
European Journal of Political Economy xxx (xxxx) xxx

A
0

T
A
a

b

c

A

J
C
D
O
O

K
I
E
E
V
S

1

R
r
i
p
2
t
t

m
a
a
t
A
i

a

i

h
R

Contents lists available at ScienceDirect

European Journal of Political Economy

journal homepage: www.elsevier.com/locate/ejpe

he heterogeneous effects of internet voting
lberto Ciancio a,c, Fabrice Kämpfen b,c,∗

Adam Smith Business School, University of Glasgow, Scotland, United Kingdom
School of Economics, University College Dublin, Ireland
Population Studies Center, University of Pennsylvania, USA

R T I C L E I N F O

EL classification:
21
72
33
38

eywords:
nternet voting
lectoral turnout
lectoral participation
ote shares
witzerland

A B S T R A C T

A decline in voter turnout over the last decades has prompted governments to introduce
technological innovations for voting. This paper studies the heterogeneous effects of internet
voting on voter turnout and vote shares in the Canton of Geneva, Switzerland. Exploiting across-
time and across-municipalities variations during the introduction of internet voting between
2006 and 2013, we find that internet voting increased the turnout of individuals aged 80 and
above, particularly of male voters, but did not have any effects on younger individuals. As
a result, the vote share of adults aged 80+ relatively increased following the introduction of
internet voting. Overall, our study shows that although internet voting does not appear to have
an effect on general turnout, it has reweighted the political power of some sociodemographic
groups, giving more weight to males and older adults.

. Introduction

Voting turnout has seen a substantial decline in the last decades in most of the advanced democracies (Blais et al., 2004; Blais and
ubenson, 2013; Hooghe and Kern, 2017). Several explanations have been put forth, including the decline of union and labor parties,
estrictive voting laws, less political competition (e.g. gerrymandering) and a sense of diminished political efficacy or public trust
n the government (Gray and Caul, 2000; Cancela and Geys, 2016). Low voter turnout can threaten a healthy democracy as it may
otentially allow a small group of people who are not representative of the whole, to make decisions for the entire population (Birch,
010). The characteristics (e.g. age and socioeconomic status) and values of a few would then affect the allocation of resources in
he economy and the rules of a society (e.g., laws on immigration and same-sex marriage). More generally, low turnout may erode
he legitimacy of a democracy.

Given the far-reaching impact of voter turner, several governments responded to the decline in turnout, either by passing
andatory voting laws or by decreasing the cost of voting with postal (e.g., in Switzerland) or electronic voting (e.g., in Brazil

nd United States).1 More recently, technological change has brought a new option: online or internet voting (i-voting). This option
llows citizens the freedom to vote without requiring them to travel to a specific location. They only need access to a device
hat connects to the internet. The implementation of i-voting has occurred on various scales in different countries such as Canada,
ustralia, France, Estonia and Switzerland. In many cases, i-voting was piloted but was not adopted and/or discontinued because

t was deemed not secure (VerifiedVoting, 2019).
Nevertheless, i-voting remains an attractive option as it can significantly reduce the costs associated with voting, saving time

nd money spent commuting, as well as reducing adverse experiences such as traveling under unfavorable weather conditions.
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1 Electronic voting includes all forms of voting that use some electronic means. These include electronic voting machines or computers connected to the
nternet (internet or online voting).
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I-voting can also alleviate constraints for citizens with disabilities or suffering from health conditions. Most importantly, proponents
of online voting hope to reverse the stark decline in the turnout of young voters with user-friendly technologies that could render
voting more attractive to the younger generations. Some think tanks and policymakers went as far as expecting a ‘‘youthquake’’ in
turnout (Toby, 2017; Dawson, 2015). At the same time, i-voting also poses a threat to the democratic process; there are widespread
concerns about the security of online systems, which are vulnerable to different kinds of manipulations (Zetter, 2018) or technology
failures like the 2020 Iowa caucus delays in vote reporting (Epstein et al., 2020). There is a risk of hacking as well as an opportunity
for governments to manipulate voting results. As a result, citizens may lose their motivation to vote if election results cannot be
trusted (Birch, 2008). It is unclear whether these concerns outweigh the potential gains in voting costs generated by the internet or
how different demographic groups will react to this innovation. Digital skills, technology access (‘‘digital divide’’), limited physical
mobility, and awareness of the underlying risks of online manipulation are all characteristics that are very heterogeneous with
respect to age, and to a lesser extent, gender.

We examine these questions in the context of Switzerland, a country with a long tradition of direct democracy and where
itizens are frequently called to the polls. In this paper, we use data made available to us by the Statistical Office of the Canton
f Geneva to estimate the heterogeneous effects of the introduction of internet voting in the Swiss Canton of Geneva on voter
urnout and vote shares, i.e., the shares of total votes cast by each demographic group, at the municipality level. Vote shares are
mportant characteristics to look at as they determine the outcome of a referendum and therefore the allocation of resources in
he economy. After a short pilot in 2004, the Canton of Geneva officially introduced i-voting to some municipalities for national
eferendums starting in 2008. However, in 2018, the cantonal government decided to abandon i-voting amid security and budget
oncerns (Richard, 2018; Conseil d’Etat Genevois, 2018). Indeed, the development of a more secure online voting platform to meet
he Federal Chancellery’s new security requirements would have generated additional costs that the Canton of Geneva was not
illing to bear alone (Conseil d’Etat Genevois, 2018).

As detailed in the next section, internet voting was implemented in various municipalities across different referendums,
roviding useful variations in i-voting availability, over time and across municipalities. As a result, this allowed us to uncover
he heterogeneous and causal effects of i-voting on voter turnout and vote shares in a specification that includes municipality and
ime fixed effects.

Consistent with the existing literature on i-voting in Switzerland, we find no effects of i-voting on overall turnout (Germann and
erdült, 2017). However, the availability of novel and more detailed data by demographic group allows us to investigate differences
y demographic group, with respect to age and gender. First, we do not find significant differences by gender. The effect on males
urnout is positive but not statistically significant. The effect on the share of male voters is positive but small and statistically
ignificant only at the 10% level.

Second, we do not find that turnout for the youngest age group (18–29 years old) increases following the introduction of i-
oting. In fact, the age category 80+ is the only category for which we see a positive and statistically significant effect on turnout
+1.53 percentage point, 𝑝-value = 0.024). This effect corresponds to an increase in vote share for this age category by about 0.3
ercentage points, resulting in an increase in the electoral weight for this age category. The results on 80+ turnout are slightly
tronger for males, in line with the gender digital divide literature, which points to a lower level of internet use and related skills
or females (Hargittai, 2010). Our results are robust to various econometric specifications, and we find no differential trends in
urnout among municipalities in the treated and control groups prior to the introduction of i-voting.

Overall, the expectation of a ‘‘youthquake’’ in turnout following the introduction of i-voting was unfounded, at least in the context
f Geneva, Switzerland. We instead found a positive effect on turnout among individuals aged 80 and above. The case of Geneva
s a cautionary tale for governments interested in experimenting with technologies to increase turnout. While internet voting has
he potential to increase turnout, its effects are not homogeneous across age, as we found no effect on turnout for any of the age
ategories but for the 80+. The positive results for the oldest age group could speak to the benefits that online voting can bring
o citizens with physical mobility limitations, allowing them to vote from the comfort of their home. The null results on turnout
or individuals aged 18–29 could potentially be due to a decreased trust in the electoral system among young voters who are more
nowledgeable and aware of the risks associated with manipulations of online platforms. This speculation seems to be supported
y anecdotal evidence we discuss below. Moreover, security concerns would need to be addressed and well communicated to the
ublic in order to reap the full benefits of new technologies such as internet voting. Clearly, the external validity of our results is
imited by the presence of postal voting. At the same time, security concerns would most likely also arise in contexts where only
oll voting was available.

This paper contributes to the literature on electoral turnout and in particular to the literature that estimates the causal effects
f a change in voting costs. Godefroy and Henry (2016) and Meier et al. (2019) study how weather shocks affect turnout in France
nd Switzerland and find significant effects on the quality of the politicians elected. A more substantial number of studies looked
t the effects of compulsory voting, which de facto made non-voting substantially more costly. Both Jaitman (2013) and Hoffman
t al. (2017) find major increases in turnout when voting became compulsory in Argentina and Austria, while Chong and Olivera
2008) and De Leon and Rizzi (2016) find that compulsory voting has an effect on government policies and political preferences.

On the other hand, León (2017) finds that halving the fine for abstention in Peruvian elections decreased turnout by 2.6
ercentage points. Finally, some papers have looked at the causal effects of information costs on turnout. There is evidence that
olitical advertising (Baek, 2009) and information campaigns (Lassen, 2005) have substantial effects on turnout although the
vidence is mixed (Dunning et al., 2019).

Our study contributes more specifically to the literature on turnout with regard to voting technology. Fujiwara (2015) finds
2

hat the introduction of electronic voting in Brazil increased turnout of the less educated and public spending on health care. In
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Switzerland, Hodler et al. (2015) finds that the introduction of postal voting increased turnout by 5% but with larger effects for the
less educated, while Schelker and Schneiter (2017) estimate that the inclusion of prepaid postage on the return envelope in some
municipalities in the Canton of Berne induced a 4% increase in turnout. In Canada, Goodman and Stokes (2020) find that i-voting
increased turnout by 3% in local elections.

The studies that are closest to the present study are by Germann and Serdült (2017) and Petitpas et al. (2021). Germann and
erdült (2017) estimated the effects of i-voting on turnout in the municipalities of Geneva and Zurich and, as mentioned above, did
ot find any evidence of an effect of i-voting on turnout.2 However, their analysis is somewhat limited in terms of heterogeneous
ffects, as they look only at effects for those aged 35 or below, and those aged 65 and above. As part of their main findings, they do
ot observe any effects on turnout for these two age groups. Moreover, they do not consider any potential effects of the introduction
f i-voting on turnout across gender. The data we have at hand, obtained from the Statistical Office of the Canton of Geneva, allowed
s to estimates the heterogeneous effects of i-voting on turnout and vote share for both men and women, and for finer age categories
s compared to Germann and Serdült (2017).

In their recent study, Petitpas et al. (2021) look at the heterogeneous effects of i-voting on turnout in the Canton of Geneva, as
his study does. Using individual data on turnout for 30 ballots between 2008 and 2016 and Bayesian multi-level models, they find
hat i-voting increase turnout among individuals born before 1950 but had small and non credible effect on participation among the
oungest cohort. Moreover, they find that the difference in predicted probability of participating between men and women widened
ollowing the implementation of i-voting, resulting in an increase in the gender gap in turnout.

Consistent with these results, our study complements Petitpas et al. (2021)’s findings by providing further evidence of the
eterogeneous effects of i-voting on turnout. More specifically, while they use a cross-classified multilevel logit model to analyze the
ffects of i-voting on turnout, we use a standard two-way fixed effects linear model approach to estimate the causal effect of i-voting
n turnout. Moreover, Petitpas et al. (2021) use data from June 2008 onward and i-voting became widely available in the Canton of
eneva in November 2008. This means that their study includes only one ballot prior to the implementation of i-voting. Our study,
n the other hand, includes data from the beginning of 2006, thus containing a total of seven ballots prior to the implementation of
-voting. These data prior to treatment allow us to test the critical assumption underlying our identification strategy, i.e., the parallel
rends assumption in our outcome variables between the treated and untreated groups. Furthermore, while Petitpas et al. (2021)
se impressive individual-level data in their study, we use data at the aggregate level, which allows us to more directly assess the
xtent to which i-voting has re-weighted the political power of some socio-demographic groups as defined by their age and gender,
otably by looking at the effect of vote share of one socioeconomic group relative to another.

. Internet voting in Switzerland

Swiss citizens who are 18 years old are automatically registered to vote. During each referendum (approximately three to four
imes per year depending on the year3), registered voters receive a voting envelope no less than three weeks before the referendum
nd date. This allows them ample time to vote either by post mail (mail-in ballots) using the paper ballot and envelope provided
ithin the voting envelope,4 or by visiting polling booths, typically the day of the referendum (on Sundays), at the local community
olling station to cast their paper ballot directly.

With the introduction of mail-in ballots in Switzerland, there was a positive impact on turnout, increasing by almost 4 percentage
oints over the period 1970 and 2005 (Luechinger et al., 2007). Voices were raised in political circles promoting i-voting as a means
o provide an additional boost to Switzerland’s relatively low average turnout rates, especially among younger citizens (Serdult et al.,
015; Blais, 2014).

In 2002, with the support of the Swiss Federal Council, the Federal Act on Political Rights was amended to allow cantons to
onduct internet voting pilot schemes on a limited basis, limiting the i-voting trials to federal referendums and to a maximum 10%
f the electorate at the country level (OSCE, 2011; CEPP, 2013). At the cantonal level, this restriction was applied to 20% of the
lectorate and later raised to 30% after April 2012 (CEPP, 2013). In order to comply with this limitation, the Canton of Geneva
ecided to restrict the availability of i-voting to referendums to a subset of its municipalities. Municipalities that participated in
-voting trials were selected in a way that citizens’ socio-demographic characteristics were balanced across municipalities that could
se i-voting and those that could not (Germann and Serdült, 2017). While it is unclear how exactly municipalities were selected to
articipate in i-voting, our fixed-effect analysis at the municipality level controls for any unobserved municipality characteristics that
re constant over time, therefore estimating the change in turnout following the implementation of i-voting using within municipality
ariation. As described in the ‘‘Data and Methods’’ section, we exploit both time and municipalities variations in i-voting availability
o estimate the causal effects of i-voting access on turnout.

Between 2001 and 2005, the implementation of i-voting in Switzerland was first piloted and the Canton of Geneva took a
ioneering role in its application. Experimental trials of i-voting were first launched in September 2004, with only four municipalities
f the Canton of Geneva (out of 45) allowed to vote online. I-voting was also allowed in the two following referendums of November
004 and April 2005. At the end of this pilot phase, the Federal Council evaluated these trials positively, and decided in 2006 to
e in favor of the sequential implementation of i-voting in Switzerland (CEPP, 2013; Federal Council, 2006). However, during

2 Germann (2020) finds that i-voting had a small effect on effective turnout as it slightly reduced the residual vote rate.
3 Stutzer et al. (2019) show that citizens in Switzerland are unlikely to be overstrained by the frequency at which they are asked to vote.
4 Note that in Geneva, which is the canton we are focusing on in this study, this envelope is pre-stamped, so that there are no direct financial costs associated

ith voting by post.
3
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the interim, i-voting was suspended between April 2005 and November 2008. It was not until November 2008 that i-voting was
officially reinstated in the Canton of Geneva and expanded to a more extensive set of municipalities in 2012 (from 20% to 30%
of the electorate). Details on the history of how i-voting was implemented in the Canton of Geneva is discussed in further detail
by Gerlach and Gasser (2009), Mendez and Serdült (2014) and Germann and Serdült (2017).

The introduction of i-voting was put in place mainly with the hope of increasing turnout, among other reasons (Serdult et al.,
015; Blais, 2014). However, the availability of i-voting in Switzerland did not seem to increase turnout in municipalities that
llowed it. After exploiting both space and time variations in the implementation of i-voting in Geneva, as this study does, Germann
nd Serdült (2017) and Sciarini et al. (2013) found that i-voting did not have any statistically significant effect on turnout. In this
tudy, and in line with results from Petitpas et al. (2021), we claim that the implementation of i-voting has had heterogeneous
ffects on turnout, which can then affect the political weight (that is the share) of a specific sub-population with respect to the
verall electorate.

. Theory

In this section, we discuss how the introduction of internet voting can have different effects across different demographic groups.
enerally, the benefits and the costs associated with the introduction of i-voting depend on the characteristics of the voters. As
iscussed in more detail below, internet voting may facilitate voting for people with internet access and those with physical mobility
imitations, while it may alter the confidence in the electoral system and affect the value of voting for those who are aware of the
ossible threats that online voting can generate.
Costs of traditional voting options and benefits of i-voting: Both the benefits and costs of voting affect turnout in the electoral

process. The ‘‘instrumental’’ perspective suggests that citizens vote because of the relative benefits they derive in case their preferred
vote outcome is realized (Miguet, 2008). The expressive theories of voting underline the importance of social networks and social
norms in motivating voting decisions (Geys, 2006; Harder and Krosnick, 2008; Fieldhouse and Cutts, 2018). According to this theory,
individuals derive benefits in the act of voting and in supporting their preferred alternative (Miguet, 2008; Frank et al., 2004).

The costs associated with voting are also a primary determinant of turnout (Riker and Ordeshook, 1968; Gomez et al., 2007;
Miguet, 2008). Voting takes time and may require gathering information on the subject of the referendum or the candidates political
platforms (Gant, 1983). It may also involve monetary costs (e.g., driving), be inconvenient (e.g., in the case of disabilities) and/or
depend on trivial factors (e.g., in the case of bad weather, traffic or going to polling stations on Sundays) (Aldrich, 1993). Even
postal voting, which increases the flexibility of voting, requires voters to travel to the nearest post box to mail their ballot. For these
reasons, i-voting can represent a non-negligible gain of time for voters, even in the presence of postal voting. As the opportunity
cost of voting is likely to be higher for workers, one would expect i-voting to be particularly appealing for those involved in the
labor market, as they would particularly benefit from a reduction in the time cost of voting. Having access to the internet at work
also represents a convenient opportunity for workers to vote online directly from their workplace (Frank et al., 2004). At the
same time, internet voting can be attractive to those with physical mobility limitations: The option of voting without having to
travel to a specified location, allows people with severe physical disabilities to vote more easily (Vasilogambros, 2018). As mobility
decreases with age, particularly after 80 years old, internet voting can potentially provide access to voting for this subset of the
population (Ferrucci et al., 2016; Fielding et al., 2011; Daley and Spinks, 2000). While the possible lack of digital skills and internet
access in this specific demographic group may prevent these individuals from fully capitalizing on this opportunity, internet voting
can nonetheless increase their turnout and hence their political presence.

Cost of i-voting: Importantly, voting online in the Canton of Geneva did not require any pre-registration and all information
required to vote online, including website link and login details, is provided in the voting envelope (Serdult et al., 2015).5 The
possibility of saving time via the use of i-voting however relies on having an internet access and digital skills. For some voters,
understanding the procedures to vote online may actually take more time than traditional voting methods, or it may be prohibitively
too complicated. Although the availability of online voting does not preclude from voting using traditional means, citizens might
perceive the act of voting as more daunting and complex, which could negatively impact their voting behavior and their probability
of turning out to vote (Hessami, 2016; Hessami and Resnjanskij, 2019). There exists substantial evidence of a digital divide between
users and non-users of the internet, notably across age (Loges and Jung, 2001; Niehaves and Plattfaut, 2014), and income and
wealth (Agarwal et al., 2005; Bucy, 2000). In Switzerland, 90% of individuals age 14 to 19 used the internet compared to around
17% among individuals 70+ back in 2009 (Friemel, 2016). There is also evidence of a gender digital divide (Cooper, 2006). In
Switzerland, differences still persist in 2019, with 88.4% of women using the internet versus 93.5% of men (NetMetrix, 2019). This
gender digital divide also exists among younger generations: Hargittai (2010) found that males of the so-called ‘‘net-generation’’ used
the internet more than their female counterparts. As reflected in our data, younger adults, especially males, are more likely to use
the internet to vote relative to other socio-demographic groups. Whether or not the introduction of i-voting increases turnout and
vote share for some specific socio-demographic groups, such as men and younger adults, however, remains unclear. The introduction

5 More specifically, citizens living in the municipalities that belong to the control group receive their standard voting envelope as usual. This standard voting
nvelope allows citizens to cast their vote either by post (pre-stamped envelope is included in the voting envelope) or by going to the polling station. Citizens
iving in the municipalities that belong to the treatment group receive the same envelope, but this envelope also contains the required information to vote
nline, including website link and login details to vote online. Voting online therefore did not make voters incur any i-voting-specific costs, beyond the ones
4

ssociated to having a device and an internet connection.
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of i-voting could just provide voters with another method of voting, and one may therefore observe just a substitution effect from
traditional voting means to i-voting without i-voting having any impact on turnout (i.e., attracting new voters).

Trust in the electoral system: There is growing concern about the security of internet voting (Simons and Jones, 2012; Springall
t al., 2014). and several political parties have expressed concerns over i-voting in Switzerland. Perhaps more surprisingly, the most
evere criticisms came from young voters and politicians, as well as from the ‘‘tech community’’ (Enguehard, 2009; Fenazzi, 2017;
elley, 2009b,a; Aschwanden, 2018; GULL, 2015; Rebetez and Heuberger, 2018; Ghiselli, 2019). As a result, the federal government
as been extremely cautious in expanding i-voting to all of Switzerland. In fact, the Canton of Geneva decided in 2018 to discontinue
-voting after a hacking test showed the vulnerability of the online platform (Richard, 2018; Conseil d’Etat Genevois, 2018).

Because of this deficiency in security, internet voting could very well erode trust in the electoral system, especially among
hose who have the knowledge and are aware of the possible security threats (Enguehard, 2009; Fenazzi, 2017; Delley, 2009b,a;
schwanden, 2018; GULL, 2015; Rebetez and Heuberger, 2018; Ghiselli, 2019). Some voters may therefore see less benefit in i-
oting, and perhaps voting more generally, if they do not trust the integrity of the election or referendum results, believing that
heir votes would not be counted accurately as it should be or that their privacy would be violated. If that were the case, one would
bserve a decrease in turnout when i-voting is available due to the mistrust against tampering of votes. This could be particularly
he case among young individuals who are more aware of digital security issues associated with internet voting. Several studies also
how that young adults are more afraid to lose control over their information and therefore more likely to take measures to protect
heir privacy online (Rainie, 2016; Hargittai and Marwick, 2016).

All in all, the effects of the introduction of i-voting on turnout can be heterogeneous across gender and age. The direction and
agnitude of these effects depend on which mechanisms described above dominates. Ultimately, this is an empirical question and

iven its exploratory nature, we refrain from explicitly stating any hypotheses.

. Data and methods

Our study aims to assess the heterogeneous effects of the introduction of i-voting on turnout and vote shares. We exploit space
at the municipality level- and time variations during the introduction of i-voting in order to estimate its causal effects on turnout
nd vote shares using a two-way fixed effects linear regression model. As discussed above, i-voting was first introduced in the
anton of Geneva at three occasions in September 2004, November 2004 and April 2005, as part of a trial period. From April
005 to November 2008, i-voting was suspended and thus unavailable before it was officially implemented in the Canton of Geneva
n November 2008. Our study period extends from May 2006 to November 2013, allowing for the observation of seven different
eferendum dates before internet voting was implemented in November 2008, and 17 referendum dates after its first implementation
24 referendum dates in total).6 Table 1 summarizes the dates and municipalities where i-voting was available for the time period

under consideration. As evidenced in the table, not only is there variation in i-voting availability over time, there is also substantial
variation across municipalities, variations that we exploit to estimate the causal effects of i-voting on turnout and vote shares. As
detailed earlier, the Federal Council imposed on the Canton of Geneva a 20% quota rule for all referendums that contained subjects
at the federal level, restricting i-voting to maximum 20% of the population that could vote online within the canton. After May
2012, the threshold rose to 30%, which increased within and across municipality variations in our analysis. This can be seen in
Table 1, where municipalities that could use i-voting in March 2012 (date 17 in the table) is a subset of those in June 2012 (date
18). The last row of Table 1 represents the control group, which includes the 25 other municipalities in the Canton of Geneva.7

4.1. Data

We obtained gender- and age category-specific data on voting participation in national referendums at the municipality level
from the Statistical Office of the Canton in Geneva.8 Our data details the voting participation count by the three different voting
methods (i.e., mail-in ballots, voting booth, and i-voting when available) and the number of registered voters, covering the period
from the beginning of 2006 (about two years before i-voting was officially implemented in the Canton of Geneva) until the end of
2013. Our analysis includes voting information for all 45 municipalities in the Canton of Geneva over 24 referendum dates, leaving
us with a sample size of 1080 observations. The data was disaggregated by gender and age categories, in 10 years bin, starting from
18–29, all the way up to 70–79 and 80+.9 Using voting participation count and information on the number of registered individuals
who can vote by gender and age category, we compute voter turnout (number of votes over number of registered voters) and vote
share (number of votes for a subcategory of the population over the total number of votes) for subgroups of the population defined
by their gender and age category.

6 During that period, there were four referendums in which i-voting was available in all municipalities of the Canton of Geneva (May 2011, November 2011,
ctober 2012 and November 2012). There were no federal subjects to vote on those dates. Given that the restriction of a maximum of 20% of the electorate, and

hen 30% after April 2012, that could use i-voting was applied only to federal referendums, the Canton of Geneva was free to offer i-voting to all its registered
itizens. Given the lack of valid counterfactual, we do not use the information on turnout for these four dates in our analysis.

7 The 25 other municipalities are the following: Avully, Bellevue, Cartigny, Celigny, Chancy, Choulex, Collex-Bossy, Corsier, Daardagny, Genthod, Geneve,
y, Hermance, Jussy, Laconnex, Lancy, Meinier, Pregny-Chambesy, Presinge, Puplinge, Russin, Satigny, Soral, Vernier and Veyrier.

8 Note that i-voting was principally available for referendums and not for elections.
9 Information about the votes of expatriates and individuals living abroad was not available in the dataset we obtained from the Statistical Office of the

anton in Geneva.
5
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Table 1
Availability of i-voting by municipalities in the Canton of Geneva over time.
Municipalities Dates

1 to 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Aire-la-Ville x x x x x x x x x
Anieres x x x x x x x x x x x x x x x x
Avusy x x x x x x x x x x x x
Bardonnex x x x x x x
Bernex x x x x x x x x x x x x x x x
Carouge x x x x x x x x
Chene-Bougeries x x x x x x x x x x x x
Chene-Bourg x x x x x x x x x x x x x x x x
Collonge-Bellerive x x x x x x x x x x x x x x x x
Cologny x x x x x x x x x x x x x x x
Confignon x x x x x x x
Grand-Saconnex x x x x x x x x x x x x x x
Meyrin x x x x x x x x
Onex x x x x x x x x x x x x x x x
Perly-Certoux x x x x x x x x x x x x x
Plan-les-Ouates x x x x x x x x x x x x x x
Thoney x x x x x
Troinex x
Vandoeuvres x x x x x x x x x x x x x x x x
Versoix x

Control group (25 other municipalities)

Note: Information retrieved from the official report written by Sciarini et al. (2013) for the External Commission on Public
Policy Evaluation in the Canton of Geneva and from Germann and Serdült (2017). There were 7 referendums dates between
May 2006 and June 2008 (dates 1 to 7) that contained national level topics: during this period, i-voting was unavailable for
all the municipalities. Date 1 corresponds to May 2006 and date 24 to November 2013. Small ‘‘x’’ represents referendum dates
in municipalities where i-voting was available. There are 25 municipalities in the control group: Avully, Bellevue, Cartigny,
Celigny, Chancy, Choulex, Collex-Bossy, Corsier, Daardagny, Genthod, Geneve, Gy, Hermance, Jussy, Laconnex, Lancy, Meinier,
Pregny-Chambesy, Presinge, Puplinge, Russin, Satigny, Soral, Vernier and Veyrier.

We merged the data with the data made publicly available by Germann and Serdült (2017). The data contains municipality-
level yearly information on the population (in log), the share of foreigners, the share of the population below 35 and above 65,
unemployment rate and the share of the population who voted for the SP and GPS in the last national election, the socialist and
green party, respectively. This dataset also included a measure of individual income; however, that measure contained many missing
values for the period considered in our study. We therefore replaced this variable with a proxy for individual income, namely the
average individual income tax received by municipalities each year.10 As in Germann and Serdült (2017), we include these variables
in our econometric specification.

Fig. 1 shows the rate of individuals who voted using the internet by gender for each given date. While the use of internet vote
ranges from 10 to about 22%, there is a clear gender difference in i-voting, which is consistent with the literature (Serdült et al.,
2015; Sciarini et al., 2013; CEPP, 2013). Males (solid line) consistently used i-voting more often than females (dashed line), with a
parallel shift upward of about 5% points.

Fig. 2 presents similar descriptive statistics, differentiating this time by age. Again, there exist significant differences by age.
However, i-voting does not appear to monotonically decrease with age, as one could expect. In fact, the 18–29 age category is not
the group that uses internet voting the most. Instead, those who are age 30–39 appear to use the internet to vote the most, with a
rate ranging from roughly 16% to 28%, depending on the referendum dates under consideration. I-voting decreased with age for all
other age categories, reaching the lowest rate for the age category 80+ (between 3% and 5%). It is interesting to note that while the
older age categories tend to use the internet to vote less frequently than others, the 60–69 and above age categories increase the use
of i-voting over time, whereas this is not the case for younger age categories. Finally, Fig. A.1 in the Online Appendix shows that
the difference in i-voting shares between males and females is not constant over time and varies by age group. While the gender
gap in i-voting between 18–29 years old and 80+ appears relatively low, the gender gap is the highest for middle-aged individuals,
particularly those aged between 30 and 49 years old.

Overall, our descriptive analysis presents some important heterogeneity in the use of i-voting, which is consistent with the
literature (Serdült et al., 2015; Sciarini et al., 2013; CEPP, 2013). The next section describes how we can use the data at hand to
estimate the causal effects of i-voting on turnout and vote share and explore whether these are heterogeneous across age and gender.

4.2. Empirical specification

Our identification strategy relies on across-time and across-municipalities variations during the introduction of internet voting
to estimate the heterogeneous effects of internet voting using a two-way fixed effects linear regression model. Our main interest is

10 This data is publicly available from the Statistical Office of the Canton in Geneva’s website.
6
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Fig. 1. Share of i-voting by gender over time.
Note: Data coming from the Statistical Office of the Canton of Geneva. Solid and dashed lines represent the shares of male and female voters, respectively, who
have used i-voting over time. These statistics are weighted by the number of registered voters in each municipality at date 1.

Fig. 2. Share of i-voting by age category over time.
Note: Data coming from the Statistical Office of the Canton of Geneva. Solid line represents the share of voters aged 18–29 who have used the internet to vote.
Dashed lines represent corresponding shares for older age categories. Note the shades of the dashed lines get lighter as the age category under consideration
increases. These statistics are weighted by the number of registered voters in each municipality at date 1.

to understand the extent to which internet voting has affected the turnout and vote share of socio-demographic groups (defined by
gender and age), the latter being critical to determine (and change) the political outcomes of referendums.

We perform linear regressions to estimate the heterogeneous effects of the introduction of i-voting on overall, male, female, and
ge-category-specific turnouts. More specifically, we estimate the following econometric model:

𝑌𝑖𝑡 = 𝛼 + 𝛽𝐸𝑖𝑡 +𝑋′
𝑖𝑡𝛾 + 𝜆𝑡 + 𝜇𝑖 + 𝜖𝑖𝑡 (1)

where the unit of observation is a municipality-referendum day. 𝑌𝑖𝑡 represents turnout in municipality 𝑖 for referendum date 𝑡. 𝛽 is the
coefficient of interest and represents the effect of the introduction of i-voting, 𝐸𝑖𝑡, on 𝑌𝑖𝑡. The vector of municipality characteristics
𝑋 includes the population count in the municipality (in log), the share of foreign residents, the share of the population below 35
7
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Table 2
Effects of the introduction of i-voting on turnout and vote share.

Overall
turnout
(1)

Male
turnout
(2)

Female
turnout
(3)

Male
share
(4)

I-voting available −0.099 0.032 −0.210 0.120*
(0.294) (0.314) (0.296) (0.070)

Observations 1080 1080 1080 1080

Note: Cluster robust standard errors at the municipality level are reported in parentheses with
∗ 𝑝 < 0.1, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01. Effects of i-voting on overall turnout (column 1), male
turnout (column 2), female turnout (column 3) and male vote share (column 4). All specifications
include referendum dates and municipality fixed-effects, population level (in log), share of foreign
resident, share of individuals below 35, share of individuals above 65, unemployment rate, the
share of the population who voted for SP and GPS in the last national election, the socialist and
green party, respectively, as well as the average individual income tax received by municipalities
each year. These effects are estimated using model (1). Our specification in column 4 also includes
the share of registered males. We weight our regressions using the number of registered voters
(columns 1 and 4), registered males (column 2) and registered females (column 3) in each
municipality at date = 1.

and above 65, unemployment rate, the share of the population voting for SP and GPS in the last national election, the socialist and
green party, respectively, and average individual income tax received by municipalities each year. This set of control variables is
the same as the one used in Germann and Serdült (2017). In addition, we include municipality 𝜇𝑖 and date 𝜆𝑡 fixed-effects to capture
any unobserved municipality characteristics and time factors that could confound our estimates. Moreover, we cluster our standard
errors at the municipality level in all our model specifications as within-municipality errors are likely not independent of each other
(serially correlated). Finally, we use the number of registered voters as weights in our estimation to correct for heteroscedastic error
terms and therefore obtain more precise estimates. This is appropriate in our case, as the number of registered voters is highly
variable across municipalities and relatively small in some of them (Solon et al., 2015).

We also estimate the effects of i-voting on vote share by gender, age category, and by gender×age-category. Because our analysis
on shares by age group contains more than two categories, we restrict the vote shares to sum up to one by estimating our model
using a fractional multinomial logit specification.11 Formally, we can define the vote share of group 𝑔, 𝑠𝑔 , with 𝑔 = 1...𝐺, such that
∑

𝑔 𝑠𝑔 = 1. Specifying the conditional means of the shares to have a multinomial logit functional form in linear indexes, the expected
share of vote for group 𝑔, conditional on i-voting being available (𝐸𝑖𝑡) and observable characteristics 𝑋𝑖𝑡 take the following form:

𝐸(𝑠𝑔|𝐸𝑖𝑡, 𝑋𝑖𝑡) = 𝑓𝑔(𝐸𝑖𝑡, 𝑋𝑖𝑡 ∶ 𝛽, 𝛾, 𝜆𝑡, 𝜇𝑖) =
𝑒𝑥𝑝(𝛽𝑔𝐸𝑖𝑡𝑔 +𝑋′

𝑖𝑡𝑔𝛾𝑔 + 𝜆𝑡𝑔 + 𝜇𝑖𝑔)

𝛴𝑔𝑒𝑥𝑝(𝛽𝑔𝐸𝑖𝑡𝑔 +𝑋′
𝑖𝑡𝑔𝛾𝑔 + 𝜆𝑡𝑔 + 𝜇𝑖𝑔)

(2)

or 𝑔 = 1...𝐺 such that 𝛴𝑔𝐸(𝑠𝑔|𝐸𝑖𝑡, 𝑋𝑖𝑡) = 1, 𝑃𝑟(𝑠𝑔 = 1|𝐸𝑖𝑡, 𝑋𝑖𝑡) ⩾ 0 and 𝑃𝑟(𝑠𝑔 = 0|𝐸𝑖𝑡, 𝑋𝑖𝑡) ⩾ 0 for 𝑔 = 1...𝐺 as well. 𝐸𝑖𝑡 is a dummy
ariable that takes the value one if i-voting was available in municipality 𝑖 at date 𝑡. We estimate this model by quasi-maximum
ikelihood and report marginal effects with respect to 𝐸𝑖𝑡.12 Similar to our analysis on turnout, we use the number of registered
oters as weights and cluster standard errors at the municipality level. We report unweighted estimates in the Online Appendix.

. Results

Consistent with Germann and Serdült (2017), the first column of Table 2 shows that the introduction of i-voting had no effect on
verall turnout.13 It did not have any statistically significant effects on male and female turnouts either (columns 2 and 3), although
hese effects have different signs, resulting in a positive effect on male vote share by about 0.12% point (column 4). The effect is
mall and statistically significant only at 90% confidence, and should be taken with caution, although it is in line with Petitpas et al.
2021) who find that the introduction of i-voting increases the gender gap in turnout. The effect on male vote share we find is not
riven by trends in registered voters as we control for the share of male registered voters in that specification.

Plots in Fig. 3 show the effects of the introduction of i-voting on turnout (Plot 3(a)) and vote shares (Plot 3(b)) for each age
ategory, including 95% confidence intervals. We find no statistically significant effect on turnout for the youngest age group (18
o 29 years) and for the other age groups, except for the oldest age group (80 years and above). The magnitude of the effect on
urnout for the oldest age group turnout is rather large. The introduction of i-voting increased turnout of individuals aged 80+ by
bout 1.53% points (𝑝-value = 0.024). Consistent with our results pertaining to turnout, Plot 3(b) shows that the share of votes

11 Note that because our heterogeneous analysis on vote share by gender contains only two categories (male and female) and these two effects mirrors each
ther, we use model (1) to estimate the effect of the introduction of i-voting on male vote share.
12 In specifications where the outcome variable is a vote share, we include as a control variable the respective share of registered voters for the corresponding

ategory. Note also that the marginal effects will sum up to zero, i.e., the effects on shares across the various categories under consideration will cancel out.
13
8

The coefficients associated to the other explanatory variables are presented in the Online Appendix (Table A.1).
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Fig. 3. Effects of the introduction of i-voting on (a) turnout and (b) vote share by age category.
Note: The dashed lines represent the 95% confidence intervals (cluster robust standard errors at the municipality level). Effects of i-voting on (a) turnout and
(b) vote share by age category. All specifications include referendum dates and municipality fixed-effects, population level (in log), share of foreign resident,
share of individuals below 35, share of individuals above 65, unemployment rate, the share of the population who voted for SP and GPS in the last national
election, the socialist and green party, respectively as well as the average individual income tax received by municipalities each year. We also include the share
of registered voters for the different age categories in the results for (b). The marginal effects on vote shares sum up to zero. We weight our regressions using
the number of registered voters (overall in (b) and age category-specific in (a)) in each municipality at date = 1.

from voters 18 to 29 years old did not change while the share of voters who are 80 years or above increased by 0.31% points.14,15

This effect is statistically significant at the 95% confidence level (𝑝-values = 0.012). The effects for the other age groups are not
precisely estimated. Overall, our results suggest that the introduction of i-voting increased the electoral power of the 80+ voters.

The fact that we find an effect for the oldest age group may be a consequence of the relatively small size of this age category,
although this estimated result appears robust to various econometrics specifications and sample selections, as outlined in the
robustness section. Moreover, this age pattern is consistent with Petitpas et al. (2021) who using individual-level data find that
the effects of i-voting on turnout are the highest among older voters and that the availability of i-voting increases the age gap in
turnout.

We can also estimate the effects of i-voting on turnout and vote share across gender and age. Figs. 4(a) and 4(b) show that the
age patterns in the effects of the introduction of i-voting on turnout appear fairly similar across gender with only slightly higher
effects for males but no significant effects on turnout except for the oldest group.16 The effect on 80+ turnout is slightly higher for
men and is significant only for men (𝑝-values = 0.063).

Figs. 4(c) and 4(d) present corresponding results on vote shares. In this model, the denominator of the dependent variables is
the total number of votes. The 14 marginal effects estimated (one for each age group × gender) on vote shares therefore sum up to
zero. Overall the pattern in vote share changes by age group across gender appears similar to the pattern when men and women
votes were combined (Plot 3(b)).

We also investigate the substitution effects that take place between other voting means and internet voting and whether these
effects are heterogeneous across gender and age categories. In this analysis, we explore the heterogeneous effects (by gender and
age category) of the introduction of i-voting on turnout for those who cast their vote either by mailing their ballot or by going to
the polling station on voting dates. Plots in Fig. 5 show that the introduction of i-voting reduced voting either by mailing or by
going to the polling station by approximately 7 and 5% points for males and females aged 18–29, respectively. Across the different
age categories, the decrease in voting by other means displays a U-shape pattern, with inflection points between 40–49 years old for
males and 30–39 for females. The fact that i-voting has had larger substitution effects on males relative to females is consistent with
the digital divide that exists across gender and the patterns displayed in Fig. 1. It is interesting to note, however, that the effects
appear to be zero for both males and females of age 80+. Although not verifiable with the data at hand, this suggests that the
introduction of i-voting did not change the voting behavior of voters who are 80+. But given the positive impact of the introduction
of i-voting on turnout for this age category, our results suggest that i-voting has attracted new voters that were unable to vote
before the availability of this new voting means, due for instance to physical limitations. On the other hand, the fact that we do
not observe any increase on overall turnout for younger age categories suggests that the introduction of i-voting simply offered
individuals below 80 a new means to vote without attracting new voters (substitution effect).

14 The average share over the period under consideration for individuals aged 18–29 and 80+ is equal to 11.9 and 18.7, respectively.
15 The sum of the marginal effects reported in Plot 3(b) is equal to 0. The fractional multinomial logit model restricts its marginal effects to cancel each other
ut. A marginal effect of 0.31% points for the age category 80+ means that that on average the availability of i-voting has increased the vote share of those
ho are 80+ by 0.31% points relative to municipalities in which i-voting was not available. The political weights of those who are 80+ has thus increased in
unicipalities that allowed i-voting: their votes constituted a larger share of the overall turnout in these municipalities.
16 Surprisingly, we find a negative effect for women aged between 30 and 39 which is hard to explain. However, this result is not robust to other specifications
9

as detailed below – and disappears for instance in the case where the econometric specification is unweighted.
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Fig. 4. Effects of the introduction of i-voting on turnout (Plots a and b) and vote share (Plots c and d) by gender and age category.
Note: The dashed lines represent the 95% confidence intervals (cluster robust standard errors at the municipality level). Effects of i-voting on turnout (plots a
and b) and vote share (plots c and d) by gender and age category. All specifications include referendum dates and municipality fixed-effects, population level
(in log), share of foreign resident, share of individuals below 35, share of individuals above 65, unemployment rate, the share of the population who voted for
SP and GPS in the last national election, the socialist and green party, respectively as well as the average individual income tax received by municipalities each
year. We also include the share of registered voters (gender-specific) for the different age categories in (c) and (d). When computing gender and age-specific
vote shares, we use total number of votes as denominator, irrespective of gender, so that the marginal effects on vote shares for males and females sum up to
zero. We weight our regressions using the number of registered voters (overall in plots (c) and (d), and gender and age category-specific in plots (a) and (b))
in each municipality at date = 1.

Fig. 5. Effects of the introduction of i-voting on turnout using other voting means, by gender and age.
Note: The dashed lines represent the 95% confidence intervals (cluster robust standard errors at the municipality level). Effects of i-voting on turnout using
other voting means (mail-in ballots and polling booths) by gender and age category. All specifications include referendum dates and municipality fixed-effects,
population level (in log), share of foreign resident, share of individuals below 35, share of individuals above 65, unemployment rate, the share of the population
who voted for SP and GPS in the last national election, the socialist and green party, respectively as well as the average individual income tax received by
municipalities each year. We weight our regressions using the number of registered voters (gender and age category-specific) in each municipality at date = 1.
10
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Fig. 6. Effects of placebo treatments on male turnout (a), female turnout (b), and turnout for those aged aged 80+ (c).
Note: Dots represent the effects of 100 placebo treatments on male turnout (a), female turnout (b), and the turnout for those aged 80+ (c). Gray vertical
bars represent 95% confidence intervals derived using cluster robust standard errors at the municipality level. All specifications include referendum dates and
municipality fixed-effects, population level (in log), share of foreign resident, share of individuals below 35, share of individuals above 65, unemployment rate,
the share of the population who voted for SP and GPS in the last national election, the socialist and green party, respectively as well as the average individual
income tax received by municipalities each year. We weight our regressions using the number of registered voters (gender-specific in (a) and (b), and age
category-specific in (c)) in each municipality at date = 1. 6 out of 100 placebo effects are statistically significant when considering male turnout as outcome
variable. Corresponding number for female turnout and for turnout of those 80+ are 7 and 2.

5.1. Parallel trends and placebo tests

The critical assumption underlying our identification strategy is the one of parallel trends, that is, the differences in our outcome
variables between the treated and untreated municipalities would have been constant over time if the treatment would not have
occurred. While Germann and Serdült (2017) already provided strong evidence that this assumption holds using similar data to
ours, we explored the assumption of parallel trends on key outcome variables we used in our study. Figs. B.1a and B.1b of the
Online Appendix reveal very similar and parallel trends in male and female turnouts between municipalities in the control group
(municipalities where i-voting was not possible) and those in the treatment group, i.e., municipalities in which i-voting was available
at any point after date 7. The same holds when assessing the presence of parallel trends on the turnout of voters aged 80+ in Fig.
B.1c.

Additionally, following Germann and Serdült (2017), we run placebo tests to provide empirical evidence in support of the parallel
trends assumption. In particular, we randomly shift the introduction of i-voting ahead of its actual introduction and estimate the
effects of these placebo treatments on our key outcome variables of interest, restricting the analysis to time periods before i-voting
was officially introduced in the Canton (date 8).17 We repeat this exercise one hundred times.

Figs. 6(a) and 6(b) report the coefficients of the treatment effect of these 100 placebo tests, along with their 95% confidence
intervals. Our results indicate that 6 out of 100 and 7 out of 100 of these estimates are statistically significant at 95% confidence level
when considering male (Panel a) and female (Panel b) turnouts as outcome variable, respectively. Fig. 6(c) shows corresponding

17 Again, municipalities in the treatment group are all municipalities that have had access to i-voting after date 7. Municipalities in the control group are all
11

hose where i-voting was not possible. We created placebo treatments only for municipalities in the treatment group.
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estimates but looking at turnout for those aged 80+ instead (Panel c). 2 out of 100 of these estimates are statistically significant at
95% confidence level, respectively. One would expect on average 5 out of 100 of these placebo effects to be statistically significant at
5% if the null hypothesis of parallel trends in these four outcome variables were to hold. Our results are in line with that expectation.

Moreover, we present in Fig. C.1 of the Online Appendix an extension of this analysis in which the sample is not restricted to
ime periods prior to date 8. Instead, we randomly shift the introduction of i-voting ahead of its actual implementation anytime
efore the first time it was introduced in a specific treated municipality. Results using this unbalanced panel again suggest that
rends are parallel prior to the implementation of i-voting. More specifically, Fig. C.1 shows that 5, 8 and 0 out of 100 placebo
ffects are significant at 5% when we consider the turnout of males, females, individuals aged 80+, respectively.

Finally, Fig. C.2 shows coefficients from an event study where we again define a municipality as treated if i-voting was ever
vailable during the study period.18 As expected, none of the coefficients for periods prior to the introduction of i-voting (date 8)
re statistically different from zero.

Overall, in conjunction with results from Germann and Serdült (2017), our analysis shows that the parallel trend assumption
olds in our setting.

.2. Robustness checks

We present in the Online Appendix results when registered voters weights are not applied and when we restrict our analysis to
unicipalities with more than one thousand registered voters (measured at date 1) to account for the heterogeneity in the size of

egistered voters across municipalities. Unweighted regression results are very similar to the weighted ones, with somewhat lower
recision in the results corresponding to male vote share and turnout for the oldest age category (see Online Appendix Table D.1
nd Figs. D.1 and D.2). Results derived using municipalities with more than one thousand registered voters present an alternative
o the use of weights to deal with the small denominator issue that arises when computing turnouts by subgroup. This comes at the
ost of losing statistical power due to smaller sample size (𝑁 = 696). But results using this restricted sample are overall in line with
ur benchmark results, albeit somewhat less precise (see Online Appendix Table E.1 and Figs. E.1 and E.2).

. Discussion and conclusions

Internet voting has the potential to increase voter turnout by reducing the cost of voting, particularly for digitally skilled
oung voters and those with physical mobility limitations. However, barriers to digital inclusion and security concerns over the
anipulability of online systems may undermine these benefits. In this paper, we estimated the effects of the introduction of internet

oting in the Swiss Canton of Geneva on turnout and vote share by demographic groups. We found that the introduction of i-voting
ncreased turnout of individuals aged 80 and above, particularly of male voters, but did not have any corresponding effects on
ounger individuals. Our analysis therefore suggests that the introduction of i-voting has reduced the costs of voting for some
ndividuals who are 80+ as it seems to have attracted new voters. Our results however show that the reduction in voting costs
hanks to online voting did not decrease as much as to convince abstainers aged below 80 to vote, although it did reduce the voting

costs of some young voters, as illustrated by the large substitution effects we report. This is in line with with Petitpas et al. (2021)
who show that i-voting did not have any effects on turnout among frequent voters but merely offered them an additional channel
to vote.

Interestingly, the effect on turnout for those 80+ appears to materialize only after some time (see Figs. B.1c and C.2c).19 We
cannot directly investigate why such effects are taking place only gradually. It is possible that the composition of the 80+ cohort
has changed over time and that recent 80+ cohorts are more digitally included and more experienced internet users than previous
80+ cohorts. It is also possible that trust in internet voting might take time to build, especially for individuals who are skeptical
about the internet and less likely to use it in general, as it is the case for older cohorts (Kämpfen and Maurer, 2018; Smith, 2014).
Differences by gender are less clear: there is a small positive effect on male vote share but the effect is not statistically significant
at the conventional levels (95%).

Overall, our results are consistent with and support prior evidence on the heterogeneous effects of i-voting on turnout (Petitpas
et al., 2021). In terms of magnitude, the effects we find on vote shares by age category are rather large and could have potentially
changed the results of referendums, especially for referendums that were barely accepted or refused by the population. For instance,

18 The empirical specification is

𝑌𝑖𝑡 = 𝛼 +
𝑇+7
∑

𝜏=𝑇−7
𝛽𝜏𝐸𝑖 +𝑋′

𝑖𝑡𝛾 + 𝜆𝑡 + 𝜇𝑖 + 𝜖𝑖𝑡

where 𝑇 is the first date when i-voting was introduced (date 8) and 𝐸 is a dichotomous variable for being in the treatment group. The sample is restricted
symmetrically to 7 periods before and after 𝑇 . We remove the coefficient corresponding to the period just before 𝑇 to avoid multicollinearity (i.e. coefficient is
normalized to zero). These types of event studies are the usual way to test for the presence of differences in trends prior to treatment. However, in our case,
treatment is not permanent after the initial introduction of i-voting, which renders the standard event study-type specification less interpretable. For this reason,
we use the placebo exercise above as our main way to test the parallel trends assumption.

19 We thank one of the reviewers for pointing this out.
12
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in March 2015 (i-voting was available on that referendum date), voters in Geneva were asked to decide whether they wanted to
have a new law that changed the structure of various law enforcement entities, including the creation of a community/neighborhood
police service which was meant to increase the local police presence. This topic is presumably a topic with important difference
in opinion by age, with possibly older age categories being more in favor of it. In Geneva, the population decided to approve that
law, with 50.02% of the voters accepting it, and 49.98% refusing it. According to our estimates, the availability of i-voting led to a
decrease (increase) of about 0.32% in the vote shares of individuals aged 18–59 (aged 60+). To the extent that large differences in
the preferences over police-related issues and security concerns exist across these two age groups, it is possible that that law would
have been rejected by the population if i-voting would have not been available in Geneva for that specific referendum date.

Given that the introduction of new technologies is not neutral and that its costs and benefits vary across subpopulations, our
esults stress the importance of looking at heterogeneous effects when analyzing the introduction of new voting technologies on

turnout. Differences in the familiarity with new technologies and also their potential benefits and costs are likely to be key elements
to consider when predicting which group will gain a political advantage following the introduction of new voting tools.

We believe the age-specific patterns we find in our results underline the importance of physical mobility limitations and the
security concerns that arose following the introduction of i-voting in Geneva. We investigate in Online Appendix F whether the
introduction of internet voting has had different effects on turnout across municipalities depending on (a) the quality of the internet
connection that is available, (b) the surface area within a municipality that is dedicated to transport, (c) population density, (d) area
size of municipality, and (e) wealth levels. The estimated effects do not appear to be heterogeneous across these dimensions. An
important limitation of this heterogeneous analysis is that it is based on municipality-level data and future research using individual-
level data should investigate the mechanisms that take place to better understand why we do not observe an increase in turnout for
the overall population except for those aged 80 and above.

Finally, the canton of Geneva in Switzerland presents a compelling case study due to its extensive and noteworthy use of i-voting,
making it one of the most notable examples worldwide. At the same time, the external validity of our findings to other contexts
can be challenging for several reasons. First, the availability of a very reliable and effective postal system in Switzerland makes
postal voting very convenient and is thus likely to lower the attractiveness of i-voting. While our study shows that the introduction
of i-voting did not have any effect on overall turnout, one should expect a positive and much larger effect of the introduction of
i-voting on turnout in countries where the only option to vote is to go to the polling stations or in contexts where postal system
is not as efficient and trustworthy as the one in Switzerland. In fact, our results combined with existing evidence suggest that, in
countries where polling station voting is the sole option, the implementation of a robust and reliable postal voting system should
take precedence over internet voting to increase turnout. Second, turnout in Switzerland is generally very low relative to other
countries with established democracies (Blais, 2014). Mechanically, one should expect the introduction of i-voting to have larger
effects in settings where turnout is low, other things being equal. Given that we do not find any effect on overall turnout in our data,
this could imply that the introduction of i-voting in countries with higher turnout might not have any effect on voting participation
either. Third, internet access and use among older individuals in Switzerland is among the highest in the world (König et al., 2018;
OECD, 2023). It is possible that the positive effect on turnout for those 80+ we estimate in our study might not extrapolate to other
older populations characterized by lower online connectivity and internet utilization. Therefore, the generalizability of our findings
should be tested to other contexts, not only in Switzerland, where other cantons also made internet voting available to its citizens,
but especially in other countries where postal voting is not an option or is less effective, or in contexts where turnout is higher than
in Switzerland.

Security concerns however are likely to be the same regardless of the contexts, as they are a key issue for any country that is
considering implementing internet voting as a way to get more of their citizens to vote.
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