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Introduction: High levels of adoption and usage for the COVID Tracing Apps (CTA) among the population is a stipulated prerequisite for success of the implementation of these apps, aiming to mitigate the pandemic and track spreading of the virus more efficient and effectively. In the current study, the main objective was to investigate individuals' preferences in the intention to download a COVID-19 tracing app in a pilot-study in both the Netherlands and Turkey.

Methods: We conducted a discrete choice experimental study through an online survey in two countries (the Netherlands [N = 62] and Turkey [N = 83]), with four different attributes: (1) data protection (data protection vs. no information), (2) manufacturer (government vs. company), (3) reward (no reward vs. voucher as a reward) and (4) gaming (no gaming elements vs. gaming elements). Participants were recruited among a student population.

Results: The results showed that data protection is one of the most important factors that significantly increases the probability to adopt a CTA. In general, the manufacturer, reward or gaming affected the probability to download the CTA less.

Discussions: Health authorities worldwide have generally released high quality CTA, although scientific studies assessing the most important factors that describe and predict the intention to download is limited. Sensitive personal data is collected through these apps, and may potentially threaten privacy, equality and fairness, which are important attributes to take into account when developing or launching a CTA, following the results of this study.
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INTRODUCTION

After 2 years of suffering due to the COVID-19 pandemic, considering the negative effects on human health, and on social and economic life, it is important to investigate the mitigation strategies that have been implemented by societies worldwide. Investigating mass acceptance of the requirements of tracing apps is crucial in order to provide contextualized insights and provide policy makers by providing design implications (Anglemyer et al., 2020; Trang et al., 2020). Strategies that have been considered effective are technological ones, for example the use of mobile apps (Bassi et al., 2020; Morley et al., 2020). Early scientific evidence has shown that COVID-19 is highly contagious, often without the carrier noticing any symptoms, thereby subconsciously spreading the virus to others and infecting several close contacts, mostly even before actually testing positive. Considering the rapidly increasing numbers of infected people in a majority of the countries worldwide during some periods over the last two years, manually collecting the information from the population needs a considerable workforce of health officials trained to hold the interviews effectively, which is a highly costly exercise and has shown to be ineffective in times of high percentages of infections.

COVID-19 Tracing Apps (CTAs) have been considered as an (cost-)effective mitigation strategy, by informing people as soon as possible when they have been in close contact with an infected person (Ming et al., 2020; Lee et al., 2021). Nonetheless, the actual adoption and usage of mobile health apps is rather low and lagging behind its promises (Walrave et al., 2020). Recent studies have started to better understand how CTA's can address a wide range of conflicting elements, such as preserving citizens' privacy while gleaning close contacts and epidemiological information as possible (Tsvyatkova et al., 2022), but there is still limited evidence supporting adoption or willingness to download preferences for CTA's. It is therefore needed to better understand which attributes affect people's willingness to download a CTA (Anastasiadou et al., 2018a,b).

As mobile technologies are rapidly developing as a method for delivering behavior change interventions, health communication researchers need to improve the understanding of how to advance current theories such that we can leverage and maximize the potential of the ubiquity, adaptability, and affordability of mobile health apps in changing health related behaviors (Ng et al., 2012; Zakharchenko et al., 2022). A first step in this endeavor is to understand the impact of various mobile health apps attributes in explaining people's willingness to adopt these apps, in particular the CTAs that have limited usefulness, namely only during a pandemic.

Considering the limited understanding of the general cognitive motivators that trigger people's adoption of health apps, especially in times of crisis, it is important to examine which attributes of health apps are preferred in the intention to download of a health app. Intrinsic motivation to use such a health app is considered a strong predictor of the intention to download and usage (Ng et al., 2012). Without proper comprehension of the cognitive motivators that explain CTAs intention to download and use, it will be very difficult to establish the effectiveness of mobile health apps and fully understand individuals' use of such apps. From the technical development point of view, this kind of understanding will be very valuable when designing and implementing new mobile health apps, or improving the existing ones with novel functions.


Preferences for CTA's

Several factors play a role in downloading a CTA. According to Klar and Lanzerath (2020), technological problems and the risks of privacy and equity are important factors that predict which CTAs will be downloaded or not. As many governments have communicated during the implementation of the CTAs, one of the pre-requisites of an ethical deployment of CTAs is voluntariness to download and use the app. In addition, Peschke et al. (2021) discussed voluntariness of CTA deployment in different countries in their systematic review of good practices of CTAs. In their review they analyzed more than 35 CTAs worldwide (Peschke et al., 2022), but how important data protection and privacy issues are regarded by potential users is not sufficiently understood yet.

Furthermore, the manufacturer of a CTA can be considered a heuristic in consumers' intention to download and use the CTA, affecting the preference to download the app (Gallego et al., 2021). There is reason to assume that this may be the case, as the industry has struggled with its public image over the past few decades. Companies need to negotiate a tension between, on the one hand, striving for optimal health care and, on the other hand, striving for profit (Bauchner and Fontanarosa, 2013). In the eyes of the public, it is not always clear that the industry has patients' interests at heart (Olsen and Whalen, 2009). Therefore, if a CTA is manufactured by the government, people probably will prefer this more than when the app is manufactured by a company. In addition, the Edelman Trust Barometer (2021) showed that business is the only institution that is understood as competent and ethical by the public in 18 of 27 countries evaluated. The public is more likely to trust business by being the guardian of information quality, embracing sustainable practices and providing robust COVID-19 healthy and safety response (Edelman Trust Barometer, 2021, p. 36). Bostan et al. (2020) conclude that the public trust in the authorities and the accuracy of the decisions taken by the state is of great importance in order to effectively combat the pandemic and being able to apply societal mitigation strategies. However, Tanca et al. (2020) perceived ambiguity and capriciousness of the public's reactions as a result of the uncertainty of both the government and the national economy. Therefore it is interesting to test whether the manufacturer of a CTA influences the preference of participants to download the CTA.

At the center of these concerns about maintenance of privacy, there also lies the need for an efficient understanding of attitudes toward technology. A recent survey has demonstrated that governments and private companies should take into account the general attitudes toward technology in order to increase willingness and overcome challenges faced by the public in the use of such apps (Jansen-Kosterink et al., 2021). As valuable technological tools, CTAs can be largely benefited in the expansion of preventive measures against COVID-19. Consequently, it should be noted that promoting willingness to maintain digital preventive behavior on behalf of the public partly depends on the perceptions of technological tools in general.



Current Study

In the current study, we conducted a discrete choice experiment (DCE) in two different countries (the Netherlands and Turkey) and assessed likelihood to adopt the CTA. We aim to assess a comprehensive assessment of the preferences of people for the intention to download of a health app. To our knowledge, no previous study has attempted to disentangle preferences the intention to download of a CTA using a DCE. Insights into attributes that could influence whether individuals are more likely to adopt a contact tracing app should therefore be very helpful in informing product development and pathway redesign for future implementation of technologies during pandemic situations. The main objective of the current study is to investigate individuals' preferences in the intention to download a COVID-19 tracing app in a pilot-study in both the Netherlands and Turkey.




METHODS


Design

In the current study we used a DCE in an online questionnaire. In comparison with other preference elicitation methods, a DCE can clearly quantify the relative importance of different attributes that characterize a new or existing product and/or service, identifying which attribute(s) people prioritize or accept, and which they may be willing to exchange in order to maximize their utility (Lancsar and Louviere, 2008). A DCE requires participants to choose between competing scenarios that are considered to be relevant in a current context, described in terms of particular attribute (e.g., data protection) and a range of levels (e.g., protected European legislation vs. no information) and to compare these against an alternative scenario that elicits specific preferences among participants. DCE studies are relevant because they allow a direct cognitive assessment of relative preferences for various existing and hypothetical new service configurations or treatment approaches and is a common methodology in consumer and marketing research, and implemented in other research areas more and more.

The online questionnaire that we used in the current study adopted a main effects design, using all attributes included in the study. In a main effects design, all possible levels are included and each pair of levels occurs equally often. A full factorial design was ruled out in favor of a fractional factorial design because a full factorial design would have contained too many possible alternatives, which would have been unmanageable in practice for individuals to complete or for a blocked questionnaire format to handle.

The use of an online questionnaire provided completion time data to support the internal validity checks and enabled an accurate record of time taken to complete the surveys. Two rounds of cognitive testing (n = 12) were undertaken in the Netherlands to check participants' comprehension of information when making choices. These pre-tests confirmed that a study based on the questionnaire was acceptable and understandable for participants, after some minor revisions in the explanation of the task.

The four attributes (data protection, manufacturer, reward, and gaming) and levels selected for inclusion in the DCE are shown in Table 1. The factors have been based on a mix between a literature review (Tsvyatkova et al., 2022) and elements (reward [no reward vs. a voucher as a reward] and gaming [no gaming elements vs. gaming elements]) that were considered relevant for next steps in the Horizon2020 project PandeVITA.1


Table 1. The attributes and levels selected for the DCE.

[image: Table 1]



Procedure

All survey participants were informed about the overall study goals and procedures. Only those who agreed to participate in the study gained access to the online survey. Approval of the Ethical Committee of the Tilburg School of Humanities and Digital Sciences to conduct the experiment was obtained (REDC 2021.73). Through signing informed consent, participants were ensured that their data would remain confidential and they were told that they could cease participation at any moment.

First, participants were asked to provide sociodemographic information, including their age, gender, education, and employment status. Subsequently, an introduction to the DCE questionnaire provided an explanation of the four attributes and levels. A generic pairwise choice was selected for the questionnaire design. Participants were presented with a series of choice sets for which there were two responses: “Option A” and “Option B,” varying between the levels of the attributes we selected. A sample choice set is illustrated in Table 2. All participants had to provide their choice in order to go to the next decision, where the same attributes and different levels were presented (randomly) for Option A and Option B.


Table 2. One example of the discrete choice task participants had to complete.
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Participants

For this study, we used data collected from two different countries (Turkey and the Netherlands)2. The data in the Netherlands (N = 62) and Turkey (N = 83) were collected through an online survey administered through Qualtrics. Participant characteristics are shown in Table 3.


Table 3. Descriptive information about the participant per country.
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Statistical Analyses

We use a conditional logit model (CLM) to analyze the choice experiment data. We estimate the model first for all participant and then subsequently separately for the two countries. Each app profile is characterized by four attributes with two possible levels (see also Table 1), resulting in 16 possible alternatives among which respondents had to choose in 8 separate choice tasks. The dataset resulting from this experimental design contains one row for each alternative presented to each respondent. Hence, we obtain 2,320 observations, 992 for the Netherlands and 1,328 observations for Turkey.

We specify the deterministic component of the utility function as follows:

[image: image]

Where each regressor represents an indicator variable for whether that feature was present in the app. The last term represents the individual fixed-effects, which allow to control for observable and unobservable characteristics constant within participants. The model fits a conditional maximum likelihood for each respondent. When odds ratios (ORs) are lower than 1 it means that the level is less preferred than the reference category. A negative sign in the estimates and probabilities also implies that the feature is less preferred.




RESULTS

Table 4 shows the relative odds ratio of the conditional logit model for the two countries separately and for the full sample. We start with the analysis of the results for the full sample. Unsurprisingly, respondents prefer apps that ensure data protection, with the magnitude of the coefficient being the highest among the four features (OR = 7.675, β = 2.06, 95% CI [6.53, 9.40], P < 0.01). In addition, participants were more likely to choose apps produced by the government, with an OR of 1.863 (β =0.60 95% CI [1.52, 2.20], P < 0.01). The coefficient associated with the presence of a reward mechanism is statistically significant at the 1% level and shows that vouchers increase the attractiveness of tracing apps (OR = 1.173, β = 0.18, 95% CI [1, 1.44], P < 0.01). The odds ratio for the gaming feature is close to 1, suggesting that the gaming component does not influence respondents' preferences toward tracing apps.


Table 4. Regression results.
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The models estimated on the two samples independently portrait a similar picture. Again, respondents prefer apps that ensure data protection, with the magnitude of the coefficient being the highest among the four features in both countries. Interestingly, Turkish people valued data protection more than Dutch respondents (OR = 9.391, β =2.29, 95% CI [7.73, 12.60], P < 0.01 in the Turkish sample; OR = 6.097, β = 1.80, 95% CI [4.58, 7.98], P < 0.01 in the Dutch sample). Apps produced by the government, compared to apps developed by companies, were also positively valued by participants in the two samples, with an OR of 2.607 in the Netherlands (β = 0.97, 95% CI [2.01, 3.53], P < 0.01) and an OR of 1.410 in Turkey (β = 0.29, 95% CI [1.04, 1.73], P = 0.02). The coefficients associated to the reward scheme are small in magnitude in both samples (OR = 1.170, β = 0.14, 95% CI [0.87, 1.51], P < 0.01 in the Dutch sample and OR = 1.25, β = 0.23, 95% CI [0.98, 1.62], P = 0.01 in the Turkish sample). Last, we find that participants in the Netherlands negatively value the presence of a gaming element (OR = 0.934, β = −0.29, 95% CI [0.57, 0.98], P < 0.01). In contrast, the OR associated to the gaming feature is larger than 1 and statistically significant in the Turkish sample (OR = 1.227, β = 0.13, 95% CI [0.89, 1.45], P < 0.01).



DISCUSSION

High levels of adoption and usage of the CTA's among populations worldwide is a stipulated prerequisite for the success of the implementation of these apps to mitigate the pandemic and track spreading of the virus more efficiently and (cost-)effectively (Wienert and Zeeb, 2021). In the current study, we investigated several individuals' preferences in the intention to download of a CTA in a pilot study in both the Netherlands and Turkey. The results clearly showed that data protection is one of the most important factors that significantly increase the probability to adopt a CTA. Accordingly, we can assume that the voluntary intention to download of CTAs is highly dependent on the clear and transparent information and communication strategies about how data are processed during the contact tracing, where and how long the data are stored, and the way of anonymization.

Furthermore, the respondents prefer in both countries CTAs produced by the government rather than by industries. As mentioned above there are obviously two competing concerns of the public. On the one hand, governments are more trusted in the context of patients' interests, while it is suspected that industries' engagement is more driven by profit interest (Olsen and Whalen, 2009; Bauchner and Fontanarosa, 2013). On the other hand, the public is more likely to trust businesses by being the guardian of information quality (Edelman Trust Barometer, 2021). The result of our experiment reveals the respondents' priority for patients' interests which confirms our expectation mentioned above. In general, reward or gaming affected the probability to download the COVID-19 tracing app less, which is also found in other studies (Peng et al., 2016).

CTAs are highly promising to reduce the spread of the virus and make it easier to open up society faster, especially because they can be used quickly and share information rapidly. Health authorities worldwide have generally released high-quality CTAs, although scientific studies assessing the most important factors that describe and predict the intention to download is limited. Sensitive personal data is collected through these apps, and may potentially threaten privacy, equality, and fairness, which are important attributes to take into account when implementing a CTA as a mitigation strategy.

As mounting evidence has shown, COVID-19 has significant negative effects on human health, as well as on social and economic life, making it extremely important to investigate the effectiveness and efficiency of mitigation strategies that have been implemented by societies worldwide (Codagnone et al., 2020; Bogliacino et al., 2021; Clemente-Suárez et al., 2021; Codagnone et al., 2021). As we now have seen after 2 years of the start of the pandemic, during some periods there are rapidly increasing numbers of infected people in the majority of the countries worldwide making manually collecting the information from the population needs a considerable workforce of health officials trained to hold the interviews effectively, which is a highly costly exercise and has shown to be ineffective in times of high percentages of infections. Considering the discussions raised in several countries when the CTAs were implemented, that 2 years later are still as strong as they were in the beginning, it is important to assess how the population can be motivated to download and use the CTAs to maximize the benefit for society (Anglemyer et al., 2020; Ming et al., 2020; Lee et al., 2021).

One of the limitations of the study is that we have used a convenience sampling, whereby most of the participants have been students. This might influence the external validity of the outcomes of the study. Furthermore, we only conducted the study in two countries, whereas we might find different cultural and contextual differences if we would include more countries in our study. Considering the current study is part of a larger study where we will develop an actual CTA, which we will test in five different countries (Spain, the Netherlands, Finland, Germany and Turkey), we will test in this study for different outcomes between countries. Final, gamification elements might have been judged differently if they were actually displayed or could be tried out in the DCE, which unfortunately was not possible. In the next phase of the study we will test gaming elements in more detail.



CONCLUSION

Health authorities worldwide have generally released high quality CTA, although scientific studies assessing the most important factors that describe and predict the intention to download is limited. Therefore, a systematic contact tracing is urgently needed to be able to inform citizens about contacts at risk. In addition, the learnings of our study on the intention to use CTA's can also be applied to health apps in general, specially health apps such as Electronic Health Record apps or other digital tools that are used for improving and digitalization of healthcare (Anastasiadou et al., 2018b; Piera-Jiménez et al., 2020a,b, 2021). Sensitive personal data is collected through these apps, and may potentially threaten privacy, equality and fairness, which are important attributes to take into account based on this study. Following ethical definitions, contact tracing should be executed anonymized and voluntary with the highest standard of data and privacy protection. Nonetheless, the intention to download and usage of mobile health apps are rather low. This requires a deeper understanding of decision processes and reasons for rejections among citizens aiming to increase the number of voluntary users of CTAs. As we expected, the respondents in this study prefer apps that ensure data protection. Accordingly, clear communication of data policies is vital for the voluntary usage of CTAs. Additionally, governmental institutions were preferred as publishers of CTAs. This fits the high priority given to data protection issues. Finally, the DCE revealed relatively low importance of reward mechanisms and gaming strategies as motivational factors for CTA the intention to download. Based on the DCE results, qualitative interviews based on personal construct approaches will deliver further details about motivational strategies and voluntariness in the context of CTA usage.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Ethical Committee of the Tilburg School of Humanities and Digital Sciences. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

FF, LP, YG, KH, and GS contributed to conception and design of the study. FF, LP, and KH organized the database. GS performed the statistical analysis. FF and LP wrote the first draft of the manuscript. AR-U, SG, SS, AG, EG, GF, AK, and FL wrote sections of the manuscript. All authors contributed to manuscript revision, read, and approved the submitted version.



FUNDING

This paper is based on research that is executed within the scope of the project- PandeVITA – Pandemic Virus Trace Application for the Effective Knowledge Transfer Between Science and Society Inside the Quadruple Helix Collaboration. The project has received funding from the European Union's Horizon 2020 research and innovation program under grant agreement No. 101006316.



FOOTNOTES

1See for more information: https://www.pandevita.eu/.

2This study was part of a larger project, whereby multiple experiments were conducted. After participants finished the discrete choice experiment they also participated in a separate experiment that is reported in a separate article.
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