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Humanitarian supply chains (HSCs) play an essential role in alleviating humanitarian crises in disaster-prone
settings where lead-time effectiveness is critical. Information systems are key to the integration between hu-
manitarian organizations (HOs) and donors, particularly for performance management that supports prepared-
ness. However, empirical research on how information systems influence such integration remains limited. This
study addresses this gap using a mixed-methods approach that operationalizes information systems as charac-
teristics, capabilities, and flows, and links them to the integration between HOs and donors in performance
management during preparedness. The methodology consists of a three-phase mixed-methods approach,
including survey pretesting through focus group discussions, a survey of 145 Indonesian HOs operating in
disaster-prone settings, and focus group discussions to validate the interpretation of the quantitative results.
Hierarchical regression analysis reveals that information systems characteristics and capabilities significantly
influence integration, and information systems flow can influence integration when challenges are addressed.
Theoretically, the study advances understanding of how information systems enable integration for prepared-
ness. In practice, it highlights the need to standardize data formats, define performance metrics and commu-
nication protocols, and implement training initiatives. The findings offer insights that strengthen HSC

preparedness in similar settings and suggest topics for future research.

1. Introduction

The escalating global crises, especially the increasing frequency of
disasters, underscore the need for humanitarian efforts [1]. In this study,
humanitarian supply chains (HSCs) play a central role by enabling hu-
manitarian efforts, such as the timely mobilization, allocation, and de-
livery of assistance. HSCs are networks comprising, for example,
humanitarian organizations (HOs) and donors. They aim to alleviate
suffering by planning, implementing, and controlling the lead-time
effective flow of materials, information, and finances among point lo-
cations [2,3]. HOs include a wide range of organizations, from inter-
national ones, such as the World Food Program, to local ones [4]. They
carry out programs to prepare for, respond to, and recover from di-
sasters. Donors, such as governmental and private entities, provide re-
sources to meet the urgent needs and support HOs [5].

HSCs have gained significant attention for their role in addressing
crises, yet they exhibit complex and distinctive characteristics. These
characteristics include exposure to highly unpredictable events, severe
resource constraints, multi-actor with different objectives, and
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limitations in measurement, data systems, and technology [6]. Together,
these characteristics shape HSCs' activities across all four disaster-
management stages—mitigation, preparedness, response, and recov-
ery. Each stage contains specific activities such as risk-reduction and
capacity building (mitigation), planning, standard setting, capability
strengthening, and resource pre-positioning (preparedness), rapid
mobilization and distribution under time pressure (response), and
reconstruction and organizational learning (recovery) [7].

In disaster-prone settings, strengthening preparedness has become
central to humanitarian efforts, aligning broader priorities to anticipate
risk, enhance readiness, and reduce vulnerability before crises occur [8].
Within HSCs, disaster preparedness is critical, as it forms the foundation
of improving lead-time effectiveness and enabling a more rapid, efficient
disaster response once a disaster strikes [9,10]. Furthermore, this
disaster stage is when information systems are more effectively invested
in by HOs and donors to integrate into performance management [11].
At the same time, they face challenges such as limited funding,
accountability pressures, different objectives, data-related in-
consistencies, and uneven capacity when applying performance

Received 30 January 2026; Received in revised form 30 March 2026; Accepted 8 April 2026

Available online 11 April 2026

2590-0617/© 2026 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:esterlisnati.jayadi@lnu.se
www.sciencedirect.com/science/journal/25900617
https://www.elsevier.com/locate/pdisas
https://doi.org/10.1016/j.pdisas.2026.100572
https://doi.org/10.1016/j.pdisas.2026.100572
http://creativecommons.org/licenses/by/4.0/

E.L. Jayadi and H. Forslund

management and information systems during disaster preparedness
[12-14].

Due to limited funding, donors demand greater accountability from
HOs to demonstrate measurable performance outcomes [6]. However,
measuring performance, such as lead-time effectiveness, is challenging
due to HSC complexities, including unpredictable disasters and differing
objectives [13]. This highlights the critical role of performance man-
agement, which is understood as a structured process for improving
performance outcomes through activities such as selecting performance
variables, defining metrics, setting targets, measuring, and analyzing/
acting [10,12]. By conducting these activities, performance manage-
ment provides a foundation for integration among actors [15], where
integration is viewed as a continuous process of strengthening re-
lationships and reflects the high degree of collaboration needed to
achieve mutually acceptable performance outcomes [16]. Achieving
such integration in performance management requires effective
communication, real-time information sharing, and data transparency,
highlighting the role of information systems [17].

Information systems are systems that collect, store, and process data
to facilitate integration between HOs and donors in HSCs [18,19]. In
disaster preparedness, information systems support shared metrics,
alignment of priorities, and the exchange of information between HOs
and donors [19]. Their roles lie in their characteristics (e.g., scalability),
capabilities (e.g., alignment), and flow (e.g., visibility), which offer
improvement for HSC performance [20,21]. In HSCs, information sys-
tems tend to focus on handling logistics effectiveness performance var-
iables, e.g., delivery time to beneficiaries. This is unlike commercial
supply chains, which often focus on cost efficiency performance vari-
ables, e.g., delivery costs [2,3,22].

Previous studies show that information systems support integration
in performance management by helping define performance metrics,
enabling frequent performance measurement, and streamlining perfor-
mance management to improve HSCs [6,17,23]. Their interoperability
has increased interest in HSC performance management [13,14]. On the
other hand, insufficient use of information systems can hinder integra-
tion and lead to risks such as a lack of visibility, wasted funding, and
ineffective aid delivery [24], as also observed in commercial supply
chains Forslund and Jonsson [25].

Despite growing recognition of the importance of information sys-
tems, studies on how HOs and donors should apply such systems remain
limited. Sakurai and Murayama [19] and Widera [26] highlight the
scarcity of discussion on their application, noting the absence of a
strategic direction that integrates both HOs and donors. Although in-
formation systems are often identified as important for integration and
performance management, their specific roles remain insufficiently
understood and not yet empirically explored [6,27].

Many HOs are slow to adopt information systems, continuing to rely
on paper-based methods and facing challenges like technical limitations,
inconsistent data availability, and resource constraints [14,18,28].
These challenges are compounded by donor practices that predomi-
nantly allocate response-focused funding, often overlooking essential
indirect components such as investments in information systems during
preparedness [29,30]. As a result, HOs frequently experience planning
and decision-making difficulties, integration failures, and trust issues,
ultimately leading to reduced HSC performance [14,24].

Furthermore, empirical research on how information systems influ-
ence HO-donor integration in performance management remains
limited [17,28]. Previous research has largely focused on general in-
formation systems and broad integration approaches, offering little
insight into how they relate specifically to integration in performance
management. This gap is further exacerbated by limited attention to
disaster preparedness, with HOs and donors often prioritizing the in-
vestment in the disaster response [11]. Although a few empirical studies,
such as Dubey [31] and Muhwezi et al. [23], examine information sys-
tems, integration, and HSC performance, they do not operationalize how
information systems influence HO-donor integration in performance
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management or consider disaster preparedness. In addition, mixed-
methods approaches are rarely used, limiting opportunities to refine
and validate research in this area.

This study addresses these gaps by examining how information sys-
tems influence HO-donor integration in performance management
during disaster preparedness, employing a three-phased mixed-methods
approach. Thus, the research question is formulated as follows:

How do information systems influence the integration of humanitarian
organizations and donors in performance management during humani-
tarian supply chain disaster preparedness?

This study aligns with the Sendai Framework for Disaster Risk
Reduction 2015-2030, which emphasizes the use of common informa-
tion systems for measurement tools and the integration of HSC actors to
strengthen disaster preparedness [8]. Furthermore, this study employed
a three-phase mixed-methods approach consisting of: (1) focus group
discussions to refine the research question, review the clarity and the
relevance of variables' operationalizations, and pretest the survey; (2) a
survey of 145 Indonesian humanitarian organizations (HOs) to test the
hypotheses; and (3) a follow-up phase of focus group discussions to
validate and interpret the quantitative findings. The analysis revealed
that information systems characteristics and capabilities, but not flow,
significantly influence the integration of HOs and donors in performance
management. It also highlights the importance of standardization,
training, and addressing challenges during the preparedness stage to
enhance the response.

This study contributes to HSC research. First, it operationalizes in-
formation systems in terms of characteristics, capabilities, and flows,
and links them to integration between HOs and donors in performance
management during the preparedness stage. Second, it advances HSC
research methodology by employing a three-phase mixed-methods
approach. As HSC research is dominated by qualitative methods,
applying a quantitative method while embedding it in qualitative
methods captures the strengths of both. Phase 1 ensured clarity, the
study's and practical relevance, and the wording that was input to the
phase 2 survey, enabling systematic hypothesis testing, which fed to
phase 3, where results were validated and interpreted. Altogether, this
enhanced relevance, rigor, transparency, and replicability. Third, it
provides large-sample empirical evidence on how information systems
influence the integration of HOs and donors in performance manage-
ment, addressing a gap in predominantly qualitative and conceptual
research. Fourth, the study offers practical suggestions for integrating
HOs' and donors' performance management through information sys-
tems, while emphasizing HSCs' disaster preparedness. Overall, these
contributions add value beyond the study's country and sample.

The remainder of this study is organized as follows: Section 2 pre-
sents research hypotheses and a conceptual model. Section 3 outlines the
methodology. Section 4 provides data analysis and results. Section 5
provides a discussion. Section 6 provides a conclusion, implications,
limitations, and future research.

2. Research hypotheses and conceptual model

This study developed hypotheses and a conceptual model based on a
prior literature review (SLR) study that operationalized integration in
performance management, information systems, and HSC disaster pre-
paredness. The SLR study synthesized relevant studies, for example,
[10,12-14,23,31-33], and provided the foundation for operationalizing
one dependent variable: integration between HOs and donors in per-
formance management during the HSC disaster preparedness as the
dependent variable, and three independent variables: information sys-
tems characteristics, capabilities, and flows. The prior SLR study's pro-
tocol and the operationalization of these variables are available as
supplementary material upon request. Fig. 1 illustrates the operation-
alization of all variables in the conceptual model, and Table 1 summa-
rizes their operationalization, including their items.
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Fig. 1. The conceptual model. Source: figure created by authors.

Table 1
The summary of operationalized variables and items. Source: table created by
authors.

Variables Items Main sources

Selecting performance
variables

Defining metrics —
agreed-upon metrics
Defining metrics —

Integration between HOs and
donors in performance
management during HSC
disaster preparedness
(Dependent variable)

Information systems
characteristics (Independent
variable 1)

Information systems capabilities
(Independent variable 2)

Information systems flow
(Independent variable 3)

metrics dictionary
Setting targets
Measuring —
technology utilization
Measuring — frequency
Analyzing/Acting — up-
to-date reports
Analyzing/acting —
joint analyses and
actions

Scalability

Digital technology
integration
Benchmarking
Standardization
Adaptability

Agility

Alignment
Decision-making
Performance
monitoring
Leadership
Communication
Information sharing
Visibility
Accessibility

Jayadi and Forslund
[10]

Dubey [31]; Sigala
etal [14]

Muhwezi et al.
[23]; Sigala et al.
[14]

Baharmand et al.
[32]; Muhwezi et al.
[23]

2.1. Integration between HOs and donors in HSC performance

management

There is a need to integrate HOs and donors in performance man-
agement during disaster preparedness because HOs and donors often
have different goals, mandates, unique processes, and performance
measurements [33,34]. In this study, the dependent variable captures
the integration of performance management between HOs and
donors—specifically, five joint activities: selecting performance vari-
ables, defining metrics, setting targets, measuring, and analyzing/
acting. Following Anjomshoae et al. [13], this dependent variable rep-
resents a process-level integration mechanism, meaning it reflects how

actors integrate to conduct HSC activities. It does not measure human-
itarian supply-chain performance outcomes (e.g., timeliness, coverage)
or integration-quality dimensions (e.g., trust, commitment).

2.1.1. Selecting performance variables

This activity means selecting variables, e.g., lead-time effectiveness,
by HOs and donors [35]. However, in HSCs, selecting performance
variables is challenging due to the lack of standardization [36]. Many
performance variables are perceived as costly and time-consuming for
HOs [13]. Various methods have been proposed to support HOs and
donors in selecting performance variables [12]. For example, Anjom-
shoae et al. [37] utilized a balanced scorecard approach to list perfor-
mance variables, e.g., delivery lead-time.

2.1.2. Defining metrics

This activity involves aligning HOs and donors' performance vari-
ables with clear and straightforward metric definitions [38]. In HSCs,
there are some obstacles, such as identifying meaningful metrics,
achieving desired outputs due to a lack of resources, conflicting objec-
tives among actors, and dealing with poor data availability [39]. To
overcome challenges in defining metrics, there is a need to align HOs
and donors by having joint discussions and a metric dictionary [15,40].
Lu et al. [41] showed a metric dictionary containing a list of perfor-
mance metrics, e.g., order fulfillment cycle time, defined by the total
actual cycle times for all orders delivered divided by the total number of
orders delivered.

2.1.3. Setting targets

This activity refers to HOs and donors establishing specific targets for
each performance metric [10]. There is a need to align the performance
metrics with the targets to provide clear goals for what is to be achieved
[42]. However, setting specific targets is often challenging due to HOs
and actors having different focuses, e.g., short- or long-term goals and
levels of targets for the same performance metrics [17,25]. Thus, to
succeed in setting targets, HOs and donors must integrate by jointly
developing specific targets [43]. For example, specific targets for de-
livery lead time are two days for the HOs at the local level and ten days
for those based at the regional level, in concurrence with Ulgen and
Forslund [15].

2.1.4. Measuring

The activity of HOs and donors in measuring covers generating,
evaluating, and managing performance reports [33]. These reports are
the basis for analyzing and acting on performance management [12]. It
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is recommended that both HSC actors agree on who will measure the
performance, the frequency of measurement, and how outcomes should
be reported [15]. Muhwezi et al. [23] suggest that HOs and donors
continuously and promptly measure their performance, emphasizing the
importance of increased visibility through information sharing.
Accordingly, it necessitates advanced information system technologies,
e.g., enterprise resource planning, to enhance the integration between
HSC actors [18,33].

2.1.5. Analyzing and acting

This activity involves HOs and donors analyzing performance data
and taking actions to integrate performance management [44]. How-
ever, integrating into this activity presents challenges for HOs and do-
nors, e.g., employees often resist implementing performance
management [13]. Furthermore, performance management meetings
often exclude employees, hindering operational-level action [17].
Maintaining transparency between HOs and donors can be another
hindrance that further complicates analysis and action. Analyzing and
acting require HOs and donors to engage in joint continuous improve-
ment to improve HSC disaster preparedness by maintaining trans-
parency, making proactive decisions, and monitoring and analyzing
performance together through up-to-date reports [10].

2.2. Information systems characteristics

The information systems characteristics, such as scalability, digital
technologies integration, standardization, and benchmarking, as operation-
alized by the prior systematic literature review study, play a vital role in
integrating HOs and donors in performance management during HSC
disaster preparedness. It evaluated the functionalities of information
systems, whether the systems were designed to manage HSC activities
on a larger scale (e.g., multiple regions) [14], use digital technologies (e.
g., computers) [31], were regularly checked to ensure they met goals
[14], and whether the data were standardized [23]. The scalability of
information systems applications, which has been explored through
their deployment in large HOs' and donors' performance management,
has led to better alignment and adaptability of HSCs, thereby influ-
encing a greater number of selected performance variables [14]. The
integration of digital technologies, e.g., digital tracking and payment
systems and social media, for decision-making, enhances the accuracy of
defining performance metrics [31]. Furthermore, information systems
enable the standardization of procedures, thereby maintaining consis-
tency and reliability. This is crucial for accurately defining performance
metrics. Also, information systems can facilitate benchmarking between
HOs and donors while conducting performance management [23]. In
summary, information system characteristics can enhance the accuracy,
coherence, and comparability of performance management between
HOs and donors. Thereby, information asymmetries are reduced, and
alignment is enabled, which, consequently, influences their integration
into performance management during HSC disaster preparedness.

Therefore, the proposed hypothesis is:

H1. Information systems' characteristics influence the integration be-
tween HOs and donors in performance management during HSC disaster
preparedness.

2.3. Information systems capabilities

Information systems capabilities were examined for their ability to
support HOs in improving HSC activities. These capabilities encompass
decision-making, adaptability, agility, alignment, performance monitoring,
and leadership, all of which can influence the integration of HOs and
donors in performance management during HSC disaster preparedness.
Baharmand et al. [32] and Adem et al. [44] highlighted the crucial role
of information systems in facilitating decision-making when integrating
performance management. Other capabilities, e.g., adaptability, agility,
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and adaptability, coupled with performance monitoring through infor-
mation systems, form the backbone of effectively integrating HOs and
donors in performance management [14,23]. Leadership, when
applying information systems, is another capability that can be achieved
to integrate HOs and donors while managing performance management
[31]. In summary, information systems capabilities collectively
strengthen decision-making, responsiveness, and alignment. This en-
ables more coherent performance management between HOs and do-
nors, which, in turn, influences their integration into performance
management during HSC disaster preparedness. Therefore, the proposed
hypothesis is:

H2. Information systems capabilities influence the integration be-
tween HOs and donors in performance management during HSC disaster
preparedness.

2.4. Information systems flow

Information systems flow was focused on effective information flow,
where information systems enabled smooth communication, information
sharing, visibility, and accessibility [23,31,32]. Information systems
become essential as they facilitate the sharing of information between
HOs and donors during HSC disaster preparedness stage [10]. Muhwezi
et al. [23] emphasized that information systems' ease of communication
can ensure consistent information flow between HOs and donors. This
was critical for performance management, leading to better coordina-
tion. Furthermore, information systems could enhance visibility to
achieve complete transparency between HOs and donors [6,31]. Finally,
information systems can improve access to performance-related infor-
mation, making it easier for HOs and donors involved to stay informed
and aligned [24]. To conclude, information systems flow strengthens
communication, visibility, and accessibility of information to support
shared understanding and information sharing between HOs and do-
nors. Consequently, this can influence integration between HOs and
donors in performance management during HSC disaster preparedness.
Therefore, the proposed hypothesis is:

H3. Information systems flow influences the integration between HOs
and donors in performance management during HSC disaster
preparedness.

Fig. 1 illustrates the model, showing how information systems in-
fluence the integration of HOs and donors in performance management
during HSC disaster preparedness.

3. Methodology
3.1. The research context

HSC research is recognized as unique and nuanced [45]. For
example, Anjomshoae et al. [13] and Frennesson et al. [9] advocate for
including different types of HOs and donors' perspectives to gain a more
inclusive understanding. Kabra and Ramesh [46] highlight the cultural
dynamics, disaster preparedness, and geographical locations that shape
HSC research. Given the call for nuance, Indonesia is a compelling
subject for this study. Indonesia was selected for its frequent disaster
events and significant efforts in digitalizing HSCs. The country experi-
ences various disasters, including earthquakes, tsunamis, landslides, and
wildfires [47]. According to CRED [1], Indonesia is one of the top ten
countries most affected by such calamities. Since the 2004 Indian Ocean
tsunami, Indonesia has enhanced disaster preparedness at all levels,
aligning with the Sendai Framework's priorities [8,48].

In 2014, the Indonesian government, through the Indonesian
Disaster Management Agency (BNPB), initiated an information systems
project involving HOs to emphasize HSC disaster preparedness. This
initiative received additional donor investments by 2022 to expand in-
formation systems modules, aiming to digitalize all HSC activities by
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2029, including performance management. Studies by Burke and Fan
[49]; TFRC [50]; UNDRR [51] identified that HOs and donors in
Indonesia prioritize applying information systems to define performance
metrics, set targets, and measure performance, forming the basis for
performance management.

Disaster preparedness requires careful strategy development and
substantial investments in organizational structures and resources
[3,9,17,34]. Informants in focus group discussions highlighted that the
disaster preparedness stage includes activities by HOs and donors, such
as employee training, technical assistance, and capacity strengthening,
to improve HSC performance. For example, training employees to use
information systems to share performance data helps HOs and donors to
integrate. They further supported the study's scope by describing the
target population: HOs and donors based in Indonesia. HOs, e.g., local
and international, are primarily responsible for providing aid, e.g., food
and shelter, to beneficiaries and training their employees to prepare for
upcoming disasters. Donors, e.g., governments, support HOs by funding
their activities and supplying necessary resources, which can vary in size
and operate at different levels (regional and national).

In summary, Indonesia was strategically chosen as an example
because it has characteristics common to many HSC disaster-prone
settings, allowing the study's research design and its findings to be
relevant beyond a single country. Although Indonesia provides the
empirical setting to examine information systems characteristics, capa-
bilities, and flows, and their influence on HO-donor integration in
performance management, these are not country-specific. Indonesia,
therefore, serves as an illustrative case of a disaster-prone environment
with features shared across humanitarian contexts, such as diverse ac-
tors, fragmented data systems, and varying technological capacity,
enabling the findings to be applicable to similar settings rather than
limited to one country. While recognizing the disaster stages of HSCs,
the preparedness stage is given greater weight in the Indonesian disaster
preparedness stage. Furthermore, defining the target population (HOs
and donors) and their roles in Indonesia's HSCs is essential. These in-
sights are considered in this study and inform survey development.

3.2. Operationalization of the study's variables and items

Based on Section 2 and Fig. 1, the study employed one dependent
variable—integration between HOs and donors in performance man-
agement during HSC disaster preparedness—and three independent
variables: information systems characteristics, information systems ca-
pabilities, and information systems flow, to examine the influence of
each independent variable on the dependent variable (H1, H2, and H3).
The dependent variable measures integration between HOs and donors
in performance management, using items across five performance
management activities: selecting performance variables, defining met-
rics, setting targets, measuring, and analyzing/acting. The independent
variables are operationalized through item sets as follows: information
systems characteristics (scalability, digital technology integration,
benchmarking, standardization); information systems capabilities
(adaptability, agility, alignment, decision-making, performance moni-
toring, leadership); and information systems flow (communication, in-
formation sharing, visibility, accessibility). All variables and their
corresponding items are summarized in Table 1.

3.3. The research approach

The study employed a mixed-method approach, including focus
group discussions and a survey, combining qualitative and quantitative
approaches to inform the practical relevance of the study [52].
Furthermore, the approach was selected because it provided a compre-
hensive understanding of the study background, statistical explanations,
thoroughness in findings, relevant recommendations, and practical
validation [52,53]. The mixed-methods approach is structured into
three phases: qualitative refinement, quantitative data analyses, and
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quantitative-qualitative validation.

The first phase was the qualitative refinement phase. In this phase,
focus group discussions were involved for the purpose of refining the
wording of the research question, ensuring the clarity and relevance of
the prior systematic literature review study operationalization, and
pretesting the survey items, to support study refinement and credibility
[54,55]. This was input to the second phase: quantitative data analyses
followed, consisting of an online survey administered to a large sample
and subsequent statistical analyses [56]. Quantitative approaches
remain relatively rare in HSC research, which is largely dominated by
qualitative, case-based studies [28]. The inclusion of this phase, there-
fore, represents a methodological nuance that enables the systematic
testing of hypothesized relationships. This was in turn input to the third
phase, which incorporated quantitative-qualitative validation in which
the quantitative results were assessed using both quantitative and
qualitative approaches. Quantitative validation included statistical
checks, such as validity assessment, while qualitative validation was
conducted through focus group discussions with experienced informants
to interpret and assess the plausibility of statistical findings [52].

Overall, the mixed-methods approach combines two phases of focus
group discussions, positioned before and after quantitative statistical
analysis, thereby capturing the strengths of both qualitative and quan-
titative methods. This approach extends typical mixed-methods se-
quences in HSC studies, which commonly employ a qualitative approach
only once, e.g., post-hoc validation, after a quantitative approach.
Therefore, this research design offers a unique methodology for HSC
studies, involving experienced informants in the first and third phases,
and quantitative analysis in between. All phases are described in detail
to enhance rigor and facilitate replication in similar HSC disaster-prone
settings, thereby increasing generalizability. Fig. 2 illustrates the three
phases, including data collection in each.

3.4. Informants' selection and engagement in focus group discussions

The study involved informants from academia and practice, who
participated in focus group discussions. The informants held various
roles at universities/HOs in Indonesia/internationally. This approach
aimed to collect diverse perspectives, validate results, increase mea-
surement accuracy, and minimize biases [53,57]. Their knowledge and
perspectives were used to refine the wording of the research question,
ensure clarity and the relevance of prior systematic literature review
(SLR) study's variables operationalization, and support survey pretests.
The hypotheses and conceptual model remained grounded in the prior
SLR study. Purposive and snowball sampling through professional con-
tact networks were used to select notably knowledgeable informants
[58]. Informants must be involved in HSCs, disaster management, or
related fields, such as commercial supply chains and information sys-
tems [59]. They needed at least five years of experience and mid-level
management positions or higher [9,58]. Informants could come from
any affiliation, regardless of size, mandate, or location, including
Indonesia and internationally [52,60]. The variety of informants
enabled the study's refinement, with international researchers providing
insights in the first qualitative refinement phase and Indonesian re-
searchers and practitioners providing insights in the first and third
phases. Table 2 presents informants' details, including templates (e.g.,
code, affiliation, location, role) that other researchers can use to collect
informants' details.

Table 2 provides an overview of the 10 focus group discussions
(FGDs) conducted in this study, along with the informants, without
disclosing their identities or affiliations. The informants have between 7
and 24 years of experience and have expertise in logistics and supply
chain management, information systems, performance management,
and disaster management. Each FGD lasted 30-90 min and was con-
ducted via Zoom, onsite, or during a conference. If permitted, some
discussions were recorded; otherwise, notes were taken. Internationally
based researchers (RA-RF) participated in FGDs one to four and
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Focus group
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)
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Phase 3: Quantitative-
qualitative validation
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* Hierarchical validation
regression analysis

* Robustness model
checks

Fig. 2. The research design. Source: figure created by authors.

provided clarifications regarding the prior SLR-derived variables' oper-
ationalization and supported the refinement of survey pretest 1.0.
Indonesian-based researchers (RG-RJ) were involved in FGDs five and
six, focusing on survey pretest 2.0. Practitioners (PA and PB) partici-
pated in FGDs seven to nine, where they contributed to survey pretests
1.0, survey pretest 2.0, and supported validation of survey results.
Practitioner (PC) supported the refinement of survey pretest 2.0 in FGD
9. Practitioners (PD-PG) participated in FGD 10 to validate the survey
results. The first author communicated in Bahasa with Indonesian in-
formants and validated summaries with informants. The validated notes
were then translated and reviewed together with the second author.
Both authors aligned notes when collecting data from international in-
formants. These activities ensured triangulation and trustworthiness of
the qualitative data [61,62]. Detailed notes of informants during the
focus group discussions were provided in Supplementary File 1.

3.5. Iterative pretests

In pretest 1.0, the study aimed to develop two survey instruments
targeting HOs and donors, following the feedback (Supplementary File
1) and study scope. Each survey contained 30 items for both HOs and
donors, offering two perspectives [53]. Each survey included a cover
letter, demographic questions, and questions on information systems
and on the integration of HOs and donors into performance management
during the HSC disaster preparedness stage. Each question related to
information systems and the integration of HOs and donors in perfor-
mance management in the surveys was measured using a five-point
Likert scale, ranging from strongly disagree (1) to strongly agree (5),
to ensure the statistical variability among responses [24]. The surveys
were pretested to ensure construct and content validity [53,63]. Feed-
back from international informants in the focus group discussions led to
revisions for the pretest 2.0.

In pretest 2.0, the Indonesian informants reviewed the surveys for
construct validity and language vagueness [31]. Feedback led to sig-
nificant changes (Supplementary File 1), including adaptation to the
Indonesian HSCs and a narrowed focus on HOs' perspectives. This de-
cision was grounded in the limited operational role of donors in Indo-
nesian HSCs, pointed out by several informants and supported by
Kembro et al. [60]. As a result, the 30 donor questions were removed,
leaving a single survey instrument for HOs. In this sense, the pretests
functioned not only as a validation step but also as a guideline for in-
strument scoping, indicating that a single HO perspective survey in-
strument was most appropriate in this setting. At the same time, this
change raises theoretical concerns about common-method bias, given its
reliance solely on HOs' perspectives. Thus, the study addresses limita-
tions through several strategies. First, the study followed Ketokivi [57]
recommendation to reword items to reflect organization-level percep-
tions. For example, “We maintain a jointly developed metric dictionary
with donors to ensure clarity.” Second, the study employed a mixed-
method approach to triangulate findings and enhance validity [53].

Third, statistical tests conducted during the analyses indicate that
common method bias was not a significant concern. Collectively, these
strategies mitigate risks of single-perspective surveys while preserving
alignment between variables and offer valuable insights into HO-donor
perspectives in HSCs. They also ensure transparency by providing
guidelines for researchers who follow a similar methodology. The final
survey instrument (Supplementary File 2) was revised and converted
into an online format [61]. For reuse in similar HSC disaster-prone
settings, the pretest steps assume minimal conditions: knowledgeable
informants at the organizational level to support the differentiation of
actors' roles, and a validated single-informant survey.

3.6. Control variables

Two control variables were included in the statistical analyses: HOs
types and organization size, measured by the number of full-time em-
ployees (Supplementary File 3). Types of HOs, e.g., international, local,
and governmental HOs [24]. The sizes of HOs were categorized as the
number of full-time employees, e.g., less than 25 and more than 100
[23]. These variables were controlled to ensure diverse perspectives in
answering the questions for the independent and dependent variables
[64]. They were chosen because they yielded the highest adjusted R?
values, aligning with the principle that the best-fitting model includes
only the most relevant variables to minimize noise, multicollinearity,
and overfitting. Additional dummy variables (1 and 0) were created for
control variables with more than two levels, representing the types and
number of full-time employees of HOs [65].

3.7. Sampling and data collection

The study collected data from respondents representing HOs in
Indonesia, utilizing networks, e.g., the Social Monitoring and Early
Response Units (SMERU), BNPB, Forum Zakat Indonesia (FOZ),
Masyarakat Penanggulangan Bencana Indonesia (MPBI), and Humani-
tarian Forum Indonesia (HFI), other large HO networks based in
Indonesia, and universities that work in the HSCs. A total of 474 re-
spondents were identified from prior networks. The communication
officers distributed the online survey to targeted respondents. Targeted
respondents have diverse but relevant job roles, including executive
leadership, project and program management, logistics and supply
chain, information systems, performance management, and adminis-
tration [53,66,67]. The reminders to complete the survey were sent after
two weeks to increase the number of responses [68]. The study received
151 responses: 127 before the two-week reminder and 27 after. The total
response rate was 30.59, notable compared to typical online survey rates
of around 10-20% [69].

The data was extracted and analyzed using SPSS software. During the
cleaning data process, cases with missing values were eliminated,
resulting in 145 usable responses: 118 before the two-week reminder
and 27 after, meeting the sample size requirement for generalizability



E.L. Jayadi and H. Forslund

Progress in Disaster Science 30 (2026) 100572

Table 2
Informants' details. Source: table created by authors.
Code Affiliation Location Role Experience Area of expertise Focus group Discussion focus Duration
(years) discussion platform
(FGD)

Researcher University International ~ Associate 17 Logistics and supply FGD 1 Refinement of research 60 min
R) A professor chain question wording. (Zoom)
RA Refinement of the clarity and

relevance of SLR-derived
variables' operationalizations.
RB University International ~ Senior 12 Supply chain FGD 1 Refinement of research 60 min
A lecturer information systems, FGD 2 question wording. (Zoom)
performance Refinement of the clarity and 60 min
measurement relevance of SLR-derived (Zoom)
variables' operationalizations.
Survey pretest 1.0
RC University International ~ Senior 4 Statistics FGD 1 Refinement of research 60 min
A lecturer FGD 2 question wording. (Onsite)
Refinement of the clarity and 60 min
relevance of SLR-derived (Onsite)
variables' operationalizations.
Survey pretest 1.0
RD University International ~ Professor 19 Logistics and supply FGD 3 Survey pretest 1.0 30 min
A chain, statistics (Onsite)
RE University International ~ Professor 24 Logistics and supply FGD 4 Refinement of research 30 min
B chain question wording. (Conference)
Refinement of the clarity and
relevance of SLR-derived
variables' operationalizations.
RF University International ~ Senior 17 Logistics and supply FGD 4 Refinement of research 30 min
C lecturer chain question wording. (Conference)
Refinement of the clarity and
relevance of SLR-derived
variables' operationalizations.
RG University Indonesia Associate 15 Health and disaster FGD 5 Survey pretest 2.0 60 min
D professor management. (Onsite)
RH University Indonesia Associate 12 Health and disaster FGD 5 Survey pretest 2.0 60 min
D professor management. (Onsite)
RI University Indonesia Associate 14 Disaster management. FGD 6 Survey pretest 2.0 60 min
E professor (Onsite)
RJ University Indonesia Senior 10 Monitoring and FGD 6 Survey pretest 2.0 60 min
E lecturer evaluation. (Onsite)

Practitioners Large local Indonesia Practitioner 20 Emergency FGD 7 Survey pretest 1.0 60 min

(P) PA HO A preparedness and FGD 8 Survey pretest 2.0 (Zoom)
response. FGD 9 Informants' validation 90 min
(Onsite)
90 min
(Zoom)
PB Large local Indonesia Practitioner 19 Capacity strengthening.  FGD 7 Survey pretest 1.0 60 min
HO A FGD 8 Survey pretest 2.0 (Zoom)
FGD 9 Informants' validation 90 min
(Onsite)
90 min
(Zoom)
PC Large local Indonesia Practitioner 17 Logistics policy. FGD 8 Survey pretest 2.0 90 min
HO A (Onsite)
PD Large local Indonesia Practitioner 17 Executive leadership, FGD 10 Informants' validation 90 min
HOB performance (Zoom)

management, and

capacity building.
PE Large local Indonesia Practitioner 20 Executive leadership FGD 10 Informants' validation 90 min
HO B and project (Zoom)

management.

PF Large local Indonesia Practitioner 7 Project management. FGD 10 Informants' validation 90 min

HO B (Zoom)

PG Large local Indonesia Practitioner 7 Budget and project FGD 10 Informants' validation 90 min

HO B management. (Zoom)

[70]. The missing values were due to the online survey system auto-
matically logging out respondents who answered that they did not use
information systems. The purpose of this automatic survey system is to
ensure the respondents' eligibility and knowledge in answering survey
questions [57].

A non-response bias test using Mann-Whitney U test analysis showed
no significant difference between early and late-wave respondents (p >
0.05), indicating that non-response bias was not a concern [71]. No

identifiers, e.g., names, phone numbers, and email contacts, were
collected to maintain anonymity and reduce common method and
respondent biases [63]. This enhanced response rate and privacy [72].
Each response represents one HO. Analyzing the data from a single re-
spondent's perspective was appropriate because the study addressed an
emerging topic in Indonesia and examined disaster preparedness, where
performance management and information systems are still developing.
Furthermore, the majority of respondents were small- or medium-sized
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(e.g., fewer than 25 or between 26 and 50 employees, see Table 3),
making it reasonable for one respondent to represent HOs' disaster HSC
activities and information systems. Additionally, the measured variables
were organization-specific and reflected respondents' direct operational
experiences, which naturally vary across organizations, aligning with
respondent-level assessments recommended by Flynn et al. [53]. The
HO-level profiles associated with these responses, without any personal
identifiers, are provided in Supplementary File 4.

Based on Table 3, many respondents were from local HOs (72.4%),
with smaller proportions from government (15.2%), international
(11%), and private HOs (1.4%). These HOs were involved in various
areas of work, with the highest percentages in shelter, settlement, and
non-food items (20%), health (15.2%), and social and economic devel-
opment (13.7%). Most HOs had been operational for 16 years or more
(51.7%). A significant portion of HOs had fewer than 25 employees
(55.2%), and the distribution of volunteers varied, with the highest
percentage of HOs having more than 50 people. Finally, the respondents
held various job roles, with the largest groups in project and program
management (36.6%) and executive leadership (34.5%). A detailed

Table 3
Demographic profile of the responding HOs. Source: table created by authors.

Respondents' description Frequencies Percentages (%)
Types of HOs
International HOs 16 11
Local HOs 105 72.4
Governmental HOs 22 15.2
Private HOs 2 1.4
Total 145 100
Area of work
Food, security, and nutrition 14 9.7
Water, sanitation, and hygiene (WASH) 14 9.7
Health 22 15.2
Shelter, settlement, and non-food items 29 20
Energy and Environment 18 12.4
Governance, human rights, and capacity building 11 7.6
Education 11 7.6
Gender equality and child protection 6 4.1
Social and economic development 20 13.7
Total 145 100
Operational years
Less than five years 13 9
5-10 years 33 22.8
11-15 years 24 16.6
16 years and above 75 51.7
Total 145 100
Number of full-time employees
Less than 25 80 55.2
26-50 23 15.9
51-100 13 9
More than 100 29 20
Total 145 100
Number of volunteers
Less than 25 55 37.9
26-50 32 22.1
51-100 20 13.8
More than 100 38 26.2
Total 145 100
Job role
Executive leadership 50 34.5
Project and program management 53 36.6
Logistics and supply chain 14 9.7
Information systems 14 9.7
Performance management 11 7.6
Administrative 3 2.1
Total 145 100
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demographic profile based on types of information systems and their
usage is provided in Appendix 1.

4. Data analysis and results
4.1. Descriptive statistics

Table 4 presented descriptive statistics of independent and depen-
dent variables. High mean scores (3.94-4.37) of each item across the
independent variables indicated that respondents perceived the infor-
mation systems as essential and effective in supporting HSC activities.
For example, scalability (4.17) suggests that respondents believe their
information systems are designed to manage large-scale humanitarian
activities effectively. High mean scores (3.72-4.17) for the dependent
variable indicated a strong perception of integration between HOs and
donors in performance management, focusing on the HSC disaster pre-
paredness stage. Respondents believed there was integration through
joint performance management.

4.2. Statistical data check

To conduct hierarchical multiple regression, the study must pass
some statistical checks, including multicollinearity, linearity, normality,
homoscedasticity, and independence of the error terms [65,73]. The
study conducted two multicollinearity tests. First, the bivariate corre-
lation analysis assessed the association between items of independent
variables (Appendix 2 in Supplementary material), and showed corre-
lation coefficients below 0.8, indicating low multicollinearity [74].
Second, multicollinearity was addressed by centering the variables and
assessing the variance inflation factor (VIF) [75]. The VIF for informa-
tion systems characteristics, capabilities, and flow were 2.821, 5.937,
and 4.287, respectively, all below the cut-off point of 10, indicating no
multicollinearity [73].

Other underlying statistical data checks of regression analyses, such
as normality, linearity, and homoscedasticity (Appendix 3), were also
tested and showed no signs of violations [65,73,76]. In addition, the
Durbin-Watson statistics confirmed the independence of error terms.
This study found a value of 2.045, with values close to 2 indicating data
independence and absence of autocorrelation [76].

4.3. Validity and reliability

To ensure content validity, the study conducted iterative pretesting,
protecting respondents' anonymity, separating items for each variable,
and gathering data from different sources (e.g., interviews with in-
formants) following the guidelines of Podsakoff et al. [77] and Ketokivi
[57]. Also, statistical procedures were used to identify and mitigate
potential common method bias, ensuring that the study constructs had
both convergent and discriminant validity [61,63].

The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was
0.932, and Bartlett's test of sphericity was significant (p < 0.001). These
results show that the data are for a reliability check and justify the use of
factor analysis. Together, these results and the VIF analyses indicated
that common method bias was not a concern [78]. Then, the study used
confirmatory factor analysis, examining factor loadings (Ai), scale
composite reliability (SCR), and average variance extracted (AVE), to
check convergent validity [79]. Convergent validity was confirmed
when all items significantly loaded onto their intended variables [80].
Ideally, Ai should be greater than 0.7 and at least 0.5, SCR should be 0.7
or higher, and AVE should be 0.5 or higher [81]. Table 4 confirmed high
convergent validity with Ai above 0.5 and most exceeding 0.7, SCR
values above 0.7, and AVE values above 0.5.

Discriminant validity was assessed to ensure each variable explains
more of its own variance than it shares with other variables [79]. It was
evaluated using the inter-factor correlation matrix, where the correla-
tion coefficients (Table 5) must be lower than the square roots of their
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Table 4
Descriptive statistics. Source: table created by authors.
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Variables Measured items Mean  Standard Factor Scale composite Average variance Square-root
deviation loading reliability (SCR)" extracted (AVE)" of AVE!
i)
Independent variables
Scalability 4.17 0.967 0.745
. . Digital technology
I“fcorro'?li:gﬁ:’st;I:S(Sfagagznsms integration 437 0833 0.79 0.883 0.654 0.809
pha {a): O Benchmarking 412 079 0.828
Standardization 4.12 0.795 0.866
Adaptability 3.99 0.812 0.626
Agility 3.94 0.806 0.715
Information systems capabilities Alignment 4.1 0.714 0.754
a: 0.924 Decision-making 4.07 0.77 0.781 0.942 0.729 0.854
Performance monitoring 4.16 0.761 0.729
Leadership 4.1 0.77 0.77
Communication 4.14 0.745 0.863
Information systems flow Information sharing 4.11 0.774 0.837
a: 0.897 Visibility 4.19 0.71 0.888 0.93 0.77 0.877
Accessibility 4.17 0.649 0.92
Dependent variable
Sele.:ctlng performance 401 0.799 0.802
variables
Defini ics — -
efining rn.etncs agreed: 3.2 0.804 0.853
upon metrics
Defining metrics — metrics
Integration between HOs and donors in dictionary 3.72 0.87 0.805
p.erformance management in the HSC Setting .targets 3.87 0.827 0.816 0.94 0.661 0813
disaster preparedness stage Measuring — technology
e 3.72 0.895 0.834
o: 0.926 utilization
Measuring - frequency 3.93 0.91 0.801
Analyzing/acting — up-to- 417 0.802 0.738
date reports
Analyzing/acting — joint 3.99 0.812 0.851

analyses and actions

# Confirmatory factor analysis (CFA), extraction method: factor/principal component analysis; no rotation method, Kaiser criterion.

b gCR — (X Ay
(X 4)* + Za

; factor loadings (4;); error variance of items (¢;).

Table 5
Discriminant validity. Source: table created by authors.
1 2 3 4
Independent variables
1  Information systems characteristics 1
2 Information systems capabilities 0.799** 1
3 Information systems flow 0.738**  0.873** 1
Dependent variable
The integration between HOs and
4 donors in performance management in 0.705** 0.798** 0.730%* 1

the HSC disaster preparedness stage

“* Pearson-Correlation is significant at the 0.01 level (2-tailed).

AVEs (Table 4). The results generally supported discriminant validity, as
the square roots of the AVEs were greater than the correlations. For
example, the square root of the AVE for information systems charac-
teristics was 0.809, while its correlations with the information systems
capabilities, information flow, and the dependent variable were 0.799,
0.738, and 0.705, respectively. Furthermore, an exploratory factor
analysis (EFA) with Promax rotation was conducted to inspect item
cross-loadings [73]. The results show that all independent variable items
were grouped together and clearly separated from the dependent vari-
able items. Each item loaded highest on the factor representing its
theoretical domain (information systems or integration between HOs

and donors in performance management during disaster preparedness),
providing additional support for discriminant validity. The full cross-
loading table is provided in Appendix 4.

Reliability was assessed using Cronbach's alpha (Table 4), which
yielded a value greater than 0.7. This indicates a satisfactory level of
internal consistency for the variables [78].

4.4. Hierarchical regression analyses

Hierarchical regression analysis is a sequential regression method in
which variables are entered into the model in ordered blocks [73]. It was
used in this study to test the hypotheses because it enables the structured
assessment of independent variables entered in conceptually ordered
blocks [25,81]. Given that the study investigates how information sys-
tems characteristics, capabilities, and flow influence the integration
between HOs and donors in performance management, hierarchical
multiple regression is a sufficient and appropriate analytical technique,
as it allows the incremental explanatory contribution (AR?) of each
variable to be assessed, in line with Cohen [75]. This makes the method
particularly suitable for examining how individual and combined in-
dependent variables contribute to the dependent variable after ac-
counting for previously entered variables [64,82]. Before running the
analysis, item scores for each construct were summed, following Cohen
[75] and Hair et al. [73]. The hypothesis testing was conducted on
summed variables according to the following steps:



E.L. Jayadi and H. Forslund

1. Control variables (types of HOs and number of full-time employees)
were included.

2. Independent variable 1 (information systems characteristics) was
included.

3. Independent variable 2 (information systems capabilities) was
included.

4. Independent variable 3 (information systems flow) was included.

Table 6 showed the results of the hierarchical multiple regression
analysis along with statistics for the incremental changes in explanatory
power. The dependent variable was the integration between HOs and
donors in performance management, focusing on the HSC disaster pre-
paredness stage. The hypotheses tested the influence of information
systems characteristics (H1), capabilities (H2), and information flow
(H3) on the dependent variable.

Based on Table 6, this study interprets the results of four models.
Model 1, which includes only control variables (the types of HOs and
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number of employees), indicated that these variables explain 4.6% of
the variance in the dependent variable (R?>= 0.046). The adjusted R? was
0.004, suggesting that the control variables did not contribute much to
explaining the variance. With an F-value of 1.102, the influence of these
control variables on the results is insignificant. This implies that the
relationships between the main independent variables and the depen-
dent variable are unlikely to be confounded by these controls. Since the
intercept was significant (p-value <0.001), it could indicate a consistent
level of integration between HOs and donors in performance manage-
ment during the preparedness stage, which naturally existed without
controlling for the control variables. This finding aligned with previous
studies [25,81,83].

Model 2, where information systems characteristics were added, the
model explained a substantial 50.7% of the variance (R?= 0.507). It
represents an additional 46.1% of the variance (AR?= 0.461) explained
by this variable. The adjusted R? improves to 0.482, indicating a better
fit. The F-value of 20.110 and a highly significant p-value (<0.001)

Table 6
Hierarchical regression analysis results. Source: table created by authors.

Model Variables B Standard error F AF R? Adjusted R? AR?
(Constant) 3.7897** 0.083
Control variables
Types of Hos
International 0.262 0.183
Governmental 0.039 0.162

1 Private 0.586 0.489 1.102 1.102 0.046 0.004 0.046
Number of full-time employees
26-50 0.221 0.162
51-100 0.329 0.204
More than 100 0.104 0.151
(Constant) 0.9497** 0.258
Control variables
Types of Hos
International 0.114 0.133
Governmental 0.007 0.117
Private 0.142 0.355 s .

2 Number of full-time employees 20.110%* 128.072%"* 0.507 0.482 0.461
26-50 —0.024 0.119
51-100 0.031 0.150
More than 100 —0.131 0.111
Independent variables
Information systems characteristics 0.7107%** 0.063
(Constant) 0.388%** 0.230
Control variables
Types of Hos
International 0.007 0.113
Governmental 0.027 0.099
Private 0.063 0.299

3 Number of full-time employees 31.837+** 56.694** 0.652 0.631 0.145
26-50 —0.082 0.100
51-100 0.010 0.126
More than 100 —0.053 0.094
Independent variables
Information systems characteristics 0.195%* 0.086
Information systems capabilities 0.671** 0.089
(Constant) 0.308 0.242
Control variables
Types of Hos
International 0.009 0.113
Governmental 0.030 0.099
Private 0.039 0.300
Number of full-time employees

4 26-50 _0.078 0.100 28.443 1.102 0.655 0.632 0.003
51-100 0.025 0.127
More than 100 —0.055 0.094
Independent variables
Information systems characteristics 0.182 0.087
Information systems capabilities 0.124
Information systems flow 0.121 0.115

" p-value <0.001.
™ p-value <0.05.
" p-value <0.1.

10



E.L. Jayadi and H. Forslund

confirm the model's significance. The AF-value of 128.072 is highly
significant (p-value <0.001), and the information system characteristics
variable has a significant influence (= 0.710, p-value <0.001),
providing strong support for H1.

In model 3, the inclusion of information systems capabilities further
enhances the model, explaining 65.2% of the variance (R?>= 0.652), with
an additional 14.5% explained by this new variable (AR?= 0.145),
indicating a good model fit. The F-value of 31.837 and a highly signif-
icant p-value (<0.001) confirm the model's significance. The AF-value of
56.694 is again highly significant (p-value <0.001). Both information
systems characteristics (f= 0.195, p-value <0.05), and information
systems capabilities (= 0.671, p-value <0.001), show a significant in-
fluence, supporting H2.

Model 4, the addition of information systems flow, results in a model
that explains 65.5% of the variance (R?= 0.655), with a slight additional
variance explained (AR?= 0.003). The adjusted R? is 0.632, maintaining
a good fit. The F-value of 28.443 and a highly significant p-value
(<0.001) confirm the model's significance. The AF-value of 1.102 in-
dicates that the model remains significant. Information systems char-
acteristics (= 0.182, p-value <0.05), and information systems
capabilities ($=0.580, p-value <0.001) continue to have a significant
influence. However, information systems flow, while it has some sig-
nificance (f= 0.121), is not quite significant (p-value >0.1) compared
information systems capabilities, thus not supporting H3.

4.5. Robustness model checks

The study conducted several robustness checks for the model
following Ahmed et al. [83] and Villena et al. [63]. The detailed analysis
was provided in Appendix 5. First, statistical data checks were per-
formed in Section 5.2, and the model did not violate any of them. Sec-
ond, the model was tested using alternative specification fits, such as
logarithmic, exponential, and cubic transformations of the independent
variables. None of these specifications improved the model. In other
words, the current model had the best fit among different alternatives.
Third, the study assessed the results driven by extreme observations. The
Cook distance values ranged from 0 to 0.10567, all below 1, indicating
no extreme values were present.

Fourth, the study divides the cases into groups by operational year.
The models in different groups have high R-squares and significant F-
values across different operational years. The predictors (control and
independent variables) consistently show a stable effect on the depen-
dent variable across various groups. Fifth, the study randomly dropped
5% of the sample for sensitivity analysis. The sensitivity analysis results
were consistent with the original analysis. The coefficients, standard
errors, and R? values were similar to those of the current model, indi-
cating that the results were robust even after 5% of the sample was
randomly dropped.

Lastly, the study examined all 16 possible combinations of reference
categories for the control variables, comprising four types of HOs and
four numbers of employees. The results for the main independent vari-
ables remained consistent across all these variations, further confirming
the robustness and stability of the findings.

4.6. Informants' validation

During the results analysis, statistical validation (Section 4.3)
confirmed that the study constitutes content, convergent, and discrim-
inant validity. This section further discusses the informants' validation.
After analyzing the results, it is normative to return to practitioners to
validate [84]. The validation round confirmed that the demographic
profiles accurately represented the population, including types of HOs,
areas of work, operational years, number of full-time employees and
volunteers, and job roles. This demonstrated that the study effectively
targeted the HOs, providing a deeper understanding of the topic and
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avoiding potential biases.

Informants reflected on the types and functions of information sys-
tems, noting the prevalent use of basic information systems (e.g.,
phones, emails, and Excel) and the limited use of more advanced systems
primarily used for managing resources. They highlighted the need for
more advanced information systems, including both centralized and
decentralized systems, with a focus on performance management.

The results of the independent variable validation were reasonable,
with informants highlighting the relevance of information systems
characteristics, particularly scalability and standardization, to Indone-
sian HSC disaster preparedness. They also highlighted the importance of
information systems capabilities, particularly agility, decision-making,
and alignment. When validating the dependent variable, they found
that performance management was not fully integrated, as evidenced by
lower mean scores than those for the independent variables. They
further argued that integrating HOs and donors in performance man-
agement required more priority.

Informants confirmed the H1 result (supported). They further high-
lighted that standardization is pivotal in defining performance metrics.
Informants also confirmed the results of H2 (supported). They reflected
on several information systems capabilities crucial for conducting joint
actions and analyzing performance between HOs and donors during HSC
disaster preparedness. However, they acknowledged the H3 result (not
supported), possibly due to challenges including limited accessibility,
varying donor requirements, and compatibility issues. Altogether, the
informants validated the quantitative results, allowing the study to
proceed with confidence. The validation details are provided in Sup-
plementary File 1 (Table A4).

5. Discussion

The results in Section 4.4 and validated by Indonesian informants in
Section 4.6 show that information systems characteristics (H1) and ca-
pabilities (H2) influence the integration between HOs and donors in
performance management during disaster preparedness, whereas in-
formation systems flow (H3) does not. This section discusses these
findings, emphasizing generalizable insights for disaster-prone HSC
settings, using Indonesia as an illustrative empirical example.

5.1. Information systems characteristics (H1)

The support for H1 underscores the pivotal role of information sys-
tems characteristics in integrating HOs and donors' performance man-
agement. Indonesian HO informants noted the importance of
information systems characteristics, especially standardization, to pro-
vide data structures, templates, and reporting performance formats,
thereby improving HOs' and donors' accuracy and transparency, espe-
cially during disaster preparedness. Their validation aligns with previ-
ous studies showing that standardized information systems help HOs
and donors to prepare, analyze, and exchange standardized performance
reports [17,36]. Moreover, Muhwezi et al. [23] investigated the stan-
dardizing information systems and HSC disaster preparedness mecha-
nisms that improve HSC performance in the response stage. This
improvement is attributed to the interoperability benefits of standard-
ized information systems, which facilitate integration between HOs and
donors in performance management [36]. Taken together, this study
reinforces prior studies and underscores the broader relevance of in-
formation systems characteristics for integration across disaster-prone
settings.

5.2. Information systems capabilities (H2)

Information systems capabilities play a central role in enabling
decision-making, performance monitoring, leadership, alignment, agil-
ity, and adaptability, which influence integration into performance
management. Indonesian HO informants emphasized that these
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capabilities support the definition of performance metrics, the setting of
targets, and the execution of timely measurement and joint analysis,
which are critical performance management activities during disaster
preparedness. This highlights the multifaceted roles that information
systems capabilities play in influencing integration across HSC disaster-
prone settings, consistent with previous studies [14,24,31,44,85].

5.3. Information systems flow (H3)

Previous studies suggest that information systems flow influences
integration by improving communication, visibility, and access to up-to-
date information [10,23,24,31]. However, this study does not find it
significant. This result does not contradict the existing literature;
instead, it reflects that the prerequisite conditions (e.g., interoperable
systems, digital-based communication channels, shared access,
adequate training, etc.) required for information-systems-enabled flow
to function were not sufficiently established in this empirical setting.
Indonesian HO informants reported challenging conditions, including
heterogeneous system use (e.g., varying information systems and
centralized vs. decentralized applications), reliance on manual
communication channels (e.g., phones and email), strict access rules,
limited training, inconsistent investment in preparedness, and varying
donor requirements. These challenging conditions can hinder the flow of
information within systems, preventing communication and visibility
from translating into integration in performance management benefits.

In other words, H3 is insignificant not because information flow
lacks theoretical relevance—prior studies emphasize its importance.
Although the mean values for flow items are high, suggesting that re-
spondents perceive information systems flow, such as communication,
visibility, and information sharing, as important, these perceptions do
not translate into a significant effect in the model. This indicates that,
despite positive perceptions of information systems flow, the necessary
conditions required for information systems-enabled flow, such as
shared access, interoperability, user capacity, and consistent informa-
tion systems application, were not sufficiently established for informa-
tion systems flow to influence integration in this empirical setting.

Under such conditions, integration may still occur through non-flow
routines (e.g., donor reporting obligations and basic performance re-
ports), which can enable integration even when information-system-
enabled flow is limited. Conversely, when adequate infrastructure,
skilled personnel, shared access, and sustained preparedness in-
vestments exist, information systems flow can support integration, as
noted in prior studies [10-12,14,24]. This also clarifies why descriptive
statistics show high means, but regression results remain insignificant;
communication may function at a basic level, yet the information
systems-enabled flow required to influence integration was weak.

In summary, this study shows that information systems characteris-
tics and capabilities support the integration of HOs and donors in per-
formance management during disaster preparedness by enabling
standardization, clearer metric definition, decision support, alignment,
and more consistent joint analysis. In contrast, information systems flow
did not show a significant influence because the practical conditions
necessary for reliable communication, visibility, and access—such as
shared system access, interoperability, adequate user capacity, and
consistent system application—were not fully present. Under such
conditions, integration may still occur through non-flow practices, such
as donor reporting obligations and basic performance reports, which can
support integration even when information systems-enabled flow is
limited. The discussion also extends beyond the empirical setting
because challenges related to information flow—such as fragmented
data, limited interoperability, restricted access, and uneven user
capacity—are common across HSC disaster-prone settings [86]. Since
disaster preparedness and response typically involve multiple
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organizations operating under time pressure and uncertainty, effective
information systems for integration become essential [29]. Moreover,
many disaster-prone settings face similar resource constraints and
integration complexities [4], suggesting that the strategies identified in
this study are broadly applicable across HSC disaster-prone settings.

6. Conclusion, implications, limitations, and future research

This section discusses conclusions, the theoretical and practical im-
plications, limitations, and future research.

6.1. Conclusions

This study shows that information systems are essential for inte-
grating humanitarian organizations and donors in performance man-
agement during disaster preparedness. Findings from the three-phase
mixed-methods approach indicate that information systems character-
istics and capabilities strengthen integration by supporting joint metric
definition, target setting, performance measurement, and joint analysis.
Information systems flow can enable integration only when challenges
related to accessibility, interoperability, and data consistency are
addressed. These insights demonstrate that integration depends not only
on the existence of information systems but also on standardization, on
management's commitment at both HOs and donors to invest in them,
and on employees' ability to apply them effectively. Overall, the study
clarifies how information systems influence integration between hu-
manitarian organizations and donors and provides a foundation for
strengthening disaster preparedness to enable lead-time effectiveness
during disaster response.

6.2. Theoretical implications

6.2.1. The nuances of research methodology in HSC studies

Despite the critical role of information systems in HSCs, there was a
noticeable gap in empirical research on how these systems influence the
integration of HOs and donors in performance management. Existing
studies have primarily used a qualitative approach to conceptualize and
use case studies. However, these studies have often been small-scale,
which may limit their generalizability [28]. A mixed-methods
approach comprising three phases (qualitative refinement, quantita-
tive data collection and analysis, and quantitative-qualitative valida-
tion) offers methodological advancement in HSC research that is still
dominated by qualitative approaches [52]. This study employed both
qualitative and quantitative approaches, providing methodological rigor
that strengthens the reliability and applicability of the results [6]. For
example, iterative pretesting helped refine the survey instrument. This
methodology adds significant value by enhancing clarity and replica-
bility for future research in HSC disaster preparedness.

6.2.2. The nuances of the HSC context

This study enriches theoretical implications for HSC disaster pre-
paredness, HOs, donors, and geographical perspectives. Most research in
HSC tends to focus on the HSC disaster response stage, with less atten-
tion given to the HSC disaster preparedness stage [24]. Thanks also to
pretesting, the study could narrow the focus to the HSC disaster pre-
paredness stage, providing valuable insights into how information sys-
tems, from the perspective of HOs, influence integration between HOs
and donors and performance management before a disaster strikes. This
focus clarifies the importance of the disaster preparedness stage,
enabling more effective disaster response, thereby improving lead-time
effectiveness, consistent with Frennesson et al. [9] and Stumpf et al.
[11].

Moreover, through rigorous methods and pretesting, the study could
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justify its focus on HOs' perspectives to capture the integration between
HOs and donors. This study provides theoretical and empirical justifi-
cations for dealing with data from a single perspective, which covers
true dyads and defends against the criticism of this approach [53,57].
Another critical focus was geographical location, as empirical studies on
HSCs were largely limited to the United States and India. Thus, research
in Indonesia provided a unique perspective on HSCs, representing them
in the Southeast Asia region [87]. Though grounded in Indonesia, the
methodology supports generalization to other disaster-prone settings
that face similar challenges, such as limited standardization, restricted
access rules, and uneven information-system capacity among employees
during disaster preparedness.

6.3. Practical implications

6.3.1. One characteristic of information systems is standardization

The study supports that information systems characteristics, partic-
ularly standardization, influence integration between HOs and donors in
performance management during the HSC disaster preparedness stage.
However, standardizing information systems remains challenging in
practice. The complexity is especially pronounced in Indonesia, where
HSCs encompass a diverse range of HOs and donors and are centrally
coordinated by BNPB, which holds the government mandate for HSC
coordination. This diversity creates significant challenges in imple-
menting standardized systems. Indonesian informants reported persis-
tent challenges in standardizing performance management systems,
particularly in deciding whether to invest in centralized or decentralized
information systems. Most HOs still rely on manual systems, which
further complicate integration efforts in highly uncertain, disaster-prone
settings. Thus, to enable standardized information systems, HOs and
donors can ...

6.3.2. ... start small with decentralized information systems

As an initial step, management-level HOs and donors can develop
protocols that standardize information systems application. For
example, they can define standardized data formats for performance
metrics (e.g., delivery lead-time, inventory levels), create standard
templates for visualizing performance targets (e.g., charts for resource
allocations, budget planning), and establish communication protocols
(e.g., communication channels, regular performance evaluation meet-
ings) [10,22]. These protocols should be tested for HSC disaster pre-
paredness to ensure readiness for rapid HSC response when disasters
occur, involving operational-level employees to ensure applicability and
relevance in the HSCs [22,85]. With IT support, HOs and donors can use
these protocols to develop decentralized information systems. Insights
from previous studies [26,88,89] can help develop simple yet powerful
information systems to integrate actors into performance management
in HSC disaster-prone settings. Once ready, HOs and donors can jointly
develop training programs to enhance the skills of their employees and
volunteers in using these systems [6,85,90].

6.3.3.
systems
At a larger scale and over the long term, there is a need to invest in
centralized information systems to better integrate HOs and donors'
performance management, especially when handling high-value items,
higher demand, and achieving economies of scale [11]. For example, in
Indonesia, BNPB, as the main coordinator, has developed centralized
information systems, such as the Indonesian Disaster Data Geoportal
(GIS) and the Indonesian Disaster Information Database (DIBI), that are
publicly accessible [91]. These systems provide a good baseline that can
be extended beyond real-time performance outcomes (e.g., number of

... and grow big with long-term investment in centralized information
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people affected) to include other performance metrics (e.g., on-hand
inventory levels, supply chain costs, average delivery lead-time) [41].
Furthermore, successful implementation requires dedicated time for
policy development and coordination among involved HOs and donors.
This includes developing information systems, building trust, and
raising awareness about the importance of using these systems to
improve performance. It also involves preparing for training programs,
workshops, and conferences to promote and prepare centralized infor-
mation systems that integrate HSC actors in large-scale performance
management before HSC disaster response. Planning for the mainte-
nance and continuous improvement of information systems during HSC
disaster preparedness is also essential [46], so that disaster preparedness
can enable the lead-time effectiveness during HSC disaster response.

6.3.4. The information systems' capabilities can only be utilized if
employees are properly trained

In parallel with standardizing information systems, the study found
that information systems' capabilities, such as decision-making support,
performance monitoring, alignment, agility, and adaptability, are
crucial for integration, as validated by both hypothesis testing and in-
formants. However, these capabilities can be fully realized if HOs and
donors' employees are trained to use them [85]. This further underscores
the importance of training for both the smaller and larger scales in HOs
and donors' institutions [6,32]. Informants emphasized that during HSC
disaster preparedness, employees should receive training in using in-
formation systems for decision-making and performance monitoring to
enhance integration in performance management. On a smaller scale,
training initiated by management-level HOs and donors can focus on
preparing practical skills and the day-to-day use of information systems.
This includes training employees to accurately access, input, and
retrieve data, monitor their tasks, and interpret data to make informed
decisions. Workshops and hands-on sessions can help employees use
these systems, ensuring they can effectively measure, e.g., inventory
levels, supply chain costs, and delivery lead-times [6]. Also, training can
emphasize the importance of communication, encouraging employees to
share information and collaborate to achieve performance targets [89].

On a larger scale, training could be initiated by BNPB or the orga-
nizations themselves to develop decision-making skills and enhance
performance management information systems. For example, training
could cover the use of information systems to support joint decision-
making in setting targets, understanding results provided by the sys-
tems to evaluate performance, guiding employees on actions to improve
performance, and reducing cultural resistance within and between HOs
and donors [13,33]. Moreover, training could also include other capa-
bilities, such as alignment (e.g., generating aligned performance reports
and exchanging data), agility (e.g., measuring assets and on-time de-
livery), and adaptability (e.g., synchronizing performance data) to
strengthen their preparedness [14,85].

6.3.5. Tackling challenges to improve information systems' flow

In theory, the information systems flow is pivotal for integrating HOs
and donors in performance management, yet practical challenges often
hinder its effectiveness. Indonesian informants emphasized that most
HOs and donors still rely on manual technologies, such as phones and
emails. At the same time, some start to use more diverse information
systems (e.g., Excel, cash and voucher assistance, disaster management
systems, digital tracking and payment systems) for various purposes,
including resource management and performance measurement (Ap-
pendix 1). However, HOs often encounter issues when integrating with
donors via information systems. They can be related to accessibility,
data sensitivity, and incompatibility, as well as varying requirements
from different donors. For example, some donors request that HOs focus
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on using information systems for HSC disaster preparedness, while
others utilize information systems with HOs for rapid HSC disaster
response. HOs and donors can address these challenges. They can begin
by defining access rules and agreeing on shared performance data and
selected information systems to report it [6,46]. Regular meetings can
clarify data-sharing expectations and build trust [10].

In summary, the study recommends developing small-scale protocols
to standardize information systems and gradually scaling up by
leveraging and standardizing existing systems such as GIS and DIBI.
Smaller and larger-scale training programs are essential for building
capabilities in using information systems, particularly for decision-
making support and performance monitoring. Moreover, a few prac-
tical steps (e.g., access rules) can be implemented to enhance informa-
tion flow within information systems, addressing current challenges
related to accessibility, trust, and incompatibility [6]. Despite the
complexities of the Indonesian HSCs, a strong commitment at all levels
should be emphasized during the HSC disaster preparedness stage to
ensure the successful implementation, in line with Baharmand et al.
[24]. Establishing standardized protocols, enhancing the capabilities of
using information systems through training, and improving information
systems' flow during the HSC disaster preparedness stage ensures that
when a crisis occurs, HOs and donors respond more effectively with
well-defined metrics, streamlined communication, and robust decision-
making processes, ultimately leading to better HSC disaster response
outcomes [9,11,19]. In the end, the practical implications offer a set of
scalable suggestions that can be applied not only in Indonesia but also in
similar HSC-disaster-prone settings, supporting broader efforts to
strengthen the HSC disaster preparedness and response stages by
applying information systems to integrate HSC actors.

6.4. Limitations and future research
The study acknowledges several limitations:

6.4.1. Broadening perspectives on multi-actors' integration

The study collected data from HOs' perspectives to capture how they
integrate performance management with donors during preparedness.
However, this means the findings may reflect only the HO viewpoint. As
a result, the dependent variable—HO-donor integration—may not fully
represent donors' perceptions or practices. The information systems
conditions were self-reported by respondents, which means over-
estimations or perceptual bias may occur. These limitations indicate that
the results should be interpreted with some caution. Future research can
involve both HOs and donors to provide a more complete view of inter-
organizational integration and to strengthen construct validity [92]. In
addition, involving other actors, such as the military and hospitals,
could provide additional perspectives on how information systems in-
fluence the integration of performance management across actors.

6.4.2. Assessing information technology (IT) maturity in HOs

This study did not measure HOs' IT maturity— a broader,
organization-level variable that describes overall digital development
(e.g., governance and processes). The study described only the infor-
mation systems HOs use with donors (Appendix 1) and did not collect
data on IT maturity. Future research can more explicitly examine IT
maturity by using Appendix 1 as a starting point to map existing systems,
then develop suitable IT maturity items, and determine how IT maturity
should be positioned in the model (e.g., as a control, moderator, or in-
dependent variable).

6.4.3. Testing generalizability beyond one geographical region
Targeting an understudied area, the sample was limited to HOs in
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Indonesia. The findings may be applicable to HSC disaster-prone settings
with similar information-flow challenges, such as fragmented data,
limited interoperability, restricted system accessibility, and insufficient
user capacity. Generalization beyond such settings should be made with
caution. Extending the findings to other Southeast Asian regions that
have similar challenges can be considered, especially those with com-
parable disaster-risk profiles and preparedness constraints, in concur-
rence with Timperio et al. [47].

6.4.4. Exploring cross-disaster stages: preparedness and response linkages

The HSC disaster preparedness stage was the focus, and other stages,
such as the HSC disaster response stage, were also discussed. However,
the connection of the HSC disaster preparedness stage should be further
tested empirically to determine its contribution to other HSC disaster
stages. Future investigations may explore how information systems in-
fluence the HSC disaster preparedness and response stages, particularly
by integrating HOs' and donors' performance management to better
understand cross-stage integration dynamics.

6.4.5. Considering other aspects to study the influence of information
systems flow

The insignificant influence of information systems flow requires
further examination. This discrepancy may be due to differences across
HSC studies, as this research specifically examined the relationships
among variables in the Indonesian HSC disaster preparedness stage. It
highlights the need for further exploration to explain the influence of
information systems flows across countries. Nevertheless, the study ex-
plains why information systems flows do not influence integration be-
tween HOs and donors in performance management from informants'
perspectives. Upcoming research could investigate the challenges that
hinder the influence of information systems flow on integration and
propose strategies to address them. It could also explore differences
across studies in various aspects (e.g., regions with varying levels of
technological infrastructure, information systems applications, and
disaster types). Finally, future research evaluating the effectiveness of
training programs and capacity-building initiatives could identify best
practices to enhance the skills of HOs and donors, and maximize the
capabilities of information systems to strengthen preparedness and build
resilience in HSC disaster-prone settings.
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Appendices
Appendix 1

Descriptive information questions number 1 (types of information systems) and 2 (information systems used in HOs).

The responses were categorized based on the combination of information systems used by the respondents. The most frequent category was
“Phone/Emails,” which appeared 14 times, indicating the widespread use among HOs. This was followed by “Data disaster management systems
(DDMS), Excel, Phone/Emails,” and “Cash and voucher assistance (CVA),” each mentioned 9 times, highlighting their significant application. Several
categories were mentioned multiple times, e.g., “Excel, Phone/Emails” and “DDMS, Phone/Emails,” each appearing 7 times, and “CVA, Excel, Phone/
Emails,” which was mentioned 5 times. These frequent mentions suggested that these combinations were also commonly applied in HOs. Additionally,
there were moderate frequencies, e.g., “CVA, DDMS, Excel” and “CVA, DDMS, Excel, Phone/Emails”, each mentioned 3 times. The data also included
several unique combinations of answers mentioned twice and once, reflecting the varied applications of different HOs. Fig. A.1 illustrated a broad
range of information systems applied by HOs, with certain combinations being more prevalent.
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Fig. A.1. Types of information systems. Source: figure created by authors.
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The study summarized the responses based on the combination of HSC activities that HOs conduct when applying information systems, such as
managing resources (R), strengthening support services (SS), and measuring and managing performance (PM). The most frequent category was “R, SS,
PM”, which appeared 53 times, indicating that information systems were used for all these HSC activities, including performance management. The
categories “R,” “SS,” and “R, SS” each appeared 20 times, highlighting the importance of managing resources and strengthening support services
individually or in combination with both. Furthermore, the category “R, PM” was mentioned 18 times, showing a significant focus on managing
resources and performance management simultaneously. Finally, “SS, PM,” and “PM” each occurred 7 times, indicating a moderate emphasis on
strengthening support services and performance management, individually and merged. In summary, the data reflects a strong emphasis on holistic
activities when using information systems, with the most frequent category being the combination of all three HSC activities (Fig. A.2).

R,SS,PM I 53

SS 20
R 20
R, SS 20

R,PM . 8

PM 7
SS, PM 7 R = managing resources
SS = strengthening support services
0 10 20 30 40 50 60

PM = measuring and managing performance

Fig. A.2. Information systems used in HOs. Source: figure created by authors.

16



E.L. Jayadi and H. Forslund

Appendix 3

Histogram plot
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Appendix 4
Cross-loading table. Source: table created by authors.
Items Component
1 2
Information systems characteristics - scalability 0.783
Information systems characteristics - digital technology integration 0.695
Information systems characteristics - benchmarking 0.643
Information systems characteristics - standardizing 0.471 0.351
Information systems capabilities - adaptability 0.625
Information systems capabilities - agility 0.606
Information systems capabilities - alignment 0.665
Information systems capabilities - decision making 0.691
Information systems capabilities - performance monitoring 0.820
Information systems capabilities - leadership 0.815
Information systems communication and information flow - communication 0.924
Information systems communication and information flow - information sharing 0.688
Information systems communication and information flow - visibility 0.885
Information systems communication and information flow - accessibility 0.814
Selecting performance variables 0.707
Defining performance metrics 1 0.799
Defining performance metrics 2 0.739
Setting targets 0.817
Measuring 1 0.753
Measuring 2 0.937
Analyzing/acting 1 0.658
Analyzing/acting 2 0.891
Extraction Method: Principal Component Analysis.
Rotation Method: Promax with Kaiser Normalization.
Note. All other items load highest on their intended domain, supporting discriminant validity. One item (“Information
systems characteristics — standardizing™) shows a small secondary loading on the integration factor (0.351), although its
primary loading remains higher on the information-systems factor (0.471). This pattern is theoretically plausible because
standardized data structures and templates often underpin joint performance routines in integration; therefore, the item was
retained.
Appendix 5

Robustness model checks. Source: tables created by authors.

Alternative specifications

Model Alternative specifications R™2 Adjusted R"2
No transformation 0.046 0.004
1 Logarithmic transformation 0.046 0.004
Exponential transformation 0.046 0.004
Cubic transformation 0.046 0.004
No transformation 0.507 0.482
9 Logarithmic transformation 0.503 0.477
Exponential transformation 0.407 0.377
Cubic transformation 0.441 0.412
No transformation 0.652 0.631
3 Logarithmic transformation 0.615 0.592
Exponential transformation 0.518 0.490
Cubic transformation 0.576 0.551
No transformation 0.655 0.632
4 Logarithmic transformation 0.615 0.589
Exponential transformation 0.520 0.488
Cubic transformation 0.580 0.552

Extreme observations

Min Cook's distance Max Cook's distance

Mean Cook's distance

Standard deviation

0 0.10567 0.0076689 0.01646935
Splitting case

Splitting group R? Adjusted R? RZchange F F-change
Operational years: less than 5 years (1)

Model 1 0.475 0.369 0.475 4.515"* 4.515%*
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Splitting case

Splitting group R? Adjusted R? RZchange F F-change

Model 2 0.507 0.343 0.032 3.085* 0.592
Model 3 0.741 0.611 0.234 5.720%* 7.225%*
Model 4 0.840 0.726 0.099 7.356"*" 4.432*%
Operational years: 5-10 years (2)

Model 1 0.218 0.074 0.218 1.508 1.508
Model 2 0.343 0.191 0.125 2.262* 4.993**
Model 3 0.416 0.253 0.074 2.549%* 3.150*
Model 4 0.421 0.228 0.005 2.184* 0.201
Operational years: 11-16 years (3)

Model 1 0.115 —0.071 0.115 0.617 0.617
Model 2 0.661 0.567 0.546 7.029%%* 29.033***
Model 3 0.924 0.897 0.263 34.432° 58.725%**
Model 4 0.926 0.894 0.002 0.450
Operational years: more than 16 years (4)

Model 1 0.095 0.015 0.095 1.189
Model 2 0.574 0.530 0.479 75-345***

Model 3 0.660 0.618 0.086 16.616*"*
Model 4 0.672 0.626 0.012 2.412

Sensitivity analysis

Step  Variables B Standard error  F AF R? Adjusted R2  AR?
(Intercept) 0.083
Control variables
Types of HOs
International 0.264 0.180
Governmental 0.048 0.160
1 Private 0.568 0.479 0.965 0.965 0.042  —0.002 0.042
Number of full-time employees
26-50 0.155 0.165
51-100 0.310 0.201
More than 100 0.061 0.150
(Intercept) 0.273
Control variables
Types of HOs
International 0.126 0.135
Governmental 0.017 0.119
Private 0.155 0.358 .
2 Number of full-time employees 17.097+ 109.186%** 0.476 0.448 0.434
26-50 —0.055 0.124
51-100 0.038 0.151
More than 100 —-0.132 0.113
Independent variables
Information systems characteristics 0.690%** 0.066
(Intercept) 0.419* 0.245
Control variables
Types of HOs
International 0.017 0.115
Governmental 0.036 0.100
Private 0.072 0.303
3 Number of full-time employees 27.686%** 53.869* 0.628 0.606 0.153
26-50 —0.111 0.105
51-100 0.015 0.128
More than 100 —0.054 0.096
Independent variables
Information systems characteristics 0.088
Information systems capabilities 0.091
(Intercept) 0.260
Control variables
Types of HOs
International 0.019 0.115
Governmental 0.039 0.100
4 Private 0.048 0.304 24,718 0.991 0.631 0.606 0.003
Number of full-time employees
26-50 —0.106 0.105
51-100 0.030 0.129
More than 100 —0.055 0.096

Independent variables
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Sensitivity analysis

Standard error

Adjusted R AR?

Step  Variables B
Information systems characteristics 0.181** 0.089
Information systems capabilities 0.579***  0.126
Information systems flow 0.116 0.117

p-value<O0.1.
" p-value<0.05.
p-value<0.001.

Appendix B. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.pdisas.2026.100572.

Data availability

The data that has been used is confidential.
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