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Effective disaster response in Palu City continues to face challenges
in  multi-stakeholder coordination, which affects community
satisfaction. This study aims to analyze the impact of the pentahelix
model of disaster management on community satisfaction and to
examine the moderating role of the Palu Mayor’s leadership style. The
study employs a quantitative method with a population of 5,514
stakeholders and affected residents, and a sample of 210 respondents
selected via proportional stratified random sampling. Primary data
were collected using a Likert-scale questionnaire and analyzed using
Structural Equation Modeling-Partial Least Squares (SEM-PLS). The
results of the hypothesis testing confirm that the pentahelix model has
alpositive and significant effect on community satisfaction (f = 0.430;
p < 0.001), as does situational leadership style (B = 0:420; p < 0.001).
A crucial finding lindicates that leadership style significantly
strengthens the relationship between the pentahelix model and
community satisfaction (B = 0.275; p < 0.001), with the structural
model exhibiting strong explanatory power (R2 = 0.622) and adequate
predictive relevance (Q% = 0.378). It is concluded that pentahelix
synergy achieves optimal effectiveness only when catalyzed by
adaptive, transparent, and goal-oriented leadership. These findings
have practical implications for the Palu City Government, which
should institutionalize multi-stakeholder collaboration forums,
strengthened by situational leadership capacity, to enhance public
legitimacy and the resilience of disaster governance.
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1. INTRODUCTION

The urgency of an effective and efficient disaster response has become a pressing
global issue as the material losses and loss of life caused by natural disasters have increased
significantly in various parts of the world [1]. As an archipelagic nation located within the
Pacific Ring of Fire, Indonesia faces a high risk of earthquakes, tsunamis, and soil
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liquefaction, necessitating a responsive, adaptive, and collaborative governance system. In
recent decades, decentralized disaster governance has garnered increasing academic and
practical attention, driven primarily by the complexity of disasters in densely populated areas
and massive urbanization [2]. Conventional approaches that rely solely on vertical
government responses are no longer considered adequate to address the dynamics of
contemporary crises. Therefore, a multi-stakeholder collaboration framework is needed that
integrates five strategic actors: the government, the public, the business sector, academia,
and the media. Disaster management must be addressed in an integrated, holistic, and
comprehensive manner; thus, the pentahelix model is believed to serve as a strategic bridge
to facilitate synergy among these actors in responding to crises and improving the quality of
post-disaster public services [3].

The implementation of the pentahelix model at the local level still faces significant
challenges, as reflected in the disaster response in Palu. In the aftermath of the 2018
earthquake, tsunami, and soil liquefaction, public complaints about the performance of
disaster management efforts continue to surface across various public channels. The public
has highlighted the slow distribution of relief supplies and the lack of adequate medical
facilities [4], as well as poor coordination among agencies, which has led to delays in
emergency response [5]. This phenomenon has directly led to a decline in community
satisfaction with post-disaster public services. On the regulatory front, Law No. 24 of 2007
on Disaster Management continues to exhibit implementation gaps, including insufficient
budgetary support, slow disbursement mechanisms, and overlapping jurisdictions. Delays in
declaring disaster status by both the central and local governments in the Palu case further
exacerbated operational uncertainty on the ground [5]. This situation indicates that multi-
stakeholder collaboration cannot function optimally without clear governance mechanisms
and leadership capable of making swift and decisive decisions.

An effective disaster response requires cross-sectoral coordination in dynamic and
uncertain conditions, making multi-agency collaboration an absolute prerequisite [6].
However, bureaucratic obstacles, procedural complexities, and a lack of readiness for
resources often undermine the effectiveness of such collaboration. In this context, adaptive
leadership becomes crucial. As emphasized in various post-disaster analyses of Palu, the
absence of a leadership figure capable of proportionally consolidating civilian and military
forces actually triggers panic and a leadership vacuum [7]. In fact, leadership for
collaboration remains a relatively unexplored area in the public administration literature [8].
Poor inter-organizational communication and inefficiencies in aid delivery systematically
undermine emergency response performance [1]. Therefore, disaster management
mechanisms and local leadership approaches need to be critically evaluated not only during
the emergency response phase but also on an ongoing basis throughout the rehabilitation and
reconstruction phases.

The reality on the ground shows that the paralysis of local governments not only
leads to technical delays but also triggers social disasters, such as the mass looting that
occurred the day after the natural disaster [9]. To date, recovery programs such as the
construction of Permanent Housing have not yet been completed as originally planned [10].
Land disputes exacerbate these challenges, uncertainty regarding the clear and
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unencumbered status of land ownership, and the critical issue of clean water availability
[11], [12], [13]. In fact, the provision of basic infrastructure such as water,
telecommunications, electricity, and health services is vital for restoring the social and
economic functioning of communities [14], [15]. On the other hand, strengthening local
resilience through public participation remains a long-term mitigation strategy [16], [17],
[18], [19], [20]. The dynamic relationship between the government, society, and the private
sector has direct implications for the effectiveness of disaster management [21]. Although
collaboration has been recognized as a new era in public administration [22], the continued
weakness in collaborative performance calls for more in-depth research on the role of public
leadership in facilitating collaboration, with a view to designing effective policy
interventions [23].

To date, there has been a scarcity of empirical studies linking local government
leadership styles to levels of community satisfaction within the pentahelix model. Most of
the existing literature tends to separate leadership analysis from community satisfaction
variables or to focus solely on the technical aspects of disaster management, without
addressing the dimensions of collaborative governance. In fact, the effectiveness of
pentahelix synergy heavily depends on local leaders' capacity to orchestrate resources,
bridge the interests of multiple stakeholders, and ensure transparency in services. [This study
aims to address this gap by analyzing the impact of the pentahelix disaster management
model on community satisfaction, with a focus on the strategic role of the Mayor of Palu’s
leadership style. These findings are expected not only to enrich the theoretical framework of
collaborative disaster governance but also to provide practical recommendations for
strengthening local leadership capacity in optimizing multi-stakeholder synergy to achieve
responsive, accountable, and public-satisfaction-oriented disaster management services.

2. METHOD

This study employs a quantitative approach with an explanatory-causal design to
examine the causal relationships among latent variables. A survey method was used to obtain
a systematic overview of respondents’ perceptions regarding the implementation of the
pentahelix model, leadership styles, and community satisfaction in the context of disaster
management in Palu City. The choice of a causal approach is based on the research objective,
which is not only to describe phenomena but also to validate the direction and magnitude of
structural influences among constructs.

The study population included all stakeholders directly affected by and involved in
the disaster management ecosystem in Palu City following the 2018 earthquake, tsunami,
and liquefaction, comprising 5,514 respondents distributed across the five components of
the pentahelix model. The sample selection was based on SEM-PLS guidelines, which
recommend a minimum sample size of 5-10 times the number of observed indicators [24],
[25]. This study measured 42 indicators, so the minimum sample size was set at 210
respondents. The sampling technique used was simple random sampling with proportional
allocation (proportional stratified sampling), based on the composition of each pentahelix
element's population. A sampling fraction formula was applied to ensure the
representativeness of each stratum [26].
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Data were collected using three main instruments: a structured questionnaire, field
observations, and a document review. The questionnaire served @s the primary instrument;
it was designed based on dimensions and indicators that had been theoretically validated and
measured using a 5-point Likert scale (1 = Strongly Disagree to 5 = Strongly Agree). Before
the main distribution, a pilot test of the instrument was conducted with 30 respondents
outside the research sample to ensure item clarity, response consistency, and initial
reliability.

The data collection procedure was carried out in the following sequence: (1)
development and expert validation of the instrument; (2) pilot testing and item revision; (3)
distribution of the questionnaire offline and online to stratified respondents; (4) data
screening to detect missing values, outliers, and response bias; and (5) coding and importing
data into analysis software (SmartPLS 4). All procedures adhered to research ethics
principles, including informed consent, anonymization of identities, and data confidentiality.
Data analysis was conducted in stages using SmartPLS 4 software following the standard
evaluation workflow of Partial Least Squares-based Structural Equation Modeling (SEM-
PLS), by evaluating the measurement model (outer model) and an evaluation of the structural
model (inner model) [27].

Next is the hypothesis testing. The hypothesis is accepted if the t-statistic value is >
1.96 and the p-value is < 0.05 (o = 5%). The testing includes: (1) the direct effects of the
Pentahelix Model and Leadership Style on Community Satisfaction; and (2) the moderating
effect of Leadership Style on the Pentahelix — Community Satisfaction path. The
interpretation of the results is calibrated using path coefficients () and effect sizes to provide
substantive implications for collaborative disaster governance.

3. RESULTS AND DISCUSSION
3.1. Results
The results of this study present an assessment of the measurement model, an

assessment of the structural models, and hypothesis testing.

1. Measurement Model Assessment
Convergent validity is assessed by the factor loadings of a latent variable and its
indicators; these values are expected to be greater than 0.7, an the AVE is expected to be
greater than 0.5. The results indicate that all indicators in this study are valid, as their
factor loadings exceed 0.7. Figure 1 below shows the results of the factor-loading test
conducted with SmartPLS.
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Figure 1. Factor Loading Test Results

Another validity measure is the AVE (Average Variance Extracted). The AVE value must
be greater than 0.5! As shown in the table below, thelleadership style Variable has the highest
AVE value| at 0.683. Meanwhile, the Pentahelix Model Variable/has the lowest AVE value,

at 0.639.

Variable Average variance extracted (AVE)
(X) Pentahelix Model 0,639
(YY) Community Satisfaction 0,646
(2) Leadership Styles 0,683

The values obtained from Table 1 show that the _all greater

than - These results indicate -the factor loadings and AVE values meet the criteria for
convergent validity.
Next, discriminant validity was assessed through several tests, specifically _

Fornell-Larcker and cross-loadings. The Fornell-Larcker criterion values and AVE values
for cach indicator!from the SmartPLS output are presented in Table 2.
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Table 2. Fornel-Larcker Values

Variable (X) Pentahelix Model (Y) Community Satisfaction
(X) Pentahelix Model 0,799
(YY) Community Satisfaction 0,588 0,804
(2) Leadership Styles 0,269 0,603

The validity test of the characteristics, as shown in Table 2 using the Fornell-Larcker
criteria, indicates that the first variable’s value must be higher within each construct, as
seen in the table above. The pentahelix model variable has a value of 0.799, which is
greater than the constructs of the other variables, and the community satisfaction variable
has a value of 0.804, which is greater than the constructs of the other variables.
Therefore, it can be concluded that the constructs of all variables have met the
requirements of the discriminant validity test.

Table 3 presents the cross-loadings for each variable. Based on these values, the data in
Table 3 indicate that each variable has a cross-loading factor value greater than 0.7,
meaning that the variables in this study meet the criteria.

Table 3. Cross-Loading Values

Indicator Pen%(%elix Com(r\r:l)mity @) LS? a(ilershlp (ZS),tI);Ieeid; g(h)Ip
Model Satisfaction tyles Pentahelix Model
X1 0,794 0,476 0,217 0,152
X2 0,794 0,463 0,196 0,135
X3 0,799 0,510 0,186 0,153
X4 0,787 0,460 0,122 0,135
X5 0,802 0,473 0,209 0,143
X6 0,805 0,446 0,234 0,150
X7 0,806 0,547 0,251 0,103
X8 0,800 0,461 0,220 0,139
X9 0,811 0,448 0,222 0,170
X10 0,770 0,405 0,206 0,125
X11 0,818 0,453 0,220 0,167
X12 0,804 0,448 0,273 0,160
X13 0,797 0,440 0,154 0,095
X14 0,798 0,450 0,240 0,108
X15 0,769 0,469 0,239 0,060
X16 0,830 0,496 0,238 0,172
X17 0,801 0,505 0,220 0,170
- Q Y1 0,528 0,775 0,438 0,324
Y2 0,435 0,771 0,386 0,305
Y3 0,496 0,787 0,400 0,354
Y4 0,472 0,789 0,434 0,395
Y5 0,558 0,790 0,456 0,365
Y6 0,520 0,803 0,461 0,359
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Indicator Pen%(%elix Com(r\r:L)mity (2) Leadership (ZS)tlgleeasdxe Ei?)lp
Model Satisfaction Styles Pentahelix Model
Y7 0,435 0,805 0,445 0,363
Y8 0,435 0,796 0,488 0,377
Y9 0,472 0,814 0,464 0,379
Y10 0,405 0,802 0,584 0,385
Y1l 0,434 0,815 0,517 0,340
Y12 0,448 0,848 0,614 0,310
Y13 0,497 0,848 0,566 0,379
Z1 0,208 0,531 0,846 0,198
Z2 0,203 0,446 0,817 0,159
Z3 0,167 0,444 0,809 0,165
Z4 0,250 0,476 0,831 0,226
Z5 0,183 0,510 0,816 0,259
Z6 0,301 0,583 0,835 0,214
Z7 0,238 0,532 0,850 0,317
Z8 0,189 0,476 0,843 0,256
Z9 0,287 0,525 0,829 0,223
Z10 0,188 0,471 0,818 0,229
Z11 0,212 0,453 0,810 0,145
Z12 0,215 0,498 0,815 0,124

(2) Leadership
Styles x (X) 0,172 0,444 0,255 1,000
Pentahelix Model

Next is the heterotrait-monotrait ratio (HTMT). The HTMT ratio must be less than 1 to
meet the criteria for discriminant validity. The results show that all variables have an
HTMT value below 1; therefore, they can be concluded to have passed the HTMT test.
After conducting the validity test, the next step is the reliability test. The reliability test
results showed a Cronbach’s alpha value of 0.7 or higher, indicating that the scale is
reliable. A scale is considered reliable if its Cronbach’s alpha value is greater than 0.7
[28]. Similarly, the composite reliability (rho_a) must also be greater than 0.7. The
results indicate that the composite reliability exceeds 0.7; therefore, it is concluded that
all variables in this study meet the requirements and that the study can proceed to the
internal validity testing phase.

Finally, test the Variance Inflation Factor (VIF). VIF is a measure of the increase in
variance of the regression estimate coefficients relative to the orthogonal independent
variables that are linearly related. The VIF value increases as the correlation among the
independent variables increases. A VIF value > 5 can be used as an indication of
multicollinearity. The results show that all indicators have a VIF value < 5, so it can be
concluded that all indicators are free from multicollinearity.
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2. Structural Models Assessment

s

»O

' ©

1) Coefficient of Determination (R?)

Table 4. R-Square Values for Endogenous Variables

Endogenous Variables R2 Interpretation
Community Satisfaction (Y) 0,622 Strong (62,2%)

The R? value of 0.622 indicates that the Pentahelix Model and Leadership Style
variables together account for 62.2% of the variation in the Community Satisfaction
variable, while the remaining 37.8% IS explained by other variables outside the
research model.

2) Effect Size (f2)
Table 5. F-Square Value

Exogenous Variables f2 Regarding Community Satisfaction Category

Pentahelix Model (X) 0,448 Strong (>0,35)

Leadership Styles (2) 0,413 Strong (>0,35)
Interaction (ZxX) 0,168 Moderate (>0,15)

Criteria: f2= 0,02 (weak), 0,15 (moderate), 0,35 (Moderate)

3) Predictive Relevance (Q?)
Table 6. Q2 Values Predictive Relevance

Variable Q2 Interpretation
Community Satisfaction (Y) 0,378 Relevance (>0) v/

A Q?value 0of 0.378 (>0) indicates that the research model has good predictive power,
meaning that the model can explain 37.8% of the data’s variance predictively.

4) Model Fit
Table 7. Index Goodness of Fit
Index Value Criteria Status
SRMR 0,049 <0,08 Fit
NFI 0,863 > 0,80 Fit
d_ULS 2/164 - -
d G 0,986 - )
Chi-Square 1,087,235 - -

An SRMR value of 0.049 (< 0.08) and an NFI of 0.863 (close to 1) indicate that the
structural model fits the empirical data well.
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3. Hypothesis Testing

Table 8. Hypothesis Test Results

Hypothesis Relationship Path B t-statistic  p-value Decision

Pentahelix Model — Community

H: . . 0,430 9,610 0,000 Accepted
Satisfaction
Leadership Styles — Community
H: Satisfaction 0,420 9,482 0,000 Accepted
H Interaction (ZxX) — Community 0,275 7119 0,000 Accepted

Satisfaction

5O

»O

Criteria: t-statistic > 1.96 and p-value < 0.05

Hypothesis 1 (H:)

The Pentahelix Model has a positive and significant effect on Community
Satisfaction (B =0.430; t=9.610; p = 0.000). These results indicate that increased
implementation of the Pentahelix collaboration model (government, academia,
business, community, and media) will consistently increase community satisfaction.
The coefficient value of 0.430 indicates that every one-standard-unit increase in the
Pentahelix Model will increase community satisfaction by 0.430 standard units,
assuming all other variables remain constant.

Hypothesis 2 (Hz)

Leadership style has a positive and significant effect on community satisfaction (=
0.420; t = 9.482; p = 0.000). This finding confirms that effective, visionary, and
adaptive leadership styles are key factors in building public trust and satisfaction.
The magnitude of the effect, which is nearly equivalent to that of the Pentahelix
Model (0.420 vs. 0.430), indicates that leadership plays a role just as important as
multisectoral collaboration.

Hypothesis 3 (Hs)

Leadership style moderates the effect of the Pentahelix Model on community
satisfaction (B = 0.275; t="7.119; p= 0.000). These results indicate a significant and
positive moderating effect, meaning that the effectiveness of the Pentahelix Model
in enhancing community satisfaction is optimized when supported by a strong
leadership style. In other words, pentahelix collaboration will have a greater impact
on community satisfaction if led by a competent, visionary leader capable of
effectively coordinating various stakeholders.

3.2. Discussion

The results of the first hypothesis test confirm that implementing the pentahelix

model has a positive and significant effect on community satisfaction, consistent with the

premise of collaborative governance that multi-stakeholder synergy is a key prerequisite for
the effectiveness of post-disaster public services [29], [30]. In the context of Palu, these
findings address the public’s long-standing complaints regarding the slow distribution of aid
and overlapping institutional responsibilities [4], [5], demonstrating that when the five
elements of the pentahelix—government, academia, business, the community, and the
media—collaborate in a structured manner, public perception of emergency response
performance consistently improves. This collaboration is not merely procedural; rather, it
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creates a deliberative space that enables more transparent and responsive resource allocation,
thereby reducing the gap between citizens’ expectations and the reality of service delivery
on the ground [31].

The findings regarding the second hypothesis indicate that the Mayor of Palu’s
situational leadership style also has a strong and direct impact on community satisfaction,
underscoring the crucial role of leadership figures in consolidating the crisis response [32].
In dynamic, uncertain disaster situations, leadership that shifts between a directive style
during the emergency response phase and a participatory style during the rehabilitation phase
has been shown to increase public trust in governance mechanisms [33]. These findings
reinforce the argument that the capacity of frontline bureaucrats to engage in two-way
communication, establish clear standards, and delegate authority appropriately is directly
correlated with increased accountability and transparency in service delivery, which in turn
are key determinants of citizen satisfaction [34].

More strategically, the third hypothesis confirms that leadership style acts as a
moderator, strengthening the pentahelix model's influence on community satisfaction,
indicating that the effectiveness of multi-stakeholder collaboration depends heavily on the
quality of local leadership facilitation. This finding is consistent with [6], which emphasizes
that cross-sectoral coordination in disaster management is effective only when led by actors
capable of bridging conflicting interests, harmonizing procedures, and maintaining the
momentum of collaboration. In practice in Palu, the absence of leadership capable of making
quick and clear decisions following the 2018 earthquake led to a leadership vacuum and
social disasters such as mass looting [7], [9]; Conversely, when local leaders actively
coordinate the pentahelix elements through mechanisms of selling and delegating,
collaborative synergy transforms from mere rhetoric into measurable policy interventions
that have a direct impact on the psychosocial and economic recovery of the community.

The predictive power of the structural model confirms that the combination of the
pentahelix model and leadership style can explain more than half of the variance in
community satisfaction, which is classified as strong for both main predictor variables. This
achievement exceeds the minimum threshold in public administration studies and indicates
that this research model is not only theoretically relevant but also highly predictive in the
context of local disaster governance. The results of this study indicate that the collaborative
framework tested can/represent empirical dynamics inthe field without overfitting, enabling
policy recommendations derived from it to be relied upon for the formulation of sustainable
mitigation and rehabilitation strategies.

These empirical findings also provide a theoretical explanation for the paradox
surrounding the implementation of Law No. 24 of 2007 at the local level, where regulatory
efforts are often hampered by slow disbursement of funds and a lack of synchronization in
vertical and horizontal coordination [5]. The research findings indicate that these
bureaucratic obstacles can be minimized when local leaders activate the function of
facilitative governance through the pentahelix approach, as suggested by [21] and [2]
regarding the importance of decentralizing disaster response supported by a network of non-
state actors. Thus, community satisfaction in Palu no longer depends solely on the speed of
physical aid, but rather on residents’ perceptions of procedural justice, involvement in
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decision-making, and clarity regarding land ownership for reconstruction—dimensions
directly influenced by the maturity of collaboration and the adaptability of the leadership
applied.

Going beyond the conventional pentahelix framework, this study introduces a
theoretical innovation in the form of an expansion toward a multihelix model that explicitly
integrates vulnerable groups—particularly young children and people with disabilities—as
equal collaborative partners. In the literature on inclusive disaster governance, the
participation of marginalized groups is often reduced to the status of passive objects of
protection, whereas their active involvement in emergency response planning enhances
community resilience and the accuracy of aid distribution [16], [18], [20]. By incorporating
the voices of children and people with disabilities into the pentahelix framework, the
multihelix model not only enriches the dimension of public representation but also ensures
that community satisfaction indicators include infrastructure accessibility, emergency school
preparedness, and adaptive health services, thereby transforming disaster collaboration from
a technocratic approach into a governance ecosystem that is truly humane and socially just.

Implicitly, these findings suggest a paradigm shift in disaster management in Palu
City—from a reactive, instruction-based response toward collaborative governance led by
adaptive and inclusive leadership. Local governments need to institutionalize multi-helix
forums that routinely involve the penta-helix elements plus vulnerable groups in the disaster
cycle planning process, while simultaneously strengthening the capacity of the Mayor and
the BPBD leadership to apply a measured situational leadership style. For the public
administration literature, this study enriches the discourse on collaborative governance by
empirically demonstrating that local leadership is not merely a supporting variable but a
catalyst that determines the magnitude of collaboration’s impact on public legitimacy.
Further research isrecommended to test the generalizability of the multi-helix model in other
disaster-prone regions and to integrate indicators of psychosocial resilience in children and
people with disabilities as endogenous variables within a framework of sustainable disaster
governance.

4. CONCLUSION

Based on the results of the SEM-PLS analysis and the discussion, this study
concludes three main findings: (1) The Pentahelix model has a positive and significant effect
on community satisfaction, confirming that structured synergy between the government,
academia, business, the community, and the media is a strong predictor of the effectiveness
of disaster management in Palu City; (2) The Mayor’s situational leadership style also has a
direct and significant effect, affirming that a leader’s capacity to adapt the telling, selling,
participating, and delegating styles according to stakeholder readiness is key to public
legitimacy; and (3) Leadership style functions as a moderator that strengthens the
Pentahelix’s influence on community satisfaction, meaning that multi-stakeholder
collaboration will yield optimal results only when facilitated by visionary, adaptive, and
inclusive leadership.

Theoretically, this study enriches the literature on collaborative governance by
empirically demonstrating that local leadership is not merely a supporting variable, but rather
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a catalyst that determines the magnitude of collaboration’s impact on community
satisfaction. Practically, these findings provide a foundation for formulating disaster
management policies that are not only technically oriented but also build public trust through
transparent, participatory, and responsive governance.
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