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1. Introduction
Aotearoa New Zealand is in a seismically active region between the Pacific and Australian plates. The country records around

20,000 earthquakes each year, of which about 250 are strong enough to be felt [1]. Significant damaging earthquakes have occurred
in New Zealand's recent history, including the 2010–2011 Canterbury sequence and the 2016 Kaikōura-Hurunui earthquake, impact-
ing lives and properties [2,3]. Given the high frequency and severity of earthquakes in New Zealand, there is a need to develop a
range of mitigation tools to reduce earthquake impacts.

An earthquake early warning (EEW) system is one possible mitigation measure for New Zealand to consider [4,5]. A public-facing
EEW system aims to warn users early about an impending earthquake, allowing them to take appropriate action to protect themselves
before ground shaking arrives. EEW in New Zealand is in its infancy but evolving [4,5]. Although, as of writing, there is no official
EEW system to warn the public in New Zealand, several technological products and systems already exist in New Zealand that can
provide EEW services [4,6]. One such system is the Android Earthquake Alert (AEA) System [7,8].

Receiving EEW alerts is a relatively new experience for most New Zealanders, with the AEA system being the first to be easily ac-
cessible by the public through Android devices. The AEA system was launched in New Zealand on April 28, 2021 [9]. Since then, An-
droid device users in New Zealand have the capacity to receive EEW alerts, informing them in advance of incoming ground shaking.

Understanding the public's continuance intention toward the AEA system is crucial at the early stage of EEW in New Zealand, as it
can provide insights into broader long-term public perception and adoption of EEW in the country. Continuance intention refers to a
person's decision to continue using a particular technology or product over time [10–12]. It is a key factor in the adoption and long-
term success of technology products and services [11,13].

Although the concept of continuance intention is often applied in commercial technological services and products (e.g. Refs.
[14,15]), its relevance also extends to critical contexts such as health services (e.g. Refs. [10,16]). However, only a few studies have
investigated continuance intention in the disaster management technology context [17]. Research in the New Zealand context has
delved into continuance intention, particularly in disaster apps, aiming to clarify how enhancing usability factors relates to users; in-
clination to continue using these apps [12].

The current study aims to fill this gap by examining whether the concept of continuance intention applies to the EEW context in
New Zealand. Specifically, it investigates the factors that influence the continuance intention of the New Zealand public towards the
newly introduced AEA system.
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2. Background and Theory
Past studies have argued that the success of EEW relies heavily on how well it is adopted and used by the public [18,19]. Studies

on the United States (US) West Coast have found that systems can give more robust warnings with longer average warning times for
lower ground motion thresholds (i.e. users want to be alerted at a weaker ground shaking level) [18,20]. EEW systems have been
deemed successful from seismological and technological standpoints, where alerts are evaluated regarding accuracy and timeliness
[21]. However, the end-users’ reactions to warnings are also crucial to the EEW system's effectiveness [21,22]. After all, the objective
of public EEW systems would be for the public to use the information to take protective action [23,24].However, despite the potential
utility of EEW, fewer than expected numbers take action when receiving an EEW alert [19]. To achieve the desired behaviour and
promote public participation in EEW, it is crucial to understand the factors that influence users' intention to continue using the system
over time. This paper investigates factors influencing people's decision to continue opting-in to the AEA system after receiving their
first few alerts. The study focuses on the context of New Zealand, where the system was launched in 2021.

2.1. Android Earthquake Alert system
The AEA System is built directly into the Android smartphone devices' operating systems [8]. On the US West Coast, AEA partners

with the US Geological Survey's ShakeAlert network [7,8]. However, outside California, Washington, and Oregon (where ShakeAlert
operates), AEA uses a crowdsourced approach of using Android phones to detect earthquakes [7]. The AEA system, which provides
EEW service to its users in Greece, New Zealand, Kazakhstan, Australia, and some Pacific islands, uses the accelerometer sensors in
the devices to detect earthquakes and send an alert to users who may be in the affected areas [7]. Android smartphone users do not
opt-in to the service as it is built into their phones but may choose to turn off receiving alerts through their phone settings.

The AEA system issues two alerts: the ‘Be Aware’ and Take Action’ alerts [7]. The ‘Be Aware’ alert gives users a heads-up for light
shaking; this is delivered as a normal notification and is not intrusive as it respects the volume, do-not-disturb (DND), and phone noti-
fication settings. Users can get more information if they tap the notification [7,25].). The ‘Be Aware’ alert is only sent to users for ex-
pected shaking of MMI 3 or 4 and earthquakes of magnitude 4.5 or greater. On the other hand, the ‘Take Action’ alert is designed to
grab attention by lighting up the phone screen and sending out a loud sound; this alert will override the DND setting of a user's phone
[7,25].). The ‘Take Action’ alert is sent for expected moderate or heavy shaking (MMI 5 or higher) for earthquakes of magnitude four
or greater.

2.2. AEA in New Zealand in 2021
Since the release of the service in April 2021, some members of the research team, who are based in Wellington, have been moni-

toring the earthquake alerts received. For the year 2021, we have experienced receiving “Be Aware” alerts on five occasions. Fig. 1 A-
E provides details showing earthquake information from GeoNet, the official source of geological hazard information in New Zealand,
for the earthquakes that occurred on 2 August, 5 August, 12 October, 22 October, and 7 November.1 At the same time, the right side of
the figures illustrates screenshots of the messages from the AEA system received by the researchers on these occasions.

The earthquake events on 2 and 5 August occurred early in the morning and had comparably smaller magnitudes than the other
events in 2021. Only 2790 and 5906 felt reports were submitted to GeoNet (see Fig. 1 A & B). These August events, however,were the
earliest records of AEA alerts being sent out to the public. Comparably, the events later in the year were larger in scale and felt more
widely, with 17,552 and 24,738 felt reports for the 12 and 22 October events, respectively. The 12 and 22 October events (Fig. 1C &
D) are the focus of this study.

2.3. A post-acceptance continuance intention model
Most Android smartphone users have the AEA system built into their phones [8]. It is enabled by default on compatible Android

phones. Some users may not be aware of this service and may only become conscious of it after receiving their first alert. Users, how-
ever, can choose to disable or turn off the alerting feature if they prefer not to receive earthquake alerts in the future. After learning of
the service, users’ perceptions and experiences may influence their subsequent intention to discontinue receiving alerts and opt-out of
the AEA system.

To decide to continue or disable the AEA service relates to the concept of continuance intention – an intention of current users to
keep using the system into the future [26]. The intention results from a rational decision to use technology based on beliefs, expecta-
tions, or experience with the technology [27]. Android smartphone users already have the AEA system built-in; thus, they do not nec-
essarily make an initial decision for acceptance of the technology. However, users still have the option to disable the service, making
continuance intention an important concept to consider.

It can be argued that Bhattacharjee's [11] continuance intention model (See Fig. 2) is appropriate for this study as it already as-
sumes users' acceptance and focuses on their intention to continue using the technology. Therefore, this study utilises the continuance
intention model [11] to investigate factors influencing continuance intention (i.e. users' decision to continue or disable the AEA ser-
vice) after receiving their first few alerts.

Fig. 2 illustrates the three factors that affect continuance intention according to the continuance intention model: perceived use-
fulness, confirmation, and satisfaction [11].

1 Earthquake details can be found in the GeoNet website: https://www.geonet.org.nz/earthquake/2021p574445 (2 Aug 2021), https://www.geonet.org.nz/
earthquake/2021p582866 (5 Aug 2021), https://www.geonet.org.nz/earthquake/2021p767783 (12 Oct 2021), https://www.geonet.org.nz/earthquake/
2021p794366 (22 Oct 2021), https://www.geonet.org.nz/earthquake/2021p838207 (7 Nov 2021).

https://www.geonet.org.nz/earthquake/2021p574445
https://www.geonet.org.nz/earthquake/2021p582866
https://www.geonet.org.nz/earthquake/2021p582866
https://www.geonet.org.nz/earthquake/2021p767783
https://www.geonet.org.nz/earthquake/2021p794366
https://www.geonet.org.nz/earthquake/2021p794366
https://www.geonet.org.nz/earthquake/2021p838207
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Fig. 1. A – D. Significant earthquakes were felt widely in New Zealand in 2021, leading up to and including the data-gathering period for the study, where AEA system
alerts were sent out. The left-hand side of the figures shows the official date and time of the occurrence and magnitude as recorded by GeoNet, the corresponding
shake map illustrating where people reported felt shaking, and the total number of felt reports. The right-hand side of the figures shows screenshots of the messages re-
ceived by the researchers corresponding to the earthquake events. The screenshot contains the estimated magnitude, the distance of the epicentre from the location of
the user, the date and time, the source of the alert, a map showing the location of the user and the expected location of the epicentre, and a polygon where expected
shaking will occur.

Fig. 2. [11] Post-acceptance continuance intention model.

• Perceived usefulness refers to users' perception of the technology's expected benefits [11], which in the context of EEW systems
relates to the extent to which users perceive the system can provide benefits such as potentially life-saving information.

• Confirmation is the extent to which users perceive the congruence between the expectation and the actual performance of the
technology [11]. In the EEW context, confirmation can be understood in terms of the system's capability to warn users of
earthquakes effectively.

• Satisfaction refers to the user's overall sense of satisfaction with the technology [11], which, in the EEW context, relates to the
overall sense of contentment and positive evaluation of the system.
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2.4. Examining satisfaction as a construct for warning technologies
Emergencies and disasters present unique challenges for understanding user behaviour and intentions about technological prod-

ucts and services. The use of technologies during crises can differ significantly from day-to-day applications [28]; [12]. This distinc-
tion becomes particularly relevant when examining the determinants of users’ intentions to continue using disaster-related technolo-
gies, such as EEW systems.

Recent research has raised questions about the applicability of satisfaction as a determinant of users' intentions in the context of
crisis technologies. This includes EEW systems designed to provide timely warnings and ensure public safety during seismic events.
Theories that incorporate hedonic factors, such as satisfaction, may not adequately capture the complex dynamics and motivations
driving users’ intentions in the context of crisis technologies [17].

However, despite the questions raised regarding the significance of satisfaction as a factor in non-hedonic technologies, it is im-
portant to retain it as a variable in the model to explore its potential contribution and better understand its role, if any, in influencing
users' intentions to continue using the EEW system. By including satisfaction in the analysis,we can examine whether it interacts with
other factors or manifests differently in the EEW context, providing valuable insights into the multidimensional nature of users’ per-
ceptions and behaviours.

2.5. Trust as an additional construct
In studying continuance intention, researchers have modified models to include additional constructs relevant to the specific tech-

nology being investigated. For example, perceived service quality and perceived trust were additional factors to consider for the study
of mHealth services [10]. Perceived service quality and perceived trust have strong conceptual linkages to the continuance intention
in the context of mHealth. Their findings,where the R2 of endogenous variables are greater than 0.60, showed that perceived trust has
significant explanatory power for the model and superior prediction capability for continuance intention [10].

Perceived trust is an important factor for high-risk technologies such as those related to health and finance, as the failure or misuse
of such technologies can have impactful consequences (e.g. Refs. [29,30]). This study follows the same line of thought by considering
perceived trust as an additional construct in the research model for EEW's continuance intention. Users with a higher trust perception
towards the early warning system may be more likely to continue using it.

It is well known that for messages about natural hazards such as earthquakes to be effective, the audience must have trust in the
source [31]. Trust in earthquake alert warning systems is particularly relevant as the population receiving the warning may not be en-
tirely familiar with the system or may not have experienced receiving an alert [32]. If people do not trust the warning system, they
may not follow the warning advice to take protective measures or may disable the alert services entirely [33,34]. Mistrust may also
result in poor future responses to future warnings [33].

In information systems studies, it is important to note that perceived trust applies to an overall perception of the brand or com-
pany, not simply the trust in the product itself. Perceived trust is defined as the user's confidence that the provider will fulfil its obliga-
tions reliably and with integrity [10,35]. Perceived trust refers to an individual's belief that the provider will deliver its promise and
often reflects the relationship of users with the firm or organisation [10,36]. Similarly, trust in EEW relates to the credibility of the
source and the channel, i.e. the warning system as a whole [20].

Perceived trust can also have a relationship with confirmation [10,37]. Users' perceived trust can increase when expectations are
met or exceeded (i.e. confirmed). Confirmation's influence on perceived trust may especially be important in the EEW context. Users
may have expectations when receiving an EEW alert, influencing their trust perception of the system. During the Ridgecrest earth-
quakes in California,many Los Angeles residents felt shaking and had expected to receive an alert; the lack of an alert (as the expected
shaking was below the MMI 4 threshold for alert issuance) led to negative public reaction surrounding the system [38,39]. Con-
versely, suppose an alert is issued for an impending earthquake, and the users feel the shaking; in that case, their expectations will be
confirmed, potentially leading to increased trust in the system.

2.6. Research model and hypotheses
After considering the appropriateness of including perceived trust as an additional construct, Fig. 3 illustrates the research model

proposed for this study and the hypotheses to be tested.
The modified research model follows the original [11]model but extends to include perceived trust as a construct. In conceptualis-

ing a continuance intention model for EEW systems, we hypothesise that perceived trust can be crucial in determining the user's con-
tinuance intention. Furthermore, disappointments may occur when public expectations are not matched when it comes to alerting,
thus reducing the public's trust in the system [20]. We, therefore, also hypothesise that confirmation links with perceived trust.

The following are the hypotheses for the study:
• H1: Satisfaction has a significant positive influence on continuance intention,
• H2: Perceived usefulness has a significant positive influence on continuance intention,
• H3: Perceived trust has a significant positive influence on continuance intention,
• H4: Perceived usefulness has a significant positive influence on satisfaction,
• H5: Confirmation has a significant positive influence on satisfaction,
• H6: Perceived trust has a significant positive influence on satisfaction,
• H7: Confirmation has a significant positive influence on satisfaction, and
• H8: Confirmation has a significant positive influence on perceived trust.
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Fig. 3. The proposed research model for EEW continuance intention, with perceived trust as an additional factor.

The proposed model will be tested using structural equation modelling (SEM) on data collected from two separate earthquake
events that occurred on 12 October and October 22, 2021. For ease of interpretation, hypotheses are labelled [a] for the 12 October
event and [b] for the 22 October event in the results section.

3. Method
This study uses SEM to examine the relationships between the factors of perceived usefulness, confirmation, satisfaction, and per-

ceived trust and their influence on continuance intention for the two earthquake events (12 October and 22 October). The two
datasets were modelled separately to potentially identify the impacts of the earlier alert on the response to the latter alert.

3.1. Instrument
The online questionnaire was developed and deployed through Qualtrics Survey Software. The questionnaire included measure-

ment items that reflected the constructs of the extended model, including perceived usefulness, confirmation, satisfaction, perceived
trust, and continuance intention. Items developed for the questionnaire were adapted based on constructs drawn from Bhattacharjee
[11] and [10]. A total of 20 items were asked to reflect the model constructs. Each item asked the respondents’ level of agreement
with the statement using a 7-point Likert Scale. Table 1 shows the items used.

Trust in EEW relates to the credibility of the warning system as a whole, including the source of the alert [20]. Therefore, to under-
stand the factor of perceived trust further in the context of EEW in New Zealand, we also asked a question on who the respondents
thought was the source of the alert.

Table 1
Reflective items used in the questionnaire.

Factor Statement Item ID

Continuance intention I intend to keep the earthquake alert feature enabled on my phone. CI1
My intentions are to keep the earthquake alert feature enabled rather than disabled. CI2
I would like to disable the earthquake alert feature on my phone. CI3
I will not disable the earthquake alert feature on my phone. CI4

Satisfaction How do you feel about your overall experience of the earthquake alert? (answered on 4 different 7-point semantic scales)
Very dissatisfied/very satisfied S1
Very displeased/very pleased S2
Very frustrated/very contented S3
Absolutely terrible/absolutely delighted S4

Perceived usefulness Having the earthquake alert on my phone improves my overall earthquake preparedness. PU1
I believe the earthquake alert on my phone will increase my resilience to earthquakes. PU2
Having the earthquake alert on my phone enhances my ability to respond to earthquakes. PU3
Overall, I find the earthquake alert on my phone useful. PU4

Confirmation My experience with the earthquake alert was better than what I expected. C1
The earthquake alert's performance was better than I anticipated. C2
My expectation from the earthquake alert was satisfied as a whole. C3
Overall, most of my expectations from the earthquake alert were confirmed. C4

Perceived Trust I trust the information given by this earthquake alert. PT1
The earthquake alert is trustworthy. PT2
This earthquake alert provides reliable information. PT3
I trust that the earthquake alert has dependable features. PT4
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The following were the response options for the alert source: Google, GNS Science, GeoNet, the National Emergency Management
Agency (NEMA), and local civil defence groups. The respondents could also provide an answer outside these options with a choice to
select “others” with an open text entry. We included these options for the following reasons.
• Google is the AEA System provider [40].
• GNS Science, New Zealand's Geological Survey, is a geoscience research organisation. It is involved in geological hazard
monitoring and works closely with other government agencies and industries to understand and mitigate geological hazards in
New Zealand [41].

• GeoNet, operated by GNS Science, is New Zealand's national geological hazards monitoring service and the official source of
geological hazard information in New Zealand [42]. GeoNet focuses on real-time monitoring of geological hazards.

• NEMA, formerly known as the Ministry of Civil Defence and Management, is responsible for sending official alerts, including for
tsunami and COVID-19 alert level changes [41,43].

• Local civil defence groups are regional authorities that can send warnings to their communities [41,44].

3.2. Data collection
The data collection targeted adults aged 18 or older in Aotearoa New Zealand, who would have received the alert through their

mobile phones. A screening question in the survey asked whether they received the alert to ensure data analysis only includes respon-
dents with experience with the AEA system after an earthquake.

Recruitment through social media was deemed the most appropriate, as it can be distributed across wide geographic regions to
collect rapid responses from the target population after an alert is sent out. Social media platforms are beneficial in collecting inter-
ested and affected parties' concerns on emerging technologies [45]. A key advantage of recruitment through social media is immedi-
acy [46]. Especially in the context of perceptions of the alerts, social media recruitment allows for a way to rapidly distribute and col-
lect people's perceptions and experiences closer to the alert event.

The survey was developed in anticipation that future earthquakes may generate an alert from the AEA system in New Zealand. The
study received peer-reviewed approval under the Massey University code of ethical conduct for research involving human partici-
pants.

The distribution strategy was to share a link to the online survey through the research team's social media accounts and request
promotion and endorsement through affiliated emergency management-related organisations. In addition, posting in online groups
(e.g., Facebook community noticeboards) was utilised to maximise the reach in affected alerting areas. Utilising groups is a social me-
dia recruitment strategy that can reach potential participants effectively; invitations through existing groups can be thematically
suited for planned surveys [47].

A Magnitude 5.3 earthquake occurred on October 12, 2021, 80 km north of the French Pass in New Zealand. The deep earthquake
(depth at 150 km) meant that shaking was felt widely across the central part of New Zealand. 17,552 people reported they felt the
earthquake on the GeoNet platform.2 The AEA system also sent a ‘Be Aware’ alert, so the pre-prepared questionnaire was distributed
online soon after the event for data collection. A total of 524 responses from the 12 October event survey were useable for SEM analy-
sis. Of the 524 responses, 500 answered the question regarding the source of the alert.

Another earthquake event occurred on October 22, 2021. The Magnitude 5.9 earthquake was located 30 km southwest of Tau-
marunui. It was another deep earthquake at 210 km depth, this time more widely felt throughout New Zealand, with 24,738 report-
ing they felt the earthquake via GeoNet.3 An AEA ‘Be Aware’ alert was also sent out for this event. We gathered data from this earth-
quake event through a separate, event-specific online questionnaire. A total of 671 responses from the 22 October event survey were
useable for SEM analysis. Out of the 671 responses, 619 responded to the question regarding the source of the alert.

3.2.1. Participants
Of the 524 respondents from the 12 October survey, 59% identified as women and 35% as men, 2.6% as non-binary or gender

fluid, and 2.7% declined or did not answer. Of the 524 respondents, 1.1% did not answer the question on age, but of those who re-
sponded, the median age was 33.4 years. Fig. 4 shows the age distribution of the 12 October survey respondents. Respondents could
select multiple options for ethnicity; 58.4% selected New Zealand European, 34.9% New Zealander, 7.4% as Māori, 6.5% Asian, 1.7%
Pacific Islander, and 11% other.

Of the 671 respondents from the 22 October survey, 73.3% identified as women, 24.4% as men, 0.5% identified as non-binary or
gender fluid, and 1.5% declined to answer. Of the 671 respondents, 0.3% did not provide their age, but of those who responded, the
median age was 39.1 years. Fig. 5 shows the age distribution of the 22 October survey respondents. Respondents could select multiple
options for ethnicity; 52.9% selected New Zealand European, 46.7% New Zealander, 12% as Māori, 2.5% Asian, 1% Pacific Islander,
and 7% other.

Like other online studies that primarily use social media for recruitment, our study's participants' demographic characteristics may
not perfectly mirror those of the broader study population. In both of our samples, there is an overrepresentation of women,while the
representation of Māori individuals is lower than the national average of 17% [48]. Additionally, the median age (33.4 years) of re-
spondents from the 12 October survey is younger than the national median age of 36.7 years. In contrast, the median age (39.1 years)
of respondents from the 22 October survey is slightly older.

2 https://www.geonet.org.nz/earthquake/2021p767783.
3 https://www.geonet.org.nz/earthquake/2021p794366.

https://www.geonet.org.nz/earthquake/2021p767783
https://www.geonet.org.nz/earthquake/2021p794366
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Fig. 4. Respondents' age distribution -- from the 12 October survey.

Fig. 5. Respondents' age distribution – from the 22 October survey.

While it's crucial to acknowledge the inherent limitation of representativeness in our data, it's essential to consider that the novelty
of EEW alerts in New Zealand introduces unique data collection challenges. As the alerting service was new during the data collection
period, the actual population of users, which was unknown, could have demographic characteristics different from those of the wider
New Zealand population. The value of this study lies in the ability to gain insights from this data collection approach for understand-
ing user perceptions of a new EEW service. In this context, the benefits of rapidly gathering responses through online recruitment out-
weigh the limitations. In future research,more representative sampling methods could be employed. However, these often come with
increased costs and longer time requirements, which may compromise the data's timeliness and reliability.

3.3. Data analysis
The datasets from the 12 October and 22 October events were analysed separately using SEM via EQS version 6.4. Specifically, a

maximum likelihood method with robust methods corrections were performed for both datasets. The endogenous factors were contin-
uance intention, satisfaction, perceived usefulness, and perceived trust.Model identification was not a concern since p* = 210 (based
on 20 variables) exceeded q = 45 (based on 20 equations and 25 variances) [49]. The goodness-of-fit indicators are the Comparative
Fit Index (CFI) and the Root Mean-Square Error of Approximation (RMSEA) [49].

We also looked at the results for respondents' perception of the source of the alert. We conducted mean comparisons using one-
way analysis of variance (ANOVA) to determine whether the source perception to determine whether key factors (perceived trust and
continuance intention) varied between perceived message sources. Although separate entities, GeoNet and GNS Science have overlap-
ping activities and responsibilities as GeoNet sits within GNS Science; they are officially responsible for monitoring geohazards in
New Zealand [41,42]. To simplify the analysis, we have combined the data from these two groups into one ‘GeoNet/GNS’ group. To
be confident with this decision, we further conducted independent samples t-tests; results showed no significant differences in the
continuance intention and perceived trust of participants between those who perceived GeoNet and GNS Science as the source of the
alert (See Table 2). As such, GeoNet and GNS Science were combined into one GeoNet/GNS group for the ANOVA.

4. Results
This research aimed to investigate the factors influencing the continuance intention of the New Zealand public towards the newly

introduced AEA warning system. SEM was conducted to analyse both datasets collected from the 12 October and 22 October earth-
quakes, respectively, to gain insights. Results from both datasets are shown below. To investigate the respondents’ perception of trust,
we also provide descriptive results on who the respondents thought was responsible for issuing out the alert and inferential testing of
differences in perceived trust and continuance intention between perceived message sources.
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Table 2
Independent Samples t-tests Results.

12 October 22 October

GeoNet (N = 150) GNS Science (N = 51) t GeoNet (N = 214) GNS Science (N = 61) t

M (SD) M (SD) M (SD) M (SD)

Continuance Intention 6.42 (0.86) 6.45 (0.72) 0.82 6.31 (0.98) 6.39 (0.79) 0.58
Perceived Trust 5.65 (1.09) 5.69 (0.93) 0.85 5.76 (1.15) 5.71 (0.91) 0.74

4.1. Results from 12 October datsaset
Fig. 6 shows the standardised path coefficients for each path in the model, the standardised coefficients, and the fit indices for the

12 October dataset.
The model had a CFI value of 0.93 and an RMSEA value of 0.06, indicating a good model fit, and overall explained approximately

39% of the variance in continuance intention. The results from the 12 October dataset fully support the hypotheses raised. The results
confirmed H1 [a], H2 [a], and H3 [a], that satisfaction, perceived usefulness, and perceived trust all had significant direct effects on
continuance intention. Perceived usefulness had the strongest effect, with a coefficient of 0.41. In comparison, satisfaction and per-
ceived trust had lower but still significant effects at coefficients of 0.19 and 0.15, respectively. The results also supported the hypothe-
ses regarding the indirect effects of the factors on each other. For H4 [a], perceived usefulness had a significant positive effect on sat-
isfaction, positively affecting continuance intention. Similarly, significant positive results were also observed with the relationships
between confirmation and satisfaction (H5 [a]), perceived trust and satisfaction (H6 [a]), confirmation and perceived usefulness (H7
[a]), and confirmation and perceived trust (H8 [a]).

The results from the 12 October dataset support all eight hypotheses. The results for this dataset provide evidence that perceived
usefulness, satisfaction, and trust significantly affect continuance intention towards the newly introduced AEA system in New
Zealand.

4.2. Results from 22 October dataset
The same SEM analysis was conducted on the 22 October dataset. Fig. 7 displays the standardised path coefficients for each path in

the model, the standardised coefficients, and the fit indices for the 22 October dataset. The results are generally similar between the
two datasets, but there are notable differences in the role of satisfaction in the model.

The confirmatory factor indices for the second dataset were consistent with a good model fit, with a CFI of 0.94 and an RMSEA of
0.05, and approximately 26% of the variance in continuance intention explained. This dataset's path coefficient between satisfaction
and continuance intention was insignificant (H1 [b]), perhaps contributing to the lower proportion of variance in continuance inten-
tion explained in this model compared to the former. The results for the 22 October dataset also indicate no significant relationship
between perceived trust and satisfaction (H6 [b]), in contrast to the results from the 12 October dataset, where a significant positive
relationship was found. The results suggest that the relationship between satisfaction and continuance intention, and the role of per-
ceived trust to satisfaction, varies across the contexts of the two datasets.

The remaining six of the eight hypotheses are supported for the 22 October dataset. The results demonstrated that perceived use-
fulness and perceived trust significantly influence continuance intention in the same direction as the 12 October dataset (H2 [b] and
H3 [b]). Similarly, perceived usefulness also had significant direct effects on satisfaction (H4 [b]) and continuance intention (H5 [b]).
H7 [b] and H8 [b] exhibited a significant positive direct effect of confirmation on perceived usefulness and trust, respectively.

Fig. 6. Results from the October 12, 2021 dataset.
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Fig. 7. Results from the 22 October dataset.

Overall, the results from both datasets suggest that satisfaction, perceived usefulness, and perceived trust are important factors
that influence continuance intention. However, the role of satisfaction varied across the models from the two datasets.

4.3. Source of the alert
Across the two samples, as illustrated by Fig. 8, GeoNet/GNS Science, Google, and NEMA were the top responses for who the re-

spondents thought issued the alerts. For the 12 October dataset, almost equal numbers thought the alert came from GeoNet/GNS Sci-
ence and Google (40% of respondents each),while the remaining 20% thought NEMA issued the alert. For the 22 October dataset, the
largest proportion of the respondents (44%) thought that the source of the alert was GeoNet/GNS Science. Only 34% of respondents
to the second survey correctly identified that the alert was from Google, notably a lower percentage compared to the previous earth-
quake alert event. Twenty-one per cent of the 22 October dataset respondents thought the alert came from NEMA. None of the respon-
dents chose local civil defence groups or others as their answers. These results show that, in both datasets, less than half of the respon-
dents identified the correct alert source. It also shows that most respondents associate the alert with official alerting agencies
(GeoNet/GNS Science or NEMA).

Mean comparisons using these groupings were conducted using one-way ANOVA for both datasets, particularly the respondents’
answers to continuance intention and perceived trust questions. There was no significant difference in the average score for continu-
ance intention and perceived trust for the 12 October dataset (See Table 3). For the 22 October dataset, there was also no significant
difference in perceived trust (See Table 4). However, results showed that there were significant differences in continuance intention.
Post-hoc analyses using the Games-Howell procedure showed significant pairwise differences between the groups (See Table 5).
These results show that the respondents had similar levels of perceived trust in the EEW system, regardless of their perception of the

Fig. 8. Source respondents thought responsible for the alerts.



International Journal of Disaster Risk Reduction 97 (2023) 104032

10

M.L. Tan et al.

Table 3
ANOVA results for the 12 October dataset.

GeoNet/GNS Science (N = 201) Google Alert (N = 198) NEMA (N = 101)

M (SD) M (SD) M (SD) F

Continuance Intention 6.42 (0.82) 6.43 (0.71) 6.30 (0.80) 1.03
Perceived Trust 5.66 (1.05) 5.57 (1.04) 5.62 (1.08) 0.41

Table 4
ANOVA results for the 22 October dataset.

GeoNet/GNS Science (N = 275) Google Alert (N = 213) NEMA (N = 131)

M (SD) M (SD) M (SD) F

Continuance Intention 6.33 (0.94) 6.51 (0.66) 6.27 (1.01) 3.77*
Perceived Trust 5.75 (1.10) 5.63 (0.96) 5.73 (0.99) 0.90
Note. * = p < .05.

Table 5
Post-hoc analysis of continuance intention of the 22 October dataset.

Agency 1 Agency 2 Mean Difference 95% Confidence Interval of the Difference

GeoNet/GNS Science Google Alert −0.17587* −0.35, −0.01
GeoNet/GNS Science NEMA 0.06282 −0.19, 0.31
Google Alert NEMA -0.23869* 0.00, 0.47

source of the alert. However, continuance intention was higher if the perceived source of the alert was Google Alert compared to
GeoNet/GNS Science and NEMA.

5. Discussion
This study aimed to examine the applicability of continuance intention in the EEW context, specifically investigating factors influ-

encing the continuance intention of the New Zealand public towards the newly introduced AEA system. Analysis of the two datasets
from the 12 October and 22 October earthquakes revealed that the continuance model applies to some extent, especially to the signifi-
cance of perceived usefulness and perceived trust to continuance intention. However, the results from the two datasets showed vary-
ing results for satisfaction's relationship with perceived trust and continuance intention. In this section, we delve further into the in-
sights from the findings.

5.1. Satisfaction and perceived trust in EEW systems
All eight hypotheses were supported in the 12 October dataset, confirming the direct effects of satisfaction, perceived usefulness,

and perceived trust on continuance intention. The 22 October dataset yielded similar results but with some notable differences.While
perceived usefulness and perceived trust continued to exert significant direct effects on continuance intention, the relationship be-
tween satisfaction and continuance intention was found to be non-significant. Additionally, the relationship between perceived trust
and satisfaction differed between the two datasets, with a significant positive relationship observed in the 12 October dataset and no
significant relationship in the 22 October dataset.

These results suggest further investigation is needed to understand the role of satisfaction and perceived trust. In the subsections
below, we discuss some potential reasons for the non-significance of satisfaction, such as contextual factors and context applicability.
We also discuss the importance of prioritising trust-building efforts, including addressing perceptions of alert sources.

5.1.1. Potential contextual factors influencing satisfaction
It is important to consider the context of data collection to understand possible reasons for the different results on satisfaction

from the two datasets. As expected, the recency of events between the 12 and 22 October earthquakes may have shaped participants’
perceptions and attitudes towards the AEA system.

In the first dataset (12 October event), the respondents may have experienced the AEA for the first time or have been a few months
since receiving an alert. Before the 12 October event, the last widely felt earthquake with a record of AEA being sent out was in early
August 2021. The novel experience might have influenced their responses. In contrast, during the 22 October earthquake, some par-
ticipants may have received the EEW alert just ten days before. The 12 October event and AEA system were also reported in national
media outlets in New Zealand (e.g. Refs. [50,51]).

This repeated exposure to the system might have influenced attitudes differently for the data collection after the 22 October event.
Recent experience or knowledge may have led to the non-significant relationship between perceived trust and satisfaction, and satis-
faction and continuance intention. These findings suggest that the relationships between satisfaction, perceived trust, and continu-
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ance intention can be context-dependent on the recency of events. Further research is needed to understand the mechanisms of these
relationships fully and to explore other potential contextual factors that may have contributed to the variation of the results.

5.1.2. Applicability of satisfaction as a determinant for EEW continuance intention
The lack of significance of satisfaction as a factor in the model may be attributed to the specific nature of the technology under

study and the applicability of the factor in the model. Recent research has raised doubts about the suitability of satisfaction as a deter-
minant of users' intentions to continue using disaster-related technologies, including EEW systems [17]. This study's results support
this notion, as satisfaction did not exhibit a significant relationship with continuance intention in the second dataset. EEW systems are
primarily designed to provide timely and reliable alerts for impending ground shaking, prioritising the promptness of warnings over
delivering a satisfying or pleasurable user experience.

Although satisfaction did not significantly impact continuance intention in the second dataset, its inclusion in the model allowed
for a comparative analysis of its influence alongside other factors. The findings indicate that respondents’ perceptions of usefulness
and trustworthiness consistently influence continuance intention more than satisfaction. These insights suggest that future research
should delve deeper into understanding the roles of usefulness and trustworthiness and explore alternative determinants that better
capture the unique characteristics of crisis technologies.

5.1.3. Building trust in EEW systems
The results of this study have demonstrated that perceived trust is a significant factor influencing respondents’ intention to con-

tinue using the AEA system. This finding highlights the importance of prioritising trust-building efforts in the context of EEW systems.
Consistent with previous research on warning technologies, trust has been identified as a critical factor for user acceptance and en-
gagement [52,53]. In particular, studies on EEW systems have emphasised the need to establish trust holistically in both the warning
messages and the sources delivering those messages [20].

Interestingly, the results from this study indicate that trust levels do not vary significantly depending on the perceived source of
the alerts.Most respondents across both datasets believed the alerts originated from official agencies such as NEMA, GeoNet, and GNS
Science. This finding suggests the New Zealand public generally trusts warning information regardless of source. However, it also
raises concerns regarding potential confusion about broadcast warning messages, especially if the public does not differentiate the
source. This finding highlights the potential inclination of the population to have high trust in broadcast messages. A study on wire-
less emergency alerts (WEA) in the US also showed conflation of WEA messages, and despite the lack of public understanding of the
message classification and options of the WEA, a substantial proportion of respondents trust the WEA [54].

Trust in official information is crucial for effective disaster response. However, if users experience incorrect, false, or missed alerts
from the EEW system, their trust in the warning messages and sources may be compromised. This mistrust might develop for EEW and
other critical alerts during crises and disasters. Trust in the source is not solely about reliability but also relies on the absence of mis-
trust [55]. This is an important question to consider, given the large number of participants who thought the alert came from official
agencies. If the public loses trust in the alert system following incorrect alerts, they may also lose trust in the perceived source. Follow-
up communication is critical, especially for missed and false alerts [32]; developed post-alert messaging for ShakeAlert for different
alert scenarios to help engender trust. It is critical that in times of crisis, such as an earthquake, the public has trust in their official
geoscience and emergency management agencies. Therefore, false or missed alerts from the AEA system could have the unintended
impact of jeopardising trust in and adherence to official information. Furthermore, legal and ethical implications can arise when
warning systems are operated by multiple organisations, particularly when errors occur. Questions surrounding responsibility and lia-
bility become increasingly important in such scenarios, especially for EEW.

5.1.4. Continuance intention based on the perception of the alert source
The results from the study showed that respondents' continuance intention differs based on their perception of the source of the

alert. The respondents were likelier to not opt out of the AEA if they perceived that the alert came from Google. Note that 40% and
34% of respondents correctly identified Google as the alert source. Their increased likelihood for continuance intention may be tied to
their knowledge of the service. However, further research is required to confirm the role of prior knowledge or experience in continu-
ance intention. This finding highlighted that perception of the alert's source might influence the AEA system's continuance intention.

5.2. Practical implications
Results from the study have practical implications for designing and implementing public-facing EEW systems. First, satisfaction is

not a strong determinant factor for continuance intention. Hence, more emphasis should be put on enhancing perceived usefulness
and trustworthiness. Instead, the study's results highlight the importance of focusing on perceived usefulness and perceived trust
when designing and implementing EEW systems. EEW developers and policymakers behind warnings should focus on the system's re-
liability and how the system will be used and trusted by the public. This could mean ensuring consistent performance of the system
through accuracy and reliability, and clear and transparent communication about the system, its functioning, maintenance, and who
is responsible for issuing alerts. The study findings complement EEW studies that have emphasised the importance of trust (e.g. Refs.
[20,56]) and the challenges of overreliance on EEW systems without fully understanding their limitations [57,58].

Second, contextual factors affect continuance intention. There is a need for EEW systems to address the changes in contexts and to
maintain trust and engagement. The study highlighted other factors outside the model, such as the recency of events and perception
of the source of the alert, which may influence satisfaction and continuance intention. This suggests the need for EEW systems to
adapt to varying contexts and user expectations. As EEW is developed and implemented, responsible parties should consider the con-
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textual dynamic, such as the frequency of alerts, recent earthquake events, and users’ familiarity with the system. Monitoring and
evaluating user perceptions is essential to identify any changes and make necessary adjustments to maintain trust and engagement.

Finally, the findings showed potential confusion with the perception of the source of the alert. This underscores the importance of
effective communication strategies to ensure clear and consistent messaging. The study reiterates findings from social science studies
conducted on EEW in New Zealand and across the globe on the importance of coordination and public education (e.g. Refs. [59,60].
Coordination between agencies and organisations responsible for issuing alerts is a must-have and, therefore, crucial to avoid conflict-
ing or contradictory information. Clear guidelines and protocols should be established to address potential issues related to alert mes-
saging, sources, and responsibilities. Public awareness campaigns should play a significant role in educating the public about the EEW
system, its sources, types of alerting, and the appropriate protective actions when receiving EEW alerts [59–61].

The study highlights that respondents were confused regarding the source of the alert, which may lead to potential legal and ethi-
cal implications. It also raises future questions regarding the responsibility and liability associated with EEW systems. This is aligned
with ongoing considerations between necessity and legal responsibility for territories with or developing EEW systems [61]. A review
of socio-organisational components of EEW by Ref. [62] highlighted gaps in accountability and liability policies in EEW implementa-
tion. Politics and governance can come into play, especially in addressing the liability of releasing warnings and resolving conflict be-
tween various EEW players in the public and private sectors [22]. Stakeholders involved in the development and operation of EEW
systems should carefully consider legal frameworks, liability issues, and ethical guidelines to ensure accountability and minimise po-
tential risks. Collaboration between public agencies, private organisations, and legal experts can help navigate these complexities and
ensure EEW systems’ effective and responsible operation. It is essential for public-facing EEW systems to address potential errors to
establish mechanisms to handle such situations (e.g. Ref. [32]).

5.3. Limitations and future directions
Despite the valuable insights gained from this study, several limitations must be acknowledged. Firstly, the study focused on ex-

amining the continuance intention of the New Zealand public towards the AEA system in the aftermath of two specific earthquakes.
Longitudinal studies can also be conducted to track users’ perceptions and intentions as they become more accustomed to the AEA
system. The findings provide insight into user perception of the first publicly accessible EEW system in New Zealand but may be hard
to generalise for EEW more broadly. Furthermore, as EEW technologies evolve and user adoption and familiarity increase, the factors
influencing continuance intention may change over time. Future studies could consider longitudinal research designs that span multi-
ple earthquake events to assess the stability and generalisability of the findings over time.

Secondly, the study focused on individual-level factors influencing continuance intention, such as confirmation, satisfaction, use-
fulness, and trust. Socio-cultural factors may also influence the continuance intention of EEW systems; these are not accounted for in
the model. Future research could investigate socio-cultural factors such as social norms and risk conceptualisations. Several studies
have looked at various factors such as dominant response and social norms for responding to alerts (e.g. Refs. [59,63]) or understand-
ing end-users from a risk-based perspective (e.g. Refs. [64–66]); similarly, these concepts could also be investigated for their roles in
technology adoption and continuance intention of EEW. Further exploration of user acceptance and continuance intention between
different social or cultural contexts is also needed.

Lastly, the study relied on self-reported data collected through online surveys, which may introduce response biases and limita-
tions in the generalisability of the responses. Future research could consider incorporating alternative data sources to investigate EEW
perceptions further, including data from EEW providers, social media, and interviews or focus group discussions with the public.

Overall,while this study provides valuable insights into the factors influencing the continuance intention of the New Zealand pub-
lic towards the AEA system, it is important to recognise and address the limitations outlined above. By acknowledging these limita-
tions and conducting further research, we can advance our understanding of user acceptance and engagement with EEW systems and
contribute to their continuous improvement and effectiveness in mitigating the impact of earthquakes on individuals and communi-
ties.

6. Conclusion
This study aimed to understand the continuance intention of the New Zealand public towards the newly introduced AEA system.

The results revealed that perceived usefulness and perceived trust had significant direct effects on continuance intention, highlighting
their importance in shaping user behaviour towards EEW. However, the relationship between satisfaction and continuance intention
was found to be non-significant for the 22 October dataset, suggesting that satisfaction may not be a strong determinant in the context
of EEW systems. This finding challenges the traditional perspective that satisfaction plays a central role in the continuance intention
of technological products and services. This highlights that hedonic factors like satisfaction may not be appropriate for technologies
in warning and crisis environments.

Furthermore, the study findings indicated contextual factors that may influence the relationship between satisfaction, perceived
trust, and continuance intention. The participants' experience and knowledge of the AEA system and the recency of earthquake events
may impact their perceptions. These findings underscore the need for further investigation into the role of satisfaction and perceived
trust, considering the evolving nature of EEW technologies and users’ familiarity over time.

Perceived trust emerged as a critical factor influencing continuance intention, emphasising the importance of trust-building ef-
forts in EEW systems. Clear and reliable communication channels, coupled with trust in both the warning messages and the sources
delivering those messages, are crucial for effective disaster response and public acceptance of EEW systems. The study also raised con-
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cerns about potential confusion from multiple sources and opportunities to address responsibility and liability for organisations de-
signing and implementing public EEW systems.

Overall, this study contributes to understanding continuance intention in the EEW context and provides insights into the public's
perception of the AEA system in New Zealand. The findings have implications more broadly for EEW systems' design, implementa-
tion, and communication strategies.
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