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Abstract
Nudge-based messages have been employed in various countries to encourage vol-
untary contact-avoidance and infection-prevention behaviors to control the spread 
of COVID-19. People have been repeatedly exposed to such messages; however, 
whether the messages keep exerting a significant impact over time remains unclear. 
From April to August 2020, we conducted a four-wave online survey experiment to 
examine how five types of nudge-based messages influence Japanese people’s self-
reported preventive behaviors. In particular, we investigate how their behaviors are 
affected by repeated displays over time. The analysis with 4241 participants finds 
that only a gain-framed altruistic message, emphasizing their behavioral adherence 
would protect the lives of people close to them, reduces their frequency of going 
out and contacting others. We do not find similar behavioral changes in messages 
that contain an altruistic element but emphasize it in a loss-frame or describe their 
behavioral adherence as protecting both one’s own and others’ lives. Furthermore, 
the behavioral change effect of the gain-framed altruistic message disappears in 
the third and fourth waves, although its impact of reinforcing intentions remains. 
This message has even an adverse effect of worsening the compliance level of 
infection-prevention behaviors for the subgroup who went out less frequently before 
the experiment. The study’s results imply that when using nudge-based messages 
as a countermeasure for COVID-19, policymakers and practitioners need to care-
fully scrutinize the message elements and wording and examine to whom and how 
the messages should be delivered while considering their potential adverse and side 
effects.
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1 Introduction

Since December 2019, the COVID-19 outbreak has posed a global health threat. 
Until effective vaccination is completed for a sufficient number of people and herd 
immunity is acquired, controlling the spread of the infection is crucial. Staying 
home, reducing contact with other people, practicing social distancing, frequent and 
proper handwashing, disinfecting hands, and wearing a mask have been reported 
to be effective strategies for preventing the spread of the infection (World Health 
Organization, 2020). Hence, it is essential to ascertain which types of intervention 
encourage individuals to take preventive measures.

Urban lockdowns have been enforced in most countries, restricting individuals 
from going out and operating businesses with potential penalties. Governments aim 
to reduce social contact and visits to places with a high risk of infection. However, 
some countries, including Japan, have been unable to enforce compulsory interven-
tions under their current laws. Such countries have implemented non-compulsory 
interventions (e.g., requests/guidance), urging people to voluntarily take preventive 
measures. Others also have lifted previously implemented lockdowns and switched 
to non-compulsory interventions to encourage voluntary preventive behaviors, 
simultaneously resuming economic activity. Therefore, understanding which non-
compulsory interventions effectively promote voluntary preventive behaviors is 
crucial.

In the field of behavioral economics, “nudge” is generally known as a method to 
guide people’s behavior toward a socially desirable direction while maintaining their 
freedom of choice (Thaler & Sunstein, 2009). It has been reported that nudge-based 
interventions can promote positive behaviors in the medical and health fields (Patel 
et al., 2018; Vallgårda, 2012).

In the COVID-19 pandemic, policymakers and medical practitioners have devel-
oped messages that contain elements and wording based on nudges and use nudge-
based messages to encourage people to take preventive  measures. Through social 
media and television broadcasting, altruistic messages have been spread, emphasiz-
ing that taking such steps will save the lives of others (British Broadcasting Corpo-
ration News, 2020; New Zealand Police, 2020).1

An increasing number of studies have experimentally evaluated the impact of 
nudge-based messages on people’s perceptions and intentions to prevent the spread 
of COVID-19. For example, Lunn et al. (2020) find that messages emphasizing that 
people could cause the exponential spread of the infection are more effective in 
fostering the intention to take preventive measures than those that instruct them to 
maintain a social distance of two meters. Utych and Fowler (2020) show that people 
residing in an outbreak region are likely to recognize the risks of COVID-19 when 
exposed to a message emphasizing how COVID-19 poses a danger to both elderly 
and young people. Luttrell and Petty (2020) find that people consider messages that 

1 For example, BBC News reported that healthcare professionals in the UK shared a video on social 
media with the message of “If you choose to stay at home, you will save lives.” New Zealand Police 
tweeted that “We can save the human race by lying in front of the T.V. and doing nothing.”
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focus on others as more persuasive than self-focused messages, especially those who 
perceive public health as a moral issue.

As mentioned above, some studies have found that altruistic messages focusing 
on others have the desired impact on people’s perceptions and intentions for infec-
tion-prevention. However, Jordan et  al. (2020) report that self-interested, public-
interested, and self- and public-interested messages are similarly effective. Barari 
et al. (2020) find that nudge-based messages do not have an additional stimulatory 
effect on those who are already complying with preventive instruction. Favero and 
Pedersen (2020) also find no promoting effect of such messages. Thus, the results 
are mixed.

When setting behaviors as the dependent variable rather than intentions, very 
few studies have demonstrated the effectiveness of nudge-based messages. Falco 
and Zaccagni (2020) find that a message that emphasizes taking preventive meas-
ures benefits “you and your family” increases the intention to engage in such actions 
while having no observable effect on behaviors. Barari et al. (2020) and Everett et al. 
(2020) also find no behavioral change following such messages. However, Mori-
waki et al. (2020) use information on smartphones’ GPS and Japanese users’ spatial 
movements and show that nudge-based messages promote their avoidance of closed 
spaces, crowded spaces, and close contact during weekends. Krpan et al. (2021) use 
self-reported behaviors and show the possibility that the nudge for information pro-
vision promotes contact avoidance in those who recently embraced avoidance, while 
such an intervention has the backfire effect of reducing the frequency of avoidance 
in those who previously avoided contact.

This study adds to the literature another evidence on the effects of nudge-based 
messages on people’s adherence to behavioral measures to control the spread of 
COVID-19. In particular, we conduct a four-wave online survey experiment on resi-
dents in Japan and examine how the impact of nudge-based messages is affected by 
multiple exposures. To the best of our knowledge, no other study has examined the 
effects of repeatedly displaying messages for the same individual in this context; 
therefore, this study provides unique insights. The COVID-19 pandemic has already 
lasted for over a year, and governments have repeatedly used messages calling for 
contact-avoidance and infection-prevention. Therefore, whether the same messages 
will continue to be effective is crucial from a policy perspective.

The survey experiment comprises four waves over three months, from the end of 
April to the beginning of August 2020. In the first wave, we present nudge-based 
messages as a randomized controlled trial and ask survey participants about their 
intentions to refrain from going out, avoid contact with others, and prevent infection. 
In the second wave, we ascertain the extent to which they adhere to those behaviors 
since the first wave and present the same nudge-based message and again ask for 
participants’ intentions. For the third and fourth waves, we repeat the same structure 
as the second wave.

This study uses five nudge-based messages: (1) Gain-framed  altruistic mes-
sage: “By avoiding contact with others and taking measures to prevent infection, 
you can protect the lives of people close to you;” (2) Loss-framed altruistic mes-
sage: “If you do not take such measures, you will expose people close to you to 
danger;” (3) Selfish message: “By taking such measures, you can protect your 
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own life;” (4) Altruistic and selfish message: “By taking such measures, you can 
protect your own life and the lives of people close to you;” and (5) Simple mes-
sage: “Stay home.”

These nudge-based messages have three primary characteristics. First, we com-
pare the message that emphasizes the interests of others (message 1) with the one 
that emphasizes self-interest (message 3). Previous behavioral economics studies 
have found that many people act not only in their interest but also in the interest 
of others, as in the case of charitable giving (Andreoni, 1990) and other coopera-
tive behaviors (Fehr & Gachter, 2000). Recent studies have suggested that people’s 
prosociality is related to their preventive behavior during the COVID-19 pandemic 
(Campos-Mercade et al., 2021; Müller & Rau, 2021). The selfish message that one 
can self-protect from infection through contact-avoidance and infection-prevention 
behavior promotes compliance in those who do not want to be infected due to self-
ish motives. However, it does not promote avoidance behavior in those who are not 
afraid of being infected. An altruistic message that explains how to avoid infecting 
others through one’s actions and emphasizes prosocial motives can draw the atten-
tion of such individuals to the benefit of others, making them more willing to engage 
in contact-avoidance and infection-prevention measures. For instance, some studies 
have shown that messages emphasizing social interests enhance people’s willingness 
to receive influenza vaccines (Betsch et al., 2017).

Message (4) emphasizes both sets of interests. Since this message should reach 
both those who care about their own interests and those who focus on the interests of 
others, we expect it to strengthen people’s intentions to avoid contagion and promote 
their infection-prevention behavior. However, simultaneously promoting both sets of 
interests may “crowd out” the altruistic motivation in those attempting to behave in 
the interests of others, thus impeding their actions (Gneezy & Rustichini, 2000).

Second, we compare message (1), emphasizing the interests of others by framing 
it in terms of “gain,” and message (2), framed in terms of “loss.” The prospect the-
ory of Tversky and Kahneman (1981) states that people’s choices depend on whether 
they are framed in terms of “gain” or “loss,” even if their substance is essentially 
equivalent. A loss-framed message is expected to be more effective for behavioral 
changes than a gain-framed message. However, in practice, which frame is more 
effective seems to depend on the context. For example, in the health and medical 
fields, “gain frames” are particularly effective in promoting behaviors aimed at pre-
venting the onset of diseases, including the use of sunscreen (Detweiler et al., 1999) 
and quitting smoking (Toll et al., 2007). In contrast, for promoting disease-discovery 
behaviors, including mammography tests (Schneider et al., 2001), “loss” frames are 
more effective (Rothman et al., 2006). Therefore, in the COVID-19 pandemic con-
text, the gain-framed message may be more effective in promoting contact-avoid-
ance and infection-prevention behavior.

Third, we set as another reference message (5), which simply urges a spe-
cific action. It is generally known that simple expressions are easier to understand 
(Behavioural Insights Team, 2014; Sunstein, 2014). The simplification of action-
able instructions has long been the subject of debate in public health (Zarcadoo-
las, 2011). The message “Stay Home” has also been used through social media and 
online campaigns worldwide.
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The remainder of this paper is organized as follows: Sect. 2 describes the study’s 
experimental design. Section 3 reports the primary results, and Sect. 4 details the 
supplementary results. Section 5 discusses the findings and their practical implica-
tions and concludes, noting the study’s limitations.

2  Experimental design

2.1  Overview of experiment

We conducted a four-wave survey experiment in the following periods: April 
28–April 30 (the first wave), May 8–May 13 (the second wave), June 8–June 12 
(the third wave), and July 28–August 3 (the fourth wave). We commissioned 
MyVoiceCom Co., Ltd., a company engaged in online surveys, to conduct the sur-
vey experiment. We extracted participants throughout Japan using their monitors, 
such that the individuals’ gender and age (20–69 years) ratios would be equal. We 
addressed 4241 individuals who joined all four waves and provided valid answers.2 
Table 7 in “Appendix” shows the response rates in the second, third, and fourth sur-
vey waves for each group, setting the number of valid responses in the first wave 
as the denominator. The response rates decrease with each wave, with no differ-
ence observed between groups. The response rates in the fourth and final wave are 
approximately 80% regardless of the group.

Figure 1 details the structure of each survey wave. The first wave captures par-
ticipants’ attributes, including gender, age, address, the frequency of contact with 

1st Wave
Apr 28-30,2020

Behaviors during 
the past week

Nudge-based
Messages

Intention during
the following week

2nd Wave
May 8-13,2020

3rd Wave
June 8-12,2020

4th Wave
July 28-Aug 3,2020

Intention during
the following week

Behaviors during 
the past week

Intention during
the following week

Behaviors during 
the past week

Intention during
the following week

Behaviors during 
the past week

Nudge-based
Messages

Nudge-based
Messages

Nudge-based
Messages

Fig. 1  Survey structures

2 In the first wave, we set a question to ascertain whether participants read our questionnaire and 
excluded from the follow-ups those who were found not to read it, further excluding from the analysis 
some participants who provided outlier answers (e.g., flying every day at a time before the experiment).
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others (by going out), and the frequency of taking behavioral measures to prevent 
infection in the week before the survey. Next, we randomly assign participants to 
one of the control groups and five nudge-based message groups and expose each 
group to a different message. We then ask participants their intentions to take 
contact-avoidance and infection-prevention measures during the following week. 
Finally, we ask them questions about their socio-economic attributes, including 
their educational background, family structure, and household income.

The second, third, and fourth survey waves have the same structure. In these 
waves, we present questions about the frequency of contact with others (by going 
out) and their infection-prevention measures in the week before each survey wave. 
We then expose them to the same nudge-based messages as in the first wave, and 
ask them questions to determine their intentions to refrain from going out, avoid-
ing contact with others, and preventing infection.

Figure  2 displays the cumulative number of confirmed new infections 
in Japan vis á vis the schedule of the survey experiment. The first and sec-
ond waves were carried out when the Japanese government declared a state of 
emergency (“kinkyu-jitai-sengen” in Japanese). Japan has primarily relied on 

Fig. 2  Cumulative number of confirmed new infections in Japan. Notes  The data on newly confirmed 
case are taken from the Ministry of Health, Labour, and Welfare (https:// www. mhlw. go. jp/ stf/ covid- 19/ 
open- data. html). A solid (dash) line shows the start (end) point of each wave. Gray shade (April 29-May 
6) shows “Golden Week” (GW), containing several holidays in close succession. The Japanese govern-
ment declared a state of emergency in seven prefectures (Tokyo, Saitama, Chiba, Kanagawa, Osaka, 
Hyogo, and Fukuoka) on April 7 and the other prefectures on April 16. The government removed the 
state of emergency in 39 prefectures on May 14 and 3 prefectures (Kyoto, Osaka, and Hyogo) on May 21 
and the other prefectures (Tokyo, Saitama, Chiba, Kanagawa, Hokkaido) on May 25

https://www.mhlw.go.jp/stf/covid-19/open-data.html
https://www.mhlw.go.jp/stf/covid-19/open-data.html
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non-compulsory interventions to control the spread of the infection, including 
different levels of requests and guidance. Declarations allow local governments to 
request restaurants and other stores to shorten their business hours and pay coop-
eration money to stores that adhere to the request. Following the government’s 
declarations, the level of awareness regarding the spread of COVID-19 infection 
climaxed among the Japanese people. The period between the first and second 
waves is referred to as the “Golden Week” in Japan. It is a holiday period during 
which many people usually travel to national tourist spots. Amid the pandemic, 
it was extremely important to control people’s movements, especially during the 
holiday week, promoting avoidance of close contact and taking thorough meas-
ures to prevent further spread of the infection.

Thus, the first part of this experiment examines the effect of the nudge-based 
messages displayed in the first survey wave on participants’ contact-avoidance and 
infection-prevention behaviors during the Golden Week. In other words, we examine 
the short-term effects of the messages.

The third and fourth waves were carried out when the number of confirmed new 
infections began settling down, and the government removed the state of emergency. 
The level of awareness regarding the spread of COVID-19 started to decline.3 In 
addition, more than 1  month passed between the second and the third wave and 
between the third and the fourth wave.

Thus, the second part of the experiment examines the effect of repeatedly dis-
playing nudge-based messages on participants’ contact-avoidance and infection-pre-
vention behaviors during the lull of the COVID-19 infection. Hence, we examine the 
relatively long-term effects of such messages.

For this study, we obtained ex-ante approval from the ethics committee of Gradu-
ate School of Economics, Osaka University.

2.2  Nudge‑based messages

We first provide participants with general information about COVID-19 (the dec-
laration of emergency, mortality rate, and transmission routes, among others) to all 
groups (see the actual screen in Fig. 4 of the “Appendix”). We then introduce three 
effective measures to prevent the infection.4

“To prevent infection,

• Reducing contact with others;
• Avoiding the “3 Cs” of closed spaces, crowded spaces, and close contact;
• Practicing proper hand washing and wearing a mask

are effective.”

3 More precisely, we carry out the fourth wave when the number of confirmed new infections began to 
increase again.
4 “Avoiding the 3 Cs” is one of the slogans created by Japanese experts on countermeasures on COVID-
19. Governments and media have frequently used this expression.
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In the intervention groups, one of the five nudge-based messages is randomly dis-
played, in addition to the above introduction. The specific messages read as follows 
(see the actual screens in Figs. 5, 6, 7, 8, 9, 10 of the “Appendix”):

1. Gain-framed altruistic message:

By refraining from going out, avoiding the “3 Cs,” washing your hands, and wear-
ing a mask, you can protect the lives of people close to you.

2. Loss-framed altruistic message:

By going out, not avoiding the “3 Cs,” and not washing your hands or wearing a 
mask, you will put the lives of people close to you at risk.

3. Selfish message:

By refraining from going out, avoiding the “3 Cs,” washing your hands, and wear-
ing a mask, you can protect your own life.

4. Altruistic and selfish message:

By refraining from going out, avoiding the “3 Cs,” washing your hands, and wear-
ing a mask, you can protect the lives of yourself and people close to you.

5. Simple message:

Stay home. You can protect the lives of people close to you.
While the contents of the nudge-based messages are essentially the same across 

the survey waves, we fine-tune the message wording to reflect changes in the social 
situation. At the time of the first and second survey waves, the Japanese government 
declared a state of emergency and asked people to refrain from leaving their houses, 
avoid social contact, and prevent infection. Thus, we use the phrase “reducing contact 
with others” in the common message in the first part of the experiment. At the time of 
the third and fourth waves, the government was gradually focusing on preventing the 
spread of the infection and reopening economic activities. Thus, in the second part of 
the experiment, we use the wording “keeping space between you and others.”
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2.3  Outcome measures

This study’s primary outcome variable is the “contact-avoidance behavior INDEX.” 
In each wave, we measure the frequency of the following 10 contact behaviors in the 
week before the survey (from “0: never” to “7: almost every day”).5

 1. Go to a tavern or bar;
 2. Go to a restaurant;
 3. Go to a cafe;
 4. Go to a supermarket or grocery store;
 5. Go to a gym;
 6. Go to work;
 7. Travel on public transportation such as trains and buses;
 8. Travel by plane;
 9. Participate in small gatherings and events (excluding online events);
 10. Participate in large gatherings and events (excluding online events).

We invert the participants’ responses to the 10 behavioral measures and convert 
them into measures of contact avoidance. We add these measures and divide the 
total value by 10. We call this value the “contact-avoidance behavior INDEX.” If we 
set each item as the dependent variable and perform regression analysis respectively, 
some intervention effects may be spuriously significant. To address this concern to 
some degree, we use a comprehensive index.6

Figure 3 shows the average index for the control group, which is not exposed to 
any nudge-based messages, for each survey wave. The first and second waves show 
relatively high levels of the index, while low index levels characterize the third and 
fourth waves. As mentioned earlier, the Japanese government declared a state of 
emergency during the first part of the experiment and removed it during the second 
part. The results for the control group indicate that the level of contact avoidance 
was quite high during the state of emergency but slightly decreased after its removal.

The second outcome variable is the “infection-prevention behavior INDEX.” In 
each survey wave, we measure the frequency of 15 infection-prevention behaviors 
in the week before the survey (from “0: never” to “7: almost every day”), as shown 
below.7 This variable is designed to capture the frequency of people taking measures 
to reduce the risk of infection, assuming that they have some opportunities to go out 

5 The Cronbach’s coefficient alpha for the responses in the first wave is 0.6823, which is lower than the 
general standard of 0.7 and thus raises concerns about their internal consistency. When we exclude some 
behavioral measures in the order of their low correlation with other measures, the alpha increases to 
0.7094 (without the measure 4), 0.8188 (without the measures 4, 6), and 0.9137 (without the measures 4, 
6, 7). In Sect. 3, we will use the indexes with more reliable alphas and confirm that our analysis results 
do not change.
6 The related study of Lunn et al. (2020) also uses a comprehensive index to evaluate the effectiveness of 
nudge-based messages.
7 The Cronbach’s coefficient alpha for the responses in the first wave is 0.8690, supporting that the 
responses have necessary internal consistency.
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and have contact with others. We add these measures and divide the total value by 
15, calling this value the “infection-prevention behavior INDEX.”

 1. When you need to cough or sneeze, place a mask or handkerchief over your 
mouth (“cough etiquette”);

 2. Practice gargling and frequent hand washing and disinfection of hands and 
fingers with alcohol;

 3. Try to avoid touching your face;
 4. Always wear a mask when talking;
 5. Avoid shaking hands;
 6. Talk with others via phone or video call whenever possible;
 7. Designate one person to shop or go out in a small group and during times when 

stores are not crowded;
 8. Use cashless payment methods (credit cards, electronic money, etc.) instead of 

cash;
 9. Use take-out or home delivery services instead of going to restaurants;
 10. Use delivery or mail-order services for larger purchases;
 11. Always wear a mask when going out;
 12. Avoid going out if you feel unwell;
 13. Try to stay home as much as possible even if you are not ill;
 14. Get plenty of rest and sleep;
 15. Eat nutritious foods.

Fig. 3  Contact-avoidance behavior INDEX for the control group in each wave. Notes  The maximum 
value of this index is 7, which refers to the state wherein contact avoidance is most thorough. In contrast, 
the minimum value is 0, which refers to the state wherein contact avoidance is least thorough
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We create the 10 and 15 behavioral measures based on the studies by Jordan et al. 
(2020) and Muto et al. (2020) and fine-tune them based on the Japanese context.

While the two outcome variables above reflect participants’ self-reported behav-
iors, the third outcome variable indicates prior intentions. In particular, we will show 
the results of the intention to comply with contact-avoidance behavior, which is our 
primary outcome variable. In each wave, we present the same behavioral measures 
immediately after the display of the nudge-based messages. We then ascertain the 
intention to adhere to those measures for the following week (from “0: no intention 
of stopping” to “7: will definitely stop”).

2.4  Descriptive statistics

Table  1 shows the descriptive statistics of the socio-economic attributes of the 
analysis sample for each group. From test results, we confirm that there are no dif-
ferences in age, gender, educational years, married status, and annual household 
income information between the control and intervention groups. We also confirm 
that the levels of the contact-avoidance INDEX and the infection-prevention behav-
ior INDEX are balanced among the groups, overall.

Next, we compare the analysis sample of those who provided valid responses in 
all four survey waves with those who did not, and examine their differences. Table 8 
in “Appendix” shows that some systematic differences exist in their socio-economic 
attributes, while such differences occur in the same way for each group. Specifically, 

Table 1  Descriptive statistics by group

Note  Some participants did not answer annual household income. We imputed the average amount of 
income for such respondents while considering that they did not answer it by using the variable of no 
income information

Variable name: Control Gain-
framed altru-
istic

Loss-
framed 
altruistic

Selfish Selfish and 
altruistic

Simple

N = 704 717 697 725 684 714

Age Mean 46.73 46.29 46.68 45.96 46.70 46.45
S.D [13.62] [13.53] [13.48] [13.76] [13.87] [13.92]

Female dummy Mean 0.49 0.50 0.50 0.50 0.52 0.49
S.D [0.50] [0.50] [0.50] [0.50] [0.50] [0.50]

Educational year Mean 14.58 14.60 14.67 14.63 14.66 14.73
S.D [2.09] [2.05] [1.97] [2.03] [2.06] [2.06]

Married dummy Mean 0.57 0.59 0.60 0.56 0.57 0.55
S.D [0.49] [0.49] [0.49] [0.50] [0.49] [0.50]

Annual household 
income (Unit: 10 
thousand yen)

Mean 606.16 622.92 611.07 631.46 627.84 628.98
S.D [344.90] [378.02] [359.44] [373.06] [343.79] [376.24]

No income infor-
mation dummy

Mean 0.19 0.16 0.19 0.19 0.19 0.17
S.D [0.39] [0.37] [0.39] [0.39] [0.39] [0.38]
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in all groups, the age, proportion of males, and annual household income in the anal-
ysis sample are higher than those of the other sample. Some of these differences are 
found to be statistically significant. Survey monitors with these characteristics may 
be more likely to participate in surveys continuously. According to the survey com-
pany of MyVoiceCom Co., Ltd., younger monitors are likely to drop out of online 
surveys. Hence, the study’s results may not fully capture the impact of nudge-based 
messages on younger generations.

In contrast, no notable differences are observed in psychological characteristics 
between the analysis and the remainder of the sample, including altruism and gen-
eral trust. Since this study examines the effects of messages characterized by an 
altruistic element, we are concerned that a large number of altruistic samples might 
remain in the continuous waves, and thus their effects might be biased upward. 
However, we confirm that this is not a concern in this study.

3  Empirical strategy and results

We evaluate the effects of the above five nudge-based messages on contact-avoid-
ance and infection-prevention behaviors using a fixed effects estimation and the fol-
lowing model specification (1):

Our estimations use two periods of data: the first and second waves, the first and 
third waves, and the first and fourth waves, respectively.8 The dependent variable 
yi,t refers to participant i ’s contact-avoidance behavior INDEX or infection-preven-
tion behavior INDEX in wave t . � is a constant term that represents the level of the 
index in the first wave. Wt is a dummy variable that identifies the second, third, or 
fourth wave, and its parameter � represents the degree to which the level of the index 
has changed from that of the first wave. N1 − N5 are dummy variables that iden-
tify groups exposed to five different nudge-based messages; �1 − �5 are the treatment 
effects and represent the extent to which the level of the index changes from the first 
to the second, third, or fourth wave as a result of viewing each nudge-based mes-
sage. Finally, ui,t is an error term that consists of �i (time-invariant individual effect) 
and �i,t (a random error term).

First, we conduct the estimation using all the analysis samples. Second, we 
employ the contact-avoidance behavior INDEX in the first wave and divide the anal-
ysis sample into two subsamples: those who were relatively compliant with contact-
avoidance instructions before the experiment ( INDEX ≥ 6.5 , N = 2128) and those 
who were not ( INDEX < 6.5 , N = 2113). Then, we estimate the proposed regression 
model for each subsample.9

(1)
yi,t = � + �W + �1Wt × N1i + �2Wt × N2i + �3Wt × N3i + �4Wt × N4i + �5Wt × N5i + ui,t.

9 The related study of Krpan et al. (2021) also conducts the subgroup analysis based on pre-experimental 
compliance levels. Consequently, showing the possibility that the direction of the effects of nudge-based 
interventions to prevent the spread of infection is reversed across the subgroups.

8 We confirm that there is no difference in the estimated results between when, respectively, using the 
two periods of data and the data of all the four periods simultaneously.
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3.1  Contact‑avoidance behavior INDEX

We report the results obtained when using the contact-avoidance behavior INDEX 
as the dependent variable. Our first finding is that the gain-framed altruistic message 
further promotes contact-avoidance behavior between the first and the second wave. 
This effect is observed in those who were less compliant with contact-avoidance rec-
ommendations and went out more frequently before the experiment. These individu-
als seem to decrease their frequency of going out to cafes and using public trans-
portation. However, the effect is short-term and disappears in the third and fourth 
waves. The second finding is that the other four types of nudge-based messages have 
no promoting effect on the contact-avoidance behavior in either the short or long 
term. In the long run, the selfish message may even have the opposite effect of mak-
ing participants neglect contact avoidance compared to the control group.

Column 1 of Table 2 shows the results obtained when using the data of the first 
and second waves. This step of the analysis captures how nudge-based messages 
affect the change in contact-avoidance behavior from the first to the second wave 
under the state of emergency. First, the coefficient on the dummy variable for the 
second wave is 0.057 (p < 0.05). This result implies that the control group partici-
pants (not exposed to nudge-based messages) increase their level of contact-avoid-
ance behavior INDEX from the first to the second wave. Second, among the five 
treatment groups (all exposed to nudge-based messages), the coefficient on the gain-
framed altruistic message is 0.071 and statistically significant at the 5% level, imply-
ing that the level of contact-avoidance behavior INDEX further increases among 
those exposed to this altruistic message. The other four messages have no statisti-
cally significant effect.

Columns 2 and 3 show the results obtained when using the data of the first and 
third waves and the first and fourth waves, respectively. These findings describe how 
multiple nudge-based message exposures (two or three times) affect contact-avoid-
ance behaviors. Since more than 1 month passes between the message exposure and 
the ascertainment of the level of the contact-avoidance behavior INDEX, we capture 
the relatively long-term effects of multiple message exposures. First, the coefficients 
on each wave are negative and equal to − 0.193 and − 0.225, respectively (p < 0.01), 
implying that control group participants decrease the level of the contact-avoidance 
behavior INDEX from the first wave, under the state of emergency, to the third or 
fourth wave, when it was removed. Next, the gain-framed altruistic message’s pro-
moting effect is not observed in the third and fourth waves. However, the effect of 
the selfish message is − 0.058 in the third wave and − 0.072 in the fourth wave. 
These results imply that in addition to the overall decrease in the level of contact-
avoidance behavior INDEX during this period, those exposed to the selfish message 
further decrease their compliance level. The statistical significance of this effect is 



384 The Japanese Economic Review (2021) 72:371–408

1 3

Ta
bl

e 
2 

 M
es

sa
ge

 e
ffe

ct
s o

n 
co

nt
ac

t-a
vo

id
an

ce
 b

eh
av

io
r I

N
D

EX

M
et

ho
d:

 fi
xe

d 
eff

ec
ts

 e
sti

m
at

io
n

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

(9
)

D
ep

en
de

nt
 v

ar
ia

bl
e:

Fu
ll-

sa
m

pl
e

Su
b-

sa
m

pl
e 

A
: T

ho
se

 w
ho

 w
er

e 
pr

ev
io

us
ly

 
m

or
e 

co
m

pl
ia

nt
 w

ith
 c

on
ta

ct
-a

vo
id

an
ce

 
in

str
uc

tio
ns

Su
b-

sa
m

pl
e 

B
: T

ho
se

 w
ho

 w
er

e 
pr

e-
vi

ou
sly

 le
ss

 c
om

pl
ia

nt
 w

ith
 c

on
ta

ct
-

av
oi

da
nc

e 
in

str
uc

tio
ns

C
on

ta
ct

-a
vo

id
an

ce
 b

eh
av

io
r I

N
D

EX

W
av

e2
0.

05
7*

*
−

 0
.0

97
**

*
0.

21
4*

**
(0

.0
24

)
(0

.0
26

)
(0

.0
39

)
W

av
e2

 ×
 G

ai
n-

fr
am

ed
 a

ltr
ui

sti
c

0.
07

1*
*

0.
00

7
0.

13
3*

*
(0

.0
36

)
(0

.0
34

)
(0

.0
60

)
W

av
e2

 ×
 L

os
s-

fr
am

ed
 a

ltr
ui

sti
c

0.
02

9
0.

00
6

0.
05

3
(0

.0
33

)
(0

.0
34

)
(0

.0
53

)
W

av
e2

 ×
 S

el
fis

h
0.

01
2

0.
03

9
−

 0
.0

25
(0

.0
31

)
(0

.0
33

)
(0

.0
51

)
W

av
e2

 ×
 S

el
fis

h 
an

d 
al

tru
ist

ic
0.

03
3

0.
05

4*
0.

00
9

(0
.0

33
)

(0
.0

29
)

(0
.0

57
)

W
av

e2
 ×

 S
im

pl
e

−
 0

.0
08

−
 0

.0
11

0.
00

2
(0

.0
35

)
(0

.0
39

)
(0

.0
56

)
W

av
e3

−
 0

.1
93

**
*

−
 0

.2
82

**
*

−
 0

.1
02

**
*

(0
.0

23
)

(0
.0

24
)

(0
.0

39
)

W
av

e3
 ×

 G
ai

n-
fr

am
ed

 a
ltr

ui
sti

c
0.

03
6

0.
01

4
0.

05
7

(0
.0

36
)

(0
.0

38
)

(0
.0

61
)

W
av

e3
 ×

 L
os

s-
fr

am
ed

 a
ltr

ui
sti

c
0.

01
5

−
 0

.0
16

0.
04

8
(0

.0
33

)
(0

.0
34

)
(0

.0
55

)
W

av
e3

 ×
 S

el
fis

h
−

 0
.0

58
*

−
 0

.0
31

−
 0

.0
91

(0
.0

35
)

(0
.0

39
)

(0
.0

57
)

W
av

e3
 ×

 S
el

fis
h 

an
d 

al
tru

ist
ic

0.
03

0
−

 0
.0

05
0.

06
4

(0
.0

34
)

(0
.0

39
)

(0
.0

56
)



385

1 3

The Japanese Economic Review (2021) 72:371–408 

Ta
bl

e 
2 

 (c
on

tin
ue

d)

M
et

ho
d:

 fi
xe

d 
eff

ec
ts

 e
sti

m
at

io
n

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

(9
)

D
ep

en
de

nt
 v

ar
ia

bl
e:

Fu
ll-

sa
m

pl
e

Su
b-

sa
m

pl
e 

A
: T

ho
se

 w
ho

 w
er

e 
pr

ev
io

us
ly

 
m

or
e 

co
m

pl
ia

nt
 w

ith
 c

on
ta

ct
-a

vo
id

an
ce

 
in

str
uc

tio
ns

Su
b-

sa
m

pl
e 

B
: T

ho
se

 w
ho

 w
er

e 
pr

e-
vi

ou
sly

 le
ss

 c
om

pl
ia

nt
 w

ith
 c

on
ta

ct
-

av
oi

da
nc

e 
in

str
uc

tio
ns

C
on

ta
ct

-a
vo

id
an

ce
 b

eh
av

io
r I

N
D

EX

W
av

e3
 ×

 S
im

pl
e

0.
01

6
−

 0
.0

01
0.

03
8

(0
.0

36
)

(0
.0

41
)

(0
.0

59
)

W
av

e4
−

 0
.2

25
**

*
−

 0
.3

46
**

*
−

 0
.1

02
**

(0
.0

25
)

(0
.0

27
)

(0
.0

42
)

W
av

e4
 ×

 G
ai

n-
fr

am
ed

 a
ltr

ui
sti

c
0.

01
2

−
 0

.0
06

0.
02

8
(0

.0
38

)
(0

.0
40

)
(0

.0
64

)
W

av
e4

 ×
 L

os
s-

fr
am

ed
 a

ltr
ui

sti
c

−
 0

.0
14

−
 0

.0
20

−
 0

.0
08

(0
.0

37
)

(0
.0

43
)

(0
.0

58
)

W
av

e4
 ×

 S
el

fis
h

−
 0

.0
72

*
−

 0
.0

41
−

 0
.1

10
*

(0
.0

37
)

(0
.0

43
)

(0
.0

59
)

W
av

e4
 ×

 S
el

fis
h 

an
d 

al
tru

ist
ic

0.
00

9
0.

00
4

0.
01

1
(0

.0
37

)
(0

.0
41

)
(0

.0
61

)
W

av
e4

 ×
 S

im
pl

e
−

 0
.0

01
−

 0
.0

35
0.

04
1

(0
.0

37
)

(0
.0

42
)

(0
.0

59
)

C
on

st
an

t t
er

m
6.

31
5*

**
6.

31
5*

**
6.

31
5*

**
6.

75
1*

**
6.

75
1*

**
6.

75
1*

**
5.

87
7*

**
5.

87
7*

**
5.

87
7*

**
(0

.0
05

)
(0

.0
05

)
(0

.0
06

)
(0

.0
05

)
(0

.0
06

)
(0

.0
06

)
(0

.0
08

)
(0

.0
09

)
(0

.0
09

)
N

um
be

r o
f o

bs
er

va
tio

ns
84

82
84

82
84

82
42

56
42

56
42

56
42

26
42

26
42

26
N

um
be

r o
f p

ar
tic

ip
an

ts
42

41
42

41
42

41
21

28
21

28
21

28
21

13
21

13
21

13

N
ot

es
 C

lu
ste

r r
ob

us
t s

ta
nd

ar
d 

er
ro

rs
 a

t i
nd

iv
id

ua
l l

ev
el

 a
re

 in
 p

ar
en

th
es

es
; *

**
p <

 0.
01

, *
*p

 <
 0.

05
, *

p <
 0.

1.
 W

e 
em

pl
oy

 th
e 

co
nt

ac
t-a

vo
id

an
ce

 b
eh

av
io

r I
N

D
EX

 in
 th

e 
fir

st 
w

av
e 

an
d 

di
vi

de
 th

e 
an

al
ys

is
 s

am
pl

e 
in

to
 tw

o 
su

bs
am

pl
es

: t
ho

se
 w

ho
 w

er
e 

re
la

tiv
el

y 
co

m
pl

ia
nt

 w
ith

 c
on

ta
ct

-a
vo

id
an

ce
 in

str
uc

tio
ns

 b
ef

or
e 

th
e 

ex
pe

rim
en

t (
Su

b-
sa

m
pl

e 
A

: 
IN

D
EX

 ≥
 6.

5,
 N

 =
 21

28
) a

nd
 th

os
e 

w
ho

 w
er

e 
no

t (
Su

b-
sa

m
pl

e 
B

: I
N

D
EX

 <
 6.

5,
 N

 =
 21

13
)



386 The Japanese Economic Review (2021) 72:371–408

1 3

10%; however, it is still observed after more than 1  month since the most recent 
message exposure. Therefore, this effect may be persistent.

We divide the analysis sample into two subsamples: those who were relatively 
compliant with contact avoidance at the time before the experiment and those who 
were not. Then, we conduct the estimation for each subsample. Columns 4–6 show 
the results for the first subsample and columns 7–9 report the findings for those who 
were not. The constant term of the former is 6.751, which is closer to the maxi-
mum value of the INDEX, 7,10 implying that the first subsample was compliant with 
contact avoidance almost to the maximum degree in advance. Then, we find that 
the gain-framed altruistic message promotes the contact-avoidance behavior in the 
short term in the second subsample of those who did not comply with such behavior 
before the experiment. This effect is small and statistically insignificant in column 
4, while it is equal to 0.133 and statistically significant at the 5% level in column 7. 
The effect of the selfish message on neglecting the contact-avoidance behavior in the 
long term weakens in the two subsamples; however, the results suggest that it may 
be observed in the latter group. The selfish message effect is − 0.110 in column 9 
(p < 0.10).

We reported in footnote 5 that the Cronbach’s coefficient alpha of the items for 
the INDEX was 0.6823, and then created three alternative indexes with higher 
alphas of 0.7094, 0.8188, and 0.9137, by excluding some items in the order of their 
low correlation with other items. We still find the same results shown in Table 9 
in “Appendix” with the three indexes. The gain-framed altruistic message promotes 
contact-avoidance behavior in the first part of the experiment, and the selfish mes-
sage decreases its compliance level in the second part. When using the full sam-
ple, the altruistic message’s effect for the second wave ranges from 0.072 to 0.078 
(p < 0.05 for all), while the selfish message’s effect for the fourth wave ranges from 
− 0.076 to − 0.080 (p < 0.05 for all).

Overall, the study’s results indicate that when the Japanese government declared 
a state of emergency and people were required to refrain from going out and avoid 
contact with others, the gain-framed  altruistic message promoted contact avoid-
ance, particularly among people who went out more frequently before the experi-
ment. To verify which specific behavior is promoted by this altruistic message, we 
decompose the contact-avoidance behavior INDEX and estimate the effect of the 
altruistic message on each item in the previously less compliant subsample. How-
ever, as mentioned above, some treatment effects may happen to be significant due 
to multiple outcomes. Thus, we consider the estimation results from this method 
only as reference information. The results in Table 3 show that those exposed to the 
gain-framed altruistic message may have reduced the frequency of going out to cafes 
and using public transportation, including trains and buses, compared to the control 
group.

10 However, the null hypothesis that the constant term is equal to 7 is statistically rejected at the 1% 
level.
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3.2  Infection‑prevention behavior INDEX

We report the results obtained when using the infection-prevention behavior INDEX as 
the dependent variable. First, we find that the gain-framed altruistic message decreases 
the level of the index, mainly from the first to the second wave. This effect is observed 
in those who were originally more compliant with contact avoidance and went out less 
frequently. Second, we find that the selfish message also decreases the level of infec-
tion-prevention behavior INDEX. As in the case of the altruistic message, this effect is 
observed in those who originally went out less frequently.

In columns 1–3 of Table 4, none of the wave coefficients are statistically significant. 
This result implies that the level of the infection-prevention behavior INDEX in the sec-
ond, third, or fourth wave is, on average, indifferent to that of the first wave. In column 
1, the coefficient on the gain-framed altruistic message is − 0.107 (p < 0.10), and that on 
the selfish message is − 0.129 (p < 0.05). Both coefficients are negative, suggesting that 
those exposed to these messages decrease their level of compliance with the infection-
prevention behaviors from the first to the second wave. This effect of the selfish message 
is also observed in column 2, although its statistical significance becomes weakened 
(− 0.109, p < 0.10). Those exposed to the selfish message may have relatively low levels 
of infection-prevention behaviors not only during the second wave, under the state of 
emergency but also during the third wave, when the declaration was removed.

The results in columns 4–9 indicate that the above effects of the gain-framed altru-
istic and selfish messages are observed in those participants who were previously more 
compliant with the contact-avoidance behavior and went out less frequently before the 
experiment. In column 4, the coefficient on the altruistic message is − 0.197 (p < 0.05), 
and that on the selfish message is − 0.167 (p < 0.05).

Overall, under the state of emergency, the gain-framed altruistic and selfish messages 
decrease the level of infection-prevention behaviors of people who originally went out 
less frequently. Since the infection-prevention behavior INDEX consists of a variety of 
behavioral items, including wearing a mask, hand washing, shopping tips, sleeping, and 
eating, the implications vary depending on which items are affected by the messages. The 
results in Table 5 show that those exposed to the gain-framed altruistic message experi-
ence a worsening in the quality of their rest, sleep, and meals. Furthermore, they more 
often touch their face and go shopping with multiple family members or in crowded 
stores than those in the control group. In addition, those exposed to the selfish message 
use phone calls or video calls instead of face-to-face communication less often than those 
in the control group. The results imply that these messages may have a backfire or side 
effects when further compliance is required from those who have already been compliant.



389

1 3

The Japanese Economic Review (2021) 72:371–408 

Ta
bl

e 
4 

 M
es

sa
ge

 e
ffe

ct
s o

n 
in

fe
ct

io
n-

pr
ev

en
tio

n 
be

ha
vi

or
 IN

D
EX

M
et

ho
d:

 fi
xe

d 
eff

ec
ts

 e
sti

m
at

io
n

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

(9
)

D
ep

en
de

nt
 v

ar
ia

bl
e:

Fu
ll-

sa
m

pl
e

Su
b-

sa
m

pl
e 

A
: T

ho
se

 w
ho

 w
er

e 
pr

ev
i-

ou
sly

 m
or

e 
co

m
pl

ia
nt

 w
ith

 c
on

ta
ct

-a
vo

id
-

an
ce

 in
str

uc
tio

ns

Su
b-

sa
m

pl
e 

B
: T

ho
se

 w
ho

 w
er

e 
pr

ev
io

us
ly

 le
ss

 c
om

pl
ia

nt
 w

ith
 

co
nt

ac
t-a

vo
id

an
ce

 in
str

uc
tio

ns
In

fe
ct

io
n-

pr
ev

en
tio

n 
be

ha
vi

or
 IN

D
EX

W
av

e2
0.

06
2

0.
08

2
0.

04
2

(0
.0

44
)

(0
.0

59
)

(0
.0

66
)

W
av

e2
 ×

 G
ai

n-
fr

am
ed

 a
ltr

ui
sti

c
−

 0
.1

07
*

−
 0

.1
97

**
−

 0
.0

17
(0

.0
63

)
(0

.0
91

)
(0

.0
86

)
W

av
e2

 ×
 L

os
s-

fr
am

ed
 a

ltr
ui

sti
c

−
 0

.0
45

−
 0

.0
85

−
 0

.0
03

(0
.0

62
)

(0
.0

86
)

(0
.0

90
)

W
av

e2
 ×

 S
el

fis
h

−
 0

.1
29

**
−

 0
.1

67
**

−
 0

.0
93

(0
.0

59
)

(0
.0

82
)

(0
.0

84
)

W
av

e2
 ×

 S
el

fis
h 

an
d 

al
tru

ist
ic

−
 0

.0
55

−
 0

.0
54

−
 0

.0
57

(0
.0

61
)

(0
.0

87
)

(0
.0

85
)

W
av

e2
 ×

 S
im

pl
e

−
 0

.0
44

−
 0

.0
65

−
 0

.0
23

(0
.0

60
)

(0
.0

81
)

(0
.0

89
)

W
av

e3
−

 0
.0

64
−

 0
.0

12
−

 0
.1

17
*

(0
.0

48
)

(0
.0

68
)

(0
.0

67
)

W
av

e3
 ×

 G
ai

n-
fr

am
ed

 a
ltr

ui
sti

c
−

 0
.0

84
−

 0
.1

55
−

 0
.0

11
(0

.0
67

)
(0

.0
95

)
(0

.0
95

)
W

av
e3

 ×
 L

os
s-

fr
am

ed
 a

ltr
ui

sti
c

0.
06

2
0.

04
2

0.
08

1
(0

.0
66

)
(0

.0
93

)
(0

.0
95

)
W

av
e3

 ×
 S

el
fis

h
-0

.1
09

*
−

 0
.1

08
−

 0
.1

05
(0

.0
63

)
(0

.0
90

)
(0

.0
89

)
W

av
e3

 ×
 S

el
fis

h 
an

d 
al

tru
ist

ic
-0

.0
44

0.
01

4
−

 0
.1

01
(0

.0
65

)
(0

.0
92

)
(0

.0
92

)



390 The Japanese Economic Review (2021) 72:371–408

1 3

N
ot

es
 C

lu
ste

r r
ob

us
t s

ta
nd

ar
d 

er
ro

rs
 a

t i
nd

iv
id

ua
l l

ev
el

 a
re

 in
 p

ar
en

th
es

es
; *

**
p <

 0.
01

, *
*p

 <
 0.

05
, *

p <
 0.

1.
 W

e 
em

pl
oy

 th
e 

co
nt

ac
t-a

vo
id

an
ce

 b
eh

av
io

r I
N

D
EX

 in
 th

e 
fir

st 
w

av
e 

an
d 

di
vi

de
 th

e 
an

al
ys

is
 s

am
pl

e 
in

to
 tw

o 
su

bs
am

pl
es

: t
ho

se
 w

ho
 w

er
e 

re
la

tiv
el

y 
co

m
pl

ia
nt

 w
ith

 c
on

ta
ct

-a
vo

id
an

ce
 in

str
uc

tio
ns

 b
ef

or
e 

th
e 

ex
pe

rim
en

t (
Su

b-
sa

m
pl

e 
A

: 
IN

D
EX

 ≥
 6.

5,
 N

 =
 21

28
) a

nd
 th

os
e 

w
ho

 w
er

e 
no

t (
Su

b-
sa

m
pl

e 
B

: I
N

D
EX

 <
 6.

5,
 N

 =
 21

13
)

Ta
bl

e 
4 

 (c
on

tin
ue

d)

M
et

ho
d:

 fi
xe

d 
eff

ec
ts

 e
sti

m
at

io
n

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

(9
)

D
ep

en
de

nt
 v

ar
ia

bl
e:

Fu
ll-

sa
m

pl
e

Su
b-

sa
m

pl
e 

A
: T

ho
se

 w
ho

 w
er

e 
pr

ev
i-

ou
sly

 m
or

e 
co

m
pl

ia
nt

 w
ith

 c
on

ta
ct

-a
vo

id
-

an
ce

 in
str

uc
tio

ns

Su
b-

sa
m

pl
e 

B
: T

ho
se

 w
ho

 w
er

e 
pr

ev
io

us
ly

 le
ss

 c
om

pl
ia

nt
 w

ith
 

co
nt

ac
t-a

vo
id

an
ce

 in
str

uc
tio

ns
In

fe
ct

io
n-

pr
ev

en
tio

n 
be

ha
vi

or
 IN

D
EX

W
av

e3
 ×

 S
im

pl
e

0.
04

3
0.

02
7

0.
05

8

(0
.0

65
)

(0
.0

93
)

(0
.0

92
)

W
av

e4
0.

00
2

0.
08

1
−

 0
.0

79
(0

.0
49

)
(0

.0
67

)
(0

.0
72

)
W

av
e4

 ×
 G

ai
n-

fr
am

ed
 a

ltr
ui

sti
c

−
 0

.0
42

−
 0

.1
15

0.
03

2
(0

.0
69

)
(0

.0
98

)
(0

.0
97

)
W

av
e4

 ×
 L

os
s-

fr
am

ed
 a

ltr
ui

sti
c

0.
01

0
−

 0
.1

04
0.

12
6

(0
.0

66
)

(0
.0

91
)

(0
.0

96
)

W
av

e4
 ×

 S
el

fis
h

−
 0

.0
50

−
 0

.0
74

−
 0

.0
21

(0
.0

65
)

(0
.0

87
)

(0
.0

96
)

W
av

e4
 ×

 S
el

fis
h 

an
d 

al
tru

ist
ic

−
 0

.0
53

−
 0

.0
59

−
 0

.0
46

(0
.0

67
)

(0
.0

94
)

(0
.0

96
)

W
av

e4
 ×

 S
im

pl
e

−
 0

.0
18

−
 0

.1
26

0.
09

2
(0

.0
67

)
(0

.0
92

)
(0

.0
99

)
C

on
st

an
t t

er
m

4.
96

9*
**

4.
96

9*
**

4.
96

9*
**

5.
04

5*
**

5.
04

5*
**

5.
04

5*
**

4.
89

3*
**

4.
89

3*
**

4.
89

3*
**

(0
.0

09
)

(0
.0

09
)

(0
.0

09
)

(0
.0

13
)

(0
.0

13
)

(0
.0

13
)

(0
.0

12
)

(0
.0

13
)

(0
.0

13
)

N
um

be
r o

f o
bs

er
va

tio
ns

84
82

84
82

84
82

42
56

42
56

42
56

42
26

42
26

42
26

N
um

be
r o

f p
ar

tic
ip

an
ts

42
41

42
41

42
41

21
28

21
28

21
28

21
13

21
13

21
13



391

1 3

The Japanese Economic Review (2021) 72:371–408 

Ta
bl

e 
5 

 E
ffe

ct
s o

n 
ea

ch
 it

em
 o

f i
nf

ec
tio

n-
pr

ev
en

tio
n 

be
ha

vi
or

 IN
D

EX

N
ot

es
 C

lu
ste

r r
ob

us
t s

ta
nd

ar
d 

er
ro

rs
 a

t i
nd

iv
id

ua
l l

ev
el

 a
re

 in
 p

ar
en

th
es

es
; *

**
p <

 0.
01

, *
*p

 <
 0.

05
, *

p <
 0.

1.
 In

 th
is

 a
na

ly
si

s, 
w

e 
on

ly
 u

se
 th

e 
su

bs
am

pl
e 

th
os

e 
w

ho
 w

er
e 

pr
ev

io
us

ly
 m

or
e 

co
m

pl
ia

nt
 w

ith
 c

on
ta

ct
-a

vo
id

an
ce

 in
str

uc
tio

ns

M
et

ho
d:

 fi
xe

d 
eff

ec
ts

 e
sti

m
at

io
n

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

(9
)

(1
0)

(1
1)

(1
2)

(1
3)

(1
4)

(1
5)

D
ep

en
de

nt
 v

ar
i-

ab
le

:
C

ou
gh

 
et

iq
ue

tte
H

an
d 

w
as

hi
ng

A
vo

id
 

to
uc

hi
ng

 
fa

ce

W
ea

r a
 

m
as

k 
w

he
n 

ta
lk

in
g

A
vo

id
 

sh
ak

in
g 

ha
nd

s

Ph
on

e 
or

 
vi

de
o 

ca
ll

A
vo

id
 

sh
op

pi
ng

 
w

ith
 m

em
-

be
rs

C
as

hl
es

s 
pa

ym
en

t
Ta

ke
-o

ut
 

or
 h

om
e 

de
liv

er
y

M
ai

l-
or

de
r 

se
rv

ic
e

W
ae

r a
 

m
as

k 
w

he
n 

go
in

g 
ou

t

St
ay

 
ho

m
e 

if 
yo

u 
ar

e 
ill

St
ay

 
ho

m
e 

ev
en

 if
 

yo
u 

ar
e 

no
t i

ll

Re
st 

an
d 

sl
ee

p
N

ut
rio

us
 

fo
od

s

Ea
ch

 c
on

ta
ct

-
av

oi
da

nc
e 

be
ha

vi
or

W
av

e2
0.

07
6

-0
.0

08
0.

27
9*

*
0.

19
2*

0.
08

5
0.

29
0*

*
0.

07
9

−
 0

.0
56

0.
16

6
−

 0
.1

69
0.

05
4

0.
08

7
−

 0
.0

45
0.

09
3

0.
11

0
(0

.1
29

)
(0

.0
83

)
(0

.1
10

)
(0

.1
13

)
(0

.1
36

)
(0

.1
46

)
(0

.1
14

)
(0

.1
14

)
(0

.1
67

)
(0

.1
50

)
(0

.1
00

)
(0

.1
40

)
(0

.0
89

)
(0

.0
83

)
(0

.0
86

)
W

av
e2

 ×
 G

ai
n-

fr
am

ed
 a

ltr
u-

ist
ic

−
 0

.2
10

-0
.0

89
−

 0
.3

10
**

−
 0

.1
14

−
 0

.1
71

−
 0

.2
43

−
 0

.4
55

**
*

−
 0

.1
16

−
 0

.1
52

−
 0

.0
68

−
 0

.1
98

−
 0

.2
24

-0
.0

50
−

 0
.2

68
**

−
 0

.2
83

**
(0

.1
94

)
(0

.1
21

)
(0

.1
57

)
(0

.1
69

)
(0

.2
00

)
(0

.2
11

)
(0

.1
74

)
(0

.1
65

)
(0

.2
37

)
(0

.2
16

)
(0

.1
39

)
(0

.1
99

)
(0

.1
38

)
(0

.1
21

)
(0

.1
31

)

W
av

e2
 ×

 L
os

s-
fr

am
ed

 
al

tru
ist

ic

−
 0

.3
23

*
0.

00
3

−
 0

.0
47

−
 0

.0
56

−
 0

.1
98

−
 0

.5
73

**
*

−
 0

.1
41

0.
10

7
−

 0
.0

16
0.

42
1*

*
−

 0
.0

62
−

 0
.1

16
−

 0
.0

03
−

 0
.1

27
−

 0
.1

47
(0

.1
90

)
(0

.1
23

)
(0

.1
56

)
(0

.1
61

)
(0

.1
87

)
(0

.2
06

)
(0

.1
63

)
(0

.1
60

)
(0

.2
30

)
(0

.2
09

)
(0

.1
47

)
(0

.2
05

)
(0

.1
26

)
(0

.1
18

)
(0

.1
25

)

W
av

e2
 ×

 S
el

fis
h

−
 0

.3
55

*
0.

00
8

−
 0

.2
36

−
 0

.2
11

−
 0

.2
10

−
 0

.4
10

**
−

 0
.2

44
−

 0
.1

09
−

 0
.2

46
0.

22
0

−
 0

.2
05

−
 0

.2
98

−
 0

.0
46

−
 0

.1
39

−
 0

.0
19

(0
.1

84
)

(0
.1

10
)

(0
.1

51
)

(0
.1

61
)

(0
.1

90
)

(0
.2

05
)

(0
.1

73
)

(0
.1

62
)

(0
.2

29
)

(0
.2

10
)

(0
.1

35
)

(0
.2

03
)

(0
.1

22
)

(0
.1

11
)

(0
.1

23
)

W
av

e2
 ×

 S
lfi

sh
 

an
d 

al
tru

ist
ic

−
 0

.3
04

−
 0

.1
06

−
 0

.0
01

0.
01

0
0.

05
0

−
 0

.3
40

−
 0

.2
34

0.
09

1
0.

12
0

0.
35

3
−

 0
.0

36
−

 0
.0

55
−

 0
.0

87
−

 0
.1

75
−

 0
.0

92
(0

.1
92

)
(0

.1
14

)
(0

.1
55

)
(0

.1
63

)
(0

.1
97

)
(0

.2
16

)
(0

.1
80

)
(0

.1
63

)
(0

.2
49

)
(0

.2
18

)
(0

.1
38

)
(0

.2
13

)
(0

.1
25

)
(0

.1
18

)
(0

.1
24

)
W

av
e2

 ×
 S

im
pl

e
−

 0
.2

72
0.

18
0

−
 0

.0
42

−
 0

.0
12

0.
02

1
−

 0
.2

58
−

 0
.0

22
−

 0
.0

06
−

 0
.1

66
0.

09
3

−
 0

.0
10

−
 0

.3
29

*
−

 0
.0

34
−

 0
.1

64
0.

04
8

(0
.1

83
)

(0
.1

24
)

(0
.1

46
)

(0
.1

57
)

(0
.1

87
)

(0
.2

05
)

(0
.1

63
)

(0
.1

55
)

(0
.2

32
)

(0
.2

16
)

(0
.1

42
)

(0
.1

93
)

(0
.1

17
)

(0
.1

16
)

(0
.1

23
)

C
on

st
an

t t
er

m
5.

17
3*

**
6.

12
9*

**
4.

13
9*

**
4.

87
0*

**
5.

56
6*

**
4.

37
7*

**
5.

21
2*

**
4.

45
0*

**
3.

68
3*

**
3.

70
7*

**
6.

03
3*

**
5.

22
7*

**
6.

26
1*

**
5.

90
3*

**
4.

94
6*

**
(0

.0
28

)
(0

.0
17

)
(0

.0
22

)
(0

.0
24

)
(0

.0
28

)
(0

.0
30

)
(0

.0
25

)
(0

.0
23

)
(0

.0
34

)
(0

.0
31

)
(0

.0
20

)
(0

.0
30

)
(0

.0
18

)
(0

.0
17

)
(0

.0
18

)
N

um
be

r o
f o

bs
er

-
va

tio
ns

42
56

42
56

42
56

42
56

42
56

42
56

42
56

42
56

42
56

42
56

42
56

42
56

42
56

42
56

42
56

N
um

be
r o

f 
pa

rti
ci

pa
nt

s
21

28
21

28
21

28
21

28
21

28
21

28
21

28
21

28
21

28
21

28
21

28
21

28
21

28
21

28
21

28



392 The Japanese Economic Review (2021) 72:371–408

1 3

4  Supplementary results

Previous studies have reported an intention-behavior gap in the effects of messages 
to encourage COVID-19 preventive behavior (Falco & Zaccagni, 2020).11 Although 
this study shows that only the gain-framed  altruistic message promotes people’s 
behaviors of refraining from going out and avoiding contact with others, the other 
four messages may strengthen people’s behavioral intentions. In this section, we 
conduct estimations using intention instead of behavior.

We measure the effect of nudge-based messages on participants’ intentions to 
adopt a contact-avoidance behavior using the Ordinary Least Squares method. The 
model specification reads as follows:

The estimation uses cross-sectional data from the first, second, third, and fourth 
waves. The dependent variable yi is participant i ’s contact-avoidance intention 
INDEX. α is a constant term that represents the level of the index in the control 
group for each wave. Behavior expresses the level of the pre-survey contact-avoid-
ance behavior INDEX, which is ascertained in the first wave and not influenced by 
nudge-based messages. This variable controls for the previous behavior.12 N1 − N5 
are the same as those in Eq. (1). �1 − �5 are the treatment effects and represent the 
impact of each nudge-based message on the contact-avoidance intention INDEX. 
Xi is a vector of participant i ’s covariates, including age, gender, educational years, 
marital status, information related to annual household income, and response time; 
ui is a random error term.

The results in Table 6 show that the gain-framed altruistic and the loss-framed 
altruistic messages increase the contact-avoidance intention INDEX in those who 
originally went out more frequently. The coefficients on the gain-framed altruistic 
message are 0.193 in column 10 (p < 0.05), 0.181 in column 11 (p < 0.10), and 0.216 
in column 12 (p < 0.05). The coefficients on the loss-framed altruistic message are 
0.165 in column 11 (p < 0.10) and 0.284 in column 12 (p < 0.01).

The above results imply that the two types of altruistic messages reinforce the 
immediate intentions even after repeatedly displayed, though not every time. How-
ever, the previous section showed that those messages do not promote compliance 
behavior in the third and fourth survey waves. There are two potential explanations. 
First, the findings might indicate the intention-behavior gap. Second, the results 
might be affected by differences in the timing of the intention and behavior assess-
ments. As explained in Sect. 2, all survey waves captured participants’ behavioral 
intentions approximately one week after being exposed to the nudge-based mes-
sages. In addition, the second wave captured their behavior approximately 1 week 

(2)yi = � + � Behaviori + �1N1i + �2N2i + �3N3i + �4N4i + �5N5i + Xi� + ui.

11 The Intention-Behavior Gap has been reported in other topics, including commuter behavior and job 
search behavior (Abel et al., 2019; Kristal & Whillans, 2020).
12 As evaluated in the previous section, the nudge-based messages could influence the behavior, which is 
ascertained in the second, third, and fourth waves. Thus, we only control the pre-survey behavior also in 
the estimations with the data of the following wave.
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after the first wave. In this period, the timing of the intention and behavior assess-
ments coincides. On the other hand, the third and fourth waves captured participants’ 
behavior more than 1 month after being exposed to nudge-based messages. There-
fore, in the second to the third or fourth wave, their behavior might have changed 
immediately after being exposed to the message: however, the above assessment 
method might have failed to capture the behavioral change. For instance, since the 
gain-framed altruistic message changes the behavior for 1  week from the first to 
the second wave, this possibility may be more promising in the message. On the 
contrary, since the loss-framed altruistic message has never shown any behavioral 
change effect throughout the experimental period, the results may be explained by 
the intention-behavior gap.

Unlike the two altruistic messages, the other three nudge-based messages do 
not keep strengthening the intention to avoid contact with others over time, even 
though some significant effects are observed in spots. For example, in column 5, 
the coefficient on the selfish message is 0.167 and statistically significant at the 5% 
level. This result implies that immediately after being exposed to this message in 
the first wave, those who originally went out less frequently strengthen their inten-
tion to avoid contact. However, we have shown that selfish messages do not pro-
mote contact-avoidance behavior from the first to the second survey. We even find 
a decrease in the level of the infection-prevention behavior INDEX. As mentioned 
above, the timing of the assessments of intention and behavior coincides during 
this period. Thus, we can state that the results for the selfish message support the 
intention-behavior gap. In other words, although the selfish message strengthens 
the contact-avoidance intention, it does not promote contact-avoidance behavior 
and may even worsen it.

5  Discussion, limitations, and conclusions

We conducted a four-wave online survey experiment to examine how five types 
of nudge-based messages influence people’s self-reported  behavior to prevent the 
spread of COVID-19. The results show that only a gain-framed altruistic message, 
emphasizing that behavioral adherence protects the lives of people close to the par-
ticipants, reduces the frequency of going out and promotes contact avoidance.

The behavioral change induced by the gain-framed altruistic message is observed 
during the first part of the experiment when the Japanese government declared a 
state of emergency and the social need for people to refrain from going out was 
high. Concretely, people who viewed the message may have reduced the frequency 
of going out to cafes and using public transportation. This behavioral change dis-
appears in the second part of the experiment when the state of emergency was 
removed. However, the intention to refrain from going out and avoid contact 
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with others increases immediately after being exposed to this altruistic message, 
even during that period. In other words, the behavioral change effect of the gain-
framed altruistic message could be short term, while its effect of changing percep-
tions and strengthening intentions could be long term, at least to some extent.

The behavioral change induced by the gain-framed  altruistic message is also 
observed among those who went out more frequently and were relatively less com-
pliant with contact avoidance before the experiment. The ceiling effect is one pos-
sible reason why the behavioral change effect is not observed in the other group. The 
contact-avoidance behavior INDEX of that group before the experiment was 6.751, 
which is close to its maximum value of 7. They may have had almost no room for 
further improvement. Barari et al. (2020) also use the ceiling effect, explaining that 
their nudge-based messages do not have an additional effect on those who are com-
plying with preventive instruction.

The other four nudge-based messages do not encourage actions to prevent the 
spread of the infection. The loss-framed altruistic message, similar to the above 
message in the gain-frame, increases participants’ compliance intentions in the 
second part of the experiment. However, no behavioral change is observed at any 
point. The selfish message also increases the compliance intention in the first part 
of the experiment, while it actually worsens the infection-prevention behavior. As in 
Jordan et al. (2020), multiple messages can reinforce the intentions: however, only 
the gain-framed altruistic message is found from this study to have the behavioral 
change effect.

Here, we should note that the gain-framed  altruistic message is also not a 
panacea. Although this message has the expected behavioral change effect on 
those who were relatively noncompliant with contact avoidance, it could have 
the adverse effects of decreasing the compliance level of infection-prevention 
behaviors on the remainder of the sample. For example, after being exposed to 
this altruistic message, the latter subgroup might have increased the frequency 
of shopping with multiple family members and in crowded stores and decreased 
the frequency of getting quality sleep and eating nutritious meals. The impact on 
sleep and eating, in particular, might be a side effect of requiring further compli-
ance from those who already have been compliant. Another study suggests that 
the direction of the effect of interventions to prevent the spread of infection may 
be reversed in different groups (Krpan et al., 2021). The study shows that infor-
mational intervention further promotes contact avoidance in those who recently 
embraced avoidance, while reducing the frequency of contact avoidance in those 
who previously avoided contact.

This study’s policy implication is that, to promote contact-avoidance behav-
ior, gain-framed altruistic messages should be shared in places and at times when 
people who go out more frequently and are not engaged in contact avoidance are 
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more likely to be exposed to the messages. Although the behavioral change is only 
observed in the early stages of the experiment and is, then, short-term, comply-
ing intentions increase with each message exposure. Some influence on partici-
pants’ behaviors may be observed immediately after browsing, although this study 
cannot fully capture it. In light of these findings, it would be effective to put gain-
framed altruistic messages on educational posters in the city or on apps often used 
by those who go out. These applications have already been implemented in various 
countries and may have been working as expected. However, the short-term effect 
of the gain-framed altruistic message can be explained also by habituation (Groves 
& Thompson, 1970; Thompson & Spencer, 1966). It refers to the phenomenon that 
when an intervention is provided repeatedly, responses to it gradually decline. The 
habituation likely occurs with neutral interventions without financial rewards or 
penalties. Outside of this experiment, Japanese central and local governments have 
frequently used gain-framed altruistic messages, which may have spurred the habitu-
ation of the message effect.13 It would be more effective to deliver this message to 
the target in a timely manner rather than posting it regularly.

The loss-framed altruistic message and selfish and altruistic message, both of 
which contain an altruistic component, do not have the same impact as the gain-
framed altruistic message. This implies that the policymakers and practitioners need 
to carefully scrutinize the elements and wording of nudge-based messages, when 
using the messages as a countermeasure for COVID-19. Previous studies have 
reported that a loss-framed message is not always effective, while a gain-framed 
message promotes disease prevention behaviors (Detweiler et al., 1999; Toll et al., 
2007). A more recent study on COVID-19 shows that preventive behaviors are pro-
moted by both a threat-framed message, “hundreds of people will be lost,” and a 
gain-framed message, “we can save hundreds of lives.” However, the former gener-
ates more negative emotions (Heffner et  al., 2020), which may inhibit behavioral 
changes. The result of the selfish and altruistic message may be explained by moti-
vational crowding out, where referring to one’s gain blocks an increase in altruistic 
motivation (Gneezy & Rustichini, 2000). In addition, those exposed to selfish mes-
sages are likely to engage in behaviors with a high risk of infection, while the selfish 
and altruistic messages do not promote such actions. Emphasizing the interests of 
others over one’s interests might curb risky behaviors.

This study has some limitations. One is that there is a certain degree of response 
bias in our analysis sample, because we use a survey experiment with multiple fol-
low-ups. Although we find no differences in psychological characteristics, includ-
ing altruism and general trust, between the analysis sample and the remainder of 

13 In March 2020, the central government’s expert panel on the COVID-19 stated that if we simply avoid 
“3 Cs,” we can stop many people from becoming seriously ill and save lives. In April, they used the 
phrase “protecting the lives of those closest to us” in a document introducing tips for reducing contact 
with others by 80% (The Japanese government’s expert panel on the COVID-19, 2020a, b).
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the sample, the former contains a relatively large number of males, elderly people, 
and people with high annual household income. Such differences occur in the same 
way for each group. Therefore, this study may not fully capture the effects of nudge-
based messages on young people. Another limitation is that there may be some dif-
ferences between the effects of the messages on self-reported behaviors and actual 
behaviors (Hansen et al., 2021). For example, if we use GPS location data, we can 
determine the exact movement more accurately; however, this method can only 
capture its effect on movement. Using the survey experiment and the participants’ 
reports, we are able to examine the details of the behavior change and capture possi-
ble adverse and side effects of the altruistic message. Studies based on self-reported 
behaviors and those based on actual behaviors are complementary, and combining 
both data sources may enrich the interpretation of the results. Although this study 
has these limitations, it has sufficient academic and policy significance in terms of 
preventing the spread of COVID-19, because, to the best of our knowledge, no other 
study has conducted multiple surveys to examine the effects of nudge-based mes-
sages on the intention and behavior to prevent the spread of COVID-19 infection 
and their changes over time. Even after the start of vaccination, people will need to 
continuously avoid contact and prevent infection until herd immunity is acquired. 
We believe that this study’s findings will contribute to the realization of more effec-
tive use of nudge-based messages.

Appendix

See Tables 7, 8, 9 and Figs. 4, 5, 6, 7, 8, 9, 10.

Table 7  Response rate for each wave

Note We calculate out the response rates, setting the number of valid responses in the first wave as the 
denominator (888 in Control; 896 in Gain-framed altruistic; 883 in Loss-framed altruistic; 919 in Selfish; 
878 in Selfish and altruistic; 898 in Simple)

Control Gain-
framed altru-
istic

Loss-framed 
altruistic

Selfish Selfish and 
altruistic

Simple

2nd Wave 93.6% 93.3% 94.2% 92.3% 92.4% 94.2%
3rd Wave 86.8% 85.7% 86.1% 84.5% 84.9% 86.1%
4th Wave 79.3% 80.0% 78.9% 78.9% 78.8% 79.5%
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Fig. 4  Screen of general information on COVID-19

Fig. 5  Screen of control group 
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Fig. 6  Screen of “Gain-framed altruistic message” group

Fig. 7  Screen of “Loss-framed altruistic message” group
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Fig. 8  Screen of “Selfish message” group

Fig. 9  Screen of “Altruistic and selfish message” group
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