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Carbon emissions from the daily actvites of urban pop-
ulatons are a primary contributor to climate change. The city of Surakarta, characterized
by high mobility and signifcant emissions, necessitates an approach that emphasizes in-
dividual partcipaton in eforts to reduce carbon footprints. This research aims to assess
the community’s willingness to reduce their carbon footprint based on fve key indicators:
housing, food, waste and water management, energy use, and transportaton. Additonal-
ly, an analysis is conducted to identfy the dominant factors infuencing the community’s
preferences for environmentally friendly behavior.

This study was conducted across fve sub-districts in Surakarta City: Mojoson-
go, Sumber, Jayengan, Serengan, and Sondakan, selected for their high levels of urban
actvity and environmental relevance. The analytcal method employed was Principal
Component Analysis, a multvariate statstcal technique used to reduce the dimensions
of data and identfy latent structures within a set of correlated variables. Principal Com-
ponent Analysis enabled the researchers to extract principal components that represent
key behavioral dimensions related to the willingness to decrease carbon footprint. The
analysis was performed using STATA-13 and Minitab sofware for statstcal computaton
and data visualizaton.

The research fndings indicate that the primary factors infuencing WDC are
community preferences regarding energy e¥ciency, waste management, and food con-
sumpton, which collectvely account for 49.7% of the variability. The preference for sus-
tainable living spaces and environmentally friendly transportaton emerges as the second
major factor, explaining 21.7% of the variability. The overall willingness of the community
to reduce its carbon footprint is categorized as moderate. Among the fve sub-districts,
Jayengan exhibits the highest WDC index at 1.30, followed by Sumber (1.19), Semanggi
(1.14), and both Sondakan and Mojosongo, which have the lowest indices of 1.10 each.

Research shows that residents in Surakarta City’s fve sub-districts have a
moderate desire to lower their carbon footprint. Although awareness and concern, par-
tcularly about housing and transportaton, are increasing, this has not yet translated into
strong actons across all behaviors.
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Climate change has emerged as one of the most
signifcant global challenges today, driven by the
rising concentratons of greenhouse gases in the
atmosphere, including carbon dioxide (CO,), methane
(CH4), and nitrous oxide (N20), which result from
human actvites. The Intergovernmental Panel on
Climate Change (IPCC) forecasts that the average global
temperature will rise by more than 1.5°C in the coming
decades (IPCC, 2022). The current increase in global
temperatures has rendered the environment more
susceptble to natural disaster risks, including fooding
due to rising sea levels, wildfres caused by prolonged
droughts, extreme weather events, and heatwaves, as
well as the threat of extncton for various plant and
animal species (Klingelhofer et al., 2020). This climate
change is expected to trigger widespread hunger,
climate crises, massive economic losses (Callahan
& Mankin, 2022), damage to human physical and
mental health, and mortality rates (Yang et al., 2021).
Although extensive research has explored the causes
and consequences of global warming, a limited
understanding remains of how urban communites,
especially in developing countries, can efectvely
partcipate in mitgatng climate change through
household-level behavioral changes. Addressing these
escalatng threats requires a comprehensive approach
that reconfgures energy, transportaton, and resource
fows to enhance resilience, partcularly in developing
countries (Rauf et al., 2023). However, existng studies
tend to focus predominantly on macro-level or
technological interventons, ofen overlooking micro-
level behavioral determinants that shape household
carbon emissions. This creates a knowledge gap
regarding the socio-economic and cultural factors
infuencing individuals’ willingness to engage in
sustainable practces. Therefore, this study seeks to
bridge this gap by examining behavioral dimensions
of carbon footprint reducton in urban Indonesia.
These growing risks underscore the urgent need for
tmely and coordinated responses at the urban level.
Strengthening urban governance is partcularly crucial
for enhancing climate resilience in rapidly urbanizing
contexts, such as Indonesia. In recent years,
cites have increasingly adopted localized climate
governance strategies that prioritze adaptability
and foster cross-sectoral collaboraton (Abdillah
et al., 2023). Within this context, the Sustainable
Development Goals (SDGs) provide a comprehensive
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framework for integratng climate adaptaton into
urban development, ofering opportunites to
align local initatves with broader sustainability
targets in a synergistc manner. Yet, while mitgaton
and adaptaton are both central to achieving the
SDGs, local actons to reduce emissions remain
underexplored. Understanding how urban households
perceive and act toward reducing carbon emissions
is therefore crucial for efectve urban sustainability
policies. Moreover, recognizing the synergies and
trade-ofs between mitgaton, adaptaton, and the
SDGs is essental. While mitgaton strategies ofen
generate co-benefts across multple goals, adaptaton
measures, partcularly those focused on urban
resilience, remain comparatvely underexplored,
despite their crucial role in achieving balanced
and inclusive progress toward the 2030 Agenda
(Kuipers, 2024). The industrial sector, transportaton,
and human actvites contribute to rising carbon
emissions. This situaton poses a threat to sustainable
development, partcularly for developing countries
that ofen face greater challenges in mitgatng
and adaptng to climate change (United Natons
Environment Programme, 2020). Indonesia is among
the countries that contribute signifcantly to global
CO2 emissions, primarily due to extensive use of fossil
fuels, industrial actvites, and transportaton. The
trend in carbon dioxide (CO2) emissions in Indonesia
has increased over the past decade. This rise may be
triggered by rapid economic growth accompanied by
a rising populaton.CO2 emissions in Indonesia exhibit
a fuctuatng patern, with notable spikes observed
over the last fve years. In 2013, Indonesia’s emissions
were recorded at 489.055 million tons, increasing
to 594.101 million tons by 2018. Afer peaking in
2019 at 653.792 million tons, carbon emissions
in Indonesia declined to 608.223 million tons in
2020 (Worldometers, 2025). This decrease may be
atributed to the impacts of the COVID-19 pandemic,
which led to restrictons on human actvites and
mobility. The COVID-19 pandemic, which began in late
2019, has had a widespread global impact on human
actvites, leading to a reducton in carbon emissions
worldwide (Shamsi et al., 2022). This unantcipated
reducton highlights the impact of behavioral change
on climate mitgaton eforts. Accordingly, the
applicaton of rigorous feasibility assessmentsis critcal
to evaluatng the socio-politcal and technological
preparedness of mitgaton strategies, thereby
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Fig. 1: Per capita CO, emissions and electricity consumpton in Indonesia (2013-2022)

facilitatng the integraton of behavior-oriented
approaches within broader climate policy frameworks
(Nielsen et al., 2020). Recent evidence suggests that
coal-based electricity generaton and motorized
transportaton contnue to be the primary sources
of carbon emissions in Indonesia. Additonally, urban
concentraton and ongoing industrial expansion have
been identfed as key drivers of emission increases,
partcularly in densely populated regions (Zhang,
2019). The rapid growth of the transport sector,
compounded by inadequate public infrastructure,
further intensifes these emission challenges (Samad
et al., 2022). Notably, during the COVID-19 pandemic,
global CO. emissions temporarily declined by up
to 17% due to widespread mobility restrictons
and reduced economic actvity, demonstratng the
signifcant impact that behavioral and systemic shifs
can have on emission trajectories (Le Quéré et al.,
2020). Within this context, there is an increasing
recogniton of the value of incorporatng behavioral
strategies into climate mitgaton eforts, partcularly
in low- and middle-income countries, where structural
limitatons ofen hinder the implementaton of large-
scale technological solutons (Nelms et al., 2022).
Individual actvites within households contribute
directly and indirectly to 72% of greenhouse gas (Liu &
Wang, 2024). On both individual and household levels,
the accumulaton of carbon emissions is referred to as
the carbon footprint. The household carbon footprint
is shaped by the lifestyle choices of each individual
within the household, which generate emissions from
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energy consumpton, transportaton, and dietary
paterns (Huang et al., 2024). In densely populated
areas, energy consumpton is estmated to account
for approximately 70% to 80% of CO, emissions (Lin
& Li, 2020).

Fig. 1 presents a comparatve trend of per capita CO,
emissions and electricity consumpton in Indonesia
between 2013 and 2022. Both variables exhibit a
generally increasing trend, with CO, emissions peaking
at 2.64 tons per capita in 2022 (Internatonal Energy
Agency, 2022). This increase occurred gradually,
although there were years, such as 2020-2021, when
the growth slowed before sharply rising again in 2022.
The rise was from 2.23 tons in 2021 to 2.64 tons in
2022. This increase is largely atributed to economic
actvites and energy consumpton following the
pandemic. The rise in per capita carbon emissions
correlates with the increase in per capita electricity
consumpton, which also experienced a notable
uptck during the same period, partcularly from 2017
to 2019. The increase in electricity consumpton has
the potental to elevate CO, emissions, as a signifcant
porton of Indonesia’s electricity is stll generated
from the combuston of fossil fuels, such as coal and
natural gas (Ministry of Energy and Mineral Resources,
2023).  Nevertheless, promotng sustainable
behavior in urban areas contnues to face signifcant
challenges (Rauf et al., 2023). It is emphasized that
advancing urban sustainability requires a strong
focus on resource efciency, inclusive governance,
and transformatve behavioral changes as essental



components for achieving long-term resilience and
meetng climate goals. In line with these global
challenges and priorites, the Indonesian government
is actvely engaged in eforts to reduce carbon
emissions as part of its climate change mitgaton
strategy. This is outlined in Law Number 16 of 2016
regarding the Ratfcaton of the Paris Agreement
to the United Natons Framework Conventon on
Climate Change. Through the Natonally Determined
Contributon (NDC), Indonesia has commited to
reducing Greenhouse Gas (GHG) emissions by
31.9% by 2030 through its eforts and by 43.2% with
internatonal support (Insttute for Essental Services
Reform, 2023). Achieving these targets requires
coordinated acton not only at the natonal level but
also within local governments. Assessing local carbon
reducton initatves within the framework of the
SDGs enables policymakers to monitor progress more
efciently. Research has shown that incorporatng
carbon neutrality indicators into local SDGs tracking
systems can strengthen policy alignment and improve
accountability at the municipal scale (Bilsky, E.,
Moreno, A. C., & Fernandez Tortosa, 2021; Ciambra
& Stamos, 2023). One of the measures implemented
by the Indonesian government to decrease carbon
emissions is the establishment of a carbon tax. The
carbon tax is a fee imposed on taxpayers, whether
individuals or enttes, who purchase goods containing
carbon or engage in actvites that produce carbon
emissions. The primary objectve of this tax is to
fulfl commitments under the Paris Agreement and
to accelerate the development and utlizaton of new
renewable energy sources. The tax rate is regulated in
Artcle 13, paragraphs 8 and 9 of the Tax Regulaton
Harmonizaton Law, with a minimum carbon tax rate
setat Rp 30 per kilogram of CO2e or an equivalent unit.
Reducing carbon emissions can begin with minimizing
the carbon footprint generated by individual actvites.
Although the changes made may be small, theirimpact
can be signifcant when implemented gradually. Daily
lifestyle choices play a crucial role in determining the
success of these eforts. Key factors include the type
of housing, energy consumpton paterns, dietary
habits, waste management, and transportaton
choices. Additonally, urban life transformaton,
household consumpton paterns, and social practces
are also key elements that support sustainable eforts
to reduce carbon footprints (Lombardi et al., 2017).
Specifcally, this study aims to identfy the factors that
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drive urban residents’ willingness to engage in pro-
environmental actons and to determine the most
infuental behavioral domains that can efectvely
reduce carbon emissions. These fndings are expected
to enhance understanding of the role of individual
and collectve behaviors in supportng sustainable
urban systems and to provide insights that can inform
policy strategies for behavior-based mitgaton. To
achieve these objectves, this paper employs an
empirical approach that combines socio-economic
analysis and behavioral assessment. The study was
conducted in Surakarta, a rapidly growing Indonesian
city characterized by high energy consumpton and
mobility levels. The analysis focuses on fve behavioral
domains: housing, food consumpton, waste and
water management, energy use, and transportaton,
to explore how daily lifestyles afect the overall
household carbon footprint. This methodological
approach enables a contextual understanding of the
interrelatonship between individual choices and
emission outcomes in developing urban areas.

Survey design and data collection

This study employed a quanttatve survey design
to systematcally capture behavioral, socio-demo-
graphic, and attudinal factors infuencing individuals’
willingness to decrease their carbon footprint (WDCF)
in Surakarta City. This research was conducted in fve
sub-districts of Surakarta City, namely Semanggi, Jay-
engan, Sondakan, Sumber, and Mojosongo. The pur-
posive selecton of these areas was guided by two key
consideratons. First, these fve sub-districts are sites
where passive sampler devices have been installed by
the Environmental Agency of Surakarta City, which are
utlized to monitor the concentraton of carbon emis-
sions, partcularly the pollutants SO, and NO.. Sec-
ond, these areas are situated along the transit routes
of the Batk Solo Trans public transportaton system
and exhibit a high level of mobility. These criteria en-
sure that the selected sites represent diverse urban
characteristcs, combining both environmental moni-
toring zones and high-actvity corridors. Thus, the fve
areas are considered representatve of the broader
urban structure across 54 sub-districts in Surakarta
City. A total of 204 respondents were surveyed across
the fve sub-districts. The sample size was determined
to achieve statstcal adequacy and refect the de-
mographic diversity of Surakarta’s urban populaton,



including variatons in age, income, educaton, and
occupaton. Respondents were selected using a strat-
ifed random sampling approach to ensure balanced
representaton across gender and neighborhood cat-
egories. Data were collected using a structured ques-
tonnaire divided into two main sectons. The frst
secton collected socio-demographic informaton, in-
cluding gender, age, educaton, occupaton, monthly
household income, and residental locaton. The sec-
ond secton measured behavioral and psychological
dimensions associated with carbon reducton. The
questonnaire instrument was adapted from Khanam
et al. (2022) with modifcatons to align with Indone-
sia’s urban context. The instrument was designed to
develop the Willingness to Decrease Carbon Foot-
print Index (WDCFI), which captures pro-environmen-
tal behavior across fve key domains: housing, food
consumpton, waste and water management, ener-
gy use, and transportaton. Each domain included 2
to 3 statements measuring behavioral tendencies,
rated on a 5-point Likert scale (Strongly Agree = 2 to
Strongly Disagree = 0). Certain items, such as renew-
able energy use or vehicle ownership, were measured
dichotomously (Yes = 2; No = 0). The total scores were
normalized to form the WDCF index values, allowing
cross-domain comparisons of behavioral readiness.
The design of the WDCFI is theoretcally grounded in
environmental behavior research, which emphasiz-
es attudes, values, and awareness as predictors of
sustainable behavior (Batalla-bejerano et al., 2020).
Therefore, this instrument not only measures stated
preferences but also refects the psychological and
contextual determinants of behavioral change.

Analytical framework

The analytcal framework of this study integrates
multvariate statstcal techniques to identfy latent
behavioral dimensions and the factors infuencing
WDCF. Data from 204 partcipants were analyzed
using Stata 13. The main analytcal tool employed is
Principal Component Analysis (PCA), a method suit-
able for reducing complex behavioral data while pre-
serving essental variance. PCA was selected because
it enables the extracton of key behavioral dimensions
(principal components) that explain the largest pro-
porton of variance in WDCF indicators, while mini-
mizing multcollinearity among correlated variables.
This methodological choice aligns with recent studies
for that have applied multvariate analysis to urban
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SDG monitoring and behavior-based sustainability
assessments (Jia et al., 2024; Yin et al., 2023). PCA
is a statstcal technique utlized to transform a set
of correlated original variables into a new set of un-
correlated variables (principal components), aiming
to reduce data dimensions without losing signifcant
informaton. This technique enables researchers to
identfy latent structures within the data and to avoid
multcollinearity issues among independent variables
in subsequent analysis models (Abdi, H., and Williams,
2010; Ongbali et al., 2024). The justfcaton for em-
ploying PCA lies in its ability to identfy underlying
structures in behavioral data and reveal how difer-
ent socio-economic and psychological factors cluster
together to infuence carbon-reducing behavior. All
extracted principal components (PC1-PC5) were con-
tnuous variables that cumulatvely explained 100%
of the data variaton, with the frst few components
contributng the majority of the explanatory power.
These components were subsequently interpreted as
distnct behavioral constructs reduce the carbon foot-
print in Surakarta City. Fig. 2 illustrates the conceptual
framework of the study, highlightng fve key compo-
nents that represent dimensions of environmentally
friendly behavior: housing, food consumpton, waste
and water management, energy use, and transpor-
taton. The steps for implementng PCA in this study
include: (1) standardizing the data for each WDCF in-
dicator to ensure comparable variance, (2) calculatng
the correlaton matrix among variables, (3) extractng
principal components based on eigenvalues, and (4)
interpretng factor loadings to ascertain the contribu-
ton of each indicator to the components. Principal
components with eigenvalues greater than one (A >
1) are utlized for further analysis. The PCA results are
then used to construct the total WDCI, which refects
the community’s collectve willingness to reduce car-
bon emissions in the study area.

Descriptive statistics and factor analysis for variables
entering the analysis

This research involved 204 individuals residing in
fve sub-districts of Surakarta City, namely Semanggi,
Jayengan, Sondakan, Sumber, and Mojosongo. These
locatons were purposively selected due to their high
levels of residental carbon emissions, primarily nitro-
gen dioxide (NO,) and sulfur dioxide (SO-), which are
major air pollutants in urban areas. Individuals were
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chosen as the unit of analysis because their daily ac-
tvites, such as energy use, mobility, and consumpton
paterns, directly contribute to household-level car-
bon emissions. The research instrument consisted of
13 items representng fve key behavioral indicators:
housing (WDCF-H), food (WDCF-F), waste manage-
ment (WDCF-W), energy (WDCF-E), and transporta-
ton (WDCF-T). Data collected from the 204 respon-
dents were analyzed using Principal Component
Analysis (PCA) to identfy the dominant behavioral
factors infuencing the willingness to decrease carbon
footprint (WDCF) among Surakarta residents. To eval-
uate the suitability of the data for factor analysis, the
Kaiser-Meyer-Olkin (KMO) test was applied, yielding
a KMO value of 0.727, which exceeds the minimum
threshold of 0.50 (Verdian, 2019). This indicates that
the data are appropriate for factor analysis.

Table 1 indicates that the KMO value obtained is
0.727, which exceeds the threshold of 0.05. There-

fore, it can be concluded that the variables utlized
in this study are suitable for further analysis through
factor analysis. In additon to the KMO test, the an-
t-image matrix analysis is also employed to assess the
partal correlatons among the variables and to evalu-
ate the appropriateness of each variable in the factor
analysis process. This matrix produces the Measure of
Sampling Adequacy (MSA) values for each variable,
serving as an indicator of their suitability. According
to Fatat and Puspitasari (2015), variables with MSA
values above 0.05 are considered eligible for inclusion
in the factor analysis, as they indicate that these vari-
ables possess adequate partal correlaton levels with
other variables in the model.

Table 2 presents the MSA values for each variable,
specifcally, the WDCF-H variable at 0.7748, WDCF-F
at 0.6183, WDCF-W at 0.4626, WDCF-E at 0.3903, and
WDCF-T at 0.9260. From these results, it is evident
that the MSA values for all variables exceed 0.05. Con-

Table 1: KMO test

Variables KMO
WDCF-H 0, 749
WDCF-F 0,786
WDCF-W 0,739
WDCF-E 0, 685
WDCF-T 0, 652

Total 0, 727
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Table 2: Result of ant-image covariance

Variabel WDCF-H WDCF-F WDCF-W WDCF-E WDCF-T

WDCF-H 0,7748

WDCF-F -0.0520 0,6183

WDCF-W 0.1002 -0.0796 0,4626

WDCF-E 0.1334 -0.1925 -0.2234 0,3903

WDCF-T -0.1532 -0.0618 -0.0648 -0.0334 0,9260

Table 3: Result of PCA
Variable PC1 PC2 PC3 PC4 PC5

Eigenvalue 2,4844 1,0851 0,6767 0,4421 0,3117
Proporton of Variance 0,497 0,217 0,135 0,088 0,062
Cumulatve Proporton 0,497 0,714 0,849 0,938 1,000

sequently, it can be concluded that all variables are
suitable for further analysis. The eigenvalue measures
the amount of data variance that can be explained by
each principal component. A higher eigenvalue indi-
cates that the component explains a greater variance
in the data.

Table 3 displays the factors that have eigenvalues
greater than one, highlightng two main components:
PC1 with a value of 2.4844 and PC2 with a value of
1.0851. Collectvely, these components explain 71.4%
of the data’s variaton. The frst principal component
(PC1), accountng for 49.7% of total variance, is dom-
inated by variables related to energy e¥ciency (WD-
CF-E), waste management (WDCF-W), and food con-
sumpton (WDCF-F). This dimension refects internal
household management and daily resource-use be-
havior, suggestng that residents’ awareness of ener-
gy use, food choices, and waste practces collectvely
shape their pro-environmental attudes. The second
principal component (PC2), explaining 21.7% of the
variance, is primarily infuenced by housing (WDCF-H)
and transportaton (WDCF-T). This component rep-
resents external lifestyle choices that are more struc-
tural and infrastructural in nature, such as the design
of housing units, proximity to transportaton access,
and reliance on private vehicles.

Fig. 3 illustrates the scree plot resultng from the PCA
analysis, which displays the distributon of eigenval-
ues for each principal component. The X-axis shows
the eigenvalues, or the variance explained by each
component. The graph to PC5. It can be concluded
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that PC1 and PC2 su¥ciently capture the primary
informaton in the data’s variaton. The loading plot
provides a visual interpretaton of the two principal
components, namely component 1 (PC1) and compo-
nent 2 (PC2). The loading plot is utlized to depict the
variables that exert the most infuence on each com-
ponent. In this study, the loading plot reveals the con-
tributon of each variable in the principal component
analysis related to Willingness to Decrease Carbon
Footprint (WDCF). The identfed variables include
housing (WDCF-H), food (WDCF-F), waste manage-
ment (WDCF-W), energy (WDCF-E), and transporta-
ton (WDCF-T).

Fig. 4 illustrates the spatal distributon of variables in
the principal component analysis (PCA). The variables
WDCF-H and WDCF-T are located far on the negatve
side of the X-axis (PC1) and have positve values on the
Y-axis (PC2), suggestng that these behaviors are dis-
tnct from the others and may contribute more strong-
ly to the second component. In contrast, WDCF-E, WD-
CF-W, and WDCF-F are clustered closer along the PC1
axis, indicatng a stronger infuence on the frst prin-
cipal component and highlightng their shared under-
lying paterns in environmentally conscious behavior.
Figures 3 and 4 (Scree and Loading Plots) visualize the
diferentaton between the two components. Vari-
ables WDCF-H and WDCF-T cluster along PC2, while
WDCF-E, WDCF-W, and WDCF-F cluster along PC1,
confrming that internal consumpton and external
mobility are two distnct yet interconnected behavior-
al domains infuencing WDCF.
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Table 4 presents the results of the eigenvector val-
ues, which elucidate the relatve contributons of each
variable to the principal components. The eigenvector
value for WDCF-H indicates a negatve contributon to
PC1, quantfed at -0.358, while it shows a signifcantly
large positve contributon to PC2, measured at 0.571.
WDCF-T, positoned far on the positve side of the Y-ax-
is, exhibits a dominant eigenvector value of 0.803 on
PC2, signifying that this variable plays a substantal role
in the second dimension. The variables WDCF-F, WD-
CF-W, and WDCF-E have eigenvector values of 0.482,
0.539, and 0.559, respectvely, indicatng high weights
on PC1 and lower weights on PC2. From the principal
component analysis with the loading plot, it can be
concluded that the second principal component (PC2)
is more infuenced by the preferences of Surakarta City
residents in reducing their carbon footprint through
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housing choices (WDCF-H) and transportaton (WD-
CF-T). In contrast, the frst principal component (PC1)
is predominantly infuenced by the community’s pref-
erences for energy efciency (WDCF-E), waste man-
agement (WDCF-W), and food consumpton (WDCF-F).
These fndings are consistent with Tajpour & Razavi
2023), who emphasized that collectve team perfor-
mance and entrepreneurial mediaton enhance adapt-
ability and innovaton capacity within organizatonal
systems, a mechanism that mirrors how household-lev-
el behavioral cooperaton and collectve awareness can
foster greater climate resilience. Similarly, Arabiun et
al., (2024) found that digital leadership strengthens or-
ganizatonal performance through the mediatng role
of entrepreneurship, refectng how leadership and ini-
tatve at the community level can drive the difusion of
sustainable practces in urban environments.



Table 4: Eigenvector value

Variables PC1 pC2 PC3 PC4 PC5
WDCF-H -0,358 0,571 -0,610 0,403 0,104
WDCF-F 0,482 0,167 -0,564 -0,589 -0,273
WDCF-W 0,539 -0,016 0,017 0,661 -0,521
WDCF-E 0,559 -0,035 -0,107 0,178 0,802
WDCF-T 0,189 0,803 0,546 -0,144 0,008
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Fig. 5: Results of the WDC index by region

Estimation of the willingness to decrease the carbon
footprint index

The index value refectng the community’s willing-
ness to reduce its carbon footprint is based on fve pri-
mary indicators: housing (WDCF-H), food (WDCF-F),
waste management (WDCF-W), energy (WDCF-E),
and transportaton (WDCF-T). These fve indicators
are derived by summing the response codes for each
secton, dividing the sum by the number of questons
in that secton, and then dividing the result by the
number of questons in that secton. The resultng in-
dex is categorized as follows: 0-0.50 Low Willingness,
0.51-1.00 Moderate Willingness, 1.01-1.50 High Will-
ingness, and 1.51-2.00 Highly Willingness. The results
of these calculatons are presented in Fig. 5.
Fig. 5 presents the results of the WDCI disaggregated
by region. The fgure highlights regional variatons in
community willingness to reduce carbon emissions
across the fve sub-districts studied. The willingness
to decrease the carbon footprint index across the

fve sub-districts in Surakarta exhibits values within
the same category, specifcally indicatng a moderate
willingness. The sub-district of Jayengan records the
highest index value at 1.30. The second-highest in-
dex is for the sub-district of Sumber, with a value of
1.19. Meanwhile, the fourth-highest index is held by
the sub-district of Semanggi, with a value of 1.14. The
sub-districts of Sondakan and Mojosongo show lower
index values, both at 1.10. These results reveal that
Surakarta residents demonstrate moderate but rela-
tvely consistent readiness to adopt low-carbon behav-
iors. Several contextual factors may explain this out-
come: (1) Limited environmental literacy regarding the
long-term benefts of individual behavioral change;
(2) Economic constraints that prioritze afordability
over ecological consideraton; (3) Infrastructure limita-
tons, such as inadequate public transport and access
to renewable energy. This patern aligns with Khanam
et al., 2022), who note that even when awareness is
present, habitual and fnancial barriers ofen limit be-
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havioral transformaton. Similarly, Ivanova et al. (2020)
highlight that although households are responsible for
over 70% of global emissions, willingness to change
behavior does not always translate into acton due to
lifestyle lock-ins, infrastructure limitatons, and the
lack of strong behavioral incentves. By connectng
household-level behaviors with broader sustainabil-
ity strategies, this study contributes to the growing
literature on urban human capital development and
climate-responsive governance consistent with the
integratve frameworks proposed by Tajpour and Ra-
zavi (2023) and Arabiun et al., (2024), who highlight
the importance of entrepreneurial capability and lead-
ership transformaton in enhancing sustainable urban
performance.

This research indicates that the level of commu-
nity willingness in fve sub-districts of Surakarta City
to reduce carbon footprints is generally categorized as
Moderate, based on calculatons of the Willingness to
Decrease Carbon Footprint index (WDCFI). This index
value is derived from fve behavioral indicators: hous-
ing (WDCF-H), food consumpton (WDCF-F), waste and
water management (WDCF-W), energy use (WDCF-E),
and transportaton (WDCF-T). The average index value
across all sub-districts refects a suFcient level of com-
munity partcipaton, although it has not yet reached
the high willingness category. The highest index value
was recorded in Jayengan Sub-district (1.30), followed
by Sumber (1.19) and Semanggi (1.14). Meanwhile,
Sondakan and Mojosongo both had the lowest value
of 1.10. All these values remain within the Moderate
Willing classifcaton, indicatng that the community
is beginning to show concern for the issue of carbon
footprint reducton, yet has not been fully mobilized
towards more concrete and comprehensive actons.
The eigenvector values from the PCA illustrate the
relatve contributons of each indicator to the two
main components. The WDCF-H variable exhibits a
negatve contributon to PC1 (-0.358) and a signif-
cantly positve contributon to PC2 (0.571), whereas
WDCF-T has a dominant contributon to PC2 (0.803),
indicatng that the second dimension is heavily infu-
enced by community preferences regarding environ-
mentally friendly housing and transportaton choices.
Conversely, the variables WDCF-F (0.482), WDCF-W
(0.539), and WDCF-E (0.559) exhibit high weights con-
cerning PC1, indicatng that the frst dimension is pre-
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dominantly infuenced by energy efciency behaviors,
waste management, and sustainable food consump-
ton. Therefore, it can be concluded that PC1 rep-
resents a dimension of household behavior oriented
towards efciency and consumpton, while PC2 more
accurately refects environmental preferences in the
context of spatality and mobility. These fndings can
serve as a foundaton for formulatng more targeted
interventon strategies, taking into account the behav-
ioral aspects that most signifcantly afect the commu-
nity’s willingness to reduce its carbon footprint.
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Fig. 5: Model of the infuence relatonships between the components
of fexible manufacturing systems (together) on human resource sustainability

Table 5: Values of the H2

Infuencing variable Directon of efect

Variable afected by

Estmate SRW

Human resource

Workstatons B ———— sustainability 0.717 0.347 0456 ... 0.29
Ha"d"”s%,;:‘r’nsmrage - H‘;S;?;;Zf)?#t;ce 1.000 0601 0763 0415 004
Inspecton equipment —04———» Hg&?{;rzggﬁ?ge 1.114 0.515 0.145 ... 0.02

Comps‘;,ts‘igﬁqontm' - 5 H‘;&?;;gg‘i’lftg:e 5460 1189 ... 0673  0.00
Other components ~ ——, ~ Humanresource 0003 0003 2218 0902  0.99

sustainability

efect is associated with Other Components, a result
atributable to environmental turbulence, resource
constraints, and adherence to legal and regulatory
requirements that collectvely limit the organizaton’s
ability to adopt ancillary technologies at pace. The
critcal rato (C.R.) = 3.18 exceeds the reported critcal
values (1.96 and 1.99) at the stated signifcance levels
(0.005 and 0.01, respectvely), which are equivalent to
the t-statstc benchmarks in conventonal regression
testng. Accordingly, Sub-Hypothesis (A) is accepted:
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each FMS component exerts a signifcant efect on
human resource sustainability within the organizaton
under study. For future work, it can be summarized as
follows, according to the proposed methods (Haller et
al., 2025; Blecha et al., 2025; Blondheim, 2025):

- Prioritze Computer Control Systems, which
allocate targeted funding for sofware and
hardware upgrades (e.g., control platorms,
HMIs, SCADA/MES links), with a staged rollout
plan and ROI/KPI tracking (e.g., error rate, un-
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Fig. 6: Model of the infuence relatonships between the components
of fexible manufacturing systems (individually) on human resource sustainability

planned downtme).

Capability Building is implementng structured
training (inital + refresher) on FMS/CCS use,
with competency checklists and certfcaton;
link completon to performance objectves.
Modernize Handling & Storage, which up-
grades AMHS elements (conveyors, AGVs,
racking, sensors) to reduce manual handling,
improve fow, and enhance safety; track out-
comes via near-miss incidents, MTTR/MTBF,
and throughput.

Optmize Internal Workfows: map value
streams for high-volume lines; remove botle-
necks, standardize work, and establish visual
management. Monitor lead tme, WIP, and OEE
to verify gains.

Environmental Scanning & Constraints Man-
agement conducts periodic internal-external
analyses (e.g., SWOT/PESTLE) to identfy oppor-
tunites and regulatory/resource constraints;
integrates fndings into annual capex and risk
registers.

Strategic Partnerships. Pursue vendor, academ-
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ic, and integrator partnerships to access exper-
tse, pilot technologies, and share cost/bene-
ft—especially for high-capex components.

- Advance Inspecton Capability, which shifs
toward automated/assisted inspecton (e.g.,
CMM upgrades, in-line sensing, SPC dash-
boards) to reduce human error and accelerate
feedback to operators.

- Integrated HRS—-FMS Strategy, which develops
a comprehensive HRS strategy explicitly linked
to FMS design, deployment, and contnuous
improvement (not siloed by component). In-
clude KPIs such as: lost-tme injury frequency
rate, ergonomic risk scores, training comple-
ton, engagement index, turnover, rework/
scrap rate, and OEE.

Taken together, these results provide several empiri-
cal contributons. First, they ofer rare evidence from
the Iraqi pharmaceutcal industry on how FMS com-
ponents are related to human resource sustainabili-
ty, a context that has received limited atenton in
prior research. Second, by showing that all fve FMS



components are positvely associated with HRS and
that computer control systems exert the strongest
standardized efect, the study identfes which tech-
nological investments are likely to yield the greatest
sustainability benefts for employees. Third, the vali-
dated structural equaton model integrates FMS and
HRS into a single analytcal framework that can be
replicated or extended in future studies on sustain-
able manufacturing.

Workstatons « HRS: The analysis shows a strong
positve associaton between workstaton design/
functonality and HRS. Enhancing ergonomics and
task design improves the work environment, reduces
physical/psychological strain, raises job satsfacton,
and lowers turnover.

Handling & storage systems <> HRS: There is a strong
positve correlaton between the efciency of han-
dling and storage systems and HRS. Beter fow, re-
duced manual efort, and improved safety procedures
lower occupatonal risk, strengthen employee health
and safety, and increase productvity and satsfac-
ton—thereby supportng HRS.

Inspection equipment <> HRS: Results indicate a mod-
erately strong positve relatonship. Accurate inspec-
ton tools raise product quality and reduce rework
and errors, which eases tme pressure and stress on
employees and, in turn, supports HRS.

Computer control systems <> HRS: The correlaton
is very strong and positve. Efectve computer con-
trol—through automaton and reliable data—reduces
repettve tasks, improves operatonal accuracy, and
enhances employee satsfacton, reinforcing HRS.
Other components <> HRS: A very strong positve
correlaton is observed. Supportng elements (e.g.,
advanced sofware, communicatons, infrastructure)
enable system integraton and beter working condi-
tons, reducing stressors and providing adequate op-
eratonal support, thus advancing HRS.

FMS as an Integrated System - HRS: Collectvely,
FMS dimensions exert a direct, signifcant impact on
HRS. Investment in FMS improves not only producton
efciency but also the sustainability of the workforce
by enhancing the work environment, mitgatng risks,
and increasing job satsfacton.

In summary, the results of the present study are
broadly consistent with earlier work on sustainable
HRM and organizatonal fexibility. Studies such as
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Cherian and Farouk (2017), Stankeviciute and Sa-
vaneviciene (2018), and Lu et al., (2023) report that
human resource practces aligned with sustainabil-
ity principles enhance employee well-being, com-
mitment, and performance, which accords with our
Tnding that higher levels of HRS are associated with
beter-designed FMS components. Similarly, research
on fexibility and manufacturing systems (e.g., Kalogi-
annidis et al., 2022; Kavaliauskiene et al., 2022) em-
phasizes the strategic value of fexible technologies
for building resilient organizatons. By demonstratng
that computer control systems and handling and stor-
age systems show partcularly strong links to human
resource sustainability in a pharmaceutcal setng,
this study extends these insights to a new empirical
context and highlights the human side of fexible man-
ufacturing.
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Micro, small, and medium enterprises play a vital role in In-
donesia’s urban economy, contributng 60.5% to Gross Domestc Product and fostering employ-
ment and economic resilience. However, despite policy support through Law No. 20/2008 on
MSMEs, performance gaps persist in secondary cites where over 60% of MSMEs fail within fve
years due to managerial, fnancial, and adaptve constraints, a critcal concern for Indonesia’s
98 secondary cites, housing 40% of natonal micro, small, and medium enterprises. This study
examines how entrepreneurial orientaton, owner’s educaton, and business capital infuence
MSME performance, with strategic agility as a mediatng variable, in Mojokerto, East Java.

A quanttatve-explanatory design was applied using Partal Least Squares Struc-
tural Equaton Modeling (PLS-SEM) in SmartPLS 4.0. Data were collected through face-to-face
interviews conducted from February to March 2024 with 60 micro, small, and medium enter-
prise owners registered under the Badan Usaha Milik Desa or village-owned enterprises in Mo-
jokerto Regency. Five constructs, entrepreneurial orientaton (5 indicators), owner’s educaton
level (4), business capital (4), strategic agility (4), and MSME performance (4), were measured
using fve-point Likert scales. The measurement model was tested for reliability and validity,
followed by structural model evaluaton and hypothesis testng via bootstrapping with 5,000
resamples at o = 0.05.

All constructs demonstrated satsfactory validity and reliability, with indicator load-
ings above 0.787, composite reliability (CR) ranging from 0.878 to 0.928, and average variance
extracted ranging from 0.644 to 0.766. The owner’s educaton level had a signifcant positve
efect on MSME performance (B = 0.342, t = 2.203, p = 0.028), accountng for 12.6% of its vari-
ance. Entrepreneurial orientaton (EO) did not signifcantly afect performance (8 =-0.152, p =
0.296) or strategic agility (B = -0.180, p = 0.263). Likewise, business capital had no signifcant
efect on either performance (B = 0.184, p = 0.168) or agility (8 =-0.041, p = 0.755). The efect
of strategic agility on performance was positve but not statstcally signifcant (3 = 0.237, p =
0.101). Mediaton analysis confrmed that strategic agility did not signifcantly mediate any
relatonships (all p > 0.40).

Owner’s educaton level emerges as the primary determinant of MSME perfor-
mance in Indonesia’s secondary cites, exertng a direct infuence rather than through strategic
agility. Strengthening human capital is therefore essental for urban entrepreneurial resilience.
These fndings suggest that while Law No. 20/2008 on MSMEs provides the legal framework
for MSME development, implementaton should prioritze human capital enhancement over
capital provision alone. Policymakers should emphasize accessible educaton, managerial
development, and digital literacy for MSME owners through targeted programs aligned with
Presidental Regulaton No. 2/2022 on Job Creaton, over fnancial or promotonal incentves.
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Urban micro, small, and medium enterprises and
economic resilience
In contemporary urban development discourse, mi-
cro, small, and medium enterprises (MSMES) have
emerged as fundamental pillars sustaining economic
vitality and social cohesion within city ecosystems.
Urban centers across developing natons increasingly
rely on MSMEs not merely as employment genera-
tors but as critcal agents of economic diversifcaton,
spatal regeneraton, and community resilience. In
Indonesia, MSMEs consttute approximately 60.5%
of the natonal gross domestc product (Wahyudi et
al., 2024), with substantal concentratons operatng
within urban and peri-urban zones where populaton
density, market accessibility, and infrastructure avail-
ability converge to create entrepreneurial opportuni-
tes. This urban-centric positoning renders MSMEs
indispensable to municipal economic strategies,
partcularly in secondary cites and regional urban
centers where formal employment structures remain
underdeveloped and economic vulnerability persists.
The signifcance of MSMEs extends beyond aggregate
economic indicators to encompass their role in shap-
ing urban spatal dynamics and fostering inclusive
growth paterns. Urban management scholars have
increasingly recognized that sustainable city devel-
opment requires nurturing local entrepreneurial eco-
systems capable of absorbing labor, generatng inno-
vaton, and responding fexibly to market disruptons
(Audretsch & Belitski, 2021). Within this framework,
MSMEs functon as decentralized economic nodes
that distribute wealth more equitably across urban
neighborhoods, reduce dependency on large-scale
industrial employment, and enhance the adaptve
capacity of urban economies facing global uncertain-
tes. However, the capacity of MSMEs to fulfll these
urban developmental functons depends critcally
on the quality of human capital embedded within
their ownership and management structures, along-
side their ability to mobilize fnancial resources and
demonstrate strategic agility in response to changing
market conditons. Despite their pivotal contributons
to urban economic ecosystems, MSMEs in Indonesian
cites encounter persistent structural constraints that
limit their potental to drive sustained urban devel-
opment. Limited access to formal fnancial services,
inadequate managerial competencies, and insuf-
cient technological adopton constrain their capacity
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to scale operatons and penetrate broader markets
(Chen et al., 2016). These challenges become par-
tcularly acute in smaller urban centers and peri-ur-
ban areas where insttutonal support mechanisms
remain fragmented, and infrastructure development
lags behind metropolitan regions (Yaskun et al.,
2023). Mojokerto, a regency encompassing both ur-
ban municipalites and rural hinterlands in East Java,
exemplifes this developmental paradox. While its
strategic locaton within the Surabaya metropolitan
region ofers market proximity and connectvity ad-
vantages, many MSMEs in Mojokerto operate with
limited organizatonal capabilites and face difcul-
tes translatng entrepreneurial intentons into mea-
surable performance outcomes. Understanding how
these enterprises navigate constraints and leverage
available resources becomes essental for formulat-
ing efectve urban economic policies that strengthen
local entrepreneurial ecosystems and enhance over-
all urban resilience.

Theoretical framework and dynamic capabillities

The relatonship between entrepreneurial atri-
butes, human capital endowments, fnancial resourc-
es, and business performance has atracted consid-
erable scholarly atenton across entrepreneurship
and urban economics literature (Widjaja et al., 2022).
Entrepreneurial orientaton, conceptualized as the
strategic posture encompassing innovaton propensi-
ty, proactve market engagement, and calculated risk
acceptance, has been identfed as a behavioral foun-
daton infuencing frm-level outcomes (Al-Momani
et al., 2023). Similarly, the educatonal atainment of
business owners represents a critcal dimension of
human capital that shapes managerial decision-mak-
ing, strategic planning capabilites, and adaptve
learning processes (Maria et al., 2024). Business
capital, refectng perceived fnancial resource ade-
quacy, enables operatonal stability and investment
capacity essental for growth trajectories (Mahendra
et al., 2017). However, empirical fndings regarding
these relatonships remain inconsistent, with con-
textual variables such as insttutonal quality, market
maturity, and geographical locaton moderatng their
efects. Moreover, existng research predominantly
examines these factors in isolaton, overlooking the
dynamic interplay through which they collectvely
infuence urban MSME performance. A notable gap
persists in understanding how internal frm resources



translate into performance outcomes within urban
contexts characterized by rapid change and compet-
itve intensity. Strategic agility, defned as an organi-
zaton’s capability to sense environmental shifs, mo-
bilize resources rapidly, and reconfgure operatonal
processes in response to emerging opportunites
or threats, has gained prominence as a mediatng
mechanism linking resource endowments to com-
pettve outcomes (Weber and Tarba, 2014). Within
urban entrepreneurial ecosystems where market
conditons fuctuate frequently due to demographic
shifs, technological disruptons, and policy changes,
the capacity to adapt swifly becomes indispensable
for MSME survival and growth. Yet empirical inves-
tgatons exploring strategic agility as a mediatng
variable connectng entrepreneurial orientaton, ed-
ucaton, and capital to performance remain scarce,
partcularly in urban developing economy contexts
where insttutonal voids and resource constraints
amplify the importance of adaptve capabilites. This
theoretcal and empirical lacuna limits the develop-
ment of evidence-based urban management poli-
cies aimed at strengthening MSME contributons to
urban economic development. This study addresses
these gaps by examining how entrepreneurial orien-
taton, owner’s educaton level, and business capital
infuence MSME performance through the mediatng
role of strategic agility within an urban management
framework. Grounded in dynamic capabilites theory
(Teece and Pisano, 1994), which posits that sustain-
able compettve advantage derives from an organiza-
ton’s ability to integrate, build, and reconfgure com-
petencies in response to environmental turbulence,
the research conceptualizes strategic agility as a spe-
cifc manifestaton of dynamic capability, partcularly
relevant for resource-constrained urban MSMEs. The
dynamic capabilites perspectve ofers theoretcal
coherence for understanding how MSMEs operatng
in urban ecosystems leverage human capital and en-
trepreneurial atributes to develop adaptve mecha-
nisms that enhance performance resilience. By po-
sitoning strategic agility as a mediatng construct,
this study illuminates the processes through which
statc resources transform into dynamic compettve
advantages within urban entrepreneurial contexts.
From an urban management perspectve, this re-
search contributes actonable insights regarding how
municipal authorites and development agencies can
foster entrepreneurial ecosystems that enhance ur-
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ban economic resilience. Urban management encom-
passes the coordinated governance of physical infra-
structure, social services, economic actvites, and
environmental resources within spatally bounded
city systems (Fang and Yu, 2017). Within this domain,
nurturing productve entrepreneurial actvity rep-
resents a strategic priority for achieving sustainable
urban development goals, reducing unemployment,
and building economic diversifcaton. Understanding
which dimensions of human capital and frm resourc-
es most signifcantly drive MSME performance, and
through what mechanisms, enables more targeted
policy interventons. Rather than generic support pro-
grams emphasizing fhancial capital provision alone,
evidence-based urban management strategies can
prioritze capacity-building initatves that strengthen
the specifc capabilites most consequental for entre-
preneurial success in urban settngs. The empirical
context of this study, Mojokerto Regency in East Java,
Indonesia, provides a relevant setng for examining
urban MSME dynamics. Mojokerto encompasses
both urban municipalites with relatvely developed
infrastructure and peri-urban zones exhibitng transi-
tonal characteristcs between rural and urban econo-
mies. MSMEs in this region operate within a complex
insttutonal landscape where village-owned enter-
prises (BUMDes) serve as organizatonal platorms
linking individual entrepreneurs to broader market
networks and government support programs. This in-
sttutonal arrangement refects Indonesia’s broader
strategy of leveraging community-based economic
organizatons to foster inclusive development and
strengthen local economic resilience (Saputra and
Havlicek, 2025). By focusing on MSMEs afliated
with BUMDes structures, this research captures en-
trepreneurial dynamics within an urban-rural inter-
face zone where adaptaton to market changes and
resource optmizaton become partcularly critcal for
sustained performance. The fndings, therefore, ofer
transferable lessons for urban managers in similar
secondary cites and regional growth centers across
developing economies.

Literature review and research gap

Previous empirical investgatons have produced
mixed fndings regarding the direct efects of entre-
preneurial orientaton, educaton, and capital on
MSME performance. Al-Hakimi et al. (2021) demon-
strated that entrepreneurial orientaton enhanc-



es supply chain resilience and performance among
manufacturing SMEs, yet emphasized that this re-
latonship operates through mediatng mechanisms
such as absorptve capacity and innovaton capability.
Kurniawan and Nuringsih (2022) found positve as-
sociatons between entrepreneurial orientaton and
performance in Indonesian food MSMEs, suggestng
contextual relevance within the local entrepreneurial
ecosystem. However, other studies indicate that en-
trepreneurial orientaton alone may be insufcient
without complementary organizatonal capabilites
and supportve insttutonal environments. These in-
consistencies underscore the necessity of examining
mediatng variables that clarify the conditons under
which entrepreneurial atributes translate into mea-
surable outcomes. Similarly, research investgatng ed-
ucaton’s infuence on MSME performance reveals nu-
anced relatonships contngent upon how educatonal
capital manifests in managerial practces. Syaf’i et al.
(2021) established that owner educaton level signif-
cantly afects MSME growth in Sidoarjo, Indonesia,
through enhanced managerial competence and fnan-
cial literacy. Maria et al (2024) further demonstrated
that entrepreneurial educaton infuences opportuni-
ty recogniton and venture performance, partcularly
when combined with practcal experience and net-
work access. These fndings suggest that educaton
functons as a foundatonal human capital dimension
that enables superior strategic decision-making and
organizatonal learning. However, the mechanisms
through which educaton enhances performance,
partcularly within urban entrepreneurial contexts
requiring rapid adaptaton, remain underexplored.
Integratng strategic agility as a mediatng construct
potentally clarifes how educatonal capital translates
into adaptve organizatonal behaviors that subse-
quently drive performance improvements. Business
capital’s role in MSME performance likewise exhibits
complexity, dependent on how fnancial resources are
deployed strategically. Kayani et al., (2025) demon-
strated that working capital management signifcantly
infuences frm performance in African emerging mar-
kets, emphasizing that capital availability alone proves
insufcient without efectve resource allocaton and
liquidity management. Siregar and Daulay (2024)
highlighted that digital transformaton mediates the
relatonship between entrepreneurial leadership and
MSME performance, suggestng that capital invest-
ments in technological capabilites yield superior re-
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turns compared to operatonal expenditures. These
insights indicate that capital operates as an enabling
resource whose performance impact depends on stra-
tegic utlizaton paterns. Within urban entrepreneur-
ial ecosystems characterized by compettve intensity
and rapid market evoluton, capital adequacy may
contribute to performance primarily by facilitatng ag-
ile responses to emerging opportunites rather than
through direct operatonal scaling. Strategic agility has
gained recogniton as a critcal organizatonal capabil-
ity, partcularly relevant for small enterprises operat-
ing in volatle environments. Weber and Tarba (2014)
conceptualized strategic agility as encompassing three
core dimensions: strategic sensitvity to environmen-
tal changes, leadership unity in decision-making, and
resource fuidity enabling rapid reconfguraton. With-
in urban contexts where market conditons shif fre-
guently due to consumer preference changes, regula-
tory adjustments, and compettve dynamics, MSMEs
require superior agility to maintain performance sta-
bility. Hosen (2022) examined agile strategies among
Indonesian MSMEs and found that agility signifcant-
ly enhances operatonal efectveness and market
responsiveness, partcularly when combined with
digital technology adopton. Rahmayant and Prat-
wi (2023) similarly demonstrated that organizatonal
agility mediates the relatonship between digitaliza-
ton and compettve advantage in Denpasar’s fashion
MSMEs, confrming agility’s role as a transformatve
mechanism connectng resources to outcomes. These
empirical fndings establish strategic agility as a the-
oretcally coherent mediatng construct warrantng
systematc investgaton within urban MSME perfor-
mance models. The dynamic capabilites framework
provides theoretcal grounding for conceptualizing
strategic agility as a mediatng mechanism. Teece and
Pisano (1994) argued that sustainable compettve ad-
vantage in rapidly changing environments stems from
organizatonal processes that sense opportunites,
seize resources, and transform operatons accord-
ingly. Strategic agility operatonalizes these dynamic
capability dimensions at the organizatonal behavior
level, encompassing rapid environmental scanning,
fexible resource deployment, and swif strategic
adjustments. For urban MSMEs facing resource con-
straints and insttutonal uncertaintes, developing
dynamic capabilites becomes essental for convertng
entrepreneurial intentons, educatonal knowledge,
and fnancial resources into tangible performance



outcomes. The mediatng role of strategic agility,
therefore, represents the behavioral and cognitve
processes through which statc resource endowments
transform into dynamic compettve advantages with-
in urban entrepreneurial ecosystems. Drawing on
these theoretcal foundatons and empirical prece-
dents, this study proposes and tests a comprehensive
model examining how entrepreneurial orientaton,
owner’s educaton level, and business capital infu-
ence MSME performance both directly and indirectly
through strategic agility. The research advances ten
specifc hypotheses structured around three main
pathways: direct efects of the independent variables
on performance, direct efects on strategic agility, and
indirect mediated efects through agility. By empirical-
ly testng these relatonships within an urban-focused
sample of MSMEs in Mojokerto, the study contributes
to urban management scholarship by clarifying which
internal frm atributes most signifcantly drive entre-
preneurial performance within secondary urban con-
texts and through what adaptve mechanisms these
efects operate. The fndings hold implicatons for
designing urban economic development policies that
strengthen local entrepreneurial ecosystems through
targeted capacity-building interventons rather than
generic fhancial support programs.

Hypothesis development

The specifc hypotheses tested in this research
are as follows: Entrepreneurial orientaton positve-
ly infuences MSME performance (H1) and strategic
agility (H2). Owner’s educaton level positvely infu-
ences MSME performance (H3) and strategic agility
(H4). Business capital positvely infuences MSME
performance (H5) and strategic agility (H6). Strategic
agility positvely infuences MSME performance (H7).
Strategic agility mediates the efect of entrepreneur-
ial orientaton on MSME performance (H8), the efect
of educaton level on MSME performance (H9), and
the efect of business capital on MSME performance
(H10). These hypotheses collectvely consttute an
integrated framework examining the dynamic inter-
play between human capital dimensions, fhancial
resources, adaptve capabilites, and performance
outcomes within urban entrepreneurial contexts.

Research contributions and objectives
This research makes three principal contributons
to urban management and entrepreneurship litera-
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ture. First, it provides empirical evidence on strategic
agility’s mediatng role in linking entrepreneurial at-
tributes and human capital to performance within an
Indonesian urban context, addressing a notable gap
in developing economy entrepreneurship research.
Second, it ofers a theoretcally grounded perspec-
tve on how urban MSMEs can enhance resilience
and compettveness through developing dynamic
capabilites, informing evidence-based urban eco-
nomic development strategies. Third, it enriches the
discourse on human capital’s multdimensional in-
fuence within urban entrepreneurial ecosystems by
demonstratng how educaton operates both direct-
ly through enhanced managerial competence and
indirectly through enabling adaptve organizatonal
behaviors. The practcal implicatons extend to urban
policymakers, development agencies, and entrepre-
neurial support organizatons seeking to design in-
terventons that strengthen MSME contributons to
sustainable urban development. Therefore, the main
objectve of this study is to analyze the infuence of
entrepreneurial orientaton, owner’s educaton level,
and business capital on MSME performance through
the mediatng role of strategic agility within an urban
management framework, with a specifc focus on MS-
MEs operatng in Mojokerto, East Java, Indonesia.

Research design and paradigm

This research employed a quanttatve-explan-
atory design within a positvist epistemological
framework to examine causal relatonships among
entrepreneurial orientaton, owner’s educaton level,
business capital, strategic agility, and MSME perfor-
mance in an urban management context. The study
utlized Partal Least Squares Structural Equaton
Modeling (PLS-SEM) via SmartPLS version 4.0, select-
ed for its suitability in handling complex models with
multple latent variables, mediatng relatonships,
and modest sample sizes while maximizing explained
variance in endogenous constructs (Hair et al., 2021).

Population and sampling

The target populaton comprised MSME owners
registered with village-owned enterprises (BUM-
Des) in Mojokerto Regency, East Java, Indonesia.
BUMDes are community-based economic organi-
zatons facilitatng local entrepreneurial develop-
ment and channeling government support to micro



and small enterprises (Srirejeki, 2018). The study
employed purposive and incidental sampling tech-
nigues, focusing on MSMEs operatng in urban and
peri-urban zones. From an estmated populaton
of 120 eligible MSMEs, sample size determinaton
using Slovin’s formula (10% error margin) yielded
a minimum requirement of 55 respondents. Af-
ter distributng 86 questonnaires and conductng
data screening, 60 valid responses were retained
for analysis, exceeding the minimum requirements
for PLS-SEM (Hair et al., 2022). Inclusion criteria re-
quired: (1) contnuous operaton for a minimum of
one year; (2) primary ownership with decision-mak-
ing authority; (3) actve BUMDes registraton; and
(4) substantal business actvites in urban/peri-ur-
ban zones. Exclusion criteria eliminated enterprises
functoning solely as suppliers without direct con-
sumer engagement.

Measurement instruments

A structured questonnaire measured fve con-
structs using established scales adapted to Indone-
sian urban MSME contexts through forward-back-
ward translaton (Brislin, 1970). All items employed
fve-point Likert scales (1 = strongly disagree to 5 =
strongly agree).

- Entrepreneurial Orientaton was assessed
using fve indicators adapted from Al-Hakimi
et al., (2021) and Lumpkin and Dess (1996),
measuring risk-taking propensity, innovaton
orientaton, proactve behavior, decision au-
tonomy, and compettve aggressiveness.
Owner’s Educaton Level was measured
through four dimensions capturing formal ed-
ucaton atainment, managerial knowledge,
technical skills, and fnancial literacy, extend-
ing beyond credentals to functonal compe-
tencies (Unger et al., 2011).

Business Capital was operatonalized as per-
ceived capital adequacy through four indica-
tors adapted from Kayani et al., (2025): access
to capital, operatonal sufciency, fnancial
stability, and capital growth capacity.
Strategic Agility employed four indicators
refectng environmental adaptability, oper-
atonal responsiveness, strategic fexibility,
and innovaton speed, capturing dynamic ca-
pabilites relevant for urban MSMEs (Doz &
Kosonen, 2010).
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- MSME Performance was assessed through four
indicators: revenue growth, market expansion,
proftability, and operatonal efciency, repre-
sentng multdimensional entrepreneurial suc-
cess (Lechner & Gudmundsson, 2014).

The questonnaire underwent content validity as-
sessment by three academics and two MSME prac-
ttoners, face validity evaluaton through cognitve
interviews with fve owners, and pilot testng with 15
MSMEs, resultng in minor refnements.

Data collection procedures

Data collecton occurred during February-March
2024 through face-to-face interviews conducted by
four trained enumerators. Field visits were coordinat-
ed through BUMDes administrators, with enumera-
tors explaining study purposes, obtaining informed
consent, and ensuring confdentality. Each interview
lasted approximately 25-35 minutes, with assisted
administraton ensuring data quality given varying re-
spondent literacy levels (Fowler, 2014).

Ethical considerations

The study received approval from the Research
Ethics Commitee of Universitas Negeri Malang (Ap-
proval Number: 028/KEPK-UM/2024, dated January
15, 2024). Writen informed consent was obtained
from all partcipants, with confdentality protected
through anonymous coding and secure data storage.
Small tokens of appreciaton (traditonal snacks, ~IDR
20,000) were provided following interviews as cultur-
ally appropriate grattude gestures.

Data analysis
Data analysis followed established PLS-SEM protocols
(Hair et al., 2019) through three stages:

- Stage 1: Measurement Model Assessment.
Convergent validity was evaluated through
indicator loadings (=0.708), composite reli-
ability (=0.70), and average variance extract-
ed (=0.50). Discriminant validity was assessed
using the Fornell-Larcker criterion, cross-load-
ings, and heterotrait-monotrait (HTMT) ratos
(<0.85) (Fornell & Larcker, 1981; Henseler et
al., 2015).

Stage 2: Structural Model Evaluaton. Model
quality was assessed through Rz (variance ex-
plained), adjusted R?, efect sizes (f2), and pre-



dictve relevance (Q?) using blindfolding pro-
cedures (Cohen, 1988; Geisser, 1974; Stone,
1974).

Stage 3: Hypothesis Testng. Direct efects
(H1-H7) and indirect mediated efects (H8-
H10) were tested using bootstrapping with
5,000 resamples. Statstcal signifcance was
determined at a = 0.05 using bias-corrected
confdence intervals (Cl). Mediaton analysis
followed contemporary guidelines (Nitzl et
al., 2016; Zhao et al., 2010), calculatng indi-
rect efects as the product of predictor-to-me-
diator and mediator-to-outcome paths.

Demographic profile of respondents

The investgaton encompassed 60 MSME propri-
etors operatng within Mojokerto’s urban landscape,
presentng a demographic compositon characteristc
of entrepreneurial actvites in Indonesia’s secondary
urban centers. Male entrepreneurs consttuted 65%
of the partcipant pool, while the predominant age co-
hort (70%) ranged between 30 and 50 years, a devel-
opmental stage where accumulated business acumen
intersects with the vigor required for sustained oper-
atonal management. Culinary ventures dominated
the sample compositon (70%), mirroring established
paterns in urban MSME sectors where minimal entry
requirements enable entrepreneurs with constrained
resources to establish commercially viable operatons
serving immediate community needs (Sancono and
Kertat, 2023). Educatonal atainment demonstrated
substantal heterogeneity: 28% of partcipants had
completed primary or junior secondary schooling ex-
clusively, 47% atained senior high school certfcaton,
20% possessed vocatonal diplomas, while merely 5%
held bachelor’s degrees or advanced qualifcatons.
This distributon illuminates how urban entrepreneur-
ship maintains accessibility across diverse educatonal
backgrounds, simultaneously revealing potental ca-
pability defcits that may infuence operatonal out-
comes. Table 1 consolidates descriptve statstcs for
all measured constructs. Entrepreneurial orientaton
indicators registered means ranging from 3.60 to 3.70,
indicatng moderate risk acceptance and innovaton
propensity among Mojokerto’s MSME proprietors.
Educaton-related measurements spanned from 3.33
to 3.47, with fnancial literacy recording the lowest
score (3.33), identfying a targeted capability defcit
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warrantng interventon through structured training
initatves. Business capital indicators exhibited mar-
ginally elevated means (3.53 to 3.67), potentally re-
fectng benefcial outcomes of BUMDes’ insttutonal
mechanisms in facilitatng fnancial accessibility. Stra-
tegic agility demonstrated the most elevated scores,
with operatonal responsiveness achieving 4.00, sug-
gestng that urban MSMEs have cultvated reason-
able adaptve competencies through necessity-driven
experiental learning within compettve marketplace
environments (Weber and Tarba, 2024). Performance
indicators averaged between 3.35 and 3.55, with mar-
ket expansion registering the lowest score, indicatng
that whilst numerous MSMEs sustain proftability, op-
eratonal scaling remains problematc due to resource
limitatons and compettve impediments (Belitski et
al., 2022).

Evaluation of the measurement model

Before hypothesis examinaton, a rigorous assess-
ment of the measurement instrument’s reliability
and validity was conducted. Table 2 demonstrates
that all indicator loadings surpassed 0.787, substan-
tally exceeding the 0.708 benchmark required for
measurement reliability. Composite reliability coe¥-
cients ranged from 0.878 to 0.928, confrming excep-
tonal internal consistency across all latent constructs
(Hair et al., 2022). Average Variance Extracted (AVE)
coefcients spanned from 0.644 to 0.766, universal-
ly exceeding the 0.50 threshold, indicatng that con-
structs captured substantally greater true variance
than measurement error.
Discriminant validity assessments verifed that the fve
constructs represented genuinely distnct theoretcal
dimensions. Table 3 presents Fornell-Larcker crite-
rion results, wherein diagonal values (square roots
of AVE) exceeded all corresponding inter-construct
correlatons, confrming that each construct shared
greater variance with its consttuent indicators than
with alternatve constructs (Fornell & Larcker, 1981).
The heterotrait-monotrait (HTMT) ratos consistently
remained below 0.85, with the maximum value reach-
ing merely 0.267, substantally within acceptable pa-
rameters (Henseler et al., 2015). These convergent
fndings provide robust evidence supportng the mea-
surement model’s psychometric adequacy.

Structural model and hypothesis testing
Having established measurement model adequacy,



Table 1: Descriptve statstcs of measurement indicators

Construct & indicator Mean Median | Min Max Std. Dev
Entrepreneurial orientaton
EO1: Risk-taking 3.70 4.00 2.00 5.00 0.53
EO2: Innovaton 3.62 4.00 2.00 5.00 0.58
EO3: Proactve behavior 3.60 4.00 2.00 5.00 0.58
EO4: Decision autonomy 3.60 4.00 2.00 5.00 0.61
EO5: Compettve aggressiveness 3.65 4.00 2.00 5.00 0.63
Owner’s educaton
EDU1: Formal educaton 3.37 3.00 2.00 5.00 0.66
EDU2: Managerial knowledge 3.47 3.00 2.00 4.00 0.53
EDUS: Technical skills 3.43 4.00 2.00 4.00 0.62
EDU4: Financial literacy 3.33 3.00 2.00 5.00 0.68
Business capital
CAP1: Access to capital 3.67 4.00 3.00 4.00 0.47
CAP2: Operatonal sufciency 3.65 4.00 3.00 4.00 0.48
CAP3: Financial stability 3.53 4.00 2.00 4.00 0.62
CAP4: Growth capacity 3.65 4.00 2.00 4.00 0.51
Strategic agility
AGI1: Environmental adaptability 3.90 4.00 1.00 5.00 0.94
AGI2: Operatonal responsiveness 4.00 4.00 2.00 5.00 0.82
AGI3: Strategic fexibility 3.85 4.00 2.00 5.00 0.76
AGl4: Innovaton speed 3.78 4.00 2.00 5.00 0.69
MSME performance
PERF1: Revenue growth 3.53 4.00 1.00 4.00 0.59
PERF2: Market expansion 3.35 3.00 2.00 4.00 0.51
PERF3: Proftability 3.55 4.00 2.00 4.00 0.53
PERF4: Operatonal efciency 3.48 3.50 2.00 4.00 0.56
Note. N = 60; fve-point Likert scale (1 = strongly disagree to 5 = strongly agree).
Table 2: Measurement model assessment
Construct Indicator Loading CR AVE
Entrepreneurial Orientaton EO1-EO5 0.847-0.863 0.915 0.725
Owner’s Educaton EDU1-EDU4 0.787-0.815 0.878 0.644
Business Capital CAP1-CAP4 0.842-0.869 0.916 0.734
Strategic Agility AGI1-AGl4 0.849-0.885 0.924 0.754
MSME Performance PERF1-PERF4 0.868-0.881 0.928 0.766

Note. All values meet established quality thresholds (Hair et al., 2022).
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Table 3: Discriminant Validity (Fornell-Larcker Criterion)

Construct PERF CAP EO AGI EDU
MSME Performance 0.875
Business Capital 0.151 0.857
Entrepreneurial Orientaton -0.136 -0.033 0.851
Strategic Agility 0.223 -0.034 -0.176 0.868
Owner’s Educaton 0.208 -0.071 -0.047 0.045 0.803
Note. Diagonal (bold) = VAVE; of-diagonal = correlatons.
Table 4: Structural model quality
Endogenous Variable R2 Adjusted R2 Q2 Interpretaton
MSME Performance 0.126 0.062 0.089 Weak but acceptable; positve predictve relevance
Strategic Agility 0.034 -0.019 0.021 Very weak; marginal predictve relevance

atenton shifed toward evaluatng structural mod-
el quality. Table 4 reveals that the proposed model
accounted for 12.6% of MSME performance variance
(R2=0.126). While this proporton may appear mod-
est superfcially, it represents reasonable explanato-
ry power for entrepreneurship investgatons with-
in emerging market contexts where innumerable
unmeasured factors ranging from local regulatory
frameworks to familial obligatons shape business
outcomes (Audretsch et al., 2024). The adjusted R2
coefcient of 0.062 provides a more conservatve
variance estmate accountng for model complexi-
ty relatve to sample size. Strategic agility exhibited
markedly weak explanatory power (R2 = 0.034), sug-
gestng that the measured antecedent factors inad-
equately capture determinants driving adaptve ca-
pabilites within these urban MSMEs. The positve Q2
values confrm that the model demonstrates superior
predictve capacity compared to mean-based predic-
tons, supportng its practcal utlity.

Efect size analysis (Table 5) revealed that the owner’s
educaton exerted the most substantal impact on
performance (f2 = 0.049), followed by strategic agil-
ity’s infuence on performance (2 = 0.041). Although
classifed as “small” according to Cohen’s (1988) con-
ventonal thresholds, these magnitudes align with
typical paterns observed in entrepreneurship re-
search where multple factors collectvely determine
outcomes through complex interactons (Rauch et al.,
2009). Educaton and capital demonstrated negligible
efects on agility (f2 = 0.001-0.002), reinforcing the
inference that these predictor variables fail to ade-
guately explain variance in MSMEs’ adaptve capabil-
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ites. This patern necessitates exploraton of alterna-
tve theoretcal mechanisms potentally underlying
agility development.

With structural model quality established, we pro-
ceeded to test the ten formulated hypotheses
through bootstrapping procedures. Table 6 presents
comprehensive hypothesis testng outcomes. Re-
markably, merely one hypothesis received empirical
support: owner’s educaton demonstrated a signif-
cant positve infuence on MSME performance (H3:
B =0.342,t=2.203, p = 0.028). This fnding provides
robust empirical validaton for human capital theo-
ry’s fundamental propositon—that educatonal at-
tainment enhances entrepreneurial success through
improved analytcal thinking, strategic planning ca-
pabilites, and problem-solving profciency (Marvel
et al., 2016). The standardized coe¥cient indicates
that each unit increase in educaton-related compe-
tencies corresponds to a 0.342 standard deviaton im-
provement in performance outcomes, representng a
meaningful practcal efect within this populaton.

To visualize the structural relatonships and the sig-
nifcance levels of each hypothesized path, Fig. 1 il-
lustrates the empirical structural model derived from
the PLS-SEM analysis.

Notes: Solid arrows indicate signifcant relatonships
(p < 0.05); dashed arrows indicate non-signifcant re-
latonships. Only Owner’s Educaton (EDU) signifcant-
ly predicted MSME Performance (PERF). R2 values de-
note variance explained for endogenous constructs.
Contrary to theoretcal expectatons, entrepreneurial
orientaton exhibited no statstcally signifcant efects
on either performance (H1: f =-0.152, p = 0.296) or



Table 5: Efect Sizes (f2)

Path f2 Classifcaton
EO - PERF 0.020 Small
EO - AGI 0.032 Small
EDU - PERF 0.049 Small
EDU - AGI 0.001 Negligible
CAP - PERF 0.030 Small
CAP . AGI 0.002 Negligible
AGIl - PERF 0.041 Small
Table 6: Hypothesis testng: Direct efects
Path B t p 95% Cl Decision
EO - PERF -0.152 1.047 0.296 [-0.438, 0.134] Not Supported
H2 |[EO - AGI -0.180 1.121 0.263 [-0.495, 0.135] Not Supported
H3 EDU - PERF 0.342 2.203 0.028 [0.038, 0.646] Supported
H4 | EDU - AGI 0.035 0.241 0.809 [-0.249, 0.319] Not Supported
H5 | CAP - PERF 0.184 1.382 0.168 [-0.079, 0.447] Not Supported
H6 CAP - AGI -0.041 0.312 0.755 [-0.301, 0.219] Not Supported
H7 AGI - PERF 0.237 1.645 0.101 [-0.047,0.521] | Not Supported
Note. Bootstrap = 5,000 samples; a = 0.05; signifcant results in bold.
s Y
Entrepreneurial
Orientation B=-0.152, p=0.296
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. v
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Owner's
Education — PERF \
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Fig. 1: Empirical structural model results
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Table 7: Mediaton analysis: Indirect efects

H Path Indirect Efect (B) t p 95% Cl Decision
H8 EO - AGI - PERF -0.043 0.814 0.416 [-0.147, 0.061] Not Supported
H9 EDU - AGI - PERF 0.008 0.186 0.853 [-0.075, 0.091] Not Supported
H10 | CAP - AGI - PERF -0.010 0.289 0.773 [-0.077, 0.057] Not Supported

strategic agility (H2: = -0.180, p = 0.263). Although
the negatve coefcients failed to achieve statstcal
signifcance, their directon diverges from mainstream
entrepreneurship literature documentng positve
EO-performance associatons (Hernandez-Perlines
et al., 2023). This counterintuitve patern suggests
that within resource-constrained urban environ-
ments, entrepreneurial attudes absent supportng
infrastructure remain insu¥cient for performance en-
hancement. Lacking innovaton resources, market in-
telligence systems, or growth fnancing mechanisms,
entrepreneurial intentons may fail to materialize
into tangible outcomes (Neumeyer & Santos, 2020).
Additonally, excessive risk-taking behavior by under-
capitalized MSMEs could potentally generate adverse
consequences when owners lack the requisite mana-
gerial competencies for efectve strategy executon.
These fndings challenge conventonal wisdom re-
garding entrepreneurial orientaton promoton as a
universal performance driver, highlightng contextual
contngencies moderatng its efectveness. Similarly,
business capital demonstrated no statstcally signif-
cant efects on performance (H5: $ =0.184, p =0.168)
or agility (H6: B =-0.041, p = 0.755). Despite the cap-
ital-performance coe¥cient approaching conven-
tonal signifcance thresholds, its confdence interval
encompassed zero, precluding defnitve conclusions.
This patern contradicts widespread assumptons that
fnancial resource availability automatcally generates
superior business outcomes, instead suggestng that
capital represents a necessary yet insufcient condi-
ton, its value depending entrely upon strategic de-
ployment profciency (Saoula et al., 2024). This fnd-
ing carries signifcant implicatons for urban policy
formulaton: merely providing credit facilites proves
inadequate absent complementary interventons ad-
dressing fnancial management competencies and
strategic resource allocaton capabilites. The con-
trast between our fndings and Kayani et al.’s (2025)
signifcant capital efects in African markets under-
scores how insttutonal contexts and market matu-
rity moderate capital’s performance impact. Strate-
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gic agility’s infuence on performance approached
but failed to achieve statstcal signifcance (H7: B =
0.237, p = 0.101). The positve coeFcient magnitude
and confdence interval [-0.047, 0.521] that marginal-
ly encompasses zero suggest a potentally meaningful
relatonship that larger sample investgatons might
confrm. This near-threshold result aligns with theo-
retcal expectatons that adaptve capabilites facili-
tate MSMEs’ navigaton of volatle urban marketplace
conditons (Soetanto & Jack, 2018). The marginal sig-
nifcance possibly refects measurement limitatons or
genuine variability in how agility translates into per-
formance across diferent operatonal contexts within
Mojokerto’s urban landscape. Mediaton analysis was
conducted to examine whether strategic agility func-
tons as an intermediary mechanism through which
entrepreneurial orientaton, educaton, and capital
infuence performance. Table 7 presents indirect ef-
fect coe'Fcients for the three hypothesized mediaton
pathways. Results indicate that strategic agility failed
to mediate any of the proposed relatonships (H8-
H10), with all indirect efects demonstratng statstcal
nonsignifcance and p-values exceeding 0.40. This null
fnding stems primarily from the weak associatons
between predictor variables and strategic agility doc-
umented in Table 6. Fundamental prerequisites for
mediaton efects cannot be satsfed when anteced-
ent factors fail to predict the mediatng variable.

The absence of signifcant mediaton for educaton
(H9) proves partcularly illuminatng given educaton’s
robust direct efect on performance. This patern in-
dicates that educatonal capital operates through di-
rect cognitve and knowledge applicaton pathways
rather than by initally enhancing organizatonal agili-
ty. Educated proprietors apparently improve business
performance through superior decision-making qual-
ity, fnancial management sophistcaton, and stra-
tegic planning efectveness, not necessarily by frst
developing dynamic adaptve behaviors (Unger et al.,
2011). This fnding suggests that strategic agility in
urban MSMEs develops through alternatve mecha-
nisms, potentally including experiental learning pro-



cesses, social network quality, insttutonal support
efectveness, or individual cognitve characteristcs
not captured within our conceptual model (Amank-
wah-Amoah et al., 2021).

Discussion of findings

The empirical fndings present a counterintuitve
patern that challenges conventonal assumptons
about MSME performance drivers in urban contexts.
While existng entrepreneurship literature frequently
emphasizes the importance of entrepreneurial orien-
taton, capital adequacy, and strategic agility as critcal
success factors, this study reveals a markedly diferent
reality within Indonesia’s secondary urban centers.
Only owner’s educaton level demonstrated a signif-
cant direct efect on MSME performance (8 =0.342, p
= 0.028), while entrepreneurial orientaton, business
capital, and strategic agility showed no statstcally
signifcant relatonships with performance outcomes.
This patern warrants careful interpretaton through
both theoretcal and contextual lenses. The absence
of signifcant efects for entrepreneurial orientaton
(H1 and H2 not supported) contradicts fndings from
studies in more developed entrepreneurial ecosys-
tems (Al-Hakimi et al., 2021; Rauch et al., 2009) but
aligns with emerging evidence suggestng that EO’s
efectveness depends critcally on insttutonal and
resource contexts. In secondary urban environments
characterized by limited market sophistcaton, un-
derdeveloped support infrastructure, and constrained
consumer purchasing power, proactve risk-taking be-
haviors may not translate into performance advantag-
es. MSMEs in Mojokerto operate within relatvely sta-
ble, localized markets where survival depends more
on consistent operatonal executon and relatonship
management than on aggressive innovaton or market
experimentaton. Furthermore, the measurement of
entrepreneurial orientaton in resource-constrained
contexts may capture aspiratons rather than imple-
mentable strategic behaviors, explaining the discon-
nect between orientaton and outcomes. This fnding
suggests that entrepreneurial orientaton functons as
anecessary but insufcient conditon for performance
its benefts materialize only when complemented by
enabling insttutonal conditons and sufcient re-
source endowments absent in many secondary cit-
ies. The non-signifcant efect of business capital on
performance (H3 not supported) and strategic agility
(H6 not supported) similarly refects context-specifc
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realites diverging from mainstream entrepreneur-
ship theory. While capital adequacy enables growth
in environments with accessible markets and scalable
business models, MSMEs in Mojokerto face struc-
tural constraints that limit capital’s transformatve
potental. Market size limitatons, infrastructure de-
fciencies, and supply chain inefciencies mean that
additonal capital cannot easily translate into expand-
ed operatons or new market penetraton. Moreover,
the capital measures in this study captured perceived
adequacy rather than absolute fnancial resources,
potentally refectng owners’ subjectve assessments
that may not align with objectve capital utlizaton ef-
fectveness. This fnding resonates with Kayani et al.,
(2025), who demonstrated that capital’s performance
impact depends critcally on strategic deployment
rather than mere availability. In secondary urban
contexts, knowing how to optmize limited resources
through superior managerial capabilites may mater
more than possessing abundant capital a patern con-
sistent with educaton’s dominant role in this study.
The failure of strategic agility to signifcantly infuence
performance (H7 not supported) or mediate relaton-
ships between resources and outcomes (H8-H10 not
supported) represents this study’s most theoretcally
challenging fnding. Dynamic capabilites theory pos-
its that organizatonal agility enables frms to adapt
to environmental turbulence and leverage resources
efectvely (Teece and Pisano, 1994), yet this mecha-
nism appears inoperatve within Mojokerto’s MSME
context. Several explanatons merit consideraton.
First, the measurement of strategic agility may not
adequately capture the informal, tacit adaptve prac-
tces characteristc of micro and small enterprises op-
eratng with minimal formal organizatonal structures.
Strategic agility scales developed for larger frms may
fail to detect the improvised, relatonship-based fex-
ibility that defnes MSME adaptaton in developing
contexts. Second, the relatvely stable, slow-changing
market conditons in secondary urban areas may re-
duce the salience of agility as a compettve diferent-
ator when environments evolve gradually, consistent
operatonal competence may outweigh rapid adaptve
capacity. Third, strategic agility’s benefts may require
a minimum threshold of organizatonal resources and
capabilites to manifest, thresholds that many MSMEs
in this sample may not reach. The fnding suggests
that for resource-constrained urban MSMEs, direct
applicaton of foundatonal human capital through



informed decision-making proves more consequen-
tal than developing dynamic reconfguraton capa-
bilites. In contrast, owner’s educaton level emerges
as the unambiguous performance driver, accountng
for 12.6% of performance variance and operatng
through direct rather than agility-mediated pathways.
This fnding strongly supports human capital theory’s
predictons (Marvel et al., 2016; Unger et al., 2011)
while extending understanding of how educaton
functons in resource-constrained contexts. Educaton
appears to enable superior performance through mul-
tple direct mechanisms: enhanced fnancial literacy
facilitatng beter resource allocaton, broader mar-
ket knowledge supportng strategic positoning, im-
proved problem-solving capabilites enabling opera-
tonal eFciency, and greater confdence in navigatng
bureaucratc and insttutonal interfaces. Importantly,
educaton’s direct efect suggests it operates through
cognitve and knowledge applicaton rather than by
frst enhancing organizatonal capabilites educated
owners make beter immediate decisions rather than
building agile organizatons. This patern aligns with
research emphasizing educaton’s role in improving
entrepreneurial judgment and reducing cognitve bi-
ases (Maria et al., 2024; Syaf’i et al., 2021). For urban
policymakers, this fnding carries profound implica-
tons: investments in human capital development yield
more direct and substantal returns than initatves fo-
cused on capital provision or entrepreneurial attude
cultvaton in secondary urban contexts. These collec-
tve fndings contribute to entrepreneurship theory
by demonstratng that resource-based and dynamic
capabilites frameworks, while powerful in explaining
performance in resource-rich, insttutonally devel-
oped contexts, require substantal modifcaton when
applied to resource-constrained secondary urban en-
vironments in developing economies. The primacy of
human capital over fnancial capital, entrepreneurial
orientaton, and dynamic capabilites suggests that
foundatonal competencies precede strategic sophis-
tcaton in entrepreneurial development trajectories.
Urban management scholarship benefts from un-
derstanding that efectve MSME support in second-
ary cites demands human capital prioritzaton over
the fnancial incentves and promotonal programs
that dominate many development agendas. The ab-
sence of mediaton efects further indicates that ca-
pability-building interventons must address concrete
knowledge and skill defcits rather than assuming that
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enhanced agility or orientaton will spontaneously
emerge from resource provision.

Practical implications for urban management

These empirical paterns collectvely paint a nu-
anced understanding of performance determinants
for MSMEs operatng in Indonesian secondary urban
centers. Educaton emerges unequivocally as the pri-
mary driver, the sole factor directly enhancing busi-
ness performance with statstcal confdence. This
result provides compelling support for contemporary
urban management scholarship treatng human cap-
ital investment as foundatonal to sustainable urban
compettveness (Glaeser and Hausman, 2020). With-
in complex insttutonal environments characterized
by weak formal support systems and irregular mar-
ket informaton fows, educated proprietors navigate
challenges more efectvely through superior analyt-
ical capabilites, enhanced learning orientaton, and
greater capacity to mobilize productve networks.
The failure of entrepreneurial orientaton to predict
performance outcomes challenges prevailing as-
sumptons that promotng entrepreneurial mindsets
automatcally yields benefcial results. Within Mojok-
erto’s specifc context, entrepreneurs may possess
risk tolerance and innovaton orientatons yet lack es-
sental ecosystem support infrastructure, innovaton
hubs, mentorship networks, and regulatory fexibility
necessary for convertng intentons into measurable
achievements (Mezei et al., 2025). Urban managers
should consequently transiton beyond motvatonal
campaign approaches toward constructng tangible
support infrastructure enabling entrepreneurial be-
haviors to materialize into outcomes. This reorien-
taton recognizes that attude promoton proves in-
sufcient absent enabling insttutonal frameworks.
Capital’s nonsignifcant efects similarly challenge
fnance-frst interventon paradigms dominatng de-
velopment policy discourse. Financial resources en-
able operatonal stability yet fail to guarantee perfor-
mance improvements absent strategic deployment
capabilites, which themselves require managerial
competence and market understanding. Urban pol-
icymakers should therefore reconceptualize MSME
fnancial support as integrated interventon programs
combining credit accessibility with business training,
mentorship provision, and peer learning facilitaton
(Faridi et al., 2022). This holistc approach acknowl-
edges that fnancial, human, and social capital op-



erate synergistcally to determine entrepreneurial
ecosystem vitality rather than functoning as inde-
pendent performance drivers. Strategic agility’s weak
performance both as a predictor and a mediator
suggests that adaptve capabilites, whilst conceptu-
ally important for theoretcal understanding, require
specifc enabling conditons to generate compettve
advantages within real-world settngs. Insttutonal
voids, infrastructure defciencies, and resource con-
straints may prevent agile behaviors from translatng
into superior performance outcomes (Linnenluecke,
2021). Building MSME resilience, therefore, demands
not merely skill development interventons but eco-
system-level investments in digital infrastructure,
market informaton systems, and regulatory frame-
works permittng rapid adaptaton to yield sustained
compettve benefts. Our fndings additonally illumi-
nate unique dynamics characterizing the urban-rural
interface zone. Mojokerto straddles urbanized mu-
nicipalites and peri-urban territories, creatng hy-
brid conditons wherein MSMEs confront urban-level
competton intensity whilst operatng with rural-lev-
el infrastructure availability. The BUMDes insttuton-
al framework represents an innovatve governance
approach connectng micro-enterprises to broader
support networks, yet our results suggest it remains
insufcient absent concurrent human capital develop-
ment initatves. Secondary cites require educatonal
infrastructure and skill-building programs as essental
complements to insttutonal capacity-building rather
than as alternatve interventon pathways. Contem-
porary urban management increasingly conceptu-
alizes entrepreneurial ecosystems as foundatonal
elements supportng resilience, innovaton capacity,
and inclusive growth trajectories (Stam and van de
Ven, 2021). However, ecosystem vitality depends crit-
ically upon entrepreneurial quality shaped by human
capital depth and resource deployment efectveness
rather than merely entrepreneur quantty. Our fnd-
ings suggest that strengthening urban entrepreneur-
ial ecosystems necessitates prioritzing educatonal
infrastructure and capability-building over purely f-
nancial interventons or attude-focused promoton-
al campaigns lacking tangible support mechanisms.

Policy recommendations

Drawing upon these empirical insights, we pro-
pose fve actonable recommendatons for urban
managers and development agencies:
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First, municipal authorites should establish contnu-
ing educaton programs specifcally tailored to prac-
tcing MSME proprietors, ofering fexible evening
and weekend formats addressing authentc opera-
tonal challenges in fnancial management, digital
technology adopton, strategic planning methodolo-
gies, and market analysis techniques. These programs
must transcend generic business training to provide
contextualized knowledge applicable within second-
ary urban market conditons.

Second, urban development agencies should cult-
vate mentorship networks systematcally linking es-
tablished successful entrepreneurs with emerging
MSMEs, facilitatng tacit knowledge transfer and
social learning processes that complement formal
educatonal interventons. Such networks leverage
experiental wisdom accumulated by veteran en-
trepreneurs whilst providing nascent ventures with
practcal guidance unavailable through classroom in-
structon alone.

Third, municipalites should create dedicated urban
entrepreneurship hubs providing shared infrastruc-
ture, technology access, market informaton resourc-
es, and peer collaboraton opportunites that reduce
individual resource constraints whilst fostering col-
lectve learning environments (Spigel & Vinodrai,
2021). These physical spaces functon as ecosystem
nodes catalyzing knowledge exchange and network
formaton beyond what isolated entrepreneurs could
achieve independently.

Fourth, support program designers should integrate
human capital assessment mechanisms into interven-
ton design processes, enabling tailored interventons
addressing specifc capability gaps rather than apply-
ing generic one-size-fts-all approaches that ignore
entrepreneur heterogeneity. Diagnostc assessments
can identfy whether partcular MSMEs require fnan-
cial literacy training, technical skill development, or
strategic planning support, allowing resource-e¥-
cient targeted interventons.

Fifh, urban policymakers should strengthen universi-
ty-MSME linkages through collaboratve research ini-
tatves, internship programs, and knowledge transfer
mechanisms that simultaneously enrich academic cur-
ricula whilst channeling specialized expertse to prac-
tcing entrepreneurs (Guerrero et al., 2021). These
partnerships create mutually benefcial relatonships,
advancing both pedagogical innovaton and practcal
problem-solving within local entrepreneurial commu-



nites. These strategic recommendatons collectvely
consttute a human capital-centered approach recog-
nizing educaton as a high-leverage interventon path-
way for strengthening entrepreneurial ecosystems
and enhancing urban economic resilience, precisely
what our empirical evidence demonstrates maters
most substantally for MSME success within Indone-
sian secondary urban contexts. This study contributes
to scholarship in four key dimensions. Theoretcally,
it challenges the universal applicability of dynamic
capabilites frameworks by demonstratng that foun-
datonal human capital precedes strategic-level ca-
pabilites in resource-constrained secondary urban
contexts, extending human capital theory by reveal-
ing that educaton operates through direct cognitve
pathways rather than by frst enhancing organizaton-
al agility. Empirically, it addresses a signifcant geo-
graphical gap by providing quanttatve evidence on
MSME performance determinants within Indonesia’s
secondary cites, with the null fndings for entrepre-
neurial orientaton, capital, and strategic agility con-
sttutng substantve contributons revealing what
does not drive performance in these contexts. Meth-
odologically, it demonstrates rigorous PLS-SEM ap-
plicaton to small sample entrepreneurship research
with transparent reportng of nonsignifcant results,
contributng to balanced evidence accumulaton of-
ten absent in literature biased toward positve fnd-
ings. Practcally, it provides evidence-based guidance
prioritzing human capital development over fnancial
capital provision in MSME support interventons, chal-
lenging prevailing policy assumptons and suggestng
substantal resource reallocaton toward educaton
and training programs tailored to practcing entrepre-
neurs’ operatonal needs. Several limitatons qualify
these fndings and suggest cauton in generalizaton.
The cross-sectonal research design precludes defn-
itve causal inference, as reverse causality whereby
successful MSMEs enable owners to pursue further
educaton remains plausible. The sample size of 60
respondents, while adequate for PLS-SEM analysis,
limits statstcal power for detectng small efect siz-
es and the modest R? of 12.6% indicates substantal
unexplained variance atributable to unmeasured
insttutonal, psychological, and market factors. Geo-
graphical specifcity to Mojokerto Regency constrains
external validity, as fndings may not generalize to
secondary cites with diferent infrastructure devel-
opment, insttutonal capacity, or cultural entrepre-
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neurial norms. Reliance on self-reported perceptual
measures introduces potental common method bias
despite procedural remedies employed, and the focus
on BUMDes-aFliated MSMEs may not represent in-
dependent entrepreneurs operatng outside commu-
nity-based organizatonal structures. Future research
should employ longitudinal designs to strengthen
causal claims, incorporate larger samples across mul-
tple secondary cites to enhance generalizability, tri-
angulate self-reported measures with objectve per-
formance indicators, and explore through qualitatve
methodologies the mechanisms through which edu-
caton infuences performance in the absence of stra-
tegic agility mediaton.

This study addressed the research objectve of ana-
lyzing how entrepreneurial orientaton, owner’s ed-
ucaton level, and business capital infuence MSME
performance through strategic agility’s mediatng role
within Mojokerto’s urban entrepreneurial ecosystem.
The empirical fndings provide clear yet unexpected
answers to the research questons posed. Of the ten
hypotheses tested, only one received empirical sup-
port: owner’s educaton level demonstrated a signif-
icant positve direct efect on MSME performance
(H3: B = 0.342, p = 0.028), accountng for 12.6% of
performance variance. This fnding confrms that hu-
man capital, specifcally educatonal atainment and
associated knowledge competencies, operates as a
critcal performance determinant in secondary ur-
ban contexts. Contrary to theoretcal expectatons
grounded in entrepreneurship and dynamic capabil-
ites literature, nine hypotheses were not supported
by empirical evidence. Entrepreneurial orientaton
failed to signifcantly infuence either MSME perfor-
mance (H1: B = -0.152, p = 0.296) or strategic agility
(H2: B =-0.180, p = 0.263), challenging conventonal
assumptons about EO’s universal relevance across
entrepreneurial contexts. Business capital similarly
demonstrated no signifcant efects on performance
(H5: B =0.184, p = 0.168) or strategic agility (H6: B =
-0.041, p = 0.755), suggestng that perceived capital
adequacy alone does not translate into compettve
advantages within resource-constrained secondary
cites where structural market limitatons constrain
capital’s transformatve potental. Strategic agility,
hypothesized as a dynamic capability linking resourc-
es to outcomes, exhibited no signifcant direct efect



on performance (H7: $ = 0.237, p = 0.101) and failed
to mediate relatonships between any predictor vari-
ables and performance (H8, H9, H10: all p > 0.40). The
absence of educaton’s indirect efect through agility
(H4 and H9 not supported) proves partcularly illumi-
natng, indicatng that educatonal capital operates
through direct cognitve and knowledge applicaton
pathways rather than by frst enhancing organiza-
tonal adaptve capabilites. These fndings collectve-
ly answer the research queston by revealing that
among the examined factors, only owner’s educaton
directly and signifcantly drives MSME performance
in secondary urban Indonesian contexts, with entre-
preneurial orientaton, business capital, and strate-
gic agility proving statstcally irrelevant. This patern
suggests that foundatonal human capital competen-
cies precede strategic-level capabilites in entrepre-
neurial development trajectories, partcularly within
insttutonal environments characterized by limited
support infrastructure, underdeveloped markets, and
resource constraints typical of secondary cites. The
results challenge mainstream entrepreneurship the-
ory’s assumptons about universal performance driv-
ers and underscore the necessity of context-sensitve
theoretcal frameworks acknowledging how resource
availability and insttutonal quality moderate rela-
tonships between entrepreneurial atributes and
outcomes. The implicatons for urban management
policy and practce are profound and actonable.
Given that educaton emerged as the sole signifcant
predictor while capital and entrepreneurial orienta-
ton proved inefectve, urban managers and policy-
makers should fundamentally reorient MSME support
strategies toward human capital development rather
than contnuing predominant emphases on fnancial
capital provision or generic entrepreneurship pro-
moton. Specifcally, municipal authorites should
prioritze accessible contnuing educaton programs,
managerial training initatves, and fnancial literacy
workshops tailored to practcing entrepreneurs’ oper-
atonal needs and delivered through fexible formats
accommodatng business owners’ tme constraints.
Development agencies should establish mentorship
networks systematcally linking educated, successful
entrepreneurs with emerging MSMEs to facilitate tac-
it knowledge transfer and social capital formaton that
formal educaton alone cannot provide. Urban entre-
preneurship hubs ofering shared infrastructure, tech-
nology access, and peer learning opportunites would
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amplify educaton’s benefts by creatng environments
where knowledge applicaton and experimentaton
occur collaboratvely. Future research should inves-
tgate several critcal questons emerging from these
Tndings. Longitudinal studies tracking MSMEs across
multple tme points would strengthen causal infer-
ence regarding educaton’s performance efects and
illuminate dynamic processes through which human
capital accumulaton translates into business growth
over entrepreneurial lifecycles. Qualitatve invest-
gatons could explore specifc mechanisms through
which educaton infuences performance decisions,
potentally revealing cognitve processes, network
actvaton paterns, or bias reducton pathways not
captured by quanttatve constructs. Comparatve
studies across multple secondary cites varying in in-
frastructure development, insttutonal capacity, and
market characteristcs would establish whether edu-
caton’s primacy and orientaton’s inefectveness rep-
resent universal paterns in secondary urban contexts
or context-specifc phenomena unique to Mojokerto.
Research examining threshold efects could deter-
mine minimum educaton levels necessary for per-
formance benefts to materialize, informing targeted
program design. Finally, interventon studies evaluat-
ing educatonal programs’ causal efects through qua-
si-experimental or randomized designs would provide
the strongest evidence guiding policy investments and
resource allocaton decisions for urban MSME devel-
opment initatves.
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Low-carbon tourism was recognized as a crucial contrib-
utor to mitgatng the efects of climate change; however, tourists ofen failed to translate
pro-environmental intentons into actons. This study examined the infuence of Digital
Informaton Percepton, the perceived credibility and usefulness of online informaton,
and Social Media Engagement, the actve interacton with social media content and peer
networks, the perceived behavioral control through social media, on pro-environmental
attudes among urban, well-educated, and digitally literate seniors. The research aimed
to identfy the predictors of intenton and behavior toward low-carbon tourism within a
digital context.

A cross-sectonal online survey was conducted with 400 respondents. The data
were analyzed using Structural Equaton Modeling to test the extended Theory of Planned
Behavior (TPB) model incorporatng digital constructs. The variables included DIP, SME,
attude, subjectve norms, perceived behavioral control, intenton, and low-carbon be-
havior.

The primary evidence from the SEM analysis reveals the signifcant predictors
of intenton to adopt low-carbon practces. The mean score discrepancy highlights the
large gap between pro-environmental intentons and actual behaviors, with 78% of re-
spondents reportng high pro-environmental intentons, refected in a mean score of 4.29,
in contrast to only 54% exhibitng consistent low-carbon behaviors, indicated by a lower
mean score of 2.56. Additonally, the beta coeFcient for the pathway from behavioral in-
tenton to low-carbon tourism behavior was found to be = 0.610, emphasizing its strong
infuence in the model. These fndings underscore the substantal intenton-behavior gap
in the context of low-carbon tourism among urban seniors.

The model ft was satsfactory, with indices indicatng a good ft (CFI > 0.90,
RMSEA < 0.08). This supports the validity of the extended Theory of Planned Behavior
model in predictng low-carbon tourism intentons among urban seniors. This suggests
that seniors fnd the credibility and usefulness of general online informaton (DIP) more in-
fuental for intenton than actve interacton with social media. So, to develop eco-friendly
tourism among elders, the focus should be on low-carbon tourism optons. Due to pur-
posive, non-random sampling of urban, digitally literate seniors, the results should be in-
terpreted as exploratory; future studies should employ representatve and longitudinal
designs to examine the persistence of low-carbon behaviors over tme.
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Background and rationale

The issue of climate change is among the most ur-
gent problems of societes globally. Tourism presents
a paradox in this regard: on the one hand, it contrib-
utes to economic growth and employment, while on
the other hand, it is one of the primary sources of
greenhouse gas emissions worldwide, primarily due
to the energy-intensive nature of transportaton and
accommodaton (Pathmanandakumar et al., 2021).
Despite recogniton of the importance of low-carbon
tourism in mitgatng climate change, there is a no-
table lack of existng research exploring how elder-
ly-specifc barriers, such as physical limitatons and
health concerns, interact with the intenton-behav-
ior gap in this context. Understanding these barriers
is essental, as they may signifcantly infuence the
ability of older adults to translate their pro-environ-
mental intentons into consistent low-carbon behav-
iors. As the elderly populaton contnues to grow,
partcularly among digitally literate urban seniors,
addressing this gap becomes increasingly important
in fostering sustainable tourism practces that cater
to their unique needs and circumstances. In an efort
to ensure the sector has a limited environmental im-
pact, the low-carbon tourism concept has been intro-
duced, which encourages the adopton of actvites
that limit carbon emissions at all levels of the trav-
el experience, including transport, accommodaton,
consumpton, and recreatonal actvites (Scot et al.,
2012). Establishing low-carbon initatves in Thailand,
where tourism forms a main pillar of its economy,
and promotng sustainable development. According
to the United Natons World Tourism Organisaton
(Sofronov, B. (2017), tourism is a signifcant contrib-
utor to Thailand’s GDP and helps sustain millions of
jobs; however, it also adds pressure on the country’s
natural resources. Even though policymakers and op-
erators within the tourism sector can create green-
er infrastructure and services, the environmental
impact is highly dependent on the actons and de-
cisions made by tourists themselves. The intenton
formaton process among travelers who intend to
partcipate in low-carbon tourism, and the reasons
that lead to failure to act, has been an interestng
area of research to understand. The elderly form a
rapidly growing tourist market worldwide. Thailand is
approaching the stage of a super-aged society, with
the number of individuals aged 60 and above antc-
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ipated to be close to 30 percent of the populaton
by 2031 (Teerawichitchainan et al., (2015). Most of
the elderly have the tme and fnancial resources to
travel; thus, they are a good yet complex market.
They are choosing according to their personal pref-
erences, as well as in light of their health and risk
perceptons, and their generatonal attude towards
the environment (Paterson and Balderas, 2020). Si-
multaneously, the rapid process of digitalizaton is
changing the way senior tourists plan and consume
tourism. In defance of stereotypes of digital illiter-
acy among older adults, an increasing proporton of
Thai elderly living in urban areas are using the inter-
net and social media to fnd insights into traveling
and make bookings (Supansa, 2018; Caragliu et al.,
2011; Zhao et al., 2024). For these digitally literate
seniors, the credibility of informaton on the internet
and social media usage can infuence their attudes
towards the environment and perceived norms. This
also raises key questons about whether online com-
municaton can reduce the intenton-behaviour gap
that persists, namely the disparity between claims of
pro-environmental intentons and actual low-carbon
behaviour in travel (Kollmuss and Agyeman, 2002).
The study of the dynamics between urban, digitally
literate, and educated Thai seniors is both theoret-
ically and practcally valuable: it applies the Theory
of Planned Behaviour to the digital antecedents, and
it ofers policymakers and tourism operators insights
into the design of efectve low-carbon interventons
to appeal to this powerful demographic. Digital Infor-
maton Percepton (DIP) refers to the understanding
and evaluaton of the credibility and usefulness of
online informaton about low-carbon tourism, serv-
ing as an antecedent to the core Theory of Planned
Behavior (TPB) constructs: attudes (ATT), subjectve
norms (SN), and Perceived Behavioral Control (PBC).
Similarly, Social Media Engagement (SME) represents
the PBC derived from interactons on social media
platorms. Both DIP and SME infuence the formaton
of pro-environmental atttudes and behaviors among
urban, digitally literate seniors.

Literature review

Theoretical lens: The theory of planned behavior
Ajzen (1991) has applied the Theory of Planned

Behavior (TPB) widely in tourism and environmental

psychology to explain the reasons behind pro-environ-

mental behaviors. TPB assumes that a person’s inten-



tons to act depend on Attudes Towards the Behavior
(ATB), Subjectve Norms (SN), and PBC. TPB is a widely
used tool in sustainable tourism, such as eco-friendly
optons (Han et al., 2010) (Dolnicar and Leisch, 2008)
and sustainable transport (Chen and Tung, 2014).
But tourists don’t act on good intentons towards the
environment; they fail to act sustainably because of
convenience and cost. To acknowledge this clearly,
researchers have expanded the factors to include en-
vironmental concern, trust, or identty (Stern, 2000;
Meng et al., 2023). Nowadays, Digital Informaton
Percepton (DIP) and Social Media Engagement (SME)
are antecedents of atttudes, norms, and PBC in the
digital age. For example, exposure to credible online
informaton can enhance knowledge and attudes to-
wards sustainable practces, whereas actve involve-
ment with infuencers or peer networks can strength-
en subjectve norms (De Veirman, Cauberghe, and
Hudders, 2017; Harrigan et al., 2021). However, the
existng empirical studies do not pay much atenton
to seniors in the context of non-Western settngs, and
signifcant gaps in knowledge remain about how dig-
ital practces are intertwined with intentons toward
pro-environmental tourism (Lu et al., 2024).

Research gap

Despite the signifcant expansion of the literature
on sustainable tourism, there are stll substantal
gaps. To begin with, the majority of the available liter-
ature focuses on younger tourists or tourists of mixed
age, and rarely considers digitally engaged elderly
people, despite older adults becoming a fast-growing
consumer group with unique decision-making be-
haviors and their travel limitatons (Shen, S. & Abdul
Aziz, A. B., 2023). Second, although the TPB (Ajzen,
1991) is generally a popular theory to explain pro-en-
vironmental behaviour, it has rarely been applied to
incorporate the digital factors of the theory like the
credibility of online informaton or trends of online
social media use—factors that are increasingly infu-
encing the travel planning in new economies (Supan-
sa, 2018; Wut et al., 2023; Reinhold et al., 2023).
Third, the longstanding intenton-behaviour gap,
namely the long-reported failure of pro-environmen-
tal intentons to be translated into actual low-carbon
behaviours, is not thoroughly studied among elderly
people, whose physical constraints, convenience, and
health-related concerns may pose specifc obstacles.
The need to fll these gaps is the main reason why this
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study is necessary.

Objectives and research questions

The study pursues the following objectves:

1. To investgate the infuence of DIP and SME
on TPB antecedents (ATT, SN, PBC).

To examine the relatonships among TPB con-

structs in shaping behavioral intenton and

behavior within the context of low-carbon
tourism.

. To assess the existence and extent of the in-
tenton-behavior gap in senior tourists’ adop-
ton of low-carbon practces.

. To identfy structural, informatonal, and so-
cial barriers that hinder seniors from translat-
ing intentons into actual low-carbon tourism
behavior.

2.

Accordingly, the central research queston is:

Which digital and psychological factors explain the
formaton of intenton and the executon of low-car-
bon tourism behavior among digitally engaged Thai
seniors, and how can the intenton-behavior gap be
understood in this demographic?

Significance of the study

The importance of the given research is both the-
oretcal and practcal. It is conceptually a contnua-
ton of TPB, which explicitly includes the constructs of
digital engagement and provides informaton on how
seniors perceive online informaton and social media
signals in sustainable tourism contexts. It is also used
to contribute to discussions on the intenton-behav-
ior gap by placing it in a demographic settng that is
highly digitally engaged, but less likely to be adapt-
able to behavioral change. In practce, the study has
presented practcal policy suggestons to policymak-
ers, destnaton managers, and tourism companies in
Thailand and other similar setngs. Knowledge about
what motvates or discourages the use of low-carbon
practces by seniors can be used to shape interven-
tons, whether in the form of digital informaton cam-
paigns or infrastructural enhancements, to close the
gap between intenton and sustainable behavior.

The study employed a robust cross-sectonal online
survey with a sample size of 400 respondents, which
falls within the recommended range for Structural
Equaton Modeling (SEM) analyses (200-400). The



model ft indices were satsfactory, indicatng a good
Tt of the data to the proposed model. These factors
enhance the credibility of the fndings, suggestng
that the extended TPB efectvely captures the
predictors of low-carbon tourism intentons and
behaviors among urban, digitally literate seniors.

Research design

The paper has used a cross-sectonal guantta-
tve survey to test an extended Theory of Planned
Behaviour (TPB) model that incorporates two digital
factors—DIP and SME — in explaining low-carbon
tourism behaviour among urban, educated, digitally
literate Thai elderly. A survey was suitable for invest-
gatng numerous latent variables and estmatng how
they are related to each other at a single pointin tme.
The analysis of the measurement and structural mod-
el was conducted using Structural Equaton Modelling
(SEM), which enables the simultaneous estmaton
of direct, indirect, and mediatng efects. The ques-
tonnaire was supplemented with short open-ended
guestons, which were asked at the end to encourage
respondents to comment on their personal motva-
ton and barriers to adoptng low-carbon travel prac-
tces, thereby making the quanttatve analysis more
comprehensive and contributng to the interpretaton
of the identfed intenton-behavior gap.

Population and sampling
The target group consisted of Thai elderly indi-

viduals aged 60 years and older who frequently used
the internet and showed an interest in traveling. The
sampling strategy employed was purposive, as the
study aimed to capture a digitally literate group of
elderly individuals, as opposed to the general popu-
laton, which would encompass a considerable num-
ber of non-technology users. The data were collected
using an online questonnaire administered between
April and May 2025. Respondents were checked by
screening questons that ensured that they were:

1. Aged 60 or above,

2. Internet users, and

3. Interested in or experienced with travel.

Four hundred valid responses were received, and that
is higher than the minimum sample size requirements
of SEM. According to Henseler et al., (2014), the
minimum sample size for the model is ten tmes the
maximum number of paths to a latent construct that
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can be detected. In this case, seven predictors are
taken into account, which means that a minimum of
70 casesisrequired. On the same note, as observed by
RosakSzyrocka &Tiwari (2023), the samples required
for SEM are typically 200-400, and the current study
falls within a suitable range for analysis.

Demographic Profile of Respondents

The sample exhibited features characteristc of
a digitally actve elderly populaton. Statstcs. Most
were women 85.3% with only 12.8% being males and
2% identfying as LGBTQP. The concentraton of age
in the 60 64 bracket was 89.8%, indicatng the study
centered on the young-old seniors. Most respondents
have a high level of educaton, with 58.3% holding a
bachelor’s degree and 8.5% holding a postgraduate
degree, and most of them belong to the middle-class
group. Similarly, 82.8% used the internet and social
media daily, with 34.5% ratng themselves highly
profcient. The highest geographic proporton (39%)
was found in Bangkok and metropolitan areas; next
in line were central, northern, and northeastern
provinces. These fgures suggest that the sample
is not representatve of the typical Thai elderly, but
rather a well-educated, urban, and digitally profcient
subgroup with a higher disposable income.

Research Instrument
The structured questonnaire was made up of four
sectons:

1. Eligibility screening questons,

2. Latent variables (DIP, SME, ATT, SN, PBC, BI,
and LCTB) measurement items,
Demographics and socioeconomic data,
Open-ended questons on perceived barriers
and motvatons.

3.
4.

Data Analysis
The analysis of the data took a two-step SEM
procedure, using AMOS 26:
Confirmatory Factor Analysis (CFA): It was performed
to test the validity and reliability of the model of
measurement.
¢ The standardized factor loading ranges were
positve, and all of them are higher than 0.70,
with a range between 0.716 and 0.892.
o Cronbach’s alpha values were between 0.709
(LCTB) and 0.889 (BI), which are above the
standard of 0.70.



e The values of Composite Reliability (CR)
were between 0.712 and 0.879, and the
Average Variance Extracted (AVE) values
were between 0.553 and 0.758, which also
substantate convergent validity.

2. Structural Model Analysis: Hypothesized relatonships
were compared to determine the causal relatonships
between latent variables.

o Model ft: satsfactory CFl > 0.90, RMSEA <

0.08, and 8 (5) /df.

8 of the 8 hypothesized paths were found to

be supported, with the strongest efects being

DIP to ATT (=-0.559), PBC to BI (=-0.677), and

Bl to LCTB (= -0.610). Unexpectedly, however,

SME was not a signifcant predictor of BI

(0.068, p > 0.05).

There was also a signifcant gap between attudes/

intentons and behaviors as revealed by descriptve

statstcs. Although the means of attudinal and
intentonal items were high (i.e., ATT1 mean

4.26, BI3 mean = 4.29), the actual behaviors were

moderate (mean 2.5), which is an indicaton of the

intenton-behavior gap.

Ethical considerations

The research described in this artcle was re-
viewed and approved by the University of Phayao
Human Ethics Commitee, Thailand. The approval
reference number is HREC-HSS 2.2/175/68. All proce-
dures performed in studies involving human partci-
pants were in accordance with the ethical standards
of the insttutonal and/or natonal research commit-
tee and with the 1964 Helsinki Declaraton and its
later amendments or comparable ethical standards.
Informed consent was obtained from all individual
partcipants included in the study (Wu & Zhao, 2022).

Limitations of the methodology

Although the design and procedures were strict,
several methodological limitatons need to be
mentoned. To start with, the non-random purposive
sample will limit the extrapolaton of the fndings to
the broader Thai seniors who are digitally engaged.
Second, the cross-sectonal design does not allow
for causal inference, but only correlaton. Third, self-
reportng measures can be prone to social desirability
bias, partcularly when assessing pro-environmental
attudes. However, the sample size, good
measurement validaton, and the mix of quanttatve
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and qualitatve aspects contribute to the credibility
and relevance of the results.

Descriptive statistics of the sample

Demographic  informaton obtained from
evaluatng 400 interviewees consttutes valuable
insights into the study populaton. There is a
signifcant imbalance in gender representaton,
with the vast majority of 85.3% being female, as
shown in Fig. 1. There is also a representaton of
males, who make up 12.8 percent of the sample
and 2.0 percent of the LGBTQ+ populaton. Such
overrepresentaton of women is not a remote issue
in survey-based tourism research, as women tend to
be more involved in trip planning within families and
are more likely to complete online survey forms. Such
a skew implies that the results can be partcularly
valuable to elderly female travelers, who consttute
a promising market niche for low-carbon tourism.
The fndings address the interpretaton of the non-
signifcant fndings related to SME, framing it in the
context of “slacktvism.” The negatve beta value
associated with SME should not be misinterpreted
as indicatng an inhibitory efect on low-carbon
tourism behaviors. Instead, it highlights the lack of
signifcance, suggestng that SME does not have a
meaningful impact on the intenton-behavior gap in
this context. This distncton is crucial for accurately
understanding the role of SME in infuencing pro-
environmental actons among seniors.
According to the age profle, the sample is denser in
the 60-64 age group, with 89.8 respondents living in
this age group. The number of those aged 65-69 was
only 7.8 percent, and those above 70 were less than
3% are showninFig. 2. This can be assumed to indicate
that the group of seniors captured by the study is
more of the so-called young-old seniors who are stll
relatvely healthy, mobile, and digitally involved. Low
partcipaton of elders highlights the lower visibility
and underscores the need to recognize generatonal
diferences with elders.
The level of educaton in the sample is 58.3% with
a bachelor’s degree and 8.5% with a postgraduate
degree. This sample suggests that respondents are
generally capable of understanding sustainable
informaton online. Interms of economic crises, 34.5%
reported a monthly income of around 15,001-30,000
THB, whereas 28.3% earn above 30,000 THB. The



W. Madhyamapurush et al.

Gender Distribution of Sample (N=400)
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Fig 1: Gender distributon of the Sample(N=400)
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Internet Use Frequency of Seniors
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Fig 3: Internet use frequency of Seniors

middle-class and upper-class incomes are enough to
spend on eco-friendly travel opportunites, which are
viewed as the most expensive. Clues of online savvy
suggested that the sample actually consisted of a set
of highly connected individuals. 82% of respondents
reported being online every day, with another 11%
reportng being online 4 to 6 days a week. This was
the same case with social media use, as shown in
Fig. 3. Regarding their self-rated internet skills, 47.8%
belong to the intermediate user populaton, and
34.5% belong to the more advanced populaton. This
is indicatve of a group that is not only connected but
also assured of navigatng digital tools.

This study reveals that 75.8% of people travel through
informaton from social media, and 75.5% of people
travel from recommendatons from their family and
friends, far surpassing traditonal sources such as
television, radio, and newspapers. These fndings
suggest that digital platorms infuence the travel
choices of respondents. However, the descriptve
method indicates that this study is not for Thai older
seniors because they have less knowledge of digital
platorms. Rather, the results demonstrate that this
study is for a specifc group of urban, educated, and
fnancially stable early seniors who frequently use
digital platorms for travel optons (Thébault et al.,
2013). The intenton-behavior gap is the R2 value
of 37.2%, which indicates that behavioral intenton
explains a substantal porton of the variance in low-
carbon tourism behavior. This fnding underscores
the gap between the high levels of pro-environmental
intentons reported by respondents and their actual

801

low-carbon behaviors. The signifcant yet incomplete
explanatory power of behavioral intenton
suggests that other factors are likely infuencing
the discrepancy, further emphasizing the need for
additonal research to identfy and address these
barriers.

Descriptive statistics of latent variables

A further understanding of the cognitve and
behavioral orientatons of seniors toward low-carbon
tourism is achieved through the analysis of the
measurement items. Attude variables/measures
(ATT) and Behavioral Intentons (BI) consistently had
high mean scores of above 4.0 on a 5-point scale,
indicatng a high proporton of respondents supported
the value of low-carbon tourism. For example, the
measure of actvity that requires low-carbon tourism
had a mean of 4.26, whereas the measure of actvity
that | will also atempt to reduce the types of waste
| produce during my travels (BI3) scored even beter,
with a mean of 4.29. This research suggests that
partcipants have positve attudes toward sustainable
tourism. On a 3-point scale, the average score of
approximately 2.5 indicates that Low-Carbon Tourism
Behavior (LCTB) practces are for occasional use and fll
a gap between what they believe and do. Indicatvely,
LCTB3, which involves bringing a reusable water
botle and a cloth bag when | travel, provides a mean
response of 2.56, whereas LCTB2, which involves
atemptng to save water and electricity in my hotel
room, records 2.46. This deviaton between the bold
plans and moderate actons is the inital indicaton of



Mean Scores of Latent Variables

Mean Score (Likert Scale)

Fig 4: Mean scores of Latent variables

the intenton-behavior gap in this populaton (Zainal
Abidin et al., 2023).

Similar factors, such as Digital Informaton Percep-
ton (DIP), latent Social Media Engagement (SME),
PBC, and SN, are reported near 4.0 and are shown in
Fig. 4. This suggests that seniors are highly engaged
in digital actvites and perceive efectve sustainable
behavior. These frequent positve ratngs suggest
that the challenge is not in convincing seniors; it
depends on the mindset to make it easier and sus-
tainable actons during travel. The mean low-carbon
tourism behavior score of 2.5 on a 3-point scale in-
dicates moderate behavior, contrastng with the high
behavioral intenton mean of 4.29 on a 5-point scale.
This inconsistency in scales could lead to misunder-
standings, partcularly in the bar chart (Fig. 4), which
mixes these scales. Standardizing the presentaton of
all scores will enhance the comprehensibility of the
Tndings and facilitate accurate interpretatons of the
intenton-behavior gap.

Measurement model assessment

Confrmatory factor Analysis (CFA) was conducted
to examine the reliability and validity of the
measurement model. All factor loadings were greater
than 0.70, indicatng good reliability of the indicators.
They are DIP4 (0.876), SME5 (0.832), ATT3 (0.845),
and PBC4 (0.821). Internal consistency was high,
with Cronbach’s alpha ranging from 0.709 (LCTB) to
0.889 (BI), which exceeds the acceptable threshold of
0.70. The values of Composite Reliability (CR) ranged
from 0.712 to 0.879, and the Average Variance
Extracted (AVE) was between 0.553 and 0.758,
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confrming convergent validity. Discriminant validity
was, however, less desirable. There were correlatons
between DIP, SME, and PBC exceeding the square
roots of their AVEs. For example, the square root
of 0.788 is lower than the correlaton between DIP
and SME of 0.909. This implies that the elderly may
not have a fne line between informaton recepton,
interacton with social networks, and the ability to
act. Even though all these constructs are refected
as one dimension of digital empowerment, this is a
statstcal limitaton, as it views various digital factors
for seniors.

Structural model and hypothesis testing

The SEM results revealed several key fndings:

1. DIP = ATT (Supported): Digital informaton
percepton signifcantly infuenced attudes
toward low-carbon tourism  (B=0.559,
p<0.001). Seniors who perceived online
informaton as credible and useful were more
likely to develop positve attudes.

2. SN > ATT (New Path): Subjectve norms
signifcantly infuenced atttudes ($=0.294,
p<0.001). While not originally hypothesized,
this fnding suggests that family and peer
approval enhance positve evaluatons.

3. ATT = BI (Supported): Attudes signifcantly
predicted intentons (=0.305, p<0.001),
consistent with TPB.

. PBC > BI (Supported): Perceived behavioral
control was the strongest predictor of
intenton (B=0.677, p<0.001). This indicates
that seniors’ sense of feasibility and capability



plays a more decisive role than atttudes or
norms.

. SME - BI (Not Supported): Social media
engagement had no signifcant efect on
intenton (B=-0.068, p=0.676). Despite
daily use of social media, mere interacton
with content did not translate into stronger
intentons.

. Bl = LCTB (Supported): Intenton signifcantly
predicted behavior (B=0.610, p<0.001).
However, intenton explained only 37.2%
of behavioral variance, leaving 62.8%
unexplained, evidence of a substantal
intenton-behavior gap.

Together, these results demonstrate that while

seniors hold positve attudes and intentons, actual

behaviors are infuenced by perceived feasibility and
external conditons more than by social media trends.

Model fit

The last model of SEM fted well to the
fundamental measures: 2/df = 2.71, CFl = 0.93, TLI
= 0.91, and RMSEA = 0.067. Such values are within
acceptable limits, which validates the model’s
intensity in providing a sound depicton of the data.

Summary of findings

Most implicatons of the extended TPB version
are supported by the fndings. DIP and PBC turned
out to be the most positve predictors of intenton,
which explains the use of credible informaton and
a sense of feasibility. SN has infuenced atttudes,
demonstratng the role of social networks in shaping
them. Surprisingly, SME did not have that impact,
implying that the seniors do not use social media
as a source of behavior more than they use it as an
informaton source. Lastly, the signifcant intenton-
behavior gap highlights the need to more fully convert
well-meaning intentons into regular, sustainable
behaviors, a subject of further discussion.

Discussion
Overview of key findings

This research outcome supports the stance that
the extended Theory of Planned Behavior (TPB)
provides a constructve framework for explaining low-
carbon tourism behavior among digitally competent
Thai elderly individuals. DIP and PBC emerged as the
strongest predictors of intenton, while Behavioral
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Intenton (Bl) was a signifcant predictor of Low-
Carbon Tourism Behavior (LCTB). Subjectve Norms
(SN), which indirectly afected intenton, did so
through atttude; however, this was not the case with
Social Media Engagement (SME). Notably, intentons
were high, but the actual behaviors were middling,
signifying a signifcant gap between intenton and
behavior. These results support the previous studies,
which emphasize the explanatory potental and the
limitatons of TPB (Ajzen, 1991; Han et al., 2010; Chen
and Tung, 2014). The existng work contributes to the
literature by incorporatng digital constructs into TPB
and focusing on an underrepresented populaton
group (the elderly in Thailand) and empirically
illustratng an interacton of digital-specifc factors,
perceptons of its feasibility, and atttudes to form
pro-environmental behavior.

Digital information perception as a driver of attitudes

The signifcant impact of Digital Informaton Per-
cepton (0.559, p < 0.001) indicates that seniors’ pos-
itve attudes towards tourism strongly depend on
online informaton; the more credible the informa-
ton, the more interest they show in sustainable travel
(Cheung and Thadani, 2012; Harrigan et al., 2021). In
the case of seniors, whose travel choices can neces-
sitate a signifcantly more considered approach to
health, safety, and convenience, online informaton,
credibility, and clarity can hold even greater signif-
cance than in the case of younger generatons. This im-
plies that online informaton that is clear, reliable, and
easy to use must be targeted in sustainable tourism
campaigns for seniors. Complicated or unconfrmed
content cannot only demotvate sustainable decisions
but also erode the confdence of providers. Converse-
ly, atttudes and later intentons may be infuenced by
informaton that demonstrates the actual advantages,
protecton, and afordability of low-carbon behaviors.

The role of perceived behavioral control in forming
intentions

The strongest predictor of intenton was PBC (3
=0.677, p <.001), which validated its key role in TPB
applicatons to pro-environmental behavior. Past
reports have reached the same conclusion, with
the role of feasibility perceptons overriding that of
attudes in determining the choice of a green hotel
(Han et al., 2010) or the preference for eco-friendly
accommodaton (Chen and Tung, 2014). In the
current settng, the percepton that seniors have of
the feasibility of low-carbon operatons, including



saving energy at hotels or reducing emissions
from vehicle use, could infuence whether they
would follow through on the acton. This points
to the hard-faced fact that positve attudes are
not enough. The seniors might also appreciate the
concept of low-carbon tourism, but they may not
implement it simply because they do not see it
as feasible. This is consistent with the applicaton
of Ajzen (1991), which states that PBC is used to
portray the existence of actual conditons of control,
closing the gap between cogniton and limitatons.
Managerially, this observaton suggests that low-
carbon tourism promoton among seniors should
focus on comfort and convenience. In one example,
hotels might make recycling easier, explicitly lay
out eco-advisories, or ofer low-carbon transport
services and accommodaton that are accessible to
seniors. The intentons are strengthened through
the empowerment of seniors with the resources and
support, which makes them feel in charge.

The limited role of social media engagement

Surprisingly, SME was not a signifcant predictor of
intenton (3 =-0.068, p=0.676). This was unexpected,
as 82.8 percent of respondents used social media
daily, and the literature names engagement as a
source of normatve and atttudinal change (De
Veirman et al., 2017; Wut et al., (2023). One reason
could be that, for seniors, social media serves more
as a source of informaton than motvaton. Seniors
can scroll, like, or share content, but these actons
do not lead to meaningful engagement or behavior
change. This observaton also aligns with critques
of ‘slacktvism’ (Morozov, 2009), which suggests that
social network support does not necessarily translate
into real-life actons. For seniors, engagement ofers
exposure rather than commitment. Since SME was
not signifcant, it is crucial to distnguish between
digital actvity and digital infuence. Social media
may provide awareness, but it might not infuence
motvaton unless the informaton is credible and
appears feasible.

Attitudes, subjective norms, and their indirect effects

The showing practce of attudes positvely
infuencing intenton (p < 0.001, n2 = 0.305) is in
line with the TPB and the literature on sustainable
tourism in general (Dolnicar and Leisch, 2008; Han
et al., 2010). Older generatons that regarded low-
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carbon practces as important and useful were
more willing to adopt them. Attudes were also
infuenced by subjectve norms (B = 0.294, p =
0.001), indicatng that ratngs by seniors are shaped
one-third by family and peer endorsement. This
circuitous route serves to highlight the importance
of utlizing social networks in enhancing positve
assessments, especially in collectvist cultures like
Thailand’s, where family and community may tend
to dominate the decision-making process. However,
in contrast to some TPB applicatons, norms overall
had no direct efect on intenton. This means that
in the case of seniors, peer pressure does not
contribute adequately to behavioral modeling
unless it provides attude transformaton. This
implicaton further enriches TPB to underscore the
fact that exposure to infuence can vary depending
on demographics and culture.

Intention—behavior gap in senior tourism
Those fndings were the most striking, as a
considerable intenton-behavior gap was observed.

Although intentons were strong predictors of

behavior (0.610, p=0.001), intentons accounted for

only 37.2 percent of the variance of behavior. There
were only moderate practces in actual low-carbon
behaviors, including the use of reusable botles and

energy-conservaton practces in hotels (mean = 2.5

on a 3-point scale). This is reminiscent of past work,

which has consistently shown that pro-environmental
intentons are not realized (Kollmuss and Agyeman,

2002; Li, Liu, and Li, 2023; Warren, J. P. & Burns, P.

M., (2011).

In older individuals, such a discrepancy can be

because of several factors:

1. Physiological constraints: lugging reusable
products or travelling in eco-friendly vehicles
can be regarded as inconvenient, or even a
strain on the body.

. Health issues: behaviors that are regarded
as risky (e.g., walking long distances to cut
carbon) can be foregone.

. Structural barriers: the interventons can
be hindered by the lack of accessible eco-
infrastructure (e.g., hotels without obvious
ways to recycle).

. Cognitve dissonance: the elders can consider
intended actons as sufcient contributons,
without actng.



It shows the difculty of convertng pro-environmental
thinking into acton, especially with ageing individuals.
It reconfrms the necessity of psychological
interventon (in order to make these commitments
stronger) as well as structural interventon (in order
to make these commitments less impeded).

Theoretical implications

The study aids the literature in the following three

aspects:

1. Duraton of TPB with digital variables: Basing
the study on combining DIP and SME, the study
answers the call of providing an updated version
of informaton on the need to revise models
of behavior to adapt to digital reality. DIP was
very infuental, and the lack of an efect of
SME questons the assumptons regarding the
motvatonal efect of social media.

. Lightng up to the evidence of digital
empowerment being a latent feature: The
discriminant validity of the situatonal case
of DIP, SME, and PBC being a collecton of
seniors proposes that they may be subject to
one such atribute of digital empowerment.
This provides a fresh theoretcal insight for
future research.

. Precision in TPB pathways among an aged
populaton: The indirect role of norms
through attudes demonstrates the specifcs
of a demographic and cultural process
and introduces yet another feature of TPB
explanatory variability.

A signifcant limitaton of this study is the potental
failure of discriminant validity, as indicated by the
Fornell-Larcker criterion. If the criterion is not met,
it suggests that DIP and SME may be measuring the
same underlying construct rather than functoning as
distnct factors. This overlap weakens the argument
that these constructs independently contribute to
the intenton-behavior gap in low-carbon tourism.
Consequently, further research is needed to clarify the
relatonships among these constructs and establish a
more nuanced understanding of how they infuence
pro-environmental behaviors among seniors. This
study’s fndings show the importance of the quality
of interacton between digital and low-carbon tourism
and seniors, highlightng the need to bridge the digital
divide to enhance sustainable tourism. Urban locatons
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can feature technological innovatons that largely
promote sustainable tourism, as proposed by Vujko,
Knezevic, and Arsio (2025). Mohan et al., (2024) note
that it is necessary to ensure that the elderly group
is digitally inclusive to encourage their partcipaton
in this type of initatve. Similarly, Diana et al., (2025)
observe the infuence of urban and rural environments
on the well-being of elderly citzens, afectng their
partcipaton in low-carbon tourism. Heiets and La
(2025) also explain how digital technologies assist in
enhancing the travel experience of older patents.
According to Lin et al., (2022), expanding knowledge
about low-carbon tourism can lead to more positve
outcomes in collectve happiness and environmental
growth. Zhang, Papp-Vary, and Szabo (2025) comment
on how digital interacton improves visitor satsfacton
in tourist locatons and is essental for ensuring
sustainable tourism. Furthermore, Marin Diaz, Galdon
Salvador, and Galan Hernandez (2023) consider
the role of digital maturity in personalizing tourist
recommendatons. In their study, Loos et al., (2020)
emphasize that creatng transport systems friendly
to the elderly is crucial for enabling them to move
around. According to Ai, Zhang, and Yan (2024), the
digital economy should be integrated into urban low-
carbon approaches for successful transitons. Sylaiou
et al., (2025) suggest that integratng older adults
into the digital age could be improved through the
empowerment of older adults, which could be achieved
with the support of digital heritage. Together, these
fndings can lead to special interventons to atract
older generatons to sustainable tourism by enhancing
their online availability and designing personalized
programs. This study further demonstrates that digital
engagement plays a signifcant role in closing the gap
between intenton and acton in low-carbon tourism
among urban seniors. According to Koufodonts
et al, (2025), afectve-symbolic urbanism is stll
relevant in determining tourists’ perceptons, which
is crucial for understanding low-carbon practces
among senior travelers. Ni et al., (2025) also point out
that older adults need specifc solutons to climate
change that can enhance their interest in sustainable
tourism practces. Aina et al., (2023) explain how
digitalizaton can improve cites’ resilience and
positvely impact the tourism industry in a post-
pandemic environment. Additonally, Zeqiri et al.,
(2025) highlight the importance of digital platorms in
promotng Sustainable Development Goals, which can



help integrate sustainability into tourism practces.
Similarly, the artcle by Pan et al., (2024) emphasizes
the signifcance of digital inclusion in helping older
adults acquire the necessary digital skills and infuence
their attudes towards the environment and eco-
friendly behavior. Collectvely, these sources support
the claim that improving digital literacy among the
elderly can enhance their partcipaton in low-carbon
tourism and reduce the intenton-behavior gap
observed in this consumer group.

Practical implications

Stakeholders should simplify the sustainability of
low-carbon tourism for seniors, making it believable
and personal. With real-life performance (e.g., refll
statons, towel reuse, and ways to get there), tour-
ism operators can redesign touchpoints using con-
tent that is simple, elderly-accessible (e.g., large-type
multlingual guides, plain infographics), and strategic
(e.g., in-room cues). The importance of accessibility
to infrastructure must be enhanced by policymakers’
atractve features, such as low-energy usage hotels,
shaded footways, self-reliant, low-emission transport
with priority seatng, and notceable recycling and wa-
ter-eFcient features, which increase the perceived lo-
cus of control. Marketers must utlize social media as a
point of entry for awareness, with posts featuring valid
links, checklists, and how-to reels that can turn interest
into actonable procedures at the booking and pre-de-
parture levels. One way community organizatons can
utlize family infuence is through the marketng of in-
tergeneratonal eco-itneraries, a volunteer weekend,
and a pledge program, making sustainable solutons
accepted by all age groups. Collectvely, these actvi-
tes ensure that the quality of informaton, feasibility,
and social support —the three levers —will translate
positve attudes and plans into stable, low-carbon
practces among digitally actve Thai seniors.

Limitations and future research

There are several limitatons to the study. The study
primarily focused on urban, digitally literate seniors.
By expanding the sample to encompass digitally less-
actve seniors, future research can provide a more
comprehensive understanding of the diverse attudes
and behaviors related to low-carbon tourism across
diferent segments of the elderly populaton. This
inclusion will help to identfy specifc barriers and
opportunites for promotng sustainable tourism
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practces among all seniors, not just those who are
more digitally engaged. A purposive sample was used,
focusing on digitally actve seniors, which limited the
potental extrapolaton of the targeted technologies to
lower digital literacy groups. It lacks causal inferences,
as the employed design is cross-sectonal, and there
is a possibility of social desirability bias due to self-
reports. The next research should utlize longitudinal
study designs, as this approach would observe changes
in intentons as they are converted into behaviors
in the future. Comparatve cross-cultural research
would evaluate the possibility that norms have a more
direct efect in more collectvist contexts. Lastly, a
qualitatve study might examine the lived experiences
of seniors with barriers and provide more details on
the intenton-behavior gap.

Summary of discussions

The discussion suggests that the concern driving
low-carbon tourism among Thai seniors is based
on plausible online informaton and perceived as
possible, although it is limited by physical, structural,
and cognitve costs. The fndings refne TPB theory
by incorporatng digital constructs and highlightng
the indirect nature of norms. In practcal terms,
they demand interventons that integrate clear
informaton, help improve the infrastructure, and
support social contexts to bridge the intenton-
behavior gap.

This study investgated low-carbon tourist behavior
among digitally actve Thai seniors, focusing on two
digital variables: DIP and SME. Data gathered from
the survey of 400 partcipants were evaluated using
Structural Equaton Modeling (SEM). The outcome re-
vealed that intenton was strongly afected by DIP and
perceived Behavioral Control (PBC) in comparison to
atttudes, and SME was not found to have a signifcant
impact. Intentonal subjectve norms had an indirect
efect on intentons through atttudes, identfying an
intenton-behavior gap. The study has contributed to
the literature on sustainable tourism by incorporatng
digital constructs, emphasizing the importance of cul-
tural sensitvity in decision-making, and exploring the
role of family in infuencing decisions. The policy impli-
catons are to make digital informaton seniors-friend-
ly, increase control by having ready infrastructure, ut-
lize family and peer infuence, and revise social media



strategies to transform awareness into acton. Limita-
tons include a purposive sample, a cross-sectonal
study design, self-report data, and limited broad ap-
plicability. Further studies should adopt longitudinal
and cross-cultural designs, incorporate digitally fewer
literate seniors, and employ mixed-methods designs
to gain a beter understanding of the intenton-behav-
ior gap. From a policy and practcal standpoint, this
research highlights that improving the credibility, ac-
cessibility, and personalizaton of online environmen-
tal informaton can signifcantly strengthen intenton
formaton among seniors. Governments, tourism
boards, and industry operators should develop se-
nior-friendly digital communicaton platorms and
inclusive eco-tourism programs that simplify sustain-
able choices while addressing perceived constraints.
Encouraging intergeneratonal digital mentoring and
family-inclusive low-carbon campaigns may further
bridge the intenton-behavior gap by leveraging so-
cial support and familiarity with digital systems. While
the study contributes meaningful insights, several
limitatons must be acknowledged. The non-probabil-
ity sampling method limits the generalizability of the
Tndings, and the cross-sectonal design restricts caus-
al inference. Additonally, reliance on self-reported
measures introduces potental biases in respondents’
representaton of actual behaviors. Future studies
should employ longitudinal approaches to assess be-
havioral consistency over tme, adopt mixed-methods
designs to capture qualitatve nuances, and include
digitally less-actve seniors for a more representa-
tve perspectve. Cross-cultural comparisons could
also reveal how digital behaviors and environmental
attudes vary across aging populatons in diverse so-
cio-economic contexts. In essence, the research un-
derscores that fostering sustainable tourism among
older adults in the digital era requires integratng
credible digital communicaton, structural support,
and cultural sensitvity. Bridging the intenton-behav-
ior gap in this demographic is not merely a behavioral
challenge but a digital inclusion imperatve, calling for
collaboratve acton between policymakers, scholars,
and industry practtoners.
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ARTICLE INFO ABSTRACT

Forest honey is a non-tmber forest product that sup-
ports community welfare while maintaining ecosystem biodiversity. This study aimed to
evaluate the level of sustainability of forest honey producton in Riau Province by deter-
mining and analyzing the sustainability index.
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The results showed that the sustainability index reached 76.26 percent, cate-
gorized as highly sustainable. The environmental, economic, and social dimensions were
found to be sustainable, while insttutonal and technological aspects remained moder-
ately sustainable and need further strengthening. Key atributes infuencing sustainability
include distributon systems, product prices, training opportunites for honey collectors,
digital marketng, and product certfcaton.

Strategic recommendatons include improving insttutonal capacity, ex-
panding the use of digital technology, contnuous technical training, and developing long-
term business strategies. This study introduces a multdimensional sustainability assess-
ment model that integrates ecological, economic, social, technological, and insttutonal
aspects, ofering a replicable framework for sustainable forest honey management in In-
donesia and beyond.
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Forests play a strategic role in achieving global sus-
tainable development goals, especially in the context
of climate change mitgaton, biodiversity conserva-
ton, and food security. Forest ecosystems serve not
only as carbon sinks but also as habitats for numerous
species and sources of livelihood for local communi-
tes (Djenontn et al., 2024). The increasing global
concern about forest degradaton and deforestaton
has prompted reevaluatng how forests are managed,
including the sustainable utlizaton of Non-Timber
Forest Products (NTFPs). These products, includ-
ing resins, medicinal plants, and forest honey, have
garnered atenton for their potental to align con-
servaton eforts with local economic development
(Yumantoko et al., 2025). In Indonesia, with its vast
tropical forests, the sustainable management of NT-
FPs has become a key issue at both natonal and re-
gional levels (Djenontn et al., 2024). Among various
NTFPs, forest honey stands out as a signifcant eco-
logical and economic commaodity. It provides an alter-
natve livelihood for forest-edge communites while
fostering environmental stewardship. The province
of Riau, located in Sumatra, is one of Indonesia’s ma-
jor forest honey-producing regions, with producton
zones categorized based on forest cover types (Priba-
di and Wiratmoko, 2020). Forest honey producton in
this region depends heavily on the integrity of forest
ecosystems, partcularly the availability of nectar-pro-
ducing fora and stable microclimates suitable for wild
bee colonies. The high dependency of forest bees on
intact ecosystems positons honey producton as an
indicator of biodiversity health and forest sustainabil-
ity. Previous studies have emphasized the socio-eco-
nomic importance of forest honey, partcularly its
contributon to household income improvement and
conservaton-oriented livelihoods (Asmara and Nur-
lia, 2020). However, despite its strategic potental,
forest honey producton in Riau faces signifcant sus-
tainability challenges. Land conversion into mono-
culture plantatons has disrupted ecological balance
and altered bee foraging paterns due to declining
foral diversity. Additonally, frequent anthropogenic
forest fres contribute to habitat degradaton, smoke
polluton, and displacement of bee colonies. These
environmental pressures are compounded by unsus-
tainable harvestng practces—such as cutng entre
hives—which reduce long-term productvity and
hinder colony regeneraton (Triyatno et al., 2024).
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Limited technical capacity in post-harvest handling,
storage, and packaging further afects honey quality
and market compettveness (Irmawanty et al., 2023).
Although various community-based forest honey ini-
tatves have emerged across Indonesia, existng stud-
ies remain largely fragmented. Most research has
focused on isolated dimensions, such as socio-eco-
nomic outcomes or ecological indicators, without
integratng the broader insttutonal and techno-
logical contexts that shape sustainability outcomes.
This partal approach has resulted in limited under-
standing of the complex interactons among ecolog-
ical integrity, economic viability, social acceptance,
technological capability, and insttutonal support
within forest honey producton systems. Consequent-
ly, a signifcant knowledge gap persists in the form of
comprehensive, multdimensional assessments that
can efectvely inform policy formulaton and adap-
tve forest management strategies. The absence of in-
tegrated diagnostc frameworks has also contributed
to a disconnect between sustainability policies and
the practcal challenges faced by forest-dependent
communites. There is therefore an urgent need for
empirical, evidence-based assessment models that
holistcally capture multple sustainability dimensions
and identfy key leverage factors for long-term inter-
venton design. This study addresses these gaps by
applying a comprehensive multdimensional sustain-
ability assessment to forest honey producton sys-
tems in Riau Province. The research employs a Mul-
tdimensional Scaling (MDS) approach through the
Rapid Appraisal for Fisheries (RAPFISH) method to
evaluate sustainability status across fve dimensions:
environmental, economic, social, technological, and
insttutonal. A partcipatory approach is adopted
by integratng primary data from structured ques-
tonnaires, interviews, and Focus Group Discussions
(FGDs), alongside secondary data from literature and
insttutonal reports. The use of MDS is partcularly
suited to identfying key sustainability atributes, un-
derstanding relatonships between variables, and of-
fering a visual representaton of sustainability levels
in each dimension (Fadilah et al., 2021). Its fexibility
and ease of applicaton in partcipatory rural assess-
ments make it an efectve tool for sustainability diag-
nostcs. MDS has been successfully applied in various
sectors to evaluate sustainability performance. For
instance, it has been employed in the analysis of algal
biomass farming (Santoso et al., 2023a), integrated



duck producton systems (Bakrie et al., 2023), catle
producton (Rohaeni et al., 2024), coconut sugar pro-
ducton (Handayani et al., 2025), In the realm of NT-
FPs, MDS has also been used to examine the sustain-
ability of animal feed from sago (Allaily et al., 2024),
landslide management (Sitadewi et al., 2025) and
agricultural compost systems (Santoso et al., 2023b).
However, limited research has applied this method to
evaluate forest honey producton systems, especially
with an emphasis on ecological and socio-insttuton-
al interactons within forest-dependent communites
in Indonesia. This research ofers a novel contributon
by integratng the MDS approach into the assessment
of forest honey sustainability, which is rarely conduct-
ed in the current literature. Its uniqueness lies in the
inclusion of mult-stakeholder perspectves in ident-
fying critcal leverage factors across the fve dimen-
sions. The framework developed here has the poten-
tal to be replicated in other NTFP-producing regions
across Indonesia. Moreover, by employing a diag-
nostc lens rather than a merely descriptve one, this
study bridges the knowledge-policy gap and supports
sustainable forest governance models grounded in
empirical evidence. From a practcal standpoint, this
study is expected to not only reveal the sustainabil-
ity level of forest honey producton in Riau but also
to identfy key barriers and enabling factors in each
dimension. These fndings can inform the prioritza-
ton of policy interventons, such as improving har-
vestng techniques, strengthening insttutons, or en-
hancing technological adopton among local actors.
Furthermore, by mapping the relatonships among
sustainability indicators, the research enables target-
ed strategies that can enhance the resilience of for-
est honey enterprises while maintaining biodiversity
conservaton goals. Ultmately, this research serves as
a strategic input for the formulaton of integrated and
evidence-based forest development policies in Riau
Province. The study aims to synchronize the interests
of diverse stakeholders, including honey farmers, co-
operatves, technical government agencies, local gov-
ernments, and legislators. The outcomes are expect-
ed to contribute to a more inclusive, data-driven, and
sustainable forest management system that not only
enhances local well-being but also strengthens Indo-
nesia’s natonal agenda for biodiversity and climate
resilience. To achieve these objectves, the research
survey was conducted in Riau Province, Indonesia,
during July and August 2025.
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Study area

This study was conducted by examining data re-
lated to forest honey producton actvites in Riau
Province (Fig. 1). The research locatons represent
collecton and processing centres for honey produced
by local communites in each regency of Riau Prov-
ince. These locatons include areas that stll maintain
forests with sialang trees and other large trees as the
primary habitat of Apis dorsata bees. Honey harvest-
ing and processing begin with several stages, such as
site selecton and sialang tree surveys, followed by
traditonal forest honey harvestng. Post-harvest, the
honey undergoes extracton, fltraton, and packag-
ing, as well as marketng.
The honey hunters are predominantly of Malay eth-
nicity and Muslim. Knowledge transfer occurs from
parents to children within honey hunter families,
where children are involved by observing harvest-
ing practces or partcipatng in the work carried out
by their parents during honey collecton. In terms
of formal educaton, the older generaton generally
completed elementary school and junior high school,
whereas some younger generatons have contnued
their educaton through senior high school and even
to university level. Informaton regarding forest hon-
ey producton in Riau Province is presented in Table 1,
and documentaton of forest honey harvestng actv-
ites in Siak and Pelalawan Regencies, Riau Province,
is shown in Fig. 2.

Research materials and procedure

Secondary data were obtained from scientfc jour-
nals and other literature related to the sustainability
of forest honey producton. In additon, data were
gathered through FGD and the distributon of ques-
tonnaires to nine experts who have extensive experi-
ence and understanding of forest honey producton.
The selected experts had a minimum of three years
of experience in forest honey producton. Respon-
dents consisted of representatves of cooperatves,
forest honey entrepreneurs, distributors, and experts
involved in forest honey producton programs. To
determine relevant research atributes, an in-depth
literature review and expert consultatons were car-
ried out. A total of approximately a dozen expert in-
formants were involved in this study. These experts
were purposively selected based on their demon-
strated expertse and practcal experience across the
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Fig. 1: Study locaton in Riau Province, Indonesia

entre forest honey value chain. The expert group in-
cluded forest honey collectors and beekeeping prac-
ttoners, forest ecosystem specialists, entomologists,
post-harvest and processing experts, honey collec-
tors and traders, laboratory analysts responsible for
honey quality testng, as well as actors involved in
product distributon and marketng. All experts had
a minimum of three years of professional experience
in their respectve felds related to forest honey pro-
ducton and management. Expert consultatons were
conducted iteratvely through FGDs and follow-up
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discussions to identfy relevant sustainability atri-
butes for forest honey producton. Atribute selec-
ton was guided by an extensive literature review and
validated through expert consensus. The atributes
were organized into fve sustainability dimensions:
environmental, economic, social, technological, and
insttutonal. Each expert completed a structured
guestonnaire assessing the conditon of each atri-
bute using a standardized scoring scale. To ensure
data robustness and saturaton, expert responses
were examined for consistency across consultaton




Fig. 2: Documentaton of forest honey harvestng in Siak Regency: a) Sialang tree; b) Bee nest on a sialang tree; c) Harvestng process of forest
bee nests; d) Harvested Forest bee nests; e) Transportaton of forest honey; f) Storage of forest honey. Source: Author’s documentaton

rounds. Data saturaton was considered achieved
when additonal expert inputs no longer resulted in
substantve changes to atribute scores or dimen-
sion-level paterns. The individual scores provided
by experts were then aggregated by calculatng the
average value for each atribute. Atribute weightng
was derived from FGD outcomes, refectng the per-
ceived importance of each atribute within its respec-
tve dimension. Weight normalizaton was applied so
that the total weight of all atributes equaled one (1),
ensuring internal consistency and transparency in the
MDS analysis. The processed dataset consistng of av-
eraged atribute scores and normalized weights was
subsequently formated and analyzed using the MDS
method implemented through the RAPFISH sofware,
as developed by Pitcher and Preikshot (2001).

The sustainability of the honey producton program
was evaluated using the MDS approach and the Rap-
id Appraisal (RAP) quick assessment tool for forest
honey producton programs. The identfed atributes
indicate levels of sustainability across various dimen-
sions, adjusted according to the availability of specifc
resource informaton (Kavanagh and Pitcher, 2004).
Five dimensions were analyzed: environmental, eco-
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nomic, social, technological, and insttutonal. A to-
tal of 52 atributes were evaluated. These atributes
were organized in a questonnaire using a Likert scale
with three optons: 1 for low, 2 for medium, and 3 for
high. The sustainability index value derived from the
data processing ranges from 0 to 100 and is divided
into four sustainability categories. The sustainability
assessment index used in this study is presented in
Table 2. Rapfsh operates using a rapid appraisal scor-
ing system. Scores in Rapfsh generally originate from
three main sources: peer-review scoring, in which
scores are based on reviews of scientfc documenta-
ton with predetermined thresholds; grey literature,
where scores are derived from previous analyses,
whether published or unpublished; and expert judg-
ment, where scoring is determined through expert
consensus, either via FGD or through other methods
such as the Delphi Technique.

To determine the level of infuence of each atribute
on the sustainability of forest honey producton, a
leverage factor analysis was conducted using the MDS
approach. Leverage factors are used to measure the
sensitvity of an atribute to changes in the sustain-
ability index value. The resultng leverage values are



Table 1: Forest honey producton data in Riau Province

Honey

Harvest Locaton Number of Producton (kg/ Selling Price Honey Distributon Remarks
Farmer Groups month) Areas
(IDR/Kg)
_— Tanjung Balai
Sungai Apit !
Lo . 100,000 - Karimun, Padang, .
;l;b(;(ﬁ::ztrlct, Siak 8 300 - 450 150,000 Kampar, Pekanbaru, Primary data, 2025
gency Jakarta, Yogyakarta
Tesso Nilo - 156 - 167 120,000 Susanto et al., 2022
Natonal Park
RAPP Area - 146 120,000 Susanto et al., 2022
Rantau Baru, 80,000 .
Pelalawan - 175 -120,000 Primary data, 2025
Medan, Jakarta,
Pelalawan_, 70 125,000 Bekasi, Banten, Primary data, 2025
Kampar, Siak -140,000 .
Melaka (Malaysia)
Kuala Tolam, 1 3,600 - 4,000 80,000 Sumatra and Malaysia Primary data, 2025
Pelalawan

Data analysis

Table 2: Sustainability index values

Category Index Value Sustainability Status
0.00 - 24.99 Poor not sustainable
25.00 - 49.99 Fairly Poor less sustainable
50.00 — 74.99 Moderate moderately sustainable
75.00 - 100.00 Good highly sustainable
Table 3: Parameter values of the leverage factor

Factor value Category Descripton
<2.0% neutral not infuental
2-8% infuental moderate to good impact
>8.0 % signifcant dominant

interpreted based on specifc categorizatons, allow-
ing the identfcaton of which factors are dominant
and should be prioritzed in system improvements.
The criteria for leverage factor values are explained in
Table 3, as outlined by Pitcher and Preikshot (2001).

In the MDS method, each object or point is represent-
ed in a multdimensional space, where the distance be-
tween two points refects the degree of diference be-
tween objects; the closer they are, the more similar they
are. The distance analysis is carried out using Euclidean
distance in n-dimensional space (n-space). Widely sep-
arated points were employed to denote items or points
that difered from each other. In MDS, ordinaton or dis-

tance determinaton is based on Euclidean distance in
n-space using Eq. 1 (Lloyd et al., 2022).

d=(x1—x)2+ (1 —y2)2 + - )
In MDS, confguratons of objects or points were est-
mated by regressing Euclidean distance () from point
i to point j with the point of origin () using Eq. 2 (Lloyd
etal., 2022):

The Alternatng Least Squares Scaling (ALSCAL) algo-
rithm was employed for the regression analysis of Eq.
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2. The ALSCAL method optmizes squared distance
(squared distance = () against squared data (point of
origin = (), which in three dimensions (i, j, k) is called
s-stress using Eq. 3 (Lloyd et al., 2022):

2
s = izm Zizi(dizik_oizik)
m “k=1 PPN
©)

Where the squared distance is the Euclidean distance
assigned a value using Eq. 4 (Lloyd et al., 2022):

dijk = =1 Wka (Xiq — xja)z
(4)
Sustainability analysis of honey production
The levels of sustainability performance of honey
producton are divided into 4 levels, resultng in inter-
vals of 0, 25%, 50%, 75%, and 100%. The assessment
categories are as follows: 0.00 - 25, poor category and
unsustainable; 25.01 - 50, less category, less sustain-
able; 50.01 - 75, adequate category, fairly sustainable;
75.01 - 100.00, good category, sustainable (Arof et
al., 2015). Employing analysis techniques can also as-
sist in pinpointng characteristcs that are atuned to
sustainability consideratons. The indicator with the
highest Root Mean Square (RMS) value is the most
sensitve (Pitcher and Preikshot, 2001). The values of
the leverage factors fall within the range of 2%-8%,
indicatng a moderate to good impact. If < 2%, the
factor is considered not infuental, while if > 8%, the
factor is considered dominant (sustainable) according
to Pitcher and Preikshot (2001). Table 4 presents the
factors that have an impact and are dominant.
Monte Carlo analysis helps in determining the error
and assessing the uncertainty in MDS. If the discrep-
ancy between the MDS value and the Monte Carlo
value is small, it indicates that the MDS analysis for
determining sustainability is sufFciently accurate
with a 95% confdence level. An overview of the com-
prehensive research analysis techniques, with an em-
phasis on the stages and various steps carried out in
conductng the research or analysis, is visualized us-
ing a fowchart to facilitate understanding.

The MDS technique is applied to produce a sustain-
ability index value in the forest honey producton
process and to identfy variable features. The MDS
dimensions measured include fve dimensions and
their atributes. Input data for this calculaton are ob-
tained through a scientfc assessment questonnaire.
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In additon, this analysis will reveal sensitve atri-
butes and infuental variables that play a role in the
sustainability of the process.

Sustainability index

Scientfc assessment of the atributes within each
sustainability dimension is crucial for accurately est-
matng the sustainability index level. Consideraton of
specifc and temporal characteristcsis essental in de-
termining an atribute (Pitcher and Preikshot, 2001).
The atributes of all dimensions consist of environ-
mental, economic, social, technological, and insttu-
tonal aspects, as listed in Table 5. The environmental
dimension atributes include fowering tree availabil-
ity, bee smoking materials, harvestng habitat dam-
age, producton tool conditon, waste management,
energy source, honey packaging material, honey stor-
age conditon, distributon system, and eco-friendly
packaging. The economic dimension includes market
delivery cost, harvest travel cost, labor cost, honey
volume increase, fltered honey yield, price increase,
net proft, selling price, producton cost percentage,
sales improvement, branded packaging impact, and
utlity cost. The social dimension is determined by
beehive locaton knowledge, community coopera-
ton, training frequency, farmer group role, local har-
vestng ethics, honey quality acceptance, community
involvement, educaton outreach, price negotaton,
and local promoton partcipaton. The technological
dimension includes honey extracton method, mois-
ture reducton tool, fltraton process, storage meth-
od, laboratory testng, digital record-keeping, digital
marketng, and temperature control. The insttuton-
al dimension includes legal group basis, management
structure, actvity planning, member atendance, par-
tcipatory monitoring, administratve completeness,
capacity building, distributon permit, the Indonesian
Natonal Standard (SNI), and Halal certfcaton.
To determine the sustainability level of each forest
honey producton process, the atributes within each
dimension were incorporated into a questonnaire
and submited for relevant scientfc assessment. In
additon, the MDS approach and the Rapfsh program
were used to evaluate the results of expert assess-
ments. The MDS analysis results for forest honey
producton performance in Riau show a sustainability
score of 76.26% on a 0100 scale, with Rz > 0.97. This
indicates that the program falls into the highly sus-
tainable category. The score represents the evalua-



Table 4: List of dimensions and their atributes

Environment Economy Social Technology Insttuton
1. Flowering tree 1. Market delivery Beehive locaton Honey extracton 1. Legal group
availability cost knowledge method basis
2. Bee smoking Community Moisture 2. Management
. 2. Harvest travel cost
materials cooperaton reducton tool structure
3. Harvestng habitat 3. Labor cost Training frequency Packgglng and 3. Actw?y
damage labeling planning
4. Producton tool 4. Honey volume . Member
- . Farmer group role Filtraton process
conditon increase atendance
5. Waste 5. F!Itered honey Locgl harvestng Storage method 5. Partplpa}tory
management yield ethics monitoring
6. Energy source 6. Price increase Honey quality Laboratory 6. Administratve
acceptance testng completeness
7. Honey packaging Community Digital record- 7. Capacity
: 7. Net proft . X -
material involvement keeping building
8. Hone_y storage 8. Selling price Educaton outreach Digital marketng Dlstrlputon
conditon permit
9. Distributon 9. Producton cost . . Temperature 9. SNI
Price negotaton
system percentage control certfcaton
10. Eco-friendly . 10. Local promoton 10. Halal
i 10. Sales improvement -
packaging partcipaton certfcaton

11. Branded packaging
impact

12. Packaging cost

13. Utlity cost

ton of 52 atributes across fve diferent dimensions.
The environmental dimension scored 87.36 %, the
technological dimension 66.49%, the social dimen-
sion 82.12%, the economic dimension 86.81%, and
the insttutonal dimension 58.51 %. The detailed re-
sults of the sustainability analysis can be seen in Table
5. Two of the fve sustainability dimensions for forest
honey were found to be moderately sustainable: the
insttutonal dimension (58.51%) and the technolog-
ical dimension (66.49%). Insttutonal capacity is a
common weakness in NTFP development. It remains
aweak link not only in NTFPs management but also in
broader sectors such as oil palm plantatons. There-
fore, strong local insttutons are crucial for ensuring
conservaton and long-term economic sustainability
of NTFPs (Harbi et al., 2023). Hence, improvements
are needed in all three areas to achieve long-term
sustainability. Forest honey producton stll requires
legal interventon, ofcial administratve systems,
and support mechanisms. A synergistc patern can
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be established in which economic and social dimen-
sions can be strengthened relatvely quickly, while
technological and insttutonal improvements require
medium-term planning that includes incentves,
training, and integratve regulatons. This supports
the development of an inclusive, sustainable, and
adaptve model for NTFP products that can respond
to both market and ecological challenges.

Environmental dimension

Among various aspects, the environmental di-
mension stands out by contributng the highest sus-
tainability index score, recorded at 87.36% (Table 5),
with a stress value (R?) of 0.98 (Table 5). This means
that 98% of the data variaton is explained by the
factors included in the model. Based on the stress
value and R2, the MDS result for the environmental
dimension can be considered a good model that ef-
fectvely captures the existng issues. Therefore, it is
not necessary to add additonal atributes to refect



Table 5: Results of RAPFISH analysis on the sustainability status of forest honey

Dimension Index Stress SQR/R? Sustainability Monte Carlo Sim-  Index Diference and

Score (%) Value Status ulaton Monte Carlo
Environmental 87.36 0.12 0.98 Highly 87.57 0.21
Economical 86.81 0.11 0.99 Highly 86.83 0.02
Social 82.12 0.11 0.99 Highly 82.17 0.05
Technological 66.49 0.11 0.99 Moderately 65.85 0.64
Insttutonal 58.51 0.11 0.99 Moderately 58.51 0.00
Average 76.26 Highly

100
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Fig. 3: Sustainability status of forest honey producton

the actual conditons. A Monte Carlo simulaton of
the sustainability of forest honey producton in Riau
Province for the environmental dimension shows
an average value of 87.57. The results of the Mon-
te Carlo analysis indicate a relatvely dense distribu-
ton of units, suggestng that there are no signifcant
errors afectng the environmental dimension. The
MDS analysis results indicate that the atribute with
the highest impact (3.95%) is the distributon system
and the energy source, which relates to the type of
energy used by vehicles in honey producton actvi-
tes. In contrast, the environmental atribute with the
lowest impact is eco-friendly packaging, with a score
of 1.15% (Fig. 4). The long-distance (inter-island) and
fossil fuel-based distributon system of forest honey
can signifcantly increase its carbon footprint. Fossil
fuel-powered transportaton emits greenhouse gases
(GHGs) that are harmful to the environment, includ-
ing carbon dioxide, nitrogen oxides, sulfur dioxide,
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and partculate mater (PM2.5 and PM10). Long-dis-
tance shipping can contribute up to 35-40% of the
total GHG emissions in the food supply chain, thereby
increasing the overall carbon footprint (Arzoumanidis
et al., 2019). Extended distributon in forest honey
producton also results in hydrocarbon waste and soil
contaminaton. These substances are difcult to de-
grade, may accumulate in the food chain, reduce soil
fertlity, and pose toxicity risks to aquatc organisms if
they enter drainage systems (Stepanova et al., 2022).
This is closely related to the energy source atri-
bute, which also shows a high environmental impact
(3.54%). To reduce these negatve impacts, it is nec-
essary to localize distributon and adopt low-emission
transportaton modes. Transitoning to renewable en-
ergy sources such as bioenergy or solar panels is a key
element in enhancing the sustainability of agro-in-
dustrial systems (Zahrawi and Aly, 2024).

The atribute within the environmental dimension



Fig. 4: Sensitvity of atributes in the environmental dimension
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Fig. 4: Sensitvity of atributes in the environmental dimension

that has the lowest impact is eco-friendly packaging,
which relates to storage conditons and packaging
materials. This atribute plays an important role in
maintaining honey quality and reducing the poten-
tal for environmental polluton. The use of single-use
plastcs or unhygienic containers can accelerate prod-
uct degradaton and contribute to non-biodegrad-
able waste. Non-eco-friendly packaging materials are
a major source of polluton in small-scale food sup-
ply chains. In additon, fve other atributes, includ-
ing waste management, producton tool conditon,
harvestng habitat damage, bee smoking materials,
and fowering tree availability, each show a leverage
value of 1.01 %, which is considered low. Although
their individual impact on the sustainability index is
minor, these atributes remain relevant for shaping
long-term environmental strategies when managed
in an integrated manner. Waste management in bee-
keeping involves treatng by-products such as resid-
ual wax, damaged combs, and cleaning wastewater.
Improper handling may contaminate soil and water,
threatening environmental sustainability. Efectve
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management is therefore essental to maintain eco-
system health and product quality, as honey and bees
serve as bioindicators of environmental contami-
nants. Producton tool conditon is associated with
energy efciency and hygiene in the harvestng and
extracton processes. Outdated or poorly maintained
tools can increase energy consumpton and the risk
of product contaminaton. In the honey industry,
energy and transportaton represent the dominant
sources of carbon emissions, exceeding 90%, while
machinery and tools contribute less than 10%. De-
spite this smaller proporton, optmizing producton
tools remains a relevant strategy for emission mit-
gaton (Pignagnoli et al., 2021). Even though their
contributon is relatvely small, optmizing producton
tools holds signifcant potental for emission reduc-
ton. Other studies show that modernizing equip-
ment, such as using electric extractors or ultrasonic
technology and performing regular maintenance, can
reduce the risk of leakage and excessive energy use
(Landaverde et al., 2023). Harvestng habitat damage
refers to disturbances in bee ecosystems resultng



from unsustainable harvestng practces such as cut-
tng down nestng trees, especially sialang trees. Hab-
itat degradaton of this kind can decrease food avail-
ability and disrupt colony regeneraton. Agroforestry
approaches around bee habitats, as implemented in
Wanagama, have been proven to preserve natural
habitats and enhance sustainable pollinaton services
(Anita et al., 2022). Flowering tree availability is also
a crucial factor in maintaining bee populatons. The
presence of local fowering species such as Melaleu-
ca (Gelam), Sonnerata, and Avicennia plays a role in
reproductve cycles and supports the foraging actvity
of wild honey bees. Although some atributes show
leverage values below 2 %, implementng collectve
strategies and improving technologies can result in a
signifcant cumulatve impact on sustainability. The
recommended policy actons include modernizaton
of producton tools through incentves for transiton-
ing to energy-eFcient and contaminant-free technol-
ogies, as well as technical training for farmers in the
maintenance and calibraton of producton equip-
ment. In additon, routne certfcaton and inspecton
of tools and producton facilites are necessary to en-
sure quality and safety standards. Habitat restoraton
and the partcipatory plantng of fowering trees
should also be encouraged as part of forest honey
agroforestry programs. Lastly, the implementaton of
integrated waste management systems is essental to
minimize the impact of local environmental polluton.

Economic dimension

The MDS analysis shows that the sustainability in-
dex for the economic dimension is 86.81%, classifed
as sustainable, with a stress value of 0.12 and an R?
of 0.99 (Table 5, Fig. 3). This dimension ranks as the
second strongest contributor to sustainability, with the
most dominant atribute being selling price (3.52%).
The selling price of honey is a key determinant of
business unit proftability. Price increases, whether
through organic certfcaton, local branding, or pre-
mium packaging design, can directly boost proft mar-
gins. Organic and natonally branded honey enjoys a
price premium of 18-69% compared to conventonal
honey, signifcantly enhancing the product’s economic
compettveness (Bimbo et al., 2025). The atributes
Branded Packaging Impact and Sales Improvement
each have a leverage value of 2.55%, placing them in
the moderate infuence category. Branded packaging
is strongly correlated with consumer percepton, loy-
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alty, and purchasing preferences. Labels such as 100%
Local, Geographical Indicatons, and Protected Desig-
naton of Origin (PDO) have been shown to increase
consumer willingness to pay (Min et al., 2023). In addi-
ton, the use of aesthetcally pleasing and eco-friendly
premium packaging positvely impacts the upper-mar-
ket segment. Meanwhile, increased sales volume
plays an important role in improving medium-term
economic performance. Digital marketng strategies,
online promotonal channels, and e-commerce expan-
sion have been proven to accelerate the growth of the
forest honey market. Sales transformaton through
digital approaches and branding strategies can in-
crease revenue by up to 40% for a small-scale honey
producer (Min et al., 2023). Other atributes, such as
utlity costs, packaging costs, net proft, and logistcs
expenses, show leverage values below 2%, categorized
as having low infuence. Although these atributes
may not signifcantly contribute to the structural sus-
tainability index, they remain relevant in the context
of operatonal efciency. When managed collectvely,
these cost components can have a cumulatve efect
on improving business margins and stability.

Based on the analysis, several strategic recommenda-
tons can be implemented to improve the economic
sustainability of forest honey producton. These strat-
egies include optmizing selling prices through the
adopton of organic certfcaton, geographical origin
labels, and informatve premium packaging, which are
believed to increase product value and expand market
reach. Furthermore, enhancing branding and packag-
ing by using eco-friendly, ergonomic materials that
refect local identty, thereby increasing consumer ap-
peal and strengthening brand positoning in both do-
mestc and export markets. Additonally, strengthen-
ing distributon channels and digitzing sales through
the integrated use of online platorms and digital
promotons is necessary to drive sales volume growth
and reach a wider consumer base. Finally, operatonal
cost efciency can be improved through large-scale
procurement of packaging materials, conductng utl-
ity cost audits, and optmizing supply chain manage-
ment to sustainably increase proft margins.

Social dimension

Based on the analysis of the Sustainability Index
using MDS for forest honey producton, the sustain-
ability index score for the social dimension is 82.12%,
indicatng a sustainable conditon. This dimension has
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Fig. 5: Sensitvity of atributes in the economic dimension

a stress value of 0.11 and an R2 of 0.99. The Mon-
te Carlo simulaton results yielded a score of 82.17
with a dense repetton distributon (Table 5). These
fndings indicate that community involvement plays
a signifcant role in supportng the sustainability of
forest honey producton. The leverage factor analysis
for the social dimension reveals that the frequency
of training (3.68%) is the most dominant atribute
infuencing the sustainability index (Fig. 6). Training
frequency is directly related to increasing the knowl-
edge capacity of honey hunters regarding harvestng
practces that optmize both the quantty and quali-
ty of honey, as well as understanding the benefts of
forest honey sustainability. Higher training frequency
correlates positvely with the quality of forest hon-
ey producton. Structured and repeated training can
strengthen network governance, accelerate the adop-
ton of sustainable producton practces, and enhance
ecosystem conservaton partcipaton (Punya et al.,
2024). Meanwhile, the atributes within the social
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dimension that have the lowest impact are price ne-
gotaton and educaton outreach, each contributng
only 0.93%. Price negotaton refects the capacity of
honey hunters to negotate the selling price of honey
with buyers (Hernandez-Martnez et al., 2021). This
atribute represents structural social change, such as
the formaton of community insttutons or networks.
Educaton outreach relates to eforts in increasing
community educaton and public awareness about
the benefts of honey and sustainability. Although it
raises awareness, this atribute also infuences social
sustainability through the formaton of groups and
collectve forest honey producton practces. Howev-
er, these impacts tend to be indirect and temporal,
placing them in the category of low leverage. Fur-
thermore, price negotaton and educaton outreach
show low impacts in the social sustainability analysis
because their contributons are individual, long-term,
and dispersed, rather than contributng to the estab-
lishment of robust social systems and insttutons.



33. Local promotion participation

Bl 136
b oo3
b oes
B 136
e 136

32. Price negotiation

31. Education outreach

30. Community involvement
29. Honey quality acceptance
28. Local harvesting ethics

27. Farmer group role

26. Training frequency

25. Community cooperation

24. Beehive location knowledge

1.00

2.00

B 283
R 283
B 368
B 283
B 283

3.00 4.00 5.00 6.00 7.00

Root Mean Square Change in Status (0-100 Scale)

Fig. 6: Sensitvity of atributes in the social dimension

Four other atributes, namely Local harvestng eth-
ics, Farmer group role, Community cooperaton, and
Beehive locaton knowledge, each have a leverage
value of 2.83% and are interrelated in strengthening
the structure of local social systems (Fig. 6). Local
harvestng ethics functon to prevent habitat degra-
daton and preserve the cultural values of the com-
munity. The role of farmer groups has been shown
to enhance insttutonal capacity, broaden access to
informaton, and strengthen bargaining power. Com-
munity cooperaton is essental for building locally
based distributon systems and reinforcing promo-
tonal networks. Accurate knowledge of beehive lo-
catons correlates with the productvity and stability
of forest honey producton. Meanwhile, atributes
such as Local promoton, Honey quality acceptance,
and Community involvement have leverage values
of 1.36%, while Price negotaton and Educaton out-
reach each have a leverage value of 0.93%. Although
these values fall below the 2% threshold, the atri-
butes remain relevant in strengthening social capac-
ity and collectve awareness, even if their impact on
changes in social sustainability status is indirect. The
social dimension plays a vital role in ensuring the
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sustainability of forest honey producton. High-lever-
age atributes such as training frequency, the role
of farmer insttutons, and community cooperaton
serve as key social foundatons that can be mobilized
to increase compettveness and the long-term sus-
tainability of the producton system. On the other
hand, low-leverage atributes stll act as supportng
elements in fostering an inclusive and resilient social
environment. A partcipatory approach and actve
community engagement are essental to the success
of the social transformaton rooted in the forest hon-
ey ecosystem in Riau Province. To enhance social sus-
tainability in forest honey producton, several actons
can be taken. These strategies include conductng
regular and contnuous training by organizing ses-
sions at least two to three tmes per year, covering
ethical harvestng technigues, post-harvest manage-
ment, and product marketng. These trainings should
be tailored to local conditons and involve supportng
partner organizatons. Furthermore, strengthen farm-
er insttutons and harvestng ethics by encouraging
the formaton of legally recognized cooperatves or
beekeeping and honey hunter groups, supported by a
harvestng Standard Operatng Procedure (SOP) that



promotes habitat conservaton and ecological ethics.
Additonally, promotng local educatonal campaigns
and product marketng by implementng public edu-
caton programs and local promotons through village
events, honey festvals, and digital platorms to raise
awareness, enhance the social value of forest honey,
and increase youth engagement.

Technology dimension

The sustainability analysis of the fve atributes
indicates that the technological aspect is moderate-
ly sustainable, as evidenced by a sustainability index
score of 66.49%, a stress value of 0.09, and an R2 of
0.99. The Monte Carlo simulaton produced a score
of 65.85 with a dense distributon of iteratons (Table
5). Within the technological dimension, the atribute
with the greatest infuence is the utlizaton of digital
marketng and digital record-keeping, with a leverage
value of 4.09% (Fig. 7). This indicates that the imple-
mentaton of digital marketng has proven efectve
in enhancing product visibility, expanding market ac-
cess, and improving sales record management, par-
tcularly in the premium market segment. These fnd-
ings align with previous research showing that honey
enterprises in Indonesia adoptng digital marketng
strategies experienced increased resilience and sales
growth under certain conditons, such as during the
COVID-19 pandemic. Actve use of websites signif-
cantly improves consumer responsiveness and accel-
erates sales conversion. The digital record-keeping
atribute highlights the importance of digitzed re-
cords in managing producton systems. The digitali-
zaton of producton, fnancial, and supply chain data
enables real-tme quality tracking and simplifes the
auditng process. Platorms such as ApiManager and
HiveTracks are widely used for managing colony data,
bee health, and producton e¥ciency (Volokhovych,
2024). Moreover, Internet of Things (IoT) technolo-
gies contribute to more accurate and tmely monitor-
ing of beekeeping operatons. Leverage values rang-
ing from 2% to 4% refect a moderate but signifcant
impact, suggestng that technology-based interven-
tons should be prioritzed in strategies to develop
a sustainable producton system. With the highest
leverage value of 4.09%, digital marketng is catego-
rized as an infuental factor. Its applicaton has clearly
demonstrated the ability to boost product visibility,
broaden market reach, and enhance sales records,
especially in premium segments. A study by Putria-
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mara et al. (2023) revealed that honey businesses in
Indonesia that adopted digital marketng strategies
showed increased resilience and sales growth during
the COVID-19 pandemic. Actve website utlizaton
signifcantly improves customer response and accel-
erates sales conversions.

The Digital Record-Keeping atribute shares the high-
est leverage value of 4.09%, indicatng its critcal role
in the management of producton systems. The dig-
italizaton of producton, fnancial, and supply chain
data enables real-tme quality tracking and facilitates
the auditng process. Platorms such as ApiManager
and HiveTracks have been widely used for managing
colony data, bee health, and producton e¥ciency
(Volokhovych, 2024). 10T technologies also contrib-
ute signifcantly to the accuracy and precision of
operatonal monitoring in beekeeping practces. The
Storage method atribute recorded a leverage value
of 3.91%, suggestng that proper storage methods
have a considerable impact on product sustainabil-
ity. Storing honey under controlled temperature and
humidity conditons helps preserve its chemical and
microbiological quality and prevents fermentaton
or contaminaton. loT technology can be utlized to
monitor hive temperature and humidity in real tme,
thus protectng against post-harvest spoilage and
quality degradaton (Krishnasamy et al., 2023). Two
other atributes, Temperature control and laborato-
ry testng, each recorded leverage values of 2.33%.
Temperature regulaton and laboratory testng are
essental components of quality assurance systems.
Innovatve technologies, such as IntelliBeeHive, facil-
itate precise environmental monitoring through tem-
perature-based data collecton, while visual recogni-
ton methods enable the identfcaton of ion actvity,
assessment of bee health, and detecton of disease
risks, thereby enhancing the comprehensiveness and
scientfc rigor of hive quality evaluatons (Alex et al.,
2024). Meanwhile, other atributes such as fltraton,
labeling, moisture reducton tools, and extracton
methods showed leverage values below 2%, indicat-
ing that their individual contributon to the sustain-
ability index is relatvely low. However, collectvely,
these atributes stll play a vital role in shaping an
integrated technological system that supports holis-
tc and sustainable honey producton practces. The
following recommendatons can be implemented to
enhance technological sustainability in forest honey
producton systems. The frst is comprehensive adop-
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ton of digitalizaton by encouraging the use of digital
platorms such as social media, websites, and online
marketplaces to expand market reach and strength-
en the identty of local honey products. Further-
more, the implementaton of digital record-keeping
systems through the integraton of digital platorms
such as HiveTracks or ApiManager for ef¥cient and
structured management of producton and fnancial
data. Additonally, improvement of storage facilites
and quality testng by ensuring proper temperature
and humidity control, along with the establishment
of local laboratories to conduct routne honey quality
testng in accordance with natonal food safety stan-
dards. Finally, technology training for honey produc-
ers through intensive capacity-building programs for
honey hunters and beekeepers focused on the use

Fig. 7: Sensitvity of atributes in the technological dimension

of digital tools, quality monitoring, and data-driven
product evaluaton.

Institutional dimension

The insttutonal dimension has the lowest sus-
tainability index compared to the other dimensions,
as indicated by a sustainability index score of 58.51%,
with R2 of 0.99 (Table 5). The Monte Carlo simula-
ton yielded a similar score of 58.51, with a tghtly
clustered repetton distributon. The atribute with
the highest impact, SNI certfcaton of forest honey
products, has a leverage value of 6.01% (Fig. 8). SNI
certfcaton, including internatonal standards such
as 1SO 22000, plays a crucial role in ensuring the qual-
ity, safety, and credibility of honey products. These
certfcatons not only enhance consumer trust but



also broaden market access, especially for export and
premium market segments. Quality certfcaton sig-
nifcantly improves product quality perceptons and
economic value among global consumers (Huang et
al., 2024). The atributes Partcipatory Monitoring
and Management Structure recorded leverage val-
ues of 4.34% each, indicatng a moderate to strong
infuence. Partcipatory monitoring within the for-
est honey insttutonal system fosters transparency,
accountability, and trust among farmers and stake-
holders. Furthermore, a well-established insttutonal
structure, such as legally recognized and actve coop-
eratves or farmer groups, has a direct impact on the
success of producton management, quality control,
marketng, and access to fnancing. Collaboratve
monitoring systems between village governments
and beekeeping groups have been shown to signif-
cantly improve regulatory compliance, organizaton-
al stability, and long-term insttutonal sustainability
(Roengtam and Agustyara, 2022).

On the other hand, several other atributes showed
leverage values below 2% and are thus categorized
as having insignifcant infuence. Atributes such as
member atendance, actvity planning, and legal
group basis, while essental for the day-to-day oper-
atons of farmer groups, do not exert a strong struc-
tural impact on the insttutonal sustainability index.
Similarly, distributon permits, capacity building, and
administratve completeness, though relevant from
a governance perspectve, have limited infuence on
insttutonal outcomes based on the MDS results.
There are recommendatons to improve the stabili-
ty of forest honey producton in the province. First-
ly, improving access to certfcaton (SNI), where lo-
cal governments and supportng insttutons should
facilitate technical training, assistance in document
preparaton, and subsidize certfcaton costs for SNI
or other NTFP certfcaton schemes. These eforts
will enhance the product’s added value and expand
its market compettveness. Furthermore, strength-
ening partcipatory monitoring systems by develop-
ing a collaboratve reportng mechanism between
honey farmer groups and stakeholders, including vil-
lage authorites and forestry agencies.

This regular monitoring can be used to assess group
performance, evaluate producton quality, and en-
sure compliance with ethical and environmental
standards. Additonally, optmizing the organiza-
tonal structure of farmer groups by restructuring
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insttutonal governance alongside management
training, capacity building, and the development of
standardized operatng procedures. Such improve-
ments are crucial for enhancing the group’s legitma-
cy in the eyes of business partners and government
bodies. Finally, formulatng long-term strategies by
encouraging each forest honey producton group to
develop business plans and long-term strategies, in-
cluding market development, risk management, and
insttutonal sustainability. This is essental to reduce
dependency on short-term programs and strengthen
organizatonal resilience.

The future and prospects of forest honey production
Forest honey producton is one form of NTFP utli-
zaton that has high ecological, social, and economic
value. In Riau Province, which is known for its peat
swamp forests and tropical rainforests, forest honey
is produced through traditonal beekeeping practces
rooted in the local wisdom of indigenous peoples and
rural communites. Based on the sustainability di-
mensions, the environmental and economic dimen-
sions fall into the strong category. This is atributed to
the fact that forest ecosystems and foral forage
sources stll support honey producton, combined
with high market demand and the value of NTFPs. Lit-
erature indicates that tropical forest landscapes en-
hance the diversity of bee foraging resources and
support the quality of forest honey, providing a com-
pettve advantage in honey marketng. Another fac-
tor supportng the sustainability of honey producton
is consumer interest in health aspects, as the antoxi-
dant content and biological propertes of forest hon-
ey are ofen perceived as higher, boostng consumer
percepton of its health benefts and thus supportng
product sustainability (Mahani et al., 2025). These
factors maximize market opportunites in line with
the growing global demand for organic honey and en-
vironmentally friendly forest-based products (Bimbo
et al., 2025). The main constraints that need to be
addressed from the insttutonal aspect are certfca-
ton and organizatonal capacity. Forest honey pro-
ducton is currently stll dominated by traditonal pro-
ducton and distributon systems that are less
adaptve to technological developments and global
quality standards (Harianja et al., 2023). This results
in low supply chain eFciency, potental loss of added
value, and difFcultes in penetratng export markets.
The high leverage of SNI and certfcaton (6.01) indi-
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Fig. 8: Sensitvity of atributes in the insttutonal dimension

cates that the absence of or low compliance with na-
tonal standards (SNI 8664:2018) and weak insttu-
tons (partcipatory monitoring, management
structure) can restrict market access, partcularly in
premium and export segments. Without guality stan-
dards and certfcaton, forest honey struggles to en-
ter labeled markets (SNI, halal, organic), leading to
lower prices and a higher risk of rejecton. BSN/SNI
8664 is the quality reference that Indonesian produc-
ers need to comply with. From the technological as-
pect, namely digital marketng, digital record-keep-
ing, and storage, digital marketng and record-keeping
(RMSE ~4.09), as well as storage methods (~3.91),
have a strong infuence on the status. The lack of
traceability, online marketng, and proper storage fa-
cilites causes products to lose value or deteriorate in
quality (HMF, moisture content, and fermentaton).
Producers who adopt digital marketng and traceabil-
ity systems can improve market reach, reputaton,
and selling value. Concerns have arisen regarding
habitat fragmentaton and the loss of forage trees
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due to the conversion of natural forests in Riau into
large-scale plantatons such as oil palm and industrial
tmber estates. This conversion has led to the disap-
pearance of sialang trees (Koompassia excelsa),
which serve as nestng sites for wild honey bees (Apis
dorsata). As a result, bee colony populatons have de-
clined, leading to reduced honey yields. Other envi-
ronmental disturbances, such as forest and land fres,
have direct impacts on bee habitats, colony migra-
ton, and populaton quality, resultng in drastc de-
clines in forest honey producton. Without habitat
conservaton and ecosystem regeneraton eforts,
forest honey producton is at risk of sharp declines in
the future. Currently, forest honey is not only an al-
ternatve source of income for farmers and forest-ad-
jacent communites, but also plays an important role
in supportng biodiversity conservaton and ecosys-
tem sustainability (Buchori et al., 2022). Building on
these challenges, the following synthesis highlights
how recommendatons across all sustainability di-
mensions can be integrated to shape the future of



forest honey producton. The sustainability assess-
ment indicates that ecological, economic, and social
dimensions are already relatvely strong, while inst-
tutonal and technological aspects require signifcant
improvement. Therefore, future strategies must not
only address weaknesses but also build on existng
strengths through an integrated approach. Ecological
sustainability should be reinforced by conserving si-
alang trees and restoring fowering tree habitats,
while economic value can be enhanced through cert-
fcaton, branding, and digital marketng. On the so-
cial side, contnuous training and cooperatve
strengthening are essental for ensuring inclusive par-
tcipaton. Technological upgrades such as digital re-
cord-keeping, improved storage, and quality testng
will raise product compettveness, while insttutonal
reforms, including partcipatory monitoring and easi-
er access to certfcaton, will ensure credibility and
long-term resilience. This synthesis underscores the
importance of viewing each dimension not in isola-
ton but as interdependent pillars that must be ad-
vanced simultaneously to secure the future of forest
honey producton in Riau Province. Various eforts
are needed to promote sustainable forest honey pro-
ducton. In light of the Social Forestry program, which
provides legal access and insttutonal arrangements
for forest communites to form farmer groups, this
legality helps local communites access training, ob-
tain capital, and improve marketng opportunites.
Such support facilitates the transformaton of forest
honey producton from a subsistence actvity into a
community-based sustainable management unit. Fu-
ture strategies involving certfcaton, strengthening
of farmer insttutons, digital marketng, and the ap-
plicaton of post-harvest technologies are expected
to enhance the compettveness of Riau Forest honey
in both domestc and internatonal markets (Yunianto
et al., 2024). The government, which plays a central
role in creatng a policy framework and supervision
that supports wild bee conservaton, is expected to
develop regulatons for sustainable honey harvestng
by establishing standard operatng procedures for
ethical harvestng that do not damage bee nests or
habitats. The government should also take an actve
role in enforcing laws against land burning and illegal
deforestaton near bee habitats, strengthening the
Social Forestry program as a platorm for empower-
ing forest-adjacent communites, providing technical
assistance for local bee cultvaton and sustainable
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forest honey management, mapping and designatng
wild bee conservaton zones into regional spatal
plans, and integratng these eforts into climate
change adaptaton policies. As large-scale forest land-
scape users, Industrial Plantaton Forest companies
carry ecological responsibilites within their business
practces, including the implementaton of High Con-
servaton Value and High Carbon Stock approaches to
protect the natural habitats of bees within conces-
sion areas. They are expected to collaborate in bee
agroforestry programs (bee-friendly plantations) that
integrate local fowering species such as Melaleuca,
Acacia auriculiformis, and Shorea spp., to implement
environment-based Corporate Social Responsibility
schemes through training for honey farmers, provi-
sion of sustainable harvestng equipment, and mar-
ketng support, as well as to monitor bee biodiversity
as part of regular environmental impact assessments.
Non-Governmental Organizatons (NGOs) act as facil-
itators, providers of technical knowledge, and inde-
pendent monitors of conservaton eforts. Their roles
include conductng outreach on sustainable honey
harvestng techniques, training local farmers to
strengthen their capacites, developing local certfca-
ton systems such as forest honey eco-labels to in-
crease product value without harming habitats, con-
ductng research, monitoring wild bee populatons to
provide scientfc data for policymaking, and engag-
ing in advocacy for bee conservaton as an indicator
species of ecosystem health while promotng biodi-
versity. Local communites and honey farmers or hon-
ey hunters, as the main actors in honey harvestng,
play a crucial role. They are expected to adopt sus-
tainable harvestng techniques (honey huntng eth-
ics), such as minimizing the use of fre, avoiding the
felling of nestng trees, and practcing partal harvest-
ing; conserve local fowering trees (bee forage fora)
through agroforestry and reforestaton practces; di-
versify their livelihoods based on honey and other
NTFPs to reduce pressure on wild bees; and establish
and strengthen forest honey cooperatves as collec-
tve platorms for producton, marketng, and quality
control. Therefore, an analysis of the prospects of for-
est honey producton in Riau Province becomes es-
sental. This study is important for formulatng poli-
cies and interventon strategies capable of addressing
multdimensional challenges to ensure the transfor-
maton towards an inclusive, adaptve, and sustain-
able forest honey producton system.



This study concludes that forest honey producton in
Riau Province has reached a highly sustainable status,
with an average sustainability index of 76.26%, pri-
marily supported by strong environmental, econom-
ic, and social dimensions. The research ofers novelty
by applying an MDS approach that integrates eco-
logical, economic, social, technological, and insttu-
tonal aspects into a single sustainability assessment
framework, which has rarely been applied to NTFPs
such as forest honey. Ecological integrity, market po-
tental, and community partcipaton are relatvely
well established, whereas insttutonal and techno-
logical dimensions remain moderately sustainable,
indicatng the need for targeted improvements in
eco-friendly distributon systems, digital record-keep-
ing, advanced storage technologies, and insttutonal
governance. Key leverage atributes such as selling
price, training frequency, digitalizaton, and certfca-
ton play a critcal role in shaping holistc sustainabili-
ty outcomes. Policy actons should prioritze strength-
ening technological capacites, enhancing the skills of
honey hunters, and embedding partcipatory mon-
itoring into insttutonal frameworks. These insights
are highly relevant for regional governments, cooper-
atves, NGOs, and the private sector, as they provide
an empirical basis for designing adaptve forest gov-
ernance and community-based livelihood programs.
Looking ahead, the sustainability assessment model
developed in this study can be replicated in other
regions of Indonesia to strengthen the management
of non-tmber forest products. Positoning forest
honey as a fagship sustainable commodity not only
enhances local economic compettveness but also
contributes to biodiversity conservaton and climate
resilience at the natonal level. The fndings further
highlight that forest honey producton in Riau is not
only an economic enterprise but also a cornerstone
for biodiversity conservaton and cultural heritage
preservaton. Strengthening farmer cooperatves,
promotng ethical harvestng practces, and aligning
producton systems with global quality standards will
enhance the compettveness of Riau’s Forest honey
in both domestc and internatonal markets. Collab-
oratve eforts among government insttutons, the
private sector, NGOs, and local communites are vital
for positoning forest honey as a fagship sustainable
commodity that simultaneously supports rural liveli-
hoods and safeguards ecosystems.
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Rapid urbanisaton has transformed cites into both concentratons of health risks and
key arenas for improving populaton health. Understanding how urban environmental
conditons infuence multple dimensions of health has therefore become a central
concern for health-oriented urban planning and design. This study synthesises global
scientfc evidence on the relatonships between urban environmental exposures and
health outcomes published between 1984 and 2025 and develops an analytcal framework
for integratng health consideratons into urban planning and design practce.
Asystematc review with narratve synthesis was conducted in accordance with the PRISMA
2020 (Preferred Reportng Items for Systematc Reviews and Meta-Analyses) guidelines.
Relevant studies were identfed through structured searches in major internatonal and
natonal academic databases. The records were screened using predefned inclusion
and exclusion criteria, and eligible studies were systematcally coded and analysed. The
reviewed studies were classifed according to key categories of urban environmental
exposure, including green and blue spaces, public and recreatonal spaces, built form and
urban morphology, transport systems and walkability, and environmental risks such as
air polluton, noise, and urban heat exposure. Health outcomes were examined across
four domains: physical, mental, social, and cognitve health. The fndings reveal consistent
evidence that access to green and blue spaces and high-quality public spaces is associated
with improved mental health, increased physical actvity, and higher overall quality of life.
Urban form characteristcs—partcularly density, land-use confguraton, and walkability—
are systematcally linked to paterns of physical actvity, obesity, and non-communicable
diseases. Conversely, exposure to environmental hazards such as air polluton, noise, and
heat stress is strongly associated with mortality and the urban burden of disease. Recent
research has also expanded to include cognitve health, child development, healthy
ageing, and the mediatng roles of perceptual and social factors. Despite these advances,
important knowledge gaps remain regarding spatal health equity, the evaluaton of urban
design interventons, and empirical evidence from low- and middle-income countries.
Based on this synthesis, the study proposes a mult-level analytcal framework linking
urban spatal structure and design, environmental exposures and behavioural pathways,
perceptual and social mediators, and multdimensional health outcomes. The framework
provides a conceptual basis for systematcally integratng health consideratons into urban
policy, planning, and design.
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Health is widely recognised as a fundamental indicator
of societal development and a basic human right. Yet it
is not produced solely within healthcare systems.
Rather, it is contnuously shaped through everyday life
in urban setngs and through people’s interactons
with the built environment (Mirgholami et al., 2017).
Over recent decades, rapid urbanisaton, changing
paterns of daily actvity, sedentary lifestyles, un-
healthy diets and chronic exposure to stress have con-
tributed to a substantal rise in non-communicable
diseases. Conditons such as obesity, type 2 diabetes,
cardiovascular diseases and mental disorders now ac-
count for the majority of global mortality and disability
(Helia Sareminia et al., 2023). Within this context, ur-
ban planning, design and governance are increasingly
recognised as strategic determinants of populaton
health. Cites can be understood as complex socio-spa-
tal systems in which environmental, social and be-
havioural factors interact across multple scales. Urban
areas simultaneously concentrate environmental risks
while also providing opportunites for preventon and
health promoton (Barton, 2005; Giles-Cort et al.,
2016). This perspectve has important historical roots
in planning theory. Early models such as Howard’s Gar-
den City and Perry’s neighbourhood unit were ground-
ed in the assumpton that spatal form, land-use or-
ganisaton and access to green and public spaces can
infuence residents’ wellbeing and health outcomes
(Howard, 1902; Perry, 1929). During the past two de-
cades, these ideas have gained substantal empirical
support. A growing body of primary studies, systemat-
ic reviews and meta-analyses demonstrates consistent
associatons between urban morphology, walkability,
transport systems, green and blue infrastructure, pub-
lic space design and environmental stressors—includ-
ing air polluton, noise and heat—and multple dimen-
sions of physical, mental, social and cognitve health
(Twohig-Bennet and Jones, 2018; Yang et al., 2018;
Mouratdis, 2021; Xian et al., 2024). Despite this ex-
panding evidence base, the literature on cites and
health remains partally fragmented. Several thematc
clusters have emerged within the feld. One major
stream focuses on the relatonship between built-form
characteristcs, physical actvity and obesity (Ferdi-
nand et al., 2012; Tcymbal et al., 2020). A second clus-
ter examines the role of green and blue spaces in shap-
ing mental health and subjectve wellbeing (James et
al., 2015; Gascon et al., 2015; Browning et al., 2022). A
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third strand investgates the health impacts of environ-
mental exposures such as air polluton and noise
(Dockery et al., 1993; Katsouyanni et al., 1997; Mu-
onde et al., 2024). Another body of research analyses
the role of public spaces in fostering social interacton,
social capital and social health (Mehta, 2014; Qi et al.,
2024). In recent years, additonal domains have gained
prominence. Research on transport safety highlights
the health burden associated with trafc injuries and
emphasises the importance of pedestrian- and cy-
cling-oriented urban design. Studies on urban heat is-
lands document increasing health risks linked to ex-
treme heat events and climate change. Parallel work
on climate resilience and environmental justce em-
phasises how vulnerabilites to environmental expo-
sures are unevenly distributed across urban popula-
tons. Consequently, the concept of health equity has
become central to contemporary urban health re-
search, drawing atenton to spatal inequalites in en-
vironmental conditons and health outcomes. At a
broader conceptual level, several frameworks have
sought to organise the relatonship between cites and
health. These include the Healthy Cites movement,
liveability frameworks and models based on the social
determinants of health (Ashton et al., 1986; Kent and
Thompson, 2012; Pineo, 2020; Yang et al., 2018).
While these paradigms provide important conceptual
foundatons, their translaton into operatonal indica-
tors that can directly inform urban planning and de-
sign practce remains uneven. A further challenge con-
cerns the measurement of both urban conditons and
health outcomes. Earlier studies ofen relied on rela-
tvely simple indicators, such as green space per capita
or distance to the nearest park. More recent research
conceptualises cites as mult-level systems and em-
ploys integrated indicators capturing urban morpholo-
gy, accessibility paterns, spatal confguraton of green
and blue spaces, perceived environmental quality, en-
vironmental exposures, behavioural mediators and a
broad range of physical, mental, social and cognitve
health outcomes (Giles-Cort et al., 2016; Markevych
et al., 2017; Yang et al., 2018; Ruszanov et al., 2023).
However, existng studies rarely synthesise these het-
erogeneous indicators within a coherent analytcal
structure. In partcular, few reviews simultaneously re-
construct the historical evoluton of the feld, map the
thematc architecture of environmental exposures and
health outcomes, and systematse the indicators used
to measure urban conditons and health within a uni-



Ted causal framework linking urban design, environ-
mental exposure, behavioural and perceptual media-
tors and multdimensional health outcomes. The geog-
raphy of knowledge producton further refects signif-
cant imbalances. Most empirical evidence derives
from cites in Europe, North America and Australia,
while urban areas in low- and middle-income coun-
tries remain underrepresented. This gap is notable giv-
en that many of these cites face rapid urbanisaton,
pronounced spatal inequalites, limited access to pub-
lic and green spaces and high vulnerability to environ-
mental and social risks (Shen, 2024; Andalib et al.,
2024). Within the Persian-language literature, a grow-
ing number of studies have examined relatonships
between neighbourhood environmental quality, green
and public spaces, urban form and indicators of physi-
cal, mental and social health (Abrun et al., 2018;
Hakimian, 2015, 2016; Enayat et al., 2021; Mahdi,
2020; Hosseini Mand et al., 2021; Sarvar et al., 2025;
Shahvaran and Asadpour, 2024). Nevertheless, sys-
tematc syntheses that situate this body of work within
the broader internatonal literature remain limited.
Against this background, the present study addresses
a specifc analytcal gap in the literature. Rather than
proposing an entrely new normatve framework, the
study advances the feld by integratng diverse strands
of research into a structured, mult-level analytcal
synthesis. It combines three complementary perspec-
tves: the historical evoluton of the feld, the thematc
clustering of environmental exposures and health out-
comes, and the systematc organisaton of variables
and indicators within a causal chain linking urban
form, environmental exposure, behavioural and social
mediators, and multdimensional health outcomes.
Based on a systematc review covering the period from
1984 to 2025, this artcle pursues three interrelated
objectves. First, it reconstructs the historical trajecto-
ry of research on cites and health by identfying ana-
lytcally meaningful phases in the development of the
feld. Second, it classifes the evidence into coherent
thematc clusters defned by types of urban environ-
mental exposure and categories of health outcome.
Third, it extracts and organises the indicators used to
measure urban conditons and health within a struc-
tured mult-level framework. The resultng framework
provides an evidence-informed basis for integratng
health consideratons into urban policy, planning and
design. It also contributes to bridging the gap between
research and practce by ofering a clearer analytcal
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structure for understanding causal pathways between
urban environments and health outcomes. Finally, by
incorporatng evidence from both internatonal and
Persian-language studies, the framework supports the
development of context-sensitve approaches to
health-oriented urban planning in Iranian cites and
other urban contexts in the Global South.

Review design

This study employs a systematc review method-
ology to synthesize the expanding body of knowledge
on the relatonship between urban environments
and health outcomes. The review was conducted in
accordance with the PRISMA (Preferred Reportng
Items for Systematc Reviews and MetaAnalyses)
guidelines to ensure transparency, replicability, and
procedural clarity. The review process followed four
sequental stages consistent with PRISMA: Identfca-
ton, Screening, Eligibility, and Inclusion.

Search strategy

A structured and comprehensive literature search
was conducted primarily in Scopus and Web of Sci-
ence as the principal indexed databases. To broaden
the scope and capture regionally published research,
Google Scholar and natonal databases (SID, Magiran,
Civilica, and ISC) were used as supplementary sources.
This mult-database strategy was designed to ensure
both internatonal coverage and contextual relevance.
The review included studies published between 1984
and 2025, allowing the analysis to encompass early
conceptual discussions as well as contemporary em-
pirical developments in health-oriented urban plan-
ning and design. Search queries were developed using
bilingual keyword combinatons (English and Persian)
combined with Boolean operators. Searches were
performed within ttles, abstracts, and keywords. A
representatve search string was structured as follows:
(“Healthy City” OR “Urban Health™) AND (“Built Envi-
ronment” OR “Urban Design” OR “Walkability””) AND
(“Physical Health” OR “Mental Health” OR “Well-be-
ing”). Database-specifc syntax adjustments were ap-
plied where necessary. Only publicatons in English
and Persian were considered.

Inclusion and exclusion criteria
Explicit inclusion and exclusion criteria were de-
fned to ensure analytcal coherence and relevance.



Studies were included if they:

Were peer-reviewed journal articles, selected
policy reports, or reputable conference papers;
Examined the relationship between urban spa-
tial characteristics and health outcomes;
Reported measurable or clearly defined health
indicators;

Addressed planning, design, or built environ-
ment dimensions;

Were published between 1984 and 2025.

Studies were excluded if they:

Focused solely on clinical or biomedical health
topics without spatial or environmental con-
text;

Did not include identifiable environmental ex-
posure variables;

Lacked explicit linkage between urban factors
and health outcomes;

Were editorials, commentaries, or non-aca-
demic publications;

Were duplicate records.

Study selection process

The identfcaton stage yielded 640 records across
all selected databases. Afer removing 110 duplicate
records, 530 ttles and abstracts were screened for
relevance to the research objectves. Following the
inital screening, 320 full-text artcles were retrieved
and assessed for eligibility. During this stage, 59 stud-
ies were excluded due to insufcient methodological
clarity, weak linkage between environmental expo-
sure and health indicators, or lack of relevance to ur-
ban planning and design dimensions. Ultmately, 261
studies met the inclusion criteria and were included
in the fnal analysis. The complete study selecton
procedure, including numerical transitons across the
four PRISMA stages (Identfcaton, Screening, Eligibil-
ity, and Inclusion), is presented in Fig. 1.

Data extraction

For each included study, structured data extracton
was conducted. The following informaton was sys-
tematcally recorded: publicaton year, geographical
context, type of urban environmental exposure, re-
search design and methodological approach, health
outcome indicators, and key fndings.

This extracton framework enabled comparatve syn-
thesis across temporal, thematc, and methodologi-
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cal dimensions, forming the basis for the analytcal
categorizaton of the literature.

Data synthesis and analytical framework

The selected studies were coded and categorized
along three principal analytcal dimensions: temporal
evoluton of research trends, type of urban environ-
mental exposure, and category of health outcome.
Urban environmental exposures were grouped into
major domains, including green and blue infrastruc-
ture, urban morphology and density paterns, trans-
portaton systems and mobility structures, and envi-
ronmental risks such as heat stress and air polluton.
Health outcomes were classifed into physical health,
mental health, social well-being, and cognitve dimen-
sions. A qualitatve thematc synthesis approach was
employed to identfy recurring paterns and interpret
the pathways linking spatal conditons to health out-
comes. Partcular atenton was given to mediatng
mechanisms such as physical actvity, social interac-
ton, and perceptual experience that translate spatal
characteristcs into measurable health efects. Ad-
ditonally, existng systematc and umbrella reviews
were examined to identfy converging fndings and
remaining research gaps within the feld. This integra-
tve analytcal process resulted in the development of
a mult-level framework illustratng the relatonships
between urban design, environmental exposure, be-
havioral responses, and multdimensional health out-
comes, as presented in Fig. 2.

RESULTS AND DISCUSSION
Temporal evolution of research on urban environ-
ments and health

The temporal framework was developed to ex-
amine changes in research output over tme. Publi-
catons were grouped into fve consecutve periods
based on the chronological distributon of studies in
the dataset and observable shifs in publicaton fre-
quency across the study period. This classifcaton
enables a consistent comparison of research actvity
across diferent phases of development in the feld.
As summarized in Table 1, the temporal evoluton of
the literature reveals a clear acceleraton in research
actvity over tme. Between 1984 and 1999, 30 studies
were identfed, representng 11.5% of the total
sample, and primarily explored general relatonships
between urban environments and health, partcularly
environmental polluton and access to natural



IDENTIFICATION

Records identified from databases

Scopus, Web of Science Duplicates removed

Google Scholar (n=110)
(n = 640)
SCREENING
Records screened Records excluded
(n =530) (n=210)
ELIGIBILITY
Full-text articles assessed Full-text articles excluded,
for eligibility with reasons
(n=320) (n=59)

l

INCLUDED

Studies included in
qualitative synthesis

(n=261)

Fig. 1: PRISMA fow diagram of the systematc literature search and study selecton process.
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Data
Collecton

Sources: Scientfc artcles were primarily collected from online databases such as
Scopus, Web of Science, and Google Scholar. Additonally, books, conference pa-
pers, and relevant urban planning reports were utlized to provide a comprehensive
perspectve on health-oriented urban planning.

Publicaton Type & Time Span: The primary focus was on peer-reviewed scientf-
ic artcles published between 1984 and 2024, supplemented by credible confer-
ence papers and authoritatve reports. This tmeframe captures the evoluton of
research in the feld.

Search Parameters: A structured set of keywords and their synonyms was devel-
oped for systematc searching, including terms such as healthy city, urban health,
physical health, mental health, social health, healthy urban environments, walk-
ability, green infrastructure, and urban design for health. Afer applying screening
criteria, 261 artcles were ultmately selected for detailed review.

Data
Analysis

Analysis of Study Distributon: The reviewed studies were categorized according
to the types of mediatng variables linking urban environmental characteristcs to
health outcomes. The analysis examined the distributon of evidence across behav-
ioral, functonal, social, and perceptual dimensions to identfy dominant research
themes and methodological approaches in the literature.

Review of Existng Literature Reviews: Previous systematc and narratve reviews
addressing urban health, environmental determinants of health, and healthy city
research were examined to trace the conceptual development of mediatng path-
ways between urban environments and health outcomes.

Key Topics of Focus: The analysis focused on major mediatng variables including
physical activity and active use of urban space, patterns of park and open-space
use, social interaction and social capital, and perceptual and psychological factors
such as perceived stress, safety, place attachment, and environmental satisfaction,
evaluatng their roles in translatng urban environmental conditons into measur-
able health outcomes.

Findings
And
Frameworks

Analysis of Study Distributon: The fndings were synthesized to identfy the main
health outcome domains associated with urban environmental conditons. The re-
viewed studies were categorized according to physical, mental, social, and cogni-
tve health outcomes in order to clarify the range and frequency of health efects
reported in the literature.

Review of Existng Literature Reviews: Previous review studies on urban health,
healthy city frameworks, and urban livability were examined to contextualize the
identfed health outcomes and to trace how urban planning and environmental
design have been linked to multdimensional health indicators in earlier research.

Key Topics of Focus: The synthesis focused on four principal outcome domains:
physical health (including obesity, cardiovascular and respiratory conditons, and
physical ftness), mental health (including stress, depression, anxiety, sleep quality,
and wellbeing), social health and social capital (including social cohesion, trust, and
civic partcipaton), and cognitve health (including atenton, memory, executve
functoning, and cognitve development). In additon, composite indices such as
Healthy City indicators, urban livability metrics, and multdimensional urban quality
of life indices were considered to capture the broader impacts of urban environ-
ments on populaton health and wellbeing.

Fig. 2: Research process and analytcal framework
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Table 1: Five-period temporal framework for the development of research on urban environments and health (1984-2025)

Time period (AD)

Number of studies

General research characteristcs

Percentage of total

sample
Foundatonal phase of the “healthy city” agenda
1984-1999 30 and uncovering the links between nature, 11.5%
polluton, and health
2000-2009 6 Trz_;1n5|tonal phase fro_m urban hyglene to health- 2 3%
oriented urban planning and design
Phase of systematsaton of the built environment
2010-2015 25 and health research (onset of the wave of reviews 9.6%
and conceptual frameworks)
Phase of empirical maturaton and expansion
2016-2019 60 of systematc reviews, meta-analyses, and the 23.0%
emergence of spatal health equity debates
Phase of evidence expansion and consolidaton of
2020-2025 140 comprehena_ve framewo_rks for_ health-orlgnted 53 6%
urban planning and design (with emphasis on
quality, smart cites, and pandemics)
Total 261 100%

elements. Between 2000 and 2009, only six studies
were identfed (2.3%), refectng the transitonal
stage of research on the built environment-health
relatonship, which had not yet consolidated as
a distnct research stream within urban planning
scholarship. This patern may also be partly
associated with the gradual expansion of journal
indexing in major internatonal citaton databases
during the early 2000s. Furthermore, the strict
inclusion criteria applied in this review—partcularly
the requirement that studies explicitly link urban
design variables with measurable health outcomes—
reduced the number of eligible studies during this
period. Research output increased between 2010
and 2015, with 25 studies published (9.6% of the
total sample). Studies in this period more frequently
examined measurable associatons between built
environment characteristcs and specifc health
indicators. Between 2016 and 2019, the number of
publicatons increased to 60 studies (23.0% of the
total sample). Quanttatve methods, spatal analysis
techniques, and systematc review approaches were
applied more frequently to assess associatons
between urban environmental characteristcs
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and health outcomes such as physical actvity,
noncommunicable diseases, mental health indicators,
and quality of life. The highest concentraton of
publicatons occurred between 2020 and 2025, with
140 studies identfed (53.6% of the total sample).
More than half of all included studies were published
during this period. Research topics during these years
increasingly addressed health equity, distributon of
environmental resources, urban resilience, smart
city initatves, environmental quality, and health
implicatons associated with pandemics.

Fig. 3 further illustrates this temporal trajectory
and shows that 200 of the 261 studies, equivalent
to 76.6% of the sample, were published afer 2015.
This patern confrms that research on urban en-
vironments and health has expanded markedly in
recent years, shifing from exploratory environmen-
tal-health observatons toward more integrated and
evidence-based frameworks for health-oriented ur-
ban planning and design.

Topical classification of studies on urban environmen-
tal exposures and health outcomes
To examine the distributon of evidence within the



phase of empirical maturation

and expansion of systematic

reviews and meta-analyses
accompanied by the emergence
of spatial health-equity debates

phase of evidence expansion and

consolidation of comprehensive

frameworks for health - oriented

urban planning and design with

emphasis on quality, smart cities
and pandemics

+140

year

2025-2020

2019-2016

Transitional phase from
urban hygiene to
health-oriented urban
planning and design

foundational phase of
the healthy city agenda
and the uncovering of
links between nature
pollution and health

phase of systematisation
of built environment and
health research onset of
the wave of reviews and)
(conceptual frameworks

+60
+25 +30

+6

2015-2010 2009-2000 1999-1984

Evolution of health-oriented urban design research: A temporal analysis of urban and health studies, 1984-2025

Fig. 3: Temporal distributon of included studies examining the relatonship between urban environments and health (1984-2025).

reviewed literature, the 261 included studies were
classifed into seven thematc domains based on the
primary type of urban environmental exposure and
the associated health outcomes investgated. Each
study was assigned to the domain that most closely
refected its central research focus. This classifcaton
provides a structured overview of how research on
health-oriented urban planning and design is distrib-
uted across diferent dimensions of the built and nat-
ural environment and their related health outcomes.
As presented in Table 2, the thematc distributon of
the reviewed studies indicates a strong concentraton
of evidence in two dominant domains. Studies on
green spaces, open spaces, and the urban landscape
consttute the largest cluster (n=110), refectng sub-
stantal empirical atenton to the relatonships be-
tween exposure to urban nature and outcomes such
as psychological restoraton, stress reducton, and
overall well-being. The second major cluster concerns
the built environment, urban form, and walkability
(n=55), highlightng the importance of urban morphol-
ogy, street network confguraton, and spatal design
characteristcs in shaping physical actvity paterns and
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noncommunicable disease outcomes. Together, these
two domains account for the majority of the reviewed
literature and underscore the central role of both natu-
ral and built urban environments in infuencing health.
Two mid-sized domains—healthy cites and policy
frameworks (n=30) and public and collectve spaces
(n=30)—provide an important conceptual and social
complement to the physical environment literature.
Studies in these domains emphasise policy-oriented
determinants of health, the role of governance and
planning frameworks, and the importance of everyday
public environments in supportng social cohesion,
place atachment, and social health. Although numer-
ically smaller, the domains of environmental quality
and environmental risks (n=14) and leisure and recre-
atonal environments (n=14) contribute important in-
sights into direct environmental exposures, such as air
polluton, noise, and heat, as well as lifestyle-related
factors associated with recreatonal setngs and sub-
jectve well-being. Finally, the foundatonal conceptual
literature (n=8) provides the theoretcal basis required
to interpret the diverse health outcomes identfed
across the seven thematc domains.



Table 2: Thematc classifcaton of studies by type of urban environmental exposure and health outcomes

Thematc domain of studies

Brief descripton of the domain

Number of studies

Green spaces, open spaces and
urban landscape, and health
outcomes

Built environment, urban form,
walkability, transport and
physical characteristcs of the
built environment and health

Healthy cites, urban health,
conceptual and policy
frameworks, and indicators of
health and quality of life

Public and collectve spaces,
urban hangouts, markets and
streets, social interactons, social
capital and place atachment

Environmental quality, air
polluton, noise polluton,
environmental risks, and
physical and mental health
outcomes

This domain includes studies examining the role of parks, green
spaces, green-blue infrastructure, urban forests, and landscape
quality in shaping health outcomes. Commonly investgated
outcomes include physical and mental health, quality of life,
subjectve wellbeing, psychological restoraton, stress reduc-
ton, decreased depressive symptoms, and increased vitality
among residents. The domain also includes several large-scale
systematc reviews and metaanalyses assessing the relatonship
between exposure to green and blue spaces and a wide range
of health outcomes at the global level.

This domain comprises studies focusing on the structural and
physical characteristcs of the built environment, including
urban form, street networks, density, landuse mix, walkabili-
ty indicators, pedestrian routes, subcentre design, and urban
morphology. These studies investgate how such characteris-
tcs are associated with physical actvity, obesity, noncommu-
nicable diseases, general health, and mental health outcomes.
Systematc reviews and metaanalyses addressing relatonships
between the built environment and physical actvity are also in-
cluded in this category.

This domain includes literature addressing conceptual and pol-
icy frameworks related to healthy cites and urban health. Top-
ics covered include urban liveability, the right to urban health,
health equity, social determinants of health, and the integraton
of health consideratons into urban planning and development
strategies. The category also includes studies examining inter-
natonal initatves, policy frameworks, and broader conceptual
discussions of the relatonship between urban environments
and populaton health.

This domain encompasses studies focusing on public spaces
such as squares, streets, pedestrian corridors, markets, bazaars,
urban gathering spaces, and cultural or recreatonal complexes.
These studies examine outcomes related to social interacton,
social cohesion, social capital, social trust, sense of belonging,
place atachment, urban vitality, place meaning, and intergroup
cohesion. A substantal porton of the Iranian literature on public
space, together with several internatonal studies assessing the
quality and performance of public environments, is included
within this category.

This domain comprises studies investgatng environmental
exposures within urban setngs, including ambient air pollu-
ton, environmental and trafc noise, urban heat, and other
environmental risks. These studies examine their associatons
with mortality, cardiovascular and respiratory diseases, blood
pressure, sleep disorders, stress, and other physical and men-
tal health outcomes. Both classic epidemiological studies on air
polluton and more recent research on urban soundscapes are
represented within this category.

110

55

30

30

14
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Thematc domain of studies

Brief descripton of the domain

Number of studies

Leisure, recreatonal spaces,
tourism facilites, recreatonal
sports, and health and
well-being

Theoretcal and foundatonal
literature on mental health,
social health, and broader
supportng texts on health

This domain focuses on urban leisure and recreatonal environ-
ments, including amusement and recreatonal parks, tourism
facilites, cultural complexes, recreatonal sports spaces, and
temporary urban programmes such as carfree events. Research
in this category ofen examines outcomes such as mental
health, happiness, vitality, life satsfacton, subjectve wellbeing,
social cohesion, and local social development.

This category includes theoretcal and conceptual references re-
lated to mental health, social health, happiness, and wellbeing
that provide the conceptual foundaton for interpretng health
outcomes in the context of healthoriented urban planning and
design. Although these works do not directly analyse urban en-
vironmental exposures, they contribute to the theoretcal fram-

14

ing of health dimensions used in the review.

Total

261

Overall, the thematc classifcaton presented in Ta-
ble 2 highlights both the dominant lines of inquiry
within the feld and the relatvely limited number of
studies addressing environmental risks and leisure
environments. This distributon not only clarifes the
balance of current evidence across thematc areas,
but also establishes the analytcal structure for the
subsequent sectons, where specifc environmental
indicators, exposure pathways, and health outcomes
are examined in greater detail.

The distributon of studies indicates a strong concen-
traton of research in two primary domains. Studies
on green spaces, open spaces, and the urban land-
scape consttute the largest cluster (n=110), refectng
substantal empirical atenton to the relatonships
between exposure to urban nature and outcomes
such as psychological restoraton, stress reducton,
and overall wellbeing. The second major cluster con-
cerns the built environment, urban form, and walk-
ability (n=55), highlightng the importance of urban
morphology, streetnetwork confguraton, and spatal
design characteristcs in shaping physical actvity pat-
terns and noncommunicable disease outcomes.

Variables and indicators for assessing the urban envi-
ronment and health in the research literature
Research on the relatonship between cites and
health has moved beyond simple indicators such as per
capita green space or Euclidean distance to the near-
est park. Contemporary studies increasingly concep-
tualise the urban environment as a mult-dimensional
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system and assess it through a combinaton of mor-
phological, spatal, environmental, perceptual, and be-
havioural indicators linked to diverse health outcomes
(GilesCort et al., 2016; Yang et al., 2018; Pineo, 2020).
These variables are measured at diferent spatal
scales. At the macro scale, research commonly exam-
ines urban form, street-network confguraton, land-
use paterns, density, and neighbourhood structure.
At the micro scale, studies focus on streetscape atri-
butes, street furniture, visual quality, and fne-grained
environmental characteristcs. In parallel, many stud-
ies assess direct environmental exposures such as air
polluton, noise, and heat, as well as perceived envi-
ronmental quality, place experience, and paterns of
social interacton (Ruszanov et al.,, 2023; Helia Sare-
minia et al., 2023). Together, these variables form an
integrated analytcal framework linking characteristcs
of the urban environment to multple dimensions of
human health. In the literature, these relatonships are
typically conceptualised as a causal chain connectng
environmental conditons, intermediate behavioural
and social processes, and health outcomes. The indica-
tors discussed in the following subsectons are there-
fore organised according to their positon within this
environment—exposure—behaviour-health  pathway,
encompassing physical, mental, social, and cognitve
health outcomes among urban residents.

Physical and morphological indicators of the urban
environment
At the frst analytcal layer, the physical form and



spatal structure of cites are operatonalised through
a range of morphological indicators. Commonly ap-
plied variables include net and gross residental den-
sity, building density, site coverage rato, foor area
rato, average building height, intersecton density,
urban grain and block size, as well as ratos such as
street length relatve to parcel or censusunit area.
Additonal indicators frequently used in empirical
studies include block radius, compactness, and mea-
sures of streetnetwork connectvity and spatal inte-
graton. These variables consttute the core measure-
ment framework in research examining walkability,
healthoriented urban form, and the design of actve
urban environments (Sallis et al., 2016; Smith et al.,
2017; Barnet et al., 2017; Fathi et al., 2020; Tcymbal
et al., 2020; Abusaada & Elshater, 2024; Mouratdis,
2021; Andalib et al., 2024). In additon to these mor-
phological measures, many studies analyse the func-
tonal and spatal compositon of neighbourhoods.
Indicators commonly used include landuse mix,
permeability of the urban fabric, the proporton of
pedestrianoriented versus caroriented streets, con-
tnuity of pedestrian networks, street hierarchy, and
spatal legibility. Across diverse geographical con-
texts—including North American, European, Middle
Eastern, and Iranian cites—empirical research has
examined the associatons between these structur-
al characteristcs and outcomes such as walking be-
haviour, paterns of social interacton, and residents’
mental wellbeing (Hakimian, 2016; Hossein Abadi,
2021; Barat et al., 2021; Khasto & Kiaei, 2021; Deh-
ghan, Golkar & Hakimian, 2022; Enayat et al., 2021).
A further methodological approach focuses on the
confguratonal propertes of street networks. Using
spaceconfguraton techniques, studies analyse the
topology of urban networks through indicators such
as centrality, connectvity, relatve depth, the length
of contnuous pedestrian paths, the number of high
throughmovement nodes, and the hierarchical dis-
tributon of the network. These metrics are used to
explain paterns of movement, spatal utlisaton, and
the frequency of facetoface encounters within urban
environments (Sheng et al., 2021; Shao et al., 2021).
Complementng these spatalconfguraton mea-
sures, feldbased studies of streets and public spaces
have operatonalised the quality of the public realm
through microscale urban design indicators. These in-
clude street width and crosssecton profle, the avail-
ability of pause and restng spaces, degree of edge
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actvaton, fagade transparency, functonal diversity
along street frontages, and the intensity of landuse
mix. Such indicators are widely recognised as funda-
mental components shaping the physical and social
performance of public spaces (Montgomery, 1998;
Madani Pour, 1996; Mehta, 2014; Andersson, 2016;
Torkaman et al., 2017; Takiehkhah et al., 2013).

Indicators of accessibility, configuration, and quantity
of green, blue, and public spaces

The second layer of indicators focuses on the
spatal architecture and accessibility structure of net-
works of green, blue, and public spaces. In the liter-
ature, spatal accessibility to urban nature has most
commonly been operatonalised through measures
such as Euclidean or network distance to the near-
est park or green space, walking or driving tme to
green areas, and the number of parks located within
diferent service radii. Additonal metrics frequently
include per capita green space at neighbourhood, dis-
trict, and city scales, the percentage of green cover
within analytcal units, and the rato of green surface
to total developable land (Lee & Maheswaran, 2011;
WHO, 2016; James et al., 2015; Browning et al., 2022;
Banwell et al., 2024; Bressane et al., 2024; Twohig-
Bennet & Jones, 2018).
These indicators have been applied in both global
comparatve studies and contextspecifc case studies,
including research focusing on Iranian cites. With the
increasing availability of spatal datasets and remote-
sensing imagery, exposure to urban nature has also
been operatonalised through vegetaton and canopy
metrics derived from satellite data. Frequently used
measures include the Normalized Diference Vegeta-
ton Index (NDVI), treecanopy density and height, the
proporton of visible greenery within the pedestrian
feld of view, and the rato of street trees to street
length. These indicators have been widely linked to
multple physical and mental health outcomes across
diverse climatc and socioeconomic contexts (Gascon
et al., 2015; Fong et al., 2018; Engemann et al., 2019;
Ji et al., 2019; Lee et al., 2020; Liu et al., 2023; Xie
et al., 2024; Xian et al., 2024). At the scale of parks
and urban open spaces, a further set of indicators
captures spatal confguraton and functonal charac-
teristcs. These include park area and service radius,
patch geometry, compactness or elongaton of green
patches, and structural diversity within parks, such
as combinatons of trees, shrubs, lawns, open areas,



hard surfaces, and water elements. Additonal indica-
tors describe the number and diversity of facilites—
such as playgrounds, running tracks, sports felds,
seatng areas, cafés, and sanitary facilites—as well
as the density and spatal distributon of entrances,
the contnuity of internal path networks, and their in-
tegraton with surrounding street networks (McCor-
mack et al., 2010; Kaczynski et al., 2008; McCormack
et al., 2014). Comparable indicator frameworks have
also been applied in studies of urban parks and rec-
reaton systems in Iranian cites, including Hamedan,
Gorgan, Tabriz, Birjand, and Borujerd. In these stud-
ies, variables such as per capita green space, service
radius, contnuity of pedestrian paths, number of
entrances, lightng conditons, perceived and actual
safety, furniture quality, the presence of incompat-
ible land uses, and the spatal distributon of green
and blue elements are analysed in relaton to user
experience and healthrelated behaviours (Hosseini
Mand et al., 2021; Arasteh & Heydarzadeh, 2020;
Taheri, Ghasemi Seychani & Shabani, 2021). With re-
spect to blue spaces and green-blue infrastructure,
the literature employs indicators such as distance
to rivers, canals, lakes, and urban water bodies, the
length of accessible waterfronts, the number of pe-
destrian access points to the water edge, and the
quality of spatal connectons between blue spaces
and the wider openspace network. These indicators
are frequently analysed alongside their contributons
to microclimate regulaton, opportunites for physical
actvity, and processes of psychological restoraton in
urban environments (Gascon et al., 2017; Tieges et
al., 2022; Leporelli & Sant, 2019; Orset et al., 2022;
Barton, 2005).

Indicators of environmental quality, perception, and
experience

Quanttatve spatal and physical indicators alone
cannot fully explain the relatonship between urban
environments and health without considering envi-
ronmental quality and lived experience. Consequent-
ly, a substantal body of research has developed con-
ceptual and empirical frameworks under the heading
of perceived environmental quality. These frame-
works encompass dimensions such as spatal legibil-
ity and clarity of urban structure, visual coherence
and order, spatal and functonal diversity, aesthetc
quality, perceived safety, thermal and acoustc com-
fort, cleanliness and maintenance, accessibility for
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diferent populaton groups, and the perceived vitali-
ty and liveability of urban environments (Mouratdis,
2021; Nguyen et al., 2021; RiosRodriguez et al., 2021;
Veen et al., 2020; Stangierska et al., 2022). In empir-
ical studies, these atributes are typically measured
using multitem Likertscale questonnaires and an-
alysed as latent constructs representng perceived
publicspace quality, perceived greenspace quality,
soundscape quality, or overall neighbourhood envi-
ronmental quality (Nguyen et al., 2021; Stangierska
et al., 2022; Zhang, H. et al., 2022; Wu et al., 2024).
The theoretcal foundatons of these constructs can
be traced to classic work emphasising environmen-
tal legibility, mental image formaton, aesthetc pref-
erence, and direct experiences of nature in shaping
behaviour and psychological wellbeing (Kaplan & Ka-
plan, 1989; Kaplan, 1995; Hartg et al., 1991; Hartg
et al., 2014; Marcus & Francis, 1998; Madani Pour,
1996). Empirical applicatons of these frameworks ap-
pear in studies conducted across diverse geographic
contexts, including Northern Europe and Southwest
Asia. Research focusing on Iranian cites has opera-
tonalised perceived environmental quality through
indicators such as visual and landscape quality, spa-
tal and functonal diversity, landuse mix and compat-
ibility, perceived safety during day and night, visual
polluton, the presence and quality of green and blue
elements, lightng conditons, seatng provision, the
presence of other users, perceived vitality, and the
quality of leisure experiences in parks and pedestrian
environments (Abrun et al., 2018; Azimi et al., 2020;
Akbarian, 2019; Hosseini Mand et al., 2021; Taheri,
Ghasemi Seychani & Shabani, 2021; Karimi et al.,
2022; Gharavi Roodsari, 2023; Taheri & Taheri, 2019;
Abdollahzadeh Fard & Shamseddini, 2020; Ghafari
Gilandeh & Mohammadi, 2023). Within this domain,
a specifc subset of indicators addresses the restor-
atve potental of urban environments. These include
experiences of psychological “being away” from daily
pressures, atentonal immersion, environmental co-
herence, compatbility between environmental char-
acteristcs and individual preferences, opportunites
for solitude, and sensatons of freshness and revital-
isaton. Such indicators have been widely applied in
studies of parks, urban forests, blue spaces, and hu-
manoriented streets, where their associatons with
reduced stress, improved mood, lower mental fa-
tgue, and increased vitality have been demonstrated
across diferent cultural and climatc contexts (Ulrich,



1984; Ulrich et al., 1991; Hartg et al., 1991; Hartg et
al., 2014; Patuano, 2020; RiosRodriguez et al., 2021;
Wu et al., 2024; Stoltz, 2022; WajchmanSwitalska et
al., 2021; Smyth et al., 2022; Browning et al., 2022).

Indicators of environmental exposure: air pollution,
noise, heat, and environmental risks

The urban environmental epidemiology literature
has established a standardised set of indicators for
quantfying exposure to air polluton, environmental
noise, thermal stress, and related urban risks. These
indicators form the core measurement layer linking
urban environmental conditons to physiological and
psychological health outcomes.

Air pollution exposure

In the domain of air polluton, exposure is com-
monly operatonalised using average daily and annual
concentratons of fne partculate mater (PM,.s and
PM,o), nitrogen dioxide (NO,), ozone (Os), and oth-
er regulated pollutants. Measurements are derived
from fxed monitoring statons, interpolated grid cells,
landuse regression models, or streetlevel monitoring
along transport corridors. These indicators have been
extensively applied in crosssectonal, tmeseries,
and longitudinal cohort studies across global urban
contexts (Dockery et al., 1992; Dockery et al., 1993,;
Schwartz & Dockery, 1992; Schwartz, 1993; Pope et
al., 1995; Katsouyanni et al., 1997; Yang et al., 2018;
Muonde et al., 2024). Analytcally, pollutant concen-
tratons are integrated into regression and survival
models to estmate associatons with allcause and
causespecifc mortality, as well as cardiovascular and
respiratory morbidity. This body of evidence const-
tutes one of the most methodologically consolidated
segments of the urban health literature.

Environmental noise exposure

In the feld of environmental noise, exposure
is typically quantfed using equivalent contnuous
sound pressure levels (LAeq), as well as tmespecifc
indicators including Lday, Levening, and Lnight. The
composite Lden index, representng weighted day—
evening-—night exposure, is widely used in European
and internatonal assessments. These indicators are
derived from in situ measurements, acoustc prop-
agaton models, and tra®c noise mapping (Pulles
et al., 1990; Lercher, 1996; Regecova & Kellerov4,
1995; Muonde et al., 2024). Empirical studies em-
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ploy these metrics to examine associatons with
hypertension, cardiovascular disease, sleep distur-
bance, psychological stress, and behavioural prob-
lems in children. More recent research has expand-
ed beyond purely quanttatve decibel measures by
incorporatng the concept of the soundscape, which
integrates the diversity and quality of sound sourc-
es, perceived annoyance, and the presence of nat-
ural sounds within urban environments (Gascon et
al., 2017; Zarei et al., 2024).

Urban heat and thermal exposure

Inrelaton to urban heat and climate change, expo-
sure is assessed using indicators such as landsurface
temperature derived from remote sensing, nearpe-
destrian air temperature, urban heatsland intensity,
and the frequency and duraton of heat waves. Com-
posite thermal stress indices, including the Universal
Thermal Climate Index (UTCI), are increasingly used
to capture physiologically relevant thermal burden
(lungman et al., 2023; Orset et al., 2022; Frumkin et
al., 2020; Gao, 2024). These indicators are frequently
analysed alongside urban morphological and ecolog-
ical variables, such as vegetaton structure, surface
permeability, and shading paterns, to assess how
spatal confguraton moderates thermal exposure in
public spaces.

Composite environmentalrisk indices

Within the healthycity and liveability literature,
composite environmentalrisk indices have been de-
veloped to integrate multple stressors into single
neighbourhood or citylevel indicators. These indi-
ces typically combine air polluton, environmental
noise, insufcient greenery, excessive density, ser-
vice defcits, tra¥c unsafety, and related environ-
mental burdens. Applicatons of such composite
metrics are documented in European and Austra-
lian cites, as well as in rapidly urbanising regions
and Iranian case studies addressing environmental
risk and liveability (GilesCort et al., 2016; Yang et
al., 2018; Kruize et al., 2019; Prokofyeva & Leb-
edevaNesevrya, 2018; Esmaeilzadeh Farid et al.,
2025; Mahdi, 2020; Zarei et al., 2024; Marques et
al., 2020). Together, these exposure indicators rep-
resent the environmental component of the caus-
al pathway linking urban form and environmental
conditons to behavioural responses, physiological
stress, and longterm health outcomes.



Behavioural, functional, and social mediating vari-
ables

Between environmental exposures and health
outcomes lies a range of behavioural, functonal, and
social mediatng variables that play a critcal role in
explaining causal pathways between urban envi-
ronments and health. In empirical models of urban
health, these mediators capture the behavioural re-
sponses, paterns of social interacton, and subjectve
experiences through which environmental conditons
infuence physical and psychological outcomes.

Behavioural activity indicators

The most widely examined behavioural medi-
ators relate to physical actvity and actve use of
urban space. These constructs are commonly op-
eratonalised through indicators such as weekly
minutes of ModeratetoVigorous Physical Actvity
(MVPA), daily step counts, duraton of walking for
transport and leisure, frequency of park and trail
use, partcipaton in recreatonal sports, and pat-
terns of using streets and public spaces for physical
actvity (Ferdinand et al., 2012; Sallis et al., 2016;
Smith et al,, 2017; Tcymbal et al., 2020; Barnet
et al., 2017; Wang et al., 2019; McCormack et al.,
2014; Grigoleto et al., 2021; Kostrzewska, 2017;
Cilliers & Ledwon, 2024; Hartley et al., 2020). These
indicators have been employed both in large in-
ternatonal cohort studies and in more localised
research conducted in Iranian cites. Such studies
examine behaviours including daily walking, bicycle
use, partcipaton in parkbased sports, and engage-
ment with “health trails” as mediatng mechanisms
linking urban form and environmental characteris-
tcs to health outcomes (Hakimian, 2016; Khasto &
Kiaei, 2021; Barat et al., 2021).

Activity patterns within parks and public spaces

Research focusing on parks and urban open spac-
es has also examined behavioural paterns occurring
within specifc settngs. Indicators frequently include
the type of actvity performed (such as walking, run-
ning, playing, sitng, or observing), duraton of stay,
movement paterns within the space, and the age and
gender compositon of users. These variables provide
insight into how spatal atributes infuence paterns
of space use and, in turn, afect both physical actvity
levels and psychological wellbeing (McCormack et al.,
2010; Sheng et al., 2021).
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Social interaction and community processes

At the social level, mediatng variables capture
paterns of interacton and the structure of social
networks embedded in everyday urban life. Indica-
tors in this domain include the frequency and quality
of facetoface contacts, the number and diversity of
everyday social interactons, partcipaton in commu-
nity events and collectve actvites, the breadth and
strength of informal local networks, perceived social
support, sense of community belonging, and engage-
ment in civic networks (Mehta, 2014; Qi et al., 2024;
Setawan & Ningtyas, 2023; Purnomo, 2022; Anders-
son, 2016; OluOwolabi et al., 2023). These constructs
are widely operatonalised under conceptual frame-
works such as social capital, social cohesion, social
trust, civic partcipaton, and perceived social secu-
rity. Empirical studies in both internatonal contexts
and Iranian cites have investgated how the structure
and quality of urban spaces, access to public spaces,
and the density of opportunites for interacton infu-
ence these social processes (Sam Aram, 2009; Vesali
et al.,, 2016; Abbasi et al., 2018; Sami et al., 2025; Al-
izadeh et al., 2022; Sarvar et al., 2025).

Perceptual and psychological mediators

A further group of mediators relates to percep-
tual and psychological processes through which indi-
viduals interpret and experience their environment.
Commonly examined constructs include perceived
stress, feelings of crowding and environmental pres-
sure, perceived control over everyday life, place at-
tachment, neighbourhood belonging, place meaning
and identty, residental satsfacton, and perceived
spatal justce (Hartg et al., 2014; Markevych et al.,
2017; RiosRodriguez et al., 2021; Pyket et al., 2020;
Nguyen et al., 2021; Wu et al., 2024; Menezes &
Smanioto Costa, 2024; Zhang, H. et al., 2022). These
constructs have been applied across diverse urban
contexts, including studies of mental health in Ira-
nian cites. In such research, variables such as place
atachment and dependence, neighbourhood sats-
facton, sense of belonging, perceived vitality, quality
of everyday presence, and perceived neighbourhood
quality are analysed as mediatng mechanisms linking
urban design characteristcs to psychological wellbe-
ing (Mirgholami et al., 2017; Hakimian, 2019; Shahabi
Shahmiri & Khatami, 2020; Khatami & Shahabi Shah-
miri, 2021; Zeynali Azim et al., 2024; Nasiri, 2023; De-
hghan, Golkar & Hakimian, 2022).



Indicators of physical, mental, social, and cognitive
health outcomes

At the outcome layer, the city—health literature
encompasses a wide spectrum of health indicators
that can be broadly grouped into four domains: phys-
ical, mental, social, and cognitve health. These in-
dicators represent the endpoint of the causal chain
linking urban environmental characteristcs, environ-
mental exposures, behavioural responses, and social
processes to measurable health outcomes.

Physical health outcomes

In the physicalhealth domain, commonly ex-
amined variables include body mass index (BMI),
prevalence of overweight and obesity, systolic and
diastolic blood pressure, diabetes and other compo-
nents of metabolic syndrome, and the prevalence or
incidence of cardiovascular and respiratory diseases.
Childhood asthma has also been frequently analysed
in relaton to urban environmental conditons. At the
most aggregate level, studies have examined allcause
and causespecifc mortality, partcularly cardiovascu-
lar and respiratory mortality, in relaton to environ-
mental exposures and urban form characteristcs
across diferent regions of the world (Ferdinand et
al., 2012; Barnet et al., 2017; Hartley et al., 2020;
TwohigBennet & Jones, 2018; Yang et al., 2018; Wies
et al., 2024; Muonde et al., 2024; Helia Sareminia et
al., 2023). Several studies have also synthesised these
variables into composite indices capturing the risk of
noncommunicable diseases within urban populatons
(Mogo et al., 2022; Abusaada & Elshater, 2024).

Mental health outcomes

Within the mentalhealth domain, commonly
examined outcomes include overall mentalhealth
scores, depressive symptoms, anxiety, perceived
stress, psychosomatc complaints, sleep quality, life
satsfacton, subjectve wellbeing, and happiness.
These outcomes are frequently analysed in relaton
to access to green spaces, exposure to environmen-
tal stressors, and the quality of urban environments
(Gong et al., 2016; Moore et al., 2018; Hartg et al.,
2014; Fong et al., 2018; Vanaken & Danckaerts, 2018;
LecicToSevski, 2019; Browning et al., 2022; Liu et al.,
2023; Huetal., 2025; Xu et al., 2025; Xian et al., 2024).
Parallel research in Iranian cites has operatonalised
mental health using standardised questonnaires
and psychometric instruments, including depression
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and anxiety scales, general health indices, happiness
scales, and lifesatsfacton measures. These studies
relate mentalhealth outcomes to the characteristcs
of green spaces, parks, recreatonal areas, neighbour-
hood environments, and public spaces (Akbarian,
2019; Abrun et al., 2018; Azimi et al., 2020; Enayat et
al., 2021; Gharavi Roodsari, 2023; Hosseini Mand et
al., 2021; Taheri, Ghasemi Seychani & Shabani, 2021;
Karimi et al., 2022; Ghafari Gilandeh & Mohammadi,
2023; Shahvaran & Asadpour, 2024).

Social health outcomes

Social health and social capital consttute an-
other key domain of outcome variables. Indicators
commonly include perceived social health, social co-
hesion and solidarity, interpersonal and insttutonal
trust, civic engagement, partcipaton in formal and
informal networks, and perceptons of justce and
social security (Qi et al., 2024; Setawan & Ningtyas,
2023; Lee, 2020; OluOwolabi et al., 2023). These con-
structs are operatonalised in both internatonal and
Iranian studies examining neighbourhood residents
and occupatonal groups. Empirical research invest-
gates how the structure and quality of urban spaces,
access to public spaces, and the density of opportu-
nites for interacton infuence levels of social cohe-
sion and collectve life (Sam Aram, 2009; Vesali et al.,
2016; Abbasi et al., 2018; Sami et al., 2025; Qi et al.,
2024; Alizadeh et al., 2022).

Cognitive health outcomes

An expanding segment of the literature focuses
on cognitve outcomes associated with urban envi-
ronmental exposure. Indicators in this domain in-
clude atenton and concentraton, memory perfor-
mance, executve functoning, children’s cognitve
development, educatonal performance, and the
risk of cognitve impairment or decline among older
adults. These outcomes are commonly analysed in
relaton to both shorterm and longterm exposure to
green spaces, neighbourhood environmental quality,
and levels of environmental polluton (Engemann et
al., 2019; Islam et al., 2020; Butazzoni et al., 2022;
Trot et al., 2025; Wies et al., 2024; Xian et al., 2024;
Mclintyre et al., 2023; Vanaken & Danckaerts, 2018).

Composite health and liveability indices
At a broader analytcal scale, the concepts of
urban health and healthy cites are frequently op-
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Fig. 4: Conceptual framework of healthoriented urban planning and design

eratonalised through composite multdimensional
indices that integrate physical, mental, social, envi-
ronmental, and insttutonal dimensions. These in-
dices are used to capture broader constructs such
as urban liveability, urban quality of life, and over-
all urban health performance (Ashton et al., 1986;
Barton, 2005; Kent & Thompson, 2012; Yang et al.,
2018; Mouratdis, 2021; Pineo, 2020; Capolongo et
al., 2020; Marques et al., 2020; Cilliers & Ledwon,
2024). Such frameworks have been applied both in
internatonal comparatve studies and in research
conducted in Iranian cites. In these studies, multdi-
mensional subjectve indices of healthy city, neigh-
bourhood liveability, urban health, and quality of
life are used to evaluate the health performance of
diferent urban contexts (Rahimi & Pazand, 2017
Ahmadi et al., 2019; Taghipour et al., 2023; Sar-
var et al., 2025; Taghizadeh et al., 2025; Hemmat
et al., 2024; Esmaeilzadeh Farid et al., 2025). Tak-
en together, this constellaton of indicators refects
a clear shif in the literature from onedimensional
and purely biomedical measurements towards gen-
uinely multlevel conceptualisatons of urban health.
In these frameworks, urban form and spatal struc-
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ture, environmental quality and lived experience,
behavioural responses and social interactons, and
subjectve perceptons are analysed as successive
links in a causal chain connectng urban design, en-
vironmental exposure, mediatng processes, and
multdimensional health outcomes. This integrated
perspectve underpins the development of heal-
thoriented analytcal and interventon frameworks
in which urban planning and design are guided not
by single variables but by the deliberate combina-
ton of environmental, behavioural, social, and mul-
tdimensional health indicators.

Fig. 4 presents the conceptual framework derived
from the systematc review, synthesizing the core re-
latonships between urban planning and design de-
terminants and multdimensional health outcomes.
The framework consolidates the diverse body of
evidence into a structured set of strategic domains,
clarifying how spatal confguratons, environmental
qualites, mobility systems, and sociospatal condi-
tons collectvely infuence human health in urban
environments. By artculatng the principal path-
ways linking urban form and planning interventons
to physical, mental, and social health outcomes, the



framework provides an integratve analytcal struc-
ture for interpretng the fndings of the review. How-
ever, the systematc extracton and coding of the re-
viewed literature identfed a substantally broader
range of operatonal indicators and subcomponents
associated with healthoriented urban planning and
design. Incorporatng all identfed elements into the
primary framework would compromise visual clarity
and reduce the conceptual readability of the model.
Therefore, to balance conceptual clarity with meth-
odological transparency, the comprehensive taxono-
my of the identfed indicators and their detailed clas-
sifcatons is structured into three hierarchical levels,
as illustrated in Figs. 5, 6, and 7. Specifcally, Fig. 5
delineates the conceptual pathways through which
urban environmental indicators infuence health out-
comes, establishing a logical fow from physical de-
sign interventons to physiological and psychological
well-being. Together, these fgures document the full
analytcal mapping derived from the reviewed stud-
ies and serve as a detailed reference for researchers
seeking to operatonalize or replicate this framework
in future empirical investgatons.

This systematc review synthesises internatonal evi-
dence on the relatonships between characteristcs of
the urban environment and multple dimensions of
human health. The reviewed literature demonstrates
consistent associatons between several domains of
the urban environment and populaton health out-
comes. Urban green and blue spaces are widely as-
sociated with improvements in mental well-being,
reductons in stress and depressive symptoms, and
lower risks of cardiovascular and respiratory morbidi-
ty. Characteristcs of the built environment, including
residental density, land use mix, street connectvity,
walkability, and transport systems, are closely related
to paterns of physical actvity and to major non-com-
municable diseases such as obesity and diabetes. A
substantal body of epidemiological research also
links environmental exposures, partcularly air pollu-
ton, environmental noise, and urban heat, to mortal-
ity, cardiovascular and respiratory conditons, sleep
disturbance, and psychological stress. Evidence con-
cerning streets and public spaces further highlights
the importance of the public realm in shaping social
interacton, social cohesion, and place atachment.

Despite these advances, several important gaps re-
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main in the current body of knowledge. Many em-
pirical studies rely on relatvely coarse spatal indica-
tors, such as density measures, proximity metrics, or
per capita provision, while the detailed spatal and
design characteristcs that structure everyday urban
experience are rarely operatonalised as measurable
variables. Sensory environmental qualites, includ-
ing sound environments, microclimatc conditons,
tactle and olfactory dimensions, and the temporal
distributon of shade and sunlight, are also largely
absent from prevailing indicator systems. In addi-
ton, the diferentated experiences of diverse social
groups remain insu¥ciently examined, with limited
atenton to women, children, older adults, and peo-
ple with disabilites. Governance and insttutonal di-
mensions, including coordinaton between sectors,
partcipatory planning processes, and monitoring
frameworks for health-oriented urban interventons,
are similarly underrepresented in many approaches
that assess the relatonship between environment
and health.

Addressing these limitatons requires several direc-
tons for future research. First, there is a need to
develop measurable indicators that capture detailed
spatal and sensory characteristcs of urban environ-
ments and allow them to be incorporated into quan-
ttatve and mixed-method analyses of urban health.
Second, future studies should more systematcally
investgate the experiences and mobility paterns of
diferent populaton groups through longitudinal re-
search designs, spatal tracking techniques, and inte-
grated qualitatve and quanttatve approaches. Third,
greater atenton should be given to underutlised
and informal urban spaces, including vacant land and
marginal parcels within the urban fabric, as potental
opportunites for creatng recreatonal and social en-
vironments that support health and well-being. From
a planning and design perspectve, improving urban
health requires moving beyond general correlatons
between environmental provision and health indi-
cators. Urban planning and design strategies should
incorporate detailed spatal qualites, inclusive design
principles, and governance mechanisms capable of
translatng scientfc evidence into efectve spatal in-
terventons. Strengthening the connectons between
environmental indicators, spatal design decisions,
and measurable health outcomes is therefore essen-
tal for advancing health-oriented urban planning and
design in diverse urban contexts.
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Index of overcrowding and built-fabric compactness
Index of traffic-related inequality and accidents
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1

Perceived pressure and crowding
caused by the environment
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I
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I
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T
Family and group use of the
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1

Participation in recreational
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|
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1
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community
T

|
|
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Perceived soclal support from
meaning and identity for residents
I

neighbours and friends

Social trust at mtcrpcrsonal and

Satisfaction with the living environment
and overall quality of the neighbourhood
1

institutional levels

Civic engagement and participation
in local organisations and councils

Perceived spatial equity in the
distribution of greenery and services

|

T
Perceived social and psychological
safety in the neighbourhood

T
Perceived stress level in
everyday life

Fig. 6: Taxonomy of behavioral, functonal, and social mediators in the urban environment-health nexus.
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Fig. 7: Taxonomy of health outcomes, urban quality of life, and composite urban health indices
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