƻ ōŜ ŦǳǘǳǊŜύΦ !ǘ ǘƘŜ ǎŀƳŜ ǝƳŜΣ ǘƘŜ ¦b ŎƻƴǎǘǊǳŎǘŜŘ ǘƘŜ ƳŜŀƴƛƴƎ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ 
ŀǎ ŀ ŎƻǳƴǘŜǊǇƻƛƴǘ ǘƻ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ǳƴǎǳǎǘŀƛƴŀōƛƭƛǘȅ όŘƛũŞǊŜƴŎŜύΥ ŬǊǎǘΣ ǿŜ ƪƴƻǿ ǿƘŀǘ ǳƴǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛǎ όŀ 
ŎŜƴǘǊŀƭ ŎƘŀǊŀŎǘŜǊƛǎǝŎ ƻŦ ƳƻŘŜǊƴ ǎƻŎƛŜǝŜǎύΤ ǘƘŜƴΣ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛǎ ŎƻƴŎŜǇǘǳŀƭƛǎŜŘ ŀǎ ǘƘŜ ƻǇǇƻǎƛǘŜ ǘƻ 
ǳƴǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ ¢ƘŜ ǎŀƳŜ ƭƻƎƛŎ ǿƻǊƪǎ ǿƛǘƘƛƴ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ ¦b ŘƻŎǳƳŜƴǘǎΦ hƴ ǘƘŜ ƻƴŜ 
ƘŀƴŘΣ ƛǘ ƛǎ ŀ ŎƻƴŎŜǇǘ ǘƘŀǘ ŀƭǿŀȅǎ Ǉƻƛƴǘǎ ǘƻ ŀ ŦǳǘǳǊŜ ǿƘŜǊŜ ǘƘŜ ǇǊŜǎŜƴǘ ǇǊƻōƭŜƳǎ ŀǊŜ ǎƻƭǾŜŘ όŘƛũŞǊŜǊύΦ hƴ 
ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ŘŜǾŜƭƻǇƳŜƴǘ ǿŀǎ ōƻǊƴ ŀǎ ŀ ŎƻǳƴǘŜǊǇƻƛƴǘ ǘƻ ǘƘŀǘ ƻŦ ǳƴŘŜǊŘŜǾŜƭƻǇƳŜƴǘ 
όŘƛũŞǊŜƴŎŜύΥ ƛƴ ǘƘŜ мфрлǎ ŀƴŘ мфслǎΣ ǘƘŜ ¦ƴƛǘŜŘ bŀǝƻƴǎ ŬǊǎǘ ŦƻŎǳǎŜŘ ƻƴ ǳƴŘŜǊŘŜǾŜƭƻǇƳŜƴǘΣ ǘƘŜƴ 
ǘƘŜƻǊŜǝŎŀƭƭȅ ŘŜŬƴŜŘ ŘŜǾŜƭƻǇƳŜƴǘΦ 

¢Ƙƛǎ ǇǊŜǎŜƴǘŀǝƻƴ ŀƴŀƭȅǎŜǎ ǘƘŜ ŎƻƴǘŜȄǘ ǿƘŜǊŜ ǘƘŜǎŜ ŎƻƴŎŜǇǘǎ ǿŜǊŜ ŀǊǝŎǳƭŀǘŜŘ ƛƴǘƻ ¦b ŘƛǎŎƻǳǊǎŜ ŀƴŘ 
ǎƘƻǿǎ ǘƘŜƳ ŀǎ ǎȅƳǇǘƻƳǎ ƻŦ ǘƘŜ ǘǊŀƴǎƛǝƻƴǎ ǘƘŀǘ ǘƘŜ ǿƻǊƭŘ ƛǎ ƎƻƛƴƎ ǘƘǊƻǳƎƘΦ Lƴ ōǊƛŜŦΣ ŘŜǾŜƭƻǇƳŜƴǘ ǇƭŀȅŜŘ 
ŀ ƪŜȅ ǇƻƭƛǝŎŀƭ ǊƻƭŜ ŘǳǊƛƴƎ ǘƘŜ мфрлǎΣ ǿƘŜƴ ǘƘŜ ŎŀǇƛǘŀƭƛǎǘ ²Ŝǎǘ ŀƛƳŜŘ ǘƻ ǘŀƪŜ ŀ ŎŜƴǘǊŜ Ǉƻǎƛǝƻƴ ƛƴ ǿƻǊƭŘ 
ǇƻƭƛǝŎǎ ς ŀǎ ƻǇǇƻǎŜŘ ǘƻ ǘƘŜ ǳƴŘŜǊŘŜǾŜƭƻǇŜŘ ŀƴŘκƻǊ ŎƻƳƳǳƴƛǎǘ ΨƻǘƘŜǊΩ όŘƛũŜǊŜƴŎŜύ ς ŀƴŘ ǘƻ ǎƘƻǿ 
ŎŀǇƛǘŀƭƛǎƳ όŘŜƳƻŎǊŀŎȅΣ ŦǊŜŜŘƻƳύ ŀǎ ǘƘŜ ǿŀȅ ǘƻ ŀ ōŜǧŜǊ ŦǳǘǳǊŜ όŘƛũŞǊŜǊύΤ ǿƘŜǊŜŀǎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŜƳŜǊƎŜŘ 
ƛƴ ǘƘŜ мфулǎ ŀƴŘ мффлǎΣ ŀƴŘ ƎŀƛƴŜŘ ƳƻƳŜƴǘǳƳ ƛƴ ǘƘŜ нлллǎ ŀƴŘ нлмлǎΣ ǿƘŜƴ ǘƘŜ ŎŀǇƛǘŀƭƛǎǘ ²Ŝǎǘ ŀǎǎǳƳŜŘ 
ǘƘŀǘ ƛǘ ǿŀǎ ƴƻǘ ǘƘŜ ŎŜƴǘǊŜ ŀƴȅƳƻǊŜ ς ǘƘŜ ²Ŝǎǘ ƛǎ ǳƴǎǳǎǘŀƛƴŀōƭŜΥ ƻƴŜ ΨƻǘƘŜǊΩ ŀƳƻƴƎ Ƴŀƴȅ ǳƴǎǳǎǘŀƛƴŀōƭŜ 
ƻǘƘŜǊǎ όŘƛũŜǊŜƴŎŜύ ς ŀƴŘ ǘƘŀǘ ŎŀǇƛǘŀƭƛǎƳ ǿŀǎ ŀƴ ŜƴŘƭŜǎǎ ǎŎŀǇŜ ŦƻǊǿŀǊŘΣ ƭƻƻƪƛƴƎ ŦƻǊ ŀƴ ǳƴǊŜŀŎƘŀōƭŜ 
ǇǊƻƳƛǎŜŘ ŦǳǘǳǊŜ όŘƛũŞǊŜǊύΦ ¢ƘŜ ǇǊŜǎŜƴǘŀǝƻƴ ŘƻŜǎ ƴƻǘ ŦƻŎǳǎ ƻƴ ŀƴȅ {5D ƛƴ ǇŀǊǝŎǳƭŀǊΦ wŀǘƘŜǊΣ ƛǘ ƻũŜǊǎ ŀ 
ƎŜƴŜǊŀƭ ǊŜƅŜŎǝƻƴ ŀōƻǳǘ ǘƘŜ ƛƴƘŜǊŜƴǘ ŎƻƳǇƭŜȄƛǘȅ ƻŦ Ǝƭƻōŀƭ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ǎǘǊŀǘŜƎƛŜǎΦ 
Ψ5ŜǾŜƭƻǇƳŜƴǘΩ ŀƴŘ ΨǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ŀǊŜ ǇǊŜǎŜƴǘŜŘΣ ƴƻǘ ŀǎ ǘƘŜ ǎƻƭǳǝƻƴ ǘƻ ƻǳǊ Ǝƭƻōŀƭ ǇǊƻōƭŜƳǎΣ ōǳǘ ŀǎ 
όƛŘŜƴǝǘȅύ ŘƛǎŎǳǊǎƛǾŜ ǘƻƻƭǎ ƛƴǘŜƴŘŜŘ ǘƻ ƳŀƪŜ ǎŜƴǎŜ ƻŦ όƎǊŀǎǇΣ ƘƻƭŘΣ ŎƻƴǘǊƻƭύ ŀƴ ŜǾŜǊ ŎƘŀƴƎƛƴƎ ŀƴŘ 
ƛƴŎƻƳƳŜƴǎǳǊŀōƭŜ ǊŜŀƭƛǘȅ ς ƻǳǊ ǿƻǊƭŘΦ  
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Abstract 

Sustainability has become a widely accepted and adopted discourse, taking on multiple meanings and 
ǳǎŜǎ ƻǾŜǊ ǘƘŜ ȅŜŀǊǎΦ ¢Ƙƛǎ Ƙŀǎ ŜƴǊƛŎƘŜŘ ǘƘŜ ŘƛǎŎǳǊǎƛǾŜ ǎŎŜƴŀǊƛƻ ōǳǘ Ƙŀǎ ŀƭǎƻ ǊŜǎǳƭǘŜŘ ƛƴ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΩǎ 
characterization as a vague, ambiguous, empty, and contested term, which poses challenges to its 
representation and understanding (Salas Zapata & Ortiz Muñoz, 2018; Farley & Smith, 2020, Billi, 
Mascareño, & Edwards, 2021; Thompson & Norris, 2021). To gain insight into how sustainability is 
represented and constructed within the societal discourses, (Michaud, 2018; Khan Malik, 2021), this 
ǊŜǎŜŀǊŎƘ ŜƳǇƭƻȅǎ WŀŎǉǳŜǎ 5ŜǊǊƛŘŀΩǎ ŘŜŎƻƴǎǘǊǳŎǘƛƻƴ ŘƻǳōƭŜ ǊŜŀŘƛƴƎ ǎǘǊŀǘŜƎȅΦ .ȅ ŀǇǇƭȅƛƴƎ ǘƘŜ ŘƻǳōƭŜ 
reading strategy, this research looked at eight documents from 1987 to 2021 that have influenced the 
discursive landscape across multiple dimensions, including environment, economy, society, culture, 
religion, and politics. 

¢ƘŜ ŘƻǳōƭŜ ǊŜŀŘƛƴƎ ǎǘǊŀǘŜƎȅ ŜƴŀōƭŜǎ ǘƻ ŎŀǇǘǳǊŜ ƻŦ ǘƘŜ ŘƛǎŎǳǊǎƛǾŜ ǎŎŜƴŀǊƛƻ ƻŦ ǘŜȄǘǎ ŀƴŘ ƛƴǾƻƭǾŜǎ ǘǿƻ 
ΨƎŜǎǘǳǊŜǎΩ ƻǊ ƳƻǾŜǎ ό5ŜǊǊƛŘŀΣ [ƛƳƛǘŜŘ LƴŎΦΣ мфууΣ ǇΦ нмύΦ ¢ƘŜ ŬǊǎǘΣ ƪƴƻǿƴ ŀǎ ΨŘƻǳōƭŜ ŎƻƳƳŜƴǘŀǊȅΩΣ Ŏƻƴǎƛǎǘǎ 
ƻŦ ǘƘŜ ŀōǎǘǊŀŎǝƻƴ ƻŦ ǘƘŜ ŀǳǘƘƻǊƛŀƭ ŀƴŘ ǘŜȄǘǳŀƭ ƛƴǘŜƴǝƻƴǎ ƻŦ ǘƘŜ ǘŜȄǘǎ όǾƻǳƭƻƛǊ ŘƛǊŜύ ό5ŜǊǊƛŘŀΣ hŦ 
DǊŀƳƳŀǘƻƭƻƎȅΣ мфсфΣ ǇΦ мруύΣ ǿƘƛŎƘ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ǳǎƛƴƎ ǉǳŀƭƛǘŀǝǾŜ ŎƻƴǘŜƴǘ ŀƴŀƭȅǎƛǎ ŀǎ ŀƴ ŀǳȄƛƭƛŀǊȅ 
ƳŜǘƘƻŘΦ ¢Ƙƛǎ ƎŜǎǘǳǊŜ ǿŀǎ ŦƻƭƭƻǿŜŘ ōȅ ŀ ǎŜŎƻƴŘ ǊŜŀŘƛƴƎΣ ƪƴƻǿƴ ŀǎ ΨŘŜŎƻƴǎǘǊǳŎǝǾŜ ǊŜŀŘƛƴƎΣΩ ǿƘƛŎƘ 
ŜȄŀƳƛƴŜŘ ǘƘŜ ōƛƴŀǊȅ ƻǇǇƻǎƛǝƻƴǎΣ ŘƛũŜǊłƴŎŜǎΣ ŀǇƻǊƛŀǎΣ ŀƴŘ ƻƳƛǎǎƛƻƴǎ ǿƛǘƘƛƴ ǘƘŜ ǘŜȄǘǎ ό5ŜǊǊƛŘŀΣ ²ǊƛǝƴƎ 
ŀƴŘ ŘƛũŜǊłƴŎŜΣ мфстΣ ǇǇΦ ннфπнолύΦ ¢ƘŜ ǳǎŜ ƻŦ ŘŜŎƻƴǎǘǊǳŎǝƻƴ ǇǊƻǾƛŘŜŘ ŀ ǊŜŀŘƛƴƎ ǎǘǊŀǘŜƎȅ ŦƻǊ 
ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŘƛǎŎƻǳǊǎŜǎΦ ¢ƘŜ ŘƻǳōƭŜ ǊŜŀŘƛƴƎ ǎǘǊŀǘŜƎȅ Ƙŀǎ ǊŜǾŜŀƭŜŘ ǘƘŜ ŜǾƻƭǳǝƻƴ ƻŦ 
ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ǇǊƻƎǊŜǎǎƛƴƎ ŦǊƻƳ ǘƘŜ ƛƴƛǝŀƭ .ǊǳƴŘǘƭŀƴŘ ǊŜǇƻǊǘ ǿƘƛŎƘ ŘŜŬƴŜŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŦǊƻƳ ŀ Ǝƭƻōŀƭ 
ǇŜǊǎǇŜŎǝǾŜ ƛƴ мфут ǘƻ ŘƛǾŜǊǎŜ ŎƻƴǘŜȄǘǳŀƭ ƛƴǘŜǊǇǊŜǘŀǝƻƴǎ ǎƘŀǇŜŘ ōȅ ŘƛƳŜƴǎƛƻƴǎΣ ƎƻŀƭǎΣ ŀƴŘ ŀǳǘƘƻǊƛŀƭ 
ƛƴǘŜƴǝƻƴǎΦ aƻǎǘ ƻŦ ǘƘŜ ǘŜȄǘǎ ƳŀƛƴǘŀƛƴŜŘ ŀ ƴƻǊƳŀǝǾŜΣ ǎŎƛŜƴǝŬŎΣ ŀƴŘ ŀƴǘƘǊƻǇƻŎŜƴǘǊƛŎ ŀǇǇǊƻŀŎƘ ƻǾŜǊ ǝƳŜΣ 
ŜȄŎŜǇǘ ŦƻǊ ǘƘŜ ǊŜƭƛƎƛƻǳǎ ŘƻŎǳƳŜƴǘ [ŀǳŘŀǘƻ {ƛΦ ¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ŀƭǎƻ ŦƻǳƴŘ ǇǊŜǾŀƭŜƴǘ ŜŎƻƴƻƳƛŎ ŀƴŘ ǇƻƭƛǝŎŀƭ 
ǎǘǊǳŎǘǳǊŜǎ ōŀǎŜŘ ƻƴ ŎŀǇƛǘŀƭƛǎǘ ŦƻǳƴŘŀǝƻƴǎ ŀƴŘ ŀ ŘŜƳƻŎǊŀǝŎ ƳƻŘŜƭΣ ŀƭƻƴƎ ǿƛǘƘ ŀ ǎǘǊƻƴƎ ǇƻƭƛǝŎŀƭ ƛƴŎƭƛƴŀǝƻƴ 
ōŜȅƻƴŘ ƎƻǾŜǊƴŀƴŎŜ ŀƴŘ ǊŜƎǳƭŀǘƻǊȅ ŦǊŀƳŜǿƻǊƪǎΦ !ƴ ƛƴŎǊŜŀǎƛƴƎ ǘǊŜƴŘ ǘƻǿŀǊŘ ŀŘƻǇǝƴƎ ŀ ōǊƻŀŘŜǊ ǎƻŎƛŀƭΣ 
ŎǳƭǘǳǊŀƭΣ ŀƴŘ ŜǘƘƛŎŀƭ ŀƎŜƴŘŀ ǿŀǎ ŀƭǎƻ ƻōǎŜǊǾŜŘΣ ŀǎ ǿŜƭƭ ŀǎ ŀ ǎƘƛƊ ŦǊƻƳ ŀǇƻŎŀƭȅǇǝŎ ƴŀǊǊŀǝǾŜǎ ǘƻ ƭŜǎǎ ǊŀŘƛŎŀƭ 
ŘƛǎŎƻǳǊǎŜǎ ǘƘŀǘ ǎǝƭƭ ŜƳǇƘŀǎƛȊŜŘ ǘƘŜ ǳǊƎŜƴŎȅΣ ƛƳƳŜŘƛŀŎȅΣ ŀƴŘ ŎƘŀƭƭŜƴƎƛƴƎ ƴŀǘǳǊŜ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ 5ŜǎǇƛǘŜ 
ǘƘŜ ŀŘƻǇǝƻƴ ƻŦ ŀ ƳƻǊŜ ƛƴŎƭǳǎƛǾŜ ŀƴŘ ŜǉǳƛǘŀōƭŜ ǇŜǊǎǇŜŎǝǾŜΣ ǘƘŜ ƳƛǎǊŜǇǊŜǎŜƴǘŀǝƻƴ ƻŦ ŎŜǊǘŀƛƴ ŀŎǘƻǊǎΣ ǎǳŎƘ 
ŀǎ ƛƴŘƛƎŜƴƻǳǎ ƎǊƻǳǇǎΣ ŎƻƴǝƴǳŜŘ ƛƴ ŀƭƭ ŘƛǎŎƻǳǊǎŜǎΦ   

hǾŜǊŀƭƭΣ ŀǇǇƭȅƛƴƎ ǘƘŜ ŘŜŎƻƴǎǘǊǳŎǝǾŜ ŘƻǳōƭŜ ǊŜŀŘƛƴƎ ǎǘǊŀǘŜƎȅ ŎƻƴŬǊƳŜŘ ǘƘŀǘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛǎ ŀ 
ƳǳƭǝŘƛǎŎƛǇƭƛƴŀǊȅ ŀƴŘ ƳǳƭǝŘƛƳŜƴǎƛƻƴŀƭ ŘƛǎŎƻǳǊǎŜ ǘƘŀǘ ƘŀǎΣ ƘƻǿŜǾŜǊΣ ǘǊŀƴǎŎŜƴŘŜŘ ǘƻ ŀ ǘǊŀƴǎŘƛǎŎƛǇƭƛƴŀǊȅ 
ƻƴŜΣ ǿƘŜǊŜ ǇǊŀŎǝŎŜǎ ŀƴŘ ōŜƘŀǾƛƻǊǎ Ǉƭŀȅ ŀƴ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜΦ ¢ƘŜ ǊŜǎǳƭǘǎ ŀƭǎƻ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛǎ 
ƛƴƅǳŜƴŎŜŘ ōȅ ǘƘŜ ŘƛƳŜƴǎƛƻƴ ƛƴ ǿƘƛŎƘ ƛǘ ƛǎ ǊƻƻǘŜŘ ŀƴŘ ƛǎ ŘŜǇŜƴŘŜƴǘ ƻƴ ǎǇŀǝŀƭ ŀƴŘ ǘŜƳǇƻǊŀƭ ŎƻƴǘŜȄǘǎΣ ŀǎ 
ǿŜƭƭ ŀǎ ǘƘŜ ŀǳǘƘƻǊƛŀƭ ƛƴǘŜƴǝƻƴǎ ǘƘŀǘ ƛƴǘŜǊǇǊŜǘ ƛǘΦ !ǎ ŀ ǊŜǎǳƭǘΣ ƛǘ Ŏŀƴ ōŜ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛǎ ŀ 
ǇƻƭȅǎŜƳƛŎΣ ƛǘŜǊŀōƭŜΣ ƅŜȄƛōƭŜΣ ƳǳƭǝŦŀŎŜǘŜŘΣ ŀƴŘ ŀŘŀǇǘŀōƭŜ ŘƛǎŎƻǳǊǎŜΦ  
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!ōǎǘǊŀŎǘ 

{ǳǎǘŀƛƴŀōƛƭƛǘȅ ǊŜǎŜŀǊŎƘ ƛǎ ŦǳƴŘŀƳŜƴǘŀƭƭȅ ŘǊƛǾŜƴ ōȅ ŀƴ ƛƴǘŜǊŜǎǘ ƛƴ ƭŜŀǊƴƛƴƎ ŦǊƻƳ ŜȄǇŜǊƛŜƴŎŜ ǘƻ ƛŘŜƴǝŦȅ ŀƴŘ 
ƛƳǇƭŜƳŜƴǘ ŎƘŀƴƎŜΣ ŀǎ ǿŜƭƭ ŀǎ ǘƻ ƛŘŜƴǝŦȅ ƴŜǿ ŀǊŜŀǎ ƻŦ ǊŜǎŜŀǊŎƘ ƻǳǘ ƻŦ ŀŎŀŘŜƳƛŎ ƛƴǘŜǊŜǎǘΦ  /ǊƛǝŎŀƭ ǊŜŀƭƛǎƳ 
Ƙŀǎ ōŜŜƴ ƛŘŜƴǝŬŜŘ ŀǎ ŀ ǳǎŜŦǳƭ ǊŜǎŜŀǊŎƘ ƳŜǘƘƻŘƻƭƻƎȅ ƛƴ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ǇǊƻǇƻǎŜŘ ōƻǘƘ ŀǎ ŀƴ ŀǇǇǊƻŀŎƘ ǘƻ 
ǊŜƅŜȄƛǾƛǘȅ όbŀǎǘŀǊΣ нлноύ ŀƴŘ ŀǎ ŀ ŘǊƛǾŜǊ ŦƻǊ ŎƘŀƴƎŜ ό{ŎƘƻǇǇŜƪΣ нлнмύΦ  tǊŜǎŜƴǘƭȅΣ ŎǊƛǝŎŀƭ ǊŜŀƭƛǎƳ ƛǎ 
ǳƴŘŜǊǾŀƭǳŜŘ ŀƴŘ ǳƴŘŜǊπǳǝƭƛǎŜŘ ƛƴ ŀ ŬŜƭŘ ƳƻǊŜ ƎƛǾŜƴ ǘƻ ƻōƧŜŎǝǾƛǎǘ ŀǇǇǊƻŀŎƘŜǎ ǿƘƛŎƘ ŎƻƳǇǊƛǎŜǎ 
ŎƻƳǇǊƻƳƛǎŜ ōŜǘǿŜŜƴ ǊŜǎŜŀǊŎƘ ŀǇǇǊƻŀŎƘŜǎ ŘǊƛǾŜƴ ōȅ ƻōƧŜŎǝǾƛǘȅ ŀƴŘ ǘƘƻǎŜ ŜȄǇƭƛŎƛǘƭȅ ǇǳǊǎǳƛƴƎ 
ŎƻƴǎǘǊǳŎǝƻƴƛǎǘ ŀǇǇǊƻŀŎƘŜǎΦ  ¢ƘŜ ŦƻǊƳŜǊΣ ǘȅǇƛŎŀƭƭȅ ǉǳŀƴǝǘŀǝǾŜΣ Ŏŀƴ ōŜ ƻǾŜǊƭȅ ǎǿŀȅŜŘ ōȅ ŀ ǎŜŀǊŎƘ ŦƻǊ 
ǊŜǇǊŜǎŜƴǘŀǝǾŜƴŜǎǎ όƳƛǎǎƛƴƎ ǘƘŜ ƭŜǎǎƻƴǎ ŦǊƻƳ ŘŜǘŀƛƭŜŘ ŎŀǎŜ ǎǘǳŘƛŜǎΣ ŦƻǊ ŜȄŀƳǇƭŜύΦ ²Ƙƛƭǎǘ ŎƻƴǎǘǊǳŎǝƻƴƛǎǘ 
ŀǇǇǊƻŀŎƘŜǎ όǉǳŀƭƛǘŀǝǾŜ ƳŜǘƘƻŘǎΣ ŜƳǇƘŀǎƛȊƛƴƎ ǎǳōƧŜŎǝǾƛǘȅύ ŘǊŀǿ ƻǳǘ ƛƴŘƛǾƛŘǳŀƭƛǘȅ ŀƴŘ ǇŀǊǝŎǳƭŀǊƛǝŜǎ ŀǘ 
ǘƘŜ ŜȄǇŜƴǎŜ ƻŦ ǳƴŘŜǊƭȅƛƴƎ ƛƴƅǳŜƴŎŜǎΦ IƻǿŜǾŜǊΣ ǘƘŜ ƭŀǧŜǊ Ŏŀƴ ōŜ ŎǊƛǝŎŀƭ ƛƴ ƘƛƴŘŜǊƛƴƎ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǝƻƴ 
ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛƴƛǝŀǝǾŜǎΦ   ¢Ƙƛǎ ǇŀǇŜǊ ǎŜŜƪǎ ǘƻ ƛƴŎǊŜŀǎŜ ŀǿŀǊŜƴŜǎǎ ƻŦ ŎǊƛǝŎŀƭ ǊŜŀƭƛǎƳΣ ōȅ ǊŜƅŜŎǝƴƎ ƻƴ 
ƭŜŀǊƴƛƴƎǎ ŦǊƻƳ ƛǘǎ ŀǇǇƭƛŎŀǝƻƴ ǘƻ ǊŜǎŜŀǊŎƘ ƻƴ ǘƘŜ ŎƛǊŎǳƭŀǊ ŜŎƻƴƻƳȅΣ ŀǎ ŀƴ ŜȄŀƳǇƭŜ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ 
ǊŜǎŜŀǊŎƘΦ  ¢ƘŜ ǊŜǎŜŀǊŎƘ Ƙŀǎ ƛƴǾŜǎǝƎŀǘŜŘ ŀ ƴǳƳōŜǊ ƻŦ ŘƛǎǝƴŎǘ ōǳǘ ƛƴǘŜǊπǊŜƭŀǘŜŘ ƛǎǎǳŜǎ όǳǇǘŀƪŜ ƻŦ ŜŎƻπ
ŘŜǎƛƎƴΣ ŎƻƭƭŀōƻǊŀǝǾŜ ǊŜǎƻǳǊŎŜπŜŶŎƛŜƴŎȅ ƳŜŀǎǳǊŜǎ ŀǎ ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇƳŜƴǘΣ ǿƻǊƪƛƴƎ ƛƴ ŀ ŎƛǊŎǳƭŀǊ 
ŜŎƻƴƻƳȅύ ǿƛǘƘ ŎŀǎŜ ǎǘǳŘƛŜǎ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ƛƴ ǘƘŜ ¦YΦ wŜǎŜŀǊŎƘ ƳŜǘƘƻŘǎΣ ǿƘƛŎƘ ŀǊŜ ƴƻǘ ǇǊƻǎŎǊƛōŜŘ ōȅ 
ŎǊƛǝŎŀƭ ǊŜŀƭƛǎƳΣ ƘŀǾŜ ƛƴŎƭǳŘŜŘ ǎŜƳƛπǎǘǊǳŎǘǳǊŜŘ ƛƴǘŜǊǾƛŜǿǎΣ ǉǳŜǎǝƻƴƴŀƛǊŜ ǎǳǊǾŜȅǎ ŀƴŘ ŘƻŎǳƳŜƴǘ 
ŀƴŀƭȅǎƛǎΦ  CƛƴŘƛƴƎǎ ƛƭƭǳǎǘǊŀǘŜ ǘƘŜ ǳǎŜŦǳƭƴŜǎǎ ƻŦ ŎǊƛǝŎŀƭ ǊŜŀƭƛǎƳ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ Ŏŀǳǎŀƭ ƳŜŎƘŀƴƛǎƳǎ 
ǊŜƭŜǾŀƴǘ ǘƻ ŀ ǎƛǘǳŀǝƻƴΣ ŜΦƎΦΣ ǘƘŀǘ ǿƘƛƭǎǘ ŎƛǊŎǳƭŀǊ ŜŎƻƴƻƳȅ όƻǊ ƻǘƘŜǊ ǎǳǎǘŀƛƴŀōƛƭƛǘȅύ ƛƴƛǝŀǝǾŜǎ ƳƛƎƘǘ ƻũŜǊ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƎŀƛƴǎΣ ǎƻŎƛŀƭκŜŎƻƴƻƳƛŎ Ǝŀƛƴǎ ŀǊŜ ƳƻǊŜ ŜƭǳǎƛǾŜ ǘƘŜǎŜ ŀƴŘ ŎƻƴǝƴƎŜƴǘ ƻƴ ŎƛǊŎǳƳǎǘŀƴŎŜǎΦ ¢ƘŜ 
ǊŜƅŜŎǝƻƴǎ ƘŜǊŜƛƴ ŀǊŜ ǳǎŜŦǳƭ ōƻǘƘ ŀǎ ŀ ƎǳƛŘŜ ǘƻ ƭŜǎǎƻƴǎ ƭŜŀǊƴŜŘ ŦǊƻƳ ǘƘŜ ǊŜǎŜŀǊŎƘ ŀǎ ǿŜƭƭ ŀǎ ǘƻ ōŜƴŜŬǘǎ 
ŦǊƻƳ ǘƘŜ ŀǇǇǊƻŀŎƘΦ  

¢Ƙƛǎ ǇŀǇŜǊ ƛǎ ǊŜƭŜǾŀƴǘ ǘƻ ŀƭƭ ǘƘŜ {5Dǎ ŀǎ ŎǊƛǝŎŀƭ ǊŜŀƭƛǎƳ ŎƻǳƭŘ ōŜ ŀǇǇƭƛŜŘ ǘƻ ǊŜǎŜŀǊŎƘ ƛƴǘƻ ŀƴȅ ƻŦ ǘƘŜƳΦ ¢ƘŜ 
ŜȄŀƳǇƭŜǎ ǇǊŜǎŜƴǘŜŘ ƘŜǊŜ ŦƻǊ ƛƭƭǳǎǘǊŀǝƻƴ ŀǊŜ ǊŜƭŜǾŀƴǘ ǇǊƛƳŀǊƛƭȅ ǘƻ {5Dǎ у όŘŜŎŜƴǘ ǿƻǊƪύΣ мм όǎǳǎǘŀƛƴŀōƭŜ 
ŎƛǝŜǎ ŀƴŘ ŎƻƳƳǳƴƛǝŜǎύ ŀƴŘ мн όǎǳǎǘŀƛƴŀōƭŜ ǇǊƻŘǳŎǝƻƴ ŀƴŘ ŎƻƴǎǳƳǇǝƻƴύΦ 
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Abstract 

This presentation takes aim at any form of green capitalism that is predicated upon the simplistic, 
reductive notion that unfettered economic growth and expansion should be the ultimate goal of every 
society.  Moreover, this transdisciplinary discussion also undermines the progress-regression binary 
behind the unsustainable idea of continual growth that reinforces free market solutions to the 
anthropogenic crisis instead of imposing limits to curb our ecocidal aggression against the remainder of 
the biosphere in the Anthropocene-Technocene.  5ǊŀǿƛƴƎ ƛƴǎǇƛǊŀǘƛƻƴ ŦǊƻƳ WŀŎǉǳŜǎ 5ŜǊǊƛŘŀΩǎ ŎƻƴŎŜǇǘ ƻŦ 
limitrophyΣ 9ŘƎŀǊ aƻǊƛƴΩǎ ŎƻƳǇƭŜȄ ǘƘŜƻǊȅΣ ǘƘŜ ŘŜŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ dominant, ecocidal metanarratives by 
the ecolinguist Arran Stibbe, and the promulgation of degrowth by the philosophers Pierre Rabhi and 
Anne Frémaux, this thought experiment problematizes the viewpoint that it is always possible and 
preferable to find a way to grow the economy without destroying the planet that enables greenwashers 
to reinforce global, late-stage capitalism.  !ƭǘƘƻǳƎƘ 5ŜǊǊƛŘŀΩǎ ƴŜƻƭƻƎƛǎƳ άƭƛƳƛǘǊƻǇƘȅέ ƛǎ ǇǊƛƳŀǊƛƭȅ ŀƴ 
attempt to dislodge the dichotomous thinking pitting humans against other animals in his posthumous 
ŜŎƻƭƻƎƛŎŀƭ ǘƘƻǳƎƘǘΣ ǘƘŜ ǇƘƛƭƻǎƻǇƘŜǊΩǎ ŜŦŦƻǊǘǎ ǘƻ άōǊŜŀƪ Řƻǿƴ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ ŎƻƴŎŜǇǘǳŀƭ ōƻǳƴŘŀǊƛŜǎέ 
ǘƘǊƻǳƎƘ ǘƘŜ ǇƘƛƭƻǎƻǇƘƛŎŀƭ ŜȄŜǊŎƛǎŜ ƻŦ ƭƛƳƛǘǊƻǇƘȅ ŀƭǎƻ ƛƳǇƭƻǊŜ ǳǎ ǘƻ ǊŜŦƭŜŎǘ ǳǇƻƴ ŀ άǎŀŦŜ ƻǇŜǊŀǘƛƴƎ ǎǇŀŎŜ 
ŦƻǊ ƘǳƳŀƴƛǘȅέ ƻǳǘǎƛŘŜ ƻŦ the progress-regression duality lurking beneath the surface of the discourse of 
economic growth (Taylor 177;  Rockström et al., 472).  Lƴ ŀ ǎƛƳƛƭŀǊ ǾŜƛƴΣ aƻǊƛƴΩǎ ŎƻƳǇƭŜȄ ǘƘƻǳƎƘǘ ŎƻƴǘŜǎǘǎ 
ǘƘŜ ƻǇǇƻǎƛǘƛƻƴŀƭ ǘƘƛƴƪƛƴƎ ƭƛƴƪŜŘ ǘƻ άǘƘŜ ŜǳǇƘƻǊƛŎ ƛƳŀƎŜ ƻŦ LƴŦƛƴƛǘŜ ǇǊƻƎǊŜǎǎέ ōȅ ǿƻƴŘŜǊƛƴƎ ƛŦ ƛǘ ƛǎ ǘƛƳŜ ǘƻ 
άŘŜŎŜƭŜǊŀǘŜέ όaƻǊƛƴ орнΣ оонύΦ  ¢ƘŜ ǇǊƻōƭŜƳ ƻŦ άōƻǳƴŘƭŜǎǎƴŜǎǎέ ǘƻ ǿƘƛŎƘ aƻǊƛƴ ǊŜŦŜǊǎ ƛǎ ǿƘȅ 
the late philosopher-ŦŀǊƳŜǊ wŀōƘƛ ƛŘŜƴǘƛŦƛŜǎ άŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘ ŀǎ ŀ ǇǊƻōƭŜƳ ŀƴŘ ƴƻǘ ŀǎ ŀ ǎƻƭǳǘƛƻƴέ 
(Pons 74).  Building upon aƴŘ ŜȄǇŀƴŘƛƴƎ wŀōƘƛΩǎ ǘƘŜƻǊƛŜǎ ŀōƻǳǘ ŘŜƎǊƻǿǘƘΣ CǊŞƳŀǳȄ ōŜŎƪƻƴǎ ǳǎ ǘƻ ƛƳŀƎƛƴŜ 
a post-capitalist world in her seminal essays La nécessité d'une écologie radicale and After the 
Anthropocene: Green Republicanism in a Post-Capitalist World.  Even if technological advances are 
certainly part of the solution, proponents of degrowth compellingly posit that only a radical paradigm shift 
regarding our impoverished concepts of development and progress can help us to avoid the impending 
ecological apocalypse. 
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Abstract 

Nepal is susceptible to various hazards because of its geographical location within plate collision zone, 
complex hydro-meteorological condition and varied socio-economic dynamics. Every year, the country 
experiences over 7,000 hazardous events, leading to estimated annual losses of approximately 5 billion 
dollars. Among these hazards, landslides have a particularly severe impact, accounting for about 4% of 
Nepal's Gross Domestic Product (GDP). More than 500 landslides occur yearly, resulting in 36% of 
recorded fatalities in the country from these incidents. Despite the ongoing threat of landslides and other 
hazards, Nepal is in the midst of rapid development giving due consideration to linear infrastructures. The 
country is witnessing an increasing trend in constructing new roads, bridges, and irrigation canals even in 
remote areas, as well as the expansion of urban centers driven by growing population and internal 
migration. The construction of hundreds of roads without a systematic plan, involving slope cutting 
without sound geo-technical considerations, has made the slopes vulnerable, contributing recurring 
landslide. Additionally, climate change impact such as localized intense rainfall in earthquake-affected 
zones and rising temperatures leading to rapid ice melting contribute to the increased likelihood of mass 
movement hazards and flooding in glacially fed rivers. Given these risks, it is critical to identify and 
categorize landslide-prone areas to implement effective mitigation measures. Various government 
bodies, universities and international NGOs are engaged in mapping and analyzing landslide risks, yet their 
efforts often focus on limited areas or specific projects. Similarly, academic research by graduate students 
on hazards in Nepal often remains unpublished, contained within university departments or libraries as 
thesis work. Even though research and development in Nepal have advanced considerably, the country's 
development approach has yet to reach a point of sustainability. Several factors are causing this gap, such 
as inadequate hazard risk assessments, limited use of scientific data in decision-making and a general 
disregard for the actual ground condition. This study highlights the importance of collecting hazards data 
and analyzing their impact comprehensively to foster sustainable development in Nepal. It further 
emphasizes that bridging these gaps requires the promotion of sustainable development practices based 
on ground reality and governed by scientific insights. This requires a multi-pronged approach, including 
improved data collection, robust risk assessments, and cooperative socio-technological decision-making 
among various stakeholders including key decision makers. By implementing these measures, Nepal can 
progress toward a more resilient and sustainable future, reducing the adverse impact of landslides and 
other disasters on the nation's economy and its people. 
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Abstract  

This qualitative survey experiment captures ground-level issues to help design effective strategies for the 
localization of Sustainable Development Goals (SDGs) at the village level. The experiment was conducted 
with 73 random participants including academicians, local villagers, NGO representatives, and officials from 
the United Nations working in 11 districts of Rajasthan, India, and is set to impact this region. Each study 
participant was given two questions to think through the lens of their district to identify a local development 
problem a local solution and propose an approach to the solution. Data from the experiment was analyzed, 
categorized, thematically arranged, and taken through multiple generative correlations as per the Kawakita 
Jiro approach. Multi-dimensional issues in local governance, lack of digital infrastructure, and non-
availability of demographic and geospatial data of villages were prevalent. 65% of problems in the 
localization of SDGs were related to local governance issues where lack of proper information dissemination, 
illiteracy, and lack of community participation were significant.  Multiple structural inequalities faced by 
women have also been revealed with 40% of the responses signifying issues related to inequities in access 
to education, 26% discussing the lack of secured public spaces and transport for women, and 20% focusing 
on the lack of participation of women in local governance as challenges to be tackled under target 4.1, 5.1, 
5.2, 5.5 and 5.b of Goals 4 and 5 respectively. Proper information dissemination using digital technologies, 
employment generation, and multistakeholder integration were required to address these challenges. 71% 
of study participants emphasized the need for bringing together NGOs, SHGs, government institutions, 
development agencies, and villagers to achieve the targets of SDGs at the ground level in par with the multi-
stakeholder partnership targets of 17.6 and 17.7 of Goal 17. The results of this study conducted in a spatially 
marginalized location of Global South bringing multiple stakeholders together stand relevant as an effective 
methodology that can be adopted to bring nuanced ground-level perspectives to enable data-based local 
policymaking in low and middle-income countries.   

Introduction   

The UN Sustainable Development Summit held in New York in September 2015 is a landmark event with 
the adoption of Transforming our World: The 2030 Agenda for Sustainable Development by the United 
Nations. It stands as a universal framework to guide human development initiatives while ensuring the 
planet's prosperity in the following 15 years. It includes 17 interlinked and interdependent goals and 169 
ǘŀǊƎŜǘǎ ǘƘŀǘ ǊŜǉǳƛǊŜ ŎƻƭƭŀōƻǊŀǘƛƻƴ ŀǘ ƎƭƻōŀƭΣ ǊŜƎƛƻƴŀƭΣ ŀƴŘ ƭƻŎŀƭ ƭŜǾŜƭǎ όΨ¢ǊŀƴǎŦƻǊƳƛƴƎ ƻǳǊ ǿƻǊƭŘΥ ¢ƘŜ нлол 
Agenda for susǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΩΣ нлмрύΦ  

This agenda succeeds the Millennium Development Goals adopted in 2000 which focused on achieving 
eight goals for human development including eliminating poverty, ensuring primary education, curbing 
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gender inequalities, reducing environmental degradation, improving health indicators, and building 
universal partnerships for development. However, Sustainable Development Goals (SDGs) move beyond 
clear boundaries of problems and anthropocentric perspectives to bring an integrated mutually 
dependent set of goals to enable holistic development across the planet.   

Recent reports suggest that the achievement of the 2030 Agenda for Sustainable Development in the Asia 
Pacific region is lagging behind the estimated schedule by 32 years on all 17 Goals (Asia and the Pacific 
SDG Progress Report 2024: showcasing transformative actions, 2024). Though the SDG goals are universal 
their achievement will largely be a cumulative result of the development initiatives in local pockets. Hence, 
localization is an effective approach as it brings the subnational context to the nucleus to guide the setting 
of goals, implementation strategies, and measuring the progress towards SDG goals.   

The cultural, political, and linguistic heterogeneity of developing countries like India poses significant 
challenges to localization (Sengupta and Sinha, 2022). There are inter-regional and intraregional variations 
in the development indicators within the country. This study tries to understand challenges in the 
localization of SDG at a regional level through the lens of different stakeholders working at the ground 
level in these regions. The study is set to impact the Thar Desert regions of Western Rajasthan. The state 
belongs to the category of empowered action group (EAG) states. EAG states are socio-economically 
backward states and lag in the demographic and epidemiological transition with high fertility rates, high 
infant and child mortality, maternal deaths, high population growth rates, and low literacy (National Rural 
Health Mission, 2005; Kumar and Paswan, 2021). As a spatially marginalized region with pressing human 
development issues, this study is timely and relevant to set direction for achieving the SDG goals in this 
region.  The paper is organized into three major sections. The initial section is a current discourse on the 
localization of SDGs and the Kawakito Jiro method adopted for the study. The subsequent section 
discusses the methodology and data analysis protocol. The final section outlines the key observations from 
the study followed by the conclusions.   

Literature Review   

This literature review is organized into two major themes. The first discusses the concept of localization 
of sustainable development goals followed by its workflow in the Indian context. The second theme 
elaborates on the Kawakito Jiro technique and its applications.   

Localization of Sustainable Development Goals  

Localization of SDGs is a process that places subnational context at the center of achieving the 2030 
Agenda. Localization marks a paradigmatic change from a top-up approach to a bottom-up approach. 
Context becomes an important parameter in setting goals and targets to designing implementation 
strategies and indicators to measure and monitor the progress (Local 2030 - Localizing the SDGs, no date). 
Besides, it is a collective non-linear process where larger SDG frameworks and regional and local 
governments need to work in an integrated manner to achieve the goals. It relates to how the larger SDG 
framework can guide local development policies and also how the local and regional governments through 
their bottom-up approach can contribute towards the achievement of SDG goals (Roadmap for Localizing 
the SDGs: Implementation and Monitoring at Subnational Level, 2016).  
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Analyzing the data and disaggregating it to implement corrective structural and procedural action is 
inevitable to implement SDGs and achieve grassroots development (Patole, 2018). Application of SDGs at 
the grassroots also reflects upon the need for an optimal environment to sustain micro climate to enable 
local development (Gunnarsdottir et al., 2020). Ecological restoration takes a long time to achieve, 
therefore it is a very important parameter to enable a good environment to support human activity in the 
region (Hu, Wu and Li, 2023). Fisher and Fukuda-Parr (2019) asserts that localization of SDGs requires a 
balance while considering decentralized farming aspects, local indigenous culture, infrastructure 
development, and provision of humanitarian aid as required in distinct locations. Data on local sustainable 
solutions should also be complemented with the top-down approaches of the governments of the country 
and state (Reuter, 2023). Also, employing local indigenous knowledge for finding solutions highly 
influences the localization of SDGs in a locatioƴ όΨ[ƻŎŀƭƛȊŀǘƛƻƴ ƻŦ {ǳǎǘŀƛƴŀōƭŜƴDevelopment Goals and 
LƴŘƛƎŜƴƻǳǎ YƴƻǿƭŜŘƎŜΩΣ нлннύΦ  

¢ƘŜ ŎƻƴǾŜǊƎŜƴŎŜ ƻŦ LƴŘƛŀΩǎ ƴŀǘƛƻƴŀƭ ŘŜǾŜƭƻǇƳŜƴǘ Ǝƻŀƭǎ ǿƛǘƘ ǘƘŜ {5Dǎ ǿŀǎ Ǉǳǘ ƛƴǘƻ ŀŎǘƛƻƴ ōȅ ƛŘŜƴǘƛŦȅƛƴƎ 
developmental indices for all states and union territories (Localising SDGS: Early Lessons from India, 2019). 
The indices illustrated a high degree of disparity amongst the states and union territories reiterating the 
importance of local pocket-based development initiatives. According to NITI Aayog, the localization of 
SDGs in India is an ongoing process occurring simultaneously in three phases. The first phase focuses on 
identifying institutions and assigning tasks to achieve the SDGs at the central, state, and district levels. 
The second phase emphasizes increasing awareness and encouraging advocacy for SDG implementation. 
Development of indicators for measuring progress like the SDG India Index and Dashboard, and National 
Indicator Framework (NIF) were initiated. In the third phase, the collaborations between line ministries, 
state governments, and local governments were emphasized to focus on location-based goal setting, 
policy and strategy frameworks, development of national indicators for monitoring SDG, and organizing 
proper implementation system. Fig.1 shows the framework of SDG implementation in India (Localising 
SDGS: Early Lessons from India, 2019; Sengupta and Sinha, 2022).  

 
Figure 1. Framework of SDG implementation in India 
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Two important pathways for the localization of SDGs include strengthening the implementation of the 
goals and monitoring the progress. Gupta (2023) discusses five different frameworks that can be 
implemented for the localization of SDGs in the Indian context namely sector gap action plan framework, 
process re-engineering framework, inverted policy implementation flow framework, geographical 
prioritization framework, and private sector-driven SDG framework. However, the flow of financial 
resources and incentives to front-line workers are significant factors in ensuring the functioning of 
localization initiatives.   

Kawakito Jiro Technique  

Kawakita Jiro technique or KJ technique is a creative problem-solving approach, a qualitative data analysis 
tool, and a novel field research strategy (Scupin, 1997). It is a widely used socio-behavioral and attitudinal 
method for individual and group decision-making processes. Derived from Japanese ethnographic 
methods, the KJ technique is a participative qualitative research method that helps to get answers from a 
group of several people in the same peer group with a large subject area experience. As a collective 
participatory method, it is decentralized and non-hierarchical (Kunifuji, 2016). It also gives equal 
representation by allowing everyone to express their views regardless of their political and personal 
inclinations (Martin and Hanington, 2012). This method enables significant integration of miscellaneous 
data that cannot be compared to each other (Iba, Yoshikawa and Munakata, 2017).   

KJ technique includes four sequential steps. Color-coded cards are usually used while implementing the 
KJ method. The first step is label-making which involves observation and expansive collection of data. Data 
collection can be through different methods like brainstorming, ideation, fieldwork, etc. The data points 
are individually written on color-coded cards and placed on a large sheet of paper. The subsequent step 
is termed label grouping. Here the different data points obtained are classified and grouped into 
categories. The grouping process needs to begin with smaller groups leading to a larger cluster signifying 
a bottom-up approach. The grouping is based on the affinity of meaning captured by the data labels rather 
than the resemblance of words. The process involves rigorous organization and reorganization of labels 
into different categories. Labels that do not belong to any specific category are called lone wolves and can 
be arranged during a higher level of organization. The next step is to name the group labels. Each category 
of problem space is given a name which is usually a summarized title of the concept imbibed in it. The title 
contains an abstraction of the concept or the problem category. The final step is to spatially arrange the 
different categories and trace the relationship between various categories. The different categories are 
thematically arranged, and problem space is visualized. 

KJ method is an iterative process where the different labels are organized and reorganized to derive 
patterns and meaning out of it. This method enables a scientific approach to qualitative data giving 
realistic and objective conclusions. KJ technique has been extensively used as a planning and problem-
solving tool in different domains like education, management, and social planning in Japanese society 
(Shimura, no date).  It helps to bring together people thinking completely differently to handle questions 
that can receive strong opinions and tough debates. As a less explored non-Western paradigm, the KJ 
technique offers immense possibilities to capture the ground realities and make objective conclusions for 
decision-making.  
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The different facets of localization of SDGs including setting specific context-based goals and targets, 
implementation strategies, and measuring the progress and impact assessment need nuanced ground-
level perspectives. The standpoints of various stakeholders bring rich data to enrich the decisionmaking 
process. This study aims to bring qualitative data on local development issues and contextinspired 
solutions through the collaborative work of local villagers as well as professionals to understand context-
specific issues hindering achieving SDG goals in the remote Thar Desert region in India.  

Methodology  

Data Collection  

A qualitative survey experiment was conducted with randomly sampled 73 participants to help strategize 
the localization of SDGs in Western districts of Rajasthan, India. These participants came from varied 
domains, including academia, central government, state government, village heads, local villagers, NGOs, 
and UN organizations. The participants were either located or working in these districts. These districts 
include Jodhpur, Jaisalmer, Jhunjhunu, Churu, Sirohi, Naguar, Sri Ganganagar, Bikaner, Barmer, Pali, and 
Hanumangarh. Fig 2 gives the map of the region included in this study.   

 
Figure 2. Map of the districts which were a part of the study    

Each study participant was provided with two questions to think through the lens of their district or village 
to identify a local development problem, provide a local solution, and propose an approach to attaining 
the solution. The questions are as follows:  
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¶ Question 1: How Panchayat Development Planning process can be strengthened through tools for 
data analysis, costing methodology for planned activities, and prioritization of planned activities 
with an equity approach?  

¶ Question 2: How can the capacities of panchayats be developed through innovative approaches 
for sustainable development?  

Participants were given printed guidelines on the exercise in English and regional language along with 
three color-coded sticky notes to write their observations for individual questions. The pink note was given 
to note the problem, green for the solution, and yellow for the strategy to approach the solution. More 
than 10 volunteers including faculties, PhD scholars, and project staff were involved in communicating 
and assisting participants to work on this exercise. Besides, the participants were given almost a day to 
think through the problems to capture the nuances of ground-level problems in a granular manner and 
formulate their responses. However, the activity was conducted in a no-talking mode, and individual 
responses and observations were analyzed as per the rubrics of Kawakito Jiro approach.   

Data Analysis Protocol  

A large set of qualitative data was obtained from the responses of research participants. Each of the 73 
participants answered the two distinct questions. Further, each of them provided three observations on 
effectively answering the two distinct questions with respect to their district of residence. The sticky notes 
were carefully analyzed manually, and similar data points based on their meaning were grouped into 
categories. All the sticky notes were analyzed carefully through multiple iterations to cluster them into 
categories. Each category was an abstract of a certain problem or solution in a particular district. This data 
was further quantified to draw inferences and similarities and differences between districts. Few 
observations were endemic to specific regions and were hence not included in these categories and were 
qualitatively analyzed. The data labels were mostly in Hindi along with a few English verbatims. All the 
Hindi data labels were carefully translated into English by capturing the essence of the ǇŀǊǘƛŎƛǇŀƴǘǎΩ 
verbatims. This was followed by digitizing all the responses by entering them into a word document.    

Results and Discussion  

Based on the responses two significant themes include challenges in localization of SDGs and the feasible 
strategies to combat these challenges and work towards the 2030 Agenda.   

Challenges on Localization of SDGs: Observations from below  

Governance issues  

Out of 73 participants, 47 (approximately 65%) participants discussed concerns regarding local 
governance. There are multi-dimensional issues regarding local governance discussed in detail. Graphs are 
plotted against the number of responses received from different districts.  A significant issue is the lack of 
proper information and awareness on Gram Panchayat Development Plans (GPDP) including central and 
state government schemes on development among the villagers. Some 22% of the participants pointed 
out this pressing issue with it being more prevalent in Sri Ganganagar district. Graph 1 shows the graph 
plotted between different districts and the number of responses on the issue.     
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Figure 3. Lack of proper information on development schemes across districts 

About 28% of the participants reiterated that illiteracy among the villagers is significantly affecting the 
governance process. Addressing illiteracy becomes important to achieve goal 4 on quality education and 
specifically target 4.1 on equitable primary education. Illiteracy is prevalent not just among the villagers 
but among elected panchayat representatives as well. Similarly, elective representatives are unaware of 
sustainable development goals and their importance and hence do not work towards them. Illiteracy 
indirectly prevents villagers from accessing their welfare schemes and from providing accurate data to 
measure progress. General illiteracy and digital illiteracy are more prevalent among women cohorts. 
Similarly, there is inertia towards acceptance and adoption of new technologies among the villagers. 
Graph 2 gives a glimpse of the districts where illiteracy is a shortcoming to achieving SDG goals.   

 
Figure 4. Illiteracy as a problem in the localization of SDGs in different districts 

Target 16.7 of Goal 16 discusses the need for representative and participatory governance at all levels. 
The research shows a lacuna in local community participation constituting 18.75% of all the governance 
issues. This is more evident in the case of women who seldom participate in Gram Sabha meetings and 
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similar collectives happening at the village level. A ǇŀǊǘƛŎƛǇŀƴǘ ǾŜǊōŀǘƛƳ ƛǎ ΨDt5t Ǉƭŀƴǎ ŀǊŜ ŘŜǎƛƎƴŜŘ ŀƴŘ 
implemented by elected representatives without taking suggestions from villagers due to which village 
ŘŜǾŜƭƻǇƳŜƴǘ ƛǎ ƴƻǘ ƘŀǇǇŜƴƛƴƎ ǇǊƻǇŜǊƭȅΩΦ !ŎŎƻǊŘƛƴƎ ǘƻ ƻōǎŜǊǾŀǘƛƻƴǎ ǇǊƻǾƛŘŜŘ ōȅ ǇŀǊǘƛŎƛǇŀƴǘǎΣ ǎƛƳƛƭŀǊ 
systemic issues like corruption and lack of trust in the elected members also hinder community 
participation. Graph 3 gives the intensity of this issue in various districts of the experiment. This is more 
prominent in Jaisalmer district.  

 
Figure 5. Lack of community participation in different districts 

Effective functioning at any institutional level requires coordination and communication between various 
departments. The experiment has revealed the lack of collaboration between different departments at the 
village level as a serious concern in achieving SDGs. The lack of digital infrastructure and skilled human 
resources at the village Panchayat level is another issue. As per the observations by some respondents, one 
officer is given the responsibility of 2 villages leading to overwork among the officials and a time lag in the 
processes. Figure 6 represents the data obtained on the lack of coordination between the departments.  

 
Figure 6. Lack of resources and communication between departments across districts 
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Lack of proper data on villages, improper beneficiary identification, and analysis of destitute and 
marginalized people is another challenge concerning local governance. It is prevalent in districts like 
Jaisalmer, Jodhpur, Barmer, and Pali. Figure 7 depicts the distribution of it across different districts.    

 
Figure 7. Lack of proper data across districts 

Other issues include a lack of transparency in the governance process and a lack of social and financial 
audits in Jodhpur and Jaisalmer respectively. Proper financial auditing as per participants implies proper 
communication of financial decisions taken at the village level. Villagers feel that works undertaken at the 
Gram Panchayat are dependent on Sarpanch and Gram Sevak and the voices of the public are subdued. 
The officials do not give importance to collective decisions taken during general meetings and go by their 
individual choices. Funds allocated by the government are not efficiently utilized. Similarly, the nexus 
between the Sarpanch and local contractors at work affects the quality of work due to corruption. 
Jaisalmer district is one among the 112 districts on the Transformation of Aspirational District Programme 
where special emphasis is given to addressing intra-regional disparities on SDG goals. Addressing ground-
level issues on transparency and financial auditing is essential to achieve targets 16.5, 16.6, and 16.7 which 
deal with reducing corruption, ensuring transparency, and inclusive and participatory decision-making. 
Figure 8 gives a comprehensive understanding of various local governance issues in the study region.   

 
Figure 8. Compilation of governance issues  
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Issues concerning village data  

Data-driven policymaking is an effective strategy as it enables to making of decisions tailored to specific 
needs and contexts thereby leading to efficient resource utilization. Data becomes a crucial component 
in monitoring progress and impact assessment as well. The participants discussed different concerns 
regarding village data. There is a lack of demographic and geospatial data on the village. The unavailability 
of village data online is also a concern. Limited digital infrastructure and digital devices at the village 
Panchayat level also contribute to the lack of real-time data. Also, few of the respondents communicated 
a link between the illiteracy of the villagers leading to their reluctance to reveal data. Improper data 
management and non-availability of data tracking and feedback options are determinant to assess the 
progress of the schemes. According to respondents, proper data analysis is required to find the actual 
need and target group to plan work accordingly. Figure 9 gives the different vertices of data issues.  

 
Figure 9:  Issues concerning village data 

Gender inequalities  

Issues affecting targets of goal 5 on gender equality were revealed in the study. Illiteracy among women 
and inequalities in access to education are prevalent across the districts being studied. Higher education 
is often restricted to girls, and they are forced into early marriages. This needs to be addressed to achieve 
targets 5.1 and 5.3 on ending all kinds of discrimination against women and curbing early and forced 
marriages respectively.  Lack of a safe public environment for women is also a concern that hinders their 
mobility and confines them to domestic spaces. Target 5.2 focuses on eliminating violence against women 
in public as well as private spheres which needs to be prioritised in these regions. Besides, a pressing 
ŎƻƴŎŜǊƴ ƛǎ ǘƘŜ ƭŀŎƪ ƻŦ ǿƻƳŜƴΩǎ Ǉarticipation in local governance and decision-making processes. A few 
suggestions to resolve this include creating separate Mahila Sabha meetings to integrate them into 
Panchayat functioning and also provide a platform for discussing women-specific problems. Another 
suggestion is to motivate women to participate in Gram Sabha through RAJIVIKA or AJEEVIKA self-help 
groups and as ASHA (Accredited Social Health Activist) workers. Digital illiteracy, and lack of awareness of 
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health and menstrual hygiene, are also concerns that need to be addressed. Figure 10 depicts various 
women-centric issues.  

 
Figure 10. Women centric issues  

Region-specific issues  

Few issues were endemic to certain districts. Due to the location of these districts in the desert region, 
management of water resources is important. Sri Ganganagar district grapples with wastage and improper 
management of water resources. Similar is the case of Jodhpur where water pollution of Jojari river is 
affecting the animals and livestock population as suggested in earlier researches (Himanchal et al., 2021; 
Meena, 2022). Jhunjhunu district faces issues in the proper harvesting of rainwater as well as issues in 
solid waste management. Targets 6.1, 6.3, 6.5, and 6.6 on ensuring the availability of water for all, reducing 
water pollution, integrated management of water resources, and restoration of natural water sources 
need to be prioritized in these regions. Drug addiction among youth is common in certain pockets of the 
Jodhpur district also needs attention.   

Possible Strategies for Localization of SDGs  

Three key areas to create a ground-level impact on local developmental policies included employing 
effective information dissemination strategies, upskilling communities, generating employment 
opportunities, and creating a strong collaborative institutional ecosystem by integrating different 
stakeholders.   

Strategies for information dissemination  

Ensuring the dissemination of proper and accurate information to all the villagers was an inevitable 
requirement in these locations. Increasing awareness about GPDP plans and other development schemes 
and creating transparency are important steps towards good governance. Thirty-eight percent of the 
participants emphasized the need to focus on information dissemination and 53% of them emphasized 
the need for bringing digital interventions. Developing and deploying a mobile phone application in 
regional languages with a simple user interface would be one such method. Contacts of all primary 
stakeholders need to be made available in the app enabling villagers to reach out. Forming an active 
community of villagers using a mobile application or WhatsApp group for villagers to help each other is 
suggested. Utilizing the communication possibilities of social media by creating social media pages 
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catering to specific villages is another strategy. Websites on important aspects like organic farming, water 
management, and healthy and nutritional lifestyle need to be created in regional language and shared 
with villagers. Language becomes an important parameter for effective communication and hence priority 
should be given to regional languages. Organizing training and workshops by experts is also preferred by 
42% of study participants. Figure 11 is a representation of the responses received.  

 
Figure 11. Strategies for Information Dissemination 

Employment generation   

Creating livelihood opportunities and modifying existing livelihood strategies stands as a viable solution 
to increasing the overall quality of life of the villagers. This aligns with target 10.1 on working to increase 
the income of the bottom 40%. This includes investing in upskilling the communities as well as creating 
education and skill development centers at the village level. With many artisan communities in these 
regions increasing village market connectivity and enhancing handicraft business possibilities through 
online platforms is required. Teaching primary data analysis and similar technical courses to children in 
village will help them fetch industry jobs. Technical institutions like Kaushal Vikas Kendra need to be 
created to provide training. Girls in the village with 12th-standard education can be given training in 
e-governance so that they can contribute to the workforce. These initiatives will contribute to achieving 
targets 4.3 and 4.4 on ensuring vocational education and skills for employment. Imparting innovations 
and sustainable technologies to increase agriculture yield is also important.  Figure 12 shows the different 
suggestions to generate employment.  

 

 
Figure 12. Employment Generation Strategies 

  

% 5 
% 10 

11 % 

16 % 

16 % 

42 % 

Nukkad Natak/Drama 

Mobile Application 

Social media 

Website 

WhatsApp Groups 

Training and workshops 



 

38 
 

Institutional Interventions  

Multistakeholder participation has been emphasized to achieve the localization of SDGs aligning with Goal 
17. Integration and collaboration between central and state government schemes might be beneficial for 
the village communities.  Of the total, 41% of the participants asserted that government interventions 
with different schemes like the Unnat Bharat Abhiyan (UBA) scheme of the Government of India (Ministry 
of Education) need to be encouraged and expanded. Another inevitable intervention is to formulate 
proper rubrics to quantify development indicators as per the location. This needs to be based on surveys 
by different organizations like the Indian Council of Social Science Research, UBARCI (Regional 
Coordinating Institute), government agencies, etc. Various stakeholders should be mandatorily invited to 
develop Gram Vikas Yojana for villagers. Rural internships where college-going students are assigned to 
work in a village context for limited periods could also contribute to village development. Bringing NGOs 
and SHGs to work on par with the village development schemes is the next alternative. Figure 13 provides 
an overview of the suggestions for multistakeholder collaboration.  

 
Figure 13: Institutional Interventions 

Conclusion  

Discourses on SDGs as well as goal 17 discuss the importance of multistakeholder partnerships in 
achieving the targets of the 2030 Agenda. A nuanced ground-level perspective from multiple stakeholders 
including the local communities brings a wealth of data to guide goal setting and impact assessment. This 
qualitative survey experiment was an initial step in this direction to bring various stakeholders to help 
design strategies and set priorities for achieving SDG goals in the remote Thar Desert region of Rajasthan, 
India. The region grapples with multiple local governance issues, structural inequalities due to caste and 
gender differentials, and a lack of proper digitalization. Lack of proper information and awareness on 
Gram Panchayat Development Plans (GPDP) and other government interventions for local development 
needs intervention. The lack of organized and updated village demographic and geospatial data and its 
unavailability to identify actual beneficiaries of the development schemes adversely affect the region. The 
community also felt disinterested in participating in local governance due to differences in political 
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groups, differences amongst caste groups, corruption, and experiences of their voice not being heard and 
considered in the decision-making process. Illiteracy among the villagers, elected representatives and 
panchayat level office bearers curb the evolution of much-required policy decisions from Panchayat sub-
committees. The lack of human resources at the village level who are skilled to deliver developmental 
action is also a concern. Besides, the lack of livelihood opportunities, and educational infrastructure was 
a major observation in the different districts of Western Rajasthan. Similarly, there is limited digital 
infrastructure availability at the village level further accentuating the digital inequalities faced by these 
already spatially marginalized locations.   

A multivariate analysis was inevitable to discuss and confirm the correlations between different 
governance issues observed above in Figure 7 and Figure 8. The line plot of eigenvalues while studying 
principal components in the study is provided in Figure 13. From this plot, the principal components 
ƴŀƳŜƭȅ Ψ[ŀŎƪ ƻŦ ǇǊƻǇŜǊ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ƪƴƻǿƭŜŘƎŜ ŀōƻǳǘ ŘŜǾŜƭƻǇƳŜƴǘ ǎŎƘŜƳŜǎΩΣ ΨLƭƭƛǘŜǊŀŎȅ ŀƳƻƴƎ 
ǾƛƭƭŀƎŜǊǎΩΣ ŀƴŘ Ψ[ŀŎƪ ƻŦ ŎƻƳƳǳƴƛǘȅ ǇŀǊǘƛŎƛǇŀǘƛƻƴΩ ƘŀǾŜ ŀƴ 9ƛƎŜƴǾŀƭǳŜ ƻŦ ƳƻǊŜ ǘƘŀƴ мΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜǎŜ ǘƘǊŜŜ 
parameters are enough to explain about 80% of the influence on the results of the study here.  

 
Figure 14. Scree Plot for assessing the most important variables of this study 

Lǘ ƛǎ ŦƻǳƴŘ ǘƘŀǘ ΨƭŀŎƪ ƻŦ ƭƻŎŀƭ ǇŀǊǘƛŎƛǇŀǘƛƻƴΩ ŘƛǾŜǊƎŜǎ ŦǊƻƳ ǘƘŜ ǾŀǊƛŀōƭŜ ƻŦ ΨƭŀŎƪ ƻŦ ǇǊƻǇŜǊ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ 
ƪƴƻǿƭŜŘƎŜ ŀōƻǳǘ ŘŜǾŜƭƻǇƳŜƴǘ ǎŎƘŜƳŜǎΩΦ ¢Ƙƛǎ ƳŜŀƴǎ that even though local participation occurs, the 
knowledge of the developmental schemes of the governments is not discussed in those gatherings. 
Similarly, from Figure 15Σ ǘƘŜ ΨƭŀŎƪ ƻŦ ŘƛƎƛǘŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΩ ŀǘ ǘƘŜ ǾƛƭƭŀƎŜ ƭŜǾŜƭ ƛǎ ŦƻǳƴŘ ǘƻ ōŜ ǇƻǎƛǘƛǾŜƭȅ 
ŎƻǊǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ΨƭŀŎƪ ƻŦ ǇǊƻǇŜǊ ŘŀǘŀΣ ŀƴŀƭȅǎƛǎ ŀƴŘ ōŜƴŜŦƛŎƛŀǊȅ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴΩΦ ¢Ƙƛǎ ŀƭǎƻ ǎǳǇǇƻǊǘǎ ǘƘŜ ŦƛǊǎǘ 
component of less knowledge amongst village residents on government development schemes due to less 
effective communication technology provisioning, probably due to the dilapidated digital infrastructure 
in the villages of Rajasthan. Figure 15also supports the fact that non-penetration of development schemes 
in the villages is also the reason for low literacy in these locations, especially among women in these 
communities.  
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Figure 15. The Loading Plot of different parameters in governance 

Further women-centric struggles include a lack of safe public spaces and infrastructure, unavailability of 
water resources, early marriages, and illiteracy including digital illiteracy. Low job availabilities within the 
village or block level for the level of education, as well as local government interventions to understand 
these concerns from the perspective of villagers, need interventions. Further Graph 13 confirms that less 
transparency in administrative processes limits the dissemination of information on development 
schemes which may indirectly hinder the educational aspirations of the individuals in the society.   

Limitations and further scope: There were an unequal representation of research participants from 
different districts which may have influenced the data. As a qualitative research strategy was employed it 
is impossible to eliminate minor chances of biases. However, the study was able to capture the 
granularities of groundlevel issues to guide the localization of SDGs. A field study with focus group 
discussion and similar experiments with the villagers and the Panchayat level representatives can further 
guide the goal-setting process. The implications of this bottom-up qualitative study with multiple 
stakeholders with first-hand experience in these local regions also unveil a feasible methodology to set 
the direction for the localization of SDGs at the village level in low- and middle-income countries. 
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Abstract 

¢ƘŜ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ Ǝƻŀƭǎ ό{5DǎύΣ ŀŘƻǇǘŜŘ ōȅ ǘƘŜ ¦ƴƛǘŜŘ bŀǝƻƴǎΣ ŀǊŜ ǿƛŘŜƭȅ ǳǎŜŘ ŀǎ ŀ 
ŦǊŀƳŜǿƻǊƪ ǘƻ ǘǊŀƴǎŦƻǊƳ ƻǳǊ ǿƻǊƭŘ ǘƻǿŀǊŘǎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ IƻǿŜǾŜǊΣ ŎƻǳƴǘǊƛŜǎ ŀǊŜ ƴƻǘ ƻƴ ǘǊŀŎƪ ǘƻ ŀŎƘƛŜǾŜ 
ǘƘŜƳ ōȅ нлолΦ ¢ƘŜ {5Dǎ ŀǊŜ ƛƳǇƻǊǘŀƴǘ ƛƴ ǘƘŜƳǎŜƭǾŜǎΣ ōǳǘ ŀŎƘƛŜǾƛƴƎ ǘƘŜƳ ƳƛƎƘǘ ōŜ ƛƴǎǳŶŎƛŜƴǘ ŦƻǊ ƭƻƴƎπ
ǘŜǊƳ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ ¢ƻ ŀŎƘƛŜǾŜ ƭƻƴƎπǘŜǊƳ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ǿŜ ƴŜŜŘ ǘƻ ǎǘŀȅ ǿƛǘƘƛƴ ǘƘŜ ǇƭŀƴŜǘŀǊȅ ōƻǳƴŘŀǊƛŜǎ 
όt.ǎύ ŀƴŘ ŀǾƻƛŘ ŘŀƴƎŜǊƻǳǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǝǇǇƛƴƎ ǇƻƛƴǘǎΦ ¢ƘŜǊŜŦƻǊŜΣ ǿŜ ƴŜŜŘ ǘƻ ƪƴƻǿ ǘƘŜ ŎƻƴǎŜǉǳŜƴŎŜǎ 
ƻŦ ǳƴŘŜǊŀŎƘƛŜǾƛƴƎ ǘƘŜ {5Dǎ ƻƴ ǘƘŜ t.ǎΦ {ƻ ŦŀǊΣ ǘƘŜǊŜ ŀǊŜ ƴƻ ƳƻŘŜƭǎ ǘƘŀǘ ƛƴŎƭǳŘŜ ŀƭƭ {5Dǎ ŀƴŘ t.ǎΦ {ǳŎƘ 
ƘƻƭƛǎǝŎ ƳƻŘŜƭǎ ŀǊŜ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ǘƘŜ ǎŎŜƴŀǊƛƻ ŀƴŀƭȅǎƛǎ ƻŦ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΦ ¢ƘŜǊŜŦƻǊŜΣ ǿŜ ƘŀǾŜ 
ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǉǳŜǎǝƻƴǎ ǘƻ ŀƴǎǿŜǊΦ Iƻǿ ŀǊŜ ǘƘŜ {5Dǎ ƭƛƴƪŜŘ ǘƻ ǘƘŜ t.ǎΚ ²Ƙŀǘ ƛǎ ǘƘŜ ǎǘŀǘŜ ƻŦ ŀǊǘ ƻŦ ƳƻŘŜƭǎ 
ƛƴŎƭǳŘƛƴƎ {5Dǎ ŀƴŘκƻǊ t.ǎΚ 

²Ŝ ǿƛƭƭ ŀƴǎǿŜǊ ǘƘŜǎŜ ǉǳŜǎǝƻƴǎ ōȅ ŘƻƛƴƎ ŀ ǎȅǎǘŜƳŀǝŎ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿ ƻƴ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘŀǘŜ ƻŦ ǎȅǎǘŜƳ 
ƳƻŘŜƭǎΣ ŎƻǾŜǊƛƴƎ ŀǘ ƭŜŀǎǘ ǎƻƳŜ ƻŦ ǘƘŜ {5Dǎ ŀƴŘ t.ǎΦ Lƴ ǘƘƛǎ ǊŜǾƛŜǿΣ ǿŜ ǎŜŀǊŎƘ ŦƻǊ ǇŀǇŜǊǎ ǘƘŀǘ ƛƴŎƭǳŘŜ 
ǘŜǊƳǎ ƻƴ {5Dǎ ƻǊ t.ǎ ŀƴŘ ǘŜǊƳǎ ƻƴ ƳƻŘŜƭƭƛƴƎ ƻǊ ǎƛƳǳƭŀǝƴƎ ƛƴ ǘǿƻ ŘŀǘŀōŀǎŜǎΥ ²Ŝō ƻŦ {ŎƛŜƴŎŜ ŀƴŘ {ŎƻǇǳǎΦ 
CƻǊ ŜȄŀƳǇƭŜΣ ŦƻǊ ²Ŝō ƻŦ {ŎƛŜƴŎŜ ǿŜ ǳǎŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎŜŀǊŎƘΥ {ǳǎǘŀƛƴŀōϝ !b5 ό{5Dϝ hw ϦǎǳǎǘŀƛƴŀōƭŜ 
ŘŜǾŜƭƻǇƳŜƴǘ ƎƻŀƭϝϦ hw ϦǇƭŀƴŜǘŀǊȅ ōƻǳƴŘŀǊϝϦύ b9!wκмл όϤƳƻŘŜƭϝ hw ϤǎƛƳǳƭŀǘϝύΦ CƻǊ ǘƘƛǎ ǎŜŀǊŎƘΣ ²Ŝō ƻŦ 
{ŎƛŜƴŎŜ ǇǊƻǾƛŘŜǎ ŀ ƭƛǎǘ ƻŦ умо ŀǊǝŎƭŜǎΦ ²Ŝ Řƻ ŀ ǎƛƳƛƭŀǊ ǎŜŀǊŎƘ ƛƴ {ŎƻǇǳǎΦ bŜȄǘΣ ǿŜ ǎŜƭŜŎǘ ǘƘŜ ǊŜƭŜǾŀƴǘ ǇŀǇŜǊǎ 
ŦǊƻƳ ǘƘƛǎ ƭƛǎǘ ōȅ ǊŜŀŘƛƴƎ ǘƘŜ ǝǘƭŜǎ ŀƴŘ !ōǎǘǊŀŎǘǎΦ 

²ƛǘƘ ǘƘŜ ƻǳǘŎƻƳŜ ƻŦ ǘƘŜ ǎȅǎǘŜƳŀǝŎ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿΣ ǿŜ ǿǊƛǘŜ ŀ ǊŜǇƻǊǘ ƻƴ ǘƘŜ ǊŜƭŀǝƻƴǎ ōŜǘǿŜŜƴ {5Dǎ 
ŀƴŘ t.ǎ ŀƴŘ ǿŜ ƳŀƪŜ ŀ ŎƭŜŀǊ ƻǾŜǊǾƛŜǿ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘŀǘŜ ƻŦ ƳƻŘŜƭǎ ŀōƻǳǘ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ 
ǿƘƛŎƘ ŀǊŜ ǳǎŜŘ ŦƻǊ ǎƛƳǳƭŀǝƴƎ {5Dǎ ŀƴŘκƻǊ t.ǎΦ !ƭǎƻΣ ǿŜ ǘŜƭƭ ǿƘƛŎƘ ƳƻŘŜƭǎ ŀǊŜ Ƴƻǎǘ ǇǊƻƳƛǎƛƴƎ ǘƻ ŎƻǾŜǊ 
ŀƭƭ {5Dǎ ŀƴŘ t.ǎΦ ²Ŝ ŜȄǇŜŎǘ ǘƻ ŬƴŘ ŀƴ ƛƴǘŜƎǊŀǘŜŘ ŀǎǎŜǎǎƳŜƴǘ ƳƻŘŜƭ ǘƻ ōŜ ǘƘŜ Ƴƻǎǘ ǎǳƛǘŜŘ ŎŀƴŘƛŘŀǘŜ ǘƻ 
ŜȄǇŀƴŘΦ ²Ŝ ŜȄǇŜŎǘ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ŀƭǊŜŀŘȅ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ƳƻŘŜƭǎ ǊŜƭŀǝƴƎ {5Dǎ ǘƻ ǇƭŀƴŜǘŀǊȅ ōƻǳƴŘŀǊƛŜǎ 
ŎƻǾŜǊƛƴƎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ōǳǘ ǘƘŀǘ ǘƘŜ ƻǘƘŜǊ t.ǎ ŀǊŜ ǊŜƭŀǘŜŘ ǘƻ {5Dǎ ƭŜǎǎΦ  

Lƴ ǘƘƛǎ ǎȅǎǘŜƳŀǝŎ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿΣ ŀƭƭ {5Dǎ ŀǊŜ ƛƴŎƭǳŘŜŘΦ ¢ƘŜ ǊŜǎŜŀǊŎƘ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ǘƘŜ ŎƻƴŦŜǊŜƴŎŜ ŀǎ 
ǿŜ ƛƴǾŜǎǝƎŀǘŜ ǘƘŜ ǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ {5Dǎ ŀƴŘ t.ǎΦ ¢Ƙƛǎ ǊŜǎǳƭǘ ƛǎ ǳǎŜŦǳƭ ŦƻǊ ǘƘŜ ǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ 
ŀŎƘƛŜǾŜƳŜƴǘ ƻŦ ǘƘŜ {5Dǎ ōȅ нлол ŀƴŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƊŜǊǿŀǊŘǎΦ 
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Mapping SDGs Priorities: Localising SDGs, Analysing Interactions, and Crafting Sustainability Solutions 
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!ōǎǘǊŀŎǘ 

¢ƘŜ ¦ƴƛǘŜŘ bŀǝƻƴǎ нлол !ƎŜƴŘŀ ƻũŜǊǎ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŦǊŀƳŜǿƻǊƪ ŦƻǊ Ǝƭƻōŀƭ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǘƘǊƻǳƎƘ ƛǘǎ 
{ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘ Dƻŀƭǎ ό{5DǎύΣ ŜƴŎƻƳǇŀǎǎƛƴƎ ŀ ǿƛŘŜ ŀǊǊŀȅ ƻŦ ǎƻŎƛŜǘŀƭΣ ŜŎƻƴƻƳƛŎΣ ŀƴŘ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀǎǇƛǊŀǝƻƴǎΦ ¸ŜǘΣ ǘƘŜ ǎǳŎŎŜǎǎŦǳƭ ƭƻŎŀƭƛǎŀǝƻƴ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ǘƘŜǎŜ Ǝƻŀƭǎ ŘŜƳŀƴŘ ŀƴ 
ƛƴǘǊƛŎŀǘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜƛǊ ƳǳƭǝŦŀŎŜǘŜŘ ƛƴǘŜǊŀŎǝƻƴǎΣ ǊŜŎƻƎƴƛǎƛƴƎ ōƻǘƘ ǎȅƴŜǊƎƛŜǎ ŀƴŘ ǘǊŀŘŜπƻũǎ ǘƘŀǘ 
ƳŀƴƛŦŜǎǘ ŀǘ ƭƻŎŀƭ ƭŜǾŜƭǎΦ Lƴ ƻǳǊ ƛƴπŘŜǇǘƘ ǎǘǳŘȅ ǎƛǘǳŀǘŜŘ ǿƛǘƘƛƴ ǘƘŜ DƻǳƭōǳǊƴπaǳǊǊŀȅ ǊŜƎƛƻƴ ƻŦ ±ƛŎǘƻǊƛŀΣ 
!ǳǎǘǊŀƭƛŀΣ ǿŜ ŜƳōŀǊƪŜŘ ƻƴ ŀ ǊƛƎƻǊƻǳǎ ŜȄǇƭƻǊŀǝƻƴ ǘƻ ŀƭƛƎƴ Ǝƭƻōŀƭ {5Dǎ ǿƛǘƘ ƭƻŎŀƭ ƛƳǇŜǊŀǝǾŜǎΦ ²Ŝ 
ŎƻƴŘǳŎǘŜŘ ŀ ŘŜǘŀƛƭŜŘ ŀƴŀƭȅǎƛǎ ǘƻ ƛŘŜƴǝŦȅ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ {5Dǎ ŀƴŘ ǘƘŜƛǊ ǘŀǊƎŜǘǎ ǘƘŀǘ ŀǊŜ ǊŜƭŜǾŀƴǘ ǘƻ 
ǘƘŜ ǎǇŜŎƛŬŎ ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ ƻǇǇƻǊǘǳƴƛǝŜǎ ƛƴ ǘƘŜ ǊŜƎƛƻƴΦ ¢ƘǊƻǳƎƘ ƳŜǝŎǳƭƻǳǎ ǊŜǎŜŀǊŎƘΣ ǿŜ ǇƛƴǇƻƛƴǘŜŘ ŬǾŜ 
ƻǾŜǊŀǊŎƘƛƴƎ {5Dǎ ƻŦ ƘŜƛƎƘǘŜƴŜŘ ǊŜƭŜǾŀƴŎŜΥ ŎƭŜŀƴ ǿŀǘŜǊ ŀƴŘ ǎŀƴƛǘŀǝƻƴ ό{5D сύΣ ŀƎǊƛŎǳƭǘǳǊŀƭ ŀŎǝǾƛǝŜǎ ό{5D 
нύΣ ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘ ό{5D уύΣ ŎƭƛƳŀǘŜ ŀŎǝƻƴ ό{5D моύΣ ŀƴŘ ƭƛŦŜ ƻƴ ƭŀƴŘ ό{5D мрύΦ ²ƛǘƘƛƴ ǘƘƛǎ ƭƻŎŀƭƛǎŜŘ 
ŦǊŀƳŜǿƻǊƪΣ ƻǳǊ ƛƴǾŜǎǝƎŀǝƻƴ ǊŜǾŜŀƭŜŘ ŀ ŎƻƳǇƭŜȄ ǘŀǇŜǎǘǊȅ ƻŦ олт ǇƻǘŜƴǝŀƭ ƛƴǘŜǊŀŎǝƻƴǎ ŀƳƻƴƎ ǘƘŜǎŜ 
ǇǊƛƻǊƛǝǎŜŘ {5Dǎ ŀƴŘ ǘƘŜƛǊ ŀǎǎƻŎƛŀǘŜŘ пр ǘŀǊƎŜǘǎΦ CŀǎŎƛƴŀǝƴƎƭȅΣ ŀ ǎƛƎƴƛŬŎŀƴǘ пм҈ ƻŦ ǘƘŜǎŜ ƛƴǘŜǊŀŎǝƻƴǎ 
ŜȄƘƛōƛǘŜŘ ǎȅƴŜǊƎƛǎǝŎ ǊŜƭŀǝƻƴǎƘƛǇǎΣ ŀƳǇƭƛŦȅƛƴƎ ǘƘŜ ǇƻǘŜƴǝŀƭ ōŜƴŜŬǘǎ ǿƘŜƴ ǇǳǊǎǳƛƴƎ ƳǳƭǝǇƭŜ Ǝƻŀƭǎ 
ǎƛƳǳƭǘŀƴŜƻǳǎƭȅΦ IƻǿŜǾŜǊΣ ŀ ŘƛǎŎŜǊƴƛƴƎ с҈ ǊŜǾŜŀƭŜŘ ǘǊŀŘŜπƻũǎΣ ǎƛƎƴŀƭƭƛƴƎ ŀǊŜŀǎ ǿƘŜǊŜ ŎƻƴŎŜǊǘŜŘ ŜũƻǊǘǎ 
ƳƛƎƘǘ ƛƴŀŘǾŜǊǘŜƴǘƭȅ ƘƛƴŘŜǊ ǇǊƻƎǊŜǎǎ ƛƴ ƻǘƘŜǊ ŘƻƳŀƛƴǎΦ bƻǘŀōƭȅΣ ƻǳǊ ŬƴŘƛƴƎǎ ǳƴŘŜǊǎŎƻǊŜŘ ǘƘŜ ƛƴǘǊƛŎŀǘŜ 
ōŀƭŀƴŎŜ ǊŜǉǳƛǊŜŘΣ ǇŀǊǝŎǳƭŀǊƭȅ ŜƳǇƘŀǎƛǎƛƴƎ ǘƘŜ ǊŜǇŜǊŎǳǎǎƛƻƴǎ ƻŦ ǳƴǎǳǎǘŀƛƴŀōƭŜ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊŀŎǝŎŜǎ ƻƴ 
ŎǊǳŎƛŀƭ ŦŀŎŜǘǎ ƭƛƪŜ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƴǘŜƎǊƛǘȅΣ ŀƴŘ ǘƘŜ ŦƻǳƴŘŀǝƻƴ ƻŦ ǎǳǎǘŀƛƴŀōƭŜ ŜŎƻƴƻƳƛŎ 
ƎǊƻǿǘƘΦ aƻǊŜƻǾŜǊΣ ǘƘŜ DƻǳƭōǳǊƴπaǳǊǊŀȅ ǊŜƎƛƻƴ ƛǎƴϥǘ ƛƳƳǳƴŜ ǘƻ Ǝƭƻōŀƭ ǳƴŎŜǊǘŀƛƴǝŜǎ ŀƴŘ ŜǾƻƭǾƛƴƎ 
ŘȅƴŀƳƛŎǎΦ CŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ƅǳŎǘǳŀǝƴƎ ŀƎǊƛŎǳƭǘǳǊŀƭ ŎƻƳƳƻŘƛǘȅ ƳŀǊƪŜǘǎΣ ŜǾƻƭǾƛƴƎ 
ƛƴǘŜǊƴŀǝƻƴŀƭ ǘǊŀŘŜ ƭŀƴŘǎŎŀǇŜǎΣ ŀƴŘ ǇǊƻƎǊŜǎǎƛǾŜ ǿŀǘŜǊ ǇƻƭƛŎȅ ǊŜŦƻǊƳǎ ƛƴǘǊƻŘǳŎŜ ƭŀȅŜǊǎ ƻŦ ŎƻƳǇƭŜȄƛǘȅ ŦƻǊ 
ŀƎǊƛŎǳƭǘǳǊŜ ŀƴŘ ǘƘŜ ƭƻŎŀƭ ŜŎƻƴƻƳȅΦ ¢ƘŜǎŜ ǳƴŎŜǊǘŀƛƴǝŜǎ ŎƻǳƭŘ ǇƻǘŜƴǝŀƭƭȅ ǘƘǿŀǊǘ ǘƘŜ ǊŜƎƛƻƴϥǎ ǎǘǊƛŘŜǎ 
ǘƻǿŀǊŘ {5D ŀǧŀƛƴƳŜƴǘΣ ƴŜŎŜǎǎƛǘŀǝƴƎ ŀŘŀǇǝǾŜ ǎǘǊŀǘŜƎƛŜǎ ŀƴŘ Ǌƻōǳǎǘ ǇƻƭƛŎȅ ŦǊŀƳŜǿƻǊƪǎΦ 5ǊŀǿƛƴƎ ŦǊƻƳ 
ƻǳǊ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŀƴŀƭȅǎƛǎΣ ǿŜ ŀŎŎŜƴǘǳŀǘŜŘ ŀŎǝƻƴŀōƭŜ ǇƻƭƛŎȅ ǎƻƭǳǝƻƴǎ ŘŜǎƛƎƴŜŘ ǘƻ ƘŀǊƴŜǎǎ ǎȅƴŜǊƎƛŜǎ 
ŜũŜŎǝǾŜƭȅ ǿƘƛƭŜ ƳƛǝƎŀǝƴƎ ƛŘŜƴǝŬŜŘ ǘǊŀŘŜπƻũǎΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ƛƴƛǝŀǝǾŜǎ ǘŀǊƎŜǝƴƎ {5D мо όŎƭƛƳŀǘŜ ŀŎǝƻƴύ 
ŀƴŘ {5D мр όƭƛŦŜ ƻƴ ƭŀƴŘύ ǎƘƻǿŎŀǎŜŘ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ǎȅƴŜǊƎƛǎǝŎ ŎƻπōŜƴŜŬǘǎΣ ǇǊŜǎŜƴǝƴƎ ŀǾŜƴǳŜǎ ŦƻǊ 
ƛƴǘŜƎǊŀǘŜŘ ǇƭŀƴƴƛƴƎ ŀƴŘ ŜȄŜŎǳǝƻƴΦ /ƻƴǾŜǊǎŜƭȅΣ ƻǳǊ ƛƴǎƛƎƘǘǎ ƛƭƭǳƳƛƴŀǘŜŘ ŀǊŜŀǎ ƻŦ ŎŀǳǝƻƴΣ ǇŀǊǝŎǳƭŀǊƭȅ 
ŀǊƻǳƴŘ {5D н όŀƎǊƛŎǳƭǘǳǊŀƭ ŀŎǝǾƛǝŜǎύ ŀƴŘ {5D у όŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘύΣ ǿƘŜǊŜ ǇǊƻŀŎǝǾŜ ƳŜŀǎǳǊŜǎ ŀǊŜ 
ƛƳǇŜǊŀǝǾŜ ǘƻ ŎƛǊŎǳƳǾŜƴǘ ŀŘǾŜǊǎŜ ƻǳǘŎƻƳŜǎ ǎǘŜƳƳƛƴƎ ŦǊƻƳ ǳƴǎǳǎǘŀƛƴŀōƭŜ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊŀŎǝŎŜǎΦ Lƴ 
ŎƻƴŎƭǳǎƛƻƴΣ ƻǳǊ ǊŜǎŜŀǊŎƘ ǳƴŘŜǊǎŎƻǊŜǎ ǘƘŜ ǇŀǊŀƳƻǳƴǘ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ƘƻƭƛǎǝŎΣ ŎƻƴǘŜȄǘπǎǇŜŎƛŬŎ ŀƴŀƭȅǎŜǎ 
ǿƘŜƴ ƴŀǾƛƎŀǝƴƎ ǘƘŜ ƛƴǘǊƛŎŀǘŜ ƭŀƴŘǎŎŀǇŜ ƻŦ {5D ƭƻŎŀƭƛǎŀǝƻƴΦ .ȅ ǳƴǊŀǾŜƭƭƛƴƎ ǘƘŜ ƛƴǘǊƛŎŀǘŜ ǿŜō ƻŦ {5D 
ƛƴǘŜǊŀŎǝƻƴǎ ǿƛǘƘƛƴ ǘƘŜ DƻǳƭōǳǊƴπaǳǊǊŀȅ ǊŜƎƛƻƴΣ ǿŜ ƻũŜǊ ōŜƴŜŬŎƛŀƭ ƛƴǎƛƎƘǘǎ ŦƻǊ ǇƻƭƛŎȅƳŀƪŜǊǎΣ 
ǎǘŀƪŜƘƻƭŘŜǊǎΣ ŀƴŘ ŎƻƳƳǳƴƛǝŜǎΦ ²ƘƛƭŜ ƻǳǊ ŬƴŘƛƴƎǎ ŀǊŜ ŘŜŜǇƭȅ ǊƻƻǘŜŘ ƛƴ ǘƘƛǎ ǎǇŜŎƛŬŎ ŎƻƴǘŜȄǘΣ ǘƘŜ 
ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ŀǇǇǊƻŀŎƘ ǿŜϥǾŜ ǇƛƻƴŜŜǊŜŘ ƘƻƭŘǎ ǇǊƻƳƛǎŜ ŦƻǊ ōǊƻŀŘŜǊ ŀǇǇƭƛŎŀōƛƭƛǘȅΦ Lǘ ŦǳǊƴƛǎƘŜǎ 
ǎǘŀƪŜƘƻƭŘŜǊǎ ŀŎǊƻǎǎ ŘƛǾŜǊǎŜ ƭƻŎŀƭŜǎ ǿƛǘƘ ŀ ǊŜǇƭƛŎŀōƭŜ ōƭǳŜǇǊƛƴǘ ŦƻǊ ŘƛǎǎŜŎǝƴƎ {5D ƛƴǘŜǊŀŎǝƻƴǎΣ ŦƻǎǘŜǊƛƴƎ 
ǇƻƭƛŎȅ ŎƻƘŜǊŜƴŎŜΣ ŀƴŘ ŀŘǾŀƴŎƛƴƎ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ŀƎŜƴŘŀǎ ǘŀƛƭƻǊŜŘ ǘƻ ǳƴƛǉǳŜ ǊŜƎƛƻƴŀƭ ƴǳŀƴŎŜǎΦ 
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Abstract 
hƴŜ ƻŦ ǘƘŜ ōƛƎƎŜǎǘ ŎƘŀƭƭŜƴƎŜǎ ƛƴ ŀƎǊƛŎǳƭǘǳǊŜ ƛǎ ƳŜŜǝƴƎ ǘƘŜ ƎǊƻǿƛƴƎ ŘŜƳŀƴŘ ŦƻǊ ŦƻƻŘ ǿƘƛƭŜ ƳŀƴŀƎƛƴƎ 
ƭƛƳƛǘŜŘ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎΦ ¢Ƙƛǎ ƛǎǎǳŜ ŜȄƛǎǘǎ Ǝƭƻōŀƭƭȅ ŀƴŘ ŀǘ ǘƘŜ ŦŀǊƳ ƭŜǾŜƭΣ ŘǊƛǾŜƴ ōȅ ƭƛƳƛǘŜŘ ǿŀǘŜǊ ŀǾŀƛƭŀōƛƭƛǘȅ 
ŀƴŘ ŘŜŎƭƛƴƛƴƎ ǿŀǘŜǊ ǉǳŀƭƛǘȅΣ ŦǊŀƎƳŜƴǘŜŘ ƎƻǾŜǊƴŀƴŎŜ ǎǘǊǳŎǘǳǊŜǎΣ ƭƛƳƛǘŜŘ ǎǘŀƪŜƘƻƭŘŜǊ ŎƻƭƭŀōƻǊŀǝƻƴΣ 
ŎǳƭǘǳǊŀƭ ǾŀƭǳŜǎΣ ŀƴŘ ŘƛǾŜǊǎŜ ŜŎƻƴƻƳƛŎ ŎƻƴŘƛǝƻƴǎΦ 5ƛũŜǊŜƴǘ ǎƻƭǳǝƻƴǎ ƘŀǾŜ ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ǘƻ ŜƴŎƻǳǊŀƎŜ 
ŀ ǎƘƛƊ ǘƻǿŀǊŘǎ ǎǳǎǘŀƛƴŀōƭŜ ƭŀƴŘ ŀƴŘ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ŎƻƴǎǘǊǳŎǝƻƴ ǇƻƭƛŎƛŜǎΣ 
ǳǎŜǊπ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘπŦǊƛŜƴŘƭȅ ŘŜǎƛƎƴǎΣ ŀƴŘ ǎƳŀǊǘ ŀƴŘ ƛƴƴƻǾŀǝǾŜ ǿŀǘŜǊ ǘŜŎƘƴƻƭƻƎƛŜǎΦ   !ƳƻƴƎ ǘƘŜǎŜΣ 
ǎƳŀǊǘ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ǳǎŜŘ ŦƻǊ ŜŶŎƛŜƴǘ ƳƻƴƛǘƻǊƛƴƎΣ ƻǇǝƳƛȊŀǝƻƴΣ ŀƴŘ ŦƻǊŜŎŀǎǝƴƎΣ 
ǎǳǇǇƻǊǝƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ ¢ƘŜȅΩǾŜ ŀƭǎƻ ƳŀŘŜ Ƨƻōǎ ƳƻǊŜ ŀǧǊŀŎǝǾŜ όŜŎƻƴƻƳƛŎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅύ 
ŀƴŘ ōƻƻǎǘŜŘ ŘƛƎƛǘŀƭ ƭƛǘŜǊŀŎȅ όǎƻŎƛŀƭ ǎǳǎǘŀƛƴŀōƛƭƛǘȅύ IƻǿŜǾŜǊΣ ǘƘŜǊŜ ŀǊŜ ŎƻƴŎŜǊƴǎ ǘƘŀǘ ǘƘŜ ƛƴƴƻǾŀǝǾŜ 
ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ǘŜŎƘƴƛŎŀƭƭȅ ŎƻƳǇƭƛŎŀǘŜŘΣ ŜŎƻƴƻƳƛŎŀƭƭȅ ŜȄǇŜƴǎƛǾŜΣ ŀƴŘ ƭƛƳƛǘŜŘ ǘƻ ŎŜǊǘŀƛƴ ƎǊƻǳǇǎ ƻŦ 
ŦŀǊƳŜǊǎ ŀƴŘ Ƴŀȅ ƴƻǘ ŎƻƴǎƛŘŜǊ ǇŀǎǎƛǾŜ ǎǘŀƪŜƘƻƭŘŜǊǎΦ IŜƴŎŜΣ ƛǘ ƛǎ ŎǊǳŎƛŀƭ ǘƻ ŀƴŀƭȅȊŜ ǘƘŜǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴ 
ǘŜǊƳǎ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ƛƴƴƻǾŀǝƻƴΣ ƻǇŜǊŀǝƻƴŀƭ ŎŀǇŀŎƛǘȅΣ ŎǳǎǘƻƳŜǊπŎŜƴǘǊƛŎƛǘȅΣ ŀƴŘ ǘƘŜƛǊ ƛƳǇŀŎǘ ƻƴ ǘƘŜ 
ǘǊŀƴǎŦƻǊƳŀǝƻƴ ƻŦ ŀƎǊƛŎǳƭǘǳǊŀƭ ŀŎǝǾƛǝŜǎ ōƻǘƘ ƴƻǿ ŀƴŘ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦ ! ǊŀǇƛŘ ŜǘƘƴƻƎǊŀǇƘƛŎ ŬŜƭŘ Ǿƛǎƛǘ ŀƴŘ 
ǎŜƳƛπǎǘǊǳŎǘǳǊŜŘ ƪŜȅ ƛƴŦƻǊƳŀƴǘ ƛƴǘŜǊǾƛŜǿ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ǿƛǘƘ ŘƛũŜǊŜƴǘ ƎǊƻǳǇǎ ƻŦ ǎǘŀƪŜƘƻƭŘŜǊǎ ŦǊƻƳ 
/ŀƴŀƭŜ 9Ƴƛƭƛŀƴƻ wƻƳŀƎƴƻƭƻ ό/9wύ ƛƴ Lǘŀƭȅ ŀƴŘ {ŜŜƭŀƴŘΣ {ǿƛǘȊŜǊƭŀƴŘΦ ¢ƘŜ ŀƛƳ ǿŀǎ ǘƻ ǎǘǳŘȅ ǘƘŜ ǎǘŀǘǳǎ ƻŦ 
ŎǳǊǊŜƴǘ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǝŎŜǎ ƛƴ ŦŀǊƳǎ ŀƴŘ ƻōǘŀƛƴ ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊΩǎ ǇŜǊǎǇŜŎǝǾŜ ǊŜƎŀǊŘƛƴƎ ǘƘŜ 
ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻŦ ƛƴƴƻǾŀǝǾŜ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ǘŜŎƘƴƻƭƻƎƛŜǎ ƭƛƪŜ ϥǊŜƳƻǘŜ ǎŜƴǎƛƴƎ ǇƛǇŜƭƛƴŜǎ ŀƴŘ ƛƴǘŜƎǊŀǘŜŘ 
ǇƘȅǎƛŎŀƭƭȅ ōŀǎŜŘ ǘŜǊǊŜǎǘǊƛŀƭ ǎȅǎǘŜƳ ƳƻŘŜƭǎΩΦ hǳǊ ǎǘǳŘȅ ŦƻǳƴŘ ǘƘŀǘ ŎǳǊǊŜƴǘ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǝŎŜǎ 
ǿŜǊŜ ΨŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅΩ ǎǳǎǘŀƛƴŀōƭŜ ǿƛǘƘ ǘŜŎƘƴƛŎŀƭƭȅ ŀŘǾŀƴŎŜŘ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳǎΣ ōǳǘ ǘƘŜǊŜ ƛǎ ŀ 
ƴŜŜŘ ǘƻ ǊŜŎƻƴǎƛŘŜǊ ǎƻŎƛŀƭ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ōȅ ŎǊŜŀǝƴƎ ǊƻƻƳ ŦƻǊ ƛƴǾƻƭǾŜƳŜƴǘ ŀƴŘ ŎƻƭƭŀōƻǊŀǝƻƴ ƻŦ ŘƛǾŜǊǎŜ 
ƎǊƻǳǇǎ ƻŦ ǎǘŀƪŜƘƻƭŘŜǊǎ ŀƴŘ ŜŎƻƴƻƳƛŎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ōȅ ŜƴƘŀƴŎƛƴƎ ƳŀǊƪŜǘ ƳŜŎƘŀƴƛǎƳǎΦ ²Ŝ ŀƭǎƻ ƻōǎŜǊǾŜŘ 
ǇƻǎƛǝǾŜ ŀǩǘǳŘŜǎ ǘƻǿŀǊŘ ǳǎƛƴƎ ƛƴƴƻǾŀǝǾŜ ǘŜŎƘƴƻƭƻƎȅΤ ƘƻǿŜǾŜǊΣ ŎƻƴŎŜǊƴǎ ǿŜǊŜ ǊŀƛǎŜŘ ŀōƻǳǘ ƛǘǎ ǳǎŜ ƛƴ 
ǘŜǊƳǎ ƻŦ ǘŜŎƘƴƛŎŀƭ ŎƻƳǇƭŜȄƛǘȅΣ ǊŜƭƛŀōƛƭƛǘȅΣ ŀƴŘ ǇǊƛŎŜǎΦ hǳǊ ǎǘǳŘȅ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŎǊŜŀǝƴƎ 
ƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳǎ ǘƘŀǘ ŜƴŀōƭŜ ŘŜŎƛǎƛƻƴπƳŀƪŜǊǎ ǘƻ ŜƴƎŀƎŜ ǿƛǘƘ ŀ ŘƛǾŜǊǎŜ ƎǊƻǳǇ ƻŦ ǎǘŀƪŜƘƻƭŘŜǊǎ ǘƻ 
ŀŎƘƛŜǾŜ ǘƘŜ ǎǳǎǘŀƛƴŀōƭŜ ǘǊŀƴǎŦƻǊƳŀǝƻƴ ƻŦ ŀƎǊƛŎǳƭǘǳǊŀƭ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ŀŎǝǾƛǝŜǎΦ {ǳŎƘ ǎȅǎǘŜƳǎ Ŏŀƴ 
ǎǘǊŜŀƳƭƛƴŜ ǇƻƭƛŎȅ ŦƻǊƳǳƭŀǝƻƴ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǝƻƴΣ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ŎƻƴŎŜǊƴǎ ƻŦ ǎǘŀƪŜƘƻƭŘŜǊǎ ŀǘ ǘƘŜ ŦŀǊƳ 
ƭŜǾŜƭΦ ¢ƘŜ ǊŜǎŜŀǊŎƘ ǇǊƛƳŀǊƛƭȅ ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻŦ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ƛƴ ŀƎǊƛŎǳƭǘǳǊŜΣ ǿƛǘƘ ŀƴ 
ŜƳǇƘŀǎƛǎ ƻƴ ƛƴƴƻǾŀǝǾŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ŦƻǊ ŜŶŎƛŜƴǘ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ƛƴŎƻǊǇƻǊŀǝƴƎ ƛƴǇǳǘ ŦǊƻƳ 
ǎǘŀƪŜƘƻƭŘŜǊǎΦ ¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ǇǊƛƳŀǊƛƭȅ ŀŘŘǊŜǎǎŜǎ {5D с π /ƭŜŀƴ ²ŀǘŜǊ ŀƴŘ {ŀƴƛǘŀǝƻƴ ό¢ŀǊƎŜǘ сΦоΣ сΦпΣ ŀƴŘ 
сΦ ōύΣ ŀǎ ǿŜƭƭ ŀǎ {5D нπ½ŜǊƻ IǳƴƎŜǊ ό¢ŀǊƎŜǘ нΦо ŀƴŘ нΦпύΦ ¢ƘŜ ƛƳǇŀŎǘ ƻŦ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ŜȄǘŜƴŘǎ ōŜȅƻƴŘ 
ŀƎǊƛŎǳƭǘǳǊŜ ǘƻ ŦƻƻŘΣ ǿŀǘŜǊ ŀǾŀƛƭŀōƛƭƛǘȅΣ ŀƴŘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ƳŀƪƛƴƎ ƛǘ ǊŜƭŜǾŀƴǘ ǘƻ ǘƘŜ ŎƻƴŦŜǊŜƴŎŜϥǎ ǘƘŜƳŜ 
ƻŦ άΧǎǳǎǘŀƛƴŀōƭŜ ƭƛǾŜƭƛƘƻƻŘΦέ !ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜ ǊŜǎŜŀǊŎƘ ŀŘŘǊŜǎǎŜǎ ǘƘŜ ŎƻƴŎŜǊƴǎ ƻŦ άΦΦΦ ǎǘŀƪŜƘƻƭŘŜǊǎ ǘƻ 
ŀǎǎŜǎǎ ŀƴŘ ǊŜǇƻǊǘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛǎǎǳŜǎΣέ ŀƭƛƎƴƛƴƎ ǿƛǘƘ ǘƘŜ ǘƘŜƳŜ ƻŦέ {ǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƴŘ {ŎƛŜƴŎŜϦΦ  

YŜȅǿƻǊŘǎΥ {ǳǎǘŀƛƴŀōƛƭƛǘȅΣ ²ŀǘŜǊ ǇƻƭƛŎȅΣ LƴƴƻǾŀǝǾŜ ǎƻƭǳǝƻƴǎΣ {ǘŀƪŜƘƻƭŘŜǊǎΣ /ƭƛƳŀǘŜ ŎƘŀƴƎŜ  
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Discourse Workshop on Proposed Ground Rules For Full Cost Accounting Methods For Product 
Sustainability Assessment: How Can We Ensure Valid Estimation Of Hidden Costs Of Products? 
Walter Vermeulen1, Erik Roos Lindgreen2 
м/ƻǇŜǊƴƛŎǳǎ LƴǎǝǘǳǘŜ ƻŦ {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘΣ ¦ǘǊŜŎƘǘ ¦ƴƛǾŜǊǎƛǘȅΣ ¦ǘǊŜŎƘǘΣ bŜǘƘŜǊƭŀƴŘǎΦ нwƻƻǎ 
{ǳǎǘŀƛƴŀōƛƭƛǘȅ wŜǎŜŀǊŎƘΣ !ƳǎǘŜǊŘŀƳΣ bŜǘƘŜǊƭŀƴŘǎ 

!ōǎǘǊŀŎǘ 

aŀƴȅ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ǎƻŎƛŀƭ ƛƳǇŀŎǘǎ ƛƴ ǇǊƻŘǳŎǘΩǎ ǾŀƭǳŜ ŎƘŀƛƴǎ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ǳƴŀŎŎƻǳƴǘŜŘ ŦƻǊ ƛƴ ǘƘŜ 
ǇǊƛŎŜ ƻŦ ǇǊƻŘǳŎǘǎΦ {ŜǾŜǊŀƭ ƳŜǘƘƻŘǎ ŜȄƛǎǘ ǘƻ ŎŀƭŎǳƭŀǘŜ ōƻǘƘ ǘƘŜ ǇǊŜǎǎǳǊŜǎ ƻŦ ǎǳŎƘ ƛƳǇŀŎǘǎΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜƛǊ 
ƳƻƴŜǝȊŀǝƻƴΦ ¢ƘŜǎŜ ŀǇǇǊƻŀŎƘŜǎ ŀǊŜ ƴŀƳŜŘ ¢ǊǳŜǇǊƛŎŜΣ ¢Ǌǳ/ƻǎǘǎΣ {ǳǎǘŀƛƴŀōƭŜ ±ŀƭǳŜΣ ¢ǊǳŜ ±ŀƭǳŜΣ hƛŎƻƴƻƳȅ 
tǊƛŎƛƴƎΣ ƘƛŘŘŜƴ ǇǊƛŎŜ ŜǘŎΦ  Lƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ƭƛǾŜ ŎȅŎƭŜ ŀǎǎŜǎǎƳŜƴǘ ό[/!ύΣ ŜȄǇǊŜǎǎƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ 
ǎƻŎƛŀƭ ƛƳǇŀŎǘǎ ƛƴ ƳƻƴŜǘŀǊȅ ǘŜǊƳǎ ŀƭƭƻǿǎ ŦƻǊ ŀƎƎǊŜƎŀǝƻƴ ŀƴŘ ŜŀǎƛŜǊ ŎƻƳƳǳƴƛŎŀǝƻƴΦ aŀƴȅ ƳŜǘƘƻŘǎ ŦƻǊ 
ƳƻƴŜǝȊŀǝƻƴ ŜȄƛǎǘΣ ǿƛǘƘ ŦǳƴŘŀƳŜƴǘŀƭ ŘƛũŜǊŜƴŎŜǎ ƛƴ ǘƘŜƛǊ ǳƴŘŜǊƭȅƛƴƎ ƳƻƴŜǝȊŀǝƻƴ ŀǇǇǊƻŀŎƘΣ ŀŎŎǳǊŀŎȅΣ 
ŀǾŀƛƭŀōƛƭƛǘȅ ŀƴŘ ŀǇǇƭƛŎŀǝƻƴΦ {ŜǾŜǊŀƭ ǎŎƛŜƴǝŬŎ ŀƴŘ ŎƻƴǎǳƭǘŀƴŎȅ ƛƴƛǝŀǝǾŜǎ ƘŀǾŜ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǘƘƛǎ 
ŘŜǾŜƭƻǇƳŜƴǘ ōȅ ƛƴǘǊƻŘǳŎƛƴƎ ƳƻƴŜǝȊŀǝƻƴ ƳŜǘƘƻŘǎ ǘƘŀǘ ŀƭǎƻ ǳǎŜ ŘƛũŜǊŜƴǘ ƳŜǘƘƻŘƻƭƻƎƛŜǎΦ Lƴ ŀ ǊŜŎŜƴǘƭȅ 
ǇǳōƭƛǎƘŜŘ ŀǊǝŎƭŜΣ ǿŜ ǊŜƅŜŎǘ ƻƴ ǘƘŜ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǎǳŎƘ ŜȄƛǎǝƴƎ ƳŜǘƘƻŘǎΦ ¢ƘŜ ǎŎƻǇŜ ƻŦ ǘƘŜǎŜ 
ƳŜǘƘƻŘǎ ƛǎ ǾŜǊȅ ŘƛǾŜǊǎŜΣ ǿƘƛƭŜ ǳƴŘŜǊƭȅƛƴƎ ǘƘŜƻǊŜǝŎŀƭ ŀƴŘ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ŎƘƻƛŎŜǎ ŀǊŜ ƴƻǘ ŀƭǿŀȅǎ 
ǘǊŀƴǎǇŀǊŜƴǘΦ ¢Ƙƛǎ ŎǊŜŀǎǘŜǎ Ǌƛǎƪǎ ƻŦ ƎǊŜŜƴǿŀǎƘƛƴƎΦ .ŀǎŜŘ ƻƴ ƻǳǊ ǊŜǾƛŜǿΣ ǿŜ ƘŀǾŜ ǇǊƻǇƻǎŜŘ ŦƻǳǊ ŜȄǇƭƻǊŀǘƻǊȅ 
ƎǊƻǳƴŘ ǊǳƭŜǎ ŦƻǊ Ŧǳƭƭ Ŏƻǎǘ ŀŎŎƻǳƴǝƴƎ ƳŜǘƘƻŘǎΦ ¢ƘŜǎŜ ŀǊŜΥ 
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ǝƳŜ ŘƛƳŜƴǎƛƻƴ ŘƛǎǝƴŎǝƻƴ όŎƻǎǘǎ ǊŜƭŀǘŜŘ ǘƻ ŜƛǘƘŜǊ ōŜŦƻǊŜ ƻǊ ŀƊŜǊ ǘƘŜ ŀŎǝǾƛǘȅ ƻŦ ǇǊƻŘǳŎǝƻƴύ 

оΦ .Ŝ ŎƻƴǎƛǎǘŜƴǘ ŀƴŘ ŜȄǇƭƛŎƛǘ ƛƴ ƧǳǎǝŦȅƛƴƎ ǘƘŜ ƛƴŎƭǳǎƛƻƴ ƻŦ ǇƻǎƛǝǾŜ ŜȄǘŜǊƴŀƭƛǝŜǎ ŀƴŘ ǊŜŦǊŀƛƴ ŦǊƻƳ ǎǳƳƳƛƴƎ 
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!ƊŜǊ ǇǳōƭƛǎƘƛƴƎ ǘƘŜ ŀǊǝŎƭŜΣ ǿŜ ƘŀǾŜ ǎǘŀǊǘŜŘ ŀƴ ƻƴƭƛƴŜ ŘƛǎŎƻǳǊǎŜ ǿƛǘƘ ǎŎƘƻƭŀǊǎ ƛƴ ǘƘƛǎ ŬŜƭŘΦ ²Ŝ ǿƛƭƭ ǎƘŀǊŜ 
ǘƘŜ ǇǊŜƭƛƳƛƴŀǊȅ ǊŜǎǳƭǘǎ ŀƴŘ ŎƻƴǝƴǳŜ ǘƘƛǎ ŘƛǎŎƻǳǊǎŜ ŘǳǊƛƴƎ ǘƘŜ ǿƻǊƪǎƘƻǇ ƛƴ bŜǇŀƭ ǿƛǘƘ ǘƘŜ ŀǧŜƴŘŀƴǘǎΦ ¢ƘŜ 
ǊŜǎǳƭǘǎ ƻŦ ǘƘƛǎ ŘƛǎŎƻǳǊǎŜ ǿƛƭƭ ōŜ ǇǳōƭƛǎƘŜŘ ŀƊŜǊ ǘƘŜ ŎƻƴŦŜǊŜƴŎŜΦ  

¶ The full article is published at: https://doi.org/10.1016/j.indic.2023.100275 

¶ You are invited to join the online discourse at: https:// www.linkedin.com/groups/12862281/ 

¶ ISDRS member have been invited to this discourse in ISDRS Q3 Newsletter 2023 
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м/ƻǇŜǊƴƛŎǳǎ LƴǎǝǘǳǘŜ ƻŦ {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘΣ ¦ǘǊŜŎƘǘ ¦ƴƛǾŜǊǎƛǘȅΣ ¦ǘǊŜŎƘǘΣ bŜǘƘŜǊƭŀƴŘǎΦ нLƴǎǝǘǳǘŜ 
ŦƻǊ aŀƴŀƎŜƳŜƴǘ wŜǎŜŀǊŎƘΣ wŀŘōƻǳŘ ¦ƴƛǾŜǊǎƛǘȅΣ bƛƧƳŜƎŜƴΣ bŜǘƘŜǊƭŀƴŘǎ 

Abstract 

¢ƘŜ ǊŜŎŜƴǘƭȅ ƛƳǇƭŜƳŜƴǘŜŘ 9ǳǊƻǇŜŀƴ ƭŜƎƛǎƭŀǝƻƴ ƻƴ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƴŘ ǾŀƭǳŜ ŎƘŀƛƴ ǘǊŀƴǎǇŀǊŜƴŎȅ ό/{w5Σ 
/55ύ ƭŜŀǾŜǎ ŎƻƳǇŀƴƛŜǎ ǿƛǘƘ ǘƘŜ ƴŜŜŘ ŦƻǊ ƳƻƴŜǝȊŀǝƻƴ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭΣ ǎƻŎƛŀƭ ŀƴŘ ŜŎƻƴƻƳƛŎ ƛƳǇŀŎǘǎ ƻŦ 
ǘƘŜƛǊ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ǇǊƻŘǳŎǘǎΦ {ŜǾŜǊŀƭ ǎŎƛŜƴǝŬŎ ŀƴŘ ŎƻƴǎǳƭǘŀƴŎȅ ƛƴƛǝŀǝǾŜǎ ƘŀǾŜ ǊŜǎǇƻƴŘŜŘ ǘƻ ǘƘƛǎ ƴŜŜŘ 
ōȅ ŘŜǾŜƭƻǇƛƴƎ ƳƻƴŜǝȊŀǝƻƴ ƳŜǘƘƻŘǎΦ ¢ƘŜǎŜ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ŀǇǇǊƻŀŎƘŜǎ ŀƛƳŜŘ ŀǘ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ 
ΨƘƛŘŘŜƴ ǇǊƛŎŜΩ ƘŀǾŜ ƴŀƳŜǎ ƭƛƪŜ ¢ǊǳŜǇǊƛŎŜΣ ¢Ǌǳ/ƻǎǘǎΣ {ǳǎǘŀƛƴŀōƭŜ ±ŀƭǳŜΣ ¢ǊǳŜ ±ŀƭǳŜΣ hƛŎƻƴƻƳȅ tǊƛŎƛƴƎΣ ŜǘŎΦ 
! ǊŜŎŜƴǘ ǊŜǾƛŜǿ ǎƘƻǿŜŘ ŦǳƴŘŀƳŜƴǘŀƭ ŘƛũŜǊŜƴŎŜǎ ƛƴ ǘƘŜƛǊ ǳƴŘŜǊƭȅƛƴƎ ƳƻƴŜǝȊŀǝƻƴ ŀǇǇǊƻŀŎƘΣ ŀŎŎǳǊŀŎȅΣ 
ŀǾŀƛƭŀōƛƭƛǘȅ ŀƴŘ ŀǇǇƭƛŎŀǝƻƴ όwƻƻǎ [ƛƴŘƎǊŜŜƴ ŀƴŘ ±ŜǊƳŜǳƭŜƴ нлноύΦ 

Lƴ ǘƘƛǎ ǇŀǇŜǊΣ ǿŜ ŦƻŎǳǎ ƻƴ ǊŜŎŜƴǘ ŜȄǇŜǊƛŜƴŎŜǎ ǿƛǘƘ ǇƛƭƻǝƴƎ hƛŎƻƴƻƳȅ tǊƛŎƛƴƎΦ ¢ƘŜ ƳŜǘƘƻŘƻƭƻƎȅ ƛǎ ŀƛƳƛƴƎ 
ŀǘ ŀ ǾŀƭƛŘΣ ŦŀƛǊΣ ƛƴŎƭǳǎƛǾŜΣ ŀƴŘ ǳǇπǘƻπŘŀǘŜ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ƻŦ ǘƘŜ ǊŜŀƭ ǇǊƛŎŜ ƻŦ ǇǊƻŘǳŎǘǎΦ Lǘ ŀŘŘǊŜǎǎŜǎ ŀƭƭ 
ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀǎǇŜŎǘǎ όtƭŀƴŜǘΣ tŜƻǇƭŜ ŀƴŘ tǊƻǎǇŜǊƛǘȅύ ŀƴŘ ǾƛǎǳŀƭƛȊŜǎ ǘƘŜǎŜ ŀǎǇŜŎǘǎ ŦƻǊ ǘƘŜ ŜƴǝǊŜ ǾŀƭǳŜ 
ŎƘŀƛƴ ƻŦ ǇǊƻŘǳŎǘǎ ƻǊ ǎŜǊǾƛŎŜǎΦ Lǘ ŀǎǎŜǎǎŜǎ ǘƘŜǎŜ ŀǎǇŜŎǘǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŀŎǘǳŀƭ ŀŎǝƻƴǎ ƻŦ ǘƘŜ ǇŀǊǝŜǎ ƛƴ ǘƘŜ 
ǾŀƭǳŜ ŎƘŀƛƴ ŀƴŘ ƛǘ ǘǊŀƴǎƭŀǘŜǎ ǘƘŜ Řŀǘŀ ƻƴ ǘƘŜ ŀŎǘǳŀƭ ŀŎǝƻƴǎ ƻŦ ǘƘŜǎŜ ǇŀǊǝŜǎ ƛƴ ǘƘŜ ǾŀƭǳŜ ŎƘŀƛƴ ƛƴǘƻ ǘƘŜ 
Ŏƻǎǘǎ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ǘƘŜ ǇǊŜǾŜƴǝƻƴ ƻŦ ǘƘŜ ƴŜƎŀǝǾŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ŦƻǊ ƴŀǘǳǊŜ ŀƴŘ ǎƻŎƛŜǘȅΣ ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ 
ǘƘŜ ¦ƴƛǘŜŘ bŀǝƻƴΩǎ {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘ DƻŀƭǎΦ 9ƛƎƘǘ ŘƛũŜǊŜƴǘ ŎŀǎŜ ǎǘǳŘƛŜǎ ƘŀǾŜ ōŜŜƴ ŎƻƴŘǳŎǘŜŘ 
ǿƛǘƘ ǘƘŜ Ǉƛƭƻǘ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ƳŜǘƘƻŘΦ Lƴ ǘƘŜǎŜ ŎŀǎŜǎΣ ŜƴŘπǇǊƻŘǳŎŜǊǎ ƻŦ ǾŀǊƛƻǳǎ ǘȅǇŜǎ ƻŦ ǇǊƻŘǳŎǘǎ ŀƴŘ ǘƘŜƛǊ 
ǎǳǇǇƭƛŜǊǎΣ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ŀŎŀŘŜƳƛŎ ǊŜǎŜŀǊŎƘŜǊǎ ŀǇǇƭƛŜŘ ǘƘŜ hƛŎƻƴƻƳȅ tǊƛŎƛƴƎ ƳŜǘƘƻŘ ŀǘ ǘƘŜ ŎƻƳǇŀƴȅ 
ƭŜǾŜƭΦ .ŀǎŜŘ ƻƴ ǘƘƛǎΣ ǿŜ ŀƴŀƭȅǎŜ ǘƘŜ ƴŜŜŘ ŦƻǊ ŦǳǊǘƘŜǊ ƛƳǇǊƻǾŜƳŜƴǘ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ǘƘƛǎ ŦƻǊƳ ƻŦ 
ŦǳƭƭπŎƻǎǘ ŀŎŎƻǳƴǝƴƎ ŀƴŘ ƻǇǇƻǊǘǳƴƛǝŜǎ ŦƻǊ ǾŀƭǳŜπŎƘŀƛƴ ŎƻƭƭŀōƻǊŀǝƻƴΦ 

.ŀǎŜŘ ƻƴ ǘƘŜǎŜ ŜȄǇŜǊƛŜƴŎŜǎΣ ǘƘŜ hƛŎƻƴƻƳȅ tǊƛŎƛƴƎ CƻǳƴŘŀǝƻƴ Ƙŀǎ ŜƭŀōƻǊŀǘŜŘ ŀƴ hǇŜƴ {ŎƛŜƴŎŜ ŀƎŜƴŘŀ 
ŦƻǊ ŦǳǊǘƘŜǊ ƛƳǇǊƻǾŜƳŜƴǘ ƻŦ ǘƘƛǎ ƳŜǘƘƻŘƻƭƻƎȅΦ 5ǳǊƛƴƎ ǘƘŜ ǇǊŜǎŜƴǘŀǝƻƴ ƻŦ ǘƘƛǎ ǇŀǇŜǊΣ ǿŜ ǿƛƭƭ ŘƛǎŎǳǎǎ Ƙƻǿ 
ǎŎƘƻƭŀǊǎ ŀǊƻǳƴŘ ǘƘŜ ƎƭƻōŜ Ŏŀƴ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ŦǳǊǘƘŜǊ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ŀǇǇƭƛŎŀǝƻƴ ƻŦ ǘƘŜ hƛŎƻƴƻƳȅ 
ǇǊƛŎƛƴƎ ŀǇǇǊƻŀŎƘΦ  
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!ǎ Ǝƭƻōŀƭ ŜũƻǊǘǎ ǘƻ ƳƛǝƎŀǘŜ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛƴǘŜƴǎƛŦȅΣ ǘƘŜ Ŏƻŀƭ ƛƴŘǳǎǘǊȅ ŦŀŎŜǎ ǳƴǇǊŜŎŜŘŜƴǘŜŘ ŎƘŀƭƭŜƴƎŜǎΣ 
ƴŜŎŜǎǎƛǘŀǝƴƎ ŀ ǘǊŀƴǎƛǝƻƴ ǘƻǿŀǊŘǎ ǎǳǎǘŀƛƴŀōƭŜ ŀƭǘŜǊƴŀǝǾŜǎΦ 5ŜǎǇƛǘŜ ƛǘǎ ǎƛƎƴƛŬŎŀƴǘ ŎƻƴǘǊƛōǳǝƻƴ ǘƻ 
ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ όDIDύ ŜƳƛǎǎƛƻƴǎΣ Ŏƻŀƭ Ƙŀǎ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ Ƨƻō ŎǊŜŀǝƻƴ ŦƻǊ Ƴŀƴȅ ǇŜƻǇƭŜ ŀŎǊƻǎǎ ǘƘŜ ƎƭƻōŜΦ 
aŜŀƴǿƘƛƭŜ ǘƘŜ {ƻǳǘƘ !ŦǊƛŎŀƴ Ŏƻŀƭ ǎŜŎǘƻǊ ǘǊŀƴǎƛǝƻƴǎ ǘƻ ŀ ƴŜǘπȊŜǊƻ ŎŀǊōƻƴ ŜŎƻƴƻƳȅΣ ƳŀǎǎƛǾŜ ŜũŜŎǘǎ ƻƴ 
Ƨƻōǎ ŀǊŜ ŀƴǝŎƛǇŀǘŜŘΦ ¢ƘŜ ŀƭǘŜǊƴŀǝǾŜ Ƨƻōǎ ŦǊƻƳ ǘƘŜ ƎǊŜŜƴ ŜŎƻƴƻƳȅ Ƴŀȅ ǇǊƻǾƛŘŜ ƭƻǿŜǊ ǿŀƎŜǎ ŀƴŘ ƭƻǿŜǊ 
ƭŜǾŜƭǎ ƻŦ ǊŜǎǇƻƴǎƛōƛƭƛǘȅΣ ǊŜǎǳƭǝƴƎ ƛƴ ŜƳǇƭƻȅŜŜǎ ƭƻǎƛƴƎ ǘƘŜƛǊ ǇǊƻŦŜǎǎƛƻƴŀƭ ǇǊƛŘŜΣ ǎƻŎƛƻŜŎƻƴƻƳƛŎ ǎǘŀǘǳǎΣ ŀƴŘ 
ǇŜǊǎƻƴŀƭ ƛŘŜƴǝǘȅΦ ¢ŀƪƛƴƎ ƛƴǘƻ ŎƻƴǎƛŘŜǊŀǝƻƴ ǘƘŀǘΣ ƛŦ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ǇǊƻŎŜǎǎ ƻŦ ǘƘŜ Ŏƻŀƭ ǇƘŀǎŜπƻǳǘ ƛǎ 
ƴƻǘ ŎŀǊŜŦǳƭƭȅ ŜȄŜŎǳǘŜŘ ǘƘǊƻǳƎƘ Ǌƻōǳǎǘ ŀƴŘ ŎƻƴǘŜȄǘπōŀǎŜŘ ǇƻƭƛŎƛŜǎΣ ǇǊƻƎǊŀƳƳŜǎΣ ŀƴŘ ǇƭŀƴǎΣ ƛǘ ŎƻǳƭŘ ǊŜǎǳƭǘ 
ƛƴ ƛƴŎǊŜŀǎŜŘ ǎƻŎƛŀƭ ŀƴŘ ŜŎƻƴƻƳƛŎ ŎƻƳƳƻǝƻƴǎΦ ²ƘƛŎƘ ƛǎ ǿƘȅ ǘƘƛǎ ǎǘǳŘȅ ƛǎ ŀǎǎŜǎǎƛƴƎ ǘƘŜ ǊŜŀŘƛƴŜǎǎ ŀƴŘ 
ǇǊŜǇŀǊŜŘƴŜǎǎ ƻŦ ƛƳǇƻǊǘŀƴǘ ǎǘŀƪŜƘƻƭŘŜǊǎ όŎƻŀƭ ǎŜŎǘƻǊ ŜƳǇƭƻȅŜŜǎύ ƛƴ {ƻǳǘƘ !ŦǊƛŎŀΦ ¢Ƙƛǎ ǿŀǎ ŀŎƘƛŜǾŜŘ 
ǘƘǊƻǳƎƘ ƛƴǾŜǎǝƎŀǝƴƎ ǘƘŜƛǊ ŀǿŀǊŜƴŜǎǎ ƻŦ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ Ƨǳǎǘ ǘǊŀƴǎƛǝƻƴΣ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ǇŜǊŎŜƛǾŜŘ 
ƛƳǇŀŎǘǎΣ ŀƴŘ ǊŜǎǇƻƴǎŜ ƳŜŎƘŀƴƛǎƳ ƛƴ ǇƭŀŎŜ ŦƻǊ ŀ ǎƳƻƻǘƘ ŀƴŘ ŜǉǳƛǘŀōƭŜ ǘǊŀƴǎƛǝƻƴΦ 9ƳǇƭƻȅƛƴƎ ŀ ƴƻƴπ
ǇŀǊŀƳŜǘǊƛŎ ǉǳŀƴǝǘŀǝǾŜ ŀǇǇǊƻŀŎƘΣ Řŀǘŀ ǿŀǎ ŎƻƭƭŜŎǘŜŘ ǘƘǊƻǳƎƘ ǎǳǊǾŜȅǎ ǘŀǊƎŜǘŜŘ ǘƻ ƪŜȅ ŜƳǇƭƻȅŜŜǎ ǿƛǘƘƛƴ 
ǘƘŜ Ŏƻŀƭ ǾŀƭǳŜ ŎƘŀƛƴΦ {ǳŎƘ ƛƴŎƭǳŘŜŘ Ŏƻŀƭ ŎƻƳǇŀƴȅ ŜƳǇƭƻȅŜŜǎΣ ǘǊŀƴǎǇƻǊǘ ŜƳǇƭƻȅŜŜǎ ŀƴŘ ƳŀƧƻǊ Ŏƻŀƭ 
ŎƻƴǎǳƳŜǊΩǎ ŜƳǇƭƻȅŜŜǎΦ ¢ƘŜ ǇǊŜƭƛƳƛƴŀǊȅ ŬƴŘƛƴƎǎ ǊŜǾŜŀƭ ǘƘŀǘ Ƨǳǎǘ ƻǾŜǊ ŀ ƘŀƭŦ ƻŦ ǘƻǘŀƭ ǊŜǎǇƻƴŘŜƴǘǎ όро҈ύ 
ŀǊŜ ŀǿŀǊŜ ƻŦ Ƨǳǎǘ ǘǊŀƴǎƛǝƻƴΣ ƘƻǿŜǾŜǊ ǿƛǘƘ ǾŜǊȅ ƭƛǧƭŜ ƭŜǾŜƭ ƻŦ ŦŀƳƛƭƛŀǊƛǘȅ ǿƛǘƘ ǘƘŜ ŎƻƴŎŜǇǘΦ {ǳƎƎŜǎǝƴƎ ǘƘŀǘ 
ǘƘŜȅ ƘŀǾŜ ƘŜŀǊŘ ƻŦ Ƨǳǎǘ ǘǊŀƴǎƛǝƻƴΣ ȅŜǘ ǿƛǘƘ ƭƛǧƭŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƛǘǎ ŎƻƳǇƭŜȄƛǝŜǎΦ bŜǾŜǊǘƘŜƭŜǎǎΣ Ƴƻǎǘ 
ǊŜǎǇƻƴŘŜƴǘǎ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ƛƴǎǘŜŀŘ ƻŦ ƭŜŀǾƛƴƎ ǘƘŜƛǊ Ƨƻōǎ ƛƴ ƳƛƴƛƴƎ Ŏƻŀƭ ǘƘŜȅ ǿƻǳƭŘ ǊŀǘƘŜǊ ǘǊŀƴǎƛǝƻƴ ǘƻ 
ƳƛƴƛƴƎ ƻǘƘŜǊ ƳƛƴŜǊŀƭǎΦ bƻǘŀōƭȅΣ ǾŜǊȅ ŦŜǿ ǊŜǎǇƻƴŘŜƴǘǎ όс҈ύ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ǘƘŜȅ ƘŀǾŜ ōŜŜƴ ŜȄǇƻǎŜŘ ǘƻ 
ǊŜǎƪƛƭƭƛƴƎ ŀƴŘ ǳǇǎƪƛƭƭƛƴƎ ǇǊƻƎǊŀƳǎΦ !ŎŎƻǊŘƛƴƎ ǘƻ ŜƳǇƭƻȅŜŜǎ ŀƳƻƴƎ Ƴŀƴȅ ƛŘŜƴǝŬŜŘ ƛƳǇŀŎǘǎ Ƨƻō ƭƻǎǎŜǎ ǿŜǊŜ 
ǘƘŜ Ƴƻǎǘ ǇǊŜǾŀƭŜƴǘ ƛƳǇŀŎǘ ƻŦ ǘǊŀƴǎƛǝƻƴΣ ŦƻƭƭƻǿŜŘ ōȅ ŜŎƻƴƻƳƛŎ ǊŜǎǘǊǳŎǘǳǊƛƴƎΣ ƛƴŎǊŜŀǎŜŘ ǇƻǾŜǊǘȅΣ ŀƴŘ 
ƛƴŜǉǳŀƭƛǘȅΣ ǊŜǎǇŜŎǝǾŜƭȅΦ ¢ƘŜ ǎǘǳŘȅ ǘƘŜǊŜŦƻǊŜ ǊŜŎƻƳƳŜƴŘǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ мύ ǇǊƻƳƻǝƴƎ ŀƴŘ ǎǳǇǇƻǊǝƴƎ 
ǳǇǎƪƛƭƭƛƴƎ ŀƴŘ ǊŜǎƪƛƭƭƛƴƎ ǇǊƻƎǊŀƳǎ ǘŀƛƭƻǊŜŘ ǘƻ ǘƘŜ ƴŜŜŘǎ ƻŦ ǘƘŜ ŀũŜŎǘŜŘΦ нύ aƻǊŜ ǊŜǎŜŀǊŎƘ ƻƴ 
ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƛƳǇŀŎǘ ŀǎǎŜǎǎƳŜƴǘ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘǊŀƴǎƛǝƻƴ ǘƘŀǘ ƛƴŎƭǳŘŜǎΣ ƛƴŎƻƳŜ ǎǘŀōƛƭƛǘȅΣ ǇƻǘŜƴǝŀƭ 
ŎƘŀƴƎŜǎ ƛƴ ƭƛǾƛƴƎ ǎǘŀƴŘŀǊŘǎΣ ŀƴŘ ƳƛƎǊŀǝƻƴ ƛǎǎǳŜǎΦ оύ aƻǊŜ ǘŀǊƎŜǘŜŘ ŀǿŀǊŜƴŜǎǎ ǇǊƻƎǊŀƳǎ ŀƴŘ ǘǊŀƛƴƛƴƎ 
ǎŜǎǎƛƻƴǎ ǘƻ ŜŘǳŎŀǘŜ ŜƳǇƭƻȅŜŜǎ ŀōƻǳǘ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ Ƨǳǎǘ ǘǊŀƴǎƛǝƻƴΣ ƛǘǎ ōŜƴŜŬǘǎΣ ŀƴŘ ŎƘŀƭƭŜƴƎŜǎΦ 

YŜȅǿƻǊŘǎΥ Wǳǎǘ ǘǊŀƴǎƛǝƻƴΣ ŀǿŀǊŜƴŜǎǎΣ Ŏƻŀƭ ŜƳǇƭƻȅŜŜǎΣ ƛƳǇŀŎǘǎ  
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{ǳǎǘŀƛƴŀōƛƭƛǘȅ ƛƴŘƛŎŀǘƻǊ ǎȅǎǘŜƳǎ ό{L{ύ ŀǊŜ ǇƭŀȅƛƴƎ ŀ ŎŜƴǘǊŀƭ ǊƻƭŜ ƛƴ ŀǎǎŜǎǎƛƴƎ ŀƴŘ ǊŜǇƻǊǝƴƎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ 
ǇŜǊŦƻǊƳŀƴŎŜ ŀǘ ŘƛũŜǊŜƴǘ ƭŜǾŜƭǎΦ ¢ƘŜȅ ŀǊŜ ŀ ƪŜȅ ǘƻǇƛŎ ƻŦ ŘƛǎŎǳǎǎƛƻƴ ƛƴ ōƻǘƘ ŀŎŀŘŜƳƛŎ ŀƴŘ ǇǊŀŎǝŎŀƭ ŎƛǊŎƭŜǎΣ 
ŀǎ ǘƘŜƛǊ ŘŜǾŜƭƻǇƳŜƴǘ ǇǊŜǎŜƴǘǎ ŀ ǎƛƎƴƛŬŎŀƴǘ ŎƘŀƭƭŜƴƎŜΦ DƛǾŜƴ ǘƘŜ ƳǳƭǝŦŀŎŜǘŜŘ ƴŀǘǳǊŜ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƴŘ 
ǘƘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǘƘŜ {L{Σ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ŦƻǊ ƛǘǎ ƳŜŀǎǳǊŜƳŜƴǘ ŀǊŜ ŎǊǳŎƛŀƭΦ Lƴ ǘƘƛǎ ǊŜƎŀǊŘΣ ŘƛǾŜǊǎŜ 
ŀǇǇǊƻŀŎƘŜǎ ŀƴŘ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ŀǊŜ ōŜƛƴƎ ǳǎŜŘ ǘƻ ƛƴǘŜƎǊŀǘŜ ǘƘŜ ǾŀǊƛƻǳǎ ŘƛƳŜƴǎƛƻƴǎ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǿƛǘƘƛƴ 
ŀ ŦǊŀƳŜǿƻǊƪ ōǳƛƭǘ ǳǇƻƴ ŀ ǎŜǘ ƻŦ ƛƴŘƛŎŀǘƻǊǎΦ  

¢Ƙƛǎ ǎǘǳŘȅ ŀƛƳǎ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƛƴǘŜǊπǎŎŀƭŜ ǇŀǊǝŎƛǇŀǘƻǊȅ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛƴŘƛŎŀǘƻǊ ǎȅǎǘŜƳǎ 
ό{L{ύ ǘƘǊƻǳƎƘ ŀ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿΦ ¢Ƙƛǎ ƛƴŎƭǳŘŜǎ ŀƴŀƭȅȊƛƴƎ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ŜƳǇƭƻȅŜŘ ŀƴŘ ƛŘŜƴǝŦȅƛƴƎ 
ŀǊŜŀǎ ŦƻǊ ŦǳǘǳǊŜ ǊŜǎŜŀǊŎƘΦ LƴǘŜǊπǎŎŀƭŜ ǇŀǊǝŎƛǇŀǘƻǊȅ {L{ ƻũŜǊ ŀ ƳƻǊŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǇƛŎǘǳǊŜ ƻŦ 
ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ŜƳǇƻǿŜǊ ǎǘŀƪŜƘƻƭŘŜǊǎ ōŜŎŀǳǎŜ ǘƘŜƛǊ ǇŀǊǝŎƛǇŀǝƻƴ ƛǎ ŎǊǳŎƛŀƭ ŦƻǊ ŘŜŬƴƛƴƎ {L{Σ ǊŜƅŜŎǝƴƎ ŀ 
ǾŀǊƛŜǘȅ ƻŦ ƴŜŜŘǎ ŀƴŘ ǇǊƛƻǊƛǝŜǎ ŀƴŘ ƛǘ ŎƻƴǎƛŘŜǊǎ ŘƛũŜǊŜƴǘ ƭŜǾŜƭǎΣ ƭƛƪŜ ŦŀƳƛƭƛŜǎΣ ŎƻƳƳǳƴƛǝŜǎΣ ŎƛǝŜǎΣ ǊŜƎƛƻƴǎ 
ŀƴŘ ŎƻǳƴǘǊƛŜǎ ŀƭƭƻǿƛƴƎ ƴƻǘ Ƨǳǎǘ ǘƘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ƛƴǘŜǊŎƻƴƴŜŎǝƻƴ ōŜǘǿŜŜƴ ǎŎŀƭŜǎ ōǳǘ ŀƭǎƻ 
ŦƻǎǘŜǊƛƴƎ ŎƻƭƭŀōƻǊŀǝƻƴ ŦƻǊ ōŜǧŜǊ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻǳǘŎƻƳŜǎΦ  

¢ƘŜ ŜƳǇƘŀǎƛǎ ƘŜǊŜ ƭƛŜǎ ƻƴ ƛŘŜƴǝŦȅƛƴƎ ƛƴƴƻǾŀǝǾŜ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ǘƘŀǘ ƛƴŎƻǊǇƻǊŀǘŜ ǇŀǊǝŎƛǇŀǘƻǊȅ ǇǊƻŎŜǎǎŜǎ 
ǿƛǘƘƛƴ {L{ ŘŜǾŜƭƻǇƳŜƴǘΦ ¢ƘŜ ǇǊŜƭƛƳƛƴŀǊȅ ǊŜǎǳƭǘǎ ǎƘƻǿ ǘƘŀǘ ƛƴǘŜǊπǎŎŀƭŜ ǇŀǊǝŎƛǇŀǘƻǊȅ {L{ ŀǊŜ ŀ ǊŜƭŀǝǾŜƭȅ 
ǳƴŘŜǊπŀŘŘǊŜǎǎŜŘ ŀǊŜŀ ƻŦ ǊŜǎŜŀǊŎƘΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ƛƴǘŜǊπǎŎŀƭŜ ŘƛƳŜƴǎƛƻƴ ƻƊŜƴ ƻƴƭȅ ŎƻƴǎƛŘŜǊǎ ǘǿƻ 
ƭŜǾŜƭǎΣ ǎǳŎƘ ŀǎΣ ǊŜƎƛƻƴŀƭ ŀƴŘ ƭƻŎŀƭ ƻǊ ƴŀǝƻƴŀƭ ŀƴŘ ǊŜƎƛƻƴŀƭΦ  

tŀǊǝŎƛǇŀǘƻǊȅ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ǘŜƴŘ ǘƻ Ŧƻƭƭƻǿ ŀ ǎƛƳƛƭŀǊ ǇŀǧŜǊƴΥ ǎǘŀǊǝƴƎ ǿƛǘƘ ŜȄƛǎǝƴƎ ƛƴŘƛŎŀǘƻǊǎ όŜΦDΣ ¦b 
{ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘ Dƻŀƭǎύ ŀƴŘ ǘƘŜƴ ŜƴƎŀƎƛƴƎ ǎǘŀƪŜƘƻƭŘŜǊǎ ǘƘǊƻǳƎƘ ǎǳǊǾŜȅǎΣ ƻƴƭƛƴŜ ǇƭŀǜƻǊƳǎΣ 
ǿƻǊƪǎƘƻǇǎΣ ŦƻŎǳǎ ƎǊƻǳǇǎΣ ƻǊ ŜȄǇŜǊǘ ǇŀƴŜƭǎ ǘƻ ǊŜŬƴŜ ǘƘŜ ƛƴŘƛŎŀǘƻǊǎΦ CǳǘǳǊŜ ǊŜǎŜŀǊŎƘ ǿƛƭƭ ŦŀŎŜ ǎƻƳŜ 
ŎƘŀƭƭŜƴƎŜǎΥ 

¶ Develop innovative methodologies that move beyond existing indicator sets and incorporate novel 
data sources; 

¶ Explore the relationships between different levels to improve the effectiveness of collaborative 
sustainability efforts; 

¶ Ensure fair representation of stakeholders across scales; 

¶ Build capacity for meaningful participation by developing skills and knowledge among stakeholders; 

¶ Address the challenges of data collection and normalization, which require expertise and time. 

Overall, this is a promising area of research. The methodological approaches used in SIS based on 
participatory approaches are fundamental for an appropriate development of these systems and have the 
potential to significantly improve sustainability assessment and action. 
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Abstract 

Life Cycle Assessment (LCA) is one of the most adopted methods for assessing the potential environmental 
impacts associated with the life cycle of agri-food products and related agricultural practices. Despite this, 
there is a common consensus among scholars on the need for site-specific Life Cycle Inventories (LCIs) 
that should be as much as possible representative of the investigated agri-food system. In this regard, the 
wŜǎŜŀǊŎƘ tǊƻƧŜŎǘǎ ƻŦ bŀǘƛƻƴŀƭ LƴǘŜǊŜǎǘ όtwLbύ нлмт άtǊƻƳƻǘƛƴƎ !ƎǊƛ-Food Sustainability: Development of 
an Italian LCI Database of Agri-CƻƻŘ tǊƻŘǳŎǘǎ όL[/L5!Cύέ ŀƛƳŜŘ ŀǘ ŘŜǾŜƭƻǇƛƴƎ Lǘŀƭƛŀƴ ǊŜƎƛƻƴŀƭƛȊŜŘ 
databases including representative LCIs for four agri-food products, to be used in LCA studies, i.e., cereal 
and pasta, wine, citrus and olive oil. The aim of this study is to analyse the statistical variability, among 19 
Italian regions, in terms of Life Cycle Impact Assessment (LCIA) results that may occur using inventories 
that are representative of each region. Results show high variability among the 19 Italian regions in all the 
impact categories investigated. In particular, the coefficient of variability ranges from 43.87% in climate 
change to 49.75% in eutrophication (freshwater). The highest variability, in all the analysed impact 
categories, emerges for ferilizers and diesel production, and direct emission to air.   

Introduction  

Agri-food productions are responsible for high environmental impacts, accounting, globally, for onethird 
of anthropogenic greenhouse gas emissions, 70% of water use and 90% of deforestation. Agricultural 
activities also contribute to 70% and 50% of terrestrial and freshwater biodiversity loss as well as they 
cause land degradation (UNCCD, 2022). Furthermore, the World population is expected to reach 8.6 billion 
people in 2032, causing a yearly growing demand for food products for about 1.3% (OECD and FAO, 2023). 
This may result in further environmental issues mainly connected to agricultural practices implemented 
for food production.   

Life Cycle Assessment (LCA) is considered the most suitable and adopted method for assessing the 
environmental impacts related to agricultural processes and food production (Notarnicola et al., 2017). 
Indeed, LCA is a standardized method that allows the assessment of the potential environmental impacts 
associated with a process, product, or service throughout its whole life cycle, from raw material extraction 
and processing, through manufacturing, transport, use and end-of-life (Guinée, 2002). According to the 
ISO 14040:2006 standard (ISO, 2006), the LCA framework is characterized by four iterative phases, i.e., 1) 
Goal and scope definition; 2) Inventory analysis; 3) Impact assessment; and 4) Interpretation. With specific 
regard to the Life Cycle Inventory (LCI), various scholars highlighted the need to collect and use data that 
are as much as possible representative of the investigated system (Notarnicola et al. 2022; Frischknecht 
et al., 2019). Indeed, the use of site-specific data would improve the representativeness and reliability of 
the LCA outcomes. This is particularly true for the agri-food sector, in which agricultural activities and food 
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processing may strongly vary among different geographical contexts. Indeed, technological, biological, 
and environmental factors characterise each agri-food system and the related production processes 
(Liliane and Charles, 2020), thus requiring sitespecific and representative data for LCA practitioners. In this 
ŎƻƴǘŜȄǘΣ ǘƘŜ wŜǎŜŀǊŎƘ tǊƻƧŜŎǘǎ ƻŦ bŀǘƛƻƴŀƭ LƴǘŜǊŜǎǘ όtwLbύ нлмт άtǊƻƳƻǘƛƴƎ !ƎǊƛ-Food Sustainability: 
Development of an Italian LCI Database of Agri-CƻƻŘ tǊƻŘǳŎǘǎ όL[/L5!Cύέ ƘŀŘ ǘƘŜ ǎŎƻǇŜ ƻŦ ŘŜǾŜƭƻǇƛƴƎ ŀ 
database, to be used in LCA studies, including LCIs datasets representative and regionalized for the Italian 
context, and related to four agrifood products, i.e.,  cereal and pasta, wine, citrus and olive oil. The ILCIDAF 
database (ILCIDAF, 2024), which includes 924 datasets, has been developed using both primary sources 
directly collected through questionnaires and direct interviews submitted to agri-food companies and 
secondary data obtained through statistical databases, agricultural handbooks and scientific literature 
related to the Italian context. 

Starting from the ILCIDAF database, this study aims to assess the potential environmental impacts related 
to agricultural practices implemented for olive production among 19 Italian regions ς i.e.,  Abruzzo (ABR), 
Apulia (APU), Basilicata (BAS), Calabria (CAL), Campania (CAM), Emilia Romagna(EMR), Friuli Venezia Giulia 
(FVG), Lazio (LAZ), Liguria (LIG), Lombardy (LOM), Marche (MAR), Molise (MOL), Piedmont (PIE), Sardinia 
(SAR), Sicily (SIC), Tuscany (TUS), Trentino Alto Adige (TAA), Umbria (UMB) and Veneto (VEN) ς through 
the application of the LCA method. In particular, the scope is to investigate the statistical variability, 
among these regions, in terms of Life Cycle Impact Assessment (LCIA) and to point out the importance of 
using inventories that are representative of specific regional contexts.  

Literature Review  

Various commercial and non-commercial LCA databases are available for practitioners involved in the 
analysis of agri-food systems. Some of these databases are specifically related to the agri-food sector, 
such as Word Food LCA Database (WFLDB) (Nemecek et al., 2019), Agribalyse (Koch & Salou, 2020) or Agri-
footprint (Blonk Consultants, 2014), while others include data related to multiple sectors, such as 
Ecoinvent (Frischknecht et al., 2005). In addition, despite some LCA databases being proposed in order to 
cover a specific national context (e.G, Agrybalise for France), most of them include multigeographical 
boundaries, from World to national level, but none focus on a regional context.  

The article proposed by Mondello et al. (2022) highlighted that Ecoinvent is mostly used as a standalone 
database or in combination with other databases in studies in which the agri-food sector and, in particular, 
the olive oil supply chain, are evaluated through the LCA method. Indeed, LCA practitioners commonly 
require the use of secondary data through dedicated databases, when foreground data are not available. 
Despite Ecoinvent being considered one of the most well-known and exhaustive databases, including 
more than 20,000 datasets related to various materials, energy sources and processes (Ecoinvent, 2024), 
it may lack geographical representativeness for data related to agri-food systems. Indeed, with specific 
regard to olive oil production in Italy, Notarnicola et al. (2022) pointed out that only one dataset is focused 
on the agricultural processes (i.e., olive production) related to this supply chain, including 70 data among 
inputs and outputs, of which only 4 are specifically related to Italian boundaries. In this context, the use 
of LCI datasets that are non-representative nor regionalized for a specific geographical context may lead 
to biases and uncertainty in the results obtained through the LCIA phase in LCA studies focused on olive 
or olive oil production as well as on the agri-food sector in general. Thus, the study here proposed has the 
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scope of highlighting the need for inventory data that are able to capture the different factors affecting 
agricultural processes and related products among various geographical boundaries.  

Methodology  

In this section, the four methodological phases included in the LCA framework (ISO, 2006) are reported, 
describing its implementation in the investigated olive production systems in 19 Italian regions.  

Goal and Scope Definition  

The goal of this study is to assess the potential environmental impact related to olive production in 19 
Italian regions. In particular, a hotspot analysis is performed in order to understand which inputs, outputs 
or processes are responsible for the highest environmental impacts among regions. Then, a statistical 
analysis is applied to LCIA results, to point out the grade of variability occurring between regions in terms 
of environmental impacts, depending on the use of representative and regionalised data. In addition, the 
statistical variability is also investigated by comparing the LCIA results obtained using the ILCIDAF datasets 
related to each region and the sole dataset included in Ecoinvent, to be considered as representative of 
the Italian average olive production. The functional unit (FU) selected for carrying out the analysis is 
represented by 1 kg of harvested olives. This FU is chosen according to the study of Notarnicola et al. 
(2017), by which mass-based FUs emerged as the most adopted among LCA studies related to the agri-
food sector. System boundaries follow a cradle-to-distribution approach (figure 1), In particular, all the 
processes involved in olive production are included, specifically soil management, irrigation, fertilisation 
and pest control, pruning and harvesting. In addition, transport activities of inputs to the farm and olives 
to the olive mill, as well as waste treatment are also included. Cut-off criteria include the production of 
capital goods (i.e., machinery, equipment and infrastructures).  

 
Figure 1. System boundaries of the investigated olive production system. 
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Inventory Analysis  

To pursue the scope of this study, the LCI is built using data from the ILCIDAF database. In particular, data 
related to olive production in the 19 Italian regions are obtained using datasets developed from secondary 
sources that are specifically related to each geographical context. Indeed, data related to the average 
olive yields, to which all the inputs are normalised, are obtained through ISTAT (2021) considering the 
timeframe between 2015 and 2020. Data for fertilizers (nitrogen, phosphorus pentoxide, and potassium 
oxide) and pesticides (copper and Maconzeb) are gathered from the Guidelines for Integrated Production 
(GIP) available per each of the investigated regions (GIP, 2021). In addition, data related to irrigation 
processes (electricity and water) and machinery and equipment use (diesel and lubricating oil) as well as 
on packaging for chemicals are respectively collected by Ribaudo (2017) and Ecoinvent 3.9 database 
(Moreno Ruiz et al., 2022). Regarding the outputs, secondary sources are also used for modelling waste 
management processes related to lubricating oil (CONOU, 2022), packaging (EC, 2021), and pruning 
Ribaudo (2017). Direct releases to air, water and soil are calculated using specific emission estimation 
models available in the international scientific literature (e.G, Notarnicola et al., 2023; Zampori and Pant, 
2019, etc.). Further information about data collection and calculation adopted for olive production in the 
ILCIDAF database are reported in Saija et al. (2024). Background data associated with the production of 
inputs and waste treatment processes are obtained using the Ecoinvent 3.8 database (Moreno Ruiz et al., 
2021). An overview of inputs and outputs included in the ILCIDAF datasets related to the 19 Italian regions 
is reported in Table 1.  

Table 1. Overview of inputs and outputs for olive production included in the ILCIDAF database 

Macro-category Input/Output  Unit Data source 

Fertilizer 

Nitrogen kg GIP, 2021; Moreno Ruiz et al., 2021 

Phosphorus pentoxide kg GIP, 2021; Moreno Ruiz et al., 2021 

Potassium oxide kg GIP, 2021; Moreno Ruiz et al., 2021 

Pesticide 

Copper kg GIP, 2021; Moreno Ruiz et al., 2021 

Mancozeb kg GIP, 2021; Moreno Ruiz et al., 2021 

Packaging 

Packaging (fertilizer) kg Moreno Ruiz et al., 2022; Moreno Ruiz et al., 
2021 

Packaging (pesticide) kg Moreno Ruiz et al., 2022; Moreno Ruiz et al., 
2021 

Irrigation 

Water m3 Ribaudo, 2017; Moreno Ruiz et al., 2021 

Electricity kWh Ribaudo, 2017; Moreno Ruiz et al., 2021 
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Macro-category Input/Output  Unit Data source 

Fuel&lub 

Diesel kg Ribaudo, 2017; Moreno Ruiz et al., 2021 

Lubricating oil kg Ribaudo, 2017; Moreno Ruiz et al., 2021 

Transport Transport of inputs tkm Eurostat, 2022; Moreno Ruiz et al., 2021 

Emission to air 

Ammonia (from fertilizer) kg IPCC, 2006 

Dinitrogen monoxide (from 
fertilizer) 

kg IPCC, 2006 

Nitrogen oxides (from fertilizer) kg Zampori and Pant, 2019 

Copper (from pesticide) kg Zampori and Pant, 2019 

Mancozeb (from pesticide) kg Zampori and Pant, 2019 

Ammonia (from diesel) kg Nemecek and Kägi, 2007 

Benzene (from diesel) kg Nemecek and Kägi, 2007 

Benzo(a)pyrene (from diesel) kg Nemecek and Kägi, 2007 

Cadmium (from diesel) kg Nemecek and Kägi, 2007 

Carbon dioxide, fossil (from 
diesel) 

kg Nemecek and Kägi, 2007 

Carbon monoxide, fossil (from 
diesel) 

kg Nemecek and Kägi, 2007 

Chromium (from diesel) kg Nemecek and Kägi, 2007 

Copper (from diesel) kg Nemecek and Kägi, 2007 

Dinitrogen monoxide (from 
diesel) 

kg Nemecek and Kägi, 2007 

Heat, waste (from diesel) MJ Nemecek and Kägi, 2007 

Methane (from diesel) kg Nemecek and Kägi, 2007 

Nickel (from diesel) kg Nemecek and Kägi, 2007 
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Macro-category Input/Output  Unit Data source 

Nitrogen monoxide (from 
diesel) 

kg Nemecek and Kägi, 2007 

NMVOC (from diesel) kg Nemecek and Kägi, 2007 

Particulates (from diesel) kg Nemecek and Kägi, 2007 

Sulphur dioxide (from diesel) kg Nemecek and Kägi, 2007 

Zinc (from diesel) kg Nemecek and Kägi, 2007 

Emission to water 

Nitrate (from fertilizer) kg IPCC, 2006 

Phosphate (from fertilizer) kg Prasuhn, 2006 

Cadmium (heavy metals) kg Notarnicola et al., 2023 

 Chromium (heavy metals) kg Notarnicola et al., 2023 

Copper (heavy metals) kg Notarnicola et al., 2023 

Lead (heavy metals) kg Notarnicola et al., 2023 

Mercury (heavy metals) kg Notarnicola et al., 2023 

Nickel (heavy metals) kg Notarnicola et al., 2023 

Zinc (heavy metals) kg Notarnicola et al., 2023 

Copper (from pesticide) kg Zampori and Pant, 2019 

Mancozeb (from pesticide) kg Zampori and Pant, 2019 

Emission to soil 

Cadmium (heavy metals) kg Notarnicola et al., 2023 

Chromium (heavy metals) kg Notarnicola et al., 2023 

Copper (heavy metals) kg Notarnicola et al., 2023 

Lead (heavy metals) kg Notarnicola et al., 2023 

Mercury (heavy metals) kg Notarnicola et al., 2023 
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Macro-category Input/Output  Unit Data source 

Nickel (heavy metals) kg Notarnicola et al., 2023 

Zinc (heavy metals) kg Notarnicola et al., 2023 

Copper (from pesticide) kg Zampori and Pant, 2019 

Mancozeb (from pesticide) kg Zampori and Pant, 2019 

Waste 

Packaging of chemicals kg Moreno Ruiz et al., 2022; Moreno Ruiz et al., 
2021 

Lubricating oil kg CONOU, 2022; Moreno Ruiz et al., 2021 

Pruning kg EC, 2021; Moreno Ruiz et al., 2021 

 
Impact Assessment  

The impact assessment is carried out by applying the Environmental Footprint (EF) 3.0 method (Fazio et 

al., 2018). In particular, eight impact categories are assessed according to the Product Category Rule (PCR) 

for virgin olive oil and its fractions (EPD International, 2010), i.e., acidification, climate change, 

photochemical ozone formation, eutrophication (freshwater), land use, water use, resource use (fossil), 

and resource use (minerals and metals).  

Interpretation  

The interpretation phase is performed through a hotspot analysis, which allows the identification and 

investigation of the inputs, outputs or processes causing the highest contribution to the environmental 

impacts in the analysed systems among the 19 Italian regions. In addition, the variability in terms of LCIA 

results due to the use of regionalised inventory datasets is evaluated through a descriptive statistics 

analysis (Sheard, 2018). The analysis is carried out by calculating basic statistical indicators, such as mean, 

standard deviation and coefficient of variation.  

Results and Discussion  

Figure 2 reports the results in terms of the percentage contribution to the environmental impacts related 

to the agricultural processes for olive production among the investigated Italian regions. Regarding the 

acidification impact category, the main findings point out that, in all regions, the main contribution, to the 

impact is caused by the ammonia emissions to air, for which the percentage contribution ranges from 

74.34% for CAL to 81.86% for LIG. This is due to the direct emissions associated with synthetic fertilizer 

use. On the contrary, direct emissions related to diesel use in machinery and fertilizer production are 

responsible for the highest contribution in the climate change impact category. In particular, the 
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contribution to the climate change impacts respectively ranges from 59.33% for CAL to 69.48% for LIG, 

and from 11.79% for EMR to 21.21% for CAL. It is important to highlight that the impacts related to 

fertilizer production are connected to the background data derived from the Ecoinvent database. In 

addition, higher impacts related to the use of electricity in irrigation processes are also highlighted for 

APU, EMR, and FVG regions.   

Emissions to air in terms of nitrogen oxides, due to diesel and fertilizer use, cause the highest impacts to 

photochemical ozone formation in all the Italian regions, with a percentage contribution higher than 64%. 

Concerning eutrophication (freshwater), the main impacts are connected to the use of fertilizers, for 

which the highest contribution emerges for CAL (91.15%), and to the production of copper as a pesticide, 

which causes the main impacts in the EMR region (22.48%). Focusing on land use and water use impact 

categories, fertilizers and pesticide production are responsible for the highest impacts in all the 

investigated regions. Higher impacts in terms of land and water use are also related to the irrigation 

process. It is important to underscore that, according to the ILCIDAF datasets for olive production, 

electricity and water use for irrigation are only accounted for those regions with a geographical 

conformation characterised by plains, as reported in ISTAT (2023). Results related to the resource use 

impact categories highlight that the main impacts are due to input production for which, as previously 

reported, background data are gathered by the Ecoinvent database. In particular, for fossil resource use 

the main contribution is connected to diesel and nitrogen fertilizer production which respectively cause 

the highest percentage contribution in EMR (51.13%) and LIG regions (20.27%). Remarkable impacts are 

also associated with transport activities, for which the contribution to the impact ranges from 8.31% for 

EMR to 18.29% for TAA. Furthermore, copper production mainly contributes to the minerals and metals 

resource use category, with values higher than 99% in all 19 Italian regions.  

Overall, the results from the hotspot analysis point out that the main contribution to the potential 

environmental impacts is connected to fertilizers, fuel and direct emissions into the air. Furthermore, the 

main findings show high variability among regions in terms of the percentage contribution of inputs and 

outputs to the impacts, highlighting that the use of representative and regionalised data may strongly 

affect the LCA outcomes when agricultural processes are evaluated among different geographical 

contexts. This is also confirmed by the results obtained through the descriptive statistical analysis of the 

LCIA results (table 2). Indeed, the coefficient of variation, which is calculated by dividing the standard 

deviation by the mean, shows values that are higher than 43% in all the impact categories among the 

investigated Italian regions. In particular, the coefficient of variation ranges from 43.87% in climate change 

to 49.75% in eutrophication (freshwater). An in-depth analysis shows that, among the different regions, 

the minimum values in terms of environmental impacts in all categories are related to the TAA region, 

while the maximum emerges for the SAR region. In this regard, considering that, in ILCIDAF datasets for 

olive production, inputs related to each region are normalised to the average regional olive yield, a smaller 

amount of inputs is expected for those Italian regions characterised by a higher yield (e.G, for TAA the 

olive yield is equal to 5.2 tonnes per hectare), while a greater amount is accounted for regions with a 

lower yield (e.G, for SAR the olive yield is equal to 0.9 tonnes per hectare). Consequently, this variability 

may be reflected in the LCIA outcomes, further highlighting the importance of using data that are as much 

as possible representative of the investigated agrifood system.  
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Figure 2. Contribution analysis of inputs and outputs related to olive production in the 19 Italian regions under 

investigation (Characterisation results per 1 kg of harvested olives). 

Table 2. Descriptive statistical analysis of the LCIA results 

Impact categories  Mean  StD  CV (%)  

Acidification [mol H+ eq]  2,61E-02  1.16E-02  44.39  

Climate change [kg CO2 eq]  8.46E-01  3.71E-01  43.87  

Photochemical ozone formation [kg NMVOC eq]  3.98E-03  1.75E-03  43.99  

Eutrophication (freshwater) [kg P eq]  6.59E-04  3.28E-04  49.75  

Land use [Pt]  7.60E-01  3.50E-01  46.00  

Water use [m3 depriv.]  1.34E-01  6.49E-02  48.62  

Resource use (fossil) [MJ]  6.51E+00  2.88E+00  44.25  

Resource use (minerals and metals) [kg Sb eq]  2.30E-05  1.03E-05  44.99  

Abb.: StD: Standard Deviation; CV: Coefficient of Variation 
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The usefulness of representative inventory data is also confirmed when LCIA outcomes using regionalised 
datasets from the ILCIDAF database are compared to those obtained using the sole dataset available for Italian 
olive production in Ecoinvent ς Olive {IT}| olive production (figure 3). In particular, results underscore that 
using the Ecoinvent database instead of regionalised data may lead to an underestimation of the 
environmental impacts in all the investigated impact categories, except for land use and water use for an 
overestimation is pointed out. Indeed, the LCIA results vary from - 0.99 to about 342 times. The analysis also 
underscores that LCIA outcomes may strongly vary based on the investigated impact category to which specific 
direct or indirect emissions due to agricultural processes are classified. This is particularly true for the resource 
use (minerals and metals) category, in which a remarkable variability for certain regionalised datasets from the 
ILCIDAF database emerges when compared to the Ecoinvent dataset.  

  
Figure 3. Environmental impact variability of regional olive production processes from the ILCIDAF database 

compared to the national average from the Ecoinvent database (the closer the value to 0, the lower the 
differences in terms of LCIA results between the two databases) 
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Conclusion  

The aim of this study was to assess the potential environmental impact related to olive production in 19 
Italian regions using regionalised datasets derived from the ILCIDAF database. The scope was to analyse 
and investigate the usefulness of representative LCI to be adopted in LCA studies related to agrifood 
systems. In this context, first, a hotspot analysis was carried out to point out which inputs, outputs or 
processes were responsible for the highest contribution to environmental impacts among regions. Then, 
a descriptive statistic analysis was performed in order to assess the variability in LCIA results occurring 
among regions in terms of environmental impacts. Lastly, the variability of the environmental impacts was 
also investigated comparing the LCA results obtained using regionalised data from the ILCIDAF database 
and the dataset related to olive production available in the Ecoinvent database. Results from the hotspot 
analysis highlighted that, in all the investigated Italian regions, the main contribution to the environmental 
impacts is due to direct emissions to air caused by fertilizers and diesel use, as well as due to fertilizers 
and fuel production. In addition, a significant statical variability emerged among the results. Indeed, a high 
coefficient of variation was identified for all the impact categories, ranging from 43.87% in climate change 
to 49.75% in eutrophication (freshwater). This confirms that the use of regionalised data, that are 
representative of the investigated agricultural or agrifood production systems, and account for all the 
intrinsic and extrinsic factors affecting them, may strongly characterize the results of a LCA study. This is 
also pointed out by the comparative analysis between ILCIDAF and Ecoinvent datasets. Indeed, using the 
Ecoinvent dataset instead of regionalised LCIs may cause an underestimation of the environmental 
impacts in most of the investigated impact categories.   

The results from this study point out the importance of using representative data in LCA studies applied 
to agricultural processes. Despite this, future research should be oriented on evaluanting the uncertainty 
associated with the LCIA results obtained using such representative data. This would allow a more 
comprehensive understanding of the usefulness, accuracy and reliability of regionalised inventories 
available in the ILCIDAF database. In addition, futher analyses should be focused on expanding the system 
boundaries by also including the olive oil production, distribution, use and endof-life phase.   
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Beyond Sustainable Development Goals for Building Societal Prosperity and Foundation: Insights for a 
Systematic Review 
Jing Li1, Prajal Pradhan1, 2 
мLƴǘŜƎǊŀǘŜŘ wŜǎŜŀǊŎƘ ƻƴ 9ƴŜǊƎȅΣ 9ƴǾƛǊƻƴƳŜƴǘ ŀƴŘ {ƻŎƛŜǘȅ όLw99{ύΣ 9ƴŜǊƎȅ ŀƴŘ {ǳǎǘŀƛƴŀōƛƭƛǘȅ wŜǎŜŀǊŎƘ 
LƴǎǝǘǳǘŜ DǊƻƴƛƴƎŜƴΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ DǊƻƴƛƴƎŜƴΣ DǊƻƴƛƴƎŜƴ фтпт !DΣ bŜǘƘŜǊƭŀƴŘǎΦ нtƻǘǎŘŀƳ LƴǎǝǘǳǘŜ ŦƻǊ 
/ƭƛƳŀǘŜ LƳǇŀŎǘ wŜǎŜŀǊŎƘ όtLYύΣ aŜƳōŜǊ ƻŦ ǘƘŜ [ŜƛōƴƛȊ !ǎǎƻŎƛŀǝƻƴΣ tΦhΦ .ƻȄ сл мн лоΣ 5πмппмн tƻǘǎŘŀƳΣ 
DŜǊƳŀƴȅ 

Abstract 

! ƪŜȅ ǉǳŜǎǝƻƴ ƛƴ ŀŎƘƛŜǾƛƴƎ Ǝƭƻōŀƭ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ƛǎ Ƙƻǿ ǘƻ ōǳƛƭŘ ǎƻŎƛŀƭ ŦƻǳƴŘŀǝƻƴ ǿƛǘƘƛƴ 
ǇƭŀƴŜǘŀǊȅ ōƻǳƴŘŀǊƛŜǎΦ !ƳƻƴƎ ǘƘŜ ǘƘǊŜŜ ǇƛƭƭŀǊǎ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ǘƘŜ ǎƻŎƛŀƭ ŘƛƳŜƴǎƛƻƴǎ ƘŀǾŜ ƎŀƛƴŜŘ 
ǊŜƭŀǝǾŜƭȅ ƭƛƳƛǘŜŘ ŀǧŜƴǝƻƴ ǘƘŀƴ ƻǘƘŜǊ ǇƛƭƭŀǊǎΦ  ¢ƘŜ {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘ Dƻŀƭǎ ό{5Dǎύ ŀƴŘ ƻǘƘŜǊ 
ŦǊŀƳŜǿƻǊƪǎ όŜΦƎΦΣ ǎŀŦŜ ŀƴŘ Ƨǳǎǘ ǎǇŀŎŜ ŦǊŀƳŜǿƻǊƪǎύ ƘŀǾŜ ŎƻƴŎŜǇǘǳŀƭƛǎŜŘ ƳǳƭǝǇƭŜ ǎƻŎƛŀƭ ŘƛƳŜƴǎƛƻƴǎ ƻŦ 
ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ wŜŎŜƴǘ ǎǘǳŘƛŜǎ ƘŀǾŜ ŦƻŎǳǎŜŘ ƻƴ ǿƘŜǘƘŜǊ ƛƴŘƛŎŀǘƻǊǎ ƻǊ ǘƘǊŜǎƘƻƭŘǎ ŀǊŜ ōŜƛƴƎ ƳŜǘ ƛƴ ŎƻǳƴǘǊƛŜǎ 
ŀƴŘ ǊŜƎƛƻƴǎΦ IƻǿŜǾŜǊΣ ǘƘŜǊŜ ǊŜƳŀƛƴǎ ǎǳōǎǘŀƴǝŀƭ ƛƴŎƻƴǎƛǎǘŜƴŎȅ ŀŎǊƻǎǎ ŦǊŀƳŜǿƻǊƪǎ ƛƴ ǘŜǊƳǎ ƻŦ ŘŜŬƴƛǝƻƴǎΣ 
ƛƴŘƛŎŀǘƻǊǎ ŀƴŘ ǘƘǊŜǎƘƻƭŘǎΦ ! ƘƻƭƛǎǝŎ ŀƴŀƭȅǎƛǎ ƻŦ ǊŜƭŀǘŜŘ ŦǊŀƳŜǿƻǊƪǎ ƛǎ ǎǝƭƭ ƭŀŎƪƛƴƎΦ ¢Ƙƛǎ ǎǘǳŘȅ ǘƘŜǊŜŦƻǊŜ 
ǳƴŘŜǊǘŀƪŜǎ ŀ ǎȅǎǘŜƳŀǝŎ ǊŜǾƛŜǿ ƻŦ ǘƘŜ ŜȄƛǎǝƴƎ ƭƛǘŜǊŀǘǳǊŜ ƻƴ ǎƻŎƛƻπŜŎƻƴƻƳƛŎ ŀǎǇŜŎǘǎ ƻŦ ǎǳǎǘŀƛƴŀōƭŜ 
ŘŜǾŜƭƻǇƳŜƴǘΦ Lǘ ǎǘŀǊǘǎ ǿƛǘƘ ŀōƻǳǘ нмΣттт ŀǊǝŎƭŜ ǊŜŎƻǊŘǎ ŦƻǊ ŀƴ ƛƴƛǝŀƭ ǎŎǊŜŜƴƛƴƎ ōŀǎŜŘ ƻƴ ŀ ōǊƻŀŘ ƪŜȅǿƻǊŘ 
ǎŜŀǊŎƘ ƛƴ ǘƘŜ {ŎƻǇǳǎ ŀƴŘ ²Ŝō ƻŦ {ŎƛŜƴŎŜ ŘŀǘŀōŀǎŜǎΦ ²Ŝ ǳǎŜ ŀ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ǘƻƻƭ ǘƻ ŦǳǊǘƘŜǊ ǎŎǊŜŜƴ ǘƘŜ 
ǎŜŀǊŎƘŜŘ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ Ŭƴŀƭƭȅ ŘŜǾŜƭƻǇ ƛƴŘƛŎŀǘƻǊǎ ǘƘŀǘ ŎƻƳǇǊŜƘŜƴǎƛǾŜƭȅ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǎƻŎƛŀƭ ŦƻǳƴŘŀǝƻƴǎΦ 
5ǳŜ ǘƻ ǘƘŜ ƭŀǊƎŜ ǎŀƳǇƭŜ ǎƛȊŜΣ ǘƘƛǎ ǊŜǾƛŜǿ ŀƭǎƻ ŎŀǇǘǳǊŜǎ ǘƘŜ ŘƛƭŜƳƳŀǎ ŀƴŘ ŎƻƴƅƛŎǘǎ ƻŦ ǎǳǎǘŀƛƴƛƴƎ ǎƻŎƛŀƭ 
ƭƛǾŜƭƛƘƻƻŘǎ ŀƴŘ ǇƭŀƴŜǘŀǊȅ ōƻǳƴŘŀǊƛŜǎΦ hǳǊ ǎǘǳŘȅ ŀƴŀƭȅǎŜǎ ǘƘŜ ƛƴǘŜǊŀŎǝƻƴǎ ōŜǘǿŜŜƴ ǎƻŎƛŀƭ ŀƴŘ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŘƛƳŜƴǎƛƻƴǎ ƛƴ ŘƛũŜǊŜƴǘ ŎƻƴǘŜȄǘǎΦ Lǘ ǇǊƻǾƛŘŜǎ ƛƴǎƛƎƘǘǎ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ŀƭƛƎƴƳŜƴǘ ŀƴŘ ǇƻǘŜƴǝŀƭ 
ŜȄǘŜƴǎƛƻƴ ƻŦ ŎǳǊǊŜƴǘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŦǊŀƳŜǿƻǊƪǎΦ hǳǊ ŬƴŘƛƴƎǎ ŀƛƳ ǘƻ ƳŀƪŜ ǘƘŜ ŎƻƴŎŜǇǘǎ ƻŦ ǎƻŎƛŀƭ 
ŦƻǳƴŘŀǝƻƴǎ ƳƻǊŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŀƴŘ ƛƴŎƭǳǎƛǾŜ ǿƛǘƘƛƴ ǘƘŜ ǇƭŀƴŜǘŀǊȅ ōƻǳƴŘŀǊƛŜǎΦ  

¢Ƙƛǎ ŀōǎǘǊŀŎǘ ǊŜƭŀǘŜǎ ǘƻ ǘƘŜ {5DмΥ 9ƴŘ ǇƻǾŜǊǘȅ ƛƴ ŀƭƭ ƛǘǎ ŦƻǊƳ ŜǾŜǊȅǿƘŜǊŜΣ ƛƴ ǇŀǊǝŎǳƭŀǊ ǘŀǊƎŜǘǎ мΦмΣ мΦнΣ мΦоΣ 
ŀƴŘ ǘƘŜ {5DуΥ tǊƻƳƻǘŜ ǎǳǎǘŀƛƴŜŘΣ ƛƴŎƭǳǎƛǾŜ ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜ ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘΣ Ŧǳƭƭ ŀƴŘ ǇǊƻŘǳŎǝǾŜ 
ŜƳǇƭƻȅƳŜƴǘ ŀƴŘ ŘŜŎŜƴǘ ǿƻǊƪ ŦƻǊ ŀƭƭΦ ¢Ƙƛǎ ǎǘǳŘȅ ŜȄǇƭƻǊŜǎ ǘƘŜ ŜǎǎŜƴǝŀƭ ƛƴŘƛŎŀǘƻǊǎ ǘƘŀǘ ƳŜŀǎǳǊŜ ǘƘŜ ǎƻŎƛŀƭ 
ŦƻǳƴŘŀǝƻƴǎ ŦƻǊ ƭƻƴƎπǘŜǊƳ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ǇǊƻǾƛŘƛƴƎ ƛƴǎƛƎƘǘǎ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ {5Dǎ нлол ŀƎŜƴŘŀΦ Lǘ ŜŎƘƻŜǎ 
ǿƛǘƘ ǘƘŜ ǘƘŜƳŜ ƻŦ ǘƘƛǎ ŎƻƴŦŜǊŜƴŎŜ ƻƴ ǎǳǎǘŀƛƴŀōƭŜ ƭƛǾŜƭƛƘƻƻŘǎ ŦǊƻƳ Ƴƻǳƴǘŀƛƴ ǘƻ ƻŎŜŀƴΣ ŀƴŘ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ 
ŎƻƴƴŜŎǝǾƛǘȅ ōŜǘǿŜŜƴ ǇŜƻǇƭŜΩǎ ƭƛǾŜƭƛƘƻƻŘǎ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǊŜǎƻǳǊŎŜǎΦ  
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Education on Sustainability, Circularity, and Responsibility: A Case Study from EIT Raw Materials 
Courses 
Joanna Kulczycka1 

мaƛƴŜǊŀƭ ŀƴŘ 9ƴŜǊƎȅ 9ŎƻƴƻƳȅ wŜǎŜŀǊŎƘ LƴǎǝǘǳǘŜ tƻƭƛǎƘ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜΣ YǊŀƪƻǿΣ tƻƭŀƴŘΦ !DI ƻŦ 
YǊŀƪƻǿΣ YǊŀƪƻǿΣ tƻƭŀƴŘ 

!ōǎǘǊŀŎǘ 

¢ƘŜ Ǌŀǝƻƴŀƭ ƳŀƴŀƎŜƳŜƴǘ ƻŦ Ǌŀǿ ƳŀǘŜǊƛŀƭǎ ƛƴŎƭǳŘƛƴƎ ƳŜǘŀƭǎΣ ŜƴŜǊƎȅΣ ŎƘŜƳƛŎŀƭǎ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ Ǌŀǿ 
ƳŀǘŜǊƛŀƭǎ ŀǎ ǿŜƭƭ ŀǎ ǿŀǘŜǊ ŀƴŘ ōƛƻƳŀǎǎ ƛǎ ŀ ƪŜȅ ŜƭŜƳŜƴǘ ƻŦ ŀ ŎƛǊŎǳƭŀǊ ŜŎƻƴƻƳȅΣ ŀƴŘ ŀƴ ƛƳǇƻǊǘŀƴǘ ƛǎǎǳŜ 
ǊŜƅŜŎǘŜŘ ƛƴ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ƎƻŀƭǎΦ Lƴ ǘƘŜ ǇƻƭƛŎƛŜǎ ƻŦ Ƴŀƴȅ ŎƻǳƴǘǊƛŜǎ ŀƴŘ ƻǊƎŀƴƛȊŀǝƻƴǎΣ ǘƘŜǊŜ ƛǎ 
ŀƴ ŜȄǇŜŎǘŀǝƻƴ ǘƘŀǘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ƭƛŦŜ ŎȅŎƭŜ ƻŦ Ǌŀǿ ƳŀǘŜǊƛŀƭ ǳǎŜ ǿƛƭƭ ōŜ 
ǊŜŘǳŎŜŘΦ aŀǘŜǊƛŀƭ ƅƻǿǎ ŀƴŘ ǊŜǎƻǳǊŎŜ ǇǊƻŘǳŎǝǾƛǘȅ ƛƴŘƛŎŀǘƻǊǎ Ǉƭŀȅ ŀ ŎŜƴǘǊŀƭ ǊƻƭŜ ƛƴ ƳƻƴƛǘƻǊƛƴƎ ǘƘŜ ŎƘŀƴƎƛƴƎ 
ǇŀǧŜǊƴǎ ƻŦ ǊŜǎƻǳǊŎŜ ǳǎŜΦ /ƻƳǇŀƴƛŜǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘƻǎŜ ƛƴ ǘƘŜ ƳƛƴƛƴƎ ǎŜŎǘƻǊΣ ƘŀǾŜ ŀƭǊŜŀŘȅ ǇǳōƭƛǎƘŜŘ 
ƛƴŦƻǊƳŀǝƻƴ ǊŜƎŀǊŘƛƴƎ ǘƘŜƛǊ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǇŜǊŦƻǊƳŀƴŎŜΦ CǳǊǘƘŜǊƳƻǊŜΣ ƛƴ нлнпΣ ǘƘŜ 9¦ /ƻǊǇƻǊŀǘŜ 
{ǳǎǘŀƛƴŀōƛƭƛǘȅ wŜǇƻǊǝƴƎ 5ƛǊŜŎǝǾŜ ό/{w5ύ ǿƛƭƭ ƳŀƴŘŀǘŜ ƳƻǊŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƴŘ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭΣ ǎƻŎƛŀƭΣ ŀƴŘ ƎƻǾŜǊƴŀƴŎŜ ό9{Dύ ǊŜǇƻǊǝƴƎ ōȅ ƭŀǊƎŜ ŎƻƳǇŀƴƛŜǎΦ  9ǳǊƻǇŜŀƴ {ǳǎǘŀƛƴŀōƛƭƛǘȅ 
wŜǇƻǊǝƴƎ {ǘŀƴŘŀǊŘǎ ό9{w{ύ ǿƛƭƭ ƭŀȅ ƻǳǘ ǘƘŜ ŘƛǎŎƭƻǎǳǊŜ ƻōƭƛƎŀǝƻƴǎ ƻŦ ŎƻƳǇŀƴƛŜǎ ƛƴŎƭǳŘƛƴƎ ƳƛƴƛƴƎΣ 
ǇǊƻŎŜǎǎƛƴƎ ŀƴŘ ǊŜŎȅŎƭƛƴƎΦ ¢ƘŜǊŜŦƻǊŜΣ ƴŜǿ ǇǊŀŎǝŎŀƭ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ŎŀǎŜ ǎǘǳŘƛŜǎ ŀǊŜ ƴŜŜŘŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ 
ŀƴŘ ƭŜŀǊƴ ǘƘŜǎŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ ǇǊƻŎŜŘǳǊŜǎΣ ǿƘƛŎƘ ŀǊŜ ƴƻǿ ōŜƛƴƎ ƛƳǇƭŜƳŜƴǘŜŘ ŀƭǎƻ ƛƴ Ƴŀƴȅ ƳƛƴƛƴƎ 
ŎƻǳƴǘǊƛŜǎ ƻǳǘǎƛŘŜ ǘƘŜ 9¦ !ƭƭ ǘƘŜǎŜ ǊŀǇƛŘ ŎƘŀƴƎŜǎ ŀƴŘ ƴŜǿ ǊŜǉǳƛǊŜƳŜƴǘǎ ƴŜŎŜǎǎƛǘŀǘŜ ŀŎǉǳƛǊƛƴƎ ƴŜǿ 
ƪƴƻǿƭŜŘƎŜ ŦƻǊ ǎǘŀũ ƛƴ ŜȄƛǎǝƴƎ ŎƻƳǇŀƴƛŜǎΣ ŀŘƳƛƴƛǎǘǊŀǝƻƴ ŀƴŘ ǳƴƛǾŜǊǎƛǝŜǎΦ ¢ƘŜ ƴŜǿ ŀƴŘ ǳǇŘŀǘŜŘ 
ŜŘǳŎŀǝƻƴ ǇǊƻƎǊŀƳƳŜ ŦƻǊ ŘƛũŜǊŜƴǘ ǘȅǇŜǎ ƻŦ ŎƻǳǊǎŜǎ ŀƴŘ ƭŜŎǘǳǊŜǎΣ ƛΦŜΦΣ 9L¢π[ŀōŜƭƭŜŘ aŀǎǘŜǊ tǊƻƎǊŀƳƳŜΥ 
ƭƛŦŜƭƻƴƎ ƭŜŀǊƴƛƴƎΣ tƘ5 ǎŎƘƻƻƭΣ ŜǘŎΦ ŎƻǳǊǎŜǎ Ŏŀƴ ōŜ ǎǳǇǇƻǊǘŜŘ ōȅ 9L¢ wŀǿ aŀǘŜǊƛŀƭǎ ǿƛǘƘƛƴ ¢ƘŜ wŀǿ 
aŀǘŜǊƛŀƭǎ !ŎŀŘŜƳȅΦ ±ŀǊƛƻǳǎ ŎƻƴǾŜƴǝƻƴŀƭΣ ƴƻƴπŎƻƴǾŜƴǝƻƴŀƭΣ ŀƴŘ ŘƛƎƛǘŀƭ ǘƻƻƭǎ ƘŀǾŜ ŀƭǊŜŀŘȅ ōŜŜƴ 
ǇǊƻǇƻǎŜŘ ŦƻǊ ƛƴŘƛǾƛŘǳŀƭǎ ŀƭǊŜŀŘȅ ǿƻǊƪƛƴƎ ƛƴ ǘƘŜ Ǌŀǿ ƳŀǘŜǊƛŀƭǎ ǎŜŎǘƻǊΣ ŀǎ ǿŜƭƭ ŀǎ ǎǘǳŘŜƴǘǎ ŀƴŘ tƘ5 ǎǘǳŘŜƴǘǎΣ 
ƴƻǘ ƻƴƭȅ ŦǊƻƳ 9ǳǊƻǇŜΦ Lƴ Ƴƻǎǘ ƻŦ ǘƘŜƳΣ ǘƘŜ Ǝƻŀƭ ǿŀǎ ƴƻǘ ƻƴƭȅ ǘƻ ŜƴƘŀƴŎŜ ǇǊŀŎǝŎŀƭ ŀƴŘ ǘƘŜƻǊŜǝŎŀƭ 
ƪƴƻǿƭŜŘƎŜ ōǳǘ ŀƭǎƻ ǘƻ ǊŀƛǎŜ ŀǿŀǊŜƴŜǎǎ ǊŜƎŀǊŘƛƴƎ ŎƻǊǇƻǊŀǘŜ ǎƻŎƛŀƭ ǊŜǎǇƻƴǎƛōƛƭƛǘȅΣ ǎǳǎǘŀƛƴŀōƭŜ 
ŘŜǾŜƭƻǇƳŜƴǘΣ ŀƴŘ ǊŜǎǇƻƴǎƛōƭŜ ƳƛƴƛƴƎΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜǊŜ ǿŀǎ ŀ ŦƻŎǳǎ ƻƴ ǇǊƻƳƻǝƴƎ ǘƘŜ ƎǊŜŀǘŜǊ ŀŘƻǇǝƻƴ 
ƻŦ ŎƭŜŀƴ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ ŦǊƛŜƴŘƭȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎŜǎΦ ¢ƘŜ ǇŀǇŜǊ ŀƛƳǎ ǘƻ ŀƴŀƭȅǎŜ 
ŀƴŘ ǊŜǾƛŜǿ ōƻǘƘ ƎƻƻŘ ǇǊŀŎǝŎŜǎ ƛƴ ǘŜŀŎƘƛƴƎ ƳŜǘƘƻŘǎ ŀƴŘ ǘƘŜ ǎŎƻǇŜ ŀƴŘ ŜŘǳŎŀǝƻƴŀƭ ŎƻƴǘŜƴǘ ƻŦ ǇǊƻǇƻǎŜŘ 
ŎƻǳǊǎŜǎ ŀƴŘ ƭŜŎǘǳǊŜǎΣ ǘŀƪƛƴƎ ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ƛǎǎǳŜǎ ƻŦ ŎƛǊŎǳƭŀǊƛǘȅ ŀƴŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ 5ǊŀǿƛƴƎ ŦǊƻƳ Ƴȅ ƻǿƴ 
ŜȄǇŜǊƛŜƴŎŜ ŀƴŘ ǎǘǳŘŜƴǘǎϥ ŜǾŀƭǳŀǝƻƴǎΣ ǘƘŜ ǇŀǇŜǊ ƛƴŎƭǳŘŜǎ ŀ {²h¢ ŀƴŀƭȅǎƛǎ ŀƴŘ ǊŜŎƻƳƳŜƴŘŀǝƻƴǎ ŦƻǊ 
ŦǳǊǘƘŜǊ ŜŘǳŎŀǝƻƴŀƭ ŀŎǝǾƛǝŜǎΦ 
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ǇŀǊǝŎƛǇŀǝƻƴ ŀƴŘ ǎǘŀƪŜƘƻƭŘŜǊ ŜƴƎŀƎŜƳŜƴǘ ǘƘǊƻǳƎƘ ƎǊƻǳǇ ŘƛǎŎǳǎǎƛƻƴǎ ŀƴŘ ǘŀǊƎŜǘŜŘ ŀǿŀǊŜƴŜǎǎ ǎŜǎǎƛƻƴǎΦ Lǘ 
ǿƛƭƭ ŀƭǎƻ ŜƳǇƘŀǎƛȊŜ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŎƻƭƭŀōƻǊŀǝǾŜ ƭŜŀǊƴƛƴƎΣ ǿƛǘƘ ǎǘǳŘŜƴǘ ŜȄǇŜǊƛŜƴŎŜǎ ŎǊǳŎƛŀƭ ƛƴ 
ŦŀŎƛƭƛǘŀǝƴƎ ƪƴƻǿƭŜŘƎŜ ǘǊŀƴǎŦŜǊ ŀƴŘ ǇŀǊǘƴŜǊǎƘƛǇǎΦ 
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ƭŀƴŘǎŎŀǇŜΦ 

  



  

73 
 

 

 

 

 

 

 

Full Papers 
  



 

74 
 

Submission ID: 74 

Attributes of Educational Partnerships Designed to Create Global Changemakers: A Literature Review 
Cynthia Whitney1 
мaƛǧǳƴƛǾŜǊǎƛǘŜǘŜǘΣ mǎǘŜǊǎǳƴŘΣ {ǿŜŘŜƴ 

Abstract 

The purpose of this paper is to conduct a systematic literature review on the attributes of educational 
partnerships designed to create global changemakers. Changemakers strive to create positive impacts in 
society. The results from this literature review show common attributes of educational partnerships designed 
to create global changemakers. These attributes include collaboration and connections, a need for complex 
systems that follow a framework, committed leadership that has expertise, forward-thinking mentality, 
presence of quality that evolves and creates value, engagement fostered through innovation and ideas, trust 
communicated through transparency and ethics, and a global vision. Uncovering attributes present in 
educational partnerships could provide insight into systems needed to be present to sustain educational 
partnerships. In communities where parents have access to school choice, schools that offer a curriculum 
which focuses on educating students as future global changemakers may provide an attractive quality for 
enrolment. This research follows United Nations Sustainable Development Goal Quality Education Target 4.7, 
which ǎǘŀǘŜǎ ǘƘŀǘ ǇǊƻǾƛŘƛƴƎ ŀ ǉǳŀƭƛǘȅ ŜŘǳŎŀǘƛƻƴ ǇǊƻƳƻǘŜǎ άŀ ŎǳƭǘǳǊŜ ƻŦ ǇŜŀŎŜ ŀƴŘ ƴƻƴ-violence, global 
ŎƛǘƛȊŜƴǎƘƛǇ ŀƴŘ ŀǇǇǊŜŎƛŀǘƛƻƴ ƻŦ ŎǳƭǘǳǊŀƭ ŘƛǾŜǊǎƛǘȅ ŀƴŘ ƻŦ ŎǳƭǘǳǊŜΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΦέ  

Introduction  

Four years ago, the COVID-19 greatly impacted our global society. Many families were bound to their 
neighbourhoods, as travel was restricted to only necessary activities such as shopping for food and seeing a 
physician, and travel between communities, regions and nations was either limited or completely forbidden 
(Zezima et al., 2020). Nearly 1.6 billion students in 190 countries were homebound, either not receiving any 
education at all due to lack of internet access, receiving instruction remotely, or attending school through a 
hybrid platform of in person instruction and remote learning (UNESCO, 2021). Teachers were without the 
experience and training required to present curriculum remotely and were struggling to cover academic 
standards (UNESCO, 2020).  The global pandemic was heralded as ǘƘŜ άǿƻǊǎǘ ŜŘǳŎŀǘƛƻƴ ŎǊƛǎƛǎ ƛƴ ŀ ŎŜƴǘǳǊȅέ ŀƴŘ 
ǎǘŀƭƭŜŘ ǘƘŜ ǇǊƻƎǊŜǎǎ ǘƻǿŀǊŘ ŀŎƘƛŜǾƛƴƎ ǘƘŜ ¦ƴƛǘŜŘ bŀǘƛƻƴǎ {ǳǎǘŀƛƴŀōƭŜ Dƻŀƭ пΣ ά9ƴǎǳǊŜ ƛƴŎƭǳǎƛǾŜ ŀƴŘ ŜǉǳƛǘŀōƭŜ 
ǉǳŀƭƛǘȅ ŜŘǳŎŀǘƛƻƴ ŀƴŘ ǇǊƻƳƻǘŜ ƭƛŦŜƭƻƴƎ ƭŜŀǊƴƛƴƎ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ŀƭƭέ ōȅ ǘƘŜ ǘŀǊƎŜǘ ȅŜŀǊ ƻŦ нлол ό¢Ƙe World 
Bank, 2021). When the COVID-19 pandemic forced students in the United States receive their education 
remotely or in a socially distanced hybrid learning environment, some parents of students enrolled in private 
schools withdrew their children because they felt the quality of education dropped (McCluskey, 2021).   

¢ƘŜ ǇŀƴŘŜƳƛŎΩǎ Ǝƭƻōŀƭ ƛƳǇŀŎǘ ƻƴ ŜŘǳŎŀǘƛƻƴŀƭ ƛƴǎǘƛǘǳǘƛƻƴǎ ōǊƻǳƎƘǘ Ǿƛǎƛōƛƭƛǘȅ ǘƻ άǘƘŜ ŜƴƻǊƳƻǳǎ ǇƻǘŜƴǘƛŀƭ ŦƻǊ 
ƛƴƴƻǾŀǘƛƻƴ ǘƘŀǘ ƛǎ ŘƻǊƳŀƴǘ ƛƴ Ƴŀƴȅ ŜŘǳŎŀǘƛƻƴ ǎȅǎǘŜƳǎέ ό±ŜƎŀǎ ŀƴŘ ²ƛƴǘƘǊƻǇΣ нлнлύ ŀs awareness about 
student access to an innovative curriculum that prepares students for a global future is growing among 
the customer base of universities (Helmold, 2021). One form of accessing an innovative curriculum in 
educational institutions is through the development of global partnerships between schools in the form 
ƻŦ άŎƻƭƭŀōƻǊŀǘƛƻƴ ƴŜǘǿƻǊƪǎέ ǘƘŀǘ ŦƻǎǘŜǊ ŜȄŎƘŀƴƎŜ ǇǊƻƎǊŀƳǎ ŦƻǊ ǎǘǳŘŜƴǘǎ ŀƴŘ ǇǊƻŦŜǎǎƛƻƴŀƭ ŘŜǾŜƭƻǇƳŜƴǘ 
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for educators through a symbiotic sharing of information (Snyder et al., 2000). Students who participate 
ƛƴ Ǝƭƻōŀƭ ǇŀǊǘƴŜǊǎƘƛǇ ƭŜŀǊƴƛƴƎ ŜȄǇŜǊƛŜƴŎŜǎ ǊŜǇƻǊǘ ǘƘŀǘ ƛǘ άŜƴƘŀƴŎŜǎ ǘƘŜƛǊ ƻǿƴ ƛƴǘŜǊŎǳƭǘǳǊŀƭ ŜȄǇŜǊƛŜƴŎŜ ŀƴŘ 
learning and develops their ability to work across cultures and communicate with partners (Edge and 
YƘŀƳǎƛΣ нлмнύΦέ ¢ƘǳǎΣ ǘƘŜ ǇǳǊǇƻse of this paper is to conduct a literature review on the attributes in 
educational partnerships designed to create global changemakers.  

Methodology  

The purpose of this paper is to conduct a systematic literature review on the attributes in educational 
partnerships designed to create global changemakers. The importance of conducting this systematic 
literature review was to learn what was written about the topic and where there are gaps in the literature. 
There is general consensus that a systematic literature should follow these steps: 1) Identify the problem 
that is to be studied; 2) Identify keywords that are relevant to the study; 2) search in online databases and 
in-person library databases using the keywords selected; 3) quickly do an initial sort of the literature for 
relevancy; 4) read the whole text for relevancy; 5) extract data from the literature; 5) analyse the data 
that was extracted; and 6) report the findings (Creswell and Creswell, 2018, Pollock and Berge, 2018, 
~ǘǊǳƪŜƭƧΣ нлмуΣ ·ƛŀƻ ŀƴŘ ²ŀǘǎon, 2019). For this systematic literature review, steps one through six were 
followed, with the modification of only searching in online databases. 

The systematic literature review was conducted using the following databases accessed through Mid Sweden 
UniǾŜǊǎƛǘȅΩǎ ƻƴƭƛƴŜ ƭƛōǊŀǊȅ ǎȅǎǘŜƳΥ !ŎŀŘŜƳƛŎ {ŜŀǊŎƘ tǊŜƳƛŜǊΣ .ǳǎƛƴŜǎǎ {ƻǳǊŎŜ /ƻƳǇƭŜǘŜΣ 9ŘǳŎŀǘƛƻƴŀƭ wŜǎƻǳǊŎŜǎ 
Information Center (ERIC), and Web of Science Core Collection. I was able to use EBSCOhost, an online library 
database to combine my search through Academic Search Premier, Business Source Complete, and ERIC. In 
9.{/hƘƻǎǘΣ Ƴȅ ǎŜŀǊŎƘ ƳƻŘŜ ǿŀǎ .ƻƻƭŜŀƴκtƘǊŀǎŜΣ ŀƴŘ Ƴȅ ŜȄǇŀƴŘŜǊǎ ǿŜǊŜ άŀǇǇƭȅ ǊŜƭŀǘŜŘ ǿƻǊŘǎέΣ άŀƭǎƻ ǎŜŀǊŎƘ 
ǿƛǘƘƛƴ ǘƘŜ Ŧǳƭƭ ǘŜȄǘ ƻŦ ǘƘŜ ŀǊǘƛŎƭŜǎέ ŀƴŘ άŀǇǇƭȅ ŜǉǳƛǾŀƭŜƴǘ ǎǳōƧŜŎǘǎΦέ aȅ ƭƛƳƛǘŜǊǎ ǿŜǊŜ άǎcholarly (peer reviewed) 
ƧƻǳǊƴŀƭǎέΣ άŘŀǘŜ ǇǳōƭƛǎƘŜŘ нлмс-нлнмέΣ άƭŀƴƎǳŀƎŜ 9ƴƎƭƛǎƘέΣ άŦǳƭƭ ǘŜȄǘέΣ ŀƴŘ άǊŜŦŜǊŜƴŎŜǎ ŀǾŀƛƭŀōƭŜΦέ ¢ƘŜ ǎǇŜŎƛŀƭ 
ƭƛƳƛǘŜǊǎ ŦƻǊ !ŎŀŘŜƳƛŎ {ŜŀǊŎƘ tǊŜƳƛŜǊ ǿŜǊŜ άtǳōƭƛŎŀǘƛƻƴ ¢ȅǇŜΥ tŜǊƛƻŘƛŎŀƭέΣ ά5ƻŎǳƳŜƴǘ ¢ȅǇŜΥ !ǊǘƛŎƭŜέΣ ŀƴŘ άt5C 
Full Text.έ ¢ƘŜ ǎǇŜŎƛŀƭ ƭƛƳƛǘŜǊǎ ŦƻǊ .ǳǎƛƴŜǎǎ {ƻǳǊŎŜ /ƻƳǇƭŜǘŜ ǿŜǊŜ άtǳōƭƛŎŀǘƛƻƴ ¢ȅǇŜΥ !ŎŀŘŜƳƛŎ WƻǳǊƴŀƭέΣ 
ά5ƻŎǳƳŜƴǘ ¢ȅǇŜΥ !ǊǘƛŎƭŜέΣ ŀƴŘ άt5C Cǳƭƭ ¢ŜȄǘΦέ ¢ƘŜ ǎǇŜŎƛŀƭ ƭƛƳƛǘŜǊǎ ŦƻǊ 9wL/ ǿŜǊŜ άWƻǳǊƴŀƭ !ǊǘƛŎƭŜ ό9WύέΣ 
άtǳōƭƛŎŀǘƛƻƴ ¢ȅǇŜΥ WƻǳǊƴŀƭ !ǊǘƛŎƭŜǎέΣ ά9ŘǳŎŀǘƛƻƴ [ŜǾŜƭΥ !ƭƭέΣ άtǳōƭƛŎŀǘƛƻƴ ¢ȅǇŜΥ WƻǳǊƴŀƭ !ǊǘƛŎƭŜǎέΣ άLƴǘŜƴŘŜŘ 
!ǳŘƛŜƴŎŜΥ !ƭƭέΣ ŀƴŘ ά²Ƙŀǘ ²ƻǊƪǎ /ƭŜŀǊƛƴƎƘƻǳǎŜ ό²²/ύ wŜǾƛŜǿŜŘΥ aŜŜǘǎ 9ǾƛŘŜƴŎŜ {ǘŀƴŘŀǊŘǎ ǿƛǘƘƻǳǘ 
ReservationsΦέΦ ¢ƘŜ ƭƛƳƛǘŜǊǎ ŦƻǊ ²Ŝō ƻŦ {ŎƛŜƴŎŜ /ƻǊŜ /ƻƭƭŜŎǘƛƻƴ ǿŜǊŜ ά!ƭƭ hǇŜƴ !ŎŎŜǎǎέΣ άtǳōƭƛŎŀǘƛƻƴ ¸ŜŀǊǎ: 
2016-нлнмέΣ ά5ƻŎǳƳŜƴǘ ¢ȅǇŜΥ !ǊǘƛŎƭŜǎέΣ ŀƴŘ ά[ŀƴƎǳŀƎŜǎΥ 9ƴƎƭƛǎƘΦέ 

LƴƛǘƛŀƭƭȅΣ ǘƘŜ ǎŜŀǊŎƘ ǳǎŜŘ ǘƘŜ ǎǘǊƛƴƎ άǉǳŀƭƛǘȅ ƳŀƴŀƎŜƳŜƴǘέ !b5 άŜŘǳŎŀǘƛƻƴέ !b5 άƛƴƴƻǾŀǘƛǾŜέ !b5 
άǎǳǎǘŀƛƴŀōƭŜέ !b5 άƎƭƻōŀƭ ǇŀǊǘƴŜǊǎƘƛǇǎΦέ ¢ƘŜ 9.{/hƘƻǎǘ ȅƛŜƭŘŜŘ ƻƴŜ ǊŜǎǳƭǘ ǿƘƛŎƘ ǿŀǎ ŘƛǎŎŀǊŘŜŘ for 
relevance and Web of Science yielded no records. It was evident that the search string was too restrictive, 
ǎƻ ǘƘŜ ǎŜŀǊŎƘ ǎǘǊƛƴƎ ǿŀǎ ƳƻŘƛŦƛŜŘ ǘƻ άƛƴƴƻǾŀǘƛǾŜέ !b5 άǇŀǊǘƴŜǊǎƘƛǇέ !b5 άŜŘǳŎŀǘƛƻƴέ !b5 άƎƭƻōŀƭ 
ŎƛǘƛȊŜƴΦέ 9.{/hƘƻǎǘ ȅƛŜƭŘŜŘ о ǊŜǎǳƭǘǎ ƻŦ ǿƘƛŎƘ all were discarded for relevance and Web of Science yielded 
5 results which were discarded for relevance. I shifted my focus to the core theme of my study which is 
ƛƴƴƻǾŀǘƛǾŜ ǎǳǎǘŀƛƴŀōƭŜ ǇŀǊǘƴŜǊǎƘƛǇǎ ōŜǘǿŜŜƴ ƻǊƎŀƴƛȊŀǘƛƻƴǎΦ Lƴ 9.{/hƘƻǎǘΣ L ǘȅǇŜŘ άŎǊŜŀǘƛƴƎ ǎustainable 
ƛƴǘŜǊƴŀǘƛƻƴŀƭ ƻǊƎŀƴƛȊŀǘƛƻƴŀƭ ǇŀǊǘƴŜǊǎƘƛǇǎΦέ ¢Ƙƛǎ ǎŜŀǊŎƘ ȅƛŜƭŘŜŘ пнп ŀǊǘƛŎƭŜǎΦ ¢ƛǘƭŜǎ ǿŜǊŜ ǎŎŀƴƴŜŘ ŦƻǊ 
relevance which narrowed the articles down to 24. The abstracts were read, after which the articles were 
narrowed down to 18. The same search on Web of Science yielded 6 articles, of which 2 were retained for 
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relevance. The total amount of articles retained for this literature review was 20. After reading the articles, 
5 were discarded due to relevance, leaving 15 in the final count see Figure 1 and Table 1.  
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A search for key themes in the articles was done by reading the articles and highlighting dominant 
keywords. Authors described trust (Chen et al., 2018; Davis, 2016; Haywood et al., 2019; Spraul and 
Thaler, 2020; Stachova et al., 2019; Waterval et al., 2018; Xiong et al., 2019), collaboration (Colaner et al., 
2018; Davis, 2016; Hassan et al., 2019; Haywood et al., 2019; Hunter et al., 2018; MacDonald et al., 2019; 
Purcell  et al., 2019; Spitz et al., 2021; Stadtler, 2018), and communication (Chen et al., 2018; Spitz et al., 
2021; Spraul and Thaler, 2020; Waterval et al., 2018; Watts et al., 2020; Xiong et al., 2019), as essential 
components of quality sustainable partnerships between organizations. 

To further analyse the literature for themes of trust, collaboration, and communication or discover if there 
ǿŜǊŜ ƻǘƘŜǊ ǘƘŜƳŜǎ ǊŜƎŀǊŘƛƴƎ ǎǳǎǘŀƛƴŀōƭŜ ǎǘǊǳŎǘǳǊŜǎ ǿƘƛŎƘ ŎǊŜŀǘŜ ǾŀƭǳŜ ōŜǘǿŜŜƴ ƻǊƎŀƴƛȊŀǘƛƻƴǎΣ {ƴȅŘŜǊΩǎ 
ό{ƴȅŘŜǊΣ нлмуύ ά[ƛǎǘΣ /ƭǳǎǘŜǊΣ [ŀōŜƭέ ƳŜǘƘƻŘ ǿŀǎ ŜƳǇƭƻȅŜŘΦ hǊƛƎƛƴŀƭƭȅ ƛƴǘŜƴŘŜŘ ŦƻǊ ōǊŀƛƴǎtorming, in 
which ideas are listed, clustered together into groups, and then labelled with a descriptor word, this 
method can be transferred to categorizing words for the purpose of discovering patterns or themes in 
texts.    

A secondary analysis for themes in the literature was conducted to cross-check initial inferred themes of 
keyword data. The word frequency counter, www.wordclouds.com, was used to generate word lists from 
the 15 articles. To start, all articles were combined into one Portable Document Format (PDF) file. The 
references, authors, headers, page numbers, author biographies, and acknowledgements were removed 
as the focus of the word count would be on the title, abstract, and the content portion of the articles. 
When the articles were combined, the total word count was 144 245. After the file was edited, it contained 
ммп сул ǿƻǊŘǎ ŀƴŘ ǿŀǎ ǳǇƭƻŀŘŜŘ ǘƻ ǿǿǿΦǿƻǊŘŎƭƻǳŘǎΦŎƻƳ ŦƻǊ ŀƴŀƭȅǎƛǎΦ ¢ƘŜ ŦƛƭǘŜǊ άƛƎƴƻǊŜ ǎǘƻǇ ǿƻǊŘǎέ 
ǿŀǎ ǎŜƭŜŎǘŜŘΦ ¢Ƙƛǎ ŦƛƭǘŜǊ ǊŜƳƻǾŜŘ ŎƻƳƳƻƴ ǿƻǊŘǎ ǎǳŎƘ ŀǎ άŀέΣ άŀƴŘέΣ άƻǊέΣ άǘƘŜέΣ Ŝtc. Words that were 
listed less than 5 times, were also eliminated. The word frequency counter retrieved 2500 words, with the 
ƘƛƎƘŜǎǘ Ŏƻǳƴǘ ƻŦ рпо ŦƻǊ ǘƘŜ ǿƻǊŘ άǇŀǊǘƴŜǊǎƘƛǇέ ŀƴŘ ǘƘŜ ƭƻǿŜǎǘ Ŏƻǳƴǘ ƻŦ άрέ ŦƻǊ ά¸ŜŀǊΦέ ¢ƘŜ ǿƻǊŘǎ ǿŜǊŜ 
exported as a comma-separated values (csv) file, downloaded, and uploaded into Microsoft Excel. The 
words were analysed and word groups containing nondescript words such as simple verbs, prepositions, 
ƴǳƳōŜǊǎΣ ŀōōǊŜǾƛŀǘƛƻƴǎΣ ŎƻƴƧǳƴŎǘƛƻƴǎΣ ǎƛƳǇƭŜ ŀŘǾŜǊōǎΣ ŀƴŘ ƴŀƳŜǎ όŦƻǊ ŜȄŀƳǇƭŜ άŎŀƴέΣ άŀǊƻǳƴŘέΣ άŦƛǾŜέΣ 
άŜΦƎΦέΣ άŀƭǘƘƻǳƎƘέΣ άŀƭǎƻέΣ άCŀƭǎǘŀŦŦέύ ǿŜǊŜ ǊŜƳƻǾŜŘΦ The 2275-word groups remained in the list. 
Nondescript words, words which could have dual meanings, proper nouns and abbreviations (except for 
the abbreviation for Sustainability DevŜƭƻǇƳŜƴǘ Dƻŀƭǎ ό{5Dǎύύ ǿŜǊŜ ǊŜƳƻǾŜŘ όŦƻǊ ŜȄŀƳǇƭŜΣ άǇƻǘŜƴǘƛŀƭƭȅέΣ 
άǘŜǊƳέΣ άbŜǘƘŜǊƭŀƴŘǎέΣ ά/{wέύΦ The 367-word groups remained in the list.   

Words were grouped together based on similar root words. This was done by creating a search string with 
the root worŘ ŀƴŘ ǎŜŀǊŎƘƛƴƎ ŦƻǊ ǘƘŀǘ ǎǘǊƛƴƎ ƛƴ 9ȄŎŜƭΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ ǎŜŀǊŎƘ ǎǘǊƛƴƎ άŎǊŜŀǘϝέ ŦƻǳƴŘ ǘƘŜ 
ǿƻǊŘǎ άŎǊŜŀǘŜέΣ άŎǊŜŀǘŜŘέΣ άŎǊŜŀǘƛƻƴέΣ άŎǊŜŀǘƛƴƎέΣ άŎǊŜŀǘƛǾŜέΣ άŎǊŜŀǘŜǎέΣ άŎƻ-ŎǊŜŀǘŜέΣ ŀƴŘ άŎƻŎǊŜŀǘƛƻƴΦέ 
After all words were sorted and grouped, a list of 119-word groups remained (Table 2). Each search string 
ǿŀǎ ŎƻƴǾŜǊǘŜŘ ƛƴǘƻ ŀ ǿƻǊŘ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘŜŘ ŜŀŎƘ ƎǊƻǳǇΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ άŎǊŜŀǘϝέ ǎŜŀǊŎƘ ǎǘǊƛƴƎ ǿŀǎ 
ǊŜǇƭŀŎŜŘ ōȅ ǘƘŜ ǿƻǊŘ άŎǊŜŀǘŜέ ŀǎ ŀ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƻŦ ǘƘŀǘ ƎǊƻǳǇ ό¢ŀōƭŜ оύΦ ¢ƘŜ ммф-word representatives 
were cƭǳǎǘŜǊŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǎƛƳƛƭŀǊ ƳŜŀƴƛƴƎǎΦ CƻǊ ŜȄŀƳǇƭŜΣ άǇŀǊǘƴŜǊǎƘƛǇǎέ ǿŀǎ Ǉǳǘ ƛƴ ŀ ŎƭǳǎǘŜǊ ǿƛǘƘ 
άŀƭƭƛŀƴŎŜέΣ άŎƻƭƭŀōƻǊŀǘƛƻƴέΣ άƛƴǘŜƎǊŀǘƛƻƴέΣ άŎƻƻǇŜǊŀǘƛƻƴέΣ ŜǘŎ. (Figure 2). After this sorting, 9 clusters of 
ǿƻǊŘ ƎǊƻǳǇǎ ǿŜǊŜ ƭŀōŜƭŜŘΥ άǇŀǊǘƴŜǊǎƘƛǇǎέΣ άǎȅǎǘŜƳǎέΣ άƭŜŀŘŜǊǎƘƛǇέΣ άǎǘŀƪŜƘƻƭŘŜǊǎέΣ άǉǳŀƭƛǘȅέΣ 
άŜƴƎŀƎŜƳŜƴǘέΣ άǘǊǳǎǘέΣ ŀƴŘ άƎƭƻōŀƭέ ό¢ŀōƭŜ пύΦ  
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Table 1. Articles and Publications Selected for Systematic Literature Review 

Author Date Title Publication 

Chen, C. et al. 2018 Review of social responsibility factors for sustainable 
development in public-private partnerships 

Sustainable Development 

Colaner, N. et al. 2018 Dialogic Collaboration across Sectors: Partnering for 
Sustainability 

Business & Society Review 

Davis, J.P. 2016 The Group Dynamics of Interorganizational 
Relationships 

Administrative Science 
Quarterly 

Hassan, M.M, et al. 2019 Streamlining non-governmental organizations'programs 
towards achieving the sustainable development goals: a 
conceptual framework 

Sustainable Development 

Haywood, L.K, et al. 2019 The Sustainable Development Goals in South Africa:  

Investigating the Need for Multi-stakeholder 
partnerships 

Development Southern 
Africa 

Hunter, M.A., et al. 2018 SongMakers: an industry-led approach to arts 
partnerships in education 

Arts Education Policy 
Review 

MacDonald, A, et al. 2019 Multi-stakeholder Partnerships for Sustainability: 
Designing Decision-Making Processes for Partnership 
Capacity 

Journal of Business Ethics 

Purcell, W.M, et al. 2019 Universities as the engine of transformational 
sustainability toward delivering the sustainable 
development goals. 

International Journal of 
Sustainability in Higher  

Spitz, G, et al. 2021 Motives matter: the relation between motives and 
interpartner involvement in nonprofit-business 
partnerships 

Nonprofit Management 
and Leadership 

Spraul, K. and Thaler, 
J. 

2020 Partnering for good? An analysis of how to achieve 
sustainability-related outcomes in public-private 
partnerships 

Business Research 

Stachova, K, et al. 2019 External Partnerships in Employee Education and  

Development as the Key to Facing Industry 4.0 
Challenges 

Sustainability 

Stadtler, L. 2018 Tightrope Walking: Navigating Competition in Multi-Company Journal of Business 
Ethics Cross-Sector Social Partnerships 

Waterval, D.G.J, et 
al. 

2018 Twelve tips for crossborder curriculum partnerships in medical Medical Teacher 
education 

Watts, P.I, et al. 2020 Sustaining global partnerships for simulation integration:  International Nursing 
Review lessons from the field 

Xiong, W, et al. 2019 Governing public-private partnerships: a systematic review of Australian Journal of 
Public  
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Author Date Title Publication 

case study literature Administration 

Table 2. Word Groups with Search Strings, Sorted by Word Count  

Total Word 
Count 

Search String Words Included Total Word 
Count 

Search String Words Included 

1487 partner* partnership, partnerships, 
partners, partner, 
interpartner, multipartner, 
Partnership, Partnerships, 
partnerhip's, partner's, 
Partners, inter-partner, 
Partner 

65 coordinat* coordinate, coordinating, 
coordinated, coordinator, 
coordination 

689 collabor* collaboration, collaborative, 
collaborations, collaborate, 
collaborating, Collaborative, 
collaboratively, 
Collaboration, collaborators 

64 long-term long-term 

661 sustain* sustainable, sustainability, 
sustainability-related, 
Sustainable, Sustainability, 
sustained, sustain 

64 perspective* perspectives, perspective 

507 develop* develop, development, 
Development, developed, 
developed, developing, 
developments 

64 invest* investors, invested, invest, 
investing, investment 

472 organ* organization, organizations, 
organizational, 
interorganizational, 
organisations, 
Organizations, organized, 
organization's, inter-
organizational,  
Organization, organizing, 
organization's, 
Organizational 

63 roles roles 

397 business* Business, businesses, 
nonprofit-business, 
Business, Businesses, 
business's 

61 plan plan 

385 relat* relationships, related, 
sustainability-related, 
relationship, relational, 
relational-based, 
causerelated, relation, 
relations, relate, 

61 monitor* monitor, Monitoring, 
monitoring 
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Total Word 
Count 

Search String Words Included Total Word 
Count 

Search String Words Included 

interrelationships, 
interrelated, relates 

339 compan* company, companies, 
Company, multi-company, 
company's, multicompany, 
Companies 

60 uni* unified, United 

333 manag* managers, management, 
manager, Management, 
managerial, manage, 
managing, Manager, 
managed 

59 needs needs 

280 innovat* innovation, innovative, 
innovations, Innovation, 
innovate 

54 transform* transformational, 
transformative, 
transformation 

253 SDG* SDG, SDGs 53 alliance* alliances, alliance 

206 compet* competition, competitors, 
competing, Competition, 
competition's, competitive 

51 enterprise* enterprises, enterprise 

201 motiv* motives, motivation, 
motivated, motive, 
motivations, motivate, 
Motives 

50 world* world, World, worldwide, 
world's 

200 program* program, programs, 
program's, Program 

49 initiative* initiatives 

188 stakeholder* stakeholders, stakeholder, 
multistakeholder, 
Multistakeholder, multi-
stakeholder 

49 risk* risks, risk 

181 system* system, systematic, 
Systems, systemic, systems 

43 expert* expert, experts, expertise 

181 achiev* achieving, achieved, 
achievement, 
achievements, achieve 

43 ethic* ethical, ethics 

180 knowledge Knowledge 39 transparen* transparent, transparency 

180 structur* infrastructure, structural, 
structures, Structural, 
semistructured, structured, 
structure 

38 idea* idea, ideas 

175 lead* lead, leaders, leading, leads, 
Leadership, leadership 

38 dependen* interdependence, 
interdependent, dependent 

164 goal* goal, Goals, goals 35 cycl* cycle, cycling 

162 shar* sharing, share, shared 31 moral Moral, moral 

155 involv* involvement, involve, 
involving involves 

28 solutions solutions 
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Total Word 
Count 

Search String Words Included Total Word 
Count 

Search String Words Included 

148 engag* engage, engaged, 
engagement 

27 growth growth 

146 impact* impacts, impactful, impact 23 expectations expectations 

145 design* designed, designs, 
designing, design 

22 perception* perception, perceptions 

144 strateg* strategies, strategy, 
Strategic, Strategy, strategic  

22 reputation* reputation, reputational 

140 network* network, networking, 
Network, networks 

21 costs costs 

139 creat* create, created, creation, 
creating, creative, creates, 
co-create, co-creation 

21 demands demands 

137 trust*  Trust, trust 21 inspir* inspired, inspire, inspiration 

135 chang* changes, changing, Change, 
change 

19 customers customers 

132 deci* decisions, decision, decided, 
decisionmaking, 
DecisionMaking, decision-
making 

18 accountability accountability 

132 success* Success, successful, success 17 facilitate facilitate 

124 market* markets, marketing, 
marketplace, market 

16 inclusive inclusive 

113 community Community, community 15 well* wellbeing, well-being 

111 understand* understand, Understanding, 
understanding 

14 citizen citizen 

110 value* values, value 14 intellectual intellectual 

110 opportun* opportunity, opportunities 14 promoting promoting 

106 Society society 13 complementary complementary 

102 responsib* responsibilities, responsible, 
responsibility 

12 contractual contractual 

98 communicat* communicate, 
Communication, 
communication 

12 openness openness 

98 experience* experiences, experience 12 Project Project 

96 integrat*  integrated, integrate, 
integrative, integrates, 
integration 

12 prosperity prosperity 

95 perform* perform, performance 12 evolv* evolve, evolution 

95 improv* improve, improving, 
improved, improve, 
improvement 

11 confidence confidence 

93 benefi* benefit, beneficial, 
beneficial, benefits 

11 genuine genuine 

90 Future Future, future 11 mutually mutually 

89 qualit* qualitative, quality 11 participants Participants 
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Total Word 
Count 

Search String Words Included Total Word 
Count 

Search String Words Included 

83 objective* objective, objectives 11 participatory participatory 

81 cooperation Cooperation, cooperation 10 inclusion inclusion 

79 global* Global, globally, global 9 insight insight 

78 mechanism* mechanism, mechanisms 9 production production 

78 interact* interaction, interact, 
interactions 

9 satisfaction satisfaction 

77 complex* complexity, complex 9 synergies synergies 

76 evaluat* Evaluation, evaluations, 
evaluation 

8 specialists specialists 

73 framework frameworks, framework 6 interconnected interconnected 

70 international* International, 
Internationalization, 
internationally, 
international 

6 intertwined intertwined 

68 train* training 6 problem-
solving 

problem-solving 

66 financ* finance, financial, finances, 
financial 

5 corporations corporations 

65 commit* commitments, committed, 
commitment 

   

Table 3. Search Strings with Assigned Word Representative, Sorted Alphabetically  

Search String Word 
Representative 

Search String Word 
Representative 

Search String Word 
Representative 

accountability accountability future future partner* partnerships 

achiev* achieve genuine genuine perception perception 

alliance* alliance global* global perform* performance 

benefi* benefit goal* goals perspective* perspective 

business* business growth growth plan plan 

chang* change idea* ideas problem-
solving 

problem-solving 

Citizen citizen impact* impact production production 

collabor* collaboration improv* improvement program* program 

commit* commitment inclusion inclusion Project project 

communicat* communication inclusive inclusive promoting promoting 

community community initiative* initiatives prosperity prosperity 

compan* companies innovat* innovation qualit* quality 

compet* competitive insight insight relat* relationships 

complementary complementary inspir* inspired reputation* reputation 

complex* complex integrat* integration responsib* responsibility 

confidence confidence intellectual intellectual risk* risk 

contractual contractual interact* interactions roles roles 

cooperation cooperation interconnected interconnected satisfaction satisfaction 

coordinat* coordination international* international SDG* SDGs 
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corporations corporations intertwined intertwined shar* shared 

Costs costs invest* investment society society 

creat* create involv* involvement solutions solutions 

customers customers knowledge knowledge specialists specialists 

Cycle cycle lead* leadership stakeholder* multi-stakeholder 

deci* decision-making long-term long-term strateg* strategic 

demands demands manag* managers structur* structure 

dependen* interdependence market* market success* success 

design* design mechanism* mechanisms sustain* sustainability 

develop* development monitor* monitoring synergies synergies 

engag* engagement moral moral system* systems 

enterprise* enterprise motiv* motives train* training 

ethic* ethics mutually mutually transform* transformation 

evaluat* evaluation needs needs transparen* transparency 

evolv* evolve network* networks trust*  trust 

expectations expectations objective* objectives understand* understanding 

experience* experience openness openness Uni* united 

expert* expertise opportun* opportunities value* value 

facilitate facilitate organ* organizations well* well-being 

financ* financial Participants participants world* world 

framework framework participatory participatory   

After reading the articles and inferring three themes of trust, collaboration and communication were core 
characteristics of sustainable partnerships between organizations that create value for all stakeholders. The 
Řŀǘŀ ǿŜǊŜ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘŜ ά[ƛǎǘΣ /ƭǳǎǘŜǊΣ [ŀōŜƭέ ǿƻǊŘ ŀƴŀƭȅǎƛǎ ǳǎƛƴƎ ŀƴ ƻƴƭƛƴŜ ǇǊƻƎǊam, 
www.wordclouds.com, which identified nine core themes: partnerships, systems, leadership, stakeholders, 
ǉǳŀƭƛǘȅΣ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ŜƴƎŀƎŜƳŜƴǘΣ ǘǊǳǎǘΣ ŀƴŘ ƎƭƻōŀƭΦ ¢ƘŜ ǊŜǎǳƭǘƛƴƎ ƭƛǎǘΣ ƻŦ ǿƘƛŎƘ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ άǘǊǳǎǘέ ƛǎ 
ŘǳǇƭƛŎŀǘŜŘΣ ŀƴŘ άŎƻƭƭŀōƻǊŀǘƛƻƴέ ŀƴŘ άŎƻƳƳǳƴƛŎŀǘƛƻƴέ ŀǊŜ ōƻǘƘ ƛƴ ǘƘŜ άǇŀǊǘƴŜǊǎƘƛǇέ ŎƭǳǎǘŜǊΣ ǎǘƛƭƭ Ŏƻƴǘŀƛƴǎ ǘƘŜ 
ƴƛƴŜ ŎƻǊŜ ǘƘŜƳŜǎ ƛŘŜƴǘƛŦƛŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ά[ƛǎǘΣ /ƭǳǎǘŜǊΣ [ŀōŜƭέ ǿƻǊŘ ŀƴŀƭȅǎƛǎ ό¢ŀōƭŜ пύΦ   

 

Figure 2. Labeled Word Clusters with Number Count of Each Word Group.   
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Table 4. Labels Assigned to Final Cluster Groups Sorted by Word Count  

Word Count Label Cluster 

3631 Partnership alliance, collaboration, communication, community, complementary, 
cooperation, coordination, inclusive, integration, interactions, 
interconnected, interdependence, intertwined, involvement, mutually, 
partnerships, relationships, shared, synergies, united 

1994 Systems complex, design, development, expectations, framework, goals, 
mechanisms, networks, plan, production, program, project, strategic, 
structure, systems 

1785 Leadership decision-making, demands, commitment, evaluation, experience, expertise, 
facilitate, knowledge, leadership, managers, monitoring, motives, needs, 
objectives, responsibility, roles, specialists, training 

1613 Stakeholders business, citizen, companies, corporations, customers, enterprise, multi-
stakeholder, organizations, participants, participatory, society 

1395 Sustainability achieve, future, long-term, promoting, success, sustainability, SDGs 

1225 Quality accountability, benefits, change, competitive, costs, cycle, evolve, financial, 
growth, impact, improvement, investment, market, performance, 
prosperity, quality, satsifaction, transformation, value 

807 Engagement create, engagement, ideas, initiatives, innovation, insight, inspired, 
intellectual, opportunities, perspective, problem-solving, risk, solutions 

454 Trust confidence, ethics, genuine, moral, openness, perception, reputation, 
transparency, trust, understanding, well-being 

199 Global global, international, world 

The nine themes were separated into two groups: systemic in Figure 2 and engagement in Figure 3. The 
systemic group consists of characteristics of the partnership that, on the surface, seem perfunctory in 
nature. Superficially, these themes are either mechanical or analytical in the way they behave. They may 
use rules or definitions as part of their identity. The systemic group themes in Figure 3 are partnerships, 
systems, leadership, stakeholders, quality, and global. The engagement group in Figure 4 is fluid, 
seemingly without order or an easily identifiable structure, and contain the themes engagement and trust.   

 

Figure 3. Word Frequency Cloud Illustrating Words from Systemic Group 
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Figure 4. Word Frequency Cloud Illustrating Words from Engagement Group 

Results  

Colaner et al. (2018), describes partnerships as achievable in three stacked levels. The first level is very 
superficial, where one organization shares resources with another. The second level is where one 
organization is using the other to help fiƭƭ ŀ ŘŜŦƛŎƛǘ ƛƴ άŎƻƳǇŜǘŜƴŎƛŜǎ ƻǊ ŜȄǇŜǊǘƛǎŜΦέ ¢ƘŜ ǘƘƛǊŘ ƭŜǾŜƭ ƛǎ ǿƘŜǊŜ 
both organizations are working together in the leadership position to achieve a common goal. This 
literature review focuses on the definition of partnership in the third level.  

The interplay between the systemic partnership creation and the engagement of the members in the 
partnership is complex and interlocked. It is challenging to pick out one theme without including the other. 
According to articles researched for this literature review, partnerships must contain a baseline of trust 
(Chen et al., 2018; MacDonald et al., 2019). The establishment of trust occurs as a result of and propagates 
the development of openness and transparency between the partners (MacDonald et al., 2019; Chen et 
al., 2018; Haywood et al., нлмфύΦ ¢ǊŀƴǎǇŀǊŜƴŎȅ ƛǎ ŜƴŦƻǊŎŜŘ ǘƘǊƻǳƎƘ ŀƴ ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ άǎǘǊǳŎǘǳǊŜŘ 
ƴŜǘǿƻǊƪǎέ ƻŦ ƎǳƛŘŜƭƛƴŜǎ ǊŜƎŀǊŘƛƴƎ Ƴǳǘǳŀƭ ŜȄǇŜŎǘŀǘƛƻƴǎ ƛƴ ǘƘŜ ǇŀǊǘƴŜǊǎƘƛǇ ό{ǘŀŎƘƻǾŀ et al., 2019; Haywood 
et al., 2019; Waterval et al., 2018) and prescribed roles for each member to play (Haywood et al., 2019). 
¢ǊŀƴǎǇŀǊŜƴŎȅ ƛǎ ŜȄǇǊŜǎǎŜŘ ǘƘǊƻǳƎƘ άŦŀƛǊ ŀƴŘ ƻǇŜƴ ŘƛǎŎǳǎǎƛƻƴǎέ ό{ǇǊŀǳƭ ŀƴŘ ¢ƘŀƭŜǊΣ нлнлύ ŀƴŘ ǇǊƻǾƛŘƛƴƎ 
άŎƻƴǎƛǎǘŜƴǘ ŦŜŜŘōŀŎƪέ ό²ŀǘǘǎ et al., 2020) in person and/or through organized communication systems 
such as websites, newsletters, and email (MacDonald et al., 2019). The interlocking mechanism of trust 
and a structured network of guidelines builds relationships where knowledge is shared willingly 
(MacDonald et al., 2019, Haywood et al., 2019). This ease of communication effectively promotes effective 
collaboration during decision making, which is central to the success of partnerships (MacDonald et al., 
2019). When this model of a partnership is established between a primary school and an outside 
organiȊŀǘƛƻƴΣ ƛǘ ƛƳǇǊƻǾŜǎ άƭŜŀǊƴƛƴƎ ƻǳǘŎƻƳŜǎέΣ άŜƴƎŀƎŜƳŜƴǘ ƛƴ ƭŜŀǊƴƛƴƎέΣ άƳƻǘƛǾŀǘƛƻƴ ǘƻ ƭŜŀǊƴέΣ ŀƴŘ 
creates value in integrating education and industry (Hunter et al., 2018).   

Discussion  

There have been calls for a change in the educational systems throughout the world, in that the current 
educational models are not preparing our students to become problem solvers and innovators as adults 
in a global crisis, stating that change in schooling is desired because we are needing to prepare our 
ǎǘǳŘŜƴǘǎ ŦƻǊ ŀƴ άƛƴŎǊŜŀǎƛƴƎƭȅ ƛƴǘŜǊŘŜǇŜƴŘŜƴǘ ǿƻǊƭŘΣέ ŀƴ ŀǎǇŜŎǘ ƛƴ ǿƘƛŎƘ ƻǳǊ ŜŘǳŎŀǘƛƻƴŀƭ ƳƻŘŜƭ ƛǎ ƭŀŎƪƛƴƎ 
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ό{ŜƴƎŜΣ нллоύ ŀƴŘ ǘƘŀǘ άƻǳǊ ŜŘǳŎŀǘƛƻƴŀƭ ǎȅǎǘŜƳ ƛǎ ƛƴŎǊŜŀǎƛƴƎƭȅ ŎƻƳƛƴƎ ǳƴŘŜǊ ŦƛǊŜ ŦƻǊ ƴƻǘ ǇǊŜǇŀǊƛƴƎ ƻǳǊ 
children adequately to meet the demands of the future (Senge and Kim, нлмоύΦέ IŜ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ 
άŎƘŀƴƎŜǎ ƻŦ ǘƘŜ ǎƻǊǘ ǿŜ ƘŀǾŜ ōŜŜƴ ǿƻǊƪƛƴƎ ŦƻǊ ƛƴ ōǳǎƛƴŜǎǎ ǿƛƭƭ ǇǊƻōŀōƭȅ ƴƻǘ ōŜ ǎǳǎǘŀƛƴŀōƭŜ ǿƛǘƘƻǳǘ ǇŀǊŀƭƭŜƭ 
changes in public education (Senge, 2000). 

The theme of collaboration in the creation of partnerships has emerged as a way to prepare students for 
their growth into innovative global problem-solvers. Senge specifically calls for the establishment of 
ǇŀǊǘƴŜǊǎƘƛǇǎ ƛƴ ŜŘǳŎŀǘƛƻƴ ƛƴ ǘƘŀǘ ǘƘŜȅ άƳƛƎƘǘ ōǊƛƴƎ ǇŜǊǎǇŜŎǘƛǾŜǎ ŀƴŘ ŎŀǇŀōƛƭƛǘƛŜǎ ǘƻ ŜŘǳŎŀǘƻǊǎ ǎŜŜƪƛƴƎ ǘƻ 
produce fundamental chŀƴƎŜ ƛƴ ǎŎƘƻƻƭǎ ό{ŜƴƎŜΣ нлллύΦέ ¢ƘŜ .ǊƻƻƪƛƴƎǎ LƴǎǘƛǘǳǘƛƻƴΩǎ ǊŜǇƻǊǘ ά.ŜȅƻƴŘ 
reopening schools: How education can emerge stronger than before Covid-мфΣέ ǎǘŀǘŜǎ ǘƘŀǘ ǉǳŀƭƛǘȅ 
ŜŘǳŎŀǘƛƻƴ ƛǎ ƴŜŜŘŜŘ ŀƴŘ ǘƘŜǊŜ άƛǎ ŀƴ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ƛŘŜƴǘƛŦȅ ƴŜǿ ǎǘǊŀǘŜƎƛŜǎΣ ǘƘŀǘ ƛŦ sustained, can help 
ȅƻǳƴƎ ǇŜƻǇƭŜ ƎŜǘ ŀƴ ŜŘǳŎŀǘƛƻƴ ǘƘŀǘ ǇǊŜǇŀǊŜǎ ǘƘŜƳ ŦƻǊ ƻǳǊ ŎƘŀƴƎƛƴƎ ǘƛƳŜǎΦέ .ǊƻƻƪƛƴƎǎ Ŏŀƭƭǎ ŦƻǊ ǎŎƘƻƻƭǎ ǘƻ 
άŀƭƭƻǿ ŦƻǊ ŀƭƭƛŜǎ ƛƴ ǘƘŜ ŎƻƳƳǳƴƛǘȅΧ ǘƻ ǊŜƛƴŦƻǊŎŜΣ ŎƻƳǇƭŜƳŜƴǘΣ ŀƴŘ ōǊƛƴƎ ǘƻ ƭƛŦŜ ƭŜŀǊƴƛƴƎ ŜȄǇŜǊƛŜƴŎŜǎ ƛƴ 
ŀƴŘ ƻǳǘǎƛŘŜ ǘƘŜ ŎƭŀǎǎǊƻƻƳΦέ ¢ƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜǎŜ ǇŀǊǘƴŜǊǎƘƛǇǎ ǿƻǳƭŘ ƘŜƭǇ ǘƻ άǊŜƻǊƎŀƴƛȊŜ ŀƴŘ ŀŘŀǇǘ ǘƻ 
ǘƘŜ ƭŜŀǊƴƛƴƎ ǘƘŀǘ ǘŀƪŜǎ ǇƭŀŎŜ ōŜȅƻƴŘ ƛǘǎ ǿŀƭƭǎΣέ ǎǳǎǘŀƛƴƛƴƎ ŀƴ ŜŎƻǎȅǎǘŜƳ ƻŦ ƭŜŀǊƴƛƴƎ ŀƴŘ ǎǳǇǇƻǊǘΦ CƛƎǳǊŜ 5 
ǎƘƻǿǎ ŀ άtƻǿŜǊŜŘ up {ŎƘƻƻƭǎέ ƳƻŘŜƭ ǇƭŀŎƛƴƎ άǘƘŜ ǎŎƘƻƻƭ ŀǘ ǘƘŜ ŎŜƴǘŜǊ ƻŦ ŀ community ecosystem of 
ƭŜŀǊƴƛƴƎ ŀƴŘ ǎǳǇǇƻǊǘΦέ Lǘ ƛǎ ǿƻǊǘƘ ƴƻǘƛƴƎ ǘƘŀǘ ǘƘƛǎ ƳƻŘŜƭ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŜŘǳŎŀǘƛƻƴŀƭ 
partnerships as three of the five key elements are Out of School Programs, Employers and Business, and 
Community Institutions (Vegas and Winthrop, 2020).   

 
Figure 5Φ άtƻǿŜǊŜŘ ǳǇ {ŎƘƻƻƭǎέ ƳƻŘŜƭ ŀŘŀǇǘŜŘ ŦǊƻƳ ǘƘŜ hŦŦƛŎŜ ƻŦ 9ƭŜƳŜƴǘŀǊȅ ŀƴŘ {ŜŎƻƴŘŀǊȅ 9ŘǳŎŀǘƛƻƴ όh9{9ύ ōȅ 

The Brookings Institution (Vegas and Winthrop 2020)  

The Organisation for Economic Co-operation and Development (OECD) charges that schools should 
άǳƴƭŜŀǎƘ ƛƴƴƻǾŀǘƛƻƴέ ōŜŎŀǳǎŜ άǘƘƻǎŜ ǿƘƻ ǿŜǊŜ ŀōƭŜ ǘƻ ŎǊŜŀǘŜ ŀƭƭƛŀƴŎŜǎΣ ǘƻ ōǳƛƭŘ ŎƻƭƭŀōƻǊŀǘƛƻƴǎ ŀŎǊƻǎǎ 
stakeholders in the public and private sector, to use rapid feedback cycles to guide their work with 
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knowledge of conditions on the ground, to engage with peers to rapidly mobilise knowledge, and to revise and 
adjust regulations to quickly support essential adaptations to new conditions were able to foster the necessary 
innovation, collaboration and flexibility to sustain educational ƻǇǇƻǊǘǳƴƛǘȅ όwŜƛƳŜǊǎ ŀƴŘ {ŎƘƭŜƛŎƘŜǊΣ нлнлύΦέ 
¢ƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ .ŀŎŎŀƭŀǳǊŜŀǘŜ tǊƻƎǊŀƳƳŜΣ ŀ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ǿƻǊƭŘǿƛŘŜ ǎŎƘƻƻƭ ŀǎǎŜǎǎƳŜƴǘ ǎǘŀǘŜǎ ǘƘŀǘ άǘƘŜ 
aim of all IB programmes is to develop internationally minded people who, recognizing their common 
humanitȅ ŀƴŘ ǎƘŀǊŜŘ ƎǳŀǊŘƛŀƴǎƘƛǇ ƻŦ ǘƘŜ ǇƭŀƴŜǘΣ ƘŜƭǇ ǘƻ ŎǊŜŀǘŜ ŀ ōŜǘǘŜǊ ŀƴŘ ƳƻǊŜ ǇŜŀŎŜŦǳƭ ǿƻǊƭŘΦέ ¢Ƙƛǎ 
mission is supported by a call for collaboration and partnership in the Standards and Practices for Lifelong 
[ŜŀǊƴŜǊǎΣ ά{ǘǳŘŜƴǘǎ ŜȄŜǊŎƛǎŜ ǘƘŜ ŦƭŜȄƛōƛƭƛǘȅΣ ǇŜǊǎŜverance and confidence they need to bring about positive 
ŎƘŀƴƎŜ ƛƴ ǘƘŜ ǿƛŘŜǊ ŎƻƳƳǳƴƛǘȅ ŀƴŘ ōŜȅƻƴŘέ ŀƴŘ ŦƻǊ [ŜŀŘŜǊǎƘƛǇ ƛƴ άǎǳǇǇƻǊǘƛƴƎ ǎǘǳŘŜƴǘ ƛƴǾƻƭǾŜƳŜƴǘ ƛƴ ǎŜǊǾƛŎŜ 
ŀǎ ŀŎǘƛƻƴ ŀƴŘ ƛƳǇƭŜƳŜƴǘƛƴƎ ǘƘŜ ǇŜǊǎƻƴŀƭ ƻǊ ŎƻƳƳǳƴƛǘȅ ǇǊƻƧŜŎǘ όнлнлύΦέ   

There are calls for ǳǎƛƴƎ άƳǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ ǎȅǎǘŜƳǎ ǘƘƛƴƪƛƴƎέ ǿƘƛŎƘ ŦƻǎǘŜǊǎ ŀƴ άŀŎǘƛǾŜ ƛƴǘŜǊŎƘŀƴƎŜ ƻŦ ƛŘŜŀǎΣ 
global cooperation in research and development, and the rapid dissemination of best practices across 
ŎƻǳƴǘǊƛŜǎέ ŎǊŜŀǘƛƴƎ άƎƭƻōŀƭ ƪƴƻǿƭŜŘƎŜ ƴŜǘǿƻǊƪǎ ό{ŀŎƘǎΣ нлмрύΦέ wŜƎarding universities becoming hubs for 
άŜŦŦŜŎǘƛǾŜ ǇǊƻōƭŜƳ ǎƻƭǾŜǊǎΣέ ǘƘŜ ¦ƴƛǘŜŘ bŀǘƛƻƴǎ {ǳǎǘŀƛnable Development Solutions Network (SDSN) was 
ŎǊŜŀǘŜŘ ŀǎ ŀƴ ƻǳǘǊŜŀŎƘ ƻǊƎŀƴƛȊŀǘƛƻƴ ǘƘŀǘ άŀƛƳǎ ǘƻ ƭƛƴƪ ǳƴƛǾŜǊǎƛǘƛŜǎΣ ōǳǎƛƴŜǎǎŜǎΣ ŀƴŘ ƻǘƘŜǊ ƪƴƻǿƭŜŘƎŜ 
institutions around the world in the common challenge of finding solutions to sustainable development (Sachs, 
нлмрύΦέ {ŜƴƎŜ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ŜŘǳŎŀǘƛƻƴŀƭ ƛƴǎǘƛǘǳǘƛƻƴǎ ǎƘƻǳƭŘ ŀŘƻǇǘ ŀ ƭƛǾƛƴƎ ǎȅǎǘŜƳ ƳƻŘŜƭ ƻŦ ƻǇŜǊŀǘƛƴƎ ǎƻ ǘƘŜȅ 
become human communities and not machines on an assembly line producing graduates (Senge et al., 2008), 
ŀƴŘ ǘƘŀǘ άŜȄŜŎǳǘƛǾŜ ƭŜŀŘŜǊǎΧ Ƴǳǎǘ ŘŜǾŜƭƻǇ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ōǳƛƭŘƛƴƎ ŀ ǎǳǎǘŀƛƴŀōƭŜ ŎƻƳǇŜǘƛǘƛǾŜ ŀŘǾŀƴǘŀƎŜΣ ǿƘƛŎƘ 
means creating an environment in which people are open to new ideas, responsive to change, and eager to 
ŘŜǾŜƭƻǇ ƴŜǿ ǎƪƛƭƭǎ ŀƴŘ ŎŀǇŀōƛƭƛǘƛŜǎ ό{ŜƴƎŜΣ мффсύΦέ {ŜƴƎŜ ŘƻŜǎ ƻŦŦŜǊ ŀ ŎƭǳŜ ŀǎ ǘƻ Ƙƻǿ ǇŀǊǘƴŜǊǎƘƛǇǎ Ŏŀƴ ŦƻǊƳ 
ŀƴŘ ƎǊƻǿ ƛŦ ǿŜ ǊŜƎŀǊŘ ǘƘŜƳ ŀǎ ƭŜŀŘŜǊǎƘƛǇ ŎƻƳƳǳƴƛǘƛŜǎΦ IŜ ǎǘŀǘŜǎ ǘƘŀǘ ǘƘŜ ƭŜŀŘŜǊǎ Ƴǳǎǘ ōŜ άǇǊŜŘƛǎǇƻǎŜŘ ǘƻ 
ǘƘŜ ǿƻǊƪέ ŀƴŘ ŀǊŜ ŘǊŀǿƴ ǘƻ ǘƘŜ άǎȅǎǘŜƳǎ ǇŜǊǎǇŜŎǘƛǾŜΦέ ¢ƘŜȅ Ƴǳǎǘ ŀƭǎƻ ŎǊŜŀǘŜ ŎƻƳƳǳƴƛǘȅ ōǳƛƭŘƛƴƎ ŀŎǘƛǾƛǘƛŜǎ 
ǘƘŀǘ ŀǊŜ άƛƴǘŜƴǎŜ ŜƴƻǳƎƘ ŀƴŘ ƻǇŜƴ ŜƴŘŜŘ ŜƴƻǳƎƘ ǘƻ ŦƻǎǘŜǊ ǘǊǳǎǘƛƴƎ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ŀƴŘ ǘƻ ƻŦŦŜǊ ǎǘŀǊǘƛƴƎ ǎǘŜǇǎ ƛƴ 
ŀǇǇƭȅƛƴƎ ƴŜǿ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ǎƪƛƭƭǎ ǘƻ Ǿƛǘŀƭ ƛǎǎǳŜǎ ό{ŜƴƎŜΣ нллпύΦέ  

Conclusion 

The purpose of this paper is to conduct a literature review on the attributes of educational partnerships 
designed to create global changemakers. This literature review found information to support the idea that 
there needs to be a movement toward innovative change in our primary and secondary educational 
systems. Schools need to establish internationally focused educational partnerships in order to provide 
societal value in providing an education that prepares students to become solutions oriented innovative 
thinkers. Themes emerged in the literature outlining key attributes of growing sustainable partnerships. 
These themes include collaboration and connections, a need for complex systems that follow a 
framework, committed leadership that has expertise, forward-thinking mentality, presence of quality that 
evolves and creates value, engagement fostered through innovation and ideas, trust communicated 
through transparency and ethics, and a global vision. As there is a call to create and sustain global 
educational partnerships, there is a lack of guidance as to a basic structure that partners should follow to 
generate a high probability of success in securing and sustaining partnerships.  

There seems to be an understanding that global educational partnerships create value; however, there is 
a gap in the literature that indicates how partners know they have created value. Although trust, 
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collaboration, understanding, innovation, and perspective are some attributes of sustainable educational 
partnerships uncovered in this literature review, more research is needed regarding the implementation 
of and structure of complex systems set in place at schools who are able to successfully sustain 
educational partnerships. This research would help school leaders make an informed decision as to 
whether or not entering educational partnerships would be a good fit for their school.  
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Abstract 
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ƛƴǘǊƻŘǳŎƛƴƎ /9 ǇǊƛƴŎƛǇƭŜǎ ƛƴǘƻ ǘƘŜƛǊ ŎǳǊǊƛŎǳƭŀΣ ŜŘǳŎŀǝƻƴŀƭ ƛƴǎǝǘǳǝƻƴǎ Ŏŀƴ ŜƴŎƻǳǊŀƎŜ ǎǘǳŘŜƴǘǎ ǘƻ ǘƘƛƴƪ 
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ŘƛǎǇƻǎŜέ ǘƻ ŀ ŎƛǊŎǳƭŀǊ ƳƻŘŜƭ ƻŦ ǊŜǎƻǳǊŎŜ ƳŀƴŀƎŜƳŜƴǘΣ ǘƘŀǘ ǊŜǇƭŀŎŜǎ ǘƘŜ ΨŜƴŘπƻŦπƭƛŦŜΩ ŎƻƴŎŜǇǘΦ bǳƳŜǊƻǳǎ 
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!ōǎǘǊŀŎǘ 
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¢ƻƎŜǘƘŜǊΣ ǘƘǊƻǳƎƘ ǘƘŜ ƛƴǘŜƎǊŀǝƻƴ ƻŦ ŘƛƎƛǘŀƭ ƭŜŀǊƴƛƴƎ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ŀƴŘ ƘŀƴŘǎπƻƴ ŜȄǇŜǊƛŜƴŎŜǎ ŦŀŎƛƭƛǘŀǘŜŘ 
ōȅ ŎǊŀƊ ǘƻƻƭƪƛǘǎΣ ǘƘŜǎŜ ƛƴƛǝŀǝǾŜǎ ǎǘǊƛǾŜ ǘƻ ŎƻƴǘǊƛōǳǘŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ǘƻ ǘƘŜ ŀŎƘƛŜǾŜƳŜƴǘ ƻŦ {5Dǎ ŀƴŘ ǘƘŜ 
ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ŀ ǎǳǎǘŀƛƴŀōƭŜ ŦǳǘǳǊŜ ŦƻǊ ǘƘŜ IYI ǊŜƎƛƻƴ ŀƴŘ ōŜȅƻƴŘΦ 
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ƛƴŘƛǾƛŘǳŀƭǎ ƛƴ ǘƘŜƛǊ Řŀƛƭȅ ƭƛǾŜǎΦ ¢ƘŜ ŀōǎŜƴŎŜ ƻŦ ƻƴπǎǘǊŜŜǘ ǘƻƛƭŜǘǎ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ƛƴǎǘŀƴŎŜǎ ƻŦ ƻǇŜƴ ǳǊƛƴŀǝƻƴ 
ŀƴŘ ŘŜŦŜŎŀǝƻƴΣ ƎƛǾƛƴƎ ǊƛǎŜ ǘƻ ǇǳōƭƛŎ ƘŜŀƭǘƘΦ !ŘŘǊŜǎǎƛƴƎ ǘƘƛǎ ƛǎǎǳŜ ƛǎ ŎǊǳŎƛŀƭ ƴƻǘ ƻƴƭȅ ŦƻǊ ƳŀƛƴǘŀƛƴƛƴƎ ƘȅƎƛŜƴŜ 
ōǳǘ ŀƭǎƻ ŦƻǊ ƳƛǝƎŀǝƴƎ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ ƘŜŀƭǘƘ Ǌƛǎƪǎ ŀƴŘ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ƻǾŜǊŀƭƭ ǉǳŀƭƛǘȅ ƻŦ ǇǳōƭƛŎ ǎǇŀŎŜǎΦ 
tǊƻǾƛŘƛƴƎ ŀŎŎŜǎǎƛōƭŜ ƻƴπǎǘǊŜŜǘ ǘƻƛƭŜǘǎ Ŏŀƴ Ǉƭŀȅ ŀ Ǿƛǘŀƭ ǊƻƭŜ ƛƴ ŎǳǊōƛƴƎ ǎǳŎƘ ǇǊŀŎǝŎŜǎ ŀƴŘ ŦƻǎǘŜǊƛƴƎ ŀ ŎƭŜŀƴŜǊΣ 
ƘŜŀƭǘƘƛŜǊ ǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘΦ tǳōƭƛŎ ǘƻƛƭŜǘǎ ǎŜǊǾŜ ŀǎ ŜǎǎŜƴǝŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛƴ ŎƛǝŜǎΣ ŜƴǎǳǊƛƴƎ ǘƘŜ ǎǇŜŎƛŬŎ 
ƴŜŜŘǎ ƻŦ ǾŀǊƛƻǳǎ ŘŜƳƻƎǊŀǇƘƛŎ ƎǊƻǳǇǎΣ ǎǳŎƘ ŀǎ ǿƻƳŜƴΣ ǘǊŀƴǎƎŜƴŘŜǊǎΣ ƛƴŘƛǾƛŘǳŀƭǎΣ ƘƻƳŜƭŜǎǎ ǇƻǇǳƭŀǝƻƴǎΣ 
ǘƘŜ ŜƭŘŜǊƭȅΣ ŀƴŘ ǇŜƻǇƭŜ ǿƛǘƘ ŘƛǎŀōƛƭƛǝŜǎ ŦǳƴŘŀƳŜƴǘŀƭ ǊƛƎƘǘ ǘƻ ǎŀƴƛǘŀǝƻƴ ŀƴŘ ŜƴƘŀƴŎƛƴƎ ǘƘŜƛǊ ŎƻƳŦƻǊǘ ǿƘƛƭŜ 
ƴŀǾƛƎŀǝƴƎ ǇǳōƭƛŎ ǎǇŀŎŜǎΦ 

LƴŘŜŜŘΣ ŜŘǳŎŀǝƻƴ Ǉƭŀȅǎ ŀ ǇƛǾƻǘŀƭ ǊƻƭŜ ƛƴ ǇǊƻƳƻǝƴƎ ǘƘŜ ǊŜǎǇƻƴǎƛōƭŜ ǳǎŜ ƻŦ ǇǳōƭƛŎ ǘƻƛƭŜǘǎ ŦƻǊ ǘƘŜ ǎǳǎǘŀƛƴŀōƭŜ 
ŜƴǾƛǊƻƴƳŜƴǘΦ .ȅ ǊŀƛǎƛƴƎ ŀǿŀǊŜƴŜǎǎ ŀōƻǳǘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǇǊƻǇŜǊ ǘƻƛƭŜǘ ǳǎŀƎŜΣ ƛƴŘƛǾƛŘǳŀƭǎ Ŏŀƴ ōŜ 
ŜƴŎƻǳǊŀƎŜŘ ǘƻ Ƴŀƛƴǘŀƛƴ ŎƭŜŀƴƭƛƴŜǎǎΣ ŎƻƴǎŜǊǾŜ ǊŜǎƻǳǊŎŜǎΣ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƴŘ ŀ ƘŜŀƭǘƘƛŜǊ 
ǇǳōƭƛŎ ŜƴǾƛǊƻƴƳŜƴǘΦ tǳōƭƛŎ ŀǿŀǊŜƴŜǎǎ ŎŀƳǇŀƛƎƴǎ Ŏŀƴ ƘƛƎƘƭƛƎƘǘ ǘƘŜ ǎƛƎƴƛŬŎŀƴŎŜ ƻŦ ǳǎƛƴƎ ǇǳōƭƛŎ ǘƻƛƭŜǘǎ 
ǊŜǎǇƻƴǎƛōƭȅΣ ǊŜŘǳŎƛƴƎ ƛƴǎǘŀƴŎŜǎ ƻŦ ƳƛǎǳǎŜΣ ŀƴŘ ŦƻǎǘŜǊƛƴƎ ŀ ŎƻƭƭŜŎǝǾŜ ǎŜƴǎŜ ƻŦ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ŦƻǊ ŎƻƳƳǳƴŀƭ 
ǎǇŀŎŜǎΦ 9ŘǳŎŀǝƻƴ ōŜŎƻƳŜǎ ŀ ǇƻǿŜǊŦǳƭ ǘƻƻƭ ƛƴ ŎǳƭǝǾŀǝƴƎ ŀ ƳƛƴŘǎŜǘ ǘƘŀǘ ǾŀƭǳŜǎ ŀƴŘ ŀŎǝǾŜƭȅ ǇŀǊǝŎƛǇŀǘŜǎ 
ƛƴ ƳŀƛƴǘŀƛƴƛƴƎ ǘƘŜ ƘȅƎƛŜƴŜ ŀƴŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻŦ ǇǳōƭƛŎ ǘƻƛƭŜǘ ŦŀŎƛƭƛǝŜǎΦ 

²ƛǘƘ ǘƘŜ ǊŀǇƛŘ ǎǇǊŀǿƭ ŀƴŘ ǳǊōŀƴƛȊŀǝƻƴ ƻŦ ŎƛǝŜǎΣ ǘƘŜ ǎŎŀǊŎƛǘȅ ƻŦ ŀǾŀƛƭŀōƭŜ ǇǳōƭƛŎ ǘƻƛƭŜǘǎ Ƙŀǎ ōŜŎƻƳŜ ŀ 
ŎƻƳƳƻƴ ŎƘŀƭƭŜƴƎŜΦ .ŀƭŀƴŎƛƴƎ ŀŎŎŜǎǎƛōƛƭƛǘȅΣ ŎƻƴǾŜƴƛŜƴŎŜΣ ŀƴŘ ǎǘǊŀǘŜƎƛŎ ǇƭŀŎŜƳŜƴǘ ƛǎ ŜǎǎŜƴǝŀƭ ƛƴ 
ŀŘŘǊŜǎǎƛƴƎ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ŜȄǇŀƴǎƛƻƴ ƻŦ ǇǳōƭƛŎ ǘƻƛƭŜǘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛƴ ŜǾƻƭǾƛƴƎ ǳǊōŀƴ 
ƭŀƴŘǎŎŀǇŜǎΦ ¢ƘŜ ǎǘǳŘȅ ƛǎ ōŜŜƴ ŎƻƴŘǳŎǘŜŘ ƛƴ .ŜƴƎŀƭǳǊǳΣ ƭŜǾŜǊŀƎƛƴƎ ǎŜŎƻƴŘŀǊȅ Řŀǘŀ ŀƴŀƭȅǎƛǎ ŀƴŘ ŦƻŎǳǎŜŘ 
ǇǊƛƳŀǊȅ ǎǳǊǾŜȅǎ ƛƴ ǎǇŜŎƛŬŎ ŀǊŜŀǎΦ ¢ƘŜ ŜǾƻƭǳǝƻƴ ƻŦ ǇǳōƭƛŎ ǘƻƛƭŜǘǎ ƛǎ ōŜŜƴ ŀƴŀƭȅȊŜŘ ŦǊƻƳ мусн ǘƻ ǇǊŜǎŜƴǘ 
ŦǊƻƳ .ŜƴƎŀƭǳǊǳ /ƛǘȅ /ƻǊǇƻǊŀǝƻƴ ǘƻƛƭŜǘǎ ǘƻ {ǿŀŎƘƘ .ƘŀǊŀǘ aƛǎǎƛƻƴ ¦Ǌōŀƴ tǳōƭƛŎ ¢ƻƛƭŜǘǎΦ .ȅ ŘƻƛƴƎ ǎƻΣ ǘƘŜ 
ǎǘǳŘȅ ŀƛƳǎ ǘƻ ǎƘŜŘ ƭƛƎƘǘ ƻƴ ǇƻǘŜƴǝŀƭ ƎŀǇǎ ƛƴ ŎǳǊǊŜƴǘ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ǎŜŜƪǎ ǘƻ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ 
ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŜũŜŎǝǾŜ ŀƴŘ ǿŜƭƭπŘŜǎƛƎƴŜŘ ǇǳōƭƛŎ ǘƻƛƭŜǘ ŦŀŎƛƭƛǝŜǎ ǘƘŀǘ ŎŀǘŜǊ ǘƻ ǘƘŜ ǎǇŜŎƛŬŎ ƴŜŜŘǎ ƻŦ ǳǊōŀƴ 
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ŜŘǳŎŀǝƴƎ ǇŜƻǇƭŜΦ .ȅ ŦƻŎǳǎƛƴƎ ƻƴ ŎǊŜŀǝƴƎ ōŜǧŜǊ ŘŜǎƛƎƴŜŘ ǘƻƛƭŜǘǎΣ ǿŜ Ŏŀƴ ŜƴƘŀƴŎŜ ŦǳƴŎǝƻƴŀƭƛǘȅΣ 
ŀŎŎŜǎǎƛōƛƭƛǘȅΣ ŜŀǎŜ ƻŦ ƳŀƛƴǘŜƴŀƴŎŜ ŀƴŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ ¢ƘŜ ǎǘǳŘȅ ŀƛƳǎ ǘƻ ǇǊƻǾƛŘŜ ŘŜǎƛƎƴ ǎƻƭǳǝƻƴǎ ŀƴŘ 
ŜŘǳŎŀǝƻƴ ǘƻ ƛƳǇǊƻǾŜ ǎŀƴƛǘŀǝƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ƳŀƪƛƴƎ ƛǘ ƳƻǊŜ ŜŶŎƛŜƴǘΣ ǳǎŜǊπŦǊƛŜƴŘƭȅ ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜΦ 

  



 

96 
 

Submission ID: 137 

Investigating Factors to Improve Education in Rural Public Schools in Nepal Through the Use of 
Computer Technologies 
Sojen Pradhan1, Max Hendriks2, Dinesh Bhuju3, Sanjay Lama1 
м¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ŜŎƘƴƻƭƻƎȅ {ȅŘƴŜȅΣ {ȅŘƴŜȅΣ !ǳǎǘǊŀƭƛŀΦ н¦ƴƛǾŜǊǎƛǘȅ ƻŦ {ȅŘƴŜȅΣ {ȅŘƴŜȅΣ !ǳǎǘǊŀƭƛŀΦ оaƛŘπ²Ŝǎǘ 
¦ƴƛǾŜǊǎƛǘȅΣ YŀǘƘƳŀƴŘǳΣ bŜǇŀƭ 

Abstract 

Computer technologies continue to evolve, and new learning methodologies are emerging in developed 
countries. They are directly impacting the methods by which students in advanced countries learn in their 
educational institutions. However, there is almost no impact on how students are learning in rural areas 
of developing countries such as Nepal as these technologies are not being used. Significant numbers of 
schools in rural areas of Nepal have very limited access, or have no access, to any computers ŦƻǊ ǎǘǳŘŜƴǘΩǎ 
learning within their classrooms.  

Lƴ ŀŘǾŀƴŎŜŘ ŎƻǳƴǘǊƛŜǎ ŜŘǳŎŀǘƻǊǎ ŀǊŜ ŘŜǾŜƭƻǇƛƴƎ ǘƘŜ ǘŜŀŎƘƛƴƎ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ǘƘŀǘ ŜƳōǊŀŎŜ ǘƘŜ ǳǎŜ ƻŦ 
ŎƻƳǇǳǘŜǊ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴǘƻ ǘƘŜƛǊ ŎƭŀǎǎǊƻƻƳǎΦ Lƴ Ƴƻǎǘ ŎŀǎŜǎ ǘƘƛǎ ƛǎ ƴƻǘ ǎŜŜƴ ƛƴ ǘƘŜ ǊǳǊŀƭ ŀǊŜŀǎ ƻŦ bŜǇŀƭΣ 
ǿƘŜǊŜ ŎƻƳǇǳǘŜǊ ǘŜŀŎƘƛƴƎ ƛǎ Ƴŀƛƴƭȅ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ōŀǎƛŎǎ ƻŦ ǿƻǊŘ ǇǊƻŎŜǎǎƛƴƎΦ 

¢Ƙƛǎ ǎǘǳŘȅ ŀƛƳǎ ǘƻ ƛƴǾŜǎǝƎŀǘŜ ǘƘŜ ƛƳǇƻǊǘŀƴǘ ŦŀŎǘƻǊǎ ǘƘŀǘ ŀũŜŎǘ Ƙƻǿ ŎƻƳǇǳǘŜǊ ǘŜŎƘƴƻƭƻƎƛŜǎ ƘŀǾŜ όƻǊ ƘŀǾŜ 
ƴƻǘύ ōŜŜƴ ǳǎŜŘ ƛƴ ǊǳǊŀƭ ŀǊŜŀǎ ƻŦ bŜǇŀƭΦ Lƴ ƻǳǊ Ǿƛǎƛǘǎ ǘƻ ǘƘǊŜŜ ŘƛũŜǊŜƴǘ ǊǳǊŀƭ ŀǊŜŀǎ ƻŦ bŜǇŀƭ ƛƴ ǘƘŜ ƭŀǎǘ ŦƻǳǊ 
ȅŜŀǊǎΣ ǿŜ ƘŀǾŜ ƻōǎŜǊǾŜŘ ǾŀǊƛƻǳǎ ŦŀŎǘƻǊǎ ǘƘŀǘ ŀũŜŎǘ Ƙƻǿ ǘƘƛǎ ƭŀŎƪ ƻŦ ŀŘƻǇǝƻƴ ŀũŜŎǘǎ ǘƘŜ ƭŜŀǊƴƛƴƎ ŀƴŘ 
ǘŜŀŎƘƛƴƎ ƻŦ ŎƘƛƭŘǊŜƴ ƛƴ ǘƘŜǎŜ ǊǳǊŀƭ ŀǊŜŀǎΦ ¢ƘŜ ƛƴǘǊƻŘǳŎǝƻƴ ŀƴŘ ǳǎŜ ƻŦ ŎƻƳǇǳǘŜǊ ǘŜŎƘƴƻƭƻƎȅ ƘŀǾŜ ƴƻǘ ōŜŜƴ 
ŀŘƻǇǘŜŘ ǿŜƭƭ ōȅ ǎŎƘƻƻƭǎ ƛƴ ǘƘŜǎŜ ǊǳǊŀƭ ŀǊŜŀǎΦ 5ŀǘŀ ŎƻƭƭŜŎǘŜŘ ŘǳǊƛƴƎ ƻǳǊ ŬŜƭŘ ǘǊƛǇǎ ǎƘƻǿ ǇƻƻǊ ǊŜǎǳƭǘǎ ǿƛǘƘ 
ŀƭƳƻǎǘ ŀ ƴƻƴπŜȄƛǎǘŜƴǘ ǳǎŜ ƻŦ ŎƻƳǇǳǝƴƎ ǘŜŎƘƴƻƭƻƎȅΦ IƻǿŜǾŜǊΣ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ƻƴŜ ǎŎƘƻƻƭ ƻƴƭȅΣ ǘƘŜǊŜ ǿŀǎ ŀ 
ŦǳƭƭȅπƅŜŘƎŜŘ ŀǧŜƳǇǘ ǘƻ ƛƴǘŜƎǊŀǘŜ ŎƻƳǇǳǘŜǊ ǘŜŎƘƴƻƭƻƎȅ ŀǎ ŀ ǘƻƻƭ ƛƴǘƻ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ƭŜŀǊƴƛƴƎ 
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ƛƳǇŀŎǘΦ ¢Ƙƛǎ ƛƴǘŜǊŀŎǝǾŜ ŀǇǇǊƻŀŎƘ Ŏŀƴ ƭŜŀŘ ǘƻ ŀ ƳƻǊŜ ŜƴƎŀƎƛƴƎ ŀƴŘ ǇŀǊǝŎƛǇŀǘƻǊȅ ŜŘǳŎŀǝƻƴŀƭ ŜȄǇŜǊƛŜƴŎŜΦ 
bŜǾŜǊǘƘŜƭŜǎǎΣ ǘƘŜ ǳǎŜ ƻŦ ƛƴƴƻǾŀǝǾŜ ǇŜŘŀƎƻƎƛŎŀƭ ŀǇǇǊƻŀŎƘŜǎ ŘŜƳŀƴŘǎ ŀŘŘƛǝƻƴŀƭ ǎǳǇǇƻǊǘ ŀƴŘ ŀǊǝŎǳƭŀǝƻƴ 
ǘƻ ōŜ ŦŜƭǘ ŎƻƳŦƻǊǘŀōƭŜ ōȅ ǘƘŜ ǎǘǳŘŜƴǘǎΦ ¢ƘŜ ƻǾŜǊŀƭƭ ǊŜǎǳƭǘǎ ǎǳǇǇƻǊǘ ǘƘŜ ŀǊƎǳƳŜƴǘ ŦƻǊ ƛƴŎƻǊǇƻǊŀǝƴƎ ŎǊŜŀǝǾŜ 
ŀƴŘ ŀǊǝǎǝŎ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ƛƴ IƛƎƘŜǊ 9ŘǳŎŀǝƻƴ ǇŜŘŀƎƻƎƛŎŀƭ ǎǘǊŀǘŜƎƛŜǎΦ ¢ƘŜ !w¢9 ǇǊƻƧŜŎǘ Ƙŀǎ ǘƘŜ ǇƻǘŜƴǝŀƭ 
ǘƻ ōŜ ǊŜǇƭƛŎŀǘŜŘ ƛƴ ƻǘƘŜǊ ŀŎŀŘŜƳƛŎ ǎŜǩƴƎǎ ŀƴŘ ŀǇǇƭƛŜŘ ǘƻ ŘƛũŜǊŜƴǘ ŘƛǎŎƛǇƭƛƴŜǎΦ hǾŜǊŀƭƭΣ ǘƘŜŀǘǊŜπōŀǎŜŘ 
ǇŜŘŀƎƻƎȅ Ƙŀǎ ǘƘŜ ǇƻǘŜƴǝŀƭ ǘƻ ŦƻǎǘŜǊ ǘǊŀƴǎŦƻǊƳŀǝǾŜ ƭŜŀǊƴƛƴƎΣ ŎǊŜŀǝǾƛǘȅ ŀƴŘ ŎƻƭƭŀōƻǊŀǝƻƴ ŀƳƻƴƎ aŀǎǘŜǊϥǎ 
ǎǘǳŘŜƴǘǎΣ ǇǊƻǾƛŘƛƴƎ ƴŜǿ ǿŀȅǎ ǘƻ ά[ƛƴƪ όŎƘŀƭƭŜƴƎƛƴƎύ CǳǘǳǊŜǎέ ŀƴŘ ŎƻƴǘǊƛōǳǝƴƎ ǘƻ {5DпΦŀ 9ũŜŎǝǾŜ ƭŜŀǊƴƛƴƎ 
ŜƴǾƛǊƻƴƳŜƴǘǎ ŀƴŘ {5DмоΦоΦ .ǳƛƭŘ YƴƻǿƭŜŘƎŜ ŀƴŘ /ŀǇŀŎƛǘȅ ǘƻ ƳŜŜǘ /ƭƛƳŀǘŜ /ƘŀƴƎŜΦ 

YŜȅǿƻǊŘǎΥ ¢ƘŜŀǘǊŜΣ tŜŘŀƎƻƎƛŎŀƭ LƴƴƻǾŀǝƻƴΣ {ǳǎǘŀƛƴŀōƛƭƛǘȅΣ /ƭƛƳŀǘŜ !ŎǝƻƴΣ IƛƎƘŜǊ 9ŘǳŎŀǝƻƴ   
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¢ƘŜ ŎǳǊǊŜƴǘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻǳǘƭƻƻƪ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǿŜ ŀǊŜ ǎǝƭƭ ŦŀǊ ŦǊƻƳ ŀŎƘƛŜǾƛƴƎ ǘƘŜ ƻōƧŜŎǝǾŜǎ ǎŜǘ ƻǳǘ ƛƴ 
ǘƘŜ !ƎŜƴŘŀ нлолΣ ǊŜǉǳƛǊƛƴƎ Ǝƭƻōŀƭ ŎƻƭƭŜŎǝǾŜ ŀƴŘ ƛƴŘƛǾƛŘǳŀƭ ŜũƻǊǘǎ ǘƘŀǘ ƛƴŎƭǳŘŜ ŀ ƳƛƴŘǎŜǘ ǎƘƛƊ ŦƻǊ ōŜƘŀǾƛƻǊ 
ŎƘŀƴƎŜǎΦ !ǎ ŀ ƪŜȅ ŜƭŜƳŜƴǘ ƛƴ ǇǊƻƳƻǝƴƎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ Ƴŀƴȅ ŀǳǘƘƻǊǎ ŜƳǇƘŀǎƛȊŜ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ 
ŎƘŀƴƎƛƴƎ ƳƛƴŘǎŜǘǎ ǘƻ ǊŜŀŎƘ ǎƻŎƛŀƭ ǘǊŀƴǎŦƻǊƳŀǝƻƴΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ŀǊƎǳŜǎ ǘƘŀǘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ Ŏŀƴ ōŜ 
ŀŎƘƛŜǾŜŘ ƛŦ ǇŜƻǇƭŜǎΩ ǿƻǊƭŘǾƛŜǿǎ ŀƴŘ ƳƛƴŘǎŜǘǎ ŎƻƴŎŜǊƴƛƴƎ ŘƛũŜǊŜƴǘ ǎǇƘŜǊŜǎ ƻŦ ƭƛŦŜΣ ŜǎǇŜŎƛŀƭƭȅ ǊŜƎŀǊŘƛƴƎ 
ǎŜƭŦπǇŜǊŎŜǇǝƻƴΣ ŎƻƴƴŜŎǝƻƴ ǿƛǘƘ ƻǘƘŜǊǎΣ ŀƴŘ ǿƛǘƘ ƴŀǘǳǊŜΣ ŀƭǘŜǊ ǘƻ ŀ ƳƻǊŜ ŜŎƻƭƻƎƛŎ ǿŀȅ ƻŦ ƭƛǾƛƴƎΦ Lƴ ƻǘƘŜǊ 
ǿƻǊŘǎΣ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŘŜǇŜƴŘǎ ƻƴ ōŜƘŀǾƛƻǊΣ ǿƘƛŎƘ ŘŜǇŜƴŘǎ ƻƴ ǇŜƻǇƭŜǎΩ ǿƻǊƭŘǾƛŜǿǎ ŀƴŘ ƳƛƴŘǎŜǘǎ ŀǎ ŘŜŜǇ 
ƭŜǾŜǊŀƎŜ Ǉƻƛƴǘǎ ŦƻǊ ǘƘŜ ƴŜŎŜǎǎŀǊȅ ōŜƘŀǾƛƻǊŀƭ ŎƘŀƴƎŜΦ Lƴ ǘƘƛǎ ŎƻƴǘŜȄǘΣ ŜŘǳŎŀǝƻƴΣ ǇŀǊǝŎǳƭŀǊƭȅ ŀǘ ƘƛƎƘŜǊ 
ŜŘǳŎŀǝƻƴ ƭŜǾŜƭΣ Ŏŀƴ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ƳƛƴŘǎŜǘ ǎƘƛƊΣ ǘƘǊƻǳƎƘ ǇǊƻŎŜǎǎŜǎ ƛƴ ǿƘƛŎƘ ǘŜŀŎƘŜǊǎ Ǉƭŀȅ ŀ ŘŜŎƛǎƛǾŜ 
ǊƻƭŜ ŀǎ ǘǊŀƴǎŦƻǊƳŀǝƻƴ ŀƎŜƴǘǎΦ IƻǿŜǾŜǊΣ ŘŜǎǇƛǘŜ Ƴŀƴȅ ŀǳǘƘƻǊǎ ƘŀǾŜ ǎǘǳŘƛŜŘ ǘƘŜ ǎǳōƧŜŎǘ ŬŜƭŘ ƻŦ ǘƘŜ ǊƻƭŜ 
ƻŦ ŜŘǳŎŀǝƻƴ ƻƴ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ǊŜƎŀǊŘƛƴƎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŎƻƳǇŜǘŜƴŎƛŜǎ ŘŜǾŜƭƻǇƳŜƴǘ ƻǊ ƳƛƴŘǎŜǘ ŎƘŀƴƎŜǎ ƛƴ 
ǎǘǳŘŜƴǘΩǎ ŜŘǳŎŀǝƻƴΣ ŦŜǿŜǊ ƘŀǾŜ ŘƻƴŜ ǊŜǎŜŀǊŎƘ ǊŜƎŀǊŘƛƴƎ ǘŜŀŎƘŜǊǎΩ ǿƻǊƭŘǾƛŜǿǎΣ ƳƛƴŘǎŜǘǎΣ ŀƴŘ ǊŜƭŀǘŜŘ 
ŎƻƴǎǘǊǳŎǘǎΦ 

¢ƘŜ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿ ǎǳƎƎŜǎǘǎ ŘƛũŜǊŜƴǘ ǿƻǊƭŘǾƛŜǿǎ ƻƴ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ƛƴŎƭǳŘƛƴƎ ŀƳƻƴƎ ǘŜŀŎƘŜǊǎΣ ǿƘƛŎƘ 
Ƴŀȅ ŀũŜŎǘ ŜŘǳŎŀǝƻƴ ŦƻǊ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƴŘ ǎƻŎƛŀƭ ǘǊŀƴǎŦƻǊƳŀǝƻƴΦ ¢Ƙƛǎ ǊŜǾƛŜǿ ŀƛƳǎ ǘƻ ǇǊŜǎŜƴǘ ŀƴ 
ƛƴǘŜƎǊŀǘŜŘ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿ ƻƴ ǘƘŜ ǇƻǘŜƴǝŀƭ ƛƳǇŀŎǘ ƻŦ ǘŜŀŎƘŜǊǎϥ ǿƻǊƭŘǾƛŜǿǎΣ ƳƛƴŘǎŜǘǎΣ ŀƴŘ ǊŜƭŀǘŜŘ 
ŎƻƴǎǘǊǳŎǘǎ ƻƴ ōŜƘŀǾƛƻǊǎ ŀƴŘ ǘŜŀŎƘƛƴƎ ǇǊŀŎǝŎŜǎ ǿƘƛƭŜ ŜȄǇƭƻǊƛƴƎ ǘƘŜƛǊ ǊŜƭŀǝƻƴǎƘƛǇ ǿƛǘƘ ǎƻŎƛŀƭ 
ǘǊŀƴǎŦƻǊƳŀǝƻƴ ŦƻǊ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ 
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Abstract 

LƴǘŜƎǊŀǝƴƎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛƴǘƻ IƛƎƘŜǊ 9ŘǳŎŀǝƻƴ Lƴǎǝǘǳǝƻƴǎ όI9Lǎύ ǊŜǉǳƛǊŜǎ ŀ ƳǳƭǝŦŀŎŜǘŜŘ ŀǇǇǊƻŀŎƘ ŀŎǊƻǎǎ 
ŜŘǳŎŀǝƻƴΣ ƎƻǾŜǊƴŀƴŎŜΣ ǊŜǎŜŀǊŎƘΣ ƻǇŜǊŀǝƻƴǎΣ ŀƴŘ ƻǳǘǊŜŀŎƘΦ 9ŘǳŎŀǝƻƴ Ǉƭŀȅǎ ŀ ǇƛǾƻǘŀƭ ǊƻƭŜ ƛƴ ŀŎƘƛŜǾƛƴƎ 
{ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘ Dƻŀƭ ό{5Dύ п ŦƻǊ ǉǳŀƭƛǘȅ ŜŘǳŎŀǝƻƴΣ ŜƴǎǳǊƛƴƎ ƭŜŀǊƴŜǊǎ Ǝŀƛƴ ǘƘŜ ƪƴƻǿƭŜŘƎŜ ŀƴŘ 
ǎƪƛƭƭǎ ƴŜŜŘŜŘ ŦƻǊ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΦ .ȅ ŀƭƛƎƴƛƴƎ ƭŜŀǊƴƛƴƎ ŀƴŘ ŎǳǊǊƛŎǳƭŀ ǿƛǘƘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƴŘ 
ǊŜƭŜǾŀƴǘ YŜȅ tŜǊŦƻǊƳŀƴŎŜ LƴŘƛŎŀǘƻǊǎ όYtLǎύΣ I9Lǎ Ŏŀƴ ŎǊŜŀǘŜ ŀ ƘƻƭƛǎǝŎ ǎȅǎǘŜƳ ǘƘŀǘ ƳŜŜǘǎ ŜŘǳŎŀǝƻƴŀƭ Ǝƻŀƭǎ 
ŀƴŘ ǎǳǇǇƻǊǘǎ ōǊƻŀŘŜǊ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻōƧŜŎǝǾŜǎΦ Lƴ tƻǊǘǳƎŀƭΣ ǘƘŜ {ǳǎǘŀƛƴŀōƭŜ /ŀƳǇǳǎ bŜǘǿƻǊƪ 
όƘǧǇΥκκǿǿǿΦǊŜŘŜŎŀƳǇǳǎǎǳǎǘŜƴǘŀǾŜƭΦǇǘύ ŀƛƳǎ ǘƻ ŜǎǘŀōƭƛǎƘ ŀƴ hōǎŜǊǾŀǘƻǊȅ ǘƻ ŀǎǎŜǎǎ ŀƴŘ ƳƻƴƛǘƻǊ ǘƘŜ 
ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǇǊŀŎǝŎŜǎ ŀǘ tƻǊǘǳƎǳŜǎŜ I9LǎΦ ²ƘƛƭŜ ŜȄƛǎǝƴƎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀǎǎŜǎǎƳŜƴǘ 
ǘƻƻƭǎ ŀǘ I9Lǎ ŎƻǾŜǊ ǾŀǊƛƻǳǎ YtLǎΣ ǘƘŜǊŜ ƛǎ ǎǝƭƭ ŀ ƭŀŎƪ ƻŦ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘƻǎŜ ǎǇŜŎƛŬŎ ǘƻ ƭŜŀǊƴƛƴƎ ŀƴŘ 
ŎǳǊǊƛŎǳƭŀΣ ǇŀǊǝŎǳƭŀǊƭȅ ƛƴ ŜȄǇƭƻǊƛƴƎ Ƙƻǿ ǘƘŜǎŜ ƛƴŘƛŎŀǘƻǊǎ ŎƻǳƭŘ ōŜ ŀŘŀǇǘŜŘ ŀƴŘ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ tƻǊǘǳƎǳŜǎŜ 
I9LǎΦ ¢ƘŜ ǎǘǳŘȅ ǇǊƻǇƻǎŜǎ ŀ ǎŜǘ ƻŦ YtLǎ ŦƻŎǳǎƛƴƎ ƻƴ ƭŜŀǊƴƛƴƎ ŀƴŘ ŎǳǊǊƛŎǳƭŀ ŦƻǊ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ 
ƛƴƴƻǾŀǝǾŜ hōǎŜǊǾŀǘƻǊȅΩǎ Ƴƛǎǎƛƻƴ ƛƴ tƻǊǘǳƎǳŜǎŜ I9LǎΦ ¢Ƙƛǎ hōǎŜǊǾŀǘƻǊȅ ǊŜǇǊŜǎŜƴǘǎ ŀ ǇƛƻƴŜŜǊƛƴƎ ŜũƻǊǘ ƻŦ 
ƛǘǎ ƪƛƴŘ ƛƴ tƻǊǘǳƎŀƭΣ ƘŜƭǇƛƴƎ ǘƻ ǎƘŀǇŜ ƎƻǾŜǊƴƳŜƴǘŀƭ ǇƻƭƛŎƛŜǎ ŀƴŘ ƛƴǎǝǘǳǝƻƴŀƭ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ǘƘŜ ƭƻƴƎπǘŜǊƳ 
ƎǊƻǿǘƘ ƻŦ tƻǊǘǳƎǳŜǎŜ I9LǎΦ ! ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿ ƛǎ ǳƴŘŜǊǿŀȅ ǘƻ ŜȄǘǊŀŎǘ YtLǎ ŦǊƻƳ ŜȄƛǎǝƴƎ 
ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀǎǎŜǎǎƳŜƴǘ ǘƻƻƭǎΦ ¢ƘŜǎŜ YtLǎ ǿƛƭƭ ōŜ ǎȅǎǘŜƳŀǝŎŀƭƭȅ ŎŀǘŜƎƻǊƛȊŜŘ ōŀǎŜŘ ƻƴ ŀǎǎƻŎƛŀǘŜŘ ƳŜǘǊƛŎǎΦ 
! ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ŀǇǇǊƻŀŎƘ ǿƛƭƭ ŀƭǎƻ ōŜ ǇǊƻǇƻǎŜŘ ŦƻǊ ƻǊƎŀƴƛȊƛƴƎ Řŀǘŀ ƻƴ ƭŜŀǊƴƛƴƎ ŀƴŘ ŎǳǊǊƛŎǳƭŀ ǿƛǘƘƛƴ ǘƘŜ 
tƻǊǘǳƎǳŜǎŜ ŎƻƴǘŜȄǘΦ ¢ƘŜ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿ ƛǎ ŜǎǎŜƴǝŀƭ ǘƻ ǎƘŀǇƛƴƎ ǘƘŜ ǇǊƻǇƻǎŜŘ YtLǎ ŀƴŘ ƛƴŦƻǊƳƛƴƎ ǘƘŜ 
ǊŜǎŜŀǊŎƘ ŦǊŀƳŜǿƻǊƪΦ !ŎŎƻǊŘƛƴƎƭȅΣ ǘƘŜ ŦƻǳƴŘŀǝƻƴ ŦƻǊ ŘŜŬƴƛƴƎ ǘƘŜ YtLǎ ǊŜǎǘǎ ƻƴ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǊŜƭƛŀōƭŜ 
ǎƻǳǊŎŜǎ ŀƴŘ ŎƻƳǇŀǊŀōƭŜ ŘŀǘŀΣ ŜǎǎŜƴǝŀƭ ŦƻǊ ŘŜǾŜƭƻǇƛƴƎ ŀ ƳŜŀƴƛƴƎŦǳƭ ŀƴŘ ŜũŜŎǝǾŜ tƻǊǘǳƎǳŜǎŜ ǎŜǘ ƻŦ YtLǎΣ 
ǊŜǇǊŜǎŜƴǘŀǝǾŜ ƻŦ ǘƘŜ ƴŀǝƻƴŀƭ ƭŀƴŘǎŎŀǇŜΦ /ǊƛǘŜǊƛŀ ǎǳŎƘ ŀǎ ǘƘŜƳŀǝŎ ŀǊŜŀǎ ƻǊ ŘƛƳŜƴǎƛƻƴǎ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ 
ǿƛƭƭ ƎǳƛŘŜ ǘƘŜ ŎƻƴǎƛǎǘŜƴǘ ŎŀǘŜƎƻǊƛȊŀǝƻƴ ƻŦ ƛƴŘƛŎŀǘƻǊǎΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ Ƙŀǎ ǘƘŜ ǇƻǘŜƴǝŀƭ ǘƻ ŎǊŜŀǘŜ ŀ 
ǎǘŀƴŘŀǊŘƛǎŜŘ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ŀǎǎŜǎǎƛƴƎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǇǊŀŎǝŎŜǎ ŀŎǊƻǎǎ tƻǊǘǳƎǳŜǎŜ I9LǎΦ .ȅ ƻǊƎŀƴƛǎƛƴƎ ŀƴŘ 
ŎŀǘŜƎƻǊƛǎƛƴƎ YtLǎΣ ǘƘŜ ǊŜǎŜŀǊŎƘ ŀƛƳǎ ǘƻ ƛŘŜƴǝŦȅ ǎǘǊŜƴƎǘƘǎ ŀƴŘ ƎŀǇǎ ŎǳǊǊŜƴǘ ŎǳǊǊƛŎǳƭŀ ŀƴŘ ƭŜŀǊƴƛƴƎ 
ŀǇǇǊƻŀŎƘŜǎΣ ƻũŜǊƛƴƎ ŀ ŦƻǳƴŘŀǝƻƴ ŦƻǊ ǘŀǊƎŜǘŜŘ ƛƳǇǊƻǾŜƳŜƴǘǎΦ ¢ƘŜǎŜ ƻǳǘŎƻƳŜǎ ǿƛƭƭ ŜƴǊƛŎƘ ǎǘǳŘŜƴǘǎϥ 
ŜŘǳŎŀǝƻƴŀƭ ŜȄǇŜǊƛŜƴŎŜǎ ŀƴŘ ŘŜŜǇŜƴ ǘƘŜƛǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ ƻǇǇƻǊǘǳƴƛǝŜǎ ƛƴ 
ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘŜ ŀǎǎŜǎǎŜŘ I9LǎΦ wŜŎƻƳƳŜƴŘŀǝƻƴǎ ŦƻǊ ǊŜŬƴƛƴƎ ƭŜŀǊƴƛƴƎ ŀƴŘ ŎǳǊǊƛŎǳƭŀΣ ōŀǎŜŘ ƻƴ ǘƘŜ 
ǊŜǎŜŀǊŎƘ ƻǳǘŎƻƳŜǎΣ ǿƛƭƭ ƎǳƛŘŜ I9Lǎ ǘƻǿŀǊŘ ŀ ƳƻǊŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŀƴŘ ŜũŜŎǝǾŜ ŀǇǇǊƻŀŎƘ ǘƻ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ 
ŜŘǳŎŀǝƻƴ ƛƴ tƻǊǘǳƎŀƭΦ ¢ƘŜ ŜȄǇŜŎǘŜŘ ƛƳǇŀŎǘ ŜȄǘŜƴŘǎ ōŜȅƻƴŘ ǘƘŜ ƭƻŎŀƭ ŎƻƴǘŜȄǘΣ ŦƻǎǘŜǊƛƴƎ ŀ Ǝƭƻōŀƭ ŎǳƭǘǳǊŜ 
ƻŦ ŜŘǳŎŀǝƻƴ ŦƻǊ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛƴ I9Lǎ ŀƴŘ ŎƻƴǘǊƛōǳǝƴƎ ǘƻ {5DпΣ ǘŀǊƎŜǘ пΦтΦ 
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Eco-Conscious Education: Exploring Sustainable Alternatives for Paper-Based Practices in Architecture 
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Abstract 

¢ƘŜ ǿƻǊƭŘ ǇǊƻŘǳŎŜǎ ƻǾŜǊ плл Ƴƛƭƭƛƻƴ ǘƻƴǎ ƻŦ ǇŀǇŜǊ ȅŜŀǊƭȅΣ ŎǊŜŀǝƴƎ ŀ ǇŀǇŜǊ ǿŀǎǘŜ ŎǊƛǎƛǎ ǘƘŀǘ ƴŜŜŘǎ ǳǊƎŜƴǘ 
ŀǧŜƴǝƻƴΦ ¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ŀƛƳǎ ǘƻ ǘŀŎƪƭŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀƭƭŜƴƎŜǎ ōȅ ǇǊƻǇƻǎƛƴƎ ǎǳǎǘŀƛƴŀōƭŜ ŀƭǘŜǊƴŀǝǾŜǎ ǘƻ 
ǇŀǇŜǊπōŀǎŜŘ ǇǊŀŎǝŎŜǎ ƛƴ ŀǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ ŘŜǎƛƎƴ ŜŘǳŎŀǝƻƴΦ ¢ƘŜ ǇǊƛƳŀǊȅ Ǝƻŀƭ ƛǎ ǘƻ ǊŜŘǳŎŜ ŘŜŦƻǊŜǎǘŀǝƻƴΣ 
Ƙŀōƛǘŀǘ ŘŜǎǘǊǳŎǝƻƴΣ ŀƴŘ ƻŎŜŀƴ Ǉƻƭƭǳǝƻƴ ǿƘƛƭŜ ǇǊƻƳƻǝƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ ŦǊƛŜƴŘƭȅ ǇǊŀŎǝŎŜǎ ƛƴ ŀŎŀŘŜƳƛŎ 
ǎŜǩƴƎǎΦ 

¢ƘŜ ǎǘǳŘȅ ƛŘŜƴǝŬŜǎ ǾƛŀōƭŜ ŀƭǘŜǊƴŀǝǾŜǎ ǘƻ ǇŀǇŜǊπōŀǎŜŘ ǇǊŀŎǝŎŜǎ ǿƛǘƘƛƴ ŀǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ ŘŜǎƛƎƴ ǎŎƘƻƻƭǎΣ 
ǉǳŀƴǝŬŜǎ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ ƻŦ ǇŀǇŜǊ ǇǊƻŘǳŎǝƻƴΣ ŀƴŘ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ 
ƳƛǎƳŀƴŀƎŜŘ ǇŀǇŜǊ ǿŀǎǘŜΦ ¢ƘŜ ǊŜǎŜŀǊŎƘ ŦƻŎǳǎŜǎ ƻƴ ¢ƛŜǊπLL ŎƛǝŜǎ ƭƛƪŜ Iǳōōŀƭƭƛ ƛƴ LƴŘƛŀ ŀƴŘ ŜȄŀƳƛƴŜǎ ǘƘŜ 
ƛƳǇƭƛŎŀǝƻƴǎ ƻŦ ŀŘƻǇǝƴƎ ŀƭǘŜǊƴŀǝǾŜǎ ǘƻ ǇŀǇŜǊπōŀǎŜŘ ǎǳōƳƛǎǎƛƻƴǎ ƛƴ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ŜŘǳŎŀǝƻƴΦ Lǘ ŀƴŀƭȅǎŜǎ 
ŎƻǳǊǎŜǎ ŦǊƻƳ ǘƘŜ ŦƻǳǊǘƘ ŀƴŘ ǎƛȄǘƘ ǎŜƳŜǎǘŜǊǎ ŀǘ ǘƘŜ {ŎƘƻƻƭ ƻŦ !ǊŎƘƛǘŜŎǘǳǊŜΣ Y[9 ¢ŜŎƘƴƻƭƻƎƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅΦ 

¢ƘŜ ǊŜǎŜŀǊŎƘ ŀǇǇƭƛŜǎ ǉǳŀƴǝǘŀǝǾŜ ŀƴŘ ǉǳŀƭƛǘŀǝǾŜ ƳŜǘƘƻŘǎΣ ŎƻƳōƛƴƛƴƎ ŦŀŎǳƭǘȅ ƻǇƛƴƛƻƴǎ ŀƴŘ ǎǘǳŘŜƴǘ 
ŦŜŜŘōŀŎƪΦ CŀŎǳƭǘȅ ƛƴǎƛƎƘǘǎ ŀƴŘ ǎǘǳŘŜƴǘ ǇŜǊǎǇŜŎǝǾŜǎ ǇǊƻǾƛŘŜ ǉǳŀƭƛǘŀǝǾŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎΣ ǿƘƛƭŜ ǉǳŀƴǝǘŀǝǾŜ 
ƳŜǘƘƻŘǎ ƳŜŀǎǳǊŜ ǇŀǇŜǊ ǳǎŀƎŜϥǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ŜŎƻƴƻƳƛŎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛƴ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ǎǳōƳƛǎǎƛƻƴǎΦ 
¢ƘŜ ǎǘǳŘȅϥǎ ŎƻƴǘŜȄǘ ƛƴ IǳōōŀƭƭƛΣ LƴŘƛŀΣ ƛǎ ŀ ƳƛŎǊƻŎƻǎƳ ŦƻǊ Ǝƭƻōŀƭ ŀǇǇƭƛŎŀōƛƭƛǘȅ ǘƻ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ŜŘǳŎŀǝƻƴΦ 

¢ƘŜ ǘŀǊƎŜǘ ŀǳŘƛŜƴŎŜ ƛƴŎƭǳŘŜǎ ŜŘǳŎŀǘƻǊǎΣ ǎǘǳŘŜƴǘǎΣ ŀƴŘ ǇƻƭƛŎȅƳŀƪŜǊǎ ǿƛǘƘƛƴ ŀǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ ŘŜǎƛƎƴ 
ǎŎƘƻƻƭǎΣ ŜƳǇƘŀǎƛǎƛƴƎ ǘƘŜ ǎǘǳŘȅϥǎ ǊŜƭŜǾŀƴŎŜ ƛƴ ŘƛǾŜǊǎŜ ŀŎŀŘŜƳƛŎ ŀƴŘ ƎŜƻƎǊŀǇƘƛŎŀƭ ŎƻƴǘŜȄǘǎΦ ¢ƘŜ ǊŜǎŜŀǊŎƘ 
ƛǎ ǎƛƎƴƛŬŎŀƴǘ ōŜŎŀǳǎŜ ƛǘ ŀŘǾƻŎŀǘŜǎ ŦƻǊ ǘǊŀƴǎƛǝƻƴƛƴƎ ŦǊƻƳ ǇǊƛƴǘǎ ǘƻ ǇŀǊǝŎƛǇŀǘƻǊȅ ƳŜǘƘƻŘǎΣ ƻũŜǊƛƴƎ ŀ ǘƘǊŜŜπ
ŦƻƭŘ ŀǇǇǊƻŀŎƘ όŜƭƛƳƛƴŀǝƻƴΣ ŀƭǘŜǊŀǝƻƴΣ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘύ ǘƻ ǎǳǎǘŀƛƴŀōƭŜ ǇǊŀŎǝŎŜǎ ƛƴ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ŘŜǎƛƎƴ 
ǎǘǳŘƛƻǎΦ 

¢ƘŜ ǊŜǎŜŀǊŎƘ ŀƭƛƎƴǎ ǿƛǘƘ {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘ Dƻŀƭ ό{5Dύ пΥ vǳŀƭƛǘȅ 9ŘǳŎŀǝƻƴΣ ǇǊƻƳƻǝƴƎ ƛƴŎƭǳǎƛǾŜΣ 
ŜǉǳƛǘŀōƭŜΣ ŀƴŘ ǉǳŀƭƛǘȅ ŜŘǳŎŀǝƻƴ ǘƘǊƻǳƎƘ ŘƛƎƛǘŀƭ ǇǊŀŎǝŎŜǎΦ Lǘ ŀƭǎƻ ǎǳǇǇƻǊǘǎ {5D мн όwŜǎǇƻƴǎƛōƭŜ 
/ƻƴǎǳƳǇǝƻƴ ŀƴŘ tǊƻŘǳŎǝƻƴύ ŀƴŘ {5D мо ό/ƭƛƳŀǘŜ !Ŏǝƻƴύ ōȅ ǊŜŘǳŎƛƴƎ ǘƘŜ ŎŀǊōƻƴ ŦƻƻǘǇǊƛƴǘ ŀƴŘ 
ŀŘŘǊŜǎǎƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŘŜƎǊŀŘŀǝƻƴ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǇŀǇŜǊ ǇǊƻŘǳŎǝƻƴΦ  

Lƴ ŎƻƴŎƭǳǎƛƻƴΣ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ŀŘǾƻŎŀǘŜǎ ŦƻǊ ŀ ǎƘƛƊ ƛƴ ŀǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ ŘŜǎƛƎƴ ŜŘǳŎŀǝƻƴ ǘƻǿŀǊŘǎ ǎǳǎǘŀƛƴŀōƭŜ 
ŀƭǘŜǊƴŀǝǾŜǎΦ .ȅ ŀƭƛƎƴƛƴƎ ǿƛǘƘ ǎǇŜŎƛŬŎ {5DǎΣ ǘƘŜ ǎǘǳŘȅ ƻũŜǊǎ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ǇǊƻƳƻǝƴƎ 
ŜŎƻƭƻƎƛŎŀƭ ǊŜǎǇƻƴǎƛōƛƭƛǘȅΣ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŀŘǾŀƴŎŜƳŜƴǘΣ ŀƴŘ ǇŜŘŀƎƻƎƛŎŀƭ ƛƴƴƻǾŀǝƻƴ ƛƴ ǇǳǊǎǳƛƴƎ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ ŎƻƴǎŎƛƻǳǎ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ŀƴŘ ŘŜǎƛƎƴ ǇǊŀŎǝŎŜǎΦ  
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Abstract 

YƴƻǿƭŜŘƎŜ ŜȄŎƘŀƴƎŜ ƛƴ ƘƛƎƘŜǊ ŜŘǳŎŀǝƻƴ ƛƴ ŀƴ ŜƳŜǊƎƛƴƎ ŀǊŜŀ ŘŜƭƛǾŜǊŜŘ ǘƘǊƻǳƎƘ ōǳǎƛƴŜǎǎπǳƴƛǾŜǊǎƛǘȅ 
ŎƻƭƭŀōƻǊŀǝƻƴΣ ŎƻƳōƛƴƛƴƎ ŀŎŀŘŜƳƛŎ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ōǳǎƛƴŜǎǎŜǎ ƴŜŜŘǎΦ YƴƻǿƭŜŘƎŜ ŜȄŎƘŀƴƎŜ Ŏŀƴ ŀŎǘ ŀǎ ŀ 
ǾŜƘƛŎƭŜ ŦƻǊ ŜƳōŜŘŘƛƴƎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛƴ ǘƘŜ ŎǳǊǊƛŎǳƭǳƳ ŀƴŘ ƘŜƭǇ ŀŘŘǊŜǎǎ ǘƘŜ ƳŀƧƻǊ ŎƘŀƭƭŜƴƎŜǎ ǿŜ ŦŀŎŜ ŀǎ 
ŀ ǎƻŎƛŜǘȅΦ {ǘǳŘŜƴǘ ƪƴƻǿƭŜŘƎŜ ŜȄŎƘŀƴƎŜ ƛǎ ǘǿƻπǿŀȅ ƭŜŀǊƴƛƴƎΣ ƛΦŜΦΣ ŦƻǊ ōƻǘƘ ǎǘǳŘŜƴǘǎ ŀƴŘ ōǳǎƛƴŜǎǎŜǎ 
ƛƴǾƻƭǾŜŘ ƛƴ ŀ ǇǊƻƧŜŎǘΦ ¢ƘŜǊŜ ƛǎ ŀ ƴŜŜŘ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǎǘǳŘŜƴǘ ƪƴƻǿƭŜŘƎŜ ŜȄŎƘŀƴƎŜ ƻƴ ǎǘǳŘŜƴǘǎ ǘƻ 
ƛƴŦƻǊƳ ŎǳǊǊƛŎǳƭǳƳ ŘŜǎƛƎƴ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ŦƻǊ ōŜǧŜǊ ǎǘǳŘŜƴǘ ŜȄǇŜǊƛŜƴŎŜ ŀƴŘ ŜƳǇƭƻȅŀōƛƭƛǘȅ ƛƴ ƭƛƴŜ ǿƛǘƘ 
ōǳǎƛƴŜǎǎ ƴŜŜŘǎΦ ¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ŀƛƳǎ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǎǘǳŘŜƴǘ ƪƴƻǿƭŜŘƎŜ ŜȄŎƘŀƴƎŜ ŦƻǊ 
ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŘŜƭƛǾŜǊŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ōǳǎƛƴŜǎǎπǳƴƛǾŜǊǎƛǘȅ ŎƻƭƭŀōƻǊŀǝƻƴ ƻƴ ǎǘǳŘŜƴǘǎ ŦǊƻƳ ōǳǎƛƴŜǎǎ ŀƴŘ ōǳƛƭǘ 
ŜƴǾƛǊƻƴƳŜƴǘ ŘƛǎŎƛǇƭƛƴŜǎΦ ¢ƘŜ ǎǘǳŘȅ ǳǎŜǎ ǘǿƻ ǎŎƘƻƻƭǎ ŀǘ bƻǩƴƎƘŀƳ ¢ǊŜƴǘ ¦ƴƛǾŜǊǎƛǘȅ ǘƘŀǘ ŜƳōŜŘŘŜŘ 
ǇǊƻƧŜŎǘπōŀǎŜŘ ƭŜŀǊƴƛƴƎ ƛƴ ŦƻǳǊ ŎƻǳǊǎŜǎ ǘƻ ǎǳǇǇƻǊǘ ǎǘǳŘŜƴǘ ƪƴƻǿƭŜŘƎŜ ŜȄŎƘŀƴƎŜ ŦƻǊ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ 5ŀǘŀ 
ǿŀǎ ŎƻƭƭŜŎǘŜŘ ǳǎƛƴƎ ǎǳǊǾŜȅǎ ōŜŦƻǊŜ ŀƴŘ ŀƊŜǊ ǘƘŜ ǇǊƻƧŜŎǘ ǘƻƻƪ ǇƭŀŎŜΦ {ǳǊǾŜȅǎ ǿŜǊŜ ōŀǎŜŘ ƻƴ ŦǊŀƳŜǿƻǊƪǎ 
ƻƴ ǘƘŜ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŎƻƳǇŜǘŜƴŎƛŜǎ ƻŦ ǎǘǳŘŜƴǘǎΣ ǎǘǳŘŜƴǘǎΩ ǎƪƛƭƭ ŘŜǾŜƭƻǇƳŜƴǘΣ ǎǘǳŘŜƴǘǎΩ ǇŜǊŎŜǇǝƻƴǎ ƻŦ 
ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ǎǘǳŘŜƴǘǎΩ ŀǩǘǳŘŜǎ ŀƴŘ ōŜƘŀǾƛƻǳǊǎΣ ŀƴŘ ǎǘǳŘŜƴǘǎΩ ŎŀǊŜŜǊ ǊŜŀŘƛƴŜǎǎΦ 5ŀǘŀ ǿŀǎ ŀƴŀƭȅǎŜŘ 
ǳǎƛƴƎ ǎǘŀǝǎǝŎŀƭ ŀƴŀƭȅǎƛǎΦ Lǘ ƛǎ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ŀ ǇƻǎƛǝǾŜ ŀƴŘ ǎƛƎƴƛŬŎŀƴǘ ƛƳǇŀŎǘ ƻƴ ǎǘǳŘŜƴǘǎ ŦǊƻƳ ǘƘŜ 
ƪƴƻǿƭŜŘƎŜ ŜȄŎƘŀƴƎŜ ŦƻǊ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛƴ ǘƘŜ ŘƛũŜǊŜƴǘ ŘƛǎŎƛǇƭƛƴŜǎΦ ¢ƘŜ ōŜƴŜŬǘǎ ŀƴŘ ŘƛǎŀŘǾŀƴǘŀƎŜǎ ƻŦ 
ŘƛǎǝƴŎǝǾŜ ŀǇǇǊƻŀŎƘŜǎ ŀŘƻǇǘŜŘΣ ƛƴŎƭǳŘƛƴƎ ŀŎǝǾƛǝŜǎ ƛƴǘŜƎǊŀǘŜŘ ƛƴǘƻ ǘƘŜ ŎǳǊǊƛŎǳƭǳƳ ǾŜǊǎǳǎ ŜȄǘǊŀŎǳǊǊƛŎǳƭŀǊ 
ŀŎǝǾƛǝŜǎΣ ōŜǎǇƻƪŜƴ ǾŜǊǎǳǎ ŀŘπƘƻŎ ǇǊƻƧŜŎǘǎ ŦƻǊ ŘƛũŜǊŜƴǘ ƻǊƎŀƴƛǎŀǝƻƴǎ ŀƴŘ ǘƘŜ ŘǳǊŀǝƻƴ ƻŦ ǎǘǳŘŜƴǘǎΩ 
ŜȄǇƻǎǳǊŜ ǘƻ ǎǳǎǘŀƛƴŀōƛƭƛǘȅπǊŜƭŀǘŜŘ ǘƻǇƛŎǎ ŀǊŜ ŘƛǎŎǳǎǎŜŘΦ ¢Ƙƛǎ ǎǘǳŘȅ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ǘƘŜ ŬŜƭŘ ƻŦ ƘƛƎƘŜǊ 
ŜŘǳŎŀǝƻƴ ǘŜŀŎƘƛƴƎ ŀƴŘ ƭŜŀǊƴƛƴƎ ŀƴŘ ƛǘǎ ƛƳǇŀŎǘ ƻƴ ǎǳǎǘŀƛƴŀōƭŜ ǎƻŎƛŜǘȅΦ tǊƻƧŜŎǘπōŀǎŜŘ ƭŜŀǊƴƛƴƎ ƛƴ ƘƛƎƘŜǊ 
ŜŘǳŎŀǝƻƴ ǘŜŀŎƘƛƴƎ ŀƴŘ ƭŜŀǊƴƛƴƎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ Ŏŀƴ ŜƴƘŀƴŎŜ ǎǘǳŘŜƴǘ ƪƴƻǿƭŜŘƎŜ ŜȄŎƘŀƴƎŜΦ 
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Abstract 

DŜƻŜŘǳŎŀǝƻƴ ƛƴ ƎŜƻǇŀǊƪǎ ǎŜǊǾŜǎ ŀǎ ŀ ŎƻǊƴŜǊǎǘƻƴŜ ŦƻǊ ǇǊƻƳƻǝƴƎ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ǘƘǊƻǳƎƘ 
ƎŜƻƭƻƎƛŎŀƭ ŀƴŘ ƎŜƻƳƻǊǇƘƻƭƻƎƛŎŀƭ ǊŜƭƛŎ ǇǊƻǘŜŎǝƻƴΣ ƎŜƻπƪƴƻǿƭŜŘƎŜ ŘƛǎǎŜƳƛƴŀǝƻƴ ŀƴŘ ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘΦ 
¢Ƙƛǎ ǎǘǳŘȅ ŜȄŀƳƛƴŜŘ ǘƘŜ ŜŘǳŎŀǝƻƴŀƭ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻŦ ƎŜƻǇŀǊƪǎΣ ŦƻŎǳǎƛƴƎ ǇǊƛƳŀǊƛƭȅ ƻƴ ǘƘŜ ¢ƻƪŀŎƘƛπ{Ƙƛƪŀƻƛ 
DŜƻǇŀǊƪ ƛƴ ƴƻǊǘƘŜǊƴ WŀǇŀƴΦ tǊƛƻǊ ǘƻ нлмуΣ ƎŜƻŜŘǳŎŀǝƻƴ ƛƴƛǝŀǝǾŜǎ ŀǘ ǎŎƘƻƻƭǎ ƛƴ {Ƙƛƪŀƻƛ ŘŜƳƻƴǎǘǊŀǘŜŘ 
ŜũŜŎǝǾŜƴŜǎǎΦ IƻǿŜǾŜǊΣ ŘƛǎŎƻƴǝƴǳŀǝƻƴ ǘƘŜǊŜ ŀƊŜǊ ƴŜŎŜǎǎƛǘŀǘŜŘ ŜũƻǊǘǎ ǘƻ ǊŜǾƛǾŜ ŀƴŘ ŜƴƘŀƴŎŜ 
ŜŘǳŎŀǝƻƴŀƭ ƻǳǘŎƻƳŜǎΦ ¢ƘŜǊŜŦƻǊŜΣ ŀ ǇŀǊǘƴŜǊǎƘƛǇ ŦǊŀƳŜǿƻǊƪ ǿŀǎ ǇǊƻǇƻǎŜŘ ōȅ ŜƴƎŀƎƛƴƎ ǎǘŀƪŜƘƻƭŘŜǊǎ 
ƛƴŎƭǳŘƛƴƎ ǘƘŜ ¢ƻƪŀŎƘƛπ{Ƙƛƪŀƻƛ DŜƻǇŀǊƪΣ ǳƴƛǾŜǊǎƛǝŜǎΣ ŀƴŘ ƭƻŎŀƭ ŜƭŜƳŜƴǘŀǊȅκƧǳƴƛƻǊ ƘƛƎƘκƘƛƎƘ ǎŎƘƻƻƭǎΦ 
[ŜǾŜǊŀƎƛƴƎ ǳƴƛǾŜǊǎƛǘȅ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ƛƴǘŜƎǊŀǝƴƎ ƎŜƻǇŀǊƪπǊŜƭŀǘŜŘ ŎƻƴǘŜƴǘ ƛƴǘƻ ŜπǘŜȄǘōƻƻƪǎ Ŏŀƴ ŜƴǎǳǊŜ 
ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻŦ ŜŘǳŎŀǝƻƴŀƭ ƛƴƛǝŀǝǾŜǎΦ  

aƻǊŜƻǾŜǊΣ ǘƘƛǎ ǎǘǳŘȅ ŀǎǎŜǎǎŜŘ ǘƘŜ ŜŘǳŎŀǝƻƴŀƭ ƳƻŘŜƭ ƛƳǇƭŜƳŜƴǘŜŘ ŀǘ ǘƘŜ /ǳƛƘǳŀǎƘŀƴ bŀǝƻƴŀƭ DŜƻǇŀǊƪ 
ƛƴ /ƘƛƴŀΣ ŜƳǇƭƻȅƛƴƎ ǉǳŜǎǝƻƴƴŀƛǊŜ ŀƴŘ ƛƴǘŜǊǾƛŜǿ ǎǳǊǾŜȅǎ ǿƛǘƘ ǎǘǳŘŜƴǘǎ ŀƴŘ ǊŜƭŜǾŀƴǘ ƛƴŦƻǊƳŀƴǘǎ ǘƻ ƛŘŜƴǝŦȅ 
ŀǊŜŀǎ ŦƻǊ ƛƳǇǊƻǾŜƳŜƴǘ ƛƴ ǘƘŜ ŜŘǳŎŀǝƻƴŀƭ ŀǇǇǊƻŀŎƘΦ [ŜǾŜǊŀƎƛƴƎ ƛƴǎƛƎƘǘǎ ƎŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ŎŀǎŜ ƻŦ ¢ƻƪŀŎƘƛπ
{Ƙƛƪŀƻƛ DŜƻǇŀǊƪΣ ǊŜŎƻƳƳŜƴŘŀǝƻƴǎ ŀǊŜ ǇǊƻǇƻǎŜŘ ŦƻǊ ǘƘŜ /ǳƛƘǳŀǎƘŀƴ bŀǝƻƴŀƭ DŜƻǇŀǊƪΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ 
ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ƛƴǘŜǊŀŎǝǾŜ ƭŜŀǊƴƛƴƎ ŀŎǝǾƛǝŜǎΣ ŎŀǇŀŎƛǘȅ ōǳƛƭŘƛƴƎ ŦƻǊ ŜŘǳŎŀǘƻǊǎΣ ŀƴŘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 
ǘŀƛƭƻǊŜŘ ŜŘǳŎŀǝƻƴŀƭ ǊŜǎƻǳǊŎŜǎ ǘƻ ƻǇǝƳƛȊŜ ƛǘǎ ŜŘǳŎŀǝƻƴŀƭ ƛƳǇŀŎǘΦ  

¢ƘŜ ŬƴŘƛƴƎǎ ƘƛƎƘƭƛƎƘǘ ǘƘŜ ŜũŜŎǝǾŜƴŜǎǎ ƻŦ ƎŜƻŜŘǳŎŀǝƻƴ ƛƴƛǝŀǝǾŜǎ ŀǘ ǘƘŜ ¢ƻƪŀŎƘƛπ{Ƙƛƪŀƻƛ DŜƻǇŀǊƪ ōŜŦƻǊŜ 
нлмуΣ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ ƴŜŜŘ ŦƻǊ ǊŜǾƛǘŀƭƛȊŀǝƻƴ ŀƴŘ ŜƴƘŀƴŎŜƳŜƴǘ ŀƭƻƴƎǎƛŘŜ ŀ ǇǊƻǇƻǎŜŘ ƴŜǿ ǇŀǊǘƴŜǊǎƘƛǇ 
ŦǊŀƳŜǿƻǊƪΦ {ƛƳƛƭŀǊƭȅΣ ǘƘŜ ŜŘǳŎŀǝƻƴŀƭ ƳƻŘŜƭ ŀǘ /ǳƛƘǳŀǎƘŀƴ bŀǝƻƴŀƭ DŜƻǇŀǊƪ ŘŜƳƻƴǎǘǊŀǘŜǎ ŜŶŎŀŎȅΣ ȅŜǘ 
ƛǘ ǊŜǉǳƛǊŜǎ ŜƴƘŀƴŎŜƳŜƴǘǎ ǘƻ Ŧǳƭƭȅ ǊŜŀƭƛȊŜ ƛǘΩǎ ǇƻǘŜƴǝŀƭΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘƛǎ ǎǘǳŘȅ ǳƴŘŜǊǎŎƻǊŜǎ ǘƘŜ 
ƛƳǇƻǊǘŀƴŎŜ ƻŦ ƎŜƻŜŘǳŎŀǝƻƴ ƛƴ ŘǊƛǾƛƴƎ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǇǊƻǇƻǎŜǎ ŀ ǇŀǊǘƴŜǊǎƘƛǇ ŦǊŀƳŜǿƻǊƪ 
ǘƻ ŜƭŜǾŀǘŜ ŜŘǳŎŀǝƻƴŀƭ ƻǳǘŎƻƳŜǎ ǿƛǘƘ ƎŜƻǇŀǊƪǎΦ  

5ǊŀǿƛƴƎ ǳǇƻƴ ǘƘŜ ŜȄǇŜǊƛŜƴŎŜǎ ŀƴŘ ƛƴǎƛƎƘǘǎ ƻŦ ǘƘŜ ¢ƻƪŀŎƘƛπ{Ƙƛƪŀƻƛ DŜƻǇŀǊƪΣ ǘƘƛǎ ǎǘǳŘȅ ǇǊŜǎŜƴǘǎ ǾŀƭǳŀōƭŜ 
ǊŜŎƻƳƳŜƴŘŀǝƻƴǎ ŦƻǊ ŜƴƘŀƴŎƛƴƎ ƎŜƻŜŘǳŎŀǝƻƴ ǇǊŀŎǝŎŜǎ ŀǘ ǘƘŜ /ǳƛƘǳŀǎƘŀƴ bŀǝƻƴŀƭ DŜƻǇŀǊƪΦ 
CǳǊǘƘŜǊƳƻǊŜΣ ƛǘ ǳƴŘŜǊǎŎƻǊŜǎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǘƘŜ Ŏƻƴǝƴǳƻǳǎ ŀǎǎŜǎǎƳŜƴǘ ŀƴŘ ƛƳǇǊƻǾŜƳŜƴǘ ƻŦ 
ƎŜƻŜŘǳŎŀǝƻƴ ƛƴƛǝŀǝǾŜǎ ǿƛǘƘƛƴ ƎŜƻǇŀǊƪǎΦ ¢ƘǊƻǳƎƘ ŎƻƭƭŀōƻǊŀǝǾŜ ŜũƻǊǘǎ ŀƴŘ ƛƴƴƻǾŀǝǾŜ ŀǇǇǊƻŀŎƘŜǎΣ 
ƎŜƻǇŀǊƪǎ Ŏŀƴ ǊŜŀƭƛȊŜ ǘƘŜƛǊ ǇƻǘŜƴǝŀƭ ŀǎ ŜŘǳŎŀǝƻƴŀƭ ƘǳōǎΣ ŦƻǎǘŜǊƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇǊƻǘŜŎǝƻƴ ŀƴŘ 
ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ǿƻǊƭŘǿƛŘŜΦ 

YŜȅǿƻǊŘǎΥ DŜƻǇŀǊƪΣ DŜƻŜŘǳŎŀǝƻƴΣ {ǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΣ tŀǊǘƴŜǊǎƘƛǇΣ WŀǇŀƴΣ /Ƙƛƴŀ 
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21st Century Understanding of Sustainability: How Teaching System Thinking Can Ease the Transition 
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Abstract 

¢Ƙƛǎ ƴƻǘŜ ƛǎ ǘƻ ŎƻƴǎƛŘŜǊ ǎƻƳŜ ƻŦ ǘƘŜ ƪŜȅ ŎƘŀƭƭŜƴƎŜǎ ƻŦ ǘǊŀƴǎƛǝƻƴ ǘƻǿŀǊŘǎ ǎǘǊƻƴƎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ōŀǎŜŘ ƻƴ 
ǘƘŜ ŜŎƻƴƻƳƛŎ ǇŀǊŀŘƛƎƳ ǎƘƛƊ ŀǎ ŀ ŘǊƛǾƛƴƎ ŦƻǊŎŜΦ 5ŜǎǇƛǘŜ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ǇǊŀŎǝŎŜ 
ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƎƭƻōŀƭƭȅΣ ǘƘŜ ŜŎƻƴƻƳȅ ōŀǎŜŘ ƻƴ ŀƴ ƻōǎƻƭŜǘŜ ŦǊŀƎƳŜƴǘŜŘ ŀƴŘ ƳŜŎƘŀƴƛǎǝŎ ǿƻǊƭŘǾƛŜǿǎ ŀƴŘ 
ƳƛƴŘǎŜǘǎ ƭŀƎ ǎƛƎƴƛŬŎŀƴǘƭȅ ōŜƘƛƴŘ ŀƴŘ ǊŜƳŀƛƴǎ ƳŀƛƴǎǘǊŜŀƳΣ ǎǝƭƭ ŦƻƭƭƻǿƛƴƎ ǘƘŜ άōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭέΣ άŘƻƻƳ 
ŀƴŘ ƎƭƻƻƳέΣ ŀƴŘ άƭŜǎǎ ōŀŘέ ǘǊŀŎƪΦ¢ƘŜ ŘŜƳƻƴǎǘǊŀǝƻƴ ǿƻǊƪǎƘƻǇ ŀǘ ǘƘŜ ŎƻƴŦŜǊŜƴŎŜ ƻũŜǊǎ ǇŀǊǝŎƛǇŀƴǘǎ ǘƻ 
ǘǊŀƛƭ ǎȅǎǘŜƳ ƎŀƳŜǎ ŀƴŘ ŘƛǎŎǳǎǎ ǘƘŜ ōŜǎǘ ǇǊŀŎǝŎŜǎ ƻŦ ŜŘǳŎŀǝƻƴ ŀƴŘ ǘǊŀƛƴƛƴƎ ǘƻ ŘŜǾŜƭƻǇ ǎȅǎǘŜƳ ǘƘƛƴƪƛƴƎ 
ŀƴŘ ŘŜǎƛƎƴ ǎƪƛƭƭǎΦ  

Lƴ ǘƘŜ ǇǊŜǎŜƴǘŀǝƻƴ ŀǳǘƘƻǊ ǎǘǊŜǎǎŜǎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǇǊƻƳƻǝƴƎ ǘƘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ǎȅǎǘŜƳ 
ǘƘƛƴƪƛƴƎΣ ǘƘŜ ŎƛǊŎǳƭŀǊ ŜŎƻƴƻƳȅΣ ΨǎǘǊƻƴƎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ǘƘǊƻǳƎƘ ŀŘǾŀƴŎŜŘ ƛƴǘŜǊŀŎǝǾŜ ǎǘǳŘŜƴǘπŎŀƴǘŜǊŜŘ 
ŀǇǇǊƻŀŎƘ ǘƻ ŜŘǳŎŀǝƻƴΦ ¢Ƙƛǎ ǿƻǊƪ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŀǳǘƘƻǊΩǎ ŜȄǇŜǊƛŜƴŎŜ ŀƴŘ ƛƴǾƻƭǾŜƳŜƴǘ ƛƴǘƻ ƘǳƴŘǊŜŘǎ ƻŦ 
ŜŘǳŎŀǝƻƴŀƭ ǇǊƻƧŜŎǘǎ ƛƴ ǾŀǊƛƻǳǎ ŎƻǳƴǘǊƛŜǎΦ 

²ƛŘŜƭȅ ǎǇǊŜŀŘ ŀƴŘ ŀŎŎŜǇǘŜŘ ŎƻƴŎŜǇǘ ƻŦ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ Ǝƻŀƭǎ ƘŜƭǇǎ ǳǎ ǘƻ ŦƻŎǳǎ ƻƴ ŜǎǎŜƴǝŀƭ 
ŀǎǇŜŎǘǎ ŀƴŘ ŜƭŜƳŜƴǘǎ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ DƻǾŜǊƴƳŜƴǘǎΣ ƭƻŎŀƭ ŀǳǘƘƻǊƛǝŜǎΣ ŀƴŘ ŎƻǊǇƻǊŀǘŜ ǎŜŎǘƻǊ ƘŀǾŜ ŀ 
ŎƘŀƴŎŜ ǘƻ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ǇǊƛƻǊƛǝǎŜ ǘƘŜƛǊ {5 ǇǊƻƎǊŀƳǎ ŀƴŘ ŀŎǝǾƛǝŜǎΦ ¢ƘŜ ǾŜǊȅ ƛŘŜŀ ŀƴŘ ǘƘŜ ǘƘŜƳŜ ƻŦ ǘƘƛǎ 
ŎƻƴŦŜǊŜƴŎŜ ŎƻǊǊŜƭŀǘŜǎ ǿƛǘƘ ǘƘŜ ŎƻǊŜ ǇǊƛƴŎƛǇƭŜǎ ƻŦ ǘƘŜ ŎƻƴǘŜƳǇƻǊŀǊȅ ǘƘƛƴƪƛƴƎ ŀƴŘ ǘƘŜ ƳƛƴŘǎŜǘǎ ǿƘƛŎƘ ŀǊŜ 
ǊŜǉǳƛǊŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ŀƴŘ ŜƴǎǳǊŜ ǘǊŀƴǎƛǝƻƴ ǘƻǿŀǊŘǎ ǎǘǊƻƴƎŜǊ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ ¢ǿƻ ǎŜŜƳƛƴƎƭȅ ŘŜǇŀǊǘŜŘ 
ŀƴŘ ǊŜƳƻǘŜŘ ƴŀǘǳǊŀƭ ŀǊŜŀǎ ƘŀǾŜ ǎǘǊƻƴƎ ŎƻƴƴŜŎǝƻƴǎ ǳƴǎŜŜƴΣ ƛŦ ǘƘŜ ǎȅǎǘŜƳƛŎ ŀƴŘ ǿƛŘŜǊ ǾƛŜǿ ƛǎ ƳƛǎǎƛƴƎΦ ¢ƘŜ 
ŎƻƴŎŜǇǘ ƻŦ {5DΣ ŀƭǘƘƻǳƎƘ ǾŀƭǳŀōƭŜΣ ƭŀŎƪǎ ŀ Ǿƛǎƛƻƴ ƻŦ ǘƘŜ ǊŜŀƭπǿƻǊƭŘ ƴŀǘǳǊŀƭ ŎƻƳǇƭŜȄ ƴŜǎǝƴƎ ǎȅǎǘŜƳǎΣ ǿƘŜǊŜ 
ǘƘŜ ƭŀǊƎŜǊ ǎȅǎǘŜƳǎ ǎŜǘǎ ǘƘŜ ōƻǳƴŘŀǊƛŜǎ ŀƴŘ ŘŜŬƴŜǎ ǘƘŜ ǊǳƭŜǎΣ ƻŦ ǎǳōǎȅǎǘŜƳǎ ŀƴŘ ǘƘŜƛǊ ŜƭŜƳŜƴǘǎΦ ¢ƘŜǎŜ 
ǎȅǎǘŜƳǎ ŀǊŜ Ŧǳƭƭ ƻŦ ŦŜŜŘōŀŎƪǎΣ ǊŜǎƛƭƛŜƴŎŜΣ ŀƴŘ ǎŜƭŦπǊŜƎǳƭŀǝƻƴΦ 

¢ƘǳǎΣ ƳƛƳƛŎƪƛƴƎ ƴŀǘǳǊŜ ƎƛǾŜǎ ǳǎ ǇǊƻƳǇǘǎ ŀƴŘ ǘŜŀŎƘŜǎ ǘƻǿŀǊŘǎ ǎǘǊƻƴƎŜǊ ŀƴŘ ǊŜŀƭ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƴŘ ƭƻƴƎπ
ǘŜǊƳ ǊŜǎƛƭƛŜƴŎŜ ƻŦ ŜŎƻƴƻƳƛŎ ŀƴŘ ǎƻŎƛŀƭ ǎȅǎǘŜƳǎΦ Lƴ ǘƘƛǎ ŎƻƴŎŜǇǘΣ ǘƘŜǊŜ ƛǎ ƴƻ Ǉƻƛƴǘ ƛƴ ƘŀǾƛƴƎ ŀ ƴƻƴπŜũŜŎǝǾŜ 
ǎȅǎǘŜƳΣ ŀƴŘ ŀƴ ŜũŜŎǝǾŜ ǎȅǎǘŜƳ ƛǎ ƻƴŜ ǘƘŀǘ ƛǎ ŀōƭŜ ǘƻ Ƴŀƛƴǘŀƛƴ ƛǘǎŜƭŦΦ ¦ǎƛƴƎ ǘƘŜ ŀƴŀƭƻƎȅ ŦǊƻƳ ǘƘŜ ƭƛǾƛƴƎ 
ǎȅǎǘŜƳǎ ŀǇǇǊƻŀŎƘΣ ƛǘ ǎƘƻǳƭŘ ōŜ ŀōƭŜ ǘƻ ŀŘŀǇǘ ǘƻ ŎƘŀƴƎƛƴƎ ŎƛǊŎǳƳǎǘŀƴŎŜǎΣ ŀƴŘ ǘƻ Ƴŀƛƴǘŀƛƴ ƘƻƳŜƻǎǘŀǎƛǎΦ 

/ƻƴǘŜƳǇƻǊŀǊȅ ŜŎƻƴƻƳƛŎ ǎȅǎǘŜƳǎ ŀǊŜ ƭƛƴŜŀǊ ŀƴŘ ƻǇŜƴπŜƴŘŜŘΣ ōŜƛƴƎ ŎǊŜŀǘŜŘ ǿƛǘƘ ǘƘƛƴƪƛƴƎ ŀƴŘ ƳƛƴŘǎŜǘǎ 
ǿƘƛŎƘ ŀǊŜ ƻōǎƻƭŜǘŜ ƛƴ нмǎǘ /ŜƴǘǳǊȅΦ ¢ƘŜȅ Řƻ ƴƻǘ Ŭǘ ƛƴǘƻ ǘƘŜ ƭƛƳƛǘǎ ƻŦ ǘƘŜ ōƛƻǎǇƘŜǊŜΦ ¢ƘǳǎΣ ǘƘŜǊŜ ƛǎ ŀƴ ǳǊƎŜ 
ƻŦ ǘǊŀƴǎƛǝƻƴ ǘƻǿŀǊŘǎ ǘƘŜ ŎƛǊŎǳƭŀǊ ŜŎƻƴƻƳȅ ŀǎ άŀƴ ƛƴŘǳǎǘǊƛŀƭ ŜŎƻƴƻƳȅ ǘƘŀǘ ƛǎ ǊŜǎǘƻǊŀǝǾŜ ƻǊ ǊŜƎŜƴŜǊŀǝǾŜ 
ōȅ ƛƴǘŜƴǝƻƴ ŀƴŘ ŘŜǎƛƎƴέ όƘŀǎ ōŜŜƴ ŦǊŀƳŜŘ ōȅ ǘƘŜ 9ƭƭŜƴ aŀŎ!ǊǘƘǳǊ CƻǳƴŘŀǝƻƴ нлмоύΦ {ȅǎǘŜƳ ǘƘƛƴƪŜǊǎ 
ǿƛǘƘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ŀƴŘ Ǿƛǘŀƭ ŦŜŀǘǳǊŜǎ ƻŦ ƴŜǎǘŜŘ ƴŀǘǳǊŜπƭƛƪŜ ǎȅǎǘŜƳǎΩ ǇǊƛƴŎƛǇƭŜǎ ŀƴŘ 
ǎƪƛƭƭǎ ǘƻ ŘŜǎƛƎƴ ǎǳŎƘ ǎȅǎǘŜƳǎ ŀǊŜ ǘƻ ōŜ ǘǊŀƛƴŜŘ ŀƴŘ ŜŘǳŎŀǘŜŘ ƛƴ ŀ ƴŜǿ ƳŀƴƴŜǊΦ CǳǘǳǊŜ ƭŜŀŘŜǊǎ ŀƴŘ ǎȅǎǘŜƳ 
ŘŜǎƛƎƴŜǊǎ ƘŀǾŜ ǘƘŜƛǊ Ƴƛǎǎƛƻƴ ǘƻ ŘǊƛǾŜ ǘǊŀƴǎƛǝƻƴ ǘƻ ǘƘŜ ŎƛǊŎǳƭŀǊ ŜŎƻƴƻƳȅ ǿƘƛŎƘ ƛǎ ǊŜǎǘƻǊŀǝǾŜ ōȅ ŘŜǎƛƎƴΣ 
ŀƴŘ ǿƘƛŎƘ ŀƛƳǎ ǘƻ ƪŜŜǇ ǇǊƻŘǳŎǘǎΣ ŎƻƳǇƻƴŜƴǘǎ ŀƴŘ ƳŀǘŜǊƛŀƭǎ ŀǘ ǘƘŜƛǊ ƘƛƎƘŜǎǘ ǳǝƭƛǘȅ ŀƴŘ ǾŀƭǳŜΦ 
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Abstract 

This paper reflects on the education of designers for sustainable development, which can follow the 
evolution in progress in the design discipline in general. From how to design to what to design, moreover, 
today designing products should not only care about the interaction of the user-object, but also the user-
object-environment to ensure that what is designed makes sense without compromising the critical 
environmental situation. The design for sustainability field has emerged to design more sustainable 
products following the ecodesign principles and has evolved over the years from ecodesign to design 
products, services, and systems for system innovations and transitions. This paper reflects on this new 
design scenario taking as case studies two educational experiences on design of sustainable products for 
circularity in the food service, through a retrospective inquiry over the concepts designed and the 
educational model used. There, many groups recognized water saving as an essential point where to work 
and where they, as designers, can intervene, so the reflection can give insights also on educating on design 
for a sustainable use of water. The diffusion of this education model can help future designers to focus 
more on innovation for freshwater saving, especially in locations affected by water scarcity.   

Introduction   

The design phase of the products that we buy, use and dispose, today is called into question because, as 
pointed out for example by Thackara (2006), 80% of the environmental impacts are decided in that stage. 
In a world with limited resources, precise planet boundaries and a strict safe operating space for humanity 
as identified by Rockström et al. (2009), the need to work to reach a sustainable scenario, at least at 
environmental level, becomes day after day more urgent and today mandatory. This scenario can also be 
reached by acting on the education of future generations of designers because, as the effects of climate 
change will become ever more visible, they will affect their daily lives and work lives.  This paper wants to 
reflect on the education of designers for sustainable development, which can follow the evolution that is 
in progress in the design discipline in general. Indeed, it is passing from how to design to what to design 
(Sanders and Stappers, 2014), from problem solving to problem setting (Diefenthaler, 2008) and Design 
for Sustainability is a field of research (Ceschin & Gaziulusoy, 2016; 2020). Moreover, it is questioning the 
main approach that has followed until today, the human-centreapproach, over more-than-human-design 
ŀǇǇǊƻŀŎƘŜǎ ǿƘŜǊŜ ǘƘŜ ƘǳƳŀƴǎ ŀǊŜ ŀǘ ǘƘŜ ǎŀƳŜ ƭŜǾŜƭ ŀǎ ǘƘŜ ƻǘƘŜǊ ǇƭŀƴŜǘΩǎ ƛƴƘŀōƛǘŀƴǘǎ όbƻǊƳŀƴΣ нлннΤ 
Forlano, 2017).   

The reflection is done through a retrospective inquiry over the concepts designed and the educational 
model used in two educational experiences on the design of sustainable products for the circularity in the 
Food Service (FS). Among the master design students involved in working on this wider brief, some 
focused on the design for a circular use of water, indeed they recognized water saving as an essential 
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point on where to work and where they, as designers, can intervene in making FS more sustainable. The 
ǇǊƻŎŜǎǎ ŀƴŘ ǘƘŜ ǊŜǎǳƭǘǎ Ŏŀƴ ƎƛǾŜ ƛƴǎƛƎƘǘǎ ƻƴ ŜŘǳŎŀǘƛƴƎ ƻƴ ΨŘŜǎƛƎƴ ŦƻǊ ŀ ǎǳǎǘŀƛƴŀōƭŜ ǳǎŜ ƻŦ ǿŀǘŜǊΩ ŀƴŘΣ ƳƻǊŜ 
ōǊƻŀŘƭȅΣ ƻƴ ΨŘŜǎƛƎƴ ŦƻǊ ǿŀǘŜǊΩΦ ²ŀǘŜǊΣ ŀ ŦǳƴŘŀƳŜƴǘŀƭ ǊŜǎƻǳǊŎŜ ǘƻ ǇǊŜǎŜǊǾŜΣ ǘƘŀǘ ƛǎ ƴƻǘ ŀ ǳǎǳŀƭ ǘƻǇƛŎ ŦƻǊ 
designers, was taken by students unconsciously as a new agent to consider in the design process, a step 
that comes from the posthumanism design approach (Forlano, 2017). Moreover, the understanding of 
how water flows inside the product and in the professional kitchen (PK) - using a systemic design approach 
- helped identify the points where to intervene, to reduce its use, or to create a circular use. The design 
journey experienced was also a moment to increase the ecological awareness of students about the 
current ecological crisis, skills such as problem framing, systems thinking and future literacy - key 
competencies for the European sustainability competence framework (Bianchi et al., 2022) -, and to 
understand the responsibility of design in the current environmental scenario.  

The diffusion of this education model can help future product designers work more on innovation for 

freshwater saving, especially in locations affected by water scarcity. SDGs involved: 6.3; 6.4; 11.6; 12.2; 

12.8; 13.3; 14.1.  

Literature Reviews   
 
The Evolution of Design Discipline  

{ŀƴŘŜǊǎ ŀƴŘ {ǘŀǇǇŜǊǎ ȅŜǘ ƛƴ нлмп ŎƭŀƛƳŜŘ ǘƘŀǘ ǘƘŜǊŜ ǿŀǎ ŀƴ ŜǾƻƭǳǘƛƻƴ ƛƴ ŘŜǎƛƎƴΣ ŦǊƻƳ ΨƘƻǿ ǘƻ ŘŜǎƛƎƴΩ ƛƴ 
мфуп ǘƻ ΨǿƘŀǘ ǘƻ ŘŜǎƛƎƴΩ ƛƴ нлмп ŀƴŘ ǘƻ ΨŘŜǎƛƎƴ ǘƻ ƘŜƭǇ ŜƴǎǳǊŜ ǘƘŀǘ ǿƘŀǘ ƛǎ ŘŜǎƛƎƴŜŘ ƳŀƪŜǎ ǎŜƴǎŜ ƛƴ ǘƘŜ 
ŦǳǘǳǊŜ ƭƛǾŜǎ ƻŦ ǇŜƻǇƭŜΩ predicted for 2044 (Sanders and Stappers, 2014). The shift in the scope of design 
from problem solving to problem setting was also recognized by other authors, such as Diefenthaler 
(2008). Moreover, design has always considered central the interaction user-object - the human-centred 
design approach (Norman, 1996) -. Today, instead, design products should not only care about the user-
object interaction, but also the user-object-environment to ensure that what is designed makes sense 
without compromising more the critical environmental situation. Recently, also Norman (2023) has 
expanded the concept to design for humanity. Multiple contributions are emerging over the more-than-
human-center approaches, as the one by Forlano (2017) on posthumanism.  

Fortunately, the inclusion of reasoning over sustainability in the design field is not new. Indeed, Design 
for sustainability (DfS) is becoming a sub-field in the design discipline. DfS not only means designing more 
sustainable products following ecodesign principles, but has evolved over the years from ecodesign to 
design products, services, and systems for system innovations and transitions (Ceschin & Gaziulusoy, 
2016; 2020). Should education in Design follow the evolution of the Design discipline?  

Educating for Sustainability  

Internationally, there is a recognition of the need for Education for Sustainable Development (ESD) in 
recent times. According to Unesco, the lead   United    Nations   agency   on   ESD in 2005-нлмпΥ άEducation 
for sustainable development gives learners of all ages the knowledge, skills, values and agency to address 
interconnected global challenges including climate change, loss of biodiversity, unsustainable use of 
resources, and inequality. It empowers learners of all ages to make informed decisions and take individual 
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and collective action to change society and care for the planetέ (Unesco, 2024). After the 2030 Agenda for 
Sustainable Development, adopted by all United Nations member states in 2015 with the definition of the 
seventeen SustaiƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ Ǝƻŀƭǎ ό{5DǎύΣ ǘƘŜ ¦ƴŜǎŎƻ ǇǳōƭƛǎƘŜŘ ǘƘŜ ά9ŘǳŎŀǘƛƻƴ  ŦƻǊ  {ǳǎǘŀƛƴŀōƭŜ  
5ŜǾŜƭƻǇƳŜƴǘΥ  ¢ƻǿŀǊŘǎ  ŀŎƘƛŜǾƛƴƎ ǘƘŜ {5Dǎ ό9{5 ŦƻǊ нлолύέ  ǿƘƛŎƘ ŎƻǾŜǊǎ ǘƘŜ ǇŜǊƛƻŘ нлнл-2030, with the 
definition of a toolbox focused on five priorities: advancing policy; transforming learning environments; 
building capacities of educators; empowering and mobilising youth; accelerating local level action 
(Unesco, n.d.)   

Also, the European Union worked on the ESD, with the European sustainability competence framework 
which recognizes skills such as problem framing, systems thinking and future literacy as key competencies, 
willing to work on embodying sustainability values, embracing complexity in sustainability, envisioning 
sustainable futures, acting for sustainability (Bianchi et al., 2022).   

A recent key pillar discovered to reach sustainable development is the adoption of a circular economy 
(CE). Scholars are, therefore, also reflecting on CE education, as Minguez et al. (2021) with the use of Life 
Cycle Thinking and Kirchherr & Piscicelli (2019) proposed using five principles for a CE teaching approach: 
interactivity, non-dogmatism, reciprocity, constructive alignment, and problem-based learning.  

A sustainable development requires the development of an ecological intelligence, according to Goleman 
(2009), a collective intelligence required to face challenges too complex to tackle as single individuals. This 
skill allows humans to understand the hidden price behind every product that we buy, recognize the cost 
for the environment and our health, and understand the relationship among our actions and the natural 
world where we live. This should enter the educational programs to raise a different new generation 
(Goleman, 2017).   

Educating for Sustainability in Design  

Badalucco (2017, p.42) reasoning over the education of designers insisted on the need to educate to 
understand the sense of the design action, to question why they are designing, to construct a sense of 
responsibility and critical thinking, to manage the innovation processes correctly using the tools ethically, 
creating effective solutions for responsible innovation that is attentive to social needs. In a contribution 
questioning how will be the design education in 2030, Collina (2020) highlighted that today άΧǿŜ ŀǊŜ 
obliged, both individually and collectively, to turn our gaze "beyond", towards the future: towards the 
future of thousands of young people who will make design their profession and towards the future of our 
planet that will be partly shaped by thŜƛǊ ǇƭŀƴƴƛƴƎέ (Collina, 2020, p.21).   

More recently, Tironi et al. (2023), arguing for the need for a critical review of design education, proposed 
the Planet-Oriented Design as a new ethical transition in design education. Vezzoli et al. (2023), who 
worked in DfS for many years (Vezzoli and Manzini, 2007), for a 2023 design conference, recognized these 
diverse topics - circular product development, sustainable product-service systems, craft and aesthetics, 
more-than-human design, and the roles of designers in societal, policy, and stakeholder contexts - as 
trajectories in the evolution of the DfS. DfS, in the years, has become a subfield in the design discipline, 
and it not only means designing more sustainable products following the ecodesign principles, but evolved 
over the years from ecodesign to design products, services, and systems for spatial-social and socio-
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techinal innovations and transitions (Ceschin & Gaziulusoy, 2016; 2020). In the first contributions over DfS 
Lanzavecchia (2004) recognized the ecodesign requirements for product design and Vezzoli and Manzini 
(2007) had already identified the enlargement of the scope and field of action, from selection of materials 
with low environmental impact to product life cycle design (ecodesign), design for eco-efficient system 
and to design for social equity and cohesion, also identifying multiple environmental requirements to 
follow in product design. Bhamra et al. (2013), linking sustainability potential and level of innovation, 
identified system innovation (a radical and strategic approach that involves many stakeholders as 
companies, customers, communities and government) with the higher level of both, passing from the 
middle steps of improvement (small modifications), redesign (considers the whole life-cycle), new 
concepts (considering innovative ways to reach the function required).  

Along DfS main research line, different subfields have emerged in design. The involvement of systems 
thinking in the design process resulted in Systemic Design (SD) (Jones, 2018). SD evolved in many different 
approaches, and one of particular interest for the DfS is the approach to ecological design theorized by 
Bistagnino (2011) (SDB). When working on systems and innovation is fundamental to frame the current 
situation to understand where to intervene (Meadows, 2011). Also, Jones & Van Ael (2022), in framing 
the methodology and toolkit of SD for system change designers, dedicated three of the seven steps to the 
system assessment before going to the more intervention stages: framing the system; listening to the 
system; understanding the system. One of the tools that SDB is providing is the Holistic Diagnosis 
(Battistoni et al., 2019) applied mainly to anthropic activities, where a step - HD1 - is to understand the 
metabolism with flows of resources used (energy, water, people, etc.) and another step - HD2 - is related 
to the context/territory/ecosystem where the activity is nested.  

The spreading of the Circular Economy (CE) worldwide has also impacted the design discipline. This 
ŎƻƴŎŜǇǘ ƛƴ ŘŜǎƛƎƴ Ƙŀǎ ǇǊƻŘǳŎŜŘ ǘƘŜ ΨŎƛǊŎǳƭŀǊ ŘŜǎƛƎƴΩ ǊŜǎŜŀǊŎƘ ƭƛƴŜ ŀƴŘ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ƳǳƭǘƛǇƭŜ ΨŘŜǎƛƎƴ 
ŦƻǊ ·Ω ǎǘǊŀǘŜƎƛŜǎ ǘƻ ŀŎƘƛŜǾŜ ŀ /9Σ ŀǎ ǘƘŜ ǊŜǾƛŜǿ ōȅ Sassanelli et al. (2020). Moreover, some approaches 
have been born in design practices that evolved from human-centred to life-centric design, adding 
environmental and ethical responsibility (Borthwick et al., 2022), or design for humanity, as the most 
recent book by Norman (2023). This wave will consider the planet's needs at the top level as the human 
needs at the start of product design process. Considering this framework, can education for DfS a subfield 
of ESD? 

Design & Sustainability in the Food Service   

The research presented in this paper considers a specific context of application, the Food Service (FS), a 
sector where the author is concentrating the research in the last years. FS is the part of the food value 
chain where a meal is prepared and served. According to the Farm to Fork strategy (EU, 2020) all the 
stages of the food chain should have a neutral or positive climate and environmental impact to accelerate 
the transition to a sustainable food system, and FS, as part of this system, should contribute, even if food 
production is the most impactful stage (Baldwin et al., 2011; Mistretta et al., 2019).   

Currently, design for the FS means mainly or interior design or designing the tools that are needed - to 
prepare and serve a meal - without the right consideration over the sustainability of this sector. If the PK 
of FS activities are the focus, they are complex environments with many operations performed by workers 
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with or without tools, transforming food involving energy, water, and producing waste (Battistoni, 
2023 b). According to Subramanian et al. (2021) collecting data on foodwaste-energy-wateremission 
nexus aspects in FS is very difficult, however, it is a resource-consuming sector, for example, the study by 
Pacific Insititute (n.d.), indicates the use of 37,5 liters (9,91 gallons) of water per meal a day in a restaurant 
in 2000.  

In this sector, dematerialization is impossible. We can reduce the number of kitchens or share them 
among FS (e.g. ghost kitchens), but we need to continue to design and produce the products to process 
and cook food, at least until the moment that the food as we know it today will exist, and will be not only 
food pills. Also, because FS for the public sector is a social necessity in the case that it is cooking for the 
people that cannot do it, as in elementary schools or even more in hospitals. An urgent action is to 
transform and adapt them to the changing conditions that will happen in not so far times, facing problems 
such as the changes in energy supply, water scarcity, digitalization, the increasing number of people to 
feed, growing numbers of older people, correlations among food and health, changing in the diet 
(increasing of vegetarians,  ..), and more.  

Methodology  

This paper reflects on the education for a sustainable development in the design field. It is carried out by 
taking as case studies two educational experiences, where master design students of an Italian university 
were involved in working on a wide brief: the design of sustainable products for the circularity in the FS.   

The two experiences, where the author was the main tutor, were (see table 1):  

¶ ǘƘŜ άǇǊƻŘǳŎǘ ŘŜǎƛƎƴ мέ ǎǘǳŘƛƻ ƻŦ ǘƘŜ ƳŀǎǘŜǊ ŎƻǳǊǎŜ ƛƴ ǇǊƻŘǳŎǘ ŘŜǎƛƎƴΣ ǿƛǘƘ ŀ ŘǳǊŀǘƛƻƴ ƻŦ ƻƴŜ 
semester, where students had to design sustainable electronic equipment, half of the class for the 
FS sector while the other half for the health sector;   

¶ ǘƘŜ ά/ƛǊŎǳƭŀǊ ŦƻƻŘ ǎŜǊǾƛŎŜέ ǿƻǊƪǎƘƻǇ ƻŦ ƻƴŜ ǿŜŜƪ ƻƴ ǘƘŜ ŘŜǎƛƎƴ ǇǊƻŘǳŎǘǎκǎŜǊǾƛŎŜǎ ŦƻǊ ŀ ŎƛǊŎǳƭŀǊ C{ 
sector.   

The reflection is done through a retrospective inquiry over the concepts designed and the educational 
model used. In particular, the courses follow a specific methodology (Battistoni et al., 2023) not always 
perfectly declared to students, considering a first phase of research to discover and define problems, 
followed by a second phase of product development for the solution find, developing and delivering the 
concepts. The phases were not linear but were considering moments of going back and forward. 
Moreover, the methodology was merging human-center principles with ecodesign ones - the 
consideration of environmental requirements in the design process (Vezzoli & Manzini, 2007; 
Lanzavecchia, 2004) - and Systemic Design (Bistagnino, 2011; Battistoni et al., 2019). A constructivist 
pedagogical approach was followed, using learning-by-doing with continuous open discussions 
teacherstudents. These moments were facilitated by the use of visualisations as systems maps and 
sketches and technical drawings.  

Both the experiences involved the collaboration of a leading company in the production of equipment for 
the FS in order to receive feedback from them over the FS sector and the solutions proposed.  
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Table 1. Summary of the characteristics of the two educational experiences 

Experience What Where When Who Collaboration 

Practitioners Tutor 

1  άtǊƻŘǳŎǘ 
ŘŜǎƛƎƴ мέ 
studio  

Master 
course 
in 
product 
design  

October  
2022 -  
February  
2023  

20 students of 
the  
1° year master 
students  

1 professor in 
product design,  
1 professor in 
eco & systemic 
design, 1  
assistant in 
product design  

Two moments of 
comparison with 
the  
industry (half 
and final)  

2  ά/ƛǊŎǳƭŀǊ food  
service  
ǎȅǎǘŜƳέ 
workshop  

Master 
course in 
product 
design  

5 consequent 
days in  
June 2023  

18 students of the  
2° year of the 
master in product 
design  
   

1 professor in 
design, 1  
assistant in  
product design  
collaborating with 
the industry  

Two specific 
moments of 
comparison with 
the  
industry (first  
day and final day)  

Results and Discussion   

The following subchapters report the two educational moments and their results. The students were 
always free to choose the FS context on where to work (restaurants, bars, canteen, etc.). Many of them 
decided to work in a context where they had a past working experience, or at least one per group.  

Design Studio of the Master Course in Product Design   

In this design studio, the first of the master course in product design, half of the class (20 students) 
received the brief to design electronic equipment for the FS. They followed a first theoretical class of 3 
hours on DfS, then they were divided into working groups. They had to conduct the first research phase 
in autonomy for the identification of a macroproblem divided in sub-problems related to the 
unsustainability of the FS sector chosen, being free to choose the problems to solve, but afterwards, they 
were forced to follow the environmental requirements for the design of the new product, considering the 
life cycle, mainly focusing on maintenance and the end of life. 

The first problems that students presented without confrontation with teachers were problems that are 
commonly discussed during the public debate on food and environmental problems (such as food waste 
creation and water use). Some of them were coming from their direct observation in past experiences in 
the sectors, such as the oil disposal in food trucks or the food degradation in catering services. After 
confrontations with teachers and also a moment of direct discussion with the company, they arrived at 
the definition of more complex and articulated problems and a consequent design solution. See results in 
tab.2. Along with the common files of presentation of a design product (technical drawings), they also 
ŎǊŜŀǘŜŘ ŀ άǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǇŀǘŜƴǘέ ǘƻ Ŧƛƭƭ ǿƛǘƘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻƭƭƻǿŜŘΣ ƘƛƎƘƭƛƎƘǘƛƴƎ Ƙƻǿ 
they eased the regular maintenance, as the substitution of a component, and the end of life.  
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Table 2. The results of the Design studio in product design 

Published in Battistoni et al. (2023) 

Sn. Group Context Final Problem Identified Final Solution Identified 

1 Restaurants Degradation of food 
and food waste in 
restaurants 

Food degradation in 
fridges 

A smart box to measure the 
pH of food preserved in 
fridges and indicate the 
level of degradation 

2 Food Trucks Great use of oil and 
its disposal in food 
trucks 

Excessive use of oil during 
frying and disposal 

A smart fryer to reduce oil 
use and transform 
exhausted oil into biodiesel 

3 Restaurants Dispersion of heat in 
restaurants 

Heat dispersion when 
ovens are switched off 

A device to recover 
dispersed heat and use it for 
heating water 

4 Catering Temperature 
decreasing during 
catering service 

Possible food degradation 
during food transport 

A smart box to preserve hot 
temperatures during food 
transport 

5 Restaurants Great quantity of 
water used in pre-
washing 

Excessive water use 
during pre-washing 

A smart device to reduce 
water usage while scraping 
food from dishes and trays 

6 Restaurants Waste of water and 
heat during pasta 
cooking in 
restaurants 

High water and heat 
wastage in pasta cooking 

A smart pasta cooker to use 
less water and recover heat 
from waste water 

 

Figure 1. Examples of product design concept by group 6. Students: Abbattista, Brandola, Schembari. Rights 
reserved to Università Iuav di Venezia. 
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It was interesting to notice that some students recognized water saving as an essential point on where to 
work and where they, as designers, can intervene in making FS more sustainable. Indeed, two groups (5 
and 6) worked on the design for a more sustainable use of water in equipment: a pasta cooker that 
recycles water internally and a device to reduce the use of water in pre-scraping. Another group worked 
on using less energy to heat water, recovering the heat from oven.  

²ƻǊƪǎƘƻǇ ά/ƛǊŎǳƭŀǊ Food Service SȅǎǘŜƳέ  

This workshop of one week involved students of the master in product design that have completed at least 
the first year. These 18 students received the brief to design products or services for a circular FS sector. The 
first day they had the opportunity to visit the showroom of the industry involved in the work with a Q&A 
session with some chefs and the manager of the design department. The second day, in the morning they 
followed a theoretical class of three hours on DfS. In the afternoon there was a practical brainstorming 
exercise that forced them to reflect over the life cycle of FS equipment with the creation of a map on a big 
paper sheet with post-it (see fig. 2). It was facilitated by the teacher following a previous outline published 
in Battistoni (2023 a). The third day and the fourth day they performed the design process with continuous 
moments of reflections with the teacher, that forced them also to reflect on the interaction of the products 
ǿƛǘƘ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ǳǎŜŘ ƛƴ ǘƘŜ ǳǎŜ ǇƘŀǎŜΣ ŀǎ ŦƻƻŘΣ ŦƻƻŘ ǿŀǎǘŜΣ ŜƴŜǊƎȅΣ ǿŀǘŜǊ Χhƴ ǘƘŜ ŦƛŦǘƘ Řŀȅ ǘƘŜȅ ŦƛƴƛǎƘŜŘ 
the communication material and presented the results to the teacher and the company.  

 
Figure 2. The results of the brainstorming over the life cycle of equipment 

Also, in this case, some students recognized saving water as an essential point on where to work and 
where they, as designers, can intervene in making FS more sustainable. Indeed, three groups (3, 4 and 5), 
see tab. 3, worked on the design for saving water: a product to degrease water to reuse it in kitchens, a 
module for hydroponic harvesting to use the water discarded from the vegetables washing. Also, in this 
case a group worked on saving energy to heat water thanks to a system of tubes that enter in the hoods 
to exploit the heat. These groups studied the water fluxes of water in the kitchen within the process, see  
fig. 2.  
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Table 3. The results of the workshop on FS circularity 

Group Context Problem Identified Solution Identified 

1 - Generic 
Food waste 
generated in food 
processing 

Food waste generated 
during processing 

A component for the desk to manage food 
waste with compost generation and an 
app to deliver compost. 

2 - Pizzeria 
High price of flour + 
great flour waste 

Excess flour waste 
during pizza dough 
preparation 

A component added to the desk to 
recover excess flour. 

3 - Generic 
Great use of 
wastewater in 
kitchens 

Excessive wastewater 
in kitchens 

A component with a degreaser and filter 
to enable water reuse in a closed loop 
system. 

4 - Restaurant 
Great use of water 
in food cultivation + 
waste in cleaning 

Excessive water use for 
cultivation and cleaning 

A hydroponic module using water 
discarded after vegetable washing. 

5 - Generic 
High temperature in 
kitchens + great use 
of water in cooking 

High heat and water 
usage during cooking 
processes 

A tube system in the hood to use heat and 
provide water for cooking. 

6 - Generic 
Great quantity of 
electronic waste 

High electronic waste 
from kitchen appliances 

Selling products (e.G, ovens) on loan to 
support maintenance and recovery of 
spare parts. 

 

 Figure 3. Examples of study of water fluxes in the kitchen 

Discussion Over the Education Experiences  

The two experiences were performed by practitioners with different timing, levels of experience and 
awareness on sustainability and circularity, as shown in tab. 4. They also reported two slightly different 
levels of approaches to DfS. In the design studio the focus was on the nano level of the equipment in a PK, 
and in this case, the students focused more on the sustainability of products itself. In the second one, the 
workshop, thanks to the brainstorming activity and a different level of maturity on product design that 
required less effort on the product design concepts - end of second year rather than beginning of first 
year of master - the students were able to consider more the relationship between the equipment and 
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the rest of the products and processes that happen in a PK. In this case, their level of intervention can be 
considered slightly more than nano-level (referring to Battistoni, 2023) but they arrived only to draft 
concepts, due to the time constraints, concentrating less on the product life cycle. In both cases students 
were forced to reason on having outcomes at product level, not only at changing materials (that in the FS 
is difficult due to hygiene constraints), but on working on product innovation through improving the 
existing ones or developing completely new products. During the tutoring, they were also sustained to 
think not only about the product life cycle, but to think about their interaction with resources with the 
potential to close loops - or opening to other processes - of resources also during the product use and not 
only at the end of the life cycle. Thanks to this aspect, there was some group that tried to create 
connections for example among the heat dispersed and the need to have hot water.  

Table 4. A comparison of the two educational experiences  
Experience What Who Time Experience 

on Design 
Process 

Experience on 
Design for 
Sustainability 
and Circularity 

Level of 
Approach to 
DFS 

Level of 
Intervention 

1 - "Product 
Design 1" 
Studio 

20 students of 
the 1st-year 
master 
students 

5 
months 

Low Low Product level Nano level 
(equipment) 

  

2 - "Circular 
Food Service 
System" 
Workshop 

18 students of 
the 2nd-year 
master in 
product design 

1 week Medium Low Product level More than 
nano level 
(equipment-
kitchen) 

  

The design journey, in both cases, was a mƻƳŜƴǘ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ǎƪƛƭƭǎ ǎǳŎƘ ŀǎ ǇǊƻōƭŜƳ ŦǊŀƳƛƴƎΣ 
systems thinking and future literacy - key competences in European sustainability competence framework 
- It was also a moment to increase the ecological awareness of students about current ecological crisis 
and to understand the responsibility of design in this scenario.   

¢ƘŜ ŦŀŎǘ ǘƘŀǘ Ƴŀƴȅ ƎǊƻǳǇǎ ŘŜŎƛŘŜŘ ǘƻ ǿƻǊƪ ƻƴ ǿŀǘŜǊ ǎŀǾƛƴƎ Ŏŀƴ ƎƛǾŜ ƛƴǎƛƎƘǘǎ ŀƭǎƻ ƻƴ ŜŘǳŎŀǘƛƴƎ ƻƴ ΨŘŜǎƛƎƴ 
ŦƻǊ ŀ ǎǳǎǘŀƛƴŀōƭŜ ǳǎŜ ƻŦ ǿŀǘŜǊΩ ŀƴŘ ƳƻǊŜ ōǊƻŀŘƭȅ ƻƴ ΨŘŜǎƛƎƴ ŦƻǊ ǿŀǘŜǊΩ. For them, a phase that resulted 
important was the understanding of the system, and how water flows in the PK. A SD approach and the 
use of its tools, as the HD to delineate the water fluxes, was helpful for the students, to individuate the 
problems. BecaǳǎŜΣ ƛƴ ǘƘƛǎ ŎŀǎŜΣ ǘƘŜȅ ŘƛŘƴΩǘ ƴŜŜŘ ǘƻ ǎǘŀǊǘ ǘƘŜ ŘŜǎƛƎƴ ǇǊƻŎŜǎǎ ŀǎ ƛǘ ƛǎ ŎƭŀǎǎƛŎŀƭƭȅ ǇŜǊŦƻǊƳŜŘΥ 
starting from problems individuated by market trends or related to the use of the product by humans. 
Indeed, the water is not taken into consideration by kitchen operators until they receive an expensive 
water bill.  Water was taken by students as a new agent to consider in the design process, a step that 
comes from the posthumanism design approach (Forlano, 2017). Moreover, the understanding of how 
water flows inside the product and in the PK helped identify the points where to intervene, to reduce its 
use, or to create a circular use. An open question is to understand how much time dedicate to this phase, 
because it is an additional step to perform in the design process to enable the design for this new scenario, 
but it makes it longer, and usually time constraints in design studios should be respected, also because 
the results - a new product - should be also well deepened in details and well communicated. In reality, 
the approach at nano level used by the students contains reflections and relationships with the macro 
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level - the system one -, but actually it was made without a real awareness of this type of action. Moreover, 
the move from one level to another one was made multiple times. The relationship between the nano 
and macro level can be seen in fig. 4. It seems that the better solution is to guide the students through a 
design process that is a mix of the two different educational experiences had: giving time both on the 
inclusion of systems thinking aspects, to delineate the sustainable goals of products, the sense making, 
and to focus also on the environmental requirements of the products itself, for a life cycle thinking 
ŀǇǇǊƻŀŎƘ ǘƻ ōŜǘǘŜǊ ǘƘŜ ΨƘƻǿ ǘƻ ŘƻΩ ǇƘŀǎŜΦ   

  
Figure 4. From nano to macro level approach that can be used in design for the FS. The macro level starts from the 

value chain of the CE for food (Fassio & Tecco, 2018). 
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Conclusion  

The results of the design process and the visualisations that the students have delivered tell about the 
impact of these educational experiences, even if the changes in the students, before and after the courses, 
were not quantified at the end of the process. These experiences had an impact on the education of 
students on giving the skills to address interconnected global challenges, make informed decisions and 
take individual and collective action to change society and care for the planet, as the Unesco wants for 
future generations. Moreover, they were moments to increase the ecological awareness of students 
about the current ecological crisis, and providing skills such as problem framing, systems thinking and 
future literacy - key competencies for the European sustainability competence framework. Considering 
this, education for DfS can be proposed as a subfield of ESD.  

¢ƘŜ ǇǊƻŎŜǎǎ ŀƴŘ ǘƘŜ ǊŜǎǳƭǘǎ ƎƛǾŜ ƛƴǎƛƎƘǘǎ ŀƭǎƻ ƻƴ ŜŘǳŎŀǘƛƴƎ ƻƴ ΨŘŜǎƛƎƴ ŦƻǊ ŀ ǎǳǎǘŀƛƴŀōƭŜ ǳǎŜ ƻŦ ǿŀǘŜǊΩ ŀƴŘΣ 
ƳƻǊŜ ōǊƻŀŘƭȅΣ ƻƴ ΨŘŜǎƛƎƴ ŦƻǊ ǿŀǘŜǊΩΦ Lǘ ƛǎ ƴƻǘ a usual topic for designers, but it can become thanks to the 
new design movement which tends to consider new agents in the design process, a step that comes from 
the posthumanism design approach (Forlano, 2017). In this case, a systemic approach was important to 
use to understand how water flows inside the product and in the PK to identify the points where to 
intervene, to reduce its use, or to create a circular use. It can be an example for design that want to 
consider the future of our planet, where there is the need to understand the sense of the design action, 
to question why we are designing, to construct a sense of responsibility and critical thinking, to finally 
develop an ecological intelligence (Goleman) understanding the relationship among our actions and the 
natural world where we live.  

The diffusion of this education model, in particular the one on the topic of water saving, can help future 
product designers to work more on innovation for freshwater saving, especially in locations affected by 
water scarcity. Indeed, water is considered the gold of the 21st Century (ICWRGC, n.d.) and there are 
studies that warn on the future increase in the demand of freshwater (OECD, 2012), contributing to water 
scarcity caused also by climate change (UN water, n.d.), causing an increase of water scarcity in more 
countries in 2050 (Baggio, Qadir & Smakhtin, 2021).  
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Abstract  

Design for Sustainability (DfS) comprises multiple approaches geared toward sustainable production and 
consumption. Leather and fashion production and consumption are unsustainable. The phenomenon calls 
for a paradigm shift, especially in technology education. The next generation of designers must be educated 
in the first years of design education about sustainability so that they can grow with the idea of designing 
not just one generation of products. The shift can only be achieved by DfS oriented educators. Issues on 
disability are increasingly gaining attention in public and policy documents but not in research. Persons living 
with disabilities (PLWDs) constitute 1.3 billion (16%) of the world population and 80% of them reside in low-
income countries such as Kenya. Globally, Technical and Vocational Education and Training (TVET) is key to 
empowering adolescents and youth living with disabilities. There is a dearth of research on TVET in Africa, 
especially the special TVET institutions, which are established to serve PLWD. The special TVET institutions 
have limitations concerning the trainers and the curriculum. Some trainers in special TVET institutions are 
not professionally trained in the courses that they teach, such as fashion design and clothing/garment 
making technology and tannery and leather technology. Most of the curricula are outdated and students 
are not placed for industrial attachment. Thus, both the trainers and curricula may not be abreast with the 
gƭƻōŀƭ ŘƛǎŎƻǳǊǎŜ ƻƴ 5Ŧ{Φ ¢ƘŜ ǎǘǳŘȅ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ƛƴ YŜƴȅŀΩǎ ǘƘǊŜŜ ǎǇŜŎƛŀƭ ¢±9¢ ƛƴǎǘƛǘǳǘƛƻƴǎΦ ¢ƘŜ ƻōƧŜŎǘƛǾŜǎ 
of the special TVET fashion design and clothing/garment making technology and tannery and leather work 
technology curricula include among others to empower trainees to practice environmentallyconscious 
production. All the trainers have undergone formal training: from Diploma to Masters degree. The courses 
incorporate DfS in fabric colouration, garment cutting and making, workshop organization and 
management, material knowledge, and safety and hygiene subjects. The courses thus align with economic, 
social, and environmental sustainability. The respondents demonstrate an in-depth understanding of DfS 
and its benefits: environmental, economic, technological, and social. The trainers adopt diverse strategies 
to incorporate DfS in teaching, thereby encourage and guide the trainees to construct sustainable fashion 
products, soft furnishings, and coloured/decorated fabrics. Adopting DfS poses institutional, consumer, and 
financial challenges to the department. However, the conundrums are outweighed by the benefits accrued 
ƛƴ ǘƘŜ ǘǊŀƛƴŜŜǎΩ ǎǳǎǘŀƛƴŀōƭŜ ǇǊƻƧŜŎǘǎΦ 5Ŧ{-ƻǊƛŜƴǘŜŘ ǘǊŀƛƴŜǊǎ ŀƴŘ ǘǊŀƛƴŜŜǎ ŀǊŜ ŎǊƛǘƛŎŀƭ ƛƴ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ YŜƴȅŀΩǎ 
fashion and leather industryΩǎ άƎǊŜŜƴƛƴƎέ ŀƴŘ Ǝƭƻōŀƭ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎΦ .ƻǘƘ ǇŀǊǘƛŜǎ ŀǊŜ ƎŀƳŜ-changers by 
promoting DfS. A capacity building workshop and a DfS manual for the trainers would enhance their skill-
sets, knowingness, attitude, and value concerning DfS. The introduction of a Ψ5ŜǎƛƎƴ ŦƻǊ {ǳǎǘŀƛƴŀōƛƭƛǘȅΩ 
theorycum-studio unit is crucial. This study is aligned with the United Nations Sustainable Development 
Goals, 1, 2, 3, 4, 8, 9, 12, 15, and 16.  

 

Keywords: Attitude, Design for sustainability, Knowingness, Practice, Trainers 
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Introduction 

Issues on disability are increasingly gaining attention in public and policy documents (Education 
subSaharan Africa [ESSA], 2021) but not in research. Persons living with disabilities (PLWDs) constitute 1.3 
billion (16%) of the world population and 80% of them reside in low-income countries (World Health 
Organization [WHO], 2023) such as Kenya. The youth (15 to 24 years) comprise slightly more than 20% of 
the total population in Africa (United Nations Youth Year, n.d), and includes those living with disabilities, 
some of who are enrolled in special technical and vocational education and training (TVET) institutions to 
pursue diverse courses. A minority of Kenyans (4.6%) experience some form of disability, mostly visual, 
hearing, physical, and mental (Sichari, 2016). PLWDs live as an invisible minority. However, with 
appropriate support adolescents and youth living with disabilities can develop into adults who lead 
contributing and satisfying lives in the community (Simmons, 2017), specifically through access to tertiary 
level education in fashion design and leather technology courses. 

There is a dearth of research on TVET in Africa, especially concerning special TVET institutions (ESSA, 2021) 
which are specifically established to serve PLWDs. TVET is key to expanding opportunities for youth living 
with disabilities by empowering them with skills and knowledge to be self-reliant, and for social 
integration and self-esteem. Globally, factors inhibiting the enrolment/participation of youth with 
disabilities in TVET-related courses are curricula-ǊŜƭŀǘŜŘΣ ǘƘŜ ƴŀǘǳǊŜ ƻŦ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭΩǎ ŘƛǎŀōƛƭƛǘƛŜǎΣ ǎƻŎƛƻ-
cultural, and institutional policies (ILO, 2021). TVET training offers limited subject options (mainly 
dressmaking, leatherwork, hairdressing, poultry, agriculture, and carpentry) (KNHRC, 2015). Tailoring and 
ŘǊŜǎǎƳŀƪƛƴƎ ǿŀǎ ǘƘŜ ǘƘƛǊŘ όнлΦр҈ύ Ƴƻǎǘ ŜƴǊƻƭƭŜŘ ŎƻǳǊǎŜ ƛƴ ǎǇŜŎƛŀƭ ¢±9¢ǎ ƛƴ bȅŀƴŘŀǊǳŀ ŀƴŘ aǳǊŀƴƎΩŀ 
counties in Kenya. On the contrary, although the courses were relevant to the labour market, the trainees 
exited without the skills due to outdated curriculum, lack of industrial attachment, not taking the trade 
test, and inadequate, obsolete, and un-adapted equipment (Githaga, 2014). 

The next generation of designers must be educated in the first years of design education 
about sustainability so that they can grow with the idea of designing not just one generation of 
products (Vezzoli et al., 2022). Sustainability implies a multi-disciplinary model comprising various 
dynamic and inter-dependent elements: social, consumer, design, economic, environmental, 
innovation, technological, business models, marketing, raw materials, transparency (Gardetti, 2019) as 
well as cultural (Yang and Lupo, 2019), and such concepts as upcycling, zero-waste design, and 
disassembly (Vezzoli et al., 2022). Design for Sustainability (DfS) is a whole system approach that considers 
the overall impact of designs. DfS is a multi-disciplinary and inter-disciplinary approach that can be applied 
in all fields including fashion, industrial, and product design among others. DfS incorporates the following 
principles: thinking in systems, dematerialization, renewable/natural materials, and cradle-to-cradle 
(Manzini, n.d). 

Chen et al. (2022) adopted knowingness rather than knowledge. The former is regarded as recognition of 
the fundamentals of sustainable development (SD). Knowingness is similar to awareness, for it probes 
ƛƴŘƛǾƛŘǳŀƭǎΩ ǿŀƪŜŦǳƭƴŜǎǎ ŀƴŘ ǇŜǊŎŜǇǘƛƻƴǎΦ ¢ƘŜ ŎŀǇŀŎƛǘȅ ōǳƛƭŘƛƴƎ ƻŦ ǘŜŀŎƘŜǊǎ ƛǎ ŎǊǳŎƛŀƭ ƛŦ ǊŜŀƭ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ 
is to take place (Pavlova, 2023), such as adoption of DfS in TVET curriculum. Some trainers in special TVETs 
are not professionally trained in the courses that they teach (Githaga, 2014), thus may be unaware of the 
global discourse on DfS.  
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Problem-solving is the central theme of Technology Education (TE). It is incumbent of TE teachers to 

constantly subject their learners to be in the habit of technologically solving the problems of their 

ƛƴŘƛƎŜƴƻǳǎ ŎƻƳƳǳƴƛǘȅ όaŀǇƻǘǎŜΣ нлноύ ǎǳŎƘ ŀǎ ŦŀǎƘƛƻƴΩǎ ŀƴŘ ƭŜŀǘƘŜǊΩǎ ǳƴǎǳǎǘŀƛƴŀōƭŜ production and 

consumption. Engaging students in real-life projects with real stakeholders/end-users of products and 

services, effectively aligns educational delivery with the professional practice (Moalosi et al., 2012), 

enabling seamless entry to the labour market. 

Leather is one of the most widely traded commodities globally. The demand for leather and leather 

products (footwear, fine leather, handbags, and auto upholstery) surpasses the supply. Effluents 

produced by tanneries have a significant negative impact on the environment and human health. Tanning 

is also a highly energy-consuming process. Consumers in developed countries especially are pushing for 

ŀƴ ŀŎŎŜƭŜǊŀǘƛƻƴ ƻŦ ǘƘŜ ΨƎǊŜŜƴΩ ƭŜŀǘƘŜǊ ƛƴŘǳǎǘǊȅ όŀŘƻǇǘƛƻƴ ƻŦ ǎǳǎǘŀƛƴŀōƭŜΣ ŎƭŜŀƴ ǘŜŎƘƴƻƭƻƎƛŜǎύ ŀƴŘ ŀre willing 

ǘƻ Ǉŀȅ ŀ ǇǊŜƳƛǳƳ ŦƻǊ ΨƎǊŜŜƴΩ ƭŜŀǘƘŜǊΦ ¢ƘŜ DƻǾŜǊƴƳŜƴǘ ƻŦ YŜƴȅŀ όDƻYύ ƛǎ ƛƴ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ŜǎǘŀōƭƛǎƘƛƴƎ ŀ 

ƭŜŀǘƘŜǊ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪ ƛƴ aŀŎƘŀƪƻǎ /ƻǳƴǘȅ ŀƛƳŜŘ ŀǘ ŀŎŎŜƭŜǊŀǘƛƴƎ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ ŘŜǾŜƭƻǇƳŜƴǘ ŦƻǊ ǎƻŎƛƻ-

economic empowerment (World Bank Group [WBG], 2015). The industry will require more DfS-oriented 

and well-ǘǊŀƛƴŜŘ ƎǊŀŘǳŀǘŜǎ ŜǎǇŜŎƛŀƭƭȅ ŦǊƻƳ ǎǇŜŎƛŀƭ ¢±9¢ ƛƴǎǘƛǘǳǘƛƻƴǎ ǘƻ ΨƎǊŜŜƴΩ YŜƴȅŀΩǎ ƛƴŘǳǎǘǊȅ ŀƴŘ 

enhance its global competitiveness. 

The global fashion industry is a highly significant economic player. Nonetheless, it is highly energy-

consuming, polluting, and wasteful, occasioned by fast fashion. Despite modest progress, fashion has not 

yet taken its environmental responsibilities seriously (Vezzoli et al., 2022). Although most textile solid 

waste originates from household sources, waste textiles also arise during garment manufacture. The 

ǿŀǎǘŜ ƛƴŎƭǳŘŜǎ Ŏǳǘ ǇƛŜŎŜǎ ƻŦ ŦŀōǊƛŎǎ όŎƻƴǎǘƛǘǳǘƛƴƎ нл҈ ƻŦ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ ǿŀǎǘŜύΣ ŀƴŘ ǊŜƧŜŎǘŜŘ ǇŀƴǘǎΣ ǎƘƛǊǘǎΣ 

and t-shirts among others (Saha, 2014; Vezzoli et al., 2022). The fashion industry is transitioning toward 

ǎǳǎǘŀƛƴŀōƭŜκŜŎƻκƎǊŜŜƴκǎƭƻǿ ŦŀǎƘƛƻƴΦ ¢ƘŜ ǘŜǊƳ ΨǎƭƻǿΩ ǿŀǎ ŎƻƛƴŜŘ ōȅ 5ǊΦ YŀǘŜ CƭŜǘŎƘŜǊΣ ŎǊŜŀǘƛƴƎ ŀƴ 

ƛƴǘŜǊƴŀǘƛƻƴŀƭ ƳƻǾŜƳŜƴǘ ƛƴ ŦŀǎƘƛƻƴ ŦǊƻƳ άǉǳŀƴǘƛǘȅ ǘƻ ǉǳŀƭƛǘȅΦέ Ψ{ƭƻǿΩ ƛǎ ŀƴ ŀǇǇǊƻŀŎƘ ƛƴ ǿƘƛŎƘ ŘŜǎƛƎƴŜǊǎΣ 

buyers, retailers, and consumers are more aware of the impacts of products on workers, communities, 

and ecosystems (Craft Alliance, 2012). 

There is a dearth of research on TVET in Africa, especially the special TVET institutions. Additionally, no 

research has been conducted in Kenya concerning the knowingness, attitude, and skills/practice of special 

TVET trainers concerning DfS, especially considering all the six content dimensions: environmental, social-

ethical, cultural, technical, political, and economic sustainability. The special TVET institutions are 

challenged because most of the curricula are outdated and students are not placed for industrial 

attachment. Of concern is that some trainers in special TVET institutions are not professionally trained in 

the courses that they teach, such as fashion design and clothing/garment making technology and tannery 

and leather technology, thus they may not be abreast with the global discourse on DfS. Thereby they fail 

to impart the trainees with the same, denying the trainees the opportunity to critically engage with DfS. 

The problem persists despite the emphasis by scholars to inculcate sustainability principles to design 

trainees from their early years of study. Typically, studies on sustainability delve on the environmental 

dimension only. There is no known study conducted to probe the incorporation of DfS in special TVET 

curricula for fashion design and clothing/garment making technology and tannery and leatherwork 
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technology. There is need for a study focusing ƻƴ ǘǊŀƛƴŜǊǎΩ ƪƴƻǿƛƴƎƴŜǎǎΣ ŀǘǘƛǘǳŘŜΣ ŀƴŘ ǇǊŀŎǘƛŎŜ ǿƛǘƘƛƴ ǘƘŜ 

broader context of DfS. Therefore, ǘƘŜ ǎǘǳŘȅ ŀƛƳŜŘ ǘƻΥ ŜǾŀƭǳŀǘŜ Ƙƻǿ ǎǇŜŎƛŀƭ ¢±9¢ǎΩ ŦŀǎƘƛƻƴ ŘŜǎƛƎƴ ŀƴŘ 

dressmaking/clothing technology and tannery and leatherwork technology curricula incorporate DfS; and 

ŀǎǎŜǎǎ ǘǊŀƛƴŜǊǎΩ ƪƴƻǿƛƴƎƴŜǎǎΣ ŀǘǘƛǘǳŘŜΣ ŀƴŘ ǇǊŀŎǘƛŎŜ ŀōƻǳǘ 5Ŧ{Φ 

This paper fills the gap on the dearth of research on TVET in Africa, especially the special TVET. This study 

is particularly aligned with UN SDGs, 4: Ensure inclusive education and equitable quality education and 

promote lifelong learning opportunities for all, as well as 1, 2, 3, 8, 9, 12, 15, and 16. 

DfS-oriented trainers shall impart and empower the young PLWDs TVET trainees to competently 

participate in the global discourse, therebȅ ŎƻƴǘǊƛōǳǘŜ ǘƻ YŜƴȅŀΩǎ ŦŀǎƘƛƻƴ ŀƴŘ ƭŜŀǘƘŜǊ ƛƴŘǳǎǘǊƛŜǎΩ ΨƎǊŜŜƴƛƴƎΩ 

and global competitiveness. The outcome of this study shall foster curriculum development and 

innovative approaches towards DfS adopting socio-cultural, economic, environmental, technical, ethical, 

and political sustainability. 

Literature Reviews 

The Fashion and Leather Industry and Sustainability 

The high demand for leather is occasioned by the rapid population growth, particularly within younger 

population cohorts, and rapidly increasing disposable income. The industry offers an important 

ƻǇǇƻǊǘǳƴƛǘȅ ŦƻǊ YŜƴȅŀΩǎ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ŀƴŘ ŘƛǾŜǊǎƛŦƛŎŀǘƛƻƴ ƻŦ ŜȄǇƻǊǘǎ ƛƴ ŀŎƘƛŜǾƛƴƎ Kenya Vision 2030, and 

provides employment in both the formal and informal (Jua Kali) sectors. Kenya exports leather bags, 

travelware, and corporate items. African countries, including Kenya, remain marginal players in the 

leather industry, accounting for 3.3% of world leather value addition. Leather producers face challenges 

of lack of training, awareness of design trends, designers, and government support among other concerns 

(WBG, 2015). The issues require a paradigm shift in training leather designers who engage in value 

ŀŘŘƛǘƛƻƴ ǿƘƛƭŜ ǇǊŀŎǘƛǎƛƴƎ 5Ŧ{Φ DƭƻōŀƭƭȅΣ ǘƘŜ ƭŜŀǘƘŜǊ ƛƴŘǳǎǘǊȅ ƛǎ ŜƳōǊŀŎƛƴƎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅκΩƎǊŜŜƴƛƴƎΩΦ YŜƴȅŀΩǎ 

!ƭǇƘŀǊŀƳŀ ¢ŀƴƴŜǊƛŜǎ ƛǎ !ŦǊƛŎŀΩǎ ƻƴƭȅ ǘŀƴƴŜǊȅ ǘƘŀǘ ƛǎ ŎŜǊǘƛŦƛŜŘ ǳƴŘŜǊ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ 

certification regime, the Leather Working Group (LWG) and it employs leather traceability (a sustainability 

concept). Certification would help increase the quality of leather and enhance sustainability initiatives. 

Professional certification programmes are critical for training workers in production from conception to 

finishing, as well as quality management, thus fostering process efficiency and supply capacity (WBG, 

2015). 

Fashion designers have created a distance/barrier between themselves and their users. The majority 

approach fashion in an inward-looking practice for oneself: self-expression, aesthetic choices, and 

economic factors (Whitty, 2021), which leads to significantly high dissatisfaction with fashion products in 

the market, which is unsustainable. Fashion designers must urgently adopt the problemsolving and 

externally-ŘǊƛǾŜƴ ŀǇǇǊƻŀŎƘΥ ŘŜǎƛƎƴ ŦƻǊ ƻǘƘŜǊǎΩ ƴŜŜŘǎΣ ŘǊƛǾŜƴ ōȅ Ŝǉǳƛǘȅ-led research, usercentred, and 

ŜȄǇŜǊƛŜƴǘƛŀƭ ŀǇǇǊƻŀŎƘ ό²ƘƛǘǘȅΣ нлнмύΣ ŎƻƴŎŜǇǘǎ ŀƭƛƎƴŜŘ ǿƛǘƘ 5Ŧ{Φ !ŘƘŜǊŜƴŎŜ ǘƻ ǘƘŜ ΨǿŀǎǘŜ ƘƛŜǊŀǊŎƘȅΩΥ 

reduceςreuseςrecycle-prevention is critical in the management of waste. The latter is of higher priority 

than the 3Rs (Ceschin and Gaziulusoy, 2020). 
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Design for Sustainability (DfS) 

Ceschin and Gaziulusoy (2020) explore DfS from various perspectives including eco-design, emotionally 
durable design (EDD)/design for product attachment (DfPA), Design for sustainable consumption 
behaviour (DfSB), biomimicry (BM), Product-service systems (PSS), Design for the Base of the Pyramid 
(DfBoP), and the knowledge and know-how required to apply various DfS approaches. 
Durability/longevity, be it emotional, physical, or stylistic extends the use/lifetime of apparel (Casto and 
DeLong, 2019) thus promoting sustainability. Universal design (UD) calls for inclusion of persons with 
special needs to meet their needs and preferences. 

Special TVET Institutions 

¢ƘŜ ¢±9¢ǎΩ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ bŀǘƛƻƴŀƭ /ƻǳƴŎƛƭ ŦƻǊ tŜǊsons with Disabilities (NCPWD) have not conducted 
market surveys for the courses. Further, the latter did not participate in curriculum development (Githaga, 
нлмпύΦ ¢ƘŜ ¢±9¢ ǘǊŀƛƴƛƴƎ ƛǎ ƴƻǘ ŀŘŀǇǘŜŘ ǘƻ ǘƘŜ t[²5ǎΩ ǎƪƛƭƭǎΣ ƛƴǘŜǊŜǎǘǎΣ ŀƴŘ ŀōƛƭƛǘƛŜǎΤ ŀƴŘ ƛǎ ƛǊǊelevant and 
unmarketable in an evolving technological labour market needs and jobs (ILO/IAPP, 2009; KNHRC, 2015) 
thus occasioning high unemployment among graduates (ILO, 2021). If trainers are unaware of DfS, then 
the graduates- potential industry change agents, will not be responsive designers. 

Nexus of TVET Trainers and DfS 

The past two decades have witnessed increasing recognition and political agreement that education is a 
major agent to transform the current society into a more sustainable, equitable, and socially just one. 
¦b9{/hΩǎ 9ŘǳŎŀǘƛƻƴ ŦƻǊ {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘ ό9{5ύ ƛǎ ƴƻǘ ƻƴƭȅ ƻƴŜ ƻŦ ǘƘŜ мт ¦b {ǳǎǘŀƛƴŀōƭŜ 
Development Goals (SDGs), but is also a means to reach other SDGs. ESD encompasses the development 
of adequate/relevant knowledge, right attitudes, and proficient skills. To help learners prepare for the 
uncertainty of the future, they should be imparted with the relevant knowledge. Male and female 
students gave more credit to the social and environmental domains of sustainability respectively (Chen 
et al., 2022). According to Abdelgalil (2013), the outcomes of the change project: Education for 
Sustainable Development (ESD) aligned with sustainable development include, created awareness among 
the students, re-oriented postgraduate degree scientific research plan, integrated sustainability in some 
course contents, and introduced new sustainability-ƻǊƛŜƴǘŜŘ ŎƻǳǊǎŜǎΦ hǊŀƴƎƛΩǎ όнлмпύ ǎǘǳŘȅ ǊŜǾŜŀƭŜŘ ǘƘŀǘ 
the academic staff members in TVETs were professionally qualified. Nonetheless, they needed to upgrade 
their technical skills through advanced training in Diploma, Bachelors, and Masters in fashion design, 
entrepreneurship, information communication technology, and machine maintenance. 

Undergraduate programmes in fashion and textile design have a responsibility to prepare their graduates 
for an ever-changing industry (Lantry, 2015), that is practically shifting toward DfS. The same would apply 
to TVET courses. Creative students can be self-employed, innovative, and invent things that could 
technologically solve the problems of their community of nations (Mapotse, 2023). Special TVET 
ƛƴǎǘƛǘǳǘƛƻƴǎΩ ƎǊŀŘǳŀǘŜǎ ƎŜǘ ŜƳǇƭƻȅŜŘΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ŀ ƎǊŀŘǳŀǘŜ ƻŦ ƪƴƛǘǘƛƴƎ ƛǎ ŜƳǇƭƻȅŜŘ ƛƴ ŀ bŀƪǳǊǳ-based 
industry, and another from beauty and hairdressing is an instructor in a vocational rehabilitation and 
training centre (Githaga, 2014). The purpose of teaching TE is to equip learners with knowledge, skills, 
attitudes, and values that will be needed to sustain the creative economy, and sustainable societies 
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(Mapotse, 2023). According to Njeru (2016) fashion design undergraduate students employ sustainability 
ŎƻƴŎŜǇǘǎ ƛƴ ǘƘŜƛǊ ŎƻǳǊǎŜ ǇǊƻƧŜŎǘǎ Ƴŀƛƴƭȅ ǘƘǊƻǳƎƘ ǘƘŜ ƭŜŎǘǳǊŜǊǎΩ ŜƴŎƻǳǊŀƎŜƳŜƴǘΣ ƛƴǘŜǊŀŎǘƛƻƴΣ ŘƛǎŎǳǎǎƛƻƴΣ 
consultation, and demonstration. Sustainable techniques adopted include restyle fashion products and 
construct reversible apparel and accessories. Special TVET trainers thus require extensive knowledge, skills, 
values, and positive attitude regarding DfS as they play a crucial role in the innovative learning process. 

Methodology 

A descriptive survey research design was adopted. The study was conducted in Kenya, among three special 
TVET institutes, namely Karen Technical Training Institute for the Deaf (KTTID), Machakos Technical 
Training Institute for the Deaf (MTTID), and St. Joseph Institute for the Deaf (SJID). The researchers were 
unable to reach trainers in Sikri Technical Institute for Deaf and Blind in Oyugis. Data were collected from 
the trainers/tutors, employing a semi-structured questionnaire. Thematic analysis and descriptive 
statistical techniques comprising frequencies and percentages were employed. The findings are presented 
in graphical format, and narratives. The participants were assured of anonymity and confidentiality of 
their responses. 

Results and Discussion 

Trainers of KTTID, MTTID, and SJID numbering 7, 8, and 5 respectively participated in the study totalling 20. 
The institutions are respectively located in Nairobi, Machakos, and Siaya counties in Kenya. These institutions 
were established by the GoK as TVET centres to serve learners with special needs/living with disabilities. 

The courses are variously named as Fashion design and clothing technology, tannery and leather work 
technology, and fashion design and garment making technology whose examining bodies include Kenya 
National Examination Council (KNEC), National Industrial Training Authority (NITA), and Competency-
Based Education and Training (CBET). 

wŜǎǇƻƴŘŜƴǘǎΩ ŀƴŘ IƴǎǘƛǘǳǘƛƻƴǎΩ Demographic Characteristics 

Table 1: Respondents and institutions by demographic characteristics 

Length of programme KTTID MTTID SJID 

Fashion design and clothing /garment 
making technology 

33 years Over 20 years Over 20 years 

Tannery and leather work technology Not offered 3 years Not offered 

Levels of courses Fashion design and clothing/garment making technology: 
Artisan 
Certificate 
Diploma 

Ҟ 
Ҟ 
Ҟ 

Ҟ 
Ҟ 
Ҟ 

Ҟ 
Ҟ 
Ҟ 

Tannery and leather work technology: 
Artisan 
Certificate 
Diploma 

 

Ҟ 
Ҟ 
Ҟ 
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Number of students 
Fashion design and clothing 
/garment making technology 

120 83 50 

Tannery and leather work technology Not offered 60 Not offered 

Objectives of the courses  

 

 

Impart  
knowledge, 
skills and 
attitude in  
fashion 
design 
Impart  
knowledge, skills and 

attitude 
necessary for self-
reliance  
Prepare trainees to 
confidently enter the 
world of work 
Empower 
trainees with 
sustainable skills 

Impart  
employability 
skills to learners 
Produce skilled 

learners for self- 
dependency  
Develop competence 
skills in the 

field of fashion  
design to be creative 
and innovative 

Impart technical 
skills to trainees 
Make trainees 
self-reliant 
Enable trainees 
to apply design 
techniques in 
various areas 
Practice fashion 
production with 
environmental 
consideration 

¢ǊŀƛƴŜǊǎΩκǘǳǘƻǊǎΩ ǉǳŀƭƛŦƛŎŀǘƛƻƴǎ ƛƴ ǎǇŜŎƛŀƭ ¢±9¢ 
Diploma 4 3 4 
Higher diploma 3 0 0 
Undergraduate degree 3 4 2 
Masters degree 2 0 0 
Total 12 7 6 
Prevalent disabilities among trainees (multiple responses allowed) 
Low vision Ҟ Ҟ 
Physical challenge/handicap Ҟ Ҟ Ҟ 
Cognitive/intellectual/mental deficient Ҟ Ҟ 
Developmental disorders Ҟ 
Hearing impairment Ҟ Ҟ 
Multiple disability Ҟ 

 
Products the trainers teach trainees to design and construct (multiple responses allowed) 
Clothing Ҟ Ҟ Ҟ 
Intimate apparel Ҟ Ҟ 
Handbags Ҟ Ҟ Ҟ 
Jewellery Ҟ Ҟ Ҟ 
Eyewear 
Shoes Ҟ Ҟ Ҟ 
Soft furnishings Ҟ Ҟ 
Beadwork Ҟ Ҟ 
Fabric colouration/decoration Ҟ Ҟ 
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The TVET institutions have been offering training to persons who are abled-differently. KTTID has offered 
fashion design course for over three decades, while MTTID and SJID for more than two years. Leather 
technology programme has been on offer for 3 years in MTTID only. The programmes are offered at 
Artisan, Certificate, and Diploma levels as prescribed by the curriculum in TVET institutions in Kenya 
approved by the Kenya Institute of Curriculum Development (KICD). The number of trainees currently 
enrolled in all the three levels of training in Fashion design and clothing/garment making technology at 
KTTID, MTTID, and SJID is 120, 83, and 50 respectively. The trainees pursuing tannery and leather work 
technology course total 60 across the programme levels (Table 1). The results concur with ILO (2021) that 
Kenya experiences massive inequalities in access to TVET, especially in regard to participation of females 
and PLWDs. 

The objectives of the courses as documented in the curricula are to impart the trainees with knowledge, 
attitude, and sustainable skills that empower them to be self-reliant, employable, creative, innovative, 
confident, and practice environmentally-conscious production. 

Table 1 further shows that, all trainers in the institutions have undergone formal training with KTTID 
having tutors who have attained diploma (4), higher diploma (3), undergraduate degree (3) and notable 
aŀǎǘŜǊΩǎ ŘŜƎǊŜŜ όнύΦ ¢ƘŜ ǘǊŀƛƴŜǊǎ ƛƴ a¢¢L5 ŀƴŘ {WL5 ŀǊŜ ŘƛǇƭƻƳŀ ŀƴŘ ǳƴŘŜǊƎǊŀŘǳŀǘŜ ŘŜƎǊŜŜ ƘƻƭŘŜǊǎΦ ¢ƘŜ 
findings contradict KISE (2019) that heads of regular training institutions indicated that the greatest 
challenge they face in provision of services and training to trainees with disability was lack of trained 
personnel and lack of adequate resources and unfriendly infrastructure at 30% and 29% respectively. The 
former is an indicator of low uptake of training opportunities by staff in these institutions which raises the 
question of lack of reasonable accommodations/inclusion. 

The results show that the most prevalent disabilities among trainees of the two courses was physical 
challenge/handicap reported across all the institutions. Low vision was reported in MTTID and SJID. 
Cognitive/intellectual/mental deficient was reported in KTTID and MTTID and hearing impairment in 
KTTID and SJID. Other disabilities of low prevalence include developmental disorders, and multiple 
disabilities. The finding resonates with Sichari (2016) that prevalent disabilities among Kenyans include 
mostly visual, hearing, physical, and mental impairment. Although, the TVET institutions bear the name 
Deaf, they enrol trainees with other disabilities. The diversity in disabilities may have implications on the 
pedagogy for the trainer in the delivery of curriculum for DfS adoption. 

How Curricular Incorporate DfS 

Certificate in fashion design and garment making technology 

 A total of eight units incorporate DfS namely: 

1. Entrepreneurship: enterprise social responsibilities to include meaning and importance, and social 
concerns of the enterprise. 

2. Fabric colouration (tie-and-dye and batik), fabric printing: types of dyes include natural ones obtained 
from wild plants, cultivated flowers, and foods (onions, purple cabbage). 

3. Garment cutting: lay planning (determination of fabric requirements) comprises calculation of 
material sizes with improved layout; save on material; cut trimming correctly using a pattern. 
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4. Garment making practical (separately women and men): procedure of assembling a given garment; 
and quality control. 

5. Workshop organization and management: ways of improving inefficient method of working; effects 
of lighting and ventilation in a workshop; safety precautions such as wearing protective clothing, 
operating manuals for machines, and safety posters; workshop waste disposal includes recycling and 
availing bins. 

Artisan course in garment making 

The content of four units relate to sustainability, particularly: 
1. Safety and hygiene: specific workshop rules, fire safety, first aid, and hygiene. 
2. Material knowledge: the care of fabrics made from natural and man-made fibres (cleaning agents, 

stain removal, laundering, dry-cleaning, and storage). 
3. Garment cutting: relates to laying out which focuses on economy of materials. 
4. Garment making: joining/assembling garment parts and fitting. 

The fashion design and garment making technology curriculum addresses DfS, in such courses as 
entrepreneurship, particularly social responsibilities which is a concept in social sustainability. In fabric 
colouration, the use of natural dyes is an eco-friendly process. Garment cutting ensures only enough fabric 
is bought, and efficient layout reduces fabric wastage leading to economic and environmental 
sustainability respectively. Garment making course supports correct garment assembly thus reduce 
ripping, in addition to quality control: relates to economic sustainability. 

The fashion design and garment making technology certificate artisan curriculum also fosters 
environmental sustainability in the course titled care of fabric made from natural and man-made fibres 
which enhances longevity. In addition, garment cutting points to economy of materials hence waste 
prevention. The garment making unit incorporates fitting which fosters a near-perfect fit thus the garment 
is worn for a longer period: environmental sustainability. The unit on safety and hygiene imparts trainees 
with knowledge on how to create a safe working environment: economic sustainability. The curricula thus 
ƛƴŎƻǊǇƻǊŀǘŜ ǎƻŎƛŀƭΣ ŜŎƻƴƻƳƛŎΣ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ ¢ƘŜ ŦƛƴŘƛƴƎǎ ŎƻƴŎǳǊ ǿƛǘƘ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎΩ 
assertions about the units that incorporate sustainability namely garment cutting and making, fabric 
colouration, and entrepreneurship. 

Level 4 Leather worker I course 

The following courses factor DfS, 
1. Occupational Health and Safety: types and caused of accidents in a workshop, contents and uses of a 

first aid kit, appropriate PPEs in the work place, use of fire extinguishers and emergency buttons and 
ŜȄƛǘǎΣ ŀƴŘ ²ƻǊƪƳŀƴΩǎ /ƻƳǇŜƴǎŀǘƛƻƴ !Ŏǘ ŀƴŘ ǘƘŜ hŎŎǳǇŀǘƛƻƴŀƭ IŜŀƭǘƘ ŀƴŘ {ŀŦŜǘȅ !ŎǘΦ 

2. Leather technology subjects include, 
3. Pattern Making and Cutting: quality control in pattern cutting procedures, and safety and health 

practices. 
4. Material cutting: Economical layout of material, quality control, accuracy, and safety and health 

practices. 
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5. Component Preparation: dyes and stains, safety and health practices. 
6. Assembling: Quality control, safety and health practices. 
7. Finishing- Materials include dyes, stains, and colours, quality control, and safety and health practices. 

Business Studies 

Introduction to business studies: corporate social responsibility, classification of business resources 
includes economic (natural and man-made/capital resources), renewable and non-renewable resources. 
Workshop organization and management instils the creation of an efficient method of working and a 
conducive working environment: economic sustainability, and stresses on recycling: one of the 3Rs of 
environmental sustainability. 

All the subjects tackle safety and health practices, and quality control: sustainability concepts. The former 
promotes a conducive working environment, while the latter fosters good quality products thereby 
longevity. Economical pattern layout and accuracy prevents waste generation. However, the curriculum 
does not specify which kind of dyes to use (natural or chemical of which the former is sustainable). The 
trainers may use their DfS knowingness, skills, and attitude to opt for utilizing natural dyes. In business 
studies a discussion on Corporate Social Responsibility (CSR) aligns with DfS. Further, considering that 
leather and fashion production are energy-intensive, knowledge on renewable business resources such 
as energy would propel the graduates to utilize it in their businesses. 

¢ǊŀƛƴŜǊǎΩ Knowingness, Attitude, and Practice of DfS 

¢ǊŀƛƴŜǊǎΩ ƪƴƻǿƛƴƎƴŜǎǎ ƻŦ 5Ŧ{ 

The trainers were probed on the sources from which they obtained information about DfS. 

Table 2: Respondents by knowingness of DfS  
 Awareness of DfS (multiple responses allowed) n % 

Media especially social media 7 35.0 

Research on fibres and fabrics 6 30.0 

Workshops 5 25.0 

TVET fair/exhibition 4 20.0 

Market trend observation 3 15.0 

Internet 2 10.0 

Fashion shows 2 10.0 

Embrace current trends 1 5.0 

Learning about design 1 5.0 

Reading journals 1 5.0 

Community outreach projects 1 5.0 

/ƭƛŜƴǘΩǎ ŦŜŜŘōŀŎƪ 1 5.0 

Innovation 1 5.0 

Campaigns about green economies 1 5.0 

Trends in modern entertainment scenes 1 5.0 
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TraineǊǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ 5Ŧ{ 

¶ Clothing that is mindful of people in the production line or value chain, such as worker rights and 
social welfare. 

¶ Clothing that is mindful of the environment by using recycled materials/items, waste fabrics, and 
organic cotton. 

¶ Maintaining a process over a period of time by utilizing available resources. 

¶ Clothing that is socially-acceptable. 

¶ Affordable fashion. 

¶ Classic fashion. 

¶ Ethically-made fashion. 

¶ Clothing that promotes economic empowerment of trainees, such as school uniforms. 

¶ Clothing that fosters green and blue economy. 

¶ Cost-effective clothing. 

wŜǎǳƭǘǎ ǊŜǾŜŀƭ ǊŜǎǇƻƴŘŜƴǘǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŎƻƴŎŜǇǘǎΥ ŜƴǾƛǊƻƴƳŜƴǘŀƭΣ ǎƻŎƛŀƭΣ ŀƴŘ 
economic. 

Benefits of DfS 

Table 3: Respondents by benefits of DfS 

Benefits of DfS (multiple responses allowed) Economic benefits n % 

Availability of cheap materials. 4 20.0 

Affordable fashion thus consumers save money. 2 10.0 

Creates employment 

Technological benefits 

2 10.0 

LƳǇǊƻǾŜǎ ǘǊŀƛƴŜŜǎΩ ŎǊŜŀǘƛǾƛǘȅ ǘƘǊƻǳƎƘ ǊŜ-use, recycling. 3 15.0 

Innovation and creativity. 1 5.0 

Standardized materials thus increase lifespan. 1 5.0 

Unique and good quality designs. Environmental benefits 1 5.0 

Clean and safe environment by recycle, reuse, repack waste, and reduction of harmful emissions. 11 55.0 

Reduction of waste generation, for instance modern ways of assembly. 6 30.0 

Healthy/safe work environment. Social benefits 3 15.0 

Consumer education on habits of sustainable fashion. 1 5.0 

Upholds minimalism lifestyles. 1 5.0 

Fights for human rights such as workers. 1 5.0 

Foster social harmony. 1 5.0 

Customer satisfaction. 1 5.0 

Saves animal lives. 1 5.0 
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Table 3 shows that the majority of respondents relate DfS to environmental benefits while the social 
benefit is the least appreciated. There is a needs/gap in the integration of sustainability practices for the 
trainers in the TVET institutions. The trainers and trainees belong to diverse reference groups such as 
social groups and communities. Therefore, cultivating the importance of all sustainability gains would 
further magnify the network of the benefits of DfS, because fashion and leather production and 
consumption are the leading global pollutants. 

¢ǊŀƛƴŜǊǎΩ Attitude toward DfS 

Respondents were overwhelmingly positive about DfS for the following reasons: 

Table 4: Respondents by attitude toward DfS 

Attitude toward DfS (multiple responses allowed) n % 

Improve/boost sustainable practice for the next generation. 3 15.0 

Create environmentally/eco-friendly products. 3 15.0 

It is achievable. 3 15.0 

Reduce chemical emissions. 2 10.0 

Minimal fabric wastage. 2 10.0 

Great potential in the programme if well implemented. 1 5.0 

Positive to produce creative learners. 1 5.0 

Makes the designer a problem solver. 1 5.0 

Ready to embrace it. 1 5.0 

Buy locally-made products. 1 5.0 

Important to the fashion world. 1 5.0 

Creates employment (employed or self-employed) for trainees. 1 5.0 

 Love creativity from waste. 1 5.0 
 {ǳǇǇƻǊǘ ƛǘ ōȅ ƛƴŎƻǊǇƻǊŀǘƛƴƎ ƛƴ ǘǊŀƛƴŜŜǎΩ ǇǊƻƧŜŎǘǎΦ 1 5.0 
 Appreciate its positive effect in the environment. 1 5.0 

The majority (80%) of respondents reported that DfS is incorporated in the courses. On the other hand, 
20% vocalized the negative. The reasons for the former include,  

¶ Supports fairer and safer working conditions. 

¶ Through the CBET curriculum. 

¶ The skills attained enable learners and trainers to focus on detail, creativity, and 
environmentallyfriendly aspects. 

¶ The KNEC curriculum incorporates research and exhibition. 

¶ It is an aspect of emerging issues in the fashion world to innovate eco-friendly products. 

¶ Trainees can select and focus on what they can do best. 

¶ Makes trainees creative and innovative. 

¶ Most TVETs are conducting this training. 

¶ Trainees use waste to make soft furnishings. 

DfS is not incorporated in the courses because the design world in the classroom is knowledgebased not 
practical. 
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¢ǊŀƛƴŜǊǎΩ Practice of DfS 

Table 5: Respondents by knowingness, attitude, and skill sets required for successful DfS practice 
Knowingness, attitude, and skill sets crucial for successful n DfS practice (multiple responses allowed) % 

Knowingness  

Fashion design knowledge, for instance trends, design thinking. 11 55.0 
Creativity. 8 40.0 
Innovativeness. 8 40.0 
Environmental literacy. 3 15.0 

Material/textile science knowledge, for example durability, challenges of using certain fabrics, sourcing. 
Attitude  

2 10.0 

Attention to details. 2 10.0 

Waste sensitive. 1 5.0 

Collaboration. 1 5.0 

Problem solving.  
Skill sets 

1 5.0 

Sewing techniques. 4 20.0 
Garment cutting. 2 10.0 
Good communication. 2 10.0 
Research. 2 10.0 
Recycling. 1 5.0 

Rebranding. 1 5.0 
Entrepreneurial/marketing. 1 5.0 
Artistic skills. 1 5.0 

Pattern development. 1 5.0 
Information communication technology (ICT). 1 5.0 

wŜǎǳƭǘǎ ƛƴ ¢ŀōƭŜ р ǎƘƻǿ ǘƘŀǘ ǊŜǎǇƻƴŘŜƴǘǎΩ ƪƴƻǿƛƴƎƴŜǎǎ Ǉrevails over attitude and skill sets. Notably, the 
latter two may hinder their ability to successfully transfer important DfS practices to their trainees. 
Consequently, this may act as an impediment to the trainees to practice DfS. 

How the departments have ōŜƴŜŦƛǘŜŘ ŦǊƻƳ ŀŘƻǇǘƛƴƎ 5Ŧ{ ƛƴ ǘǊŀƛƴŜŜǎΩ ǇǊƻƧŜŎǘǎ  

¶ Support local communities. 

¶ Encourages mindful consumption of fashion products. 

¶ The majority of the trainees have become innovators, self-reliant, and job creators. 

¶ 9ƴƘŀƴŎŜŘ ǘǊŀƛƴŜŜǎΩ ōƻƭŘƴŜǎǎΣ ŀǎǎŜǊǘƛǾŜƴŜss, and creativity to design and produce biodegradable and 
transformable fashion products. 

¶ Makes trainees appreciate and embrace their cultural heritage. 

¶ Produce fashion products by reusing, upcycling, and recycling clothing items and materials thus 
savings are made. The articles are exhibited and sold in TVET fairs. 

¶ Promotes safer working environment for trainers and trainees. 

¶ Makes the course relevant to the current global environmental issues. 

¶ Trainees do economical pattern layout hence reduce wastage.  

¶ Trainees adhere to environmentally-friendly waste disposal. 

Challenges departments encounter in adopting DfS 

Adopting DfS creates its fair share of challenges to the department related to institutional, consumer, and 
financial issues:  
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Institutional concerns 

¶ Limited time because creativity is time-consuming yet the courses have a tight schedule with limited 
practice time. The trainees write examinations every year. 

¶ Shortage of equipment, particularly modern ones. 

¶ Lack of clear academic grading. 

¶ Limited resources for research and implementation. 

¶ Lack of materials. 

¶ Lack of finance to run the programme. 

¶ Lack of proper guidance and policy. 

¶ Challenge of sourcing eco-friendly materials. 

¶ Trainees undecided because the programme is broad, thus selecting one item may not be beneficial 
to some trainees. 
Consumer concerns 

¶ Acceptability by consumers. 

¶ Slow adoption. 

¶ Limited accessibility for consumers.  
Financial issues 

¶ Pricing of the products.  

¶ High cost. 

The results clearly point to institutional challenges as the major deterrent to the success of DfS practices 
despite consumer concerns such as product acceptability, slow adoption, and limited accessibility. The 
findings resonate with Chipambwa (2024) that upcycling faces myriad challenges. The process is time-
consuming due to the uniqueness of the products. Pricing the products is difficult as customers considered 
them as having inferior quality. Further, customers may have a negative attitude toward the products as 
they prefer those made from new fabric. 

Units that incorporate DfS 

The respondents outlined seven units each in fashion design and clothing/garment making technology 
and tannery and leather work technology in which DfS is incorporated namely, 

Table 6: Fashion design units that incorporate DfS 
Unit Name Unit Description 

Garment construction practical Garment assembly from designing, cutting to making/joining. 
Accessory making Use locally-available materials. 
Fabric colouration (batik, tie-and-dye) Use the techniques to renew old garments. 
Fashion design, clothing construction Sketch designs that have classic styles. 

Construct garments using the most economical technique. 
Cutting technology Lay patterns in the most economical way. 
Environmental literacy Competencies required to control environmental pollution. 

Comply with workplace sustainable resource use. 
Identify environmental legislation. 
Implement and monitor activities on environmental protection. 

Entrepreneurial skills Developing business innovation strategies. 

New markets. 

Motivating workers. 
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Despite experiencing numerous institutional challenges as stated, the trainers have successfully 
implemented DfS practices in some of the courses in the curriculum that they teach (Table 6). The practice 
shows a willingness by the trainers to enhance sustainable practices in fashion and clothing design and 
tannery and leather work technology. 
 

Strategies the departments employ to incorporate DfS 

Table 7: Respondents by strategies adopted to incorporate Df 

Strategies adopted in incorporation of DfS (multiple responses allowed) n % 

Students are encouraged to do economical pattern layout. 15 75.0 

Trainers encourage students to use new scrap fabric for projects. 13 65.0 

Procure and use natural dyes in fabric colouration. 12 60.0 

Students are taught how to mend fashion products. 11 55.0 

Developed new courses that integrated sustainability. 10 50.0 

Re-orient existing courses to incorporate sustainability. 10 50.0 

Adhere to environmentally-friendly disposal of effluent from fabric colouration. 10 50.0 

Trainees are assisted to design and construct multi-functional fashion products. 10 50.0 

Trainees are guided to design and construct apparel for persons with special needs eg. Elderly, PLWDs. 10 50.0 
Trainees are guided to design and construct classic fashion products. 9 45.0 

Trainers encourage students to restyle products into apparel. 9 45.0 

Trainers stress on trainees to design and construct reversible apparel. 8 40.0 

Entrepreneurship units emphasize on workers being valued. 8 40.0 

Trainers stress on trainees to design and construct reversible fashion accessories. 7 35.0 

Students are facilitated to design and construct transformable fashion products. 6 30.0 

Trainers encourage students to design and construct reversible soft furnishings. 5 25.0 

Trainers emphasize to trainees to construct long lasting fashion products. 5 25.0 
Trainees are required to design together with real clients/end-users. 5 25.0 
Trainees are encouraged to adopt ethnic dress styles of diverse African communities in their projects. 5 25.0 
Students are encouraged to use bio-degradable fabrics. 5 25.0 

Trainers stress on the trainees to use Kenyan made fabrics and materials. 4 20.0 

Students are encouraged to empower the community culturally and economically 4 20.0 

Seek fabric donations from textile manufacturing firms. 3 15.0 

Sought for leather scraps from leather tanneries and designers. 3 15.0 

Invite resource persons to speak to trainees and staff on sustainable fashion. 2 10.0 

Seek fabric donations from fashion houses. 2 10.0 

Seek fabric donations from apparel manufacturing firms. 1 5.0 

Table 7 reveals that the focus is on trainees being instilled the DfS practice in their projects that incorporate 
such concepts as upcycle, mend, restyle, transformable, reversible, use end-of-life fabrics, buy local, and 
community engagement. Evidently, the respondents are acting as change agents or champions. 

Trainees and DfS 

Sustainable products created by trainees 

The results reveal trainees create soft furnishings, apparel, fashion accessories, and engage in halfscale 
garment making. Fashion accessories include earrings, necklaces, sandals, beadwork baskets, bags, hats, 
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scarves, and ties. The soft furnishings comprise duvéts, curtains, backrests, wall hangings, floor and baby 
play mats, lampshades, pillowcases, nettings, centre pieces, throw cushion covers, bedcovers, loose 
covers, carpets, and rugs. Sustainable principles are employed in fabric colouration and in practical/studio 
projects by constructing a half-scale garment. The finding echoes Simmons (2017) that with appropriate 
support adolescents and youth living with disabilities can develop into adults who lead contributing and 
satisfying lives in the community. The special TVET graduates, despite their disabilities but equipped with 
relevant knowingness, and skill-sets, as well as a positive attitude of and toward DfS shall practice it in the 
industry, thereby foster sustainable production and consumption. 

¢ǊŀƛƴŜŜǎΩ Reaction to DfS 

The trainees are predominantly positive about adopting DfS, which is expressed by such sentiments as 
ΨŜȄŎƛǘŜŘΩΣ ΨƛƳǇǊŜǎǎŜŘΩΣ ΨƘŀǇǇȅΩΣ ŀƴŘ ΨƭƛƪŜ ƛǘΩΦ ¢ƘŜ ǘǊŀƛƴŜŜǎ ŜƳōǊŀŎŜ 5Ŧ{Σ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ƴŜŜŘ ŦƻǊ ǎǳǎǘŀƛƴŀōƭŜ 
production and consumption, keep wastage to minimal due to change of attitude towards use of fabric, 
and put much effort to create more sustainable fashion products. Nonetheless, some trainees do not 
seem to understand the concept. Such trainees prefer easy and fast work, and lack capital to purchase 
sewing machines and materials. Consequently, upon graduation, only a quarter of the graduates venture 
into fashion design, while the rest abandon the discipline. The respondents added that the study topic is 
relevant and well-captured in the new CBET programme. 

Conclusion 

With proper training and DfS-oriented curriculum, trainees living with disabilities enrolled in special TVET 
institutions are empowered to engage in DfS. The course objectives are DfS-oriented to some extent. 
Therefore, it is increasingly important for design educators in special TVET and other higher education 
institutions (HEIs) to be well-ǾŜǊǎŜŘ ǿƛǘƘ 5Ŧ{ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜ ƻōƧŜŎǘƛǾŜǎΩ ŀǘǘŀƛƴƳŜƴǘΦ 5Ŧ{ ƛǎ ƛƴŎƻǊǇƻǊŀǘŜŘ 
in both studio-based and theory units. The former include pattern making, material colouration, and 
garment cutting and making. The theory units comprise business studies and occupational health and 
ǎŀŦŜǘȅΦ ¢ƘŜ ǘǊŀƛƴŜǊǎΩ ŜƳǇƭƻȅ ǘƘŜƛǊ ƪƴƻǿƛƴƎƴŜǎǎΣ ŀǘǘƛǘǳŘŜΣ ŀƴŘ ǎƪƛƭƭ-set/practice of DfS in developing and 
delivering curricula, which has benefited the departments, particularly by the students adopting DfS in 
their course projects by designing and producing sustainable soft furnishings, and fashion and leather 
products. Nonetheless, DfS adoption experiences numerous institutional challenges, as well as consumer, 
and financial obstacles. ESD is the key to achieving other SDGs such as sustainable fashion and leather 
production and consumption. Trainers play a crucial role in the innovative learning process. Due to 
ǘǊŀƛƴŜŜǎΩ ǇƻǎƛǘƛǾŜ ŀǘǘƛǘǳŘŜ ǘƻǿŀǊŘ 5Ŧ{Σ ǘƘŜȅ ǎƘŀƭƭ ŜƛǘƘŜǊ Ŏƻƴǘƛƴǳŀƭƭȅ ƛƳǇǊƻǾŜ ŜȄƛsting 
products/solutions/outcomes or create radically new ones that are distinctively sustainable. Both the 
ǘǊŀƛƴŜǊǎ ŀƴŘ ǘǊŀƛƴŜŜǎ ŎƻƴǘǊƛōǳǘŜ ǘƻ YŜƴȅŀΩǎ ŦŀǎƘƛƻƴ ŀƴŘ ƭŜŀǘƘŜǊ ƛƴŘǳǎǘǊȅΩǎ ǎǳōǎǘŀƴǘƛǾŜ ŜƴƎŀƎŜƳŜƴǘ ǿƛǘƘ 
5Ŧ{Σ ΨƎǊŜŜƴƛƴƎΩΣ ŀƴŘ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎΦ CǳǊǘƘŜǊ, they are game changers fostering DfS.  

The authors recommend capacity building: conduct workshops and develop a DfS module/toolkit for the 
special TVET trainers to enhance their knowingness, attitude, practice, skill-sets, and value concerning 
DfS. A traŎŜǊ ǎǘǳŘȅ ǘƻ ōŜ ŎƻƴŘǳŎǘŜŘ ƻƴ ǎǇŜŎƛŀƭ ¢±9¢ ǘǊŀƛƴŜŜǎΩ ƪƴƻǿƛƴƎƴŜǎǎΣ ŀǘǘƛǘǳŘŜΣ ǾŀƭǳŜΣ ŀƴŘ ǇǊŀŎǘƛŎŜ 
of DfS: fashion design and leather technology. The trainees are future design practitioners and potential 
change agents. 
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Abstract 

The aim of the study is to investigate awareness and understanding of sustainability education in rural 
primary schools of Jabalpur, central India. A total of 72 participants (school children) were selected, out of 
which 29 were males and 43 were females. Through the interviews, and observational studies the findings 
of this research study showed no knowledge of sustainability. From interviews, teachers reveal that they 
face challenges in teaching sustainability topics and strategies used to engage children. Children responses 
showed no knowledge of sustainability. From observational studies, we could conclude there is no classroom 
activity related to sustainability education, no environmental topics, no integration of sustainable practices 
into daily routines. Also, there are no eco-friendly facilities and no outdoor learning spaces. Thus, there is a 
great need for sustainability education in rural primary schools. Thus, sustainability education in everyday 
learning should incorporated through physically sustainable classroom design by using corrugated sheets to 
create interactive furniture and learning aids for teaching and learning. Thus, children can be inspired to 
become environmentally conscious citizens and practices more sustainable future.    

Introduction   

Particularly in rural areas, the significance of sustainability education has gained recognition in recent 
years as an essential part of elementary education. Roughly 90% of Indians live in rural areas, according 
to the National Sample Survey Office (Thomas and Jayesh, 2016). These areas frequently deal with a wide 
range of difficulties, such as little resources, poor education, and little exposure to environmental 
problems. Because rural areas are essential to the country's overall sustainability efforts, these 
characteristics make the distribution of sustainability knowledge both a difficulty and a requirement.  

A generation that is environmentally conscious and able to make sustainable decisions needs to be raised 
through sustainability education, which includes teaching about the environment, sustainable 
development, and the interconnectedness of ecosystems. None the less, a major obstacle is the dearth 
of widely accepted sustainability education initiatives in rural India, especially in elementary schools. 
According to Chhokar et al. (2007), there is a significant void in the country's attempts to encourage 
environmentally responsible behavior and sustainable practices when these programs are absent. Given 
that rural communities are frequently more closely linked to natural resources and ecosystems; it is 
troubling that there is a lack of implementation of sustainability education in these places. This is because 
local knowledge and involvement in sustainability matters more in these locations.  

Prior research has brought attention to the difficulties and possibilities involved in incorporating 
sustainability education within the academic program. According to Tilbury (2011) and Sterling (2001), for 
example, good sustainability education should encourage critical thinking, problem-solving abilities, and 
a feeling of environmental responsibility in addition to imparting knowledge. However, due to a shortage 
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of qualified teachers, subpar instructional resources, and poor infrastructure, these components are 
absent from many rural schools (Gough & Sharpley, 2005). This calls for creative ways to make 
sustainability accessible and interesting for kids in the classroom on a daily basis.  

The purpose of the study is to assess primary school students in rural Jabalpur, central India, regarding their 
present knowledge and comprehension of sustainability principles. It aims to identify the obstacles that 
educators have when delivering sustainability education, including scarce resources, inadequate training for 
teachers, and trouble keeping students' attention. The study will also evaluate the degree to which lessons 
on sustainability and the promotion of sustainable behaviors are incorporated into the curriculum. The study 
also looks at creative solutions, such as making engaging, environmentally friendly classroom furniture and 
learning tools out of corrugated sheets. We will track how these environmentally friendly classroom designs 
affect student participation, academic performance, and environmental consciousness.   

Literature Review  

 Sustainability education has gained global importance as societies recognize the need for environmental 
stewardship and sustainable development. It aims to equip individuals with the knowledge, skills, and 
values necessary to make informed decisions that contribute to environmental, economic, and social 
sustainability. The United Nations Educational, Scientific and Cultural Organization (UNESCO) emphasizes 
the role of education in fostering sustainable development, advocating for its integration across all levels 
of education (UNESCO, 2014).  

Since early exposure can influence attitudes and actions that last a lifetime, primary education is essential 
for imparting sustainability concepts (Tilbury, 2011). Studies indicate that introducing young children to 
sustainability education helps promote environmental consciousness and conscientious citizenship (Davis, 
2010). Yet, the success of these educational programs frequently hinges on the accessibility of materials, 
the level of teacher preparation, and the incorporation of sustainability into the curriculum.  

There are significant difficulties in implementing sustainability education in rural areas, especially in 
developing nations like India. Many rural schools lack basic infrastructure, let al.one resources for 
specialized educational programs, according to the National Council of Educational Research and Training 
(NCERT) (NCERT, 2012). According to Chhokar et al. (2007), access to qualified teachers and environmental 
education resources is frequently a problem for rural schools. Studies of rural Indian schools have shown 
that a greater lack of knowledge and comprehension of sustainability among students and teachers 
exacerbates these difficulties (Bordoloi & Bordoloi, 2016).  

The study found notable deficiencies in the teaching of sustainability in rural Jabalpur, central India, 
primary schools. Teachers were found to be ill-prepared and ignorant when it came to teaching 
sustainability-related subjects. The two main challenges mentioned by teachers were a lack of compelling 
teaching tactics and inadequate training. Studies based on observation verified that there were no 
environmental themes covered in the classroom, no sustainability-related activities, and no sustainable 
practices incorporated into everyday life. This is consistent with research by Sterling (2001), who found 
that environmental education is frequently neglected in traditional educational systems, particularly in 
environments with little resources. 
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Considering the shortcomings found, creative methods for incorporating sustainability education into the 
curriculum are obviously needed. The study suggests making interactive furniture and educational 
materials out of physically sustainable classroom designs, including corrugated sheets. These designs 
serve as real-world examples of sustainability concepts in addition to making learning more interesting 
(Gough & Sharpley, 2005). These tools' actual use can assist close the knowledge gap between theory and 
practice, giving students a greater grasp of sustainability.  

It has been demonstrated that incorporating sustainable classroom designs improves student learning by 
bringing abstract ideas to life (Wals & Kieft, 2010). Children were seen to interact with the learning 
materials more actively in the study's context, developing a more tangible grasp of sustainability. In 
addition to teaching children about eco-friendly activities and the utilization of recycled materials, this 
technique also introduces them to the idea of resourcefulness. Schools can encourage students to 
embrace sustainable practices in their daily lives and ultimately contribute to the development of 
environmentally conscious citizens by implementing these components into the classroom (UNESCO, 
2014).  
 
Methodology   

Questionnaire Focusing on Knowledge of Sustainability   

The questionnaire followed by Mahat et al. (2019) has been modified according to the context of rural 
primary schools, Jabalpur, Madhya Pradesh. The questionnaire involves three variables focusing on 
knowledge of sustainability. The first variable focused on knowledge of recyclable and non-recyclable 
materials. There are ten items in the form of coloured picture, children were asked to see picture and give 
ŀƴǎǿŜǊ ΨȅŜǎΩ ƻǊ ΨƴƻΩ ōŀǎŜŘ ƻƴ ƳŀǘŜǊƛŀƭǎ ǿƘƛŎƘ ŀǊŜ ǊŜŎȅŎƭŀōƭŜ ŀƴŘ ƴƻƴ-recyclable. The other variable 
focused on evaluating knowledge of sustainability, there are three components of sustainable 
development ς social, economic, and environmental. Children were asked to answer these pictures by 
Yes = 2, No = 1, Not sure = 0. Another variable is the behaviour of sustainability which is again divided into 
three parts. First part namely six items of reducing practice, six items of reusing practice and six items of 
recycling practice. These variables are evaluated on scale of 2 = Always, 1= Sometimes, and 0 = Never 
modified by Leeming et al. όмффрύ ŦƻǊ ǘƘŜ ŎƘƛƭŘǊŜƴΩǎ ŜƴǾƛǊƻƴƳŜƴǘ ŀǘǘƛǘǳŘŜ ŀƴŘ ƪƴƻǿƭŜŘƎŜ ǎŎŀƭŜ ό/I9!Y{ύ 
Ozturk, D. (2010). These three variables are modified according to the surroundings in rural Jabalpur, 
central India.   

Interviews   

Due to the time constraint imposed by the school principal for conducting interviews with teachers, and 
with the goal of causing the least impact possible during the course of courses, group interview or focus 
group interview, suggested by Merton et al. (1956) was adopted in our study. According to Patton (2002) 
and Flick (2009), a group interview or focus group interview is one in which individuals to be questioned 
are met in small groups due to time limitations and a lack of resources. The goal here is still to collect the 
perspectives of each interviewee, rather than data derived from hypothetical debates on the topic; that 
is, even while it is developed in a group, a group interview is still an interview, according to Patton (2002).  
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Direct Observations   

Direct observation as a participating viewer was the observation technique used and it followed 
typologies by Gold (1958) and Merriam (2009). All children of class V were investigated during school 
hours. During the process, teachers let go of several teaching resources such as songs, plays and games 
with the objective to reach the goals suggested. The observation of interaction between children and 
teachers and environment during the activities could help in the process of analysis of how school has 
developed practices related to sustainability.   

Results and Discussion   

Student Demographics   

The study was conducted in Jabalpur district of Madhya Pradesh, India. Before the study began, Ethical 
permission was obtained. The study only looked at four rural primary schools, from each school 20 
children participated. Only 12 children participated from one of those schools.  [Table 1] 

Table 1. Demographic Data  

Class  V  

children  

Male n = 29   Female n = 43   

  Mean ± SD  Range  Mean ± SD  Range  

Weight (kg)  22.76 ± 1.57   25 - 20  23.18 ± 1.91  26.5 ς 20  

Height (m)  1.02 ± 0.02  1.04 -1  1.04 ± 0.03  1.09 ς 0.99  

BMI 21.76 ±1.52 24.7-19.38 21.29 ± 2.20 26.37  ς 18.09 

Questionnaire Focusing on Knowledge of Sustainability   

Figure 1 shows the responses to knowledge of recyclable and non-recyclable materials. The items that 
show the highest incorrect percentage is plastic at 40.32 percent, glass bottle at 48.96 percent, aluminium 
cans 40.32 percent, newspaper 37.44 percent, stone at 42.48 percent. The highest correct percentage is 
raw food at 48.24 percent, food polystyrene at 36 percent, cartoon box at 30.24 percent. This 
demonstrates clearly that major respondents lacked the necessary knowledge to differentiate between 
recyclable and non- recyclable items. [Figure 1]  

 
Figure 1. Knowledge of recyclable and non-recyclable materials 
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Analysing sustainability knowledge for 18 items (Figure 2) children were asked questions with showing 
pictures about having awareness or knowledge regarding socio, economic, environment. Most of the 
ŎƘƛƭŘǊŜƴ ŀƴǎǿŜǊŜŘ ΨƴƻΩ ŦƻǊ ƴƻǘ ƘŀǾƛƴƎ ƪƴƻǿƭŜŘƎŜ ǊŜƎŀǊŘƛƴƎ ŀƴȅ ƻŦ ǘƘŜǎŜ ŦŀŎǘƻǊǎΦ /ƭŜŀǊƭȅ ǎƘƻǿǎ ƻǾŜǊŀll 
ǊŜǎǇƻƴŘŜƴǘǎΩ ƪƴƻǿƭŜŘƎŜ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛǎ ƭŀŎƪƛƴƎΦ IƻǿŜǾŜǊΣ ǘƘŜǊŜ ŀǊŜ ƛǘŜƳǎ ǿƛǘƘ a low percentage of 
ΨȅŜǎΩ ǊŜǎǇƻƴǎŜǎΦ ώCƛƎǳǊŜ нϐ 

 
Figure 2. Frequency of sustainability knowledge 

The frequency variable is analysed next, to determine the sustainability practice of reducing. The Study 
ŦƛƴŘƛƴƎǎ όCƛƎǳǊŜ оύ ǎƘƻǿ ǘƘŀǘ ǊŜŘǳŎŜ ƛǘŜƳ м άŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎŜǊǾŀǘƛƻƴ ǇǊŀŎǘƛŎŜ ōȅ ǎǿƛǘŎƘƛƴƎ ƻŦŦ ǘƘŜ ƭƛƎƘǘǎ 
ǿƘŜƴ ƴƻǘ ƛƴ ŀ ǊƻƻƳέ ǎƘƻǿǎ ŀ ƘƛƎƘ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ŀƎǊŜŜƛƴƎ ǿƛǘƘ тнΦнн ǇŜǊŎŜƴǘ ǎǘŀǘƛƴƎ ǘƘŀǘ ǘƘŜȅ Řƻ ǇǊŀŎǘƛŎŜ 
that. ReducŜ ƛǘŜƳ н άǿŀǎǘƛƴƎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ōȅ ƴƻǘ ǎǿƛǘŎƘƛƴƎ ƻŦŦ ƭƛƎƘǘǎέ ǎƘƻǿǎ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ссΦсс 
ǇŜǊŎŜƴǘ ǎǘŀǘƛƴƎ ǘƘŀǘ ǘƘŜȅ Řƻ ǇǊŀŎǘƛŎŜΦ wŜŘǳŎŜ ƛǘŜƳ о άbƻǘ ǿŀǎǘƛƴƎ ƻŦ ǿŀǘŜǊέ ǎƘƻǿǎ ŀ ƘƛƎƘ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ 
45.83 percent stating that they do practice of not wasting the ǿŀǘŜǊΦ wŜŘǳŎŜ ƛǘŜƳ п άǿŀǎǘƛƴƎ ƻŦ ǿŀǘŜǊέ 
shows high agreement with 38.88 percent stating that few practices of not wasting water and few 
disagree. wŜŘǳŎŜ ƛǘŜƳ р άǳǎŀƎŜ ƻŦ ǘƛǎǎǳŜ ƛƴǎǘŜŀŘ ƻŦ ƘŀƴŘƪŜǊŎƘƛŜŦ ǎƘƻǿǎ ŀƴ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ оф ǇŜǊŎŜƴǘ ƻŦ 
not using. Reduce ƛǘŜƳ с άƳƛƴƛƳƛȊƛƴƎ ǳǎŀƎŜ ƻŦ ǇƭŀǎǘƛŎ ōŀƎέ ǎƘƻǿǎ ŘƛǎŀƎǊŜŜƳŜƴǘ ǿƛǘƘ прΦуо ǇŜǊŎŜƴǘ ǎǘŀǘƛƴƎ 
that they use it and few with 22.22 percent respondents agree not to use plastic bags. [Figure 3]  

            

Figure 3. Frequency of reduce practice among school children  
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Referring to Figure 4, the item showing the highest percentage of recycling practice is recycling item 3 ς 
άǎŜƭƭƛƴƎ ƻƭŘ ƴŜǿǎǇŀǇŜǊ ǘƻ ōŜ ǊŜŎȅŎƭŜŘέ ǿƛǘƘ руΦоо ǇŜǊŎŜƴǘ ƻŦ ǊŜǎǇƻƴŘŜƴǘǎ ǎŀƛŘ ǘƘŜȅ ŀƭǿŀȅǎ ǇǊŀŎǘƛŎŜŘ ǘƘƛǎΣ 
while 41.66 percent of respondents said they practice sometimes.  The rest of all recycled items did not 
show positive responses towards frequency of practicing recycling items. [Figure 4]  

 
Figure 4. Frequency of recycle practice among school children 

The frequency distribution of respondeƴǘǎΩ ŀƴǎǿŜǊǎ ǘƻǿŀǊŘǎ ǊŜǳǎŜ ǇǊŀŎǘƛŎŜ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ рΦ ¢ƘŜ ƘƛƎƘŜǎǘ 
percentage of positive response was for reusing item 1, 3, 4 and 6 (usage of plate, usage of lunch box, usage 
of used paper, usage of paper both the sides) were 100 percent, 41.66 percent, and 58.33 percent.  For other 
ǊŜǳǎŜ ƛǘŜƳǎ н ŀƴŘ р όǳǎŜ ƻŦ ǇƻƭȅǎǘȅǊŜƴŜ ŀƴŘ ōǊƛƴƎƛƴƎ ōŀƎ ǘƻ ƳŀǊƪŜǘύ ǊŜǎǇƻƴŘŜƴǘǎ ŎƘƻƻǎŜ άǎƻƳŜǘƛƳŜǎέ ǿƛǘƘ 
81.94 percent and 47.22 percent. Basically, the study findings imply that the efforts towards application of 
sustainability must be follow Agut et al. (2014) who agree that children as members of a community need 
to be equipped with knowledge, and education towards sustainability development needs to be 
implemented. Also, Siraj-Blatchford (2009) further agrees that early childhood education plays an important 
role in achieving sustainable development and this educative role is best played by teachers. Ayeni & 
Adelabu (2012) emphasize that such education should be ongoing until they reach adulthood so that they 
really understand and are aware of the importance of preserving the environment. [Figure 5]  

 
Figure 5. Frequency of reuse practice among school children   
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Interviews   

The group interviews began with the researcher introducing herself. Then she described how the 
interview would be conducted and began it. A total of 5 teachers from the same school participated in 
the interview. The interviews followed a semi-structured script, derived from Farias (2016), who 
conducted a study with comparable objectives on a higher education level. The interview focused on 
sustainability in general and specifically to sustainability in the school or educational context. Only two 
teachers are aware of the sustainability development. None of the teachers was able to give a theoretical 
definition of sustainability. Our findings are like Teo et al. (2014). The second part of the interview was to 
get insights of teaching practices of sustainable knowledge. Only one teacher (out of 5 teachers) explained 
their teaching practices which were earlier performed in classes, teacher connected with environmental 
especially natural resources and renewable energies by covering three dimensions of sustainability. Also, 
teachers discussed integrating environmental education into school curriculum was not favoured because 
environmental education in various subjects is not given that much importance.  

{ƛƳƛƭŀǊƭȅΣ YƛƳŀǊȅƻ όнлммύ ǊŜǇƻǊǘŜŘ ǘƘŀǘ ǘŜŀŎƘŜǊǎΩ ǘŜŀŎƘƛƴƎ ǇǊŀŎǘƛŎŜǎ ƛƴ ƛƴǘŜƎǊŀǘƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŜŘǳŎŀǘƛƻƴ 
varied from one subject to another. Also suggested that environmental education with integrating ideas of 
sustainability should be included in the curriculum as an independent subject or as specific topics.   

Direct Observations   

From observational studies, we could conclude there is no classroom activity related to sustainability 
education, no environmental exploration was used, no teaching aid/tools used for teaching practices. 
Also, there are no eco-friendly facilities and no outdoor learning spaces. Furthermore, the importanc 
 of introducing outdoor learning needs to be taken into consideration by all (designers, public & 
private institutions as well as residents). It has been proven through research Marcus et al., (1998); Cosco 
et al., (1999); Marcus et al., (1999); Olds and Anita (2001); Fjostoft, (2004) that bringing outdoor 
environment into the teaching practice for sustainability knowledge. No schools have adopted green 
building standards, no regular workshops and resources for sustainability education, lack of standardized 
curriculum for sustainability and no classrooms are interactive. Our findings are like the study of Ayeni 
and Adelabu (2011) who reported that quality assurance practice towards sustainability is at the average 
level in secondary schools. Durosaro (1998) reported that if the educational curriculum is well operated 
while the school facilities are lacking and badly managed, the result of the teaching/learning activities will 
be negative. This implied that there is a positive relationship between a good school environment and 
effective teaching and learning activities. [Figure 6]   

 
Figure 6. Classroom Infrastructre  
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Conclusion   

The study emphasizes how important it is to incorporate sustainability teaching into rural primary schools, 
especially in areas like central India's Jabalpur, where there is frequently a lack of resources and facilities 
for education. Since 90% of the country's population lives in rural areas, ignoring these areas in 
sustainability education programs can impede the achievement of national environmental objectives. 
Teaching sustainability to kids at an early age is crucial to raising a generation of environmentally 
conscious adults who can work toward a sustainable future. The study investigated creative ways to 
integrate sustainability education into regular learning in order to address these issues. Students may now 
interact with sustainability concepts in a concrete sense thanks to the introduction of physically 
sustainable classroom designs, such as the creation of interactive furniture and learning aids out of 
corrugated sheets. Children were able to engage with educational materials manufactured from recycled 
materials through this hands-on approach, which improved their knowledge of the environment. Children 
using these environmentally friendly teaching resources were seen to have a very favorable effect. In 
addition to becoming more involved in the educational process, children also acquired useful knowledge 
about sustainability. Recycled materials were used to make classroom furniture, which was a useful 
illustration of environmental preservation and inventiveness. Young learners found that this practical 
learning method worked well for making abstract notions of sustainability more relevant and concrete.  
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Abstract 
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ŀƴǘƘǊƻǇƻŎŜƴǘǊƛŎ ǎǇŀŎŜǎ ŜƳŜǊƎŜŘΣ ŘƛǎǊŜƎŀǊŘƛƴƎ ŎǊǳŎƛŀƭ ƴƻƴπƘǳƳŀƴ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ƛƴǘŜƎǊŀƭ ǘƻ ǘƘŜ 
ŜŎƻǎȅǎǘŜƳΦ ¢Ƙƛǎ ǘǊŀƴǎƛǝƻƴ ŦǊƻƳ ŀ ƻƴŎŜ ƘŀǊƳƻƴƛƻǳǎ ŀƴŘ ōŀƭŀƴŎŜŘ ŜŎƻǎȅǎǘŜƳ ǘƻ ŀ ƘǳƳŀƴπŎŜƴǘǊƛŎΣ ƎǊŜŜŘπ
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ōŜǘǿŜŜƴ ǳƴǊŜƎǳƭŀǘŜŘ ƘǳƳŀƴπŎŜƴǘǊƛŎ ŘŜǎƛƎƴ ŀƴŘ Ǝƭƻōŀƭ ƘǳƳŀƴπŀƴƛƳŀƭ ŎƻƴƅƛŎǘǎ Ŏŀƴ ōŜ ŀƴŀƭȅǎŜŘΚ ōΦ Ƙƻǿ 
Ŏŀƴ ŎƻƳƳǳƴƛǘȅ ŜƴƎŀƎŜƳŜƴǘ ŀƴŘ ŎƻπŎǊŜŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎ ōŜ ƻǇǝƳŀƭƭȅ ǳǝƭƛȊŜŘ ǘƻ ƛƴŎƻǊǇƻǊŀǘŜ ŀ ǿƛŘŜ ǊŀƴƎŜ 
ƻŦ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ǇŀǊǝŎƛǇŀǝƻƴΚ ŎΦ Ƙƻǿ ŜũŜŎǝǾŜƭȅ ŘƻŜǎ ǘƘŜ aƻǊŜπǘƘŀƴπIǳƳŀƴ ŘŜǎƛƎƴ ŦǊŀƳŜǿƻǊƪ ǘǊŀƴǎƭŀǘŜ 
ŘƛǾŜǊǎŜ ǎǘŀƪŜƘƻƭŘŜǊ ǾŀƭǳŜǎ ƛƴǘƻ ǘŀƴƎƛōƭŜ ŀǎǇŜŎǘǎ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŜŘǳŎŀǝƻƴŀƭ ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǎƛƎƴ 
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ǿŜƭƭōŜƛƴƎ ƻŦ ōƻǘƘ ƘǳƳŀƴ ŀƴŘ ƴƻƴπƘǳƳŀƴ ƛƴƘŀōƛǘŀƴǘǎ ƛƴ ǘƘŜǎŜ ǎǇŀŎŜǎΣ ŜƳǇƘŀǎƛȊƛƴƎ ǘƘŜ 
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ǇŜǊǝƴŜƴǘ ŬŜƭŘǎ ŀƭƻƴƎ ǿƛǘƘ ŜȄǇƭƻǊƛƴƎ ŎƻƳƳǳƴƛǘȅ ǇŀǊǝŎƛǇŀǝƻƴ ŀƴŘ ǾŀǊƛƻǳǎ ǎǘŀƪŜƘƻƭŘŜǊǎϥ ǊƻƭŜǎ ǘƘǊƻǳƎƘ ǘƘŜ 
ƭŜƴǎ ƻŦ ŎƻπŎǊŜŀǝƻƴΦ /ŀǎŜ ǎǘǳŘȅ ŀƴŀƭȅǎƛǎ ǎƘƻǿǎ ǘƘŀǘ ǇǊŜǎŜǊǾŀǝƻƴ ƻŦ ǘƘŜǎŜ ŜŎƻǎȅǎǘŜƳǎ ƴƻǘ ƻƴƭȅ ōŜƴŜŬǘǎ 
ŎƻƳƳǳƴƛǝŜǎ ŀƴŘ ƭƛǾŜƭƛƘƻƻŘǎ ōȅ ǇǊƻǾƛŘƛƴƎ ŦƻƻŘΣ ǎƘŜƭǘŜǊΣ ƘŜŀƭǘƘΣ ŀƴŘ ƻŎŎǳǇŀǝƻƴ ōǳǘ ŀƭǎƻ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ 
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Abstract 

¦ǊōŀƴƛȊŀǝƻƴ ŀƴŘ ŦǊŀƎƳŜƴǘŀǝƻƴ ŘŜŎǊŜŀǎŜ Ƙŀōƛǘŀǘ ŀǾŀƛƭŀōƛƭƛǘȅ ŀƴŘ ŎƻƴƴŜŎǝǾƛǘȅ ƛƴ ǘƘŜ ŦŀǊƳƭŀƴŘΣ ǿƘƛŎƘ 
ǘŜƴŘǎ ǘƻ ǎƘǊƛƴƪ ǘƘŜ ǇǊƻǾƛǎƛƻƴ ƻŦ ŜŎƻǎȅǎǘŜƳ ŦǳƴŎǝƻƴǎ ŀƴŘ ǘŀȄƻƴƻƳƛŎ ŘƛǾŜǊǎƛǘȅΦ ¢ƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ 
ŎǳƳǳƭŀǝǾŜ ŜũŜŎǘǎ ƻŦ ǊƻŀŘ ƴŜǘǿƻǊƪ ŀƴŘ ǳǊōŀƴ ŀǊŜŀ ƻƴ ǘƘŜ ƭŀǊƎŜ ǿŀŘƛƴƎ ōƛǊŘǎ ƛƴ ǘƘŜ DǊŜŀǘŜǊ [ǳƳōƛƴƛ !ǊŜŀΣ 
ǘƘƛǎ ǎǘǳŘȅ ŀǎǎŜǎǎŜǎ ǘƘŜ ǊŜǎǇƻƴǎŜǎ ƻŦ {ŀǊǳǎ ŎǊŀƴŜ ǘƻ ǎǇŀǝŀƭ Ƙŀōƛǘŀǘ ǉǳŀƭƛǘȅ ƎŜƴŜǊŀǘŜŘ ōȅ LƴǘŜƎǊŀǘŜŘ 
±ŀƭǳŀǝƻƴ ƻŦ 9ŎƻǎȅǎǘŜƳ {ŜǊǾƛŎŜǎ ŀƴŘ ¢ǊŀŘŜπƻũǎ όLƴ±9{¢ύ Iŀōƛǘŀǘ vǳŀƭƛǘȅ aƻŘǳƭŜ ōŀǎŜŘ ƻƴ ƭŀƴŘ ǳǎŜ ŀƴŘ 
ƭŀƴŘ ŎƻǾŜǊ ƛƴŎƭǳŘƛƴƎ ŜȄǇŜǊǘǎΩ ƪƴƻǿƭŜŘƎŜ ƻƴ Ƙŀōƛǘŀǘ ǎǳƛǘŀōƛƭƛǘȅΣ ŀŎŎŜǎǎƛōƛƭƛǘȅ ŀƴŘ ǘƘǊŜŀǘǎ ǘƻ ǘƘŜ ōƛǊŘǎΦ ¢ƘŜ 
ǊŜǎǳƭǘǎ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ǘƘŜ Ƙŀōƛǘŀǘ ǉǳŀƭƛǘȅ ƻŦ оруΦф ǎǉΦ ƪƳ Ƙŀǎ ŎƘŀƴƎŜŘ ŦǊƻƳ нлмт ǘƻ нлноΣ ƻŦ ǿƘƛŎƘ тнΦр 
ǎǉΦ ƪƳ ƻŦ ǘƘŜ ŀǊŜŀ ŎƘŀƴƎŜŘ ŦǊƻƳ ǾŜǊȅ ƘƛƎƘ ǘƻ ǾŜǊȅ ƭƻǿΣ ŀƴŘ улΦр ǎǉΦ ƪƳ ŎƘŀƴƎŜŘ ŦǊƻƳ ǾŜǊȅ ƘƛƎƘ ǘƻ ƭƻǿ 
Ƙŀōƛǘŀǘ ǉǳŀƭƛǘȅΦ ¢ƘŜ Ƙŀōƛǘŀǘ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ǎƻǳǘƘŜǊƴ ǇŀǊǘ ƛǎ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ ƴƻǊǘƘŜǊƴ ǇŀǊǘ ƻŦ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀΦ 
¢ƘŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ {ŀǊǳǎ ŎǊŀƴŜǎ ƛƴ ǇǊŜπƳƻƴǎƻƻƴΣ ƳƻƴǎƻƻƴΣ ŀƴŘ ǇƻǎǘπƳƻƴǎƻƻƴ ǿŜǊŜ ǎƛƎƴƛŬŎŀƴǘ ǘƻ Ƙŀōƛǘŀǘ 
ǉǳŀƭƛǘȅΣ ǇǊŜŦŜǊǊƛƴƎ ǾŜǊȅ ƘƛƎƘπǉǳŀƭƛǘȅ Ƙŀōƛǘŀǘǎ ŦƻǊ ƴŜǎǝƴƎ ŀƴŘ ŦƻǊŀƎƛƴƎΦ ¢Ƙƛǎ ǎǘǳŘȅ ƛǎ ŎǊǳŎƛŀƭ ŦƻǊ ŎƻƴǎŜǊǾƛƴƎ 
ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ŦŀǊƳƭŀƴŘǎ ŀƴŘ Ŏŀƴ ŎƻƴǘǊƛōǳǘŜ ǘƻ ŘŜǾŜƭƻǇƛƴƎ ŎƻƴǎŜǊǾŀǝƻƴ ǇƻƭƛŎƛŜǎ ŦƻǊ ǘƘŜ ƭŀǊƎŜ ǿŀŘƛƴƎ ōƛǊŘǎ 
ƛƴ ǘƘŜ ŦŀǊƳƭŀƴŘǎ ƻŦ ƭƻǿƭŀƴŘ bŜǇŀƭΦ  

YŜȅǿƻǊŘǎΥ ŦǊŀƎƳŜƴǘŀǝƻƴΤ Ƙŀōƛǘŀǘ ǉǳŀƭƛǘȅΤ Lƴ±9{¢ ƳƻŘŜƭΤ ƭŀǊƎŜ ǿŀŘƛƴƎ ōƛǊŘǎΤ ƭƻǿƭŀƴŘ  

  



  

151 
 

Submission ID: 227 

Control and Management of Invasive and Alien Plant Species Essential to Achieving Sustainable 
Development Goals: A Comprehensive Assessment 
Malebajoa Anicia Maoela 
¦ƴƛǾŜǊǎƛǘȅ ƻŦ {ƻǳǘƘ !ŦǊƛŎŀΣ tǊŜǘƻǊƛŀΣ {ƻǳǘƘ !ŦǊƛŎŀ 

Abstract 

LƴǾŀǎƛǾŜ ŀƴŘ ŀƭƛŜƴ Ǉƭŀƴǘ ǎǇŜŎƛŜǎ όL!tǎύ ǇǊŜǎŜƴǘ ŀ ǎƛƎƴƛŬŎŀƴǘ ǘƘǊŜŀǘ ǘƻ Ǝƭƻōŀƭ ŜŎƻǎȅǎǘŜƳǎΣ ƛƳǇŀŎǝƴƎ ǿŀǘŜǊ 
ǉǳŀƭƛǘȅΣ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊƻŘǳŎǝǾƛǘȅΣ ƅƻƻŘƛƴƎΣ ŀƴŘ ōƛƻŘƛǾŜǊǎƛǘȅΦ ¢Ƙƛǎ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿ ŜȄǇƭƻǊŜǎ ǘƘŜ ŜȄǘŜƴǎƛǾŜ 
ŜŎƻƭƻƎƛŎŀƭ ŀƴŘ ǎƻŎƛƻŜŎƻƴƻƳƛŎ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ L!tǎΣ ǿƛǘƘ ŀ ǇŀǊǝŎǳƭŀǊ ŦƻŎǳǎ ƻƴ {ƻǳǘƘ !ŦǊƛŎŀΣ ǿƘŜǊŜ ƻǾŜǊ 
мл Ƴƛƭƭƛƻƴ ƘŜŎǘŀǊŜǎ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ŀũŜŎǘŜŘΦ ¢ƘŜ ƛƴǘǊƻŘǳŎǝƻƴ ƻŦ ŀǇǇǊƻȄƛƳŀǘŜƭȅ фΣллл L!tǎ ǘƻ ǘƘŜ ŎƻǳƴǘǊȅ 
Ƙŀǎ ƭŜŘ ǘƻ мфу ōŜƛƴƎ ŎƭŀǎǎƛŬŜŘ ŀǎ ƛƴǾŀǎƛǾŜΣ ǇƻǎƛƴƎ ǎŜǊƛƻǳǎ ŎƘŀƭƭŜƴƎŜǎ ǘƻ ƭƻŎŀƭ ŜŎƻǎȅǎǘŜƳǎΦ .ŜȅƻƴŘ 
ŜŎƻƭƻƎƛŎŀƭ ŎƻƴŎŜǊƴǎΣ ǘƘŜ ǎǘǳŘȅ ŜƳǇƘŀǎƛȊŜǎ ǘƘŜ ōǊƻŀŘŜǊ ƛƳǇƭƛŎŀǝƻƴǎ ŦƻǊ ŀŎƘƛŜǾƛƴƎ {ǳǎǘŀƛƴŀōƭŜ 
5ŜǾŜƭƻǇƳŜƴǘ Dƻŀƭǎ ό{5DǎύΦ L!tǎ Ŏŀƴ ŜȄŀŎŜǊōŀǘŜ ŦƻƻŘ ƛƴǎŜŎǳǊƛǘȅΣ ŘƛƳƛƴƛǎƘ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎΣ ŀƴŘ ƛƴŎǊŜŀǎŜ 
ǘƘŜ Ǌƛǎƪ ƻŦ ǾŜŎǘƻǊπōƻǊƴŜ ŘƛǎŜŀǎŜǎΣ ƘƛƴŘŜǊƛƴƎ ǇǊƻƎǊŜǎǎ ǘƻǿŀǊŘǎ {5Dǎ н ό½ŜǊƻ IǳƴƎŜǊύΣ о όDƻƻŘ IŜŀƭǘƘ ŀƴŘ 
²ŜƭƭπōŜƛƴƎύΣ с ό/ƭŜŀƴ ²ŀǘŜǊ ŀƴŘ {ŀƴƛǘŀǝƻƴύΣ ŀƴŘ ƳƻǊŜΦ 5ŜǎǇƛǘŜ ǘƘŜ ǇŜǊǾŀǎƛǾŜ ƛƳǇŀŎǘ ƻŦ L!tǎ ƻƴ ƳǳƭǝǇƭŜ 
{5DǎΣ ǘƘŜǊŜ ƛǎ ŀ ƴƻǘŀōƭŜ ƎŀǇ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ŀǎǎŜǎǎƛƴƎ ǘƘŜ ŎƻƴǘǊƛōǳǝƻƴ ƻŦ L!t ŜǊŀŘƛŎŀǝƻƴ ǘƻ ǎǳǎǘŀƛƴŀōƭŜ 
ŘŜǾŜƭƻǇƳŜƴǘΦ ¢ƘŜ ǎǘǳŘȅ ŀƛƳǎ ǘƻ Ŭƭƭ ǘƘƛǎ ƎŀǇ ōȅ ƛƴǾŜǎǝƎŀǝƴƎ Ƙƻǿ L!t ŎƻƴǘǊƻƭ ŀƭƛƎƴǎ ǿƛǘƘ ǘƘŜ {5DǎΣ 
ŀƴŀƭȅȊƛƴƎ ǎǳŎŎŜǎǎŦǳƭ ŎŀǎŜ ǎǘǳŘƛŜǎΣ ŜȄŀƳƛƴƛƴƎ ǇƻǘŜƴǝŀƭ ǘǊŀŘŜπƻũǎΣ ŀƴŘ ŀǎǎŜǎǎƛƴƎ ǇƻƭƛŎȅ ŦǊŀƳŜǿƻǊƪǎΦ 
aŜǘƘƻŘƻƭƻƎƛŎŀƭƭȅΣ ǘƘŜ ǊŜǎŜŀǊŎƘ ǿƛƭƭ ǳǝƭƛȊŜ ŜȄƛǎǝƴƎ ŜǾƛŘŜƴŎŜ ƻƴ ǘƘŜ ǎƻŎƛƻŜŎƻƴƻƳƛŎ ƛƳǇŀŎǘǎ ƻŦ L!tǎΣ 
ŦƻŎǳǎƛƴƎ ƻƴ ŎŀǎŜ ǎǘǳŘƛŜǎ ǎǳŎƘ ŀǎ ǘƘŜ ŜũŜŎǘǎ ƻŦ 9ƛŎƘƘƻǊƴƛŀ ŎǊŀǎǎƛǇŜǎ ƛƴ 9ǘƘƛƻǇƛŀ ŀƴŘ ǘƘŜ ǎǇǊŜŀŘ ƻŦ aŜǎǉǳƛǘŜ 
ƛƴ {ƻǳǘƘ !ŦǊƛŎŀΦ ¢ƘŜ ŜǾŀƭǳŀǝƻƴ ƻŦ ǎǳŎŎŜǎǎŦǳƭ ƳŀƴŀƎŜƳŜƴǘ ǇǊƻƧŜŎǘǎΣ ƭƛƪŜ ǘƘŜ ŎƻƴǘǊƻƭ ƻŦ hǇǳƴǝŀ 
ƳƻƴŀŎŀƴǘƘŀ ǳǎƛƴƎ ōƛƻƭƻƎƛŎŀƭ ŀƎŜƴǘǎ ƛƴ {ƻǳǘƘ !ŦǊƛŎŀΣ ƘƛƎƘƭƛƎƘǘǎ ǇƻǎƛǝǾŜ ƛƳǇŀŎǘǎ ƻƴ {5Dǎ нΣ оΣ ŀƴŘ мрΦ 
CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ǎǘǳŘȅ ǇǊƻǇƻǎŜǎ ŀ ƳƛȄŜŘπƳŜǘƘƻŘǎ ŀǇǇǊƻŀŎƘ ƛƴǾƻƭǾƛƴƎ ǎǳǊǾŜȅǎ ŀƴŘ ƛƴǘŜǊǾƛŜǿǎ ǿƛǘƘ 
ŜȄǇŜǊǘǎΣ ǇƻƭƛŎȅƳŀƪŜǊǎΣ ŀƴŘ ƭƻŎŀƭ ŎƻƳƳǳƴƛǝŜǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜƛǊ ǇŜǊǎǇŜŎǝǾŜǎ ƻƴ ǘƘŜ ƭƛƴƪ ōŜǘǿŜŜƴ L!t 
ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ {5DǎΦ ¢ƘŜ ƻƴƭƛƴŜ ǎǳǊǾŜȅǎ ǿƛƭƭ ŜȄǇƭƻǊŜ ǘƘŜ ŎƻƴƴŜŎǝƻƴǎ ōŜǘǿŜŜƴ ǎǇŜŎƛŬŎ {5Dǎ ŀƴŘ ǘƘŜ 
ƛƳǇŀŎǘ ƻŦ L!tǎΣ ŜƴƎŀƎƛƴƎ ǿƛǘƘ ǾŀǊƛƻǳǎ ǎǘŀƪŜƘƻƭŘŜǊǎ ǘƻ ƎŀǘƘŜǊ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƛƴǎƛƎƘǘǎΦ ¢ƘŜ ŀƴǝŎƛǇŀǘŜŘ 
ƻǳǘŎƻƳŜǎ ƛƴŎƭǳŘŜ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŎǳǊǊŜƴǘ ƪƴƻǿƭŜŘƎŜ ƻƴ L!t ŎƻƴǘǊƻƭΣ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ 
ŜũŜŎǝǾŜ ƳŜǘƘƻŘǎ ŀƴŘ ŎƘŀƭƭŜƴƎŜǎΣ ŀƴŘ ŀŎǝƻƴŀōƭŜ ǇƻƭƛŎȅ ǊŜŎƻƳƳŜƴŘŀǝƻƴǎ ŀƭƛƎƴŜŘ ǿƛǘƘ {5DǎΦ ¦ƭǝƳŀǘŜƭȅΣ 
ǘƘƛǎ ǊŜǎŜŀǊŎƘ ŀƛƳǎ ǘƻ ǇǊƻǾƛŘŜ ǎŎƛŜƴǝŬŎ ŜǾƛŘŜƴŎŜ ǎǳǇǇƻǊǝƴƎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ 
ŜũŜŎǝǾŜ L!t ŎƻƴǘǊƻƭ ǇǊƻƎǊŀƳǎ ǿƘƛƭŜ ǊŀƛǎƛƴƎ ŀǿŀǊŜƴŜǎǎ ƻŦ ǘƘŜ ŎǊƛǝŎŀƭ ƴŜŜŘ ŦƻǊ ŀŎǝƻƴ ƛƴ ŀŎƘƛŜǾƛƴƎ 
ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻōƧŜŎǝǾŜǎΦ 
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Abstract 
/ƻŀǎǘŀƭ ōƛƻŘƛǾŜǊǎƛǘȅ ƛǎ ǳƴŘŜǊ ǎƛƎƴƛŬŎŀƴǘ ǘƘǊŜŀǘ ŦǊƻƳ ǊƛǎƛƴƎ ǎŜŀ ƭŜǾŜƭǎΣ ƻŎŜŀƴ ŀŎƛŘƛŬŎŀǝƻƴΣ ŀƴŘ ƻǾŜǊπ
ŜȄǇƭƻƛǘŀǝƻƴ ƻŦ ƳŀǊƛƴŜ ǊŜǎƻǳǊŎŜǎΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜ ƛƴŎǊŜŀǎŜŘ ǇǊŜǎǎǳǊŜ ŦǊƻƳ ƘǳƳŀƴ ǇƻǇǳƭŀǝƻƴǎ ƛƴ Ŏƻŀǎǘŀƭ 
ŀǊŜŀǎ ŦǳǊǘƘŜǊ ƧŜƻǇŀǊŘƛȊŜǎ ōƛƻŘƛǾŜǊǎƛǘȅΦ aŀƴŀƎŜŘ ǊŜǘǊŜŀǘ Ƙŀǎ ōŜŜƴ ǇǊƻǇƻǎŜŘ ōȅ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
ŎƻƴǎŜǊǾŀǝƻƴƛǎǘǎ ŀǎ ŀ ƳŜŀƴǎ ƻŦ ƳŀƛƴǘŀƛƴƛƴƎ Ŏƻŀǎǘŀƭ ōƛƻŘƛǾŜǊǎƛǘȅ ǿƘƛƭŜ ƭƻƻƪƛƴƎ ŦƻǊ ǘƘŜ ǿŜƭƭōŜƛƴƎ ƻŦ 
ǇƻǇǳƭŀǝƻƴǎ ƭƛǾƛƴƎ ƛƴ ǾǳƭƴŜǊŀōƭŜ ŀǊŜŀǎΦ  !ƴȅ ƳŀƴŀƎŜŘ ǊŜǘǊŜŀǘ ƳƻŘŜƭ ŜǾŀƭǳŀǘŜǎ ǘƘŜ ǊŜƎƛƻƴŀƭ ƳǳƭǝπƘŀȊŀǊŘ 
ǎŜǩƴƎ ǘƘŀǘ ǿƻǳƭŘ ƛŘŜŀƭƭȅ ŎƻƴǎƛŘŜǊ ǊŜƎƛƻƴŀƭ ƛƴƅǳŜƴŎŜǎ ǎǳŎƘ ŀǎ ǘƘŜ ŎƻƳōƛƴŜŘ ŜũŜŎǘǎ ƻŦ ŎȅŎƭƻƴŜǎΣ ǊƛǾŜǊƛƴŜ 
ŀƴŘ ƻŎŜŀƴƛŎ ƅƻƻŘǎΣ ŜǘŎΦ  wŜƭŀǘŜŘ ǎƛƳǳƭŀǝƻƴǎ ƻŦ ǘƘŜǎŜ ƘŀȊŀǊŘǎ Ŏŀƴ ƘŜƭǇ ǘƻ ŜǎǝƳŀǘŜ ǘƘŜ ƴŀǘǳǊŜΣ ŜȄǘŜƴǘ ŀƴŘ 
ǇŀǧŜǊƴǎ ƻŦ ǎǳōƳŜǊƎŜƴŎŜ ƻŦΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ŘŜƭǘŀ ǊŜƎƛƻƴǎΦ aŀƴŀƎŜŘ ǊŜǘǊŜŀǘ ǎƻƭǳǝƻƴǎ ŜƳōǊŀŎŜ ǘƘŜ ǎǇƛǊƛǘ ƻŦ 
{5D мпΣ ǿƘƛŎƘ ǎŜŜƪǎ ǘƻ ŎƻƴǎŜǊǾŜ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ƛƴ ǎǳǎǘŀƛƴŀōƭŜ ǿŀȅΦ 

{ŜǾŜǊŀƭ ǎǘǳŘƛŜǎ ƘŀǾŜ ŀŘŘǊŜǎǎŜŘ ǘƘŜ ƳǳƭǝŦŀŎŜǘŜŘ ŎƘŀƭƭŜƴƎŜǎ ŦŀŎŜŘ ōȅ ƎƻǾŜǊƴƳŜƴǘǎ ŀƴŘ ǎǘŀƪŜƘƻƭŘŜǊǎ ŀǘ 
ŘƛũŜǊŜƴǘ ƭŜǾŜƭǎ ǿƘƛƭŜ ǇǊƻƳƻǝƴƎ ǎǘǊŀǘŜƎƛŎ ƳŀƴŀƎŜŘ ǊŜǘǊŜŀǘ ƳƻŘŜƭǎΦ tǊŜǎŜƴǘπŘŀȅ ǊŜǎŜŀǊŎƘ ƛǎ ǎŜŜƪƛƴƎ ǘƻ 
ƛƴǾŜǎǝƎŀǘŜ ǘƘŜ ǎƻŎƛŀƭΣ ŎǳƭǘǳǊŀƭΣ ŀƴŘ ŜŎƻƴƻƳƛŎ ŎƘŀƭƭŜƴƎŜǎ ƻŦ ƛƳǇƭŜƳŜƴǝƴƎ ƳŀƴŀƎŜŘ ǊŜǘǊŜŀǘ ŦƻǊ ŀŎƘƛŜǾƛƴƎ 
ŎƭƛƳŀǘŜ ǊŜǎƛƭƛŜƴŎŜΣ ōƛƻŘƛǾŜǊǎƛǘȅ ŎƻƴǎŜǊǾŀǝƻƴΣ ǎǳǎǘŀƛƴŀōƭŜ ŎƻƳƳǳƴƛǘȅ ŘŜǾŜƭƻǇƳŜƴǘΣ ŀƴŘ ƛƴŦƻǊƳŜŘ ǇƻƭƛŎȅ 
ŀŘǾƻŎŀŎȅΦ !Ǝŀƛƴǎǘ ǘƘƛǎ ōŀŎƪŘǊƻǇ ŀƴŘ ƛƴ ǎŜŜƪƛƴƎ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ǇǊŜǎŜƴǘ ǎƛǘǳŀǝƻƴ ƻŦ ŀǊŜŀǎ ǳƴŘŜǊ ǘƘǊŜŀǘΣ ǘƘƛǎ 
ǇŀǇŜǊ ƛŘŜƴǝŬŜǎ ǘƘŜ {ǳƴŘŀǊōŀƴǎ ŘŜƭǘŀ ǊŜƎƛƻƴ ƻŦ LƴŘƛŀ ŀǎ ŀ ŎŀǎŜ ǎǘǳŘȅΦ  Lƴ мфуфΣ ¦b9{/h ŘŜŎƭŀǊŜŘ ǘƘƛǎ 
ǊŜƎƛƻƴ ŀǎ ǘƘŜ ά{ǳƴŘŀǊōŀƴǎ .ƛƻǎǇƘŜǊŜ wŜǎŜǊǾŜέ ōŜŎŀǳǎŜ ƻŦ ƛǘǎ ǳƴƛǉǳŜ ōƛƻŘƛǾŜǊǎƛǘȅΣ ǿƘƛŎƘ ƛǎ ǎǇǊŜŀŘ ŀŎǊƻǎǎ 
ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ƳŀƴƎǊƻǾŜ ŦƻǊŜǎǘΦ wŜǎŜŀǊŎƘ ǎǳƎƎŜǎǘǎ ǘƘƛǎ ŀǊŜŀ ŎƻǳƭŘ ǎǘŀƴŘ ǘƻ ƭƻǎŜ ōŜǘǿŜŜƴ пн҈ ǘƻ ул҈ 
ƻŦ ƛǘǎ ǇǊƛǎǝƴŜ ŀǊŜŀ ŘǳŜ ǘƻ ǘƘŜ ŘŜŎƭƛƴŜ ƻŦ ǘƘŜ ƳŀƴƎǊƻǾŜ ŦƻǊŜǎǘǎΣ ǊƛǎŜ ƛƴ ǎŜŀ ƭŜǾŜƭ ŀƴŘ ŦǊŜǉǳŜƴǘ ŎȅŎƭƻƴŜǎΦ  ¢ƘŜ 
LƴŘƛŀƴ ƎƻǾŜǊƴƳŜƴǘ ŘǊŜǿ ǳǇ Ǉƭŀƴǎ ŦƻǊ ŀ 5Ŝƭǘŀ ±ƛǎƛƻƴΥ нлрл ǿƘƛŎƘ ǎŜŜƪǎ ƴƻǘ ƻƴƭȅ ǘƻ ŎƻƴǎŜǊǾŜ ǘƘŜ 
ōƛƻŘƛǾŜǊǎƛǘȅ ǘƘǊƻǳƎƘ ǊŜǘǊŜŀǘ ƳŀƴŀƎŜƳŜƴǘ ōǳǘ ŀƭǎƻ ǘƻ ƛƳǇǊƻǾŜ ƻǾŜǊŀƭƭ ǿŜƭƭōŜƛƴƎ ƻŦ ŀũŜŎǘŜŘ ŎƻƳƳǳƴƛǝŜǎΦ 
bŜǾŜǊǘƘŜƭŜǎǎΣ ŜȄǇŜǊǘǎ ŀƴŘ ǾŀǊƛƻǳǎ ǎǘŀƪŜƘƻƭŘŜǊǎ ƘŀǾŜ ŜȄǇǊŜǎǎŜŘ ŎƻƴŎŜǊƴǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŀŘǾƻŎŀŎȅ ƻŦ 
ΨǇƘŀǎŜŘ ŀƴŘ ǎȅǎǘŜƳŀǝŎ ƻǳǘƳƛƎǊŀǝƻƴΩ ƻŦ ƭƻŎŀƭ ǇŜƻǇƭŜ ǿƘƻ ƘŀǾŜ ƭƛǾŜŘ ƛƴ ǘŀƴŘŜƳ ǿƛǘƘ ǘƘƛǎ ŘŜƭǘŀƛŎ ƭŀƴŘǎŎŀǇŜ 
ŦƻǊ ƎŜƴŜǊŀǝƻƴǎΦ  

¢ƘŜ ǎǘǳŘȅ ŜȄǇƭƻǊŜǎ ƭƻŎŀƭ ŀǇǇǊŜƘŜƴǎƛƻƴǎ ŀōƻǳǘ ƭƻǎƛƴƎ ŎǳƭǘǳǊŜΣ ǘǊŀŘƛǝƻƴǎΣ ŀƴŘ ƭƛǾŜƭƛƘƻƻŘǎ ŘǳŜ ǘƻ ŦƻǊŎŜŘ 
ƳƛƎǊŀǝƻƴΦLƴ ǘƘƛǎ ŎƻƴǘŜȄǘΣ ǘƘŜ ǎǘǳŘȅ ǎŜŜƪǎ ŀ ǎƻƭǳǝƻƴ ǘƘŀǘ ƛǎ ŀǘ ǘƘŜ ƛƴǘŜǊǎŜŎǝƻƴ ƻŦ ŘŜǎƛƎƴ ŦƻǊ ƭƻŎŀƭǎ ŀƴŘ ŦƻǊ 
ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΣ ŀƴŘ ƛǎ ƻƴŜ ǘƘŀǘ Ŏŀƴ ŜƴǎǳǊŜ ǘƘŀǘ ŀũŜŎǘŜŘ ŎƻƳƳǳƴƛǝŜǎ Řƻ ƴƻǘ ǎǳŎŎǳƳō ǘƻ ŎƘŀƴƎŜǎ ǘƻ 
ǘƘŜƛǊ ƻǊƛƎƛƴŀƭ Ƙŀōƛǘŀǘ ŀƴŘ ƭƻǎǎ ƻŦ ǘƘŜƛǊ ŎǳƭǘǳǊŀƭ ƘŜǊƛǘŀƎŜ ŀƴŘ ƭƛǾŜƭƛƘƻƻŘΦ  Lǘ ŀŘǾƻŎŀǘŜǎ ŦƻǊ ŎƻπŘŜǎƛƎƴŜŘ 
ǎƻƭǳǝƻƴǎτŘŜǾŜƭƻǇŜŘ ǘƘǊƻǳƎƘ ŎƻƭƭŜŎǝǾŜΣ ƭƛǾŜŘ ŜȄǇŜǊƛŜƴŎŜǎτǘƘŀǘ ǎǳǇǇƻǊǘ ōƻǘƘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ Ǝƻŀƭǎ ŀƴŘ 
ŎƻƳƳǳƴƛǘȅ ƴŜŜŘǎΦ {ƻƭǳǝƻƴǎ ŜƳōǊŀŎƛƴƎ ƛƴŘƛƎŜƴƻǳǎ ǘǊŀŘƛǝƻƴǎ ŀƴŘ ŎǳƭǘǳǊŜ ƴƻǘ ƻƴƭȅ ŀŎǘ ŀǎ Ŏŀǘŀƭȅǎǘǎ ǘƻ ōǳƛƭŘ 
ŀ ǎŜƴǎŜ ƻŦ ōŜƭƻƴƎƛƴƎ ǿƛǘƘƛƴ ǘƘŜ ŎƻƳƳǳƴƛǘȅ ōǳǘ ŀƭǎƻ ƘŜƭǇ ǎǳǎǘŀƛƴŀōƭŜ ƭƛǾŜƭƛƘƻƻŘǎ ǘƘǊƛǾŜ ƛƴ ǘƘŜ ŦŀŎŜ ƻŦ 
ǳƴŎŜǊǘŀƛƴǘȅΦ ¢ƘŜȅ ŀƭǎƻ ŜƴǎǳǊŜ ƧǳǎǝŎŜ ŀƴŘ Ŝǉǳƛǘȅ ŀƳƻƴƎ ŀƴŘ ŦƻǊ ŘƛǎǇƭŀŎŜŘ ŎƻƳƳǳƴƛǝŜǎ ŀƴŘ ƘŜƭǇ ǘƻǿŀǊŘ 
ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƴŜǿ ǇƻƭƛŎƛŜǎ ŦƻǊ ǘƘŜ ǇǊŜǎŜǊǾŀǝƻƴ ƻŦ ƛƴŘƛƎŜƴƻǳǎ ƘŜǊƛǘŀƎŜΦ  ¢ƘŜ ǎǘǳŘȅ ƘƻǇŜ ǎǳŎƘ ŀƴ 
ƛƴƴƻǾŀǝǾŜ ŀƭǘŜǊƴŀǝǾŜ ǇǊƻǘƻǘȅǇŜ Ŏŀƴ ǎŜǊǾŜ ŀǎ ŀ ƎǳƛŘŜ ƛƴ ƳŀƪƛƴƎ ǇƻƭƛŎȅ ŘƛǊŜŎǝƻƴǎ ǿƘƛƭŜ ŜǾŜƴ ŎƻƴǎƛŘŜǊƛƴƎ 
ǎǘǊŀǘŜƎƛŎ ǊŜǘǊŜŀǘ ǿƛǘƘ ǘƘŜ Ǝƻŀƭ ƻŦ ƭƻƴƎπǘŜǊƳ ŀƴŘ ƘƻƭƛǎǝŎ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΦ  
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Abstract 

¢ƘŜ ŜǾŀƭǳŀǝƻƴ ƻŦ ǎǇŀǝŀƭ ǳǝƭƛȊŀǝƻƴ ǇŀǧŜǊƴǎ ŀǘ ǘƘŜ ŎƻƳƳǳƴƛǘȅ ƭŜǾŜƭ ƛǎ ŜǎǎŜƴǝŀƭ ŦƻǊ ŎƻƳǇǊŜƘŜƴŘƛƴƎ ǘƘŜ 
ǎŜƎǊŜƎŀǝƻƴ ƻŦ ǎǇŜŎƛŜǎ ŀŎǊƻǎǎ ǾŀǊƛƻǳǎ Ƙŀōƛǘŀǘǎ ŀƴŘ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ǎǇŜŎƛŜǎ ƻǾŜǊƭŀǇΣ ǿƘƛŎƘ ŜƴŎƻƳǇŀǎǎŜǎ 
ŎƻƳǇƭŜƳŜƴǘŀǊƛǘȅ ŀƴŘ ǊŜŘǳƴŘŀƴŎȅΦ ¢ƘŜ ǾŜǊǝŎŀƭ ǎǘǊŀǝŬŎŀǝƻƴ ƻŦ ŬƎ ǊŜǎƻǳǊŎŜǎ ǿƛǘƘƛƴ ǘƘŜ ŎŀƴƻǇȅ ƭŀȅŜǊǎ 
ƻũŜǊǎ ŀŘŘƛǝƻƴŀƭ ŜŎƻƭƻƎƛŎŀƭ ƴƛŎƘŜǎ ŦƻǊ ŦǊǳƎƛǾƻǊƻǳǎΣ ǘƘŜǊŜōȅ ŦŀŎƛƭƛǘŀǝƴƎ ǎǇŜŎƛŜǎ ŎƻŜȄƛǎǘŜƴŎŜ ŀƴŘ 
ŀǳƎƳŜƴǝƴƎ ǘƘŜ ŘƛǾŜǊǎƛǘȅ ƻŦ ŦǊǳƎƛǾƻǊƻǳǎ ǿƛǘƘƛƴ ŦƻǊŜǎǘ ŜŎƻǎȅǎǘŜƳǎΦ bƻƴŜǘƘŜƭŜǎǎΣ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ 
ƛƴǾŜǎǝƎŀǝƻƴ ƛƴǘƻ ǘƘŜ ƛƴǘŜǊǇƭŀȅ ōŜǘǿŜŜƴ ŦǊǳƎƛǾƻǊƻǳǎ ŀƴŘ ŬƎǎ ǿƛǘƘƛƴ ǘƘŜ ǾŜǊǝŎŀƭ ǎǇŀǝŀƭ ŘƛƳŜƴǎƛƻƴǎ ƻŦ CƛŎǳǎ 
ŀǘ ǘƘŜ ŎƻƳƳǳƴƛǘȅ ƭŜǾŜƭ ǊŜƳŀƛƴǎ ŀ ǊŜƭŀǝǾŜƭȅ ǳƴŜȄǇƭƻǊŜŘ ŀǾŜƴǳŜ ƻŦ ǊŜǎŜŀǊŎƘΦ CƛŎǳǎ ǝƴŎǘƻǊƛŀ ƛƴŘƛƎŜƴƻǳǎ ǘƻ 
ǘƘŜ ·ƛǎƘǳŀƴƎōŀƴƴŀ ǊŜƎƛƻƴΣ ŜȄƘƛōƛǘǎ ŀ ŘƛǎǝƴŎǘ ǇƘŜƴƻƭƻƎƛŎŀƭ ǇŀǧŜǊƴ ŎƻƳǇŀǊŜŘ ǘƻ ƻǘƘŜǊ CƛŎǳǎ ƛƴ ƛǘǎ ŎƭƛƳŀǝŎ 
ŀŘŀǇǘŀǝƻƴ ŀƴŘ ǝƳƛƴƎ ƻŦ ŬƎ ǇǊƻŘǳŎǝƻƴΣ ƴƻǘŀōƭȅ ȅƛŜƭŘƛƴƎ ŀ ǎǳōǎǘŀƴǝŀƭ ǉǳŀƴǝǘȅ ƻŦ ŬƎ ǿŀǎǇǎ ŘǳǊƛƴƎ ǘƘŜ 
ǿƛƴǘŜǊ ƳƻƴǘƘǎΦ tǊƛƻǊ ǎŎƘƻƭŀǊƭȅ ǿƻǊƪ Ƙŀǎ ǇƻǎǘǳƭŀǘŜŘ ǘƘŀǘ ǘƘŜ CΦ ǝƴŎǘƻǊƛŀ Ƙŀǎ ŜǾƻƭǾŜŘ ǘƘƛǎ ǳƴƛǉǳŜ 
ǇƘŜƴƻƭƻƎƛŎŀƭ ŀŘŀǇǘŀǝƻƴ ǘƻ ƻǇǝƳƛȊŜ ǘƘŜ ǊŜǇǊƻŘǳŎǝǾŜ ŎŀǇŀōƛƭƛǝŜǎ ƻŦ ŦŜƳŀƭŜ ǘǊŜŜǎΣ ŀ ǎǘǊŀǘŜƎȅ ǘƘŀǘ ƛǎ ƘƛƎƘƭȅ 
ŀŘǾŀƴǘŀƎŜƻǳǎ ŦƻǊ ǎŜŜŘ ŘƛǎǇŜǊǎŀƭΦ Lƴ ƻǊŘŜǊ ǘƻ ŜƭǳŎƛŘŀǘŜ ǘƘŜ ƛƴǘŜǊǊŜƭŀǝƻƴǎƘƛǇǎ ōŜǘǿŜŜƴ CΦ ǝƴŎǘƻǊƛŀ ŀƴŘ 
ŀǾƛŀƴ ǎǇŜŎƛŜǎ ŀŎǊƻǎǎ ǾŀǊƛƻǳǎ ŦƻǊŜǎǘ ŎŀƴƻǇȅ ǎǘǊŀǘŀΣ ŀǎ ǿŜƭƭ ŀǎ ǘƻ ƛŘŜƴǝŦȅ ǘƘŜ ŦŀŎǘƻǊǎ ǘƘŀǘ ƛƴƅǳŜƴŎŜ ŀǾƛŀƴ 
ŦƻǊŀƎƛƴƎ ǇǊŜŦŜǊŜƴŎŜǎ ŦƻǊ ƳŀƭŜ ŀƴŘ ŦŜƳŀƭŜ ŬƎǎ ƻŦ CΦ ǝƴŎǘƻǊƛŀΣ ǘƘŜ ŀǇǇƭƛŎŀǝƻƴ ƻŦ ƴŜǘǿƻǊƪ ŀƴŀƭȅǎƛǎ ǘƻ 
ŜȄŀƳƛƴŜ ǘƘŜ ŎƻƳƳǳƴƛǘȅπǎŎŀƭŜ ƛƴǘŜǊŀŎǝƻƴǎ ōŜǘǿŜŜƴ ŀǾƛŀƴ ǎǇŜŎƛŜǎ ŀƴŘ CΦ ǝƴŎǘƻǊƛŀ Ŏŀƴ ŘŜƭƛƴŜŀǘŜ ǘƘŜ 
ŀǊŎƘƛǘŜŎǘǳǊŜ ƻŦ ǘƘŜ ŦǊǳƎƛǾƻǊȅ ƴŜǘǿƻǊƪΦ {ǳŎƘ ƛƴǎƛƎƘǘǎ ŀǊŜ ǇƛǾƻǘŀƭ ŦƻǊ ŦƻǊŜŎŀǎǝƴƎ ǘƘŜ ŘȅƴŀƳƛŎǎ ƻŦ ŜŎƻƭƻƎƛŎŀƭ 
ŎƻƳƳǳƴƛǝŜǎ ŀƴŘ ǘƘŜ ŦǳƴŎǝƻƴŀƭ ŀǧǊƛōǳǘŜǎ ƻŦ ǘƘŜ ŜŎƻǎȅǎǘŜƳΦ ¢ƘǊƻǳƎƘ ƻǳǊ ǎǘǳŘȅΣ ǿŜ ŦƻǳƴŘ ǘƘŀǘ CΦ 
ǝƴŎǘƻǊƛŀ ǇǊƻǾƛŘŜǎ ŦƻƻŘ ǊŜǎƻǳǊŎŜǎ ŦƻǊ ру ōƛǊŘ ǎǇŜŎƛŜǎ ŘǳǊƛƴƎ ǘƘŜ ŘǊȅ ǎŜŀǎƻƴ όbƻǾŜƳōŜǊ ǘƻ !ǇǊƛƭύΣ ƳŀƪƛƴƎ ƛǘ 
ŀƴ ƛƳǇƻǊǘŀƴǘ ŦƻǳƴŘŀǝƻƴ ǎǇŜŎƛŜǎΦ .ƛǊŘǎ ǎƘƻǿ ŀ ǇǊŜŦŜǊŜƴŎŜ ŦƻǊ ŎƻƴǎǳƳƛƴƎ ŦŜƳŀƭŜ ŬƎǎ ƻŦ CΦ 
ǝƴŎǘƻǊƛŀ ŎƻƳǇŀǊŜŘ ǘƻ ƳŀƭŜ ŬƎǎΣ ŀƴŘ ǘƘŜȅ ŜȄƘƛōƛǘ ŘƛũŜǊŜƴǘ ǎǇŀǝŀƭ ŜŎƻƭƻƎƛŎŀƭ ƴƛŎƘŜǎΣ ŎƻƳǇƭŜƳŜƴǝƴƎ ŜŀŎƘ 
ƻǘƘŜǊ ōŜǘǿŜŜƴ ǘƘŜ ǳǇǇŜǊ ŀƴŘ ƭƻǿŜǊ ŎŀƴƻǇȅ ƴŜǘǿƻǊƪǎΦ ¢ƘŜ ǾŜǊǝŎŀƭ ǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ ŦǊǳƛǝƴƎ ƴŜǘǿƻǊƪ 
ǇǊƻƳƻǘŜǎ ŎƻŜȄƛǎǘŜƴŎŜ ƻŦ ŦǊǳƎƛǾƻǊŜǎ ŀƴŘ ǎŜŜŘ ŘƛǎǇŜǊǎŀƭΦ ²ƘŜƴ ōƛǊŘǎ ŦŜŜŘ ƻƴ ŦŜƳŀƭŜ ŬƎǎΣ ǘƘŜȅ ƘŀǾŜ ŀ 
ǇƻǎƛǝǾŜ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ŬƎπǿŀǎǇ ƳǳǘǳŀƭƛǎƳ ǎȅǎǘŜƳΦ IƻǿŜǾŜǊΣ ǿƘŜƴ ōƛǊŘǎ ŎƻƴǎǳƳŜ ƳŀƭŜ ŬƎǎ ƻǊ ŬƎ ǿŀǎǇǎΣ 
ƛǘ Ƙŀǎ ŀ ƴŜƎŀǝǾŜ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ŬƎπǿŀǎǇ ƳǳǘǳŀƭƛǎƳ ǎȅǎǘŜƳΦ ¢ƘŜ ƛƴǘŜƴǎƛǘȅ ƻŦ ŀǾƛŀƴ ŎƻƴǎǳƳǇǝƻƴ ƻŦ ǊƛǇŜ 
CƛŎǳǎ ŬƎǎ ƭŜŀŘǎ ǘƻ ŀ ŘŜŎǊŜŀǎŜ ƛƴ ррπуф҈ ƻŦ ǎŜŜŘǎ ŀƴŘ урπфо҈ ƻŦ ŬƎ ǿŀǎǇǎΦ ¢ƘŜ ǎƛȊŜΣ ƴǳǘǊƛǝƻƴŀƭ ŎƻƴǘŜƴǘΣ 
ŀƴŘ ŎƻƭƻǊ ƻŦ ŦŜƳŀƭŜ ŀƴŘ ƳŀƭŜ ŬƎǎ Ŏŀƴ ƛƴƅǳŜƴŎŜ ōƛǊŘ ǎŜƭŜŎǝƻƴΦ CŜƳŀƭŜ ŬƎǎ ƻŦ CΦ ǝƴŎǘƻǊƛŀ ŀǊŜ ƳƻǊŜ 
ŀǧǊŀŎǝǾŜ ǘƻ ōƛǊŘǎΣ ŀƴŘ ǘƘŜ ǇƘŜƴƻƭƻƎƛŎŀƭ ǇŜǊƛƻŘ ƻŦ CΦ ǝƴŎǘƻǊƛŀ ŜũŜŎǝǾŜƭȅ ŦŀŎƛƭƛǘŀǘŜǎ ǎŜŜŘ ŘƛǎǇŜǊǎŀƭ ǘƘǊƻǳƎƘ 
ōƛǊŘ ŦŜŜŘƛƴƎΦ ¢ƘŜ ǎǘǳŘȅ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜ CΦ ǝƴŎǘƻǊƛŀ ƻũŜǊǎ ŀƴ ŜŎƻƭƻƎƛŎŀƭ ƴƛŎƘŜ ǘƻ ŀǾƛŀƴǎ ƛƴƘŀōƛǝƴƎ ǾŀǊƛƻǳǎ 
ǾŜǊǝŎŀƭ ǎǘǊŀǘŀ ŀƴŘ ǘƘŜ ǳƴƛǉǳŜ ǇƘŜƴƻƭƻƎȅ ƳŀȄƛƳƛǎŜǎ ǘƘŜ ŦǳƴŎǝƻƴ ƻŦ ŦŜƳŀƭŜ ǘǊŜŜǎ ŀǎ ŦŜƳŀƭŜǎΣ ǿƘƛŎƘ ƛǎ 
ōŜƴŜŬŎƛŀƭ ŦƻǊ ǎŜŜŘ ŘƛǎǇŜǊǎŀƭ ŀƴŘ ǘƘŜ ǎǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŎƻƳƳǳƴƛǘȅΦ 
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Biodiversity and Conservation of Limestone Areas in Southern Thailand 
Satoshi Shimano1, Sopark Jantarit2 
мIƻǎŜƛ ¦ƴƛǾŜǊǎƛǘȅΣ ¢ƻƪȅƻΣ WŀǇŀƴΦ нtǊƛƴŎŜ ƻŦ {ƻƴƎƪƭŀ ¦ƴƛǾŜǊǎƛǘȅΣ {ƻƴƎƪƘƭŀΣ ¢ƘŀƛƭŀƴŘ 

Abstract 

Lƴ ǎƻǳǘƘŜǊƴ ¢ƘŀƛƭŀƴŘΣ ǘƘŜ ƭƛƳŜǎǘƻƴŜ ǘŜǊǊŀƛƴ ŎƻƭƭŜŎǘǎ ǊŀƛƴŦŀƭƭ ǘƻ ŦƻǊƳ ƭƛƳŜǎǘƻƴŜ ƻǳǘǇƻǳǊƛƴƎǎ ŀƴŘ ǿŜǘƭŀƴŘ 
ŦƻǊŜǎǘǎ ƛƴ ǘƘŜ ƭƻǿƭŀƴŘǎΦ ¢ƘŜǎŜ ŦƻǊŜǎǘ ƅƻƻǊǎΣ ŬƭƭŜŘ ǿƛǘƘ ŎƭŜŀǊ ǿŀǘŜǊΣ ŀǊŜ ŜǎǎŜƴǝŀƭ ǘƻ ǘƘŜ ǊŜƎƛƻƴϥǎ ŜŎƻǎȅǎǘŜƳΦ 
IƻǿŜǾŜǊΣ ǊŜŎŜƴǘƭȅΣ ƻƛƭ ǇŀƭƳ Ǉƭŀƴǘŀǝƻƴǎ ƘŀǾŜ ōŜŜƴ ŜǎǘŀōƭƛǎƘŜŘ ƻƴ ǘƘŜ ŦŜǿ ǊŜƳŀƛƴƛƴƎ ǿŜǘƭŀƴŘ ŦƻǊŜǎǘǎ ƛƴǘƻ 
ƻƛƭ ǇŀƭƳ ǇƭŀƴǘŀǝƻƴǎΣ ǿƘƛŎƘ ǿŜǊŜ ǇǊŜǾƛƻǳǎƭȅ ǇǊŜǎŜǊǾŜŘ ƛƴ ǎƻǳǘƘŜǊƴ ¢ƘŀƛƭŀƴŘΦ  

¢ƘŜ ǎǘǳŘȅ ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ ŎƻƴǎŜǊǾŀǝƻƴ ƻŦ ŎŀǾŜǎ ŀƴŘ ǘƘŜƛǊ ōƛƻŘƛǾŜǊǎƛǘȅ Řŀǘŀ ƛƴ ǎƻǳǘƘŜǊƴ ¢ƘŀƛƭŀƴŘΣ ōǳǘ ǿƻǳƭŘ 
ƭƛƪŜ ǘƻ ŘƛǎŎǳǎǎ ǘƘŜ ŎƻƴǎŜǊǾŀǝƻƴ ƻŦ ǘƘŜǎŜ ƭƛƳŜǎǘƻƴŜ ŀǊŜŀǎΦ 
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Navigating Sustainability: A Transboundary Socio-Ecological Study of the Brahmaputra River Basin 
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мLƴŘƛŀƴ LƴǎǝǘǳǘŜ ƻŦ ¢ŜŎƘƴƻƭƻƎȅ DǳǿŀƘŀǝΣ DǳǿŀƘŀǝΣ LƴŘƛŀ 

Abstract 

! ǊƛǾŜǊ ŜŎƻǎȅǎǘŜƳΣ ƘƻƳŜ ǘƻ ŘƛǾŜǊǎŜ ōƛƻǝŎ ŀƴŘ ŀōƛƻǝŎ ǊŜǎƻǳǊŎŜǎΣ ǇǊƻǾƛŘŜǎ ƘƛƎƘƭȅ ǾŀƭǳŜŘ ǎŜǊǾƛŎŜǎ ōŜƴŜŬǝƴƎ 
ōƻǘƘ ǇŜƻǇƭŜ ŀƴŘ ǘƘŜ ǇƭŀƴŜǘΦ ¢ƘŜ ǘǊŀƴǎōƻǳƴŘŀǊȅ .ǊŀƘƳŀǇǳǘǊŀ wƛǾŜǊ ƻǊƛƎƛƴŀǝƴƎ ŦǊƻƳ ǘƘŜ /ƘŜƳŀȅǳƴƎŘǳƴƎ 
Ƴƻǳƴǘŀƛƴ ƎƭŀŎƛŜǊ ƛƴ ¢ƛōŜǘ ŀƴŘ ŘǊŀƛƴƛƴƎ Řƻǿƴ ǘƻ ǘƘŜ .ŀȅ ƻŦ .ŜƴƎŀƭ {Ŝŀ ƛƴ .ŀƴƎƭŀŘŜǎƘ ƛǎ ƴƻ ŘƛũŜǊŜƴǘΦ ¢ƘŜ 
ǊƛǾŜǊ ƴƻǘ ƻƴƭȅ ǎǳǎǘŀƛƴǎ ƭƛǾŜƭƛƘƻƻŘ ŀƴŘ ǎƘŀǊŜŘ ŎǳƭǘǳǊŜ ŀƭƻƴƎ ƛǘǎ ǊƛǇŀǊƛŀƴ ŎƻǳƴǘǊƛŜǎ ōǳǘ ŀƭǎƻ ƴǳǊǘǳǊŜǎ ŀƴ ŀǊǊŀȅ 
ƻŦ ƅƻǊŀ ŀƴŘ ŦŀǳƴŀΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ŜƴŘŀƴƎŜǊŜŘ DŀƴƎŜǎ ǊƛǾŜǊ ŘƻƭǇƘƛƴπ ŀƴ ƛƴŘƛŎŀǘƻǊ ƻŦ ǘƘŜ ǊƛǾŜǊΩǎ ƻǾŜǊŀƭƭ 
ƘŜŀƭǘƘΦ /ŜǘŀŎŜŀƴǎ ƭƛƪŜ ŘƻƭǇƘƛƴǎ ŀǊŜ ǳƴƛǾŜǊǎŀƭƭȅ ǊŜƴƻǿƴŜŘ ŀǎ ŜŎƻǎȅǎǘŜƳ ŜƴƎƛƴŜŜǊǎ ŀǎ ǘƘŜȅ Ǉƭŀȅ ŀ ƪŜȅ ǊƻƭŜ 
ƛƴ ƳƻŘƛŦȅƛƴƎ ŀƴŘ ƳŀƛƴǘŀƛƴƛƴƎ ǘƘŜ ƘŜŀƭǘƘ ŀƴŘ ǎǘŀōƛƭƛǘȅ ƻŦ ǘƘŜƛǊ ǊŜǎƛŘŜƴǘ ƘŀōƛǘŀǘǎΦ  

/ƭƛƳŀǘŜπŎƻƴǎŎƛƻǳǎ Ǝƭƻōŀƭ ŎƻǳƴǘǊƛŜǎ ŀƛƳƛƴƎ ŦƻǊ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ŎŀǊōƻƴ ƴŜǳǘǊŀƭƛǘȅ ŀǊŜ ƻƴ ŀ 
Ŏƻƴǎǘŀƴǘ ƭƻƻƪƻǳǘ ŦƻǊ ƭƻǿπŎŀǊōƻƴ ŜƳƛǎǎƛƻƴ ǎǘǊŀǘŜƎƛŜǎΦ ¢ƘŜ ǘǊŀƴǎǇƻǊǘŀǝƻƴ ǎŜŎǘƻǊ ƛǎ ƻƴŜ ǎǳŎƘ ŎŀǊōƻƴπƘŜŀǾȅ 
ƛƴŘǳǎǘǊȅ ǘƘŀǘ ƛǎ ƳƻǾƛƴƎ ǘƻǿŀǊŘǎ ƛƴǾŜǎǘƳŜƴǘǎ ƛƴ ǿŀǘŜǊǿŀȅǎ ŀǎ ǘƘŜȅ ƘŀǾŜ ǊŜƭŀǝǾŜƭȅ ƭƻǿŜǊ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ 
ŀƴŘ ŀǊŜ ŎƻǎǘπŜũŜŎǝǾŜΦ 9ŎƻƴƻƳƛŜǎ ǿƛǘƘ ƛƴŘŜŬƴƛǘŜ ǿŀǘŜǊǿŀȅǎ ǇƻǘŜƴǝŀƭ ǎǳŎƘ ŀǎ ǘƘŜ .ǊŀƘƳŀǇǳǘǊŀ ǊƛǾŜǊ ōŀǎƛƴ 
ŀǊŜ ŜȄǇŜǊƛŜƴŎƛƴƎ ŀ ǎǳǊƎŜ ƛƴ ǳǝƭƛȊŀǝƻƴ ƻŦ ǘƘŜƛǊ ƛƴƭŀƴŘ ǿŀǘŜǊǿŀȅǎΦ !ǘ ǇǊŜǎŜƴǘΣ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘǎ ƻŦ LƴŘƛŀ ŀƴŘ 
.ŀƴƎƭŀŘŜǎƘ ƘŀǾŜ ōƛƭŀǘŜǊŀƭ ǝŜǎ ŦƻǊ ǘǊŀŘŜ ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǝƻƴ ƻǾŜǊ ǘƘŜ .ǊŀƘƳŀǇǳǘǊŀ wƛǾŜǊΦ IƻǿŜǾŜǊΣ ǘƘƛǎ 
ǎƘƛƊ ƛƴ ƛƴŘǳǎǘǊȅ ǘƻǿŀǊŘǎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ Ƴǳǎǘ ōŜ ŎƻƴǎƛŘŜǊŀǘŜ ƻŦ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ƛƳǇŀŎǘǎ ǘƘŀǘ ƛǘ ƛƳǇƻǎŜǎ ƻƴ 
ǘƘŜ ǊƛǾŜǊϥǎ ƘŜŀƭǘƘ ŀƴŘ ōƛƻŘƛǾŜǊǎƛǘȅΦ !ŎǝǾƛǝŜǎ ǊŜƭŀǘŜŘ ǘƻ ƛƴƭŀƴŘ ǿŀǘŜǊ ǘǊŀƴǎǇƻǊǘ ŀǊŜ ŜǾƛŘŜƴǘ ǎƻǳǊŎŜǎ ƻŦ 
ǇƻƭƭǳǝƻƴΣ Ƙŀōƛǘŀǘ ƭƻǎǎΣ ŘŜƎǊŀŘŀǝƻƴΣ ŀƴŘ ƻǾŜǊŜȄǇƭƻƛǘŀǝƻƴ ƻŦ ōƛƻŘƛǾŜǊǎƛǘȅΦ .ŜǎƛŘŜǎΣ ǘƘŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ 
ƛƴƭŀƴŘ ǿŀǘŜǊ ǘǊŀƴǎǇƻǊǘ ƻƴ ǘƘŜ ŘƻƭǇƘƛƴǎ ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ ǎǇŜŎƛŜǎ ŀǊŜ ŀǾƻǿŜŘΦ 

¢ƻ ŀǎǎŜǎǎ ǘƘŜ ŜȄƛǎǝƴƎ ǇƻǇǳƭŀǝƻƴ ƻŦ ŘƻƭǇƘƛƴǎ ƛƴ ǘƘŜ .ǊŀƘƳŀǇǳǘǊŀ wƛǾŜǊΣ ǘƘŜ ǎŎƻǇŜ ƻŦ ǘƘŜ ǎǘǳŘȅ ŜȄǘŜƴŘǎ 
ŦǊƻƳ aŀƧǳƭƛ ƻŦ !ǎǎŀƳ ǘƻ {ƛǊŀƧƎŀƴƧ ƻŦ .ŀƴƎƭŀŘŜǎƘ ǿƛǘƘ ǘƘǊŜŜ ƻōƧŜŎǝǾŜǎΦ CƛǊǎǘΣ ǘƻ ǘǊŀŎŜ ǘƘŜ ǎƻŎƛƻπǇƻƭƛǝŎŀƭπ
ŜŎƻƴƻƳƛŎ ŘȅƴŀƳƛŎǎ ƻŦ ǘƘŜ ƛƴƭŀƴŘ ǿŀǘŜǊ ǘǊŀƴǎǇƻǊǘ ƛƴ LƴŘƛŀ ŀƴŘ .ŀƴƎƭŀŘŜǎƘ ōȅ ŜƴǉǳƛǊƛƴƎ ŀōƻǳǘ ǘƘŜ 
ƛƴŎƭǳǎƛǾƛǘȅ ƛƴ ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎ ŦƻǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴǎƛŘŜǊŀǝƻƴΤ ǎŜŎƻƴŘΣ ƛŘŜƴǝŦȅƛƴƎ ǾǳƭƴŜǊŀōƭŜ ŀǊŜŀǎ ƛƴ 
!ǎǎŀƳ ŀƴŘ .ŀƴƎƭŀŘŜǎƘ ƛƳǇƻǎŜŘ ōȅ ƛƴƭŀƴŘ ǿŀǘŜǊ ǘǊŀƴǎǇƻǊǘ ƻƴ ǘƘŜ ǊƛǾŜǊ ōƛƻŘƛǾŜǊǎƛǘȅ ōȅ ǳǎƛƴƎ ƳƻŘŜǊƴ 
ǘŜŎƘƴƻƭƻƎƛŎŀƭ ǘƻƻƭǎΤ ǘƘƛǊŘΣ ǎǳƎƎŜǎǝƴƎ ŜǾƛŘŜƴŎŜπōŀǎŜŘ ƳƛǝƎŀǝƻƴ ǊŜŎƻƳƳŜƴŘŀǝƻƴǎ ŦƻǊ ǇƻƭƛŎȅƳŀƪŜǊǎΦ ¢ƘŜ 
ƻōƧŜŎǝǾŜǎ ǿƛƭƭ ōŜ ŦǳƭŬƭƭŜŘ ōȅ ŘƻŎǳƳŜƴǘ ŀƴŀƭȅǎƛǎ ǎǳǇǇƻǊǘŜŘ ōȅ ǉǳŀƭƛǘŀǝǾŜ ƛƴǘŜǊǾƛŜǿǎΣ ǎǇŀǝƻǘŜƳǇƻǊŀƭ 
ƳŀǇǇƛƴƎ ŀƴŘ ƳŜǘŀπŀƴŀƭȅǎƛǎΣ ǊŜǎǇŜŎǝǾŜƭȅΦ  

¢ƘŜ ǎǘǳŘȅ ƛǎ ŘŜŘƛŎŀǘŜŘ ǘƻǿŀǊŘǎ {5DҌǘŀǊƎŜǘ сΦс ŦƻǊ ǊŜǎǘƻǊƛƴƎ ǘƘŜ .ǊŀƘƳŀǇǳǘǊŀ wƛǾŜǊ ŀƴŘ ƛǘǎ ōƛƻŘƛǾŜǊǎƛǘȅ 
ŦǊƻƳ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ƛƴƭŀƴŘ ǿŀǘŜǊ ǘǊŀƴǎǇƻǊǘ ŀƴŘ ǇǊƻƳƻǝƴƎ ǘƘŜ ƛƴŘǳǎǘǊȅ ǘƻǿŀǊŘǎ ǎǘǊƻƴƎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ ¢ƘŜ 
ǊŜǎŜŀǊŎƘ ŎƻƴǘǊƛōǳǝƻƴ ƻŦ ǘƘŜ ǎǘǳŘȅ ƛǎ ŀƴŀƭƻƎƻǳǎ ǘƻ ǘƘŜ ŎƻƴŦŜǊŜƴŎŜ ǘƘŜƳŜΣ ά[ƛƴƪƛƴƎ CǳǘǳǊŜǎ ƻŦ aƻǳƴǘŀƛƴ 
ŀƴŘ hŎŜŀƴΥ wŜǎŎǳƛƴƎ ǘƘŜ {5Dǎ нлол ŦƻǊ {ǳǎǘŀƛƴŀōƭŜ [ƛǾŜƭƛƘƻƻŘέΣ ŀǎ ƛǘ ǎǳǇǇƻǊǘǎ ǘƘŜ ǎǳǎǘŀƛƴŀōƭŜ ŦǳǘǳǊŜ ƻŦ 
ƛƴƭŀƴŘ ǿŀǘŜǊ ǘǊŀƴǎǇƻǊǘ ŀǎ ŀƴ ŜǎǘŀōƭƛǎƘŜŘ ƭƛǾŜƭƛƘƻƻŘ ǇǊƻǾƛǎƛƻƴ ŀƭƻƴƎ ǘƘŜ .ǊŀƘƳŀǇǳǘǊŀ ǊƛǾŜǊ ǿƘƛƭŜ 
ǇǊƛƻǊƛǝȊƛƴƎ ǎŀŦŜƎǳŀǊŘǎ ƻŦ ǘƘŜ ŦǳǘǳǊŜ ŦƻǊ ƛƴǾŀƭǳŀōƭŜ ōƛƻŘƛǾŜǊǎƛǘȅ ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ ŎƻƳƳǳƴƛǝŜǎ ƻŦ ǘƘŜ ǊŜƎƛƻƴΦ  
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Abstract 

¢Ǌŀƛƭǎ ŀǊŜ ŜǎǎŜƴǝŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŦƻǊ ǘǊŜƪƪŜǊǎκƘƛƪŜǊǎ ǘƻ ǊŜŀŎƘ Ƴƻǳƴǘŀƛƴ ǎǳƳƳƛǘǎ ŀƴŘ Ƴƻǳƴǘŀƛƴ ƭƻŘƎŜǎΣ 
ŀƴŘ ǘǊŀƛƭǎ ŀƭǎƻ Ǉƭŀȅ ŀ ǊƻƭŜ ƛƴ ǇǊƻǘŜŎǝƴƎ ǘƘŜ ƴŀǘǳǊŀƭ ŜƴǾƛǊƻƴƳŜƴǘ ŦǊƻƳ ǳǎŜΦ IƻǿŜǾŜǊΣ ǘƘŜ ƭƻŎŀǝƻƴ ŀƴŘ 
ŘŜǎƛƎƴ ƻŦ ǘǊŀƛƭǎ ŀǊŜ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ŎƻƴǾŜƴƛŜƴŎŜ ƻŦ ǿŀƭƪƛƴƎΣ ŀƴŘ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ƻƴ ǘƘŜ ǾǳƭƴŜǊŀōƛƭƛǘȅ ƻŦ ǘƘŜ 
ƴŀǘǳǊŀƭ ŜƴǾƛǊƻƴƳŜƴǘΦ !ǎ ŀ ǊŜǎǳƭǘΣ ǘǊŀƛƭ ŘŜƎǊŀŘŀǝƻƴ ǎǳŎƘ ŀǎ ǘǊŀƛƭ ŜǊƻǎƛƻƴ ƘŀǾŜ ōŜŎƻƳŜ ŀ ǇǊƻōƭŜƳ ƛƴ Ƴŀƴȅ 
ƴŀǝƻƴŀƭ ǇŀǊƪǎ ŀƴŘ ƴŀǘǳǊŜ ǊŜǎŜǊǾŜǎΦ IƻǿŜǾŜǊΣ ǘƘŜ ǇŜǊǎƻƴƴŜƭ ŀƴŘ ōǳŘƎŜǘ ǊŜǉǳƛǊŜŘ ŦƻǊ ƳŀƛƴǘŜƴŀƴŎŜ ŀƴŘ 
ƳŀƴŀƎŜƳŜƴǘ ƻŦ ƴŀǝƻƴŀƭ ǇŀǊƪǎ ƛƴ WŀǇŀƴ ŀǊŜ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ǎǳŶŎƛŜƴǘΦ !ǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ƭŀŎƪ ƻŦ ǇǊƻǇŜǊ 
ƳŀƴŀƎŜƳŜƴǘ ƻŦ ŘŜƎǊŀŘŜŘ ǘǊŀƛƭǎΣ ƭŜŀŘƛƴƎ ǘƻ ŦǳǊǘƘŜǊ ŘŜƎǊŀŘŀǝƻƴ ŎŀǳǎŜŘ ōȅ ƘŜŀǾȅ Ǌŀƛƴǎ ǘƘŀǘ ƘŀǾŜ ƻŎŎǳǊǊŜŘ 
ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎΦ  

5ŀƛǎŜǘǎǳȊŀƴ bŀǝƻƴŀƭ tŀǊƪ Ƙŀǎ ǎǘŀǊǘŜŘ ǊŜǇŀƛǊƛƴƎ ǘǊŀƛƭǎ ǿƛǘƘ ǘƘŜ ƘŜƭǇ ƻŦ ǾƻƭǳƴǘŜŜǊ ǘǊŜƪƪŜǊǎκƘƛƪŜǊǎ ƛƴ нлмтΦ 
IƻǿŜǾŜǊΣ ŘǳŜ ǘƻ ǘƘŜ ƭƛƳƛǘŜŘ ŦǊŜǉǳŜƴŎȅ ƻŦ ǘǊŀƛƭ ƳƻƴƛǘƻǊƛƴƎ ƛƴ 5ŀƛǎŜǘǎǳȊŀƴ bŀǝƻƴŀƭ tŀǊƪΣ ǘƘŜ ǇǊƛƻǊƛǝȊŀǝƻƴ 
ƻŦ ǘǊŀƛƭǎ ŦƻǊ ǊŜǇŀƛǊ ŀƴŘ ǘƘŜ ǎŎƛŜƴǝŬŎ ōŀǎƛǎ ŦƻǊ ǘƘƛǎ ǇǊƛƻǊƛǝȊŀǝƻƴ ŀǊŜ ƴƻǘ ŀŘŜǉǳŀǘŜΦLƴ ǘƘƛǎ ǎǘǳŘȅΣ ƭƻƴƎπǘŜǊƳ 
ƳƻƴƛǘƻǊƛƴƎ ǳǎƛƴƎ ǘƘǊŜŜπŘƛƳŜƴǎƛƻƴŀƭ ƳŜŀǎǳǊŜƳŜƴǘ ƳŜǘƘƻŘǎ ǎǳŎƘ ŀǎ ¦!±ǎ ŀƴŘ ǇƻƭŜ ǇƘƻǘƻƎǊŀǇƘȅ ǿŀǎ 
ŎƻƴŘǳŎǘŜŘ ŦǊƻƳ нлмп ǘƻ нлнн ƛƴ ƻǊŘŜǊ ǘƻ ŎƭŀǊƛŦȅ ŎƘŀƴƎŜǎ ŀƴŘ ǘǊŜƴŘǎ ƛƴ ǘǊŀƛƭ ŘŜƎǊŀŘŀǝƻƴΦ ¢ƘŜ ǎǳǊǾŜȅ ǿŀǎ 
ŎƻƴŘǳŎǘŜŘ ōȅ ŘƛǾƛŘƛƴƎ ǘƘŜ ǘǊŀƛƭ ƛƴǘƻ ǘŜƴ ǎŜŎǝƻƴǎ ǘƘŀǘ Ǉŀǎǎ ǘƘǊƻǳƎƘ ƅŀǘ ƭŀƴŘŦƻǊƳ ŦƻǊƳŜŘ ōȅ ƭŀǾŀ ƅƻǿǎ ŀƴŘ 
ǇȅǊƻŎƭŀǎǝŎ ŘŜǇƻǎƛǘǎ ŎŀƭƭŜŘ IƻƪƪŀƛπŘŀƛǊŀ ŀǘ ŀƴ ŜƭŜǾŀǝƻƴ ƻŦ ŀǊƻǳƴŘ нΣлсл ƳŜǘŜǊǎΦ 

¢ƘŜ ŬǊǎǘ ǎǳǊǾŜȅ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ƛƴ нлмпΦ Lƴ ǘƘŜ ŬǊǎǘ ǎǳǊǾŜȅ ƛƴ нлмпΣ ŀ ƭŀǊƎŜ ŀƳƻǳƴǘ ƻŦ ŘŜƎǊŀŘŀǝƻƴ όҔнлл 
Ƴоύ ǿŀǎ ŀƭǊŜŀŘȅ ƻōǎŜǊǾŜŘ ƛƴ ǎǳǊǾŜȅ ǎŜŎǝƻƴǎ ƻƴ ǘƘŜ ǎƻǳǘƘŜŀǎǘπŦŀŎƛƴƎ ǎƭƻǇŜ ǿƘŜǊŜ ŎƭŀȅŜȅ ǎƻƛƭ ǿŀǎ 
ŘŜǾŜƭƻǇŜŘΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ŘǳǊƛƴƎ ǘƘŜ ŜƛƎƘǘ ȅŜŀǊǎ ƻŦ ƭƻƴƎπǘŜǊƳ ƳƻƴƛǘƻǊƛƴƎ ŦǊƻƳ нлмп ǘƻ нлннΣ ŜǊƻǎƛƻƴ 
ƻŦ ƳƻǊŜ ǘƘŀƴ мл Ƴо ǿŀǎ ƻōǎŜǊǾŜŘ ƛƴ ǎǘǳŘȅ ǎŜŎǝƻƴǎ ŎƻǾŜǊŜŘ ōȅ ǇȅǊƻŎƭŀǎǝŎ ƅƻǿ ŘŜǇƻǎƛǘǎ ƻƴ ǘƘŜ ƴƻǊǘƘǿŜǎǘπ
ŦŀŎƛƴƎ ǎƭƻǇŜΣ ǎƘƻǿƛƴƎ ŀ ƭŀǊƎŜǊ ŀƳƻǳƴǘ ƻŦ ŜǊƻǎƛƻƴ ǘƘŀƴ ƛƴ ǎǘǳŘȅ ǎŜŎǝƻƴǎ ƭƻŎŀǘŜŘ ƻƴ ǘƘŜ ǎƻǳǘƘŜŀǎǘπŦŀŎƛƴƎ 
ǎƭƻǇŜΦ ¢Ƙƛǎ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ŜŀŎƘ ǎǘǳŘȅ ǎŜŎǝƻƴ ǊŜǎǇƻƴŘŜŘ ŘƛũŜǊŜƴǘƭȅ ǘƻ ƘŜŀǾȅ ǊŀƛƴŦŀƭƭ ŜǾŜƴǘǎ ǿƛǘƘ Řŀƛƭȅ 
ǇǊŜŎƛǇƛǘŀǝƻƴ ŜȄŎŜŜŘƛƴƎ ул ƳƳ ǘƘŀǘ ƻŎŎǳǊǊŜŘ ƛƴ нлмсΣ нлму ŀƴŘ нлннΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ƛŘŜƴǝŦȅƛƴƎ 
ŎƘŀƴƎŜǎ ƛƴ ŜǊƻǎƛƻƴ ǊŀǘŜǎ ƛǎ ƛƳǇƻǊǘŀƴǘ ƛƴ ŘŜǘŜǊƳƛƴƛƴƎ ǿƘƛŎƘ ǘǊŀƛƭǎ ǎƘƻǳƭŘ ōŜ ǊŜǇŀƛǊŜŘΦ Lƴ ǘƘŜ ǎŜƴǎƛǝǾŜ 
ŜƴǾƛǊƻƴƳŜƴǘ ƻŦ 5ŀƛǎŜǘǎǳȊŀƴ bŀǝƻƴŀƭ tŀǊƪΣ ǊŜǇŀƛǊ ǿƻǊƪ ƴŜŜŘǎ ǘƻ ōŜ ŎƻƴŘǳŎǘŜŘ ŎŀǊŜŦǳƭƭȅΣ ŀƴŘ ƭƻƴƎπǘŜǊƳ 
ƳƻƴƛǘƻǊƛƴƎ ƛǎ ŜǎǎŜƴǝŀƭΦ IƻǿŜǾŜǊΣ ƛǘ ƛǎ ƴƻǘ ǇǊŀŎǝŎŀƭ ǘƻ ŎƻǾŜǊ ǘƘŜ ŜƴǝǊŜ олл ƪƳ ƻŦ ǘǊŀƛƭǎ ŘǳŜ ǘƻ ǘƘŜ ƭŀŎƪ ƻŦ 
ǎǇŜŎƛŀƭƛȊŜŘ ǎǘŀũ ŀƴŘ ōǳŘƎŜǘΦ ¢ƘŜǊŜŦƻǊŜΣ ŀǎ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ǊŜǇŀƛǊ ǿƻǊƪΣ ǘƘŜ ǇŀǊǝŎƛǇŀǝƻƴ ƻŦ ǾƻƭǳƴǘŜŜǊ 
ǘǊŜƪƪŜǊǎκƘƛƪŜǊǎ Ƴŀȅ Ǉƭŀȅ ŀ ǎƛƎƴƛŬŎŀƴǘ ǊƻƭŜ ƛƴ ŀŎǉǳƛǊƛƴƎ ōŀǎƛŎ Řŀǘŀ ǘƘŀǘ ƛǎ ŜǎǎŜƴǝŀƭ ŦƻǊ ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎ ƛƴ 
ǘǊŀƛƭ ƳŀƛƴǘŜƴŀƴŎŜ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘΦ 

¢Ƙƛǎ ǎǘǳŘȅ ŜƳǇƭƻȅŜŘ ¦!±ǎ ŀƴŘ ǇƻƭŜ ǇƘƻǘƻǎΣ ōǳǘ ƛtƘƻƴŜ ƛǎ ŜǉǳƛǇǇŜŘ ǿƛǘƘ [ƛŘŀǊΣ ǿƘƛŎƘ ƳŀƪŜǎ ƛǘ ǊŜƭŀǝǾŜƭȅ 
Ŝŀǎȅ ǘƻ ŀŎǉǳƛǊŜ ǘƘǊŜŜπŘƛƳŜƴǎƛƻƴŀƭ ŘŀǘŀΦ ¢ƘŜ ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ŀ Řŀǘŀ ŎƻƭƭŜŎǝƻƴ ǇƭŀǜƻǊƳ ŀƴŘ ŦŜŜŘōŀŎƪ 
ǎȅǎǘŜƳ ǿƛƭƭ ǇǊƻǾƛŘŜ ǾŀƭǳŜ ƛƴ ǘƘŜ ŎƻƴǘǊƛōǳǝƻƴ ǘƻ ǘƘŜ ŎƻƴǎŜǊǾŀǝƻƴ ƻŦ ǘƘŜ ƴŀǘǳǊŀƭ ŜƴǾƛǊƻƴƳŜƴǘΦ [ƻƴƎπǘŜǊƳ 
ƳƻƴƛǘƻǊƛƴƎ ǳǎƛƴƎ ǘƘǊŜŜπŘƛƳŜƴǎƛƻƴŀƭ Řŀǘŀ ŀƴŘ ǘƘŜ ŎƻƻǇŜǊŀǝƻƴ ƻŦ ǾƻƭǳƴǘŜŜǊ ǘǊŜƪƪŜǊǎκƘƛƪŜǊǎ ŀǊŜ ŜǎǎŜƴǝŀƭ 
ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ǾŀƭǳŜ ƻŦ ƴŀǝƻƴŀƭ ǇŀǊƪǎ ŀƴŘ ǘƘŜ ǎǳǎǘŀƛƴŀōƭŜ ǳǎŜ ƻŦ Ƴƻǳƴǘŀƛƴ ǘǊŀƛƭǎΦ 
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²ŀƎŜƴƛƴƎŜƴΣ bŜǘƘŜǊƭŀƴŘǎ 

Abstract 

Lƴ ǳǊōŀƴ ŎƻƴǘŜȄǘǎΣ ƴŀǘǳǊŜπōŀǎŜŘ ǎƻƭǳǝƻƴǎ όbō{ύ ŀǊŜ Ǿƛǘŀƭ ŦƻǊ ǎǘƻǊƳǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘΣ ƛƴǘŜƎǊŀǝƴƎ ƎǊŜŜƴ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƭƛƪŜ ŎƻƴǎǘǊǳŎǘŜŘκƴŀǘǳǊŀƭ ǿŜǘƭŀƴŘǎΦ ¢ƘŜǎŜ ƳƛƳƛŎ ƴŀǘǳǊŀƭ ƘȅŘǊƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎŜǎΣ ǊŜŘǳŎƛƴƎ 
ǳǊōŀƴ ƅƻƻŘƛƴƎ ŀƴŘ ƛƳǇǊƻǾƛƴƎ ǿŀǘŜǊ ǉǳŀƭƛǘȅΣ ƻũŜǊƛƴƎ ǊŜŎǊŜŀǝƻƴŀƭ ƻǇǇƻǊǘǳƴƛǝŜǎ ŀƴŘ ŜŎƻƴƻƳƛŎ ǎŀǾƛƴƎǎΦ ! 
ǎǘǳŘȅ ƻƴ 5ŜŜǇƻǊ .ŜŜƭΣ ŀ wŀƳǎŀǊ ǎƛǘŜ ŀƴŘ ǇǊƻƳƛƴŜƴǘ ǿŜǘƭŀƴŘ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ǳǊōŀƴ ƭŀƴŘǎŎŀǇŜ ƻŦ DǳǿŀƘŀǝ 
Ŏƛǘȅ ƛƴ ǘƘŜ 9ŀǎǘŜǊƴ IƛƳŀƭŀȅŀƴ wŜƎƛƻƴ ό9IwύΦ /ƛǘȅ ŀǳǘƘƻǊƛǝŜǎ ŀǊŜ ŀŎǝǾŜƭȅ ǇǳǊǎǳƛƴƎ ǘƘŜ ǳǝƭƛȊŀǝƻƴ ƻŦ ǘƘƛǎ 
ǿŜǘƭŀƴŘ ŀǎ bō{ ǘƻ ŜƴƘŀƴŎŜ ǳǊōŀƴ ǎǘƻǊƳǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘΦ [ŜǾŜǊŀƎƛƴƎ ǘƘŜ ǿŜǘƭŀƴŘϥǎ ƴŀǘǳǊŀƭ ŎŀǇŀŎƛǘȅ ǘƻ 
ōǳũŜǊ ŀƎŀƛƴǎǘ ƅƻƻŘƛƴƎ ǿƘƛƭŜ ǇǊƻƳƻǝƴƎ ōƛƻŘƛǾŜǊǎƛǘȅ ŎƻƴǎŜǊǾŀǝƻƴ ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜ ƭŀƴŘ ƳŀƴŀƎŜƳŜƴǘ 
ǇǊŀŎǝŎŜǎ ŎƻƴŎǳǊǊŜƴǘƭȅΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ƛǎ ǇŜǊŎŜƛǾŜŘ ŀǎ ŎƻǎǘπŜũŜŎǝǾŜΣ ǎǳǎǘŀƛƴŀōƭŜΣ ŀƴŘ ƳǳƭǝŦǳƴŎǝƻƴŀƭΣ 
ŀƭƛƎƴƛƴƎ ǿƛǘƘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƳƛǝƎŀǝƻƴ ŀƴŘ ŀŘŀǇǘŀǝƻƴ Ǝƻŀƭǎ ŀƴŘ ǘƘŜ ōǊƻŀŘŜǊ ƻōƧŜŎǝǾŜǎ ƻŦ ǎǳǎǘŀƛƴŀōƭŜ 
ŘŜǾŜƭƻǇƳŜƴǘΦ  
²ƘƛƭŜ ŀŎƪƴƻǿƭŜŘƎƛƴƎ ǘƘŜ Ŏƛǘȅ ŀǳǘƘƻǊƛǝŜǎϥ ŜũƻǊǘǎΣ ŀ Ŏƻƴǎǳƭǘŀǝƻƴ ƳŜŜǝƴƎ ǿƛǘƘ ǘƘŜƳ ǳƴǾŜƛƭŜŘ ŀ ǘƻǇπŘƻǿƴ 
ŀǇǇǊƻŀŎƘ ƭŀŎƪƛƴƎ ƛƴǇǳǘ ŦǊƻƳ ǘƘŜ ƭƻŎŀƭ ŎƻƳƳǳƴƛǘȅ ǊŜǎƛŘƛƴƎ ƴŜŀǊ ǘƘŜ ǿŜǘƭŀƴŘΦ {ŜǾŜǊŀƭ ǊŜǎŜŀǊŎƘ ǎǘǳŘƛŜǎ ƻƴ 
bō{ ǳƴŘŜǊǎŎƻǊŜ ǘƘŜ ǇƻǘŜƴǝŀƭ ƛƳǇŀŎǘǎ ƻŦ ƛƳǇƭŜƳŜƴǝƴƎ ƴŀǘǳǊŜπōŀǎŜŘ ǎƻƭǳǝƻƴǎ όbō{ύ ƻƴ ƭƻŎŀƭ ŎƻƳƳǳƴƛǝŜǎ 
ŀƴŘ ƭƛǾŜƭƛƘƻƻŘǎΣ ƛƴŎƭǳŘƛƴƎ ŎƘŀƴƎŜǎ ƛƴ ǿŀǘŜǊ ŀǾŀƛƭŀōƛƭƛǘȅκǉǳŀƭƛǘȅΣ ƭŀƴŘ ǳǎŜΣ ŀƴŘ ǊŜƎǳƭŀǘƻǊȅ ŎƻƴǎǘǊŀƛƴǘǎΦ 
wƻōǳǎǘ ǎǘŀƪŜƘƻƭŘŜǊ ŜƴƎŀƎŜƳŜƴǘ ŀƴŘ ŀŘŀǇǝǾŜ ƳŀƴŀƎŜƳŜƴǘ ǎǘǊŀǘŜƎƛŜǎ ŀǊŜ ŜǎǎŜƴǝŀƭ ƛƴ ŀŘŘǊŜǎǎƛƴƎ ǘƘŜǎŜ 
ŎƻƴŎŜǊƴǎΦ !Ǝŀƛƴǎǘ ǘƘƛǎ ōŀŎƪŘǊƻǇΣ ƻǳǊ ǎǘǳŘȅ ŀǎǎŜǎǎŜǎ ǘƘŜ ŦŜŀǎƛōƛƭƛǘȅ ƻŦ ǳǝƭƛȊƛƴƎ ǘƘŜ ǿŜǘƭŀƴŘ ŀǎ ŀƴ bō{ ǘƻ 
ŀŘŘǊŜǎǎ ǳǊōŀƴ ƅƻƻŘǎ ƛƴ ǘƘŜ ŎƛǘȅΣ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ƭƻŎŀƭ ŎƻƴǘŜȄǘΦ ! ƳƛȄŜŘπƳŜǘƘƻŘ ŀǇǇǊƻŀŎƘ ǿŀǎ ŀŘƻǇǘŜŘΥ 
ƘȅŘǊƻƭƻƎƛŎŀƭ ƳƻŘŜƭƭƛƴƎ ǎƛƳǳƭŀǘŜŘ ƅƻƻŘ ŜǾŜƴǘǎ ŀƴŘ ŀǎǎŜǎǎŜŘ ƅƻƻŘ ŀǧŜƴǳŀǝƻƴΣ ŦƻƭƭƻǿŜŘ ōȅ ǎǘŀƪŜƘƻƭŘŜǊ 
ŜƴƎŀƎŜƳŜƴǘ ǿƛǘƘ ŎƻƳƳǳƴƛǝŜǎΣ ŀƎŜƴŎƛŜǎΣ bDhǎΣ ŀƴŘ ƻǘƘŜǊǎ ǘƻ ƎŀǘƘŜǊ ƛƴǎƛƎƘǘǎΣ ŀǎǎŜǎǎ ǇŜǊŎŜǇǝƻƴǎΣ ŀƴŘ 
ƛƴŎƻǊǇƻǊŀǘŜ ƭƻŎŀƭ ƪƴƻǿƭŜŘƎŜΦ 
¢ƘŜ ǎǘǳŘȅ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ǳƴǘǊŜŀǘŜŘ ǎǘƻǊƳǿŀǘŜǊ ŦǊƻƳ ǘƘŜ Ŏƛǘȅ ƛǎ ŜƴǘŜǊƛƴƎ ǘƘŜ ǿŜǘƭŀƴŘ Ǿƛŀ ƴŀǘǳǊŀƭ ǎǘǊŜŀƳǎΣ 
ǘƘǊŜŀǘŜƴƛƴƎ ƛǘǎ ƘŜŀƭǘƘ ŀƴŘ ƛƳǇŀŎǝƴƎ ƭƻŎŀƭ ƭƛǾŜƭƛƘƻƻŘǎΦ aŀƴȅ ǊŜǎƛŘŜƴǘǎ ƘŀǾŜ ǎƘƛƊŜŘ ŦǊƻƳ ǘǊŀŘƛǝƻƴŀƭ 
ŀƎǊŀǊƛŀƴ ǿƻǊƪ ǘƻ ƭƻǿπǎƪƛƭƭ ƛƴŘǳǎǘǊƛŀƭ ƻǊ ŎƻƳƳŜǊŎƛŀƭ ƧƻōǎΦ ¢ƘŜ ŬǎƘƛƴƎ ŎƻƳƳǳƴƛǘȅΣ ƛƴ ǇŀǊǝŎǳƭŀǊΣ Ƙŀǎ ŦŀŎŜǎ 
ŎƘŀƭƭŜƴƎŜǎ ŘǳŜ ǘƻ ŘŜŎƭƛƴƛƴƎ ǿŀǘŜǊ ǉǳŀƭƛǘȅΣ ǊŜǎǳƭǝƴƎ ƛƴ ǊŜŘǳŎŜŘ ŬǎƘ ŎŀǘŎƘΦ tǊƻǇƻǎŜŘ ƅƻƻŘ ƛƴǘŜǊǾŜƴǝƻƴǎ 
ǘƘŀǘ ƛƎƴƻǊŜ ǘƘŜ ƭƻŎŀƭ ŎƻƴǘŜȄǘ Ǌƛǎƪ ǿƻǊǎŜƴƛƴƎ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ŀƴŘ ƘŀǊƳƛƴƎ ōƻǘƘ ƭƛǾŜƭƛƘƻƻŘǎ ŀƴŘ ōƛƻŘƛǾŜǊǎƛǘȅΦ 
¢ƘŜ ǊŜǎŜŀǊŎƘ ǳƴŘŜǊǎŎƻǊŜǎ ǘƘŜ ŎǊƛǝŎŀƭ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ƛƴǾƻƭǾƛƴƎ ƭƻŎŀƭ ŎƻƳƳǳƴƛǝŜǎ ƛƴ ƅƻƻŘ ƳŀƴŀƎŜƳŜƴǘ 
ŘŜŎƛǎƛƻƴǎ ǘƻ ŜƴǎǳǊŜ ǘƘŜ ŜũŜŎǝǾŜƴŜǎǎ ƻŦ bŀǘǳǊŜπōŀǎŜŘ {ƻƭǳǝƻƴǎ όbō{ύ ƛƴƛǝŀǝǾŜǎΦ ²ƘƛƭŜ ŎƻƳƳǳƴƛǝŜǎ 
ŀŎƪƴƻǿƭŜŘƎŜ ǿŜǘƭŀƴŘǎ ŀǎ ǎǳǎǘŀƛƴŀōƭŜ ƅƻƻŘ ƳŀƴŀƎŜƳŜƴǘ ǘƻƻƭǎΣ ǘƘŜȅ ǎǘǊŜǎǎ ǘƘŜ ƴŜŎŜǎǎƛǘȅ ƻŦ ƛƴŎƭǳǎƛǾŜ 
ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎ ǇǊƻŎŜǎǎŜǎΦ ¢ƘŜ ƭŀŎƪ ƻŦ Ŏƻƴǎǳƭǘŀǝƻƴ Ƙŀǎ ŦǳŜƭŜŘ ŘƛǎǘǊǳǎǘ ŀƴŘ ŎƻƴƅƛŎǘǎ ōŜǘǿŜŜƴ 
ŎƻƳƳǳƴƛǝŜǎ ŀƴŘ ŀǳǘƘƻǊƛǝŜǎΣ ǊŜǎǳƭǝƴƎ ƛƴ ŦŜŜƭƛƴƎǎ ƻŦ ƳŀǊƎƛƴŀƭƛȊŀǝƻƴ ŀƳƻƴƎ ƭƻŎŀƭ ǊŜǎƛŘŜƴǘǎΦ ¢ƻ ǇǊƻƳƻǘŜ 
bō{Σ ŜǎǇŜŎƛŀƭƭȅ ƛƴ Ƴƻǳƴǘŀƛƴƻǳǎ ŀǊŜŀǎΣ ǘƘŜ ǎǘǳŘȅ ŀŘǾƻŎŀǘŜǎ ŦƻǊ ōǳƛƭŘƛƴƎ ǘǊǳǎǘΣ ŦƻǎǘŜǊƛƴƎ ŘƛŀƭƻƎǳŜ ǿƛǘƘ ƭƻŎŀƭ 
ǎǘŀƪŜƘƻƭŘŜǊǎΣ ŀƴŘ ŎƻƴǎƛŘŜǊƛƴƎ ǎƻŎƛŀƭ ŀƴŘ ŎǳƭǘǳǊŀƭ ŀǎǇŜŎǘǎ ƛƴ ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ Ŏŀƴ ŎƻƴǘǊƛōǳǘŜ 
ǘƻ ŀŎƘƛŜǾƛƴƎ ǾŀǊƛƻǳǎ {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘ Dƻŀƭǎ ό{5DǎύΣ ƛƴŎƭǳŘƛƴƎ ǇƻǾŜǊǘȅ ǊŜŘǳŎǝƻƴΣ ŦƻƻŘ ǎŜŎǳǊƛǘȅΣ 
ǎǳǎǘŀƛƴŀōƭŜ ŎƛǘȅΣ ŎƭƛƳŀǘŜ ǊŜǎƛƭƛŜƴŎŜΣ ŀƴŘ ōƛƻŘƛǾŜǊǎƛǘȅ ŎƻƴǎŜǊǾŀǝƻƴΦ  
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Abstract 

tǊƻǘŜŎǘŜŘ !ǊŜŀǎ όt!ύ ŀǊŜ ŀƳƻƴƎ ǘƘŜ Ƴŀƛƴ ƴŀǘǳǊŜ ŎƻƴǎŜǊǾŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎ ŀǾŀƛƭŀōƭŜΣ ŀƭǘƘƻǳƎƘ ŀƴǘƘǊƻǇƛŎ 
ǇǊŜǎǎǳǊŜ ƻƴ ǘƘŜǎŜ ŀǊŜŀǎ ƛǎ ŀ Ǝƭƻōŀƭƭȅ ƛŘŜƴǝŬŜŘ ǇǊƻōƭŜƳΦ ¢ƘŜ ǿŀȅ ƛƴ ǿƘƛŎƘ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎǎ ƻŦ t! ŀǊŜ ǳǎŜŘ 
ƛǎ ŎǊƛǝŎŀƭ ǘƻ ŜƴǎǳǊŜ ǘƘŜƛǊ ǇǊƻǘŜŎǝƻƴΦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ LƳǇŀŎǘ !ǎǎŜǎǎƳŜƴǘ ό9L!ύ ƛǎ ŀ ǳǎŜŦǳƭ ƛƴǎǘǊǳƳŜƴǘ ŦƻǊ 
ŀƴǝŎƛǇŀǝƴƎ ŀƴŘ ǇǊŜǾŜƴǝƴƎ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ƘǳƳŀƴ ŀŎǝǾƛǝŜǎ ǘƘŀǘ Ƴŀȅ ǊŜǎǳƭǘ ƛƴ ǎƛƎƴƛŬŎŀƴǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
ǉǳŀƭƛǘȅ ŘŜƎǊŀŘŀǝƻƴΦ LƴŎƻǊǇƻǊŀǝƴƎ 9ŎƻǎȅǎǘŜƳ {ŜǊǾƛŎŜǎ ό9{ύ ƛƴǘƻ ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎ ǇǊƻŎŜǎǎŜǎ Ŏŀƴ ƘŜƭǇ 
ƛƳǇǊƻǾŜ 9L! ǇǊŀŎǝŎŜǎΣ ǿƘƛƭŜ ŀŘŘǊŜǎǎƛƴƎ ƛǎǎǳŜǎ ǊŜƭŀǘŜŘ ǘƻ ōƛƻŘƛǾŜǊǎƛǘȅ ƭƻǎǎΦ 5ŜǎǇƛǘŜ ǘƘŜ ǇƻǘŜƴǝŀƭ ƻŦ 9{ 
ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŜƴƘŀƴŎŜ 9L! ǇǊŀŎǝŎŜ ŀƴŘ t! ƳŀƴŀƎŜƳŜƴǘΣ ƛǘ ƛǎ ǎǝƭƭ ƴŜŎŜǎǎŀǊȅ ǘƻ ǎǘǳŘȅ Ƙƻǿ ǘƻ ƛƴǘŜƎǊŀǘŜ 
ǘƘŜƳ ǇŀǊǝŎǳƭŀǊƭȅ ŎƻƴŎŜǊƴƛƴƎ ǇǊƻƧŜŎǘǎ ƭƻŎŀǘŜŘ ƛƴ t! ōǳũŜǊ ȊƻƴŜǎ ό.½ύΣ ŘǳŜ ǘƻ ǘƘŜƛǊ ǊƻƭŜ ƛƴ ŎƻƴǎŜǊǾŀǝƻƴΦ 
¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ŀƛƳǎ ǘƻ ŀƴŀƭȅȊŜ Ƙƻǿ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ƛƴǘŜƎǊŀǘŜ 
ŎƻƴǎŜǊǾŀǝƻƴ ƻōƧŜŎǝǾŜǎ ŀƴŘ 9L! ƛƴ .½ ƻŦ tǊƻǘŜŎǘŜŘ !ǊŜŀǎΦ {ŜƳƛπǎǘǊǳŎǘǳǊŜŘ ƛƴǘŜǊǾƛŜǿǎ ǿŜǊŜ ŎŀǊǊƛŜŘ ƻǳǘ 
ǿƛǘƘ ŜȄǇŜǊǘǎ ŀƴŘ ǇǊŀŎǝǝƻƴŜǊǎ ŘŜŀƭƛƴƎ ǿƛǘƘ ŀƴŀƭȅǎƛǎ ƻŦ 9{ ǿƛǘƘƛƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀǎǎŜǎǎƳŜƴǘǎ ŀƴŘκ ƻǊ t!Σ 
ƛƴ ƻǊŘŜǊ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ŎǳǊǊŜƴǘ ŦǊŀƳŜǿƻǊƪǎ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ŀŎǊƻǎǎ ŘƛũŜǊŜƴǘ 
ƎŜƻƎǊŀǇƘƛŎ ŎƻƴǘŜȄǘǎΦ wŜǎǳƭǘǎ ƻŦ ŀ ŎƻƴǘŜƴǘ ŀƴŀƭȅǎƛǎ ǎƘƻǿŜŘ ŀ ŎƻƴǎŜƴǎǳǎ ŀƳƻƴƎ ǇŀǊǝŎƛǇŀƴǘǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ 
ƛƳǇƻǊǘŀƴŎŜ ƻŦ 9{ ŀǇǇǊƻŀŎƘ ŦƻǊ ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎ ǇǊƻŎŜǎǎŜǎ ƛƴ .½Σ ōŜŎŀǳǎŜ ƛǘ Ŏŀƴ ƳŀƪŜ ƛǘ ŜŀǎƛŜǊ ǘƻ 
ŎƻƳƳǳƴƛŎŀǘŜ ƛƳǇŀŎǘǎ ŀƴŘ ǘƻ ŎƻƳǇŀǊŜ ǇƻǎǎƛōƭŜ ƭŀƴŘ ǳǎŜ ŀƴŘ ƭŀƴŘ ŎƻǾŜǊ ŀƭǘŜǊƴŀǝǾŜǎΦ ¢ƘŜ ƳŀƧƻǊƛǘȅ ƻŦ 
ǇŀǊǝŎƛǇŀƴǘǎ ǳǝƭƛȊŜǎ ǎƻƊǿŀǊŜ ǘƻƻƭǎ ǘƻ ŀǎǎŜǎǎ 9{ όŜΦƎΦΣ ƛπ¢ǊŜŜΣ bŀǘǳǊŜ ±ŀƭǳŜ 9ȄǇƭƻǊŜǊΣ ŀƳƻƴƎ ƻǘƘŜǊǎύΣ ǿƘƛƭŜ 
ƻǘƘŜǊǎ ǇǊŜŦŜǊ ǎƻŎƛŀƭ ŀƴŘ ǇŀǊǝŎƛǇŀǘƻǊȅ ŀǇǇǊƻŀŎƘŜǎ ŦƻǊ ǘƘƛǎ ƪƛƴŘ ƻŦ ŜǾŀƭǳŀǝƻƴΦ !ƭƳƻǎǘ ŀƭƭ ǊŜǎǇƻƴŘŜƴǘǎ 
ƛƴǾƻƭǾŜŘ ǎǘŀƪŜƘƻƭŘŜǊǎ ƛƴ ǘƘŜ ŘƛũŜǊŜƴǘ ǇƘŀǎŜǎ ƻŦ ǘƘŜƛǊ ǿƻǊƪΦ 9ǾŜƴ ǘƘƻǳƎƘ ǎƻƳŜ ƛƴǘŜǊǾƛŜǿŜŜǎ ŀǊŜ ŀǿŀǊŜ ƻŦ 
ǘƘŜ Lƴ±9{¢ ǎƻƊǿŀǊŜΣ ƛǘǎ ǳǎŜ ƛǎ ƴƻǘ ŀ ŎƻƳƳƻƴ ǇǊŀŎǝŎŜΦ ¢ƘŜ Ƴƻǎǘ ǊŜƭŜǾŀƴǘ 9{ ŦƻǊ ǘƘŜ ƛƴǘŜǊǾƛŜǿŜŜǎ ǿŜǊŜ 
ǿŀǘŜǊ ǎǳǇǇƭȅ ŀƴŘ Ƙŀōƛǘŀǘ ǉǳŀƭƛǘȅΦ !ƭǘƘƻǳƎƘ 9{ ƳƻƴƛǘƻǊƛƴƎ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ŀǎǇŜŎǘ ŦƻǊ ƛƴǘŜƎǊŀǝƴƎ 9L! ŀƴŘ 
t! ƳŀƴŀƎŜƳŜƴǘΣ ŦŜǿ ǊŜǎǇƻƴŘŜƴǘǎ ǊŜǇƻǊǘŜŘ ǘƘŜ ǳǎŜ ƻŦ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ƻǾŜǊ ǝƳŜΦ ²ƘƛƭŜ ƴƻ ǇǊƻƧŜŎǘǎ 
ŜƳǇƭƻȅƛƴƎ ǘƘŜ 9{ ŀǇǇǊƻŀŎƘ ǿŀǎ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ ŦƻƭƭƻǿπǳǇ ǎǘŀƎŜ ƻŦ 9L! ǇǊŀŎǝŎŜΣ ŀ ƳƻǊŜ ƛƴǘŜƎǊŀǘŜŘ ŀƴŘ 
ǇǊŀŎǝŎŀƭ ǳǎŜ ǿŀǎ ƻōǎŜǊǾŜŘ ƛƴ t! ƳŀƴŀƎŜƳŜƴǘΦ ¢ƘŜ ƛƴǘŜƎǊŀǝƻƴ ƻŦ ǘƘŜ 9{ ŀǇǇǊƻŀŎƘ ƛƴǘƻ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
ǇƻƭƛŎƛŜǎΣ ǇŀǊǝŎǳƭŀǊƭȅ ǘƘƻǎŜ ŎƻƴŎŜǊƴƛƴƎ t! ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ŬƴŀƴŎƛŀƭ ƛƴŎŜƴǝǾŜǎ ƭƛƪŜ tŀȅƳŜƴǘ ŦƻǊ 
9ŎƻǎȅǎǘŜƳ {ŜǊǾƛŎŜǎΣ ǿŀǎ ƴƻǘŜŘ ŀŎǊƻǎǎ ǎŜǾŜǊŀƭ ŎƻǳƴǘǊƛŜǎΣ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ǘƘŜ ŎƻƴǝƴŜƴǘ ƻǊ ŜŎƻƴƻƳƛŎ ǎǘŀǘǳǎΦ 
Lǘ ǿŀǎ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ŀƭǘƘƻǳƎƘ ǘƘŜ 9{ ŎƻƴŎŜǇǘ ƛǎ ǎǝƭƭ ǊŀǊŜƭȅ ŀǇǇƭƛŜŘ ƛƴ ƛƴǘŜƎǊŀǝƻƴ ƻŦ ōƻǘƘ ƛƴǎǘǊǳƳŜƴǘǎΣ ƛǘ 
ƘƻƭŘǎ ǇƻǘŜƴǝŀƭ ŦƻǊ ŜƴƘŀƴŎƛƴƎ ŎƻƴǎŜǊǾŀǝƻƴ ŜũƻǊǘǎ ƛƴ t! ǎǳǊǊƻǳƴŘƛƴƎǎ ǘƘǊƻǳƎƘ 9L!Φ ¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ǇǊƻǾƛŘŜǎ 
ƛƴǎƛƎƘǘǎ ƛƴǘƻ Ƙƻǿ ǘƘŜ 9{ ŀǇǇǊƻŀŎƘ Ŏŀƴ ǎǳǇǇƻǊǘ ŀƴŘ ƎǳƛŘŜ 9L! ƛƴ t! ōǳũŜǊ ȊƻƴŜǎΣ ǘƘŀǘ ǿŀȅ ŎƻƴǘǊƛōǳǝƴƎ ǘƻ 
ǇǊƻǘŜŎǘΣ ǊŜǎǘƻǊŜ ŀƴŘ ǇǊƻƳƻǘŜ ǎǳǎǘŀƛƴŀōƭŜ ǳǎŜ ƻŦ ŜŎƻǎȅǎǘŜƳǎΣ Ƙŀƭǘ ŀƴŘ ǊŜǾŜǊǎŜ ƭŀƴŘ ŘŜƎǊŀŘŀǝƻƴ ŀƴŘ Ƙŀƭǘ 
ōƛƻŘƛǾŜǊǎƛǘȅ ƭƻǎǎ ό{5D мрΣ ŜǎǇŜŎƛŀƭƭȅ ǘŀǊƎŜǘǎ мрΦм ŀƴŘ мрΦфύΦ !ƴ 9{ ŀǇǇǊƻŀŎƘ Ŏŀƴ ŀƭǎƻ ōŜ ƛƴǎǘǊǳƳŜƴǘŀƭ ǘƻ 
ǊŜŎƻƴŎƛƭŜ ōƛƻŘƛǾŜǊǎƛǘȅ ǇǊƻǘŜŎǝƻƴ ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜ ƭƛǾŜƭƛƘƻƻŘǎΣ ǇǊƻƳƻǝƴƎ ŎƻƴƴŜŎǝƻƴǎ ōŜǘǿŜŜƴ {5D мр ŀƴŘ 
ƻǘƘŜǊ {5DǎΣ ŦƻǊ ŜȄŀƳǇƭŜ {5D о όDƻƻŘ ƘŜŀƭǘƘ ŀƴŘ ǿŜƭƭπōŜƛƴƎύ ƻǊ {5D с ό/ƭŜŀƴ ǿŀǘŜǊ ŀƴŘ ǎŀƴƛǘŀǝƻƴύΦ 
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Abstract 

¢ƻ ŀƭƭŜǾƛŀǘŜ ǘƘŜ ǎƻŎƛŀƭ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ƻŦ ǎƻƛƭ ŜǊƻǎƛƻƴ ŀƴŘ ƭŀƴŘ ŘŜƎǊŀŘŀǝƻƴ ƻƴ ǘƘŜ [ƻŜǎǎ 
tƭŀǘŜŀǳΣ /Ƙƛƴŀ Ƙŀǎ ƭŀǳƴŎƘŜŘ Ƴŀƴȅ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎǘƻǊŀǝƻƴ ǇǊƻƧŜŎǘǎΦ ¢ƘŜǎŜ ǇǊƻƧŜŎǘǎ ƘŀǾŜ ŀŎƘƛŜǾŜŘ ǘƘŜ Ǝƻŀƭǎ 
ƻŦ ƛƴŎǊŜŀǎƛƴƎ ŎŀǊōƻƴ ǎǘƻŎƪǎ ŀƴŘ ŎƻƴǎŜǊǾƛƴƎ ōƛƻŘƛǾŜǊǎƛǘȅΣ ǿƘŜǊŜŀǎ ǘƘŜƛǊ ƛƳǇŀŎǘǎ ƻƴ ǎƻƛƭ ƳƻƛǎǘǳǊŜ ƛǎ 
ŀƳōƛƎǳƻǳǎΦ tǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎ ƘŀǾŜ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ŜũŜŎǘǎ ƻŦ ƭƛƴŜŀǊ ƎǊŜŜƴƛƴƎ ƻŦ ǾŜƎŜǘŀǝƻƴ ƻƴ ǎƻƛƭ ƳƻƛǎǘǳǊŜΣ 
ŀƴŘ ǘƘŜȅ ƎŜƴŜǊŀƭƭȅ ƘƻƭŘ ǘƘŜ ŎƻƴǘǊŀŘƛŎǘƻǊȅ ǾƛŜǿǎ ǘƘŀǘ ǊŜǾŜƎŜǘŀǝƻƴ Ƴŀȅ ŜƛǘƘŜǊ ƛƴŎǊŜŀǎŜ ƻǊ ŘŜŎǊŜŀǎŜ ǎƻƛƭ 
ƳƻƛǎǘǳǊŜΣ ōŜŎŀǳǎŜ ǾŜƎŜǘŀǝƻƴ Ƙŀǎ ǘƘŜ ƛƴǘŜǊǘǿƛƴŜŘ ŀƴŘ ƻǇǇƻǎƛƴƎ ŜũŜŎǘǎ ƻŦ ƛƴŎǊŜŀǎŜŘ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴ 
ŎŀǳǎƛƴƎ ŘǊȅƛƴƎ ŀƴŘ ŘŜŎǊŜŀǎŜŘ Ǌǳƴƻũ ŎŀǳǎƛƴƎ ǿŜǩƴƎΦ IƻǿŜǾŜǊΣ ǘƘŜ ŜũŜŎǘǎ ƻŦ ŀōǊǳǇǘ ǾŜƎŜǘŀǝƻƴ ǎƘƛƊǎ 
όƛΦŜΦΣ ǘƘŜ ǇǊƻŘǳŎǝǾƛǘȅ ƻŦ ŜŎƻǎȅǎǘŜƳ ŎƘŀƴƎŜǎ ŘǊŀƳŀǝŎŀƭƭȅ ƻǾŜǊ ŀ ǎƘƻǊǘ ǝƳŜύ ƻƴ ǎƻƛƭ ƳƻƛǎǘǳǊŜ ǊŜƳŀƛƴ 
ǊŜƭŀǝǾŜƭȅ ǳƴŎƭŜŀǊΣ ŀƴŘ ǘƘƛǎ Ƴŀȅ ǊŜǎǳƭǘ ƛƴ ǎƻƳŜ ǘƘǊŜŀǘǎ ǘƻ ǎƻƛƭ ƳƻƛǎǘǳǊŜ ŦǊƻƳ ŜȄǘǊŜƳŜ ǊŜǎǘƻǊŀǝƻƴ ƳŜŀǎǳǊŜǎ 
ōŜƛƴƎ ƻǾŜǊƭƻƻƪŜŘΦ CǳǊǘƘŜǊƳƻǊŜΣ ǿƘŀǘ ŜȄŀŎǘƭȅ ŘŜǘŜǊƳƛƴŜǎ ǿƘƛŎƘ ŜũŜŎǘ ǾŜƎŜǘŀǝƻƴ Ƙŀǎ ƻƴ ǎƻƛƭ ƳƻƛǎǘǳǊŜ 
ǊŜƳŀƛƴǎ ǘƻ ōŜ ŜƭǳŎƛŘŀǘŜŘΦ IŜǊŜΣ ǿŜ ǳǎŜŘ ǘƘŜ ƳǳƭǝπǇŜǊƛƻŘ ŘƛũŜǊŜƴŎŜπƛƴπŘƛũŜǊŜƴŎŜǎ ƳŜǘƘƻŘ ǘƻ ŬƴŘ ǘƘŀǘ 
ǇƻǎƛǝǾŜ ŀōǊǳǇǘ ǾŜƎŜǘŀǝƻƴ ǎƘƛƊǎ ǇǊŜǾŀƛƭŜŘ όнф҈ ŦƻǊ ƎǊŀǎǎƭŀƴŘǎ ŀƴŘ нр҈ ŦƻǊ ŦƻǊŜǎǘǎύ ƻƴ ǘƘŜ /ƘƛƴŜǎŜ [ƻŜǎǎ 
tƭŀǘŜŀǳ ŦǊƻƳ нллл ǘƻ нлнлΦ ¢ƻ ŬƴŘ ƻǳǘ ǘƘŜ ǊŜƎǳƭŀǘƻǊǎ ǘƘŀǘ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜǎŜ ǿƘŜǘƘŜǊ ǘƘŜǎŜ ŜũŜŎǘǎ ŀǊŜ 
ǇƻǎƛǝǾŜ ƻǊ ƴŜƎŀǝǾŜΣ ǿŜ ǳǎŜŘ ŎƭƛƳŀǝŎ ȊƻƴŜǎ ǘƻ ŘƛǎǝƴƎǳƛǎƘƛƴƎ ǘƘŜ ǊŜƎǳƭŀǘƻǊȅ ǊƻƭŜ ƻŦ ŎƭƛƳŀǘŜΦ ¢ƘŜ ǎǘǳŘȅ 
ŦƻǳƴŘ ǘƘŀǘ Ƴƻǎǘ ƻŦ ǘƘŜ ǇƻǎƛǝǾŜ ŀōǊǳǇǘ ƎǊŀǎǎƭŀƴŘ ǎƘƛƊǎ όуф҈ύ ŦŀǾƻǊŜŘ ǎƻƛƭ ƳƻƛǎǘǳǊŜ ŀŎŎǳƳǳƭŀǝƻƴΣ ǿƘŜǊŜŀǎ 
ǇƻǎƛǝǾŜ ŀōǊǳǇǘ ŦƻǊŜǎǘ ǎƘƛƊǎ ƘŀŘ ǇƻǎƛǝǾŜ όрм҈ύ ƛƳǇŀŎǘǎ ƻƴ ǎƻƛƭ ƳƻƛǎǘǳǊŜ ƛƴ ϦƘƻǘ ȊƻƴŜǎϦ όŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ 
ƘƛƎƘŜǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƴŘ ƘƛƎƘŜǊ ǎƻƭŀǊ ǊŀŘƛŀǝƻƴύ ōǳǘ ƴŜƎŀǝǾŜ ƛƳǇŀŎǘǎ όпт҈ύ ƛƴ ϦǿŜǘ ȊƻƴŜǎϦ όŎƘŀǊŀŎǘŜǊƛȊŜŘ 
ŀǎ ŎƭƻǳŘȅ ŀƴŘ ǊŀƛƴȅύΦ ¢ƘŜ ǊŜǎǳƭǘǎ ǎƘƻǿ ǘƘŀǘ ŀ Ŧǳƭƭ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ Ƙƻǿ ŀōǊǳǇǘ ǾŜƎŜǘŀǝƻƴ ǎƘƛƊǎ ŀũŜŎǘ ǎƻƛƭ 
ƳƻƛǎǘǳǊŜ ƛǎ ŎǊƛǝŎŀƭ ŦƻǊ ƳŀƴŀƎƛƴƎ ŜŎƻǎȅǎǘŜƳ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ ¢ƘŜ ŬƴŘƛƴƎǎ Ŏŀƴ ƛƴŦƻǊƳ ǎǳǎǘŀƛƴŀōƭŜ ŜŎƻƭƻƎƛŎŀƭ 
ǊŜǎǘƻǊŀǝƻƴ ŀƴŘ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜ ƳŀƴŀƎŜƳŜƴǘ ǎǘǊŀǘŜƎƛŜǎΣ ŀƴŘ ǊŜǾŜŀƭ ŀǊŜŀǎ ǿƘŜǊŜ ǊŜǾŜƎŜǘŀǝƻƴ ǎƘƻǳƭŘ ōŜ 
ǇǊƛƻǊƛǝǎŜŘ ǳƴŘŜǊ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ 
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Abstract 

IŜŀƭǘƘȅ ŦǳƴŎǝƻƴƛƴƎ ŜŎƻǎȅǎǘŜƳǎ ŀǊŜ ŀ ǇǊŜǊŜǉǳƛǎƛǘŜ ŦƻǊ ŎǊŜŀǝƴƎ ǘƘŜ ǇƻǘŜƴǝŀƭ ŦƻǊ ƅƻǿǎ ƻŦ ŜŎƻǎȅǎǘŜƳ 
ǎŜǊǾƛŎŜǎ ό9{ύ ŀǎ ƴŀǘǳǊŜΩǎ ōŜƴŜŬǘǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ŜŎƻǎȅǎǘŜƳǎΦ aŜŜǝƴƎ ŦǳǘǳǊŜ ŘŜƳŀƴŘǎ ŦƻǊ 9{Σ ŀǎ 
ƛƴǘŜǊƎŜƴŜǊŀǝƻƴŀƭ ŜǉǳƛǘȅΣ ƛǎ ŦǳƴŘŀƳŜƴǘŀƭ ǘƻ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΦ {ƻ ǘƻƻ ƛǎ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎǘƻǊŀǝƻƴ 
ό9wύ ƻŦ ŘŜƎǊŀŘŜŘ ŀƴŘ ŘŜǎǘǊƻȅŜŘ ƴŀǘǳǊŀƭ ŜŎƻǎȅǎǘŜƳǎ ό{5D мрύΣ ƴƻǿ ǇǊŜǎŜƴǘŜŘ ŀǎ ŀ ƭŀǿ ƛƴ ǘƘŜ 9¦Φ 9wΣ ƛƴ 
ǘƘƛǎ ǊŜǎǇŜŎǘΣ ǎǳǇǇƻǊǘǎ ŜƳǇƭƻȅƳŜƴǘ όƭƛǾŜƭƛƘƻƻŘύ ƻǇǇƻǊǘǳƴƛǝŜǎΦ 

Lƴ tƻǊǘǳƎŀƭ ǘƘŜǊŜ ŀǊŜ ƭƛƳƛǘǎ ŀƴŘ ŎƘŀƭƭŜƴƎŜǎ ǘƻ ǊŜǎǘƻǊƛƴƎ ƴŀǘǳǊŀƭ ŜŎƻǎȅǎǘŜƳǎΦ !ũŜŎǝƴƎ ǘƘŜ 9w ǇƻǘŜƴǝŀƭ ŦƻǊ 
ǊŜŎƻǾŜǊƛƴƎ ŘŜƎǊŀŘŜŘΣ ŘŜǎǘǊƻȅŜŘ ƴŀǘǳǊŀƭ ŜŎƻǎȅǎǘŜƳǎ ƻƴ ǇǊƛǾŀǘŜ ƭŀƴŘΦ 5ŜǎǇƛǘŜ ǘƘƛǎΣ ŀƴ ƻǇǇƻǊǘǳƴƛǘȅ ŜȄƛǎǘǎ ǘƻ 
ŀǎǎƛǎǘ ǇǊƛǾŀǘŜ ƭŀƴŘƻǿƴŜǊǎ ǿƛǘƘ ŀōŀƴŘƻƴŜŘ ŜǳŎŀƭȅǇǘǳǎ Ǉƭŀƴǘŀǝƻƴǎ ό!9tύ ǘƻ ǊŜŎƻǾŜǊ ǘƘƛǎ ƭŀƴŘ ƴŀǘǳǊŀƭƭȅΣ 
ŎǊŜŀǝƴƎ ǘƘŜ ŦǳǘǳǊŜ ǇƻǘŜƴǝŀƭ ǘƻ ƳŜŜǘ ŘŜƳŀƴŘǎ ŦƻǊ 9{Φ !ǎ ǎǳŎƘΣ ŀ ǇǊƛǾŀǘŜƭȅ ŦǳƴŘŜŘ ǇǊƻƧŜŎǘ ƻƴ ǇǊƛǾŀǘŜ ƭŀƴŘ 
ƛƴ ŜŀǎǘŜǊƴπŎŜƴǘǊŀƭ tƻǊǘǳƎŀƭ Ƙŀǎ ǳƴŘŜǊǘŀƪŜƴ ǘƘƛǎ ŎƘŀƭƭŜƴƎŜ ƻǾŜǊ ŀƴ ŀǊŜŀ ƻŦ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мс ƘŜŎǘŀǊŜǎΦ 

The methodology, a praxis (practitioner based), heuristic (traditional and low-tech methods), and 
technology (using cost-effective technologies such as drones) approach the goal of the project is to allow 
the potential for the endemic (natural) species observed within the AEP to recover without removing (killing) 
ǘƘŜ ŜǳŎŀƭȅǇǘǳǎ ǎǘǳƳǇǎΦ ! ƳŜǘƘƻŘ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ΨǘǊŀƴǎƛǘƛƻƴƛƴƎΩΣ ǿƘƛŎƘ ƛǎ ǇŀǊǘ ƻŦ ŀ tƘ5 ǎǘǳŘȅ ŎǳǊǊŜƴǘƭȅ ōŜƛƴƎ 
completed by the main author. TransitioniƴƎ ǊŜǉǳƛǊŜǎ ǘƘŜ ΨǘƘƛƴƴƛƴƎΩ όǊŜŘǳŎǘƛƻƴύ ƻŦ ǘƘŜ ŘƻƳƛƴŀƴǘ ŜǳŎŀƭȅǇǘǳǎΣ 
opening space and light for the existing natural species. Based on site analyses, this AEP has numerous oak 
trees. Primarily holm oaks (Quercus rotundifolia) with a lower presence of cork oaks (Q. suber). The oak trees 
noted in the AEP were mostly stunted, many presenting a bushy growth form. Showing definite impacts 
from the faster growing eucalyptus as the canopies of these trees dominate the aerial spaces and access to 
light.The process decided was for an intervention to reduce (treat) the dominance of the eucalyptus, and a 
Ψǿŀƛǘ ŀƴŘ ǎŜŜΩ ǇǊƻŎŜǎǎ ǘƻ ǘƘŜ ǊŜŀŎǘƛƻƴ όǊŜŎƻǾŜǊȅύ ƻŦ ǘƘŜ ƻŀƪ ǘǊŜŜǎ ŀƴŘ ƻǘƘŜǊ ƴŀǘǳǊŀƭ ǾŜƎŜǘŀǘƛƻƴ ƴƻǘŜŘ ŘǳǊƛƴƎ 
ǘƘŜ ǎƛǘŜ ŀƴŀƭȅǎƛǎΦ Ψ²ŀƛǘ ŀƴŘ ǎŜŜΩ ƛǎ ŀƴ ŀŎǘƛǾŜ ǇǊƻŎŜǎǎ ƛƴǾƻlving: 1. the monitoring and evaluation (M&E) of the 
site using a drone; 2. The random selection of both treated and untreated (control) trees for M&E; 3. 
Returning to the site to maintain the treatment of the eucalyptus stumps until the site shows clear signs of 
a recovery trajectory.As far as possible, assessments are done to understand the effects of the changing 
regional climate, to understand the recovery of natural species, to understand the impacts of the 
intervention on the local water cycle, soil conditions, and spatial return of biodiversity, a holistic view of the 
food/energy network that is slowly recovering in this site, as well as the influence of this ER intervention of 
bordering ecosystems within this location.  

¢ƘŜ ǊŜǎǳƭǘǎ ǎƻ ŦŀǊ ǎƘƻǿ ŀ ǇƻǎƛǝǾŜ ǘǊŜƴŘ ǘƻǿŀǊŘ ǘƘŜ ǊŜǎǘƻǊŀǝƻƴ ƻŦ ŀ ƴƻǾŜƭ ŜŎƻǎȅǎǘŜƳ ƻǊ ŜŎƻǎȅǎǘŜƳǎΣ 
ǎǳǇǇƻǊǝƴƎ {5D мрΦ CǳǊǘƘŜǊƳƻǊŜΣ ƭƻŎŀƭ ŜƳǇƭƻȅƳŜƴǘ ŜƴƘŀƴŎŜǎ ǘƘŜ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƴŘ ŜŎƻƴƻƳƛŎ ǾŀƭǳŜ ƻŦ 
ƭƻŎŀƭ ƭƛǾŜƭƛƘƻƻŘǎΦ  
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Examining the Primary Drivers of Carbon Costs in the Chinese Economy 
½ǎƽŦƛŀ ±ŜǘǃƴŞ aƽȊƴŜǊ1, Mária Csutora1 
м/ƻǊǾƛƴǳǎ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ǳŘŀǇŜǎǘΣ .ǳŘŀǇŜǎǘΣ IǳƴƎŀǊȅ 

Abstract 

/ŀǊōƻƴ Ŏƻǎǘǎ ŀƴŘ ŎƻƴǎǘǊŀƛƴǘǎ ƛƴŎǊŜŀǎƛƴƎƭȅ ƛƳǇŀŎǘ ŜŎƻƴƻƳƛŎ ǎŜŎǘƻǊǎΦ /ŀǊōƻƴ Ŏƻǎǘǎ ƻƴ ǘƘŜ ƛƴǇǳǘ ǎƛŘŜ ŀǊŜ 
ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ǎŜŎǘƻǊϥǎ ǊŜƭƛŀƴŎŜ ƻƴ Ŧƻǎǎƛƭ ŦǳŜƭǎΦ hǳǘǇǳǘπǎƛŘŜ Ŏƻǎǘǎ ǇǊƛƳŀǊƛƭȅ ǊŜƭŀǘŜ ǘƻ ǘƘŜ ŜƳƛǎǎƛƻƴǎ 
ƎŜƴŜǊŀǘŜŘ ōȅ ŜŎƻƴƻƳƛŎ ǎŜŎǘƻǊǎ ŀǇǇŜŀǊƛƴƎ ŀǎ ŜƳƛǎǎƛƻƴ ǊƛƎƘǘǎ ŀƴŘ Ŏƻǎǘǎ ǊŜƭŀǘŜŘ ǘƻ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴ ǘǊŀŘƛƴƎ 
ǎȅǎǘŜƳǎ όwǳŘƴƛƪΣ нлноύΦ 

Lǘ ƛǎ ƻƊŜƴ ƻōǎŜǊǾŜŘ ǘƘŀǘ ǇƻƭƛŎƛŜǎ ǎǳŎƘ ŀǎ ŦǳŜƭ ŀƴŘ ŎŀǊōƻƴ ǘŀȄŜǎΣ ŀũŜŎǝƴƎ ǘƘŜ ƛƴǇǳǘ ǎƛŘŜΣ ŀǊŜ ŎƻƳƳƻƴƭȅ 
ǘǊŜŀǘŜŘ ǎŜǇŀǊŀǘŜƭȅ ŦǊƻƳ ŎƭƛƳŀǘŜ ǇƻƭƛŎƛŜǎΦ LƴǎǳŶŎƛŜƴǘ ƛƴǘŜƎǊŀǝƻƴ ƛƴ ǇƻƭƛŎȅ ŜũƻǊǘǎ Ƴŀȅ ƭŜŀŘ ǘƻ ŀ ōŜƘŀǾƛƻǊπ
ƛƳǇŀŎǘ ƎŀǇ ǇǊƻōƭŜƳ ŀǘ ǘƘŜ ǇƻƭƛŎȅ ƭŜǾŜƭΦ  

hǳǊ ǊŜǎŜŀǊŎƘ ǇǊƻǇƻǎŜǎ ŀ ƳƻŘŜƭ ǘƻ ǉǳŀƴǝŦȅ ǘƘŜ Ŏƻǎǘǎ ƻŦ ŜƳōƻŘƛŜŘ Ŧƻǎǎƛƭ ƛƴǇǳǘǎ ƻƴ ǘƘŜ ƛƴǇǳǘ ǎƛŘŜ ŀƴŘ ǘƘŜ 
Ŏƻǎǘǎ ƻŦ ŜƳōƻŘƛŜŘ ŎŀǊōƻƴ ƻƴ ǘƘŜ ƻǳǘǇǳǘ ǎƛŘŜΦ ¢ƘŜ ƳƻŘŜƭ ƛǎ ōŀǎŜŘ ƻƴ ŀƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅπŜȄǘŜƴŘŜŘ ƛƴǇǳǘπ
ƻǳǘǇǳǘ ŀƴŀƭȅǎƛǎΦ /ŀǊōƻƴ ƛƴǇǳǘǎ ŜƴŎƻƳǇŀǎǎ ǘƘŜ ǳǎŜ ƻŦ Ŧƻǎǎƛƭ ŦǳŜƭǎ ŦƻǊ ōƻǘƘ ŜƴŜǊƎȅ ŀƴŘ ƴƻƴπŜƴŜǊƎȅ ǇǳǊǇƻǎŜǎΦ 
²Ŝ ƛƭƭǳǎǘǊŀǘŜ ƻǳǊ ƳƻŘŜƭ ǿƛǘƘ ǘƘŜ ŜȄŀƳǇƭŜ ƻŦ /ƘƛƴŀΣ ŀǎ ƛǘ ƛǎ ƘŜŀǾƛƭȅ ǊŜƭƛŀƴǘ ƻƴ Ŧƻǎǎƛƭ ŦǳŜƭǎΣ ǇŀǊǝŎǳƭŀǊƭȅ ŎƻŀƭΣ 
ǿƘƛŎƘ ŎƻƴǎǝǘǳǘŜǎ ŀ ǎƛƎƴƛŬŎŀƴǘ ǇƻǊǝƻƴ ƻŦ ƛǘǎ ŜƴŜǊƎȅ ǎǳǇǇƭȅΦ /Ƙƛƴŀ ǎǘŀƴŘǎ ŀǎ ǘƘŜ ǿƻǊƭŘϥǎ ƭŀǊƎŜǎǘ ŜƴŜǊƎȅ 
ŎƻƴǎǳƳǇǝƻƴ ŘŜŬŎƛǘ ŜŎƻƴƻƳȅ ǿƘƛƭŜ ǊŀƴƪƛƴƎ ŀǎ ǘƘŜ ƭŀǊƎŜǎǘ ŜƳƛǧŜǊ ƻŦ ƎǊŜŜƴƘƻǳǎŜ ƎŀǎŜǎ ό¸ŀƴƎ Ŝǘ ŀƭΦΣ нлноύΦ 

wŜǎǳƭǘǎ ǎƘƻǿ ǘƘŀǘ ŜƳōƻŘƛŜŘ ŎŀǊōƻƴπǊŜƭŀǘŜŘ ƛƴǇǳǘǎ ǿƛǘƘƛƴ ŘƻǿƴǎǘǊŜŀƳ ǎŜŎǘƻǊǎ ŀǊŜ ŀǎ ƳǳŎƘ ŀǎ ǘǿƻ ƻǊ 
ǘƘǊŜŜ ǝƳŜǎ ƎǊŜŀǘŜǊ ǘƘŀƴ ŘƛǊŜŎǘ ŎŀǊōƻƴ ƛƴǇǳǘǎΦ ¢ƘŜ Ŏƻǎǘǎ ƻŦ ŜƳōƻŘƛŜŘ ŎŀǊōƻƴπǊŜƭŀǘŜŘ ƛƴǇǳǘǎ ŜȄŎŜŜŘ ǘƘŜ 
Ŏƻǎǘǎ ƻŦ /hн ŜƳƛǎǎƛƻƴǎ ŀŎǊƻǎǎ ŀƭƭ ǎŜŎǘƻǊǎΦ ¢ƘŜ ǘƻǘŀƭ ŎŀǊōƻƴ Ŏƻǎǘ Ƴŀȅ ŜȄŜǊǘ ŀ ƎǊŜŀǘŜǊ ƛƴƅǳŜƴŎŜ ƻƴ 
ŘƻǿƴǎǘǊŜŀƳ ǎŜŎǘƻǊǎΣ ǿƘƻ ŀǊŜ ƴƻǘ ŘƛǊŜŎǘƭȅ ǎǳōƧŜŎǘŜŘ ǘƻ ŎŀǊōƻƴ ǊŜƎǳƭŀǝƻƴǎΣ ǘƘŀƴ ƻƴ ǳǇǎǘǊŜŀƳ ƛƴŘǳǎǘǊƛŜǎΦ 

wŜŎŜƴǘ ŎƭƛƳŀǘŜ ǇƻƭƛŎȅ ƛƴƛǝŀǝǾŜǎ ƘŀǾŜ ǇǊƛƳŀǊƛƭȅ ŦƻŎǳǎŜŘ ƻƴ ŀŘŘǊŜǎǎƛƴƎ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ όǘƘŜ ƻǳǘǇǳǘ ǎƛŘŜύΣ 
ŘŜǎǇƛǘŜ ŜƳǇƛǊƛŎŀƭ ŜǾƛŘŜƴŎŜ ƘƛƎƘƭƛƎƘǝƴƎ ǘƘŜ ǎǳōǎǘŀƴǝŀƭ ƛƳǇŀŎǘ ƻŦ ǘƘŜ ƛƴǇǳǘ ǎƛŘŜΦ ! ǎǳŎŎŜǎǎŦǳƭ ǘǊŀƴǎƛǝƻƴ 
ǘƻǿŀǊŘǎ ŀ ƭƻǿπŎŀǊōƻƴ ŜŎƻƴƻƳȅ ƘƛƴƎŜǎ ƻƴ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ ƘƛƎƘ ǘƻǘŀƭ ŎŀǊōƻƴ Ŏƻǎǘǎ ŦƻǊ ǎŜŎǘƻǊǎΣ ǿƘƛŎƘ 
ŜƴŎƻƳǇŀǎǎŜǎ ǘƘŜ ǎǳƳ ƻŦ ōƻǘƘ ƛƴǇǳǘ ŀƴŘ ƻǳǘǇǳǘπǊŜƭŀǘŜŘ ŎƻǎǘǎΦ CƻǊ ǘƘƛǎΣ ǘƘŜ ǇǊŜǎŜƴǘ ǊŜǎŜŀǊŎƘ ƻũŜǊǎ ŀƴ 
ƛƴǘŜƎǊŀǘŜŘ ŎŀǊōƻƴ ŀŎŎƻǳƴǝƴƎ ŀǇǇǊƻŀŎƘΦ  

¢ƘŜ ǊŜǎŜŀǊŎƘ ƛǎ ŎƭƻǎŜƭȅ ǊŜƭŀǘŜŘ ǘƻ {5D тΥ !ũƻǊŘŀōƭŜ ŀƴŘ ŎƭŜŀƴ ŜƴŜǊƎȅΣ ǎǳōπǘŀǊƎŜǘ тΦŀΦ ŀƴŘ {5D моΥ /ƭƛƳŀǘŜ 
ŀŎǝƻƴΣ ǎǳōπǘŀǊƎŜǘ моΦнΦ  wŜǎǳƭǘǎ ŀǊŜ ŎƭƻǎŜƭȅ ƭƛƴƪŜŘ ǘƻ ǘƘŜ ǘƻǇƛŎ ƻŦ ǘƘŜ L{5w{ ŎƻƴŦŜǊŜƴŎŜΣ ŀǎ ōȅ ƛƴǘŜƎǊŀǘŜŘ 
ŎŀǊōƻƴ ƛƴǇǳǘπŎŀǊōƻƴ ƻǳǘǇǳǘ ŀƴŀƭȅǎŜǎΣ ǇƻƭƛŎȅƳŀƪŜǊǎ Ŏŀƴ ŦƻǊƳǳƭŀǘŜ ƳƻǊŜ ŜũŜŎǝǾŜ ǎǘǊŀǘŜƎƛŜǎ ǘƻ ŀŘŘǊŜǎǎ 
ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ǇƻǎŜŘ ōȅ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ǘƻ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ǊŜŀƭƛȊŀǝƻƴǎ ƻŦ {5Dǎ ǊŜƭŀǘŜŘ ǘƻ ŎƭƛƳŀǘŜ 
ŎƘŀƴƎŜ ŀƴŘ ŜƴŜǊƎȅ ǇƻƭƛŎȅΦ  
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Abstract 

²ƛǘƘ ǘƘŜ ǊŀǇƛŘ ƘȅŘǊƻŜƭŜŎǘǊƛŎ ŜȄǇŀƴǎƛƻƴΣ bŜǇŀƭ ƛǎ ǘǊŀƴǎƛǝƻƴƛƴƎ ŦǊƻƳ ōƛƻƳŀǎǎ ŀƴŘ Ŧƻǎǎƛƭ ŦǳŜƭǎ ǘƻ ǊŜƴŜǿŀōƭŜ 
ŜƴŜǊƎȅΦ ¢ƘŜ ŎƻǳƴǘǊȅ ƛǎ ŜŀƎŜǊ ǘƻ ǇǳǊǎǳŜ ƛǘǎ ŘǊŜŀƳ ƻŦ ǇǊƻŘǳŎƛƴƎ ŀōǳƴŘŀƴǘ ƘȅŘǊƻŜƭŜŎǘǊƛŎƛǘȅ ǘƘŀǘ ƛǎ ƻƊŜƴ 
ŀǎǎǳƳŜŘ ǘƻ ƳŀƪŜ ƛǘ ǇǊƻǎǇŜǊƻǳǎΦ IƻǿŜǾŜǊΣ ǘƘŜ ǊŀǇƛŘ ƘȅŘǊƻǇƻǿŜǊ ŘŜǾŜƭƻǇƳŜƴǘ ŀŎǊƻǎǎ bŜǇŀƭ Ƙŀǎ ǎǇŀǊƪŜŘ 
ŘŜōŀǘŜ ƻǾŜǊ ƛǘǎ ƛƳǇƭƛŎŀǝƻƴǎ ŦƻǊ ǎƻŎƛŜǘȅΣ ǘƘŜ ŜŎƻƴƻƳȅΣ ŀƴŘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΦ ²ƛǘƘ ǘƘŜ ƻǾŜǊŀǊŎƘƛƴƎ 
ŦǊŀƳŜǿƻǊƪ ƻŦ {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘ DƻŀƭǎΣ ǘƘƛǎ ǎǘǳŘȅ ŀƴŀƭȅȊŜǎ ǘǊŀŘŜƻũǎ ŀƴŘ ŎƻπōŜƴŜŬǘǎ ƻŦ ǘƘŜ ƘȅŘǊƻπ
ƭŜŘ ŜƴŜǊƎȅ ǘǊŀƴǎƛǝƻƴ ǿƛǘƘ ƻǘƘŜǊ Ǝƭƻōŀƭ ƎƻŀƭǎΦ ¢ƘŜ ǎǘǳŘȅ ŜƳǇƭƻȅǎ ŀ ǊŜǾƛŜǿ ƻŦ ǘƘŜ ǎŜŎƻƴŘŀǊȅ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ 
ƪŜȅ ƛƴŦƻǊƳŀƴǘ ƛƴǘŜǊǾƛŜǿǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ǘƘŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǘǊŀƴǎƛǝƻƴ ƛƴ bŜǇŀƭ Ŏŀƴ ŎƻƴǘǊƛōǳǘŜ ǘƻ 
ŀ Ƨǳǎǘ ŀƴŘ ŜǉǳƛǘŀōƭŜ ŜƴŜǊƎȅ ǘǊŀƴǎƛǝƻƴ ǘƘŀǘ ŀƭƛƎƴǎ ǿƛǘƘ ƴŀǝƻƴŀƭ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ŎƭƛƳŀǘŜ ƎƻŀƭǎΦ ¢ƘŜ 
ǇǊŜƭƛƳƛƴŀǊȅ ŀƴŀƭȅǎƛǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ƛǘ ƛǎ ŎǊǳŎƛŀƭ ǘƻ ǾƛŜǿ ǘƘŜ ŜƴŜǊƎȅ ǘǊŀƴǎƛǝƻƴ ƛƴ bŜǇŀƭ ŀǎ ŀ ǎƻŎƛƻǘŜŎƘƴƛŎŀƭ 
ǎȅǎǘŜƳ ŀǎ ǘƘŜ ƎŜƴŜǊŀǝƻƴ ƻŦ ƳƻǊŜ ŜƭŜŎǘǊƻƴǎ Ƴŀȅ ƴƻǘ ŀǳǘƻƳŀǝŎŀƭƭȅ ǘǊŀƴǎƭŀǘŜ ǘƻ ǇǊƻǎǇŜǊƛǘȅΦ Lǘ ƛǎ ŎǊǳŎƛŀƭ ǘƻ 
ŀǎƪ ŎǊƛǝŎŀƭ ǉǳŜǎǝƻƴǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ƭƻƴƎπǘŜǊƳ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻŦ ƘȅŘǊƻŜƭŜŎǘǊƛŎ ǇǊƻŘǳŎǝƻƴΣ ǘǊŀƴǎƳƛǎǎƛƻƴΣ ŀƴŘ 
ŘƛǎǘǊƛōǳǝƻƴΦ ²ƘƛƭŜ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘ Ƙŀǎ ƛƴƛǝŀǘŜŘ ǎŜǾŜǊŀƭ ƛƴƛǝŀǝǾŜǎ ǘƻ ƛƴŎǊŜŀǎŜ ƛƴǘŜǊƴŀƭ ŘŜƳŀƴŘ ŀƴŘ ŜȄǇƻǊǘ 
ǎǳǊǇƭǳǎ ŜƴŜǊƎȅΣ ǘƘŜ ǇŀŎŜ Ƙŀǎ ōŜŜƴ ǎƭƻǿΦ ¢ƘŜ ƭŀǊƎŜǊ ǉǳŜǎǝƻƴ ƛǎ ǿƘŜǘƘŜǊ ǘƘŜ ŎƻǳƴǘǊȅ Ŏŀƴ ƳŀƴŀƎŜ ǘƘŜ 
ǎǳǊǇƭǳǎ ŜƴŜǊƎȅ ŀƴŘ ǿƘƻ ǘƘŜ ŀƭǘŜǊƴŀǝǾŜ ŜƴŜǊƎȅ ŜŎƻƴƻƳȅ ƛǎ ǎŜǊǾƛƴƎΦ [Ŝǎǎƻƴǎ ƭŜŀǊƴŜŘ ŦǊƻƳ bŜǇŀƭ ǊŜƎŀǊŘƛƴƎ 
ŎƻƴŎŜǊƴǎ ŀōƻǳǘ ŜƴŜǊƎȅ ŀŎŎŜǎǎΣ ŀǾŀƛƭŀōƛƭƛǘȅΣ ŀũƻǊŘŀōƛƭƛǘȅΣ ŀƴŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀǇǇƭȅ ǘƻ ƻǘƘŜǊ ŎƻǳƴǘǊƛŜǎ 
ǳƴŘŜǊƎƻƛƴƎ ǎƛƳƛƭŀǊ ŜƴŜǊƎȅ ǘǊŀƴǎƛǝƻƴǎΦ 
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Abstract 

¢ƘŜ ǿƻǊƭŘΩǎ ŦǊŜǎƘǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ŀǊŜ Ŏƻƴǝƴǳƻǳǎƭȅ ōŜƛƴƎ ŘŜǇƭŜǘŜŘ ŀƴŘ ǿŀǘŜǊ ǎŎŀǊŎƛǘȅ ƛǎ ŀƭǊŜŀŘȅ ŀ Ǝƭƻōŀƭ 
ƛǎǎǳŜΦ ¢ƘŜ ŎǳǊǊŜƴǘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƻǳǊ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ǎƘƻǿǎ ǘƘŀǘ ǘƘŜ ǎǳǎǘŀƛƴŀōƭŜ ƭƛƳƛǘ ǿƛƭƭ ōŜ ǊŜŀŎƘŜŘ 
ōȅ ǘƘŜ ȅŜŀǊ нлол ŦƻǊ ŦƻƻŘ ǇǊƻŘǳŎǝƻƴ ŀƴŘ нлпл ŦƻǊ ǇƻǘŀōƭŜ ǿŀǘŜǊΦ {ŜǾŜǊŀƭ ŀǧŜƳǇǘǎ ƘŀǾŜ ōŜŜƴ ƳŀŘŜ ǘƻ 
ŀŘŘǊŜǎǎ ǘƘƛǎ ǇǊƻōƭŜƳΣ ȅŜǘ ŦŜǿ ƘŀǾŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴǘŜƎǊŀǝƴƎ ǿŀǎǘŜǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘ ǎƛǘŜǎ ǿƛǘƘ ǊŜǳǎŜ ǎƛǘŜǎ 
ŀƴŘ ŎƻƴǾŜǊǝƴƎ ǘƘƻǎŜ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ƛƴǘƻ ŀ ǎŀŦŜ ŀƭǘŜǊƴŀǝǾŜ ǘƻ ŦǊŜǎƘ ǿŀǘŜǊ ŦƻǊ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǳǊǇƻǎŜǎΦ 
²ŀǎǘŜǿŀǘŜǊ ƛǎ ŀƴ Ŝŀǎƛƭȅ ŀŎŎŜǎǎƛōƭŜ ŀƴŘ ŀōǳƴŘŀƴǘƭȅ ŀǾŀƛƭŀōƭŜ ǊŜǎƻǳǊŎŜ ǘƘŀǘ ŎƻǳƭŘ ƳŜŜǘ ƛǊǊƛƎŀǝƻƴ ƴŜŜŘǎ 
ǿƘƛƭŜ ŎƻƴǎŜǊǾƛƴƎ ŦǊŜǎƘǿŀǘŜǊ ŦƻǊ ŦǳǘǳǊŜ ƎŜƴŜǊŀǝƻƴǎΤ ȅŜǘ ƛǎ ƘƛƎƘƭȅ ǳƴŘŜǊǳǝƭƛȊŜŘΣ Ƴŀƛƴƭȅ ŦƻǊ ǘǿƻ ǊŜŀǎƻƴǎ ς 
мύ ǘƘŜ ǇŜǊŎŜƛǾŜŘ ŘƛŶŎǳƭǘȅ ƻŦ ǊŜǳǎƛƴƎ ǿŀǎǘŜǿŀǘŜǊ ŦƻǊ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǳǊǇƻǎŜǎ ŀƴŘ нύ ƭŀŎƪ ƻŦ ǎǇŜŎƛŬŎ ƎǳƛŘŜƭƛƴŜǎ 
ŦƻǊ ŘŜǎƛƎƴƛƴƎ ƴŀǘǳǊŀƭ ǇƻƴŘ ǎȅǎǘŜƳǎ ǘƘŀǘ ŀŘŜǉǳŀǘŜƭȅ ǇǊŜŘƛŎǘ Ŏƻƴǝƴǳƻǳǎ ǇŜǊŦƻǊƳŀƴŎŜΦ !ƭǎƻΣ ǘƘŜǊŜ ŜȄƛǎǘ 
ǎǘǊƻƴƎ ŎƻƴǘǊŀŘƛŎǘƻǊȅ ǾƛŜǿǇƻƛƴǘǎ ǊŜƎŀǊŘƛƴƎ ƻǇǝƳŀƭ ǇƻƴŘ ŘƛƳŜƴǎƛƻƴǎ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜΦ ¢ƘŜ ōŜǎǘ ƴŜȄǘ ǎǘŜǇ 
ǘƘǳǎ ƛǎ ǘƻ ǘŀƪŜ ŀ ŘƛũŜǊŜƴǘ ŀǇǇǊƻŀŎƘ ƛƴ ǘƘŜ ŎƻƴŬƎǳǊŀǝƻƴ ƻŦ ǘƘŜ ǇƻƴŘǎ ŦƻǊ ǊŜǳǎŜΦ  

¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ǇǊƻǾƛŘŜǎ ǳǎ ǿƛǘƘ ŀƴ ŀƭǘŜǊƴŀǝǾŜ ǇƻƴŘ ǘǊŜŀǘƳŜƴǘ ǎȅǎǘŜƳ ƪƴƻǿƴ ŀǎ ǘƘŜ tƻƴŘπLƴπtƻƴŘ όtLtύ 
ǘƘŀǘ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ǘǊŜŀǘ ǿŀǎǘŜǿŀǘŜǊ ǎǳŶŎƛŜƴǘƭȅ ŦƻǊ ǊŜǳǎŜΦ ¢ƘŜ tLt ƛǎ ŀ ǘǊŜŀǘƳŜƴǘ ǘŜŎƘƴƻƭƻƎȅ ǿƘŜǊŜ ǘǿƻ 
ǘȅǇŜǎ ƻŦ ǇƻƴŘǎ ππ ŀƴŀŜǊƻōƛŎ ŀƴŘ ŀŜǊƻōƛŎ ππ ŀǊŜ ŎƻƳōƛƴŜŘ ƛƴǘƻ ŀ ǎƛƴƎƭŜ ǇƻƴŘ ŀƴŘ Ŏƻƴǎƛǎǘ ƻŦ ŀ ŘŜŜǇŜǊ ƛƴƴŜǊ 
ǇƻƴŘ ŜƴǝǊŜƭȅ ǎǳōƳŜǊƎŜŘ ǿƛǘƘƛƴ ǘƘŜ ƻǳǘŜǊ ǇƻƴŘΦ ¢ƘŜ ƛƴƴŜǊ ŘŜŜǇŜǊ ǎŜŎǝƻƴ ǇǊƻǾƛŘŜǎ ŀƴŀŜǊƻōƛŎ ŎƻƴŘƛǝƻƴǎ 
ŦƻǊ ƳƻǊŜ ŎƻƳǇƭŜǘŜ ŘŜƎǊŀŘŀǝƻƴ ƻŦ ƻǊƎŀƴƛŎ ƳŀǧŜǊ ǿƘƛƭŜ ǘƘŜ ƻǳǘŜǊ ǇƻƴŘ ǇǊƻǾƛŘŜǎ ŀŘŘƛǝƻƴŀƭ ǘǊŜŀǘƳŜƴǘ 
ǘƘǊƻǳƎƘ ǘƘŜ ŀŜǊƻōƛŎ ǇǊƻŎŜǎǎ ŀƴŘ ŎƻƴǘǊƻƭǎ ƻŘƻǊΦ ¢ƘŜ tLt ǎƘƻǿŜŘ ǇǊƻƳƛǎƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜ ǿƛǘƘ ŀƴ ŀǾŜǊŀƎŜ 
.h5 ǊŜƳƻǾŀƭ ƻŦ ƻǾŜǊ ул҈ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ȅŜŀǊ ǿƛǘƘƛƴ ŀ ǎƛƴƎƭŜ ǇƻƴŘ ŦƻǊ ōƻǘƘ ƳǳƴƛŎƛǇŀƭ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ 
ǿŀǎǘŜǎ ǿƘƛƭŜ ǊŜǉǳƛǊƛƴƎ ǳǇ ǘƻ пл҈ ƭŜǎǎ ƭŀƴŘ ŀǊŜŀ ŎƻƳǇŀǊŜŘ ǘƻ ǘǊŀŘƛǝƻƴŀƭ ǎƛƴƎƭŜπǇǊƻŎŜǎǎ ǇƻƴŘǎΦ wŜǎǳƭǘǎ 
ŦǊƻƳ нπ5 ƳƻŘŜƭǎ ŦǳǊǘƘŜǊ ŎƻƴŬǊƳŜŘ ǘƘŀǘ ǘƘŜ tLt ŎƻƴŬƎǳǊŀǝƻƴ ƻũŜǊǎ ƛƳǇǊƻǾŜŘ ƅƻǿ ŘƛǾŜǊǎƛƻƴ ŀƴŘ ƘƛƎƘŜǊ 
ǊŜǘŜƴǝƻƴ ƻŦ ǎƻƭƛŘǎΣ ǘƘǳǎ ŀƭƭƻǿƛƴƎ ŦƻǊ ōŜǧŜǊ ŀƴŘ ŀ ƳƻǊŜ ŎƻƴǎƛǎǘŜƴǘ ƭŜǾŜƭ ƻŦ ǘǊŜŀǘƳŜƴǘΦ ¢ƘŜ ǎŀǾƛƴƎǎ ƛƴ ŎŀǇƛǘŀƭ 
Ŏƻǎǘǎ ŘǳŜ ǘƻ ǊŜŘǳŎŜŘ ƭŀƴŘ ǊŜǉǳƛǊŜƳŜƴǘǎΣ ǎŀǾƛƴƎǎ ƛƴ ƻǇŜǊŀǝƻƴǎ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜΣ ŀƴŘ ŎƻƴǎƛǎǘŜƴǘƭȅ ƘƛƎƘŜǊ 
ǇŜǊŦƻǊƳŀƴŎŜΣ ǘƘǳǎ ƳŀƪŜ ǘƘŜ tLt ŀ ǇƻǘŜƴǝŀƭƭȅ ǾƛŀōƭŜ ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ǿŀǎǘŜǿŀǘŜǊ 
ǘǊŜŀǘƳŜƴǘΣ ŜǎǇŜŎƛŀƭƭȅ ŦƻǊ ǊŜǳǎŜ ǇǳǊǇƻǎŜǎΦ CǳǊǘƘŜǊΣ ƛǘǎ ǎƛƳǇƭŜ ŘŜǎƛƎƴ ŀƴŘ Ŝŀǎȅ ƻǇŜǊŀǝƻƴ ǿƛǘƘ ǊŜǾŜƴǳŜǎ 
ŦǊƻƳ ǘƘŜ ǊŜŎƭŀƳŀǝƻƴ ƻŦ ŜƉǳŜƴǘΣ ƳŀƪŜ ƛǘ ǿŜƭƭ ǎǳƛǘŜŘ ŦƻǊ ǊǳǊŀƭ ŀƴŘ ǎƳŀƭƭ ŎƻƳƳǳƴƛǝŜǎΦ 9ũŜŎǝǾŜ ǇƻƴŘ 
ŘŜǎƛƎƴ ŀƴŘ ŀǇǇǊƻǇǊƛŀǘŜ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ǘƘŜ tLt ǿƛƭƭ ǘƘǳǎ ƘŜƭǇ ŀŘŘǊŜǎǎ ǘƘŜ ƳŀƧƻǊ ǎƻŎƛŜǘŀƭ ŎƻƴŎŜǊƴ ƻŦ 
ǿŀǘŜǊ ǎŎŀǊŎƛǘȅ ǿƛǘƘ ƭƻǿπŎƻǎǘ ŀƴŘ ŜũŜŎǝǾŜ ǿŀǎǘŜǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘ ŦƻǊ ǊŜǳǎŜΦ 

¢Ƙƛǎ ǇǊƻǇƻǎŜŘ ŀōǎǘǊŀŎǘ ǊŜƭŀǘŜǎ ǘƻ ƳǳƭǝǇƭŜ ǘŀǊƎŜǘǎ ǿƛǘƘƛƴ {5D с όǇǊƛƳŀǊƛƭȅ сΦоΣ сΦпΣ ŀƴŘ сΦŀΦύΣ ŀƴŘ {5D н 
όƳŀƛƴƭȅ нΦо ŀƴŘ нΦпύΦ ¢Ƙƛǎ ŀōǎǘǊŀŎǘ ƛǎ ǊŜƭŜǾŀƴǘ ǘƻ ǘƘŜ ǘƻǇƛŎ ƻŦ ǘƘŜ ŎƻƴŦŜǊŜƴŎŜ ŀǎ ƛǘ ƻũŜǊǎ ŀ ǾƛŀōƭŜ ǘŜŎƘƴƻƭƻƎȅ 
ŦƻǊ ǊǳǊŀƭ ŀƴŘ ǎƳŀƭƭ ŎƻƳƳǳƴƛǝŜǎ ǘƘŀǘ ŀǊŜ ǿƛŘŜƭȅ ǇǊŜǾŀƭŜƴǘ ƛƴ Ƴƻǳƴǘŀƛƴƻǳǎ ŎƻǳƴǘǊƛŜǎ ƭƛƪŜ bŜǇŀƭ ǿƘŜǊŜ 
ŀŎŎŜǎǎ ǘƻ ŎŜƴǘǊŀƭƛȊŜŘ ǘǊŜŀǘƳŜƴǘ ǎȅǎǘŜƳǎ ƛǎ ƭƛƳƛǘŜŘΦ ¢Ƙƛǎ ǇǊƻǇƻǎŜŘ ǘŜŎƘƴƻƭƻƎȅ ŀƭǎƻ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ŎǊŜŀǝƴƎ 
ŀ ǎŜƭŦπǎǳǎǘŀƛƴŜŘ ƭƛǾŜƭƛƘƻƻŘ ŦƻǊ ǎǳŎƘ ŎƻƳƳǳƴƛǝŜǎ ŀǎ ǘƘŜȅ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ƳŀƴŀƎŜ ǘƘŜƛǊ ǿŀǎǘŜ ōŀŎƪ ƛƴǘƻ ǘƘŜ 
ŦŀǊƳǎ ǇǊƻŘǳŎƛƴƎ ŦƻƻŘǎ ŀƴŘ ƎŜƴŜǊŀǝƴƎ ŜŎƻƴƻƳƛŎ ǊŜǾŜƴǳŜǎΦ 
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bƻƴπǎǘŀǘŜ ŀŎǘƻǊǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ǊŜŎƻƎƴƛȊŜŘ ŦƻǊ ǘƘŜƛǊ ǇƛǾƻǘŀƭ ǊƻƭŜ ŀƭƻƴƎǎƛŘŜ ƴŀǝƻƴπǎǘŀǘŜǎ ƛƴ ŀŘŘǊŜǎǎƛƴƎ 
ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ƛǘǎ ƛƳǇŀŎǘǎΦ ±ƻƭǳƴǘŀǊȅ ŎƭƛƳŀǘŜ ŀŎǝƻƴǎ ƻŦ ƴƻƴπǎǘŀǘŜ ŀŎǘƻǊǎ ŜƴŎƻƳǇŀǎǎ ŀ ǎǇŜŎǘǊǳƳ ƻŦ 
ǎǘǊŀǘŜƎƛŜǎΣ ǊŀƴƎƛƴƎ ŦǊƻƳ ƳƛǝƎŀǝƴƎ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎ ǘƻ ŜƴƘŀƴŎƛƴƎ ŀŘŀǇǝǾŜ ŎŀǇŀŎƛǘȅ ŀƴŘ 
ŦƻǎǘŜǊƛƴƎ ŎƭƛƳŀǘŜ ǊŜǎƛƭƛŜƴŎŜΦ !ƳƛŘǎǘ ŀ ǎǳǊƎŜ ƛƴ ǾƻƭǳƴǘŀǊȅ ŎƭƛƳŀǘŜ ŀŎǝƻƴǎ ƭƛƪŜ ƴŜǘπȊŜǊƻ ǇƭŜŘƎŜǎ ŀƴŘ ƻǘƘŜǊ 
ŎƭƛƳŀǘŜ ŎƻƳƳƛǘƳŜƴǘǎ ŦǊƻƳ ŘƛǾŜǊǎŜ ŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ōǳǎƛƴŜǎǎŜǎΣ ŬƴŀƴŎƛŀƭ ƛƴǎǝǘǳǝƻƴǎΣ ŎƛǾƛƭ ǎƻŎƛŜǝŜǎΣ ŀƴŘ 
ŎƛǝŜǎΣ ǘƘŜǊŜ ŜƳŜǊƎŜǎ ŀ ǇǊŜǎǎƛƴƎ ƴŜŜŘ ŦƻǊ ŜƴƘŀƴŎŜŘ ǎŎǊǳǝƴȅ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ƛƴǘŜƎǊƛǘȅ ƻŦ ǘƘŜǎŜ ŎƻƳƳƛǘƳŜƴǘǎΦ 
{ŎƛŜƴǝŬŎ ǎǘǳŘƛŜǎΣ ŀǎ ǿŜƭƭ ŀǎ ƴƻƴπǎŎƛŜƴǝŬŎ ǊŜǇƻǊǘǎΣ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ǘƘŜ ƭŀŎƪ ƻŦ ǘǊŀƴǎǇŀǊŜƴŎȅΣ ŀŎŎƻǳƴǘŀōƛƭƛǘȅΣ 
ŘŜƳƻƴǎǘǊŀōƭŜ ǇŜǊƳŀƴŜƴǘ ƛƳǇŀŎǘΣ ŀƴŘ ŎƻƳƳƛǘƳŜƴǘ ǘƻ ƧǳǎǝŎŜ ŀƴŘ Ŝǉǳƛǘȅ ƻŦ ǘƘŜǎŜ ǾƻƭǳƴǘŀǊȅ ǇƭŜŘƎŜǎ ŎƻǳƭŘ 
ƛƳǇŜŘŜ ŜũŜŎǝǾŜ ŀƴŘ ƭŜƎƛǝƳŀǘŜ ǾƻƭǳƴǘŀǊȅ ŎƭƛƳŀǘŜ ŀŎǝƻƴΦ 

²ƘƛƭŜ ǾƻƭǳƴǘŀǊȅ ŎƭƛƳŀǘŜ ŀŎǝƻƴǎ ƻŦ ƴƻƴπǎǘŀǘŜ ŀŎǘƻǊǎ ŀǊŜ ƛƴǘŜƎǊŀƭ ǘƻ ŀŎƘƛŜǾƛƴƎ ǘƘŜ ƻōƧŜŎǝǾŜǎ ƻŦ ǘƘŜ tŀǊƛǎ 
!ƎǊŜŜƳŜƴǘΣ ǘƘŜƛǊ ǇǊƻƭƛŦŜǊŀǝƻƴ ǿƛǘƘƻǳǘ ƛƴǘŜƎǊƛǘȅ ŎǊŜŀǘŜǎ ǎŜǾŜǊŜ ŎƘŀƭƭŜƴƎŜǎΣ ƛƴŎƭǳŘƛƴƎ ǎƭƻǿƛƴƎ Řƻǿƴ ŀƴŘ 
ǳƴŘŜǊƳƛƴƛƴƎ ƘƛƎƘπƛƴǘŜƎǊƛǘȅ ŎƻƳƳƛǘƳŜƴǘǎ ōȅ ƻǘƘŜǊ ŀŎǘƻǊǎΣ ƎǊŜŜƴǿŀǎƘƛƴƎΣ ŀƴŘ ŎǊŜŀǝƴƎ ǳƴŘǳŜ 
ŜȄǇŜŎǘŀǝƻƴǎ ŀƳƻƴƎ ǇƻƭƛŎȅπƳŀƪŜǊǎΣ ƛƴǾŜǎǘƻǊǎ ŀƴŘ ƻǘƘŜǊ ǎǘŀƪŜƘƻƭŘŜǊǎΦ aŜŀƴǿƘƛƭŜΣ ŎƭƛƳŀǘŜ ŀŎǝƻƴ ƛǎ 
ōŜŎƻƳƛƴƎ ƳƻǊŜ ǳǊƎŜƴǘ ŜǾŜǊȅŘŀȅΦ !Ǝŀƛƴǎǘ ǘƘƛǎ ōŀŎƪŘǊƻǇΣ ǘƘŜ !/IL9±9 ǇǊƻƧŜŎǘ ŜƴŘŜŀǾƻǳǊǎ ǘƻ ŦƻǊƳǳƭŀǘŜ ŀ 
ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŦǊŀƳŜǿƻǊƪ ƻŦ ƘƛƎƘπƛƴǘŜƎǊƛǘȅ ǇǊƛƴŎƛǇƭŜǎ ŦƻǊ ǾƻƭǳƴǘŀǊȅ ŎƭƛƳŀǘŜ ŀŎǝƻƴΦ DǊƻǳƴŘŜŘ ƛƴ ŎǳǊǊŜƴǘ 
ŎƭƛƳŀǘŜ ǎŎƛŜƴŎŜΣ ŜȄƛǎǝƴƎ ǊŜǎŜŀǊŎƘ ƻƴ ƘƛƎƘπƛƴǘŜƎǊƛǘȅ ŀƴŘ ŀƭƛƎƴŜŘ ǿƛǘƘ ǘƘŜ ƻōƧŜŎǝǾŜǎ ƻŦ ǘƘŜ tŀǊƛǎ !ƎǊŜŜƳŜƴǘΣ 
ǘƘŜǎŜ ǇǊƛƴŎƛǇƭŜǎ ŀƛƳ ǘƻ ƎŀǊƴŜǊ ǎƻŎƛŀƭ ƭŜƎƛǝƳŀŎȅ ŀƴŘ ǘǊǳǎǘΦ IŜǊŜΣ ǿŜ ǇǊŜǎŜƴǘ ǘƘŜ ƛƴǘŜǊπŀƴŘ ǘǊŀƴǎŘƛǎŎƛǇƭƛƴŀǊȅ 
ƳŜǘƘƻŘƻƭƻƎȅ ŜƳǇƭƻȅŜŘ ƛƴ ǘƘŜ !/IL9±9 ǇǊƻƧŜŎǘΣ ƛƴǎƛƎƘǘǎ ŦǊƻƳ ŀƴ ƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ ǊŜǾƛŜǿ ƻŦ ǊŜƭŜǾŀƴǘ 
ǇǊƛƴŎƛǇƭŜǎΣ ŎǊƛǘŜǊƛŀ ŀƴŘ ƛƴŘƛŎŀǘƻǊǎ ŦƻǊ ŀǎǎŜǎǎƛƴƎ ƘƛƎƘ ƛƴǘŜƎǊƛǘȅ ŀƴŘ ƻǳǘƭƛƴŜ ǘƘŜ ǘǊŀƧŜŎǘƻǊȅ ŦƻǊ ŦǳǘǳǊŜ ǊŜǎŜŀǊŎƘ 
ƻƴ ƘƛƎƘπƛƴǘŜƎǊƛǘȅ ǇǊƛƴŎƛǇƭŜǎ ŦƻǊ ǾƻƭǳƴǘŀǊȅ ŎƭƛƳŀǘŜ ŀŎǝƻƴΦ 
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Abstract 

¢ƘŜ ǇǊŜǎŜƴǘ ǊŜǎŜŀǊŎƘ ǇǊŜǎŜƴǘǎ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ǘƘŜ /ƻǾƛŘπмф ǇŀƴŘŜƳƛŎ ƛƴ IǳƴƎŀǊȅ ƛƴ ǘŜǊƳǎ ƻŦ ŜƴŜǊƎȅ ǳǎŜ 
ŀƴŘ ǘƘŜ ŜǾƻƭǳǝƻƴ ƻŦ ǘƘŜ ǎŜŎǘƻǊŀƭ ŎŀǊōƻƴ ŦƻƻǘǇǊƛƴǘΦ 

!ƊŜǊ ŀ ǎƘƻǊǘ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿ ƻƴ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎΣ ǎƛƎƴƛŬŎŀƴŎŜ ŀƴŘ ǎƻŎƛƻπŜŎƻƴƻƳƛŎ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ 
ǘƘŜ /ƻǾƛŘπмф ǇŀƴŘŜƳƛŎΣ ǘƘŜ ǎǘǳŘȅ ŬǊǎǘ ǇǊŜǎŜƴǘǎ ǘƘŜ ƛƳǇŀŎǘǎ ƻƴ ŜƴŜǊƎȅ ǳǎŜΦ CƻǊ ǘƘŜǎŜ ŀƴŀƭȅǎŜǎΣ ŀƴƴǳŀƭ 
Řŀǘŀ ƻƴ ŜƴŜǊƎȅ ǳǎŜ ŎƻƭƭŜŎǘŜŘ ōȅ ǘƘŜ IǳƴƎŀǊƛŀƴ 9ƴŜǊƎȅ ŀƴŘ ¦ǝƭƛǘȅ wŜƎǳƭŀǘƻǊȅ hŶŎŜ ǿŜǊŜ ǳǎŜŘ ŀǎ ǘƘŜ Ƴŀƛƴ 
ǎƻǳǊŎŜΦ 

¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ŀƴŀƭȅǎƛǎ ǎƘƻǿ ǘƘŀǘ ǘƘŜ ƛƴŘƛŎŀǘƻǊǎ ƛƴ ǘƘŜ ŀǊŜŀǎ ǳƴŘŜǊ ǎǘǳŘȅ Ƴƻǎǘƭȅ ǎƘƻǿ ŀ ǎƛƎƴƛŬŎŀƴǘ 
ƛƳǇŀŎǘ ƻƴƭȅ ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘ ƻŦ ǘƘŜ ǇŀƴŘŜƳƛŎ ǊŜǎǘǊƛŎǝƻƴǎ όƻǊ ŜǾŜƴ ƴƻǘ ǘƘŜǊŜ ŘǳŜ ǘƻ ǾŀǊƛƻǳǎ ŜȄǝƴƎǳƛǎƘƛƴƎ 
ŜũŜŎǘǎύΣ ōǳǘ ŀƊŜǊ ǘƘŜ ƭƛƊƛƴƎ ƻŦ ƭƻŎƪŘƻǿƴǎΣ ǘƘŜ ƭŜǾŜƭǎ ƻŦ ǘǊŀŶŎΣ ŎƻƴǎǳƳǇǝƻƴ ŀƴŘ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǝƻƴ ƘŀǾŜ 
ǊŜǘǳǊƴŜŘ ǘƻ ƻǊ ŜǾŜƴ ŜȄŎŜŜŘŜŘ ǘƘŜ ƻǊƛƎƛƴŀƭ ƭŜǾŜƭǎΦ CƻǊ ǘƘŜǎŜ ǊŜŀǎƻƴǎΣ ǘƘŜ ǇƻǎƛǝǾŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜ /ƻǾƛŘπмф 
ƻǳǘōǊŜŀƪ ƻƴ ŜƴŜǊƎȅ ǳǎŜ Ŏŀƴ ōŜ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ŀǘ Ƴƻǎǘ ǎƘƻǊǘ ǘŜǊƳΦ 

¢ƻ ŜȄŀƳƛƴŜ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ ǎŜŎǘƻǊŀƭ ŎŀǊōƻƴ ŦƻƻǘǇǊƛƴǘΣ ƴŀǝƻƴŀƭ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ƛƴǾŜƴǘƻǊȅ Řŀǘŀ 
ǿŀǎ ŎƻƭƭŜŎǘŜŘ ŀƴŘ ŎƻƴǘǊƻƭƭŜŘ ōȅ ǘƘŜ ¦ƴƛǘŜŘ bŀǝƻƴǎ CǊŀƳŜǿƻǊƪ /ƻƴǾŜƴǝƻƴ ƻƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ό¦bC///ύ 
{ŜŎǊŜǘŀǊƛŀǘΣ ǘƘŜ ƎǊƻǎǎ ǾŀƭǳŜ ŀŘŘŜŘ ƻŦ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ǎŜŎǘƻǊǎ ŀǎ ŀ ōŀǎƛǎ ŦƻǊ ǇǊƻƧŜŎǝƻƴǎ ǿŀǎ ǳǎŜŘΦ 

¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ǎŜŎǘƻǊŀƭ ŎŀǊōƻƴ ŦƻƻǘǇǊƛƴǘ ŀƴŀƭȅǎƛǎ ǎƘƻǿ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ǎŜŎǘƻǊǎ ǿƛǘƘ ǇƻǎƛǝǾŜ ǎǇŜŎƛŬŎ 
ŜƳƛǎǎƛƻƴǎ ǘǊŜƴŘǎ όŜΦƎΦΣ ŎƻƴǎǘǊǳŎǝƻƴπǊŜƭŀǘŜŘ ǎŜŎǘƻǊǎύΣ ōǳǘ ŀƭǎƻ ǎŜŎǘƻǊǎ ǿƛǘƘ ŘƛǾŜǊƎƛƴƎ ƻǊ ŜǾŜƴ ǊŜǾŜǊǎŜ 
ǘǊŜƴŘǎΦ 
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!ƭǘƘƻǳƎƘ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘ ƛŘŜƴǝŦȅ ƻǾŜǊŀƭƭ ǎƘƻǊǘπǘŜǊƳ ǇŀƴŘŜƳƛŎ ŜũŜŎǘǎ ƻƴ ŜƴŜǊƎȅ ǳǎŜ ŀƴŘ 
ǎŜŎǘƻǊŀƭ ŎŀǊōƻƴ ŦƻƻǘǇǊƛƴǘ ǘǊŜƴŘǎΣ ǘƘŜ ƭŜǎǎƻƴǎ ƭŜŀǊƴŜŘ ŦǊƻƳ ǘƘŜ ǇŀƴŘŜƳƛŎ ǘƘǊƻǳƎƘ ǘƘŜ ŀƴŀƭȅǎŜǎ ŎŀǊǊƛŜŘ ƻǳǘ 
Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ǎƘŀǇŜ ŀ ƳƻǊŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ ŀƴŘ ŜŎƻƴƻƳƛŎŀƭƭȅ ǎǳǎǘŀƛƴŀōƭŜ ŦǳǘǳǊŜ ŦƻǊ Ƴŀƴȅ ǎŜŎǘƻǊǎΦ 
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ŀƴŘ ƴŜŜŘǎ ǇŀǊŀƭƭŜƭ ƛƴ ŘƛǾŜǊǎŜ ǊŜƎƛƻƴǎΣ ǎǳŎƘ ŀǎ !ƘǊ ±ŀƭƭŜȅ ǊŜƎƛƻƴΦ ¢ƘŜ /!ό[¦ύч²! ŀǎǎŜǎǎƳŜƴǘ ŦǊŀƳŜǿƻǊƪΣ 
ŎƻƳōƛƴŜŘ ǿƛǘƘ ƛƴƴƻǾŀǝǾŜ ŀƴŘ ŜǎǘŀōƭƛǎƘŜŘ ƳŜǘƘƻŘƻƭƻƎƛŜǎ Ŏŀƴ ǇǊƻƎǊŜǎǎƛǾŜƭȅ ŎƻƴǘǊƛōǳǘŜ ǘƻ ƻǾŜǊŎƻƳƛƴƎ ǘƘŜ 
ŎƭƛƳŀǘŜ ŎǊƛǎƛǎ ŀƴŘ ǊŜǎŎǳƛƴƎ ǘƘŜ Ǝƭƻōŀƭ {5Dǎ нлол ŦƻǊ ǎǳǎǘŀƛƴŀōƭŜ ƭƛǾŜƭƛƘƻƻŘǎΦ Lǘ ƛǎ ŀ ƘƛƎƘπǊŀƴƎŜŘΣ ǎǳǎǘŀƛƴŀōƭŜΣ 
ǊŜǎƛƭƛŜƴǘ ŦǳǘǳǊŜπǎŀǾƛƴƎΣ ŀǎ ŀ ƅŀƎǎƘƛǇΣ ŎŀǇŀŎƛǘȅπōǳƛƭŘƛƴƎ ƛƴƛǝŀǝǾŜΣ ƛǘ ŦƻǎǘŜǊǎ ǊŜƎƛƻƴŀƭ ŎƭƛƳŀǘŜΣ ƭŀƴŘΣ ŀƴŘ ǿŀǘŜǊ 
ǊŜǎƛƭƛŜƴŎŜΣ ŀƴŘ ƴƻǘ ƻƴƭȅ ƛƴ ŘƛǎŀǎǘŜǊπ ŀƴŘ ǇŀƴŘŜƳƛŎπŀũŜŎǘŜŘ ŀǊŜŀǎ ƭƛƪŜ ǘƘŜ !ƘǊ ±ŀƭƭŜȅΣ ōǳǘ ŀƭǎƻ ƛƴ ƘƛƎƘƭȅ 
ƛƴŘǳǎǘǊƛŀƭƛȊŜŘ ǊŜƎƛƻƴǎ ƭƛƪŜ [ǳǎŀǝŀΦ {ǇŜŎƛŬŎ {5Dǎ ǎǳŎƘ ŀǎ мм ŀƴŘ мо όǾƛŀ /ƭƛƳŀǘŜ {ƳŀǊǘ tƭŀƴƴƛƴƎύΣ ŀƴŘ мр ŀƴŘ мт 
όǾƛŀ LƴǘŜƎǊŀǘŜŘ 5ǊƻǳƎƘǘ ŀƴŘ ²ŀǘŜǊ aŀƴŀƎŜƳŜƴǘύΣ ŜƴƘŀƴŎŜ ƛǘǎ ŀǇǇƭƛŎŀōƛƭƛǘȅ ƻŦ ŘƛǾŜǊǎŜ ǊŜƎƛƻƴǎ ŀƴŘ ŀǎǎŜǎǎƳŜƴǘ 
ŬŜƭŘǎ ǘƻ Ǝŀƛƴ ǊŜƎƛƻƴŀƭ ǊŜǎƛƭƛŜƴŎŜΦ ¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ǎǳǇǇƻǊǘǎ ƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǎŎƛŜƴŎŜ ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜ 
ŦǳǘǳǊŜ ǇǊƻŎŜǎǎŜǎ ŀǊƻǳƴŘ ƳǳƭǝǾŀǊƛƻǳǎ ƭŀƴŘŦƻǊƳǎΣ ƅŀǘ ƻǊ Ƴƻǳƴǘŀƛƴƻǳǎ ƭŀƴŘΣ ǘƘŜ ǎŀƳŜ ŀǎ ǘŜǊǊŜǎǘǊƛŀƭ ƭŀƴŘ ƻǊ 
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Abstract 

¢ƘŜ ƎŜƻƎǊŀǇƘƛŎ ƭƻŎŀǝƻƴ ŀƴŘ ǘƘŜ Ƴƻƴǎƻƻƴ ŎƭƛƳŀǘŜ ǊŜƴŘŜǊ ŘŜƭǘŀƛŎ ƅƻƻŘǇƭŀƛƴǎ ƘƛƎƘƭȅ ǾǳƭƴŜǊŀōƭŜ ǘƻ ƴŀǘǳǊŀƭ 
ŘƛǎŀǎǘŜǊǎΦ CƭƻƻŘǎ ŀƴŘ ǊƛǾŜǊōŀƴƪ ŜǊƻǎƛƻƴ ŀǊŜ ŀ ŎƻƳƳƻƴ ƴŀǘǳǊŀƭ ǇƘŜƴƻƳŜƴƻƴ ƛƴ ǘƘŜ DŀƴƎŜǎπ.ǊŀƘƳŀǇǳǘǊŀ 
ŘŜƭǘŀƛŎ ǊŜƎƛƻƴΦ ¢ƘŜ ŎƭƛƳŀǝŎ ŎƘŀƴƎŜ ƛƳǇŀŎǘ ƛǎ ŀ ƴŜǿ ǘƘǊŜŀǘ ǘƻ ŦƻƻŘ ǎŜŎǳǊƛǘȅ ŀƴŘ ƭƛǾŜƭƛƘƻƻŘǎ ƻŦ ǘƘŜ ǊƛǾŜǊƛƴŜ 
ŎƻƳƳǳƴƛǘȅ ƛƴ ǘƘŜ DŀƴƎŜǎ ōŀǎƛƴΦ ¢ƘŜ DŀƴƎŜǎπ.ǊŀƘƳŀǇǳǘǊŀπaŜƎƘƴŀ όD.aύ wƛǾŜǊ ŎŀǊǊƛŜǎ нΦп ōƛƭƭƛƻƴ ǘƻƴǎ ƻŦ 
ǎŜŘƛƳŜƴǘǎ ŀƴƴǳŀƭƭȅ ŀƴŘ ǘƘŜǎŜ ǎŜŘƛƳŜƴǘǎ ǎŜǧƭŜ ƻƴ ǘƘŜ ōŜŘ ƻŦ ǘƘŜ ƳŀƧƻǊ ǊƛǾŜǊǎ ŀƴŘ ōǳƛƭŘ /ƘŀǊπƭŀƴŘǎ όǊƛǾŜǊ 
ōŀǊύΦ ¢ƘŜ ƭŀƴŘ ǘƘŀǘ Ƙŀǎ ƴŜǿƭȅ ŜƳŜǊƎŜŘ ƛƴ ǘƘŜ ǊƛǾŜǊ ŎƘŀƴƴŜƭ ƛǎ ŎŀƭƭŜŘ /ƘŀǊπƭŀƴŘΣ ǘƘŜǊŜ ŀǊŜ ƻǾŜǊ мн Ƴƛƭƭƛƻƴ 
ǇŜƻǇƭŜ ŀǊŜ ƭƛǾƛƴƎ ƛƴ ǘƘŜ ƛǎƭŀƴŘǎ ƛƴ .ŀƴƎƭŀŘŜǎƘΦ tǳǊōŀ YƘŀǎ .ŀƴŘŀǊƪƘƻƭŀ aƻǳȊŀ ƻŦ /ƘŀǊπWŀƴŀƧŀǘ ƻŦ 
aŀŘŀǊƛǇǳǊ ŘƛǎǘǊƛŎǘ ƛƴ .ŀƴƎƭŀŘŜǎƘ ƛǎ ŀ ǳƴƛǉǳŜ /ƘŀǊπƭŀƴŘ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ DŀƴƎŜǎ ōŀǎƛƴ ŀǊŜŀ ǿƘƛŎƘ ƛǎ ŀƴ ŀŎǝǾŜ 
ŘŜƭǘŀΦ ¢ƘŜ ŎƻƳƳǳƴƛǘȅ ƭƛǾŜƭƛƘƻƻŘǎ ŀƴŘ ǘƘŜ ǎŜǧƭŜƳŜƴǘǎ ƻŦ ŎƘŀǊπƭŀƴŘǎ ŀǊŜ ǳƴŘŜǊ ǘƘǊŜŀǘ ŘǳŜ ǘƻ ƳŀǎǎƛǾŜ ƅƻƻŘǎ 
ŀƴŘ ǊƛǾŜǊōŀƴƪ ŜǊƻǎƛƻƴΣ ŀǎ ŀ ǊŜǎǳƭǘΣ ǘƘŜ ǇŜƻǇƭŜ ƘŀǾŜ ǘƻ ƳƻǾŜ ŀƴŘ ǊŜƭƻŎŀǘŜ ǘƘŜƛǊ ǎŜǧƭŜƳŜƴǘǎ ŦǊƻƳ ƻƴŜ ǇƭŀŎŜ 
ǘƻ ŀƴƻǘƘŜǊ ǿƛǘƘƛƴ ǘƘŜ ŎƘŀǊπƭŀƴŘ ƻǊ ƻǳǘǎƛŘŜ ǘƘŜ ŎƘŀǊπƭŀƴŘǎΦ  ¢ƘŜ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛƳǇŀŎǘǎ ŀǊŜ ǘƘŜ Ǌƻƻǘ ŎŀǳǎŜ 
ƻŦ ƳŀǎǎƛǾŜ ƅƻƻŘǎ ŀƴŘ ŜǊƻǎƛƻƴ ǘƘŀǘ ŜȄǘŜƴŘŜŘ ƛǘǎ ƴŜƎŀǝǾŜ ƛƳǇŀŎǘǎ ƻƴ ǊǳǊŀƭ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ 
ǎŜǧƭŜƳŜƴǘǎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛǎǎǳŜǎΦ ¢ƘŜ ƻōƧŜŎǝǾŜ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ƛǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ Ǌƛǎƪǎ ƻŦ ƅƻƻŘǎ ŀƴŘ 
ǊƛǾŜǊōŀƴƪ ŜǊƻǎƛƻƴ ƛƳǇŀŎǘǎ ƻƴ ŎƘŀǊπƭŀƴŘ ƭƛǾŜƭƛƘƻƻŘǎ ŀƴŘ ǘƘŜ ǾǳƭƴŜǊŀōƛƭƛǘȅ ƻŦ ƛƴƘŀōƛǘŀƴǘǎ ƛƴ ǘƘŜ DŀƴƎŜǎ 
ŀŎǝǾŜ ŘŜƭǘŀΦ  ¢ƻ ŘŜǾŜƭƻǇ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƛƴǘŜƎǊŀǘŜŘ ǇƻǾŜǊǘȅΣ ƭƛǾŜƭƛƘƻƻŘǎΣ ŀƴŘ ŜŎƻǎȅǎǘŜƳ ƳŀƴŀƎŜƳŜƴǘ 
Ǉƭŀƴ ŦƻǊ ǎŜǧƭŜƳŜƴǘ ŀƴŘ ŀƎǊƛŎǳƭǘǳǊŀƭ ǎǘŀōƛƭƛǘȅ ŀƴŘ ƭƛǾŜƭƛƘƻƻŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛƴ ǘƘŜ DŀƴƎŜǎπ.ǊŀƘƳŀǇǳǘǊŀ ǊƛǾŜǊ 
ŎƘŀƴƴŜƭǎΦ ¢ƘŜ ǎǘǳŘȅ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ōŀǎŜŘ ƻƴ ǇǊƛƳŀǊȅ ŀƴŘ ǎŜŎƻƴŘŀǊȅ Řŀǘŀ ǎƻǳǊŎŜǎΦ  ¢ƘŜ ǊŜǎǳƭǘǎ ǎƘƻǿ ǘƘŀǘ 
ǘƘŜ ŀǾŜǊŀƎŜ ƛƴǘŜǊǾŀƭ ƻŦ ŘƛǎǇƭŀŎŜƳŜƴǘ ƛǎ ŜǾŜǊȅ р ȅŜŀǊǎ ŀǘ ǘƘŜ tǳǊōŀ YƘŀǎ .ŀƴŘŀǊƭƘƻƭŀ ƳƻǳȊŀΦ  ¢ƘŜ ŎȅŎƭƛŎ 
ŘƛǎǇƭŀŎŜƳŜƴǘ ǊŀƴƎŜ ƛǎ мнм ƪƳн ŀƴŘ Ǉǳƭƭ ŀƴŘ ǇǳǎƘ ŦŀŎǘƻǊǎ ŀǊŜ ƛƴƅǳŜƴŎƛƴƎ ǘƘŜ ǎŜǧƭŜƳŜƴǘ ǊŜƭƻŎŀǝƻƴ 
ǇǊƻŎŜǎǎŜǎΦ  /ƻƴǎƛŘŜǊƛƴƎ ǘƘŜ a5DǎΣ ǘƘŜ ǎǘǳŘȅ ŀƭǎƻ ǎŜŜƪǎ ǘƘŜ ŀŎƘƛŜǾŜƳŜƴǘǎ ŀƴŘ ǎǳŎŎŜǎǎ ƻŦ a5Dǎ ƻŦ ǘƘŜ 
¦ƴƛǘŜŘ bŀǝƻƴǎ ŀǘ ǘƘŜ ƳƛŎǊƻπǎŎŀƭŜ ƭŜǾŜƭ ǿƘƛŎƘ ƛǎ ƳƻǾƛƴƎ ǘƻ {5Dǎ ƛƴ ǘƘŜ ǊǳǊŀƭ ŀǊŜŀǎ ƛƴ .ŀƴƎƭŀŘŜǎƘΦ ¢ƘŜ ǎǘǳŘȅ 
ŦƻǳƴŘ н ŀƎŜƴŘŀǎ ƻŦ a5Dǎ ǿƘƛŎƘ ƘŀǾŜ ŀ ƳŜŜǘǳǇ ŀƴŘ ǊŜŀŎƘŜŘ ǘƘŜ Ǝƻŀƭǎ ōŜŦƻǊŜ нлолΤ ǘƘŜǎŜ ŀǊŜ ŜǊŀŘƛŎŀǘŜŘ 
ŜȄǘǊŜƳŜ ǇƻǾŜǊǘȅ ŀƴŘ ƘǳƴƎŜǊΣ ŀƴŘ ŜƴǎǳǊŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ CƛƴŘƛƴƎǎ ǎƘƻǿ ǘƘŀǘ ǘƘŜ н Ǝƻŀƭǎ ŀǊŜ 
ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ DǊŀŘǳŀƭƭȅ ǘƻ ƳŜŜǘ {5Dǎ ōŜŦƻǊŜ нлол ŀƴŘ ǘƘǊƻǳƎƘ ŦǳǘǳǊŜ ƛƳǇƭŜƳŜƴǘŀǝƻƴΣ ǘƘŜ ǇǊƻŎŜǎǎ ǿƛƭƭ 
ŀŎƘƛŜǾŜ ŀƴŘ ƳŜŜǘ ǘƘŜ мт {5DǎΦ ¢ƘŜǊŜŦƻǊŜΣ ŀƴ ƛƴǘŜƎǊŀǘŜŘ ŎƭƛƳŀǘŜ Ǌƛǎƪ ŀƴŘ ŘƛǎŀǎǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ǇƭŀƴƴƛƴƎ 
ŀǇǇǊƻŀŎƘ ŀƴŘ ǇƻƭƛŎȅ ŦǊŀƳŜǿƻǊƪ ŀǊŜ ǳǊƎŜƴǘƭȅ ƴŜŜŘŜŘ ŦƻǊ ǘƘŜ /ƘŀǊπƭŀƴǎϥ ƭƛǾŜƭƛƘƻƻŘǎ ŀƴŘ ŜƴǎǳǊŜ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŦƻǊ ǘƘŜ ǾǳƭƴŜǊŀōƭŜ ŎƻƳƳǳƴƛǝŜǎ ƛƴ ǘƘŜ DŀƴƎŜǎ ŘŜƭǘŀƛŎ ŦŎŀǘŎƘƳŜƴǘ ǊŜƎƛƻƴ ƛƴ 
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Abstract 

CǊŜǉǳŜƴǘ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ŜȄǘǊŜƳŜ ǊŀƛƴŦŀƭƭ ŜǾŜƴǘǎ ƭŜŀŘƛƴƎ ǘƻ ŎŀǘŀǎǘǊƻǇƘƛŎ ƅƻƻŘǎ Ƙŀǎ ōŜŜƴ ǉǳƛǘŜ ŜǾƛŘŜƴǘ ƛƴ 
ǘƘŜ ǊŜŎŜƴǘ ȅŜŀǊǎΦ ¢ƘŜ Lt// ǎƛȄǘƘ !ǎǎŜǎǎƳŜƴǘ wŜǇƻǊǘ ǎǘŀǘŜǎ ǘƘŀǘ ǘƘŜ ƘǳƳŀƴ ŎŀǳǎŜŘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛǎ 
ŎŀǳǎƛƴƎ ƳƻǊŜ ŦǊŜǉǳŜƴǘ ŀƴŘ ŜȄǘǊŜƳŜ ŜǾŜƴǘǎ ǘƘŀǘ ƘŀǾŜ ƭŜŘ ǘƻ ŀŘǾŜǊǎŜ ŀƴŘ ƛǊǊŜǾŜǊǎƛōƭŜ ƛƳǇŀŎǘǎΣ ŀƴŘ ǿƛƭƭ 
ŎƻƴǝƴǳŜ ǘƻ ǊƛǎŜ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ Ǌƛǎƪǎ ƛƳǇƻǎŜŘ ōȅ ǘƘŜ ŦǳǘǳǊŜ ŜȄǘǊŜƳŜ ŜǾŜƴǘǎ ƛǎ ƛƳǇŜǊŀǝǾŜ 
ǘƻ ōǳƛƭŘ ǊŜǎƛƭƛŜƴŎŜ ŀƴŘ ǘƻ ƳƛƴƛƳƛȊŜ ƘǳƳŀƴ ŀƴŘ ǎƻŎƛƻπŜŎƻƴƻƳƛŎ ƭƻǎǎŜǎ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦ ¢ƘǊƻǳƎƘ ¢ƻƳƻǊǊƻǿΩǎ 
/ƛǝŜǎ ǇǊƻƧŜŎǘ ŀƛƳƛƴƎ ǘƻ ŎŀǘŀƭȅȊŜ ŀ ǘǊŀƴǎƛǝƻƴ ŦǊƻƳ ŎǊƛǎƛǎ ƳŀƴŀƎŜƳŜƴǘ ǘƻ ƳǳƭǝπƘŀȊŀǊŘ ǊƛǎƪπƛƴŦƻǊƳŜŘ 
ǇƭŀƴƴƛƴƎ ŀƴŘ ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎ ŦƻǊ ŎƛǝŜǎ ƛƴ ƭƻǿπŀƴŘ ƳƛŘŘƭŜπƛƴŎƻƳŜ ŎƻǳƴǘǊƛŜǎΣ ǘƘƛǎ ǎǘǳŘȅ ŀƴŀƭȅȊŜǎ ǘƘŜ 
ŎƘŀƴƎŜǎ ƛƴ ŦǳǘǳǊŜ ǊŀƛƴŦŀƭƭ ŜȄǘǊŜƳŜǎΣ ŀƴŘ ǎǇŀǝŀƭ ŀƴŘ ǘŜƳǇƻǊŀƭ ǇŀǧŜǊƴǎ ƻŦ ŜȄǘǊŜƳŜ ǊŀƛƴŦŀƭƭ ŜǾŜƴǘǎ ƛƴ 
YŀǘƘƳŀƴŘǳ ±ŀƭƭŜȅ όY±ύ ŀƴŘ ²Ŝǎǘ wŀǇǝ ό²wύ ƛƴ bŜǇŀƭΣ bŀōƭǳǎ ƛƴ tŀƭŜǎǝƴŜΣ ŀƴŘ /ƘƛǧŀƎƻƴƎ ŀƴŘ /ƻȄΩǎ 
.ŀȊŀŀǊ ό/.ύ ƛƴ .ŀƴƎƭŀŘŜǎƘΦ 

¢ƘŜ ǎǘǳŘȅ ǇǊŜǎŜƴǘǎ ŀ ƳŜǘƘƻŘƻƭƻƎȅ ƛƴǘŜƎǊŀǝƴƎ ƘƛǎǘƻǊƛŎŀƭ ŜȄǘǊŜƳŜ ǊŀƛƴŦŀƭƭ ǇŀǧŜǊƴǎ ŀƴŘ ŦǳǘǳǊŜ ǇǊƻƧŜŎǝƻƴǎ 
ŦǊƻƳ Dƭƻōŀƭ /ƭƛƳŀǘŜ aƻŘŜƭǎ όD/aǎύ ǘƻ ƻǾŜǊŎƻƳŜ ǘƘŜ ƭƛƳƛǘŀǝƻƴǎ ƻŦ ǘŜƳǇƻǊŀƭ ŀƴŘ ǎǇŀǝŀƭ ǊŜǎƻƭǳǝƻƴǎ ƻŦ 
D/aǎΦ Lǘ ǎǘŀǊǘǎ ǿƛǘƘ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ƘƛǎǘƻǊƛŎŀƭ ŜȄǘǊŜƳŜ ǇǊŜŎƛǇƛǘŀǝƻƴΣ ŦƻŎǳǎƛƴƎ ƻƴ ƳŀȄƛƳǳƳ ƻƴŜπŘŀȅ ǊŀƛƴŦŀƭƭ 
όw·мŘŀȅύΣ ŀƴŘ ǎǇŀǝŀƭ ǇŀǧŜǊƴ ƻŦ ŜȄǘǊŜƳŜ ǊŀƛƴŦŀƭƭ ŜǾŜƴǘǎΦ CǳǘǳǊŜ ǇǊŜŎƛǇƛǘŀǝƻƴ ƛǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ /aLtр ŀƴŘ 
/aLtс D/aǎ ŦƻǊ wŜǇǊŜǎŜƴǘŀǝǾŜ /ƻƴŎŜƴǘǊŀǝƻƴ tŀǘƘǿŀȅǎπw/tпΦр ŀƴŘ w/tуΦрΣ ŀƴŘ {ƘŀǊŜŘ {ƻŎƛƻπŜŎƻƴƻƳƛŎ 
tŀǘƘǿŀȅǎπ{{tнπпΦр ŀƴŘ {{tрπуΦрΦ ¢ƘŜ D/aǎ ŀǊŜ ǎŜƭŜŎǘŜŘ ŦǊƻƳ ŀƴ ŜƴǾŜƭƻǇŜ ǘȅǇŜ ŀƴŀƭȅǎƛǎ ǘƻ ŘŜǘŜǊƳƛƴŜ 
ōŜǎǘ ǇŜǊŦƻǊƳƛƴƎ D/aǎ ƛƴ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀ ƻǊ ŀǎ ǇŜǊ ǘƘŜ ǊŜŎƻƳƳŜƴŘŀǝƻƴǎ ŦǊƻƳ ƭƛǘŜǊŀǘǳǊŜǎΦ D/a Řŀǘŀ ŀǊŜ 
ōƛŀǎ ŎƻǊǊŜŎǘŜŘ ŀƴŘ ǎǘŀǝǎǝŎŀƭƭȅ ŘƻǿƴǎŎŀƭŜŘ ǘƻ ǊŜǉǳƛǊŜŘ ǎǇŀǝŀƭ ŀƴŘ ǘŜƳǇƻǊŀƭ ǎŎŀƭŜΦ wŀƛƴŦŀƭƭ ŦǊŜǉǳŜƴŎȅ 
ŀƴŀƭȅǎƛǎΣ ǎǘŀǝƻƴŀǊȅ ƻǊ ƴƻƴπǎǘŀǝƻƴŀǊȅΣ ƛǎ ǇŜǊŦƻǊƳŜŘ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ aŀƴƴ YŜƴŘŀƭƭ ǘǊŜƴŘ ǘŜǎǘ ƻƴ ŦǳǘǳǊŜ 
w·мŘŀȅ ǾŀƭǳŜǎΦ ¢ƘŜ ǎǇŀǝŀƭ ŀƴŘ ǘŜƳǇƻǊŀƭ ŘƛǎŀƎƎǊŜƎŀǝƻƴ ƻŦ ǘƘŜ ǊŀƛƴŦŀƭƭ ǾŀƭǳŜǎ ƛǎ ŘƻƴŜ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ 
ƘƛǎǘƻǊƛŎŀƭ ŜȄǘǊŜƳŜ ǊŀƛƴŦŀƭƭ ŜǾŜƴǘΦ {ŀǘŜƭƭƛǘŜ ōŀǎŜŘ ǊŀƛƴŦŀƭƭ Řŀǘŀ ƛǎ ǳǎŜŘ ŦƻǊ ǘƘŜ ǎǳōπŘŀƛƭȅ ǇǊŜŎƛǇƛǘŀǝƻƴ 
ƳŜŀǎǳǊŜƳŜƴǘǎΦ 

CǊƻƳ ǘƘŜ ǎǘǳŘƛŜǎΣ ƛǘ ǿŀǎ ƻōǎŜǊǾŜŘ ǘƘŀǘ ǘƘŜǊŜ ǿŀǎ ǳǇ ǘƻ рл҈ ŀƴŘ сф҈ ƛƴŎǊŜŀǎŜ ƛƴ w·мŘŀȅ ƛƴ Y± ŀƴŘ ²w ƛƴ 
ǘƘŜ ŦǳǘǳǊŜΦ aŀȄƛƳǳƳ w·мŘŀȅ ƛƴŎǊŜŀǎŜ ƻŦ у҈ ƛǎ ƻōǎŜǊǾŜŘ ƛƴ /.Σ му҈ ƛƴ /ƘƛǧŀƎƻƴƎ ŀƴŘ нп҈ ƛƴ bŀōƭǳǎΦ 
9ȄǘǊŜƳŜ ǊŀƛƴŦŀƭƭ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ōŜ ƳƻǊŜ ŦǊŜǉǳŜƴǘ ŀƴŘ ƛƴǘŜƴǎŜ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦ CƻǊ ŜȄŀƳǇƭŜΣ м ƛƴ мллπȅŜŀǊ 
ǊŜǘǳǊƴ ǇŜǊƛƻŘ ǊŀƛƴŦŀƭƭ ǿƛƭƭ ōŜ ŜǉǳƛǾŀƭŜƴǘ ǘƻ м ƛƴ нл ƻǊ нр ȅŜŀǊǎ ŀƴŘ м ƛƴ нрπȅŜŀǊ ǊŜǘǳǊƴ ǇŜǊƛƻŘ ǊŀƛƴŦŀƭƭ ŦƻǊ Y± 
ŀƴŘ ²wΣ ǊŜǎǇŜŎǝǾŜƭȅΦ ¦Ǉ ǘƻ сл҈ ƛƴŎǊŜŀǎŜ ƛƴ м ƛƴ мллπȅŜŀǊ ǊŜǘǳǊƴ ǇŜǊƛƻŘ ǊŀƛƴŦŀƭƭ ƛǎ ǇǊƻƧŜŎǘŜŘ ƛƴ bŀōƭǳǎΦ 
bŜƎŀǝǾŜ ŎƘŀƴƎŜ ƛƴ ŦǳǘǳǊŜ ǊŀƛƴŦŀƭƭ ƛǎ ŀƭǎƻ ƻōǎŜǊǾŜŘ ƛƴ /.Σ ǿƛǘƘ πс҈ ŎƘŀƴƎŜ ƛƴ м ƛƴ мллπȅŜŀǊ ǊŜǘǳǊƴ ǇŜǊƛƻŘ 
ǊŀƛƴŦŀƭƭΦ  ¢Ƙƛǎ ǎǘǳŘȅ ŀƭƭƻǿǎ ǘƻ ǉǳŀƴǝŦȅ ŦǊŜǉǳŜƴŎȅ ŀƴŘ ƛƴǘŜƴǎƛǘȅ ƻŦ ŦǳǘǳǊŜ ǊŀƛƴŦŀƭƭ ŜȄǘǊŜƳŜǎ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ 
ƘƛǎǘƻǊƛŎŀƭ ƻōǎŜǊǾŀǝƻƴǎΣ ǇǊƻǾƛŘƛƴƎ ŎǊǳŎƛŀƭ ƛƴŦƻǊƳŀǝƻƴ ŦƻǊ ŦǳǘǳǊŜ ǳǊōŀƴ ǇƭŀƴƴƛƴƎ ŀƴŘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ 
ŀŘŀǇǘŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎΦ ¢ƘŜ ŦǳǘǳǊŜ ǊŀƛƴŦŀƭƭ ǾŀƭǳŜǎ ŀǊŜ ǾŀƭǳŀōƭŜ ƛƴǇǳǘǎ ŦƻǊ ƘȅŘǊƻƭƻƎƛŎŀƭ ŀƴŘ ƘȅŘǊŀǳƭƛŎ ƳƻŘŜƭǎ 
ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ŘƛǎŎƘŀǊƎŜ ŀƴŘ ƅƻƻŘ ƭŜǾŜƭǎ ƛƴ ŦǳǘǳǊŜ ǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘΣ ǘƘŜǊŜōȅ ƘŜƭǇƛƴƎ ƛƴ Ǌƛǎƪ 
ƛƴŦƻǊƳŜŘ ǇƭŀƴƴƛƴƎ ƻŦ ŦǳǘǳǊŜ ŎƛǝŜǎΦ ¢Ƙƛǎ ǎǘǳŘȅ ŀƭƛƎƴǎ ǿƛǘƘ {5DІмоΣ ǘŀǊƎŜǘІмоΦмΥ ǎǘǊŜƴƎǘƘŜƴ ǊŜǎƛƭƛŜƴŎŜ ŀƴŘ 
ŀŘŀǇǝǾŜ ŎŀǇŀŎƛǘȅ ǘƻ ŎƭƛƳŀǘŜπǊŜƭŀǘŜŘ ƘŀȊŀǊŘǎ ŀƴŘ ƴŀǘǳǊŀƭ ŘƛǎŀǎǘŜǊǎ ƛƴ ŀƭƭ ŎƻǳƴǘǊƛŜǎΦ 
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Abstract  
This article discusses the the conflict between installing solar panels and protecting wetlands faced in 
Taiwan's energy transition. It highlights the importance of ecological conservation and ethical 
considerations in the decision-making process by exploring the government's renewable energy policy, 
the need to reduce carbon dioxide emissions and the challenges posed by the "demand gap" in renewable 
energy production. This article uses the DPSIR framework, stakeholder analysis and different perspectives 
of environmental ethics to discuss the case of Chiayi Budai. The results emphasize the importance of 
wetland preservation for maintaining the integrity and beauty of the land. It also argues that installing 
solar panels on wetlands is not an appropriate solution without considering the ecological impact. 
Furthermore, it highlights the need for stakeholder analysis and public participation in decision-making 
processes related to energy development and land use. Various stakeholders, including environmental 
advocacy groups and energy associations, provide insights on balancing renewable energy development 
and ecological protection. The conclusion discusses the concept of "no net loss" in wetland conservation 
and the importance of changing people's values to achieve sustainable development.  

Keywords: Renewable Energy Transition, Wetland Conservation, Ecological Impact Assessment, Stakeholder 
Engagement, No Net Loss  

Introduction  

Background  

The Taiwanese government has indeed made significant efforts to transition to renewable energy in 
response to global warming and the need for climate change mitigation. Initiatives such as the 
"Nonnuclear homeland policy" have been introduced to replace nuclear energy with renewables 
(Executive Yuan Press Office, 2016). The government has set a target for a 20% renewable energy 
penetration by 2025 (Tang & Yang, 2019). However, challenges such as the inefficiency of renewable 
energy production leading to a "demand gap" have emerged, necessitating a careful balance between 
energy transitions and ensuring adequate power supply (Chen et al., 2014). Despite these efforts, Taiwan 
has faced power-cut crises during the transition, underscoring the complexities of executing energy 
transition strategies effectively (Chen et al., 2014). 

Dilemma  

For fulfilling the demand gap of energy, some solar panels installation sites are on or adjacent to the 
governmental wetlands for generating power. And the case study sites in Chiayi are located at deserted 
salt land area closing to Budai Wetland. However, these developing sites are included in IBA (Important 
Bird Area) for reducing human intervention. On the one hand, solar energy is a kind of renewable energy 
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which could help Taiwan's energy transition path change from fossil fuels and nuclear power to a 
sustainable way. On the other hand, the wetland has its essential function in the ecology and 
environmental systems, such as provide migratory birds habitats, regulate microclimate, purify water, act 
as a detention pond or carbon sinks (Santangeli et al., 2015). Socially and ethically, decentralized solar 
power generation can benefit local industries by reducing blackout risks and carbon emissions, albeit at 
the cost of rising land prices (Santangeli et al., 2015). Consequently, the decision between expanding solar 
panel infrastructure and protecting wetland ecosystems represents a complex dilemma, requiring 
thorough evaluation of both ecological and socioeconomic factors.  

Literature Review  

When discussing controversies related to humans and the environment, perspectives from environmental 
ethics become crucial. This section will review the three major traditional perspectives of environmental 
ethics (Attfield, 2012), followed by an exploration of the DPSIR framework.  

Perspectives of Environmental Ethics  

Environmental ethics encompasses various perspectives such as land ethics, deep ecology, and ecofeminism. 
These viewpoints challenge traditional anthropocentric ethical frameworks and emphasize the 
interconnectedness between humans and the environment. By considering the ethical implications of human 
actions on nature and promoting a more inclusive and caring relationship with the environment, these 
perspectives contribute significantly to the ongoing dialogue on environmental ethics and sustainability.  

Land ethics  

Aldo Leopold's Land Ethic, a significant perspective in environmental ethics and conservation biology, 
asserts that the interdependence among humans, other species, and abiotic entities is central to our 
ethical obligations (Millstein, 2018). In 'The Land Ethic,' Leopold emphasizes a moral duty to protect the 
natural world (Cooke et al., 2021). While praised for viewing the environment as an interconnected whole 
with inherent values, some critique Leopold's conceptualization of ecological systems as organic entities 
(Sadhukhan, 2022).  

Leopold's essay in "A Sand County Almanac" (1949) presents a systematic eco-centric ethical framework 
(Eba, 2020). He states, "A thing is right when it tends to preserve the integrity, stability, and beauty of the 
biotic community. It is wrong when it tends otherwise." This principle underscores the importance of 
maintaining ecological overall value and balance (ecological holism). Consequently, wetland protection 
aligns with this ethic by preserving the land's integrity, stability, and beauty, viewing humans as land 
ŎƛǘƛȊŜƴǎ ǊŀǘƘŜǊ ǘƘŀƴ ŎƻƴǉǳŜǊƻǊǎΦ ¢ƘǳǎΣ ƭŀƴŘ ŜǘƘƛŎǎ ǇǊƛƻǊƛǘƛȊŜ ǘƘŜ άŜŎƻǎȅǎǘŜƳ ŀǎ ŀ ǿƘƻƭŜέΣ ŀŘǾƻŎŀǘƛƴƎ ŦƻǊ 
the preservation of its completeness, stability, and beauty.  

Deep ecology  

Deep ecology identifies the root cause of the environmental crisis as the mainstream industrial 
philosophy, which emphasizes individualism and separation from nature. This philosophy views humans 
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as independent from natural determinism due to their mind, free will, and soul. In contrast, deep ecology's 
"Physical Holistic Theory" posits that humans are integral parts of nature and cannot exist independently 
of it. Arne Naess argues that this separation is flawed and advocates for a humble approach to the 
environment, warning that human interference leads to unpredictable, long-term ecological changes that 
are often irreversible. He criticizes conservation biology for its limited understanding and lack of holistic, 
long-term thinking.  

Deep ecology emphasizes the intrinsic value of all living beings and the importance of ecological and 
cultural diversity (Akamani, 2020). It highlights the interconnectedness between individuals and their 
surroundings, advocating for a reciprocal relationship (McMahan, 2009). This perspective integrates 
ethical and political dimensions (Luke, 2002) and suggests a sustainable development framework that 
prioritizes both social and ecological well-being through adaptive governance (Akamani, 2019).  

Naess's deep ecology teaches that "quick-fix" technological solutions to environmental problems are 
inadequate, as they ignore the deeper epistemological and philosophical roots of these issues. This 
perspective is crucial for Taiwan's energy transition towards a low-carbon industry through sustainable 
energy investments. However, installing solar panels on wetlands is problematic due to its significant 
ecological impact and potential harm to endangered species. If installations are necessary, efforts should 
focus on minimizing environmental impact by promoting energy-saving policies and improving energy 
efficiency.  

Ecofeminism  

Ecofeminism intertwines feminist and environmental concerns, highlighting the interconnectedness 
ōŜǘǿŜŜƴ ǘƘŜ ƻǇǇǊŜǎǎƛƻƴ ƻŦ ǿƻƳŜƴ ŀƴŘ ǘƘŜ ŜȄǇƭƻƛǘŀǘƛƻƴ ƻŦ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ό.ǊƻƻƪŜǎ ϧ /ƘŀƱǳǇƴƛƪΣ нлннύΦ 
This perspective calls for a holistic understanding of environmental issues, emphasizing the 
interdependence of all living beings (Tiwari, 2023). Ecofeminism critiques the parallels between women's 
subjugation and nature's exploitation, advocating for a more inclusive and caring relationship with both 
(Brookes & /ƘŀƱǳǇƴƛƪΣ нлннύΦ {ŎƘƻƭŀǊǎ ŀǇǇƭȅ ŜŎƻŦŜƳƛƴƛǎǘ ǇǊƛƴŎƛǇƭŜǎ ŀŎǊƻǎǎ ŘƛǎŎƛǇƭƛƴŜǎ ǘƻ ŀŘŘǊŜǎǎ 
environmental challenges and promote sustainability through gendered and environmental justice lenses 
(Stephenson, 2023; Kennedy & Dzialo, 2015).  

Central to ecofeminism is the belief that environmental issues should be approached with "care" and 
"relationship" rather than abstract and rational ethics. This perspective values concrete, emotional actions 
and emphasizes caring for both wild places and human societies. Ecofeminists argue that addressing unfair 
and unreasonable phenomena fosters virtue in individuals.  

Therefore, installing solar panels on wetlands represents the domination and exploitation of nature. Such 
actions should not proceed without considering relational impacts and conducting thorough 
environmental impact assessments.  

DPSIR Framework  

The DPSIR framework, developed in the late 1990s, serves as a tool for reporting and analyzing 
environmental problems on scales ranging from global systems to localized watersheds. Since its 
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inception, international organizations have adopted DPSIR to evaluate sustainable development 
initiatives, aiming to better understand and overcome barriers to sustainability. (Carr et al., 2007)  

The DPSIR framework has transitioned from primarily being expert-driven to now serving as a heuristic 
device for stakeholder engagement and understanding (Atkins et al., 2011). Widely used for 
environmental assessment, it is a valuable tool for analyzing complex social-economic-environmental 
issues (Abalansa et al., 2020). The framework aids in structuring information for decision-making and has 
been applied in various contexts such as ecosystem services assessment (Rounsevell et al., 2010), water 
governance (Vannevel, 2018), and vulnerability assessments (Anandhi et al., 2020). By integrating various 
disciplines, the DPSIR framework provides a comprehensive review and alternative decisions for 
environmental challenges (Graham, 2023). It is a valuable tool for analyzing cause-effect relationships and 
linking scientific findings with real-world issues (Swangjang & Kornpiphat, 2021).  

Methodology  

In this study, multiple research methodologies were employed, including documentary analysis, the DPSIR 
framework, stakeholder analysis, and environmental analysis of site selection. Initially, the author 
summarizes different environmental ethics to identify how various perspectives address the chosen 
dilemma. The study then applies the DPSIR framework to highlight essential elements in the case study 
sites. Stakeholder opinions are gathered for analysis, and cost-benefit analysis and technology assessment 
results help confirm or refute arguments within the dilemma. Finally, the study proposes five 
recommendations based on environmental regulations and principles, discussing different strategies for 
governments or decision-makers and comparing the advantages and disadvantages of each solution.  

¶ Documentary Analysis: This involves reviewing and analyzing existing literature, reports, and 
documents to understand the historical context, current policies, and perspectives on the conflict 
between renewable energy development and ecological conservation.  

¶ DPSIR Framework: Used as a decision-support tool, the DPSIR (Driving forces, Pressures, State, 
Impacts, and Responses) framework structures the analysis of environmental problems. It helps 
identify key elements and their interrelationships, providing a systematic approach to assess driving 
forces, pressures, and the current state of ecosystems, impacts, and possible responses to mitigate 
negative outcomes.  

¶ Stakeholder Analysis: This method gathers and analyzes the opinions and concerns of various 
stakeholders, including government agencies, academia, civil associations, and local communities. It 
is crucial for understanding different perspectives, identifying potential conflicts, and finding balanced 
solutions that consider both renewable energy development and ecological protection.  

¶ Environmental Analysis of Site Selection: This analysis evaluates the environmental suitability of 
potential sites for solar panel installation. It assesses ecological characteristics, such as the importance 
of bird habitats, and the potential impacts of solar panel installation on these ecosystems. The analysis 
includes cost-benefit analysis, which helps decision-makers weigh economic implications and 
provides a structured framework for evaluating trade-offs between different options. This ensures 
resources are allocated efficiently and decisions are based on a thorough assessment of costs and 
benefits, aiming to minimize ecological disruption. 
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By integrating these methodologies, the study provides a comprehensive evaluation of the dilemma 
between solar energy development and wetland conservation, offering insights and recommendations 
for sustainable decision-making.  

Results  

DPSIR Framework  

 
Figure 1. Overview of DPSIR Framework 

Driving ŦƻǊŎŜǎ ό5ύΦ 5ǊƛǾƛƴƎ ŦƻǊŎŜǎ ŀǊŜ άƴŜŜŘǎΦέ ¢ƘǊŜŜ Ƴŀƛƴ ǘȅǇŜǎ ŀǊŜ:   

¶ Individual or primary needs: electricity for essential daily use, like lightening, air conditioning.  

¶ Secondary needs:  a) Energy for higher living conditions (i.e., unessential appliances) b) Security of 
power supply: secure energy supply after the decommissioning of the nuclear power plants in 2025  

¶ Macroeconomic needs: industry production, jobs, installation space. a) Infrastructure and investment 
in the remote area (that the local government strongly emphasized) b) New industry that supported 
by the policies that are possibly rejuvenating the elderly communities in remote areas  

Pressures (P). Pressures are defined as results of meeting a need.   

¶ World carbon dioxide balance: Wetland can be a carbon sink but solar energy also a sustainable way 
to generate electricity  

¶ Climate change / global warming: Pursuing sustainable development with stable, affordable, relatively 
clean energy for both individuals and businesses that tend to reduce GHG emission under the Taiwan 
Energy Transition  

¶ Landscape changes: Keep the wild land wild for the existing ecosystem, or rent it out for solar energy 
installation, there might be some inappropriate vegetation transplanting to fulfill the "landscape plan" 
but would crush the native species  

¶ Air pollution: Wetlands' purify function loss and change of energy generating proportion  

¶ Water pollution: Cleaning water discharged into the nearby waterways might cause some unexpected 
impacts  
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State (S). State is a snapshot (the present situation). Quality of various environmental compartments and 
ecosystems local and globally (air, water, soil), including human health and wellbeing.  

¶ Microclimate changes: Temperature increases rapidly and more sensitive.  

¶ Sensitive species endangered: The population of Black-faced Spoonbills (= Platalea minor, ) 
are being threatened, and the distribution of phytoplankton, zooplankton, benthic organism, mollusk, 
fishes and birds would change  

¶ Change of land use type: The area of the wetland is altered to the solar photovoltaic installation, 
starting desertification, the water flow being redirected, the vegetation will be changed, and the 
albedo might differ (raw land vs. solar panels + plants)  

LƳǇŀŎǘǎ όLύΦ LƳǇŀŎǘ ƳŜŀƴǎ άŎƘŀƴƎŜǎέ ƛƴ ǘƘŜ ǎǘŀǘŜ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ƳŜŜǘƛƴƎ ŀ ƴŜŜŘΦ  

a) On Environment/ Ecosystem:  

¶ Carbon emissions changes o Large scale desertification o Decrease of ecosystem service  

¶ Capability against floods of resilience decrease  
b) On Animals:  

¶ Loss of unique species, like Black-faced Spoonbills and Kentish Plovers ( ) o Original 
species were deported from their land: The possible turbulence may cause it to the nearby 
wetland ecosystem which will diminish the habitat of the preserved  

c) On Human and Society:  

¶ Land price increase and infrastructure expanded  

¶ The balance between human activities (i.e., farming and fishery) and wild lives will be broken; 
thus, some disease might be triggered and spread. Possibly bringing negative impact on human 
health in the long-term  

¶ The tourism of sightseeing will decrease but might bring some job opportunities to the local 
communities  

¶ A case for further discussion that the local communities, NGOs, the local or central government 
may reassess and discuss the appropriateness of renewable energy installation 

Responses (R). Defined as actions that policy-makers, society and others can take to address an undesired 
impact.  

a. For Driving force  
Reduce energy usage demand:   
- Promote energy-saving policies and improve energy efficiency in the country  
Revaluation:   
- The national energy demand and supply  
- Alternative energy supply (i.e., wind power)  
- Energy proportion, industry transfer from heavy-load manufacturing to carbonfree  
- Energy transition strategy: How to be green? Why in such an emergency process?  

b. For Pressure 
 Prevent  
- Conflict of land use: Through national and regional planning, including different departments 

advised sort of Policy EIA  



  

185 
 

- The regulation amendment and regulation enforcement, details will explain in the following 
discussion.  

- Prevent pollutions by developing a detailed regulatory plan and assessment process. o Improve  
- The decision-making process of sites selection and public participation.  
- Consideration of other alternatives and Taiwan's NDC should include careful due diligence.  

c. For States 
Restore the habitat of sensitive/endangered species.  
- Environmental Impact Assessment: the background research of the existing environment 
- Adopt environment/ecological-friendly engineering or best available control technology (BACT)  

d. For Impacts 

Recycling mechanism  

Communication and education  
a. Data collection and reporting to the authorities / open for public supervision o Notification system 

for the emergent events, like disaster scenario simulation  

Stakeholder Analysis  

Development of renewable energy plays a vital role in the energy transition. However, the establishment 
of renewable energy such as wind turbines and photovoltaics is often accompanied by doubts about 
ecological conservation, the impact of residents' living rights, and livelihoods. Is the dilemma between 
photovoltaics and wetland protection a sum-zero game? Stakeholder analysis can help the study to clarify 
the answer from different perspectives. This paragraph contains extensive citations from publicly available 
reports by the Environmental Information Center, Civil Media, Up Media, and other named sources. 
Therefore, no anonymization of the sources is necessary.  

From government  

Wei-Yi Wu, head of the Energy Technology Group in the Bureau of Energy, pointed out that both Japan 
and Germany have experience in salt fields photovoltaics, and through eco-design, they have the 
opportunity to improve the habitat of animals and plants and even create new habitats. For example, 
birds inhabit the floating solar photovoltaics on the stagnation ponds in Pingtung, southern Taiwan.  

Chi-Chung Chen, the chairman of the Agriculture Committee, said that if there is no scientific basis for the 
solar panels on the wetlands, the relevant plans should be suspended. If there is no relevant fundamental 
research, the risks will be too high. Besides, the Bureau of Energy, Construction and Planning Agency, and 
Forestry Bureau should conduct cross-departmental discussions with civil society organizations and try to 
understand different case studies to find ways to create a win-win situation. He also explains that the 
heavy metal pollution and the identification of agricultural land that cannot be used for cultivation where 
can alter to be used in setting up photovoltaic panels.  

From academia  

Ben-Jei Tsuang, a professor of the Department of Environmental Engineering at National Chung Hsing 
University, suggested that large-area solar panels should still be given priority in sites that are 
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contaminated with heavy metals and are not suitable for agricultural farming. At present, the 
configuration of installation sites seems to be too concentrated on the southwest coast. Before the 
feeders become more stabilize, the development of renewable energy such as solar energy should be 
evenly distributed in different regions to avoid excessive concentration and reduce the pressure on power 
dispatching.  

άIf Taiwanese people consider it, they have more energy options. Hui-Chen Lin questioned why Taiwan, 
with its excellent geothermal resources, hasn't utilized them. Despite relying on imports, Taiwan's 
electricity prices are the second lowest globally. Energy conservation efforts have been ongoing for years, 
but results are lacking. There's significant room for improvement, and many aspects of the energy policy 
ǊŜƳŀƛƴ ǳƴŎƭŜŀǊΦέ 

Hui-Chen Lin, a professor of the Department of Life Science at Tunghai University, who is the host of the 
photovoltaic eco-foundation survey program at the Chiayi Budai, questioned why it is necessary to install 
the PV panels in a place with abundant bird habitats. "Even in the wasteland, there is value as a 
wasteland," she said. Speaking of energy options, she bluntly said that Taiwan is in the earthquake zone, 
and there is nowhere to go for nuclear waste. As a result, there is no condition to develop nuclear energy. 
She contends that there is room for improvement in both coal and natural gas, but these energy sources 
are limited. Solar energy is a relatively easy way to go, Taiwan has the technology, and these technologies 
are still moving forward.  

From civil association  

Xuan-Fu Guo, Chairman of the Solar Power System Association, said that in addition to taking into account 
the bird protection and wetland ecology, salt fields could not shield against typhoons owing to the salt is 
easy to wear. The commercial guild position suggests that the use of fallow farmland should be used to 
develop photovoltaic panels.  

The Chinese Bird Association advocates that the planning and decision-making process should be 
transparent and use scientific methods to monitor, avoid ecologically sensitive sites to balance between 
green energy development and ecological protection. For habitats that do not have sufficient scientific 
research, conservative attitudes should be adopted, and third parties should be appointed for detailed 
monitoring before evaluation rather than develop in a rush way. The representer of Chinese Bird 
Association said: "Green energy development is an important policy to slow global warming and climate 
change. We fully support it, but we should not blindly sacrifice the ecological environment shared by the 
people of Taiwan."  

Han-Lin Li, director of the Citizen of the Earth (CET), a not-for-profit environmental justice advocacy 
organization in Taiwan, pointed out that installation PV systems on wetlands are considered solutions in 
some way. Taking PV systems on fishing farms as an example, fishers use fishing farms to make a living 
and create an environment with water and food. PV systems on fishing farms not only more attractive to 
birds but also useful for renewable energy development. The point is not to use the environmental 
resources excessively so that the damage would be irreversible. Speaking of the example Chiayi Budai, he 
believes that information disclosure and public participation opportunities are still insufficient. Although 
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the government communicated with the Chinese Bird Association and local people during the preliminary 
planning, many of them were not official channels, and many opinions and information were not open 
enough. He suggested that the government should not be anxious, first construct a system of social 
participation step by step. Otherwise, several negative cases will lose the support of the society.  

Environmental Analysis of Site Selection  

In this part, this study tries to answer the question: How the installation sites in Budai being chosen?  

 
Figure 2. Priority PV Installation Demonstration Zone 

This area of Chiayi Budai has initially been a waste salt field. Due to the decline of the salt industry, there 
was less human interference, and it became a migratory bird habitat. Firstly, from the 4,314 hectares of 
state-owned salt fields, the Bureau of Energy first excluded state-level important wetlands, ecologically 
sensitive areas, and wild bird hotspots. After communicated with the National Commission on Agriculture 
(COA), bird conservation associations, and local people, the Bureau of Energy decided to set a 374 hectare 
"Photovoltaic Demonstration Zone" in Budai, Chiayi. However, there is considerable debate about the 
selected 374-hectare area, which is actually within the scope of the "Important Wild Birds Area (IBA)" 
recognized by the BirdLife International. Chinese Wild Bird Federation (CWBF) claim that the selected 374-
hectare area should be planned to be included in the essential national wetlands and protected by the 
country. Secondly, Associate Professor Yih-Tsong Ueng, who affiliated with Kun Shan University, pointed 
out that the state of birds in salt fields might be more abundant than the critical wetlands in the country 
because the waterfowl runs along with the water level. Changes in water levels can also affect waterfowl 
habitats. Different water levels also have hot spots of different species. It is not easy to rule out the so-
called "bird habitat hotspots" in the selected area. As a result, Endemic Species Research Institutes 
ŎƻƴŘǳŎǘŜŘ ŀ ǎŜǊƛŜǎ ƻŦ ǊŜǎŜŀǊŎƘ ƻƴ ōƛǊŘǎΩ Ƙŀōƛǘŀǘ ǿƛǘƘƛƴ ǘƘŜ ǿŜǘƭŀƴŘ ŜŎƻƭƻƎȅ ό¢9L!Σ нлмфύΦ  
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Figure 3. Layout Map of Planning Zones 

Finally, considered the direction of the water flow, the Bureau of Energy selected 80 hectares of zone eight 

and 22 hectares of zone nine as demonstration areas. In 2017, the bid was conducted by Vena Energy (

ᾛ) and Sinogreenergy ( ᾛ). The final bids of two Energy Company agreed to vacate 30% of the land 

in the tender area as an ecological protection zone and continue ecological monitoring from the pre-

operational period to the 20-year operation period. Sinogreenergy has included all 243 hectares of land in 

zone nine into the environmental survey, which is 11 times the tender bid. In the bid evaluation process, the 

manufacturer also agreed on the specific actions with the environmentalfriendly and ecological way such as 

no cement pavement; do not fill the soil to keep the original flood detention function; sites fences are placed 

deep into the ground to prevent wild dogs from eating eggs or young birds.  

 
Discussion and Recommendation  

Can photoelectric and wetlands coexist?  

Sinogreenergy confidently believes that can find the answer through environmental-friendly construction 
and community cooperation. Sinogreenergy found a team, who does not agree with wetland photoelectric 
but hopes to use the research to find the truth, to conduct a research will last for 21 years and will be 
Taiwan's first systematic and comprehensive record of salt fields photoelectric, witnessing the 
environmental changes of salt fields photoelectric in Taiwan.  
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Sinogreenergy bid the 22-hectare area on the south side of the salt field in zone nine. In addition to 
committing to ecological surveys before, during the construction phase and at least 21 years of operation, 
Sinogreenergy has more than 243 hectares of ecological surveys in all zone nine, which is 11 times larger 
than the case. Although the 22 hectares are not within the scope of critical national wetlands, they are 
located in the "Important Wild Birds Habitat (IBA)" designated by the BirdLife International. After the news 
of wetland photoelectric was exposed, there caused a lot of opposing arguments. In this regard, when the 
development area was not finalized in 2017, Chairman of Sinogreenergy went to the local forum 
presenting the idea of wetlands, photoelectric, and coexistence with local communities.  

He said that solar panels have monitoring equipment that can protect the place and reduce the situation 
of dumping waste; or combine environmental monitoring such as video, soil and water quality to make 
bird ecological observations, breaking through the limitations of human resources shortage in the past. 
The statement of Sinogreenergy at that time became a commitment to the locals. He also elaborates on 
the case of Guangcai Wetland in Pingtung by pointing out that the local photovoltaic panels have been 
covered for seven years. In that case, the fish ecology maintained well, and the redcrowned bird, small 
egrets, and other birds are still inhabited. So, he thinks that photoelectric and wetlands can coexist.  

Besides, he believes that different methods can improve the environmental impact. He has proposed to 
replace piling with watering to reduce noise. However, this involves the review that has been passed and 
cannot be decided by the manufacturer.  

Hui-Chen Lin, a professor of the Department of Life Science at Tunghai University, who is the host of the 
photovoltaic eco-foundation survey program, found that although there were wetland photoelectric cases 
in the world, there were very few research reports, and the officially published academic literature was 
lacking. Whether it is determined that birds are afraid of photoelectric or how the ecology system changes 
within solar panels, there is a lack of long-term and quantitative research. How long does it take to respond 
to ecological functions? There are no answers to many questions now. After a few thoughts, Hui-Chen Lin 
took over this task and has accumulated more than one year of background information. Environmental 
survey projects include ecology, hydrology, soil, and water quality. The ecological part includes birds, fish, 
crabs, snails, zooplankton, and vascular plants.  

Revaluation the Energy Demand  

For reducing the driving force, the first thing is to evaluate the energy demand and supply at the national 
level. Secondly, focus on reducing energy usage demand by promoting energy-saving policies and improve 
energy efficiency in the country. Like professor Hui-Chen Lin questioned: "Taiwan's energy depends on 
imports, why is the electricity price the second lowest in the world?" The main reason is there is no 
politicians have guts to raise the electricity price to a reasonable number in Taiwan, which must kill their 
career and lost the votes. The advantages are Taiwan can rethink the path of how different energy 
proportion could let the industry transfer from heavy-load manufacturing to carbon-free. Are there any 
better alternative options for different scenarios? Besides that, the disadvantage will be that Taiwan 
cannot put into practice the NDC on time.  

Improve the Public Participation  
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Speaking of the Environmental Impact Assessment process in Taiwan, some local government would only 
consider the experts' opinions. However, there are other stakeholders need to engage in the discussion 
like the landlord, bird associations, factory owner and so on. When the conflict of land use comes up, 
through the national and regional planning, including different departments advised sort of Policy EIA, the 
public participation becomes more important. In Budai's case, the author gathered different perspectives 
from different stakeholders, which can help to revise the regulation amendment and regulation 
enforcement. More than that it also helps to prevent pollutions by developing a detailed regulatory plan 
and assessment process.  

Alternative: Rooftop PV Systems  

Taiwan government pushes solar energy, which is expected to reach 20 GW in 2025. However, solar 
energy development requires a large amount of land, and wetland photovoltaics is controversial. The 
government has turned to the less controversial sites, like salt fields and the subsidence area to set up a 
solar energy zone. Some scholars suggested that there are many buildings in Taiwan, and it should be 
developed towards rooftop solar energy instead of occupying precious land resources.  

Chong-Xian Chen, a select committee in the Bureau of Energy, agrees that rooftop solar energy does have 
more benefits, but because of the excessive number of illegal add-on rooftops, the available roof is greatly 
restricted. The Construction Department is studying the relaxation of the regulations to take into account 
the safety of the buildings and the probability of rooftop PV systems.  

Ecological Compensation  

The operation surface of ecological compensation is to evaluate the efficiency of the project. Salt fields 
are all responsible for solar photovoltaic, and there must be some gains and losses. Also, wetland 
conservation will have pros and cons. How much power is generated, how much economic benefits people 
have, how much damage to birds, landscapes, water environment, and what are the alternative 
measures? In which the public can get a compromise, citizens can know how much to develop and how 
much to protect. After assessing the ecology compensation plan, the economy can develop without 
derogation.  

According to the "Wetland Conservation Law (WCL)" and the "Implementation Measures for Impact 
Mitigation and Ecological Compensation (IMIMEC)", the development and utilization of critical wetlands 
and their surrounding areas are listed. The measures for pre-development ecological compensation may 
include the following:  

Å Biomass compensation: The development unit can develop, but the competent authority should set 
the bio-compensation ratio and the re-education standard. The development unit must manage the 
habitat environment, keep the biomass unchanged, or even reach a higher quantity before it can be 
developed.  

Å Compensation in different places: If the pre-development land assessment fails to maintain biomass, 
it can be compensated in different places, considering habitat connectivity, ecological benefits, water 
resources relevance, and selecting location for re-education.  
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Å When national-level important wetlands are affected by development and ecological compensation 
is provided in or adjacent to the development and utilization behavior areas, the area ratio must be 
compensated by 1:2 or 1:3. The rehabilitation base is public land, and the compensation ratio is 
double.  

Å It can be used to improve the wetland diversity and water quality, engage in scientific research, 
environmental education, management, and maintenance of wetlands, and have detailed wetland 
impact fees and compensation calculation formulas.  

Aim for no Net Loss of Wetlands  

άbƻ ƴŜǘ ƭƻǎǎέ ƛǎ ŀ ƎƻǾŜǊƴƳŜƴǘ ǇƻƭƛŎȅ ǘƻ ŀŎƘƛŜǾŜ ƴƻ ƴŜǘ ƭƻǎǎ ƻŦ ǿŜǘƭŀƴŘ ŀǊŜŀ ŀƴŘκƻǊ ŜŎƻƭƻƎƛŎŀƭ ŎƘŀǊŀŎǘŜǊ ŀǘ 
a given geographical scale (often national). Wetland impacts may be permitted, but compensation 
(through restoration or creation) is needed to counterbalance these, not necessarily site-by-site but for 
ǘƘŜ ǘƻǘŀƭ ǿŜǘƭŀƴŘ ǊŜǎƻǳǊŎŜΦ ! άƴƻ ƴŜǘ ƭƻǎǎέ ǇƻƭƛŎȅ Ƴŀȅ ōŜ ƭƛƳƛǘŜŘ ǘƻ ŀ ǇŀǊǘƛŎǳƭŀǊ ǇǊƻƎǊŀƳΣ ǎǳōǎŜǘ ƻŦ 
wetlands or jurisdiction. It may be one way of implementing wise use. However, as yet there are no studies 
on whether Contracting Parties with such policies have achieved this with respect to wetland functions 
ǊŀǘƘŜǊ ǘƘŀƴ ǎƛƳǇƭȅ ǿŜǘƭŀƴŘ ŀǊŜŀΦ CǳǊǘƘŜǊ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƛǎ ǊŜǉǳƛǊŜŘΦ ! άƴƻ ƴŜǘ ƭƻǎǎέ ǇƻƭƛŎȅ 
should not be implemented in a way that undermines the primary imperative to avoid impacts to natural 
wetlands (Horwitz et al., нлмнύΦ Lƴ ŎƻƴǎŜǉǳŜƴŎŜΣ ǘƘŜ wŀƳǎŀǊ /ƻƴǾŜƴǘƛƻƴ ŜƴŎƻǳǊŀƎŜǎ ŀ ǎǘǊƻƴƎŜǊ άƴƻ ƭƻǎǎέ 
approach. The no net loss concept has been adopted in biodiversity offsets in more than 80 countries, 
although often only vaguely defined (Maron et al., 2018).  

Conclusion  

In recent years, human beings have realized that damage to the environment will endanger human 
survival and are committed to maintaining the stability and balance of the ecosystem on the planet to 
seek "sustainable development" of mankind. But to completely solve environmental problems, we must 
first change people's "values" or "views." From the different perspectives (anthropocentrism, life center 
ethics, and ecological center ethics) on "sustainable development", we can find that although different 
environmental ethics have different "ethical meaning and characteristics" also derive different "reasons 
for supporting sustainable development", but we can all get the theoretical basis of "human beings live in 
harmony with nature." These are rational world views that can make human beings live forever on earth. 
They can also prevent other lives from being extinct, and maintain the stability, integrity, and beauty of 
the green circle, and achieve the goal of sustainable development for all.  
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Abstract  

In Nepal, 60% of agricultural land lacks year-round irrigation, posing significant challenges to food security 
and farmer livelihoods. Renewable energy is pivotal in addressing these irrigation needs, particularly given 
Nepal's potential for a 100% renewable energy grid. The PURE (Productive Use of Renewable Energy) 
platform offers a transformative solution, integrating satellite imagery, field data and advanced modelling 
to bridge data gaps. This web-based platform allows userguided inputs to select various dataset layers, 
facilitating comprehensive suitability analysis for irrigation. By assessing land cover, terrain, surface water 
availability, and more, PURE identifies suitable irrigable areas and estimates crop water requirements and 
power demands. The platform's assessment estimates a renewable energy demand potential of 800 to 
1300 MW for irrigation needs. Validated through expert consultations, PURE supports decision-making 
for government officials, researchers, and practitioners. Therefore, a web-based platform like PURE is 
important to enhance food security and farmer livelihoods by providing necessary information in lift 
irrigation for informed decision support.  

Introduction   

Nepali farmers face significant challenges due to shifting weather patterns and inadequate irrigation 
infrastructure, which severely impact agricultural productivity and livelihoods. Statistics reveal stark 
realities that 60% of the total agricultural land in Nepal lacks year-round irrigation access, and a staggering 
87% of hill agriculture land remains without irrigation facilities. Moreover, it is estimated that over 0.7 
million farm holdings do not have access to year-round irrigation [NSO, 2023]. These deficiencies hamper 
the ability to cultivate food effectively, threatening both food security and economic sustainability.  

Addressing these challenges demands concerted efforts to enhance irrigation infrastructure and adopt 
innovative, climate-resilient farming practices supported by renewable energy solutions. Despite the 
pressing need, the agriculture sector consumes less than 1% of the total national energy consumption. 
Furthermore, 85% of the energy used in the agriculture sector is derived from fossil fuels [WECS, 2023]. 
This imbalance highlights a significant gap and underscores the urgent need for interventions. Renewable 
energy for irrigation can serve as a potential climate mitigation and adaptation solution. Such 
interventions can improve agricultural productivity, enhance resilience, and secure the livelihoods of 
Nepalese farmers amid increasingly unpredictable climatic conditions.  

Nepal's diverse topography, river and tributary networks and agricultural landscape offer immense 
potential for using surface water for irrigation through renewable energy sources. The opportunity lies in 
harnessing this potential to develop sustainable solutions that can address the current irrigation 
challenges. The integration of renewable energy into the agriculture sector is crucial not only for bolstering 
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agricultural resilience but also for ensuring reliable access to irrigation, particularly in the hills and 
mountains where water is required to be lifted.  

To fill this gap and capitalise on the opportunity, the Productive Use of Renewable Energy (PURE1) platform 
by ICIMOD has been developed. This platform aims to address critical questions related to the potential 
of lift irrigation from surface water, including energy requirements, investment estimates, and projected 
benefits. It also provides information on whether the lift irrigation power source can be grid-based or off-
grid, depending on utility distribution proximity.   

The PURE Platform is an innovative digital platform specifically designed to revolutionise renewable 
energy demand planning for irrigation in Nepal, especially in the mountain regions. It harnesses the power 
of satellite imagery and advanced modelling to uncover market opportunities for renewable energy 
integration, particularly in irrigation, addressing critical information needs.  

  
Figure 1. PURE platform 

Figure 1 shows the user interface of the PURE platform. It enables user-guided inputs (left side of 
Figure 1), and selection of various dataset layers (right side of Figure 1) encompassing administrative 
boundaries, physiographic zones, transmission lines, river networks, canals, road access, and more. These 
layers are seamlessly integrated to visualise potential renewable energy demand for irrigation (centre of 
Figure 1) and cost estimations across national, provincial, district and municipality levels through clear 
graphics and tables (bottom of Figure 1). By offering insights into renewable energy demand planning for 
lift irrigation, it can facilitate informed decision support for governments, development partners, private 
sectors, practitioners, researchers, academics and relevant stakeholders.  


