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A B S T R A C T   

Governments increasingly digitalize the provision of their public services, but these efforts fail to generate ex-
pected social benefits if the services remain underutilized. We use a large-scale field experiment to provide causal 
evidence on how a concrete policy instrument, nudging, can be used to address such underutilization by a group 
of slow adopters. Our experiment is conducted in a real-world setting with actual citizens and makes use of 
informative and social influence nudges. We find that such behavioral interventions enhance the adoption of an 
online government service among the slow adopters. The effects are statistically highly significant and quanti-
tatively large. The most effective experimental treatment doubles the adoption rate.   

1. Introduction 

Several studies in information systems (IS), public administration, 
marketing, computer science, psychology and economics have studied 
the adoption and use of information technology (IT) solutions and online 
services in organizations (see e.g., Maruping, Bala, Venkatesh, & Brown, 
2017; Venkatesh & Davis, 2000; Venkatesh, Morris, Davis, & Davis, 
2003), as well as by consumers (e.g., Brown & Venkatesh, 2005; Brown, 
Venkatesh, & Bala, 2006; Venkatesh, Thong, & Xu, 2012). How citizens 
adopt and use public digital services have also drawn scholarly attention 
(e.g., Carter & Bélanger, 2005; Carter, Weerakkody, Phillips, & Dwivedi, 
2016; Dwivedi et al., 2017; Gao & Lee, 2017; Hui & Png, 2015; Rana & 
Dwivedi, 2015; Shareef, Kumar, Kumar, & Dwivedi, 2009; Susha & 
Grönlund, 2012; Teo, Srivastava, & Jiang, 2008). E-government services 
refer to public services supplied with the help of internet-based (digital) 
technology (Jansen & Ølnes, 2016; Lindgren & Jansson, 2013). They 
encompass both how citizens access governmental information online 
(e.g., search for public policy and regulatory information, use govern-
ment statistics, download government documents and forms, and 
retrieve recreational information) and use more specific public e-ser-
vices (e.g., declare and pay taxes, obtain a driver’s license and other 
permits, apply for social benefits, and utilize public health services). 
While the use of such digital public services is constantly expanding, 

both the academic literature (e.g., Brown, Venkatesh, & Goyal, 2014; 
Schaupp & Carter, 2010; Thatcher, McKnight, Baker, Arsal, & Roberts, 
2011; Venkatesh et al., 2003) and policy-oriented analyses (OECD, 
2014; United Nations, 2016; World Bank, 2016) indicate that insuffi-
cient and inefficient use of (public) digital services is still a problem, 
albeit to a varying degree, at different levels and sectors of societies (see 
also Bélanger & Carter, 2012; Ebbers, Jansen, & van Deursen, 2016; 
Shaikh & Karjaluoto, 2015). 

Where it exists, the problem of underutilization of e-government 
services is not easy to solve. There are many reasons for this. First, there 
are a myriad of substantive reasons for the limited use of e-government, 
such as digital divide across and within countries (e.g., Bélanger & 
Carter, 2009), service failure (e.g., Dada, 2006) and distrust (e.g., Evans 
& Yen, 2006), that are likely to be context dependent (e.g., Carter et al., 
2016; Veeramootoo, Nunkoo, & Dwivedi, 2018). The drivers of adoption 
of e-government services can also vary, depending on whether they are 
studied from institutions’ (e.g., Lim, Tan, Cyr, Pan, & Xiao, 2012; 
Warkentin, Gefen, Pavlou, & Rose, 2002) or individuals’ (e.g., Ven-
katesh, Thong, Chan, & Hu, 2016) perspective. Second, there is a degree 
of theoretical fragmentation in the e-government adoption research (e.g. 
Chan, Hackney, Pan, & Chou, 2011; Coursey & Norris, 2008; Dwivedi 
et al., 2017; Hardy & Williams, 2011; Heeks & Bailur, 2007; Norris & 
Lloyd, 2006), making it harder for scholars to suggest robust policies. 

* Corresponding author. 
E-mail address: ari.hyytinen@hanken.fi (A. Hyytinen).  

Contents lists available at ScienceDirect 

Government Information Quarterly 

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

https://doi.org/10.1016/j.giq.2022.101687 
Received 16 April 2021; Received in revised form 23 February 2022; Accepted 24 February 2022   

mailto:ari.hyytinen@hanken.fi
www.sciencedirect.com/science/journal/0740624X
https://www.elsevier.com/locate/govinf
https://doi.org/10.1016/j.giq.2022.101687
https://doi.org/10.1016/j.giq.2022.101687
https://doi.org/10.1016/j.giq.2022.101687
http://crossmark.crossref.org/dialog/?doi=10.1016/j.giq.2022.101687&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Government Information Quarterly 39 (2022) 101687

2

Third, citizens’ choice between online and other interaction channels is 
task-dependent and driven, among other things, by their digital access 
and skills, implying that the channel choice is one driver of the adoption 
and use of public digital services (e.g., Ebbers et al., 2016; Pieterson & 
Ebbers, 2008; Teerling & Pieterson, 2010). 

On the other hand, a consequence of the tendency to digitalize 
governmental services by default is that there are groups of citizens that 
are being left behind, in the sense that such groups are increasingly more 
likely to be partially excluded from the public encounter, i.e., from the 
vital interaction between private citizens and government officials 
(Lindgren, Østergaard Madsen, Hofmann, & Melin, 2019). In part, this 
mirrors the fact that the interests of various e-government stakeholders 
are not necessarily aligned (e.g., Rose, Skiftenes Flak, & Sæbø, 2018; 
Scholl, 2001). The growing literature on the slow adopters of public 
digital services shows, for example, that the current non-adopters often 
come from the marginalized groups of society, such as senior citizens, 
people living in rural areas, socioeconomically disadvantaged house-
holds, and people with disabilities (see, e.g., Carter & Weerakkody, 
2008; Seo & Bernsen, 2016, Pethig, Kroenung, & Noeltner, 2021). 

A concrete manifestation of the increasing tendency to digitalize 
governmental services is the changing public encounter with the tax 
administration. Electronic tax filing is arguably one of the largest e- 
government initiatives in terms of the number of citizens affected 
worldwide (Wang, 2002, Schaupp & Carter, 2010¸ Bélanger & Carter, 
2012; Pippin & Tosun, 2014). Despite widespread digitalization, filing 
taxes online is far from being trivial and can be a daunting task for 
marginalized individuals (Schaupp & Carter, 2010; Veeramootoo et al., 
2018), leading to large variation in the speed of adoption of online filing 
between various groups of citizens. When a governmental unit wants to 
stimulate the use of its existing digital services or channels by the groups 
of slower adopters, it has four main types of policy instruments avail-
able: Information provision and communication, exercise of official 
authority, use of economic or financial incentives, and redesign of its 
online services (Teerling & Pieterson, 2010). However, there is a gap in 
the literature, since we know relatively little about the effectiveness of 
these policy tools and in particular about how the governmental unit 
could use information provision and communication to induce citizens to 
start voluntarily using digitalized public services or channels that already 
are available and in use by earlier adopters (Castelo et al., 2015; 
Faulkner, Jorgensen, & Koufariotis, 2019; Teerling & Pieterson, 2010). 

This study sheds light on how the groups of slower adopters can be 
induced to start using an online tax filing service, using data from a 
large-scale randomized controlled field experiment (N = 40,000), con-
ducted in a real-world setting with actual citizens. The experiment was 
carried out fully by the Finnish Tax Administration (FTA) in 2017 (as a 
direct mail campaign) and it aimed at increasing the adoption of the tax 
authority’s online self-service filing application, launched initially in 
2008. The FTA’s experiment allows us to partly fill the gap in the 
literature, since the goal of the experiment was to explore whether and 
how a certain behavioral intervention, nudging (Sunstein, 2017; Sunstein 
& Thaler, 2008; Thaler & Sunstein, 2003), can be used to induce the 
adoption of FTA’s existing governmental online self-service application 
among those who have something to file (i.e., a need to interact with 
FTA) but who do not yet use it. Nudging is a form of soft 
communications-based instrument (Hallsworth, List, Metcalfe, & Vlaev, 
2017; Teerling & Pieterson, 2010), as it refers to the use of messages or 
other indirect suggestions to draw an individual’s attention to some-
thing to influence his/her intentions and behavior (e.g., Allcott, 2011; 
Thaler & Sunstein, 2003). In line with the large IS and economic liter-
ature suggesting that information gaps and social norms are important 
drivers of the adoption of e-filing services, the FTA’s experiment 
distinguished between informative nudges (i.e., pure information provi-
sion about how to use the online system) and persuasive social norm 
nudges (e.g., how peers behave). Since governments provide routinely 
general information about their service channels and since in the context 
of the FTA experiment, the availability of such basic information 

(including the existence of the online self-service) was not an issue, these 
nudges allow us to study how specific kind of decision-relevant infor-
mation provision affects citizens’ filing behavior. Rather than being 
about generic information provision, the FTA’s nudges were a form of 
choice architecture intervention, aimed at facilitating citizens’ “access to 
decision-relevant information by increasing its availability, comprehensi-
bility, and/or personal relevance to the decision maker” (Mertens, Her-
berza, Hahnela, & Broscha, 2022 p. 2). 

Our empirical analysis complements the earlier e-government 
intervention analyses of Teerling and Pieterson (2010), where the par-
ents of a new-born of certain (non-randomly-chosen) regions were led 
via a letter to fill in a form online and where the parents of a new-born of 
the control regions were given the traditional paper form; of Castelo 
et al. (2015), who used increased salience of information and empha-
sized personal gains of e-government in their nudges, and of Faulkner 
et al. (2019), who altered default choices, provided additional facili-
tating conditions, and promoted the personal benefits of using the online 
service. Our study differs from the earlier analyses in scale and focus and 
because we study the adoption and channel choice of individuals who 
can be characterized as slower adopters. 

We set out to answer the following two research questions: Research 
Question #1: Focusing on taxpayers who do not yet use the online e-filing 
service, do they react to the informative nudge by starting to use the 
service for the first time? If they do, it is plausible that there are slower 
adopters who had not had enough decision-relevant information to start 
using the e-filing service. Research Question #2: Can the slow-to-adopt 
taxpayers be persuaded to start using the e-filing service by the social 
norm nudge? If they do, we have evidence for social influences causally 
enhancing the adoption among the slower adopters. A priori, it is not 
clear whether soft communications-based nudging can enhance adop-
tion in the context of our study, since the literature on nudging suggests 
that not all nudges work and since the research on the late adopters and 
non-adopters of public digital services (see, e.g., Carter & Weerakkody, 
2008; Seo & Bernsen, 2016, Pethig et al., 2021) and channel choice 
(Ebbers et al., 2016; Pieterson & Ebbers, 2008; Teerling & Pieterson, 
2010) suggest that the adoption of an online channel by such individuals 
may be limited due to other, harder-to-remove constraints that simple 
information provision or persuasion cannot alleviate. 

We proceed as follows: In the next section, we review the literature 
and provide a theoretical background for our analysis. We then describe 
our data, experiment, and results. We close with a discussion of how our 
results generalize, of the implications of our findings for research and 
practice, and of our study’s limitations. An Online Appendix available 
from the authors presents examples of the treatment letters, results from 
randomization (balance) checks, and robustness tests. 

2. Theoretical background and hypotheses 

2.1. Literature review 

2.1.1. Adoption of e-government services 

2.1.1.1. Basic theoretical frameworks. Unified theory of acceptance and 
use of technology (UTAUT, Venkatesh et al., 2003) and technology 
acceptance model (TAM, Davis, 1989, Venkatesh & Davis, 1996) are the 
two core theoretical frameworks that have frequently been employed 
when analyzing how and why citizens use governments’ e-services; see 
Bélanger and Carter (2012) and Dwivedi et al. (2017) for reviews. For 
example, in an early study, Pieterson (2009) relied on UTAUT when 
studying the adoption of digital public services. Applied to our context, 
UTAUT predicts that the four key determinants of initial use are ex-
pected benefits of using the online tax filing service (performance ex-
pectancy), expected easiness of using the tax authority’s website and 
service (effort expectancy), perceived availability of support to adopt/ 
use the online filing service (facilitating conditions), and peer behavior 
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and social norms related to the use of the governmental service (social 
influences); see also Brown and Venkatesh (2005) and Venkatesh, Chan, 
and Thong (2012). However, as Bélanger and Carter (2012) Dwivedi 
et al. (2017) document, a large variety of other theoretical frameworks 
have also been used to analyze e-government, suggesting a degree of 
theoretical fragmentation. One further source of such fragmentation is 
that “adoption and continuance behaviours are two theoretically distinct 
concepts and are affected by different sets of factors” (Veeramootoo et al., 
2018, pp. 161). The benefits of digital public services can materialize 
only if governmental e-services are systematically made use of, which in 
turn depends on how willing citizens are to start using the service 
(“initial usage”), and on how likely they are to continue using the service 
(see, e.g., Teo et al., 2008, Hu, Brown, Thong, Chan, & Tam, 2009, and 
Veeramootoo et al., 2018). These two also interact, since a citizen’s post- 
adoption behavior depends on her initial experiences with the channel 
and system (Venkatesh, Thong, Chan, Hu, & Brown, 2011). Moreover, 
relatively few studies have so far considered “e-government-specific 
constructs, such as trust, risk, security, or privacy” (Dwivedi et al., 2017, 
pp. 214). Among the most important exceptions are Teo et al. (2008), 
who considered how trust influences intention to continue using e- 
government services and Dwivedi et al. (2017), who considered atti-
tudes and perceived risk and developed a unified model of e-government 
adoption (UMEGA); see also Rana et al. (Rana, Dwivedi, Lal, Williams, & 
Clement, 2015; Rana, Dwivedi, Williams, & Weerakkody, 2016) for 
important e-government specific extensions. 

Venkatesh et al. (2016) suggested specifically that uncertainty 
reduction is very important for the adoption and use of e-government 
services. Uncertainty about the functionality of a public digital service 
and the (perceived) risks related to its use may stem from many sources. 
Venkatesh et al. (2016) argue that they originate mostly from task un-
certainty, workflow uncertainty and environmental uncertainty. Ac-
cording to the authors (ibid., 2016, p. 90), “task uncertainty and workflow 
uncertainty arise from the service process of e-government. When using an e- 
government service (e.g., online tax filing), citizens need to be provided with 
necessary information (e.g., user instructions and status updates) to 
accomplish service tasks (e.g., filing taxes) and keep track of the service 
workflow (e.g., checking tax refund status)” and that “environmental un-
certainty arises from the service-delivery channel of e-government, i.e., the 
website. Because of the vulnerability associated with online transactions (e.g., 
technical problems and security risks), citizens need to be assured that the 
website is reliable and safe to use, otherwise they may feel uncertain about the 
service environment and question the service availability and service perfor-
mance”. The above descriptions of Venkatesh et al. (2016) capture 
almost perfectly what uncertainty means in our context, which is pre-
cisely about filing tax returns. 

2.1.1.2. Heterogeneity in adoption and of citizens. Distel and Lindgren 
(2019) draw attention to the fact heterogeneity of citizens is not sys-
tematically acknowledged in e-government research. They note that “e- 
government research mostly treats citizens as a homogenous group, without 
specifying subgroups” and that when heterogeneity is noted, “[o]ften, 
citizens are clustered along rather unspecific, mostly socio-demographic 
variables (ibid., p. 118; see also Molnar, 2015, Carter et al., 2016). It is 
very likely that that the key determinants of initial use (such as per-
formance expectancy, effort expectancy, facilitating conditions, and 
social influences) and the nature and perceptions of task, workflow and 
environmental uncertainty vary between various groups of people. Once 
one explicitly allows for the heterogeneity of citizens and, more gener-
ally, of e-government stakeholders (e.g., Rose et al., 2018; Scholl, 2001), 
it also becomes clear that even in advanced countries, there are citizens 
who cannot easily adopt public e-services (e.g., due to unequal access to 
digitalized public services and/or due to skill deficiencies) or who by 
choice do not want to use public e-services (e.g., Distel & Lindgren, 
2019). There is a growing literature on these slow adopters and non- 
users, exploring why the use of digital government services by certain 

groups of citizens lags that of others (e.g., Al-Muwil, Weerakkody, El- 
haddadeh, & Dwivedi, 2019; Carter & Weerakkody, 2008; Chipeva, 
Cruz-Jesus, Oliveira, & Irani, 2018; Pethig et al., 2021; Seo & Bernsen, 
2016). These groups tend to include various marginalized groups, such 
as socioeconomically disadvantaged households, senior citizens, people 
living in rural areas, and people with disabilities, which may suffer both 
from limited access (“access divide”) and limited skills to use the tech-
nologies (“usage divide”). Moreover, if the marginalized groups are slow 
to adopt a newer e-government service because they could not adopt 
another e-government service introduced earlier (thus, no learning-by- 
doing), there is a kind of Matthew effect at work, which refers to the 
general pattern of self-reinforcing inequality (Perc, 2014). While the 
reasons for delayed adoption may vary, being a “laggard” always entails 
a relative comparison: In the e-government context, the concept of slow 
(er) adopters refers to the delayed adoption by the more reluctant and 
constrained citizens of an available e-government service that some 
others already use. 

Uncertainty about the public online service may matter a great deal 
especially for the slower adopters. Evaluation of a service before using it 
tends to be difficult, because often only ambiguous and incomplete in-
formation is available (Siehl, Bowen, & Pearson, 1992), making it 
especially difficult for e.g. disadvantaged individuals. There may, for 
example, be uncertainty about the online service’s functionality, i.e., 
about the extent to which the service generates benefits, requires effort, 
or provides user support if a (marginalized) citizen tries to accomplish a 
task using it. Second, there is a risk that the online channel and service 
process does not actually allow the user to complete the task easier than 
using the default (old, offline) method (Dwivedi et al., 2017). Third, 
uncertainty may mirror a slower adopter’s perception that she/he is 
unable to predict accurately enough how usable the service is (e.g., Song 
& Montoya-Weiss, 2001). 

2.1.1.3. E-government channel choice. The literature on the choice of the 
channel through which a citizen interacts with public authorities and 
governmental units also bears on our research questions. First, this 
literature has emphasized that the choice mirrors the nature of the task 
that the focal citizen faces, as well as her digital access and skills (e.g., 
Ebbers et al., 2016; Pieterson & Ebbers, 2008; Teerling & Pieterson, 
2010), with each task-channel combination being associated with 
different kind of uncertainty and perceived risks. Second, there is evi-
dence that the differences in channel preferences and usage between the 
various demographic groups, as defined by e.g., age, education and 
gender, are converging, at least in a developed country context (Pie-
terson & Ebbers, 2020). Third, the use of a digital channel can be 
stimulated by (i) information provision and communication, (ii) exercise 
of official authority, (iii) use of economic or financial incentives, or (iv) 
redesign of its online services (Teerling & Pieterson, 2010). Which of 
these four instruments a governmental unit can use depends on the 
context. For example, technological features or system attributes (that, 
according to the literature, predict use intentions and actual use; see 
Dwivedi et al., 2017) cannot often be changed, unless the service is in a 
design phase or under consideration for redesign. On the other hand, a 
forced transition (exercise of official authority) can have unintended 
consequences. For example, Hui and Png (2015) study compulsory 
migration to a new online federal government using pseudo/natural 
experimen. They found that some consumers opted out due to them 
strongly preferring the other but temporary unavailable access method 
(telephone). Tangi, Benedetti, Gastaldi, Noci, and Russo (2021) studies 
another example of a mandated transition (see also Chan et al., 2010). 
The literature on the effectiveness of the softer communications and 
information provision tools, which aims at enhancing voluntary adop-
tion of online services and channels, is still relatively limited in the 
context of e-government service adoption and channel choice (Castelo 
et al., 2015; Faulkner, Borg, et al., 2019; Teerling & Pieterson, 2010), 
but has provided encouraging early findings. However, as far as we can 
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determine, the e-government literature has not considered explicitly 
how the use of an online channel can be enhanced by such a soft tool 
among citizens who, for whatever personal or contextual reason, have 
been slower than others to adopt the service. 

2.2. Nudges as a soft instrument 

Nudging refers to information provision that figuratively prods a 
person by means of a message to draw his/her attention, thereby 
influencing his/her behavior (e.g., Thaler & Sunstein, 2003). It belongs 
to the (soft) communications-based instrument in the typology of 
Teerling and Pieterson (2010); see also Haaland, Roth, and Wohlfart 
(2022) on the design of information provision experiments. Nudges are 
never coercive and can only lean a person towards making a particular 
(desired) choice by gently altering the information environment and 
perceived choice context. Such nudges can be seen as choice architec-
ture interventions (Mertens et al., 2022) which aim at increasing in-
dividuals’ access to and use of decision-relevant information. When 
successful, this is typically achieved by increasing the availability, 
comprehensibility, and/or personal significance of the relevant 
information. 

The use of nudges is increasingly common in markets and policy-
making (Sunstein, 2017; Sunstein & Thaler, 2008; Thaler & Sunstein, 
2003) and gaining attention in the management, public administration 
and IS literature (e.g., Dennis, Yuan, Feng, Webb, & Hsieh, 2020; Sun, 
Lanfei Shi, Viswanathan, & Zhelevac, 2019). The power of nudges, such 
as (pure) information provision, social comparisons, psychological cues 
and default choices, to affect financial decision-making (e.g., Bertrand, 
Karlan, Mullainathan, Shafir, & Zinman, 2010; Duflo & Saez, 2003; 
Karlan, McConnell, Mullainathan, & Zinman, 2011), economic choices 
(Allcott, 2011; Brandon, List, Metcalfe, Price, & Rundhammer, 2019; 
Frey & Meier, 2004) and health behaviors (Bucher, Collins, Rollo, et al., 
2016) has been well documented (see also Sunstein & Thaler, 2008). 
However, what also is known is that not all nudges work. By definition, 
they have no effect (i.e., they are irrelevant) in the decision contexts 
where the decision-makers have access to relevant information, hold 
correct beliefs and can act fully rationally (see e.g., Dennis et al., 2020). 
Choosers may also have strong antecedent preferences (preventing e.g. 
persuasion), get confused by the nudge (preventing e.g. bias reduction), 
react in an unintended way (e.g., avoid contact; Damgaard & Gravert, 
2018) or learn nothing new (e.g., Sunstein, 2017). Moreover, Spiegler 
(2014) points out that increasing a decision-maker’s awareness of a 
service attribute may result in a reallocation of limited attention (i.e., in 
reduced attention to some other attribute) and thereby be even 
counterproductive.1 

Nudging, or randomized behavioral interventions more generally, 
are not often mentioned in the literature on e-government (see Castelo 
et al., 2015 and Faulkner, Borg, et al., 2019 for exceptions), so whether 
nudging works in this context is not clear. Echoing this, Castelo et al. 
(2015) and Faulkner, Borg, et al. (2019) note that there seems to be 
relatively few studies on the effectiveness of concrete policy tools that 
the governmental agencies could use to induce citizens to start voluntarily 
using digitalized public services that already are available and in use by 
others (see also Teerling & Pieterson, 2010). Castelo et al. (2015) 
increased salience of existing information and emphasized personal 
gains of using public digital services in their interventions. Faulkner, 
Borg, et al. (2019) induced use of e-government services by altering 
default choices, providing additional facilitating conditions and 

emphasizing the personal benefits of using the online service. The non- 
coercive nature of these kinds of nudges can be a desirable feature when 
the aim is to enhance the digitalized public encounter and long-term 
mutually beneficial interaction between citizens and tax administra-
tion (Lindgren et al., 2019), without which no modern society can cope 
with. 

2.3. Hypotheses 

The reviewed strands of the literature bear on our study, since the 
FTA’s experiment targeted taxpayers who, based on their past tax filing 
behavior, were likely to have something to file at the time (in Spring 
2017) but who had submitted an offline tax return (i.e., used the default 
mailing option) during the past two years prior the fiscal year whose 
filings we study. At the time of the experiment, they can be characterized 
as slower adopters of the online filing service. 

An obvious starting point for the hypothesis development is the 
observation that the group of slow e-filing adopters may not be 
responsive to nudges at all. Information provision and persuasion (e.g., 
social influences) are unlikely to help if they cannot start using public e- 
services (e.g., Distel & Lindgren, 2019), due to hard, binding constraints 
that the literature on slow adopters and non-adopters have identified (e. 
g., Carter & Weerakkody, 2008; Seo & Bernsen, 2016). That is, one 
cannot simply assume that the positive effects of nudges in certain other 
contexts generalize to such e-filers. 

On the other hand, the literature suggest that information gaps and 
social norms are factors that drive the adoption of e-filing services. If the 
slower adoption by some taxpayers is related to information gaps and 
uncertainty about the usability and technicalities of the online filing 
service (Dwivedi et al., 2017; Murray, 1991; Tan, Benbasat, & Cenfetelli, 
2013; Venkatesh et al., 2016), information provision should enhance 
their adoption. For example, information about service content and 
service delivery (Tan et al., 2013) should help a potential user to 
accomplish the task of filing tax returns online (e.g., user instructions) 
and to keep track of the service workflow. Such information may assure 
the slow adopter that the online service is reliable and safe and reduce 
her/his perceived task, workflow and environmental uncertainty (as 
defined by Venkatesh et al., 2016, and reviewed above). By reducing 
these sources of uncertainty, information provision can make the ben-
efits of using the service more transparent and tangible and reduce 
perceptions of the required efforts associated with the use of the service. 
This view is in line with the previous literature, which suggests that 
potential adopters rely not only on internal sources (e.g., past experi-
ence, if available) but also on external sources to cope with uncertainty 
associated with services (e.g., Murray, 1991; Venkatesh et al., 2016). 

The available behavioral economics literature also supports the 
notion that increasing citizens’ awareness of the properties of a new 
online service via informational nudges works through expectations, by 
altering what they believe about the net utility of using the new service 
(see Bertrand et al., 2010; DellaVigna & Gentzkow, 2010; Haaland et al., 
2022). A reason for this is that from an economic perspective, an online 
service is largely an experience good: Its actual quality and convenience 
is hard to evaluate or observe before adoption (see e.g. Ackerberg, 
2003). This means that the adoption decision is based on beliefs (ex-
pectations) of benefits, efforts and availability of support. Incomplete 
information and the associated uncertainty related to the benefits, costs 
(effort) and support in turn open a possibility for nudges to be effective. 
Citizens may make systematic errors when choosing between the old and 
familiar offline option and the newer online service, because they can be 
poorly informed about and/or devote limited attention to the latter’s 
characteristics (e.g., Abaluck & Gruber, 2011; Allcott & Knittel, 2019). 

Peer behavior and social norms related to the use of a e-government 
technology should also matter: Such social influences are a part of the 
many widely used e-government adoption models (for reviews, see 
Bélanger & Carter, 2012, Dwivedi et al., 2017; more generally, see e.g., 
Li, Wang, & Wang, 2022). Besides this e-government literature, there is a 

1 A concrete example of empirical work providing evidence on the ineffec-
tiveness of nudges is Allcott and Knittel (2019). Their (well-powered) study 
shows that providing fuel economy information had no effect on the purchases 
of new vehicle shoppers. In the same spirit, Hallsworth et al. (2017) conclude 
that the available evidence on the effectiveness of social norm messages in a 
governmental context is mixed at best. 
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large and growing literature on the effects of social norm nudges on 
individual behavior (e.g., Fellner, Sausgruber, & Traxler, 2013; Halls-
worth et al., 2017) in various contexts. If many peers (e.g., family, 
friends, fellow citizens) already use the technology widely or the peers 
normatively think that it should be used (for various reasons), it is likely 
that a slow adopter may be willing to give a try despite her possible 
doubts and misgivings about the service. Indeed, the prior experimental 
work in economics suggests that provision of social norm information 
can change behavior in real-world settings (e.g. Allcott, 2011) and that 
what works depends on the context (Fellner et al., 2013; Krupka & 
Weber, 2013). Telling taxpayers of the social norms related to online 
filing may, for example, alleviate their uncertainty about the private and 
social benefits to be gained from utilizing e-filing services (see Post-
lewaite, 2010, Allcott, 2011, Hallsworth et al., 2017, who consider so-
cial norm nudges in other contexts). 

The above discussions motivate our two research questions: First 
(RQ#1), we ask, Do slow-adopting taxpayers react to information pro-
vision about the e-filing system by starting to use the service? The sec-
ond research question (RQ#2) asks, Can slow-adopting taxpayers be 
persuaded to start using the e-filing service by exposing them to a social 
norm message? Consistent with these research questions, the FTA’s 
experiment included an informative nudge and a persuasive social norm 
nudge (to be described in detail later). The literature also provides us 
with strong reasons to expect that the slower adopters of the online tax 
filing system should react to the two types of nudges. We can expect 
positive effects, since lack of information means that a citizen cannot 
easily start using a public e-service, whereas lack of extrinsic motivation 
may result in her/him not wanting to start using the public e-service. In 
line with this, we transform our two RQs into the following two causal 
hypotheses: 

Hypothesis #1. The causal effect of the informative nudge on the 
adoption of the e-filing service by slow adopters is positive. 

Hypothesis #2. The social norm nudge has an (additional) positive 
causal effect on the adoption of the e-filing service by slow adopters. 

While cruder than the constructs used in the literature that have built 
on specific theoretical models, we can test these hypotheses directly, 
since the informative nudge aims at alleviating an individual’s uncer-
tainty and informational gaps about the usability of the particular e- 
government service, whereas the social norm nudge aims at strength-
ening an individual’s external motivation to adopt it. Both nudges 
address the problem of citizens’ limited access to and use of decision- 
relevant information in a particular decision-making context (Mertens 
et al., 2022, Table 1). 

3. Data and methods 

The previous studies have applied various formal, semi-formal and 

qualitative methods and approaches to study the adoption of e-gov-
ernment services, using mostly naturally occurring and/or survey data 
(i.e., non-experimental data). The research approach of this study is 
quantitative and uses a field experiment to provide insights on the causal 
drivers of the (late) adoption of e-government services (see Harrison & 
List, 2004 for a review and a typology). A natural field experiment in-
troduces experimental randomization into a realistic setting, since the 
individuals (subjects) undertake a task in a natural environment (as 
opposed to them being participants in a laboratory experiment) and 
since they are randomized into treatment without them knowing that 
their behavior is scrutinized and that they participate in an experiment 
(Hallsworth et al., 2017; Harrison & List, 2004). We use the data 
generated by the FTA’s natural field experiment to test Hypotheses #1 
and #2. For the statistical tests of the hypotheses we consider random-
ness due to random sampling from the base population, as well as due to 
experimental allocation of individuals into the control and treatment 
groups (Imbens & Rubin, 2015, Chapter 5). We discuss the limitations of 
our approach later, in Section 5. 

3.1. Context and data 

3.1.1. Context: Finland and Finnish Tax Administration (FTA) 
The context of our study is Finland, which a Nordic welfare state. 

Like other Nordic countries, it has relatively well-developed digital 
infrastructure, is one of the least corrupted democracies in international 
comparisons and has relatively well-educated citizens and low-income 
inequality. Finnish citizens also appear to be “tax-compliant”, with 
around 80% of the respondents saying that they are happy to pay their 
taxes in an FTA-commissioned survey (Finnish Tax Administration, 
2019). While these are relative statements and hard to verify conclu-
sively, they are important contextual features: Compared to many other 
countries, the likely factors inhibiting citizens’ adoption of e-govern-
ment services in Finland are therefore neither severely unequal digital 
access (even most senior citizens have access to internet; nearly 80% of 
those aged 65–74 had access to internet in 2018), nor general mistrust in 
the government, but more likely lack of awareness of the specifics of the 
service and its usability, and extrinsic motivation. While there surely are 
many kinds of marginalized groups also in Finland, no specific single 
group was identified to be dominant in our study’s context. 

FTA is the government unit responsible for collecting taxes in 
Finland. After each fiscal year, FTA sends out a prefilled form that 
contains information on, e.g., the taxpayer’s recorded income reported 
by third parties, and taxes withheld and paid. Taxpayers have a duty to 
check the prefilled form for additions (e.g., for missing income or 
deductible information) and are obligated to file corrections if needed 
(e.g., due to misreported information on the taxes paid during the fiscal 
year). The corrected tax return needs to be filed only if there are 
changes. All taxpayers are automatically informed of the options to file 
one’s tax return either online or on paper, because the two options are 
very clearly mentioned in the documentation that accompanies the 
prefilled tax return that each taxpayer receives. 

The FTA introduced the e-filing service (called Tax Return Online 
-website) in 2008. The adoption of the online filing service has been 
slower than what the FTA initially expected and wished, resulting in 
operational costs that could have been avoided. At the time of the 
experiment, most of the individual citizens’ filings that were done off-
line could have been done online, indicating underutilization. 

3.1.2. Target population and data 
The experiment from which our data come was carried out fully by 

the FTA in 2017 and was subject to its administrative approval and 

Table 1 
Summary of treatment and control groups and the letters sent.  

Group  Letter content Nudge 
type 

Group size 
(N) 

Control  – – 20,000 
Letter 1 L1 Standard letter N_INFO 2000 
Letter 2 L2 L1 + Norm 1 N_SOCIAL 2000 
Letter 3 L3 L1 + Norm 2 N_SOCIAL 2000 
Letter 4 L4 L1 + Additional information N_INFO 2000 
Letter 5 L5 L1 + Norm 1 + Norm 2 N_SOCIAL 2000 
Letter 6 L6 L1 + Norm 1 + Additional 

information 
N_SOCIAL 2000 

Letter 7 L7 L1 + Norm 2 (twice) N_SOCIAL 2000 
Letter 8 L8 L1 + Norm 1 & 2 + Additional 

information 
N_SOCIAL 2000 

Post 
card 

C Limited information, taken from 
L1 

N_INFO 4000  
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ethical review.2 The target population for the experiment was deter-
mined by the FTA’s interest in enhancing the adoption behavior of those 
who are likely to have something to file and who have not yet adopted 
the online service. Therefore, the experiment targeted taxpayers who 
were from 25 to 65 years old and who, based on their past tax filing 
behavior, were likely to have something to file in 2017 (concerning 
fiscal year 2016) and who had filed offline in the past. 

Using the past filing data, individuals who had filed their tax returns 
offline in year t-2 and t-1 were identified. Using data for 2015, we 
verified that these taxpayers were about 2.4 times more likely to have 
something to file in year t than a randomly chosen taxpayer, making 
them an ideal target population: If nothing changes, they are also very 
likely to continue filing offline. Indeed, the probability that a taxpayer 
filed a tax return offline in 2015, conditional on him/her having filed a 
tax return offline both in 2013 and 2014, was 74.8%. The corresponding 
conditional probability to file a tax return online in 2015 was as low as 
8.4% (and the rest had nothing to file). Thus, out of those who filed a tax 
return offline in 2013 and 2014 and who had something to file in 2015, 
90% filed the tax return offline. On the other hand, conditional on 
having something to file, nearly 60% of the taxpayers already filed on-
line in the year prior to the experiment (in 2016). Since almost all kinds 
of online filings were possible, these numbers mean that the experiment 
targeted a group of individuals that can be characterized as slower 
(“laggard”) adopters in our study’s context. 

Before settling on the final base population, certain specific groups of 
taxpayers (e.g., farmers) were excluded. The base population consists 
therefore of those taxpayers who had submitted an offline tax return 
during 2014 and 2015 and who do not belong to the excluded taxpayer 
groups. The base population consists of about 270,000 individuals. 

The data used in this paper are confidential and extracted directly 
from the information systems and data registers of the FTA. The original 
data source contains income and individual-level information for all 
Finnish taxpayers. In our empirical analysis, the outcome variable is a 
binary indicator equal to 1 if the taxpayer files her tax returns online, 
and = 0 otherwise. Online filing can be observed very accurately for 
each taxpayer in our sample, because the data come from the informa-
tion systems of the FTA (i.e., from the same system to which electronic 
tax returns are submitted). 

As we explain next, the study sample used in this paper consists of 
40,000 individuals who were chosen randomly from the base popula-
tion. First, nine treatment groups were drawn randomly from the base 
population so that in total, the treatment groups include 20,000 in-
dividuals. Second, 20,000 individuals were chosen randomly to the 
control group. They received no letter and were not contacted. 

3.2. Experiment 

The experiment was a direct mail field experiment (see, e.g., Ber-
trand et al., 2010 and Hallsworth et al., 2017). From this perspective, it 
was in spirit - but not in substance - to the experiments that have focused 
on tax compliance and that tax authorities have undertaken since 1990s 
(see Hallsworth, 2014; Pomeranz & Vila-Belda, 2019). In terms of tis 
substance, the experiment was more in spirit of Faulkner, Borg, Bragge 
et al. (2019b), who consider how behavioral interventions enhance the 
effectiveness of public administrators’ written communication, and 
Teerling and Pieterson (2010), who also used a letter to steer citizen’s 
channel choice (their target groups were not randomized). 

FTA wanted to consider both information provision (“N_INFO- 
nudge”) and social norm messages (“N_SOCIAL-nudge”), under the 
(internally imposed) constraint of it being able to use nine treatment 
groups. After some deliberation about the need and possibilities to adapt 
the messages used in the previous literature (especially, by Hallsworth 
et al., 2017) to the Finnish context, the FTA ended up using the nine 
treatment letters described in Table 1 (below). Three aspects of the 
experiment are worth stating clearly: i) To find out how sensitive the 
results are to slightly different wordings and display choices, N_INFO 
was implemented in three slightly alternative ways (using three slightly 
different versions of the letter), and N_SOCIAL in six alternative forms 
(using six different letter versions); ii) The social norm nudge was 
implemented as an add-on to the informative nudge, and we classify a 
letter to be N_SOCIAL if it included at least one social norm message (see 
“Letter content” and “Nudge type” -columns in Table 1). This add-on 
design means that all the letters provided a set of basic information, 
requiring that we use (appropriate, but standard) econometric methods 
and contrasts to empirically isolate the causal effect of N_SOCIAL from 
that of N_INFO; and iii) The key difference between the two types of 
nudges (N_INFO vs N_SOCIAL) is that the former informs citizens of 
aspects and features that makes it easier to understand and use the e- 
filing service in practice, whereas the social norm message included in a 
N_SOCIAL-letter is not of practical help in this sense. Rather, it aims at 
using social influence for persuasion (broadly defined) and strength-
ening external motivation to adopt the online service. Both N_SOCIAL 
and N_INFO -letters aim at alleviating tax-payers’ limited access to and 
use of decision-relevant information (see also Mertens et al., 2022). 

We explain the content of each treatment in the order they were 
numbered by the FTA personnel running the experiment (translated 
versions of the letters can be found from an online supplementary ma-
terial, the letters were 1–2 A4 pages long):  

• Letter 1 is a standard letter, named so because FTA considered 
sending it to some taxpayers if it had not run the experiment: The key 
goal of the standard letter is to increase taxpayers’ awareness of the 
online service and its properties. The letter includes two main sec-
tions. The first one is shorter, providing basic information about the 
expected timing of the arrival of the prefilled tax return, reminding 
the taxpayer of the need to check and augment the prefilled form, 
and informing him/her of when the augmented tax return ought to 
be returned at latest. It also mentions that the taxpayer may use the 
online filing system to augment the prefilled tax return and gives the 
system’s www-address. The second section of the letter (i) describes 
which steps to take when using the online system, (ii) informs the 
reader that the system guides the user, (iii) tells the recipient that 
there is help available online (chat) and (iv) mentions that a demo 
program is available for practice. The letter also informed the 
taxpayer (v) that one can edit the tax return even after submission in 
case he/she makes a mistake and (vi) that the system sends a veri-
fication message, confirming when the tax return has been submitted 
successfully. This kind of information can be expected to reduce 
uncertainty about how to successfully file one’s tax return and en-
hances awareness of how reliable the online system is and what and 
when something needs to be done. This letter is clearly aimed at 
reducing task, workflow, and environmental uncertainty, which ac-
cording to Venkatesh et al. (2016) ought to enhance trust and 
adoption (see also Dwivedi et al., 2017; Teo et al., 2008).  

• Letter 2 is like Letter 1 but includes additionally a social norm (Norm 
1) on the top of the first page. This letter informed the recipients that 
a majority of the taxpayer’s age-group files their tax returns online 
and that in 2016 about 60,000 tax returns more were filed online 
than in 2015. Norm 1 is a piece of social information that informs the 
taxpayers about the general level of “compliance” in population 
(Fellner et al., 2013; Krupka & Weber, 2013) and that also allows a 
social comparison (Allcott, 2011; Allcott & Kessler, 2019). It is 

2 The research required a special research permit, granted by the adminis-
tration of the FTA. To obtain the research permit, a written research proposal 
was drafted and submitted for feasibility and ethical evaluation. Two of us were 
(and are) working for the FTA and were thus both subject to FTA’s internal code 
of conduct and the laws governing Finnish civil servants and public agencies. 
The two participated intensively in the practical implementation of the 
experiment. 
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similar in spirit to the descriptive social norms that Hallsworth et al. 
(2017) found to work particularly well in the UK taxation context.  

• Letter 3 is like Letter 1 but includes another type of social norm 
(Norm 2). This letter includes on the top of the page a sentence 
saying that one tax return filed on paper costs to the society 
approximately 10 euros more than a tax return filed online and that 
taxpayers’ money is saved when people file online. The amount 
saved is also mentioned in the heading. The wording makes it clear 
that using online filing generates a social benefit. An interpretation of 
Norm 2 is thus that it is a type of a moral appeal (Krupka & Weber, 
2013) and may activate moral utility (e.g. due to social externalities 
when not filing online; see also Levitt & List, 2007, Hallsworth et al., 
2017, Allcott & Kessler, 2019). It is similar in spirit to the messages 
referring to public services that Hallsworth et al. (2017) found to 
work in the UK taxation context. 

• Letter 4 is like Letter 1 but included a little piece of additional in-
formation in the form of practical instructions on how to file online 
(in addition to all the information provided in the standard letter) in 
the middle of the letter. It informed the taxpayer that (i) if one files 
online, there is no need to file anything by regular mail (offline), (ii) 
that no original documents need to be attached, (iii) that a particular 
identification method will be used when logging in and (iv) that it 
may be useful to prepare and have certain documents available 
before logging into the system. This letter thus further increases 
taxpayers’ awareness of the properties of the online service and al-
lows us to explore whether more information about the practical 
aspects of the online service increases its adoption.  

• Letter 5 is like Letter 1 but includes both social norms (Norm1 and 
Norm 2). It allows both for the social comparison and includes the 
moral appeal. The use of two norms is in spirit of Brandon et al. 
(2019), who showed in an energy saving context that social nudges 
work better when implemented in combination. This letter can hence 
be used to study whether more saliently displayed social norms have 
a greater effect.  

• Letter 6 like Letter 1 but includes the social comparison (Norm 1) and 
the additional information on use from Letter 4. This letter aimed at 
exploring whether more information combined with a social norm 
enhances adoption.  

• Letter 7 like Letter 1 but includes the first social norm twice (first in 
the beginning of the latter and then again in the middle) about the 
general level of online compliance in population (Norm 1). This 
letter was used to study whether more saliently displayed social 
norms have a greater effect.  

• Letter 8 is like Letter 1 but includes both social norms (Norm1 and 
Norm 2) and also the additional practical information on the online 
filing that Letter 4 includes. This letter aimed at exploring whether 
more information combined with additional social norms enhances 
adoption. 

• Finally, Letter 9 was a postcard, containing a subset of the informa-
tion of the standard letter (Letter 1). It was simpler both in how it 
looked like and had reduced informational content relative to the 
standard letter. The objective of the card was to increase taxpayers’ 
awareness of the online service, using a lesser amount of informa-
tion. This letter aimed at exploring whether fewer pieces of infor-
mation on use (as compared to the standard letter) are enough to 
enhance adoption. 

In sum, the (“pure”) informative nudge, N_INFO, refers to Letter 1, 
Letter 4, and Letter 9. The social norm nudge, N_SOCIAL, refers to Letter 
2, Letter 3, Letter 5, Letter 6, Letter 7 and Letter 8. The two types of 
nudges were both implemented these alternative ways, because the 
FTA’s goal was to find a practical and effective way of inducing a 
behavioral change and because the variants allow evaluating how sen-
sitive the results are to relatively minor changes in the letter. The idea is 
not that the alternative wordings of the letters used for a given nudge 
type would differ significantly conceptually from each other. 

As Table 1 shows, each of Letter 1–8 was sent to 2000 individuals (by 
standard mail) as a part of a mail-based campaign of the FTA. Due to the 
FTA’s prior belief of the post card (Letter 9) having a small effect, it was 
sent to 4000 individuals. We have checked using covariance balance 
checks that randomization of individuals to the nine treatment groups 
was successful. 

3.3. Statistical methods 

3.3.1. Econometric model 
We use a Linear Probability Model (LPM) to model the data and to 

test the two hypotheses. The constant in this model captures the share of 
taxpayers that start to file online in the control group (to which no letter 
was sent). The regressors are binary variables, one for each of the 
different letters (L1-L9). Thus, despite its name, the model does not 
impose a linearity assumption, because the effect of each treatment is 
captured by a separate parameter, making the model saturated (and thus 
non-parametric; see, e.g., Angrist & Pischke, 2009). 

When testing our Hypothesis #1, we compare the rate of adoption in 
the treatment groups that were exposed to the (pure) informative nudge 
to the rate of adoption in the control group. That is, when estimating the 
average treatment (causal) effect (ATE) of N_INFO ∈ {Letter 1, Letter 4, 
Letter 9} on adoption, the relevant comparison group is the control 
group that received no letter. When testing our Hypothesis #2, the 
relevant comparison group is different: The reason is that the social 
norm nudge was implemented as an add-on to the informative nudge. 
Therefore, we identify the causal effect of N_SOCIAL -nudge by sub-
tracting from the coefficient of a letter that included a given social norm 
(i.e. one of Letter 2, Letter 3, Letter 5, Letter 6, Letter 7, Letter 8) the 
coefficient of Letter 1. If this difference is different from zero, it tells us 
that the social norm had an additional effect even after we netted out the 
effect of the pieces of information included in the standard letter. 

Our econometric model does not need to include explicitly moder-
ators (if they happened to exist), such as a person’s age, gender and 
experience, psychological factors, or indicators of an individual 
belonging to a marginalized group. The reason is that under the standard 
assumptions that are met in randomized experiments (see e.g. Imai & 
Ratkovic, 2013) like ours, the average treatment effect (ATE) for each 
treatment can identified even in the presence of treatment effect het-
erogeneity, i.e. in the presence of moderators. 

3.3.2. Statistical significance and managing the risk of false positives 
We have multiple treatments. We therefore pay special attention to 

the risk of us making false positive errors, i.e., to us erroneously rejecting 
the hypothesis of no effect when the null hypothesis is true (Benjamin 
et al., 2018; Benjamini & Hochberg, 1995; Ioannidis, 2005; List, Shaikh, 
& Xu, 2016). If such errors were made, we would falsely claim that 
nudges work. We account for multiple testing in two novel ways. First, 
we control for false discovery rate (FDR), using a procedure proposed by 
Benjamini and Yekutieli (2001). Second, we use randomization infer-
ence and a maximum effect statistic that encompasses the multiple 
treatments. 

Controlling for FDR means that we control for the expected pro-
portion of erroneously rejected null hypotheses (“false discoveries”) 
among all rejected null hypotheses (“all discoveries”). We set this pro-
portion conservatively to 1%, which means that in expectation, one out 
of one hundred discoveries (rejections) is false. Controlling for multiple 
testing by FDR means that some of the individual statistical tests that 
would allow us to reject the null hypothesis of no effect at 1% signifi-
cance level when implemented in isolation may no longer imply a 
rejection when the Benjamini and Yekutieli procedure is used. We 
implement the procedure in a single run for all the tests that we report in 
the main text of the paper and the auxiliary analysis. All the reported p- 
values are based on the heteroscedastic-robust standard errors. We 
report both unadjusted p-values and FDR-adjusted p-values. 

We evaluate statistical significance also using randomization 
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inference (e.g., Imbens & Rubin, 2015, Chapter 5). In this approach, 
randomness is not driven by us picking a specific random sample from 
the base population, but rather due to random allocation of individuals 
into the control and treatment groups. The three key components to 
randomization inference are a null hypothesis, a test statistic, and a 
measure of extremeness. Under the sharp null hypothesis of no effect for 
any individual, one can generate a randomization distribution for the 
chosen test statistic by re-randomizing the assignment of individuals 
into the control and treatment groups. We can then use the distribution 
to assess extremeness, i.e., how unusual the (actually) observed value of 
the statistic is. This can be assessed by checking how far in the tail of the 
randomization distribution the observed statistic is. 

We impose the sharp null hypothesis that for each person in the 
experiment, there is no effect whatsoever in any of the nine treatments. 
The statistic we use is the maximum effect calculated over all the 
treatments. We focus on the maximum for two reasons. First, it allows us 
to evaluate the hypothesis that the largest observed nudging effect is 
strictly positive and not due to chance. We can hence use it to test 
whether at least the best of the nine nudging treatments works. Second, 
we can compare the observed values of the other (smaller) nudging ef-
fects to the randomization distribution of the maximum statistic. This 
provides us with a conservative way to establish whether even the nudge 
producing the smallest observed effect is effective in enhancing adop-
tion. Note that when we generate the randomization distribution for the 
maximum test statistic, no assumption is made about which of the nine 
treatments generates the largest effect. 

The randomization distribution is obtained as follows: The (placebo) 
treatment statuses are generated randomly 1,000,000 times. For each of 
these randomizations, the LPM model (described above) is fitted. The 
maximum test statistic is the largest estimated treatment effect (coeffi-
cient) in every permutation of the treatment assignment. The random-
ization distribution is then obtained by collecting the test statistics from 
all the permutations. 

4. Results 

4.1. Results with FDR-adjusted p-values 

Table 2 displays our main results. Panel A shows the coefficient es-
timates from the LPM regression, their standard errors, and unadjusted 
and FDR-adjusted p-values. In Panel B, we contrast the other treatments 
to the standard letter (L1) to see whether they differ from it. 

Panel A shows, first, that the estimated coefficients are all positive 
and significantly different from zero, with FDR adjusted p-values less 
than 0.01. This means that relative to the control group, taxpayers in all 
treatment groups were, on average, more likely to submit their 
augmented tax returns online because they were nudged. Second, the 
average causal effects of the informative nudge (N_INFO ∈ {Letter 1, 
Letter 4, Letter 9}) are all positive. This finding provides clear support 
for Hypothesis #1, meaning that decision-relevant information provi-
sion about the features of the e-government service works and increases 
the use of online service among the slower adopters. 

Panel A of the table also shows that the average of the dependent 
variable is 15.6% in the estimating sample and that in the control group, 
11.6% of the taxpayers submitted the tax return online. When we 
compare the estimated effect sizes of Letter 1, Letter 4, Letter 9 to these 
two baseline values, we can conclude that the effects of the information 
provision nudges are quantitatively large. For example, the standard 
letter (Letter 1) induced 7.1 percentage points more online filings 
(adjusted p-value <0.01). This implies that among the individuals who 
obtained Letter 1, the rate of adoption is 1.63 (= 11.6/7.1) times greater 
than in the control group. 

Panel B of the table shows that after we adjust p-values for multiple 
testing, the results for the social norm nudge (N_SOCIAL∈ {Letter 2, 
Letter 3, Letter 5, Letter 6, Letter 7, Letter 8}), are somewhat mixed. On 
one hand, only the effect of Letter 5 (containing both two social norms) 

is statistically different from the effect of the standard letter (Letter 1) 
when FDR is controlled at the 1% level. The effect of this dual norm 
treatment is 4.9 percentage points larger than that measured for the 
standard informative letter. Consistent with Hypothesis #2, this finding 
suggests that there is a positive persuasive effect on and above the in-
formation effect when the treated learnt about how many other peers 
(taxpayers) are already using the online service (Norm 1) and about the 
monetary savings that a filer creates for the society by using the online 
system (Norm 2). 

We also tested whether the average effect of all the letters with a 
social normal message is greater than the average effect of the three 
letters providing (only) information. The test suggests that there is a 
persuasive effect due to the social norm messages, as the difference is 
2.75% and significant at the 1% level (FDR adjusted p-value <0.01).3 

Overall, the point estimates of the nine treatments fall in [4.1%, 
12.0%] range. The largest point estimate is observed for the letter that 
included both two social norms simultaneously (Letter 5): Compared to 
the control group, the probability of submitting online was 12.0 per-
centage points higher in this treatment group than in the control group, 
i.e., it more than doubled the rate of adoption. This is fully in line with the 
quantitative estimates reported for the behavioral interventions of 
Castelo et al. (2015) and Faulkner et al. (Faulkner, Borg, et al., 2019, 
Fig. 4). 

4.2. Results from randomization inference 

Fig. 1 displays the randomization distribution of the maximum sta-
tistic as well as all the observed treatment effects. When we compare the 
randomization distribution of the maximum test statistic to the (actu-
ally) estimated largest effect from the original linear regression model, 
p-value refers to the probability that the estimated effect would have 
been observed under different possible realizations of the treatment 
assignment under the null hypothesis of no effect for any individual and 
for any treatment. The figure confirms that all letters are effective in 
increasing adoption and that the effects are quantitatively large. 

As can be seen, the fraction of the randomization distribution that is 
greater than the observed statistic for Letter 5 is very, very small. It is 
thus highly unlikely that chance related to randomization explains our 
finding about the most effective treatment effect. 

Fig. 1 shows also that even the smaller estimated effect sizes of the 
other treatments are far in the right tail of the randomization distribu-
tion of the maximum statistic. Notably, the smallest estimated effect size 
for the post card (i.e., 0.0426 for L9) is also far in the right tail. This tells 
us that all the observed effects are quantitatively large and highly sta-
tistically significant, because the randomization distribution refers to 
the maximum over the nine treatments under the sharp null hypothesis 
of no effect for any individual and any treatment. This confirms that all 
the nudge letters were effective in increasing adoption among the slow 
adopters and that their effect is not due to chance. 

5. Discussion 

5.1. Summary of the key findings 

The econometric results provide support for Hypotheses #1 and #2, 
since they show that the informational and social norm nudges caused a 
clear behavioral change among the group of slower adopters. The an-
swers to our two research questions are, first, that the nudges providing 

3 It seems, however, that it is probably the second norm (Norm 2) which is 
largely driving these findings. This is tentatively suggested by the joint tests for 
the two social norms (reported in the lower part of Panel B) that are based on 
the analysis methodology for factorial experiments. Thus, while we find clear 
support for Hypothesis #2, there is some uncertainty which type of social in-
fluence matters most. 
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Table 2 
Regression results for submitting tax returns online: Y = 1 if submitted online and = 0 if did not submit online.  

Panel A: Estimation results 

Group Letter type  Coefficient Standard error P-value Adj. p-value 

Control [Baseline] Constant 0.116 0.002 0.000 0.000 
Letter 1 Standard L1 0.071 0.009 0.000 0.000 
Letter 2 Norm 1 L2 0.080 0.009 0.000 0.000 
Letter 3 Norm 2 L3 0.103 0.010 0.000 0.000 
Letter 4 Additional info L4 0.088 0.009 0.000 0.000 
Letter 5 Norm 1 + Norm 2 L5 0.120 0.010 0.000 0.000 
Letter 6 Norm 1 + info L6 0.078 0.009 0.000 0.000 
Letter 7 Norm 2 (twice) L7 0.099 0.009 0.000 0.000 
Letter 8 Norm 1 & 2 + info L8 0.088 0.009 0.000 0.000 
C Post card C 0.043 0.006 0.000 0.000    

N = 40,000; R2 = 0.015; Average of Y in the estimating sample = 0.156  

Panel B: Tests  Coeff. difference Standard error P-value Adj. p-value 
Pairwise tests       

L1 vs. L2 Standard vs. Norm 1  0.009 0.011 0.469 1.000 
L1 vs. L3 Standard vs. Norm 2  0.032 0.011 0.013 0.116 
L1 vs. L4 Standard vs. Additional info  0.017 0.011 0.175 1.000 
L1 vs. L5 Standard vs. Norm 1 + Norm 2  0.049 0.011 0.000 0.002 
L1 vs. L6 Standard vs. Norm 1 + Additional info  0.007 0.011 0.573 1.000 
L1 vs. L7 Standard vs. Norm 2 (twice)  0.028 0.011 0.030 0.234 
L1 vs. L8 Standard vs. Norm 1 & 2 + Additional info  0.017 0.011 0.188 1.000 
L1 vs. C Standard vs. Card  − 0.029 0.010 0.006 0.061 

Joint tests       
Norm 1 Joint effect of Norm 1  0.001 0.006 0.830 1.000 
Norm 2 Joint effect of Norm 2  0.023 0.006 0.000 0.004 
Info Joint effect of Additional info  − 0.010 0.007 0.132 0.951 

Notes: The data source is the Finnish Tax Administration. The dependent variable is one if the tax payer submitted online and is zero otherwise. Adj. p-values are the p- 
values corrected for multiple testing using the Benjamini-Yekutieli procedure. If we reject those null hypotheses for which the adjusted p-values are less than 0.01, then 
we control the false discovery rate at 1%. The standard errors are heteroscedastic-robust. 

Fig. 1. Randomization distribution of the maximum statistic and the observed effects. 
Notes: Randomization distribution is generated under the sharp null hypothesis that for each person in the experiment, there is no effect in any of the nine treatments. 
The statistic is the maximum effect calculated over all the treatments. Y-axis measures count (frequency) and X-axis the value obtained by the statistic. The vertical 
bars refer to the actually observed values of the treatment coefficients, with L1 = Letter 1, L2 = Letter 2, …, and K = post card. 
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decision-relevant information indeed increase the rate of adoption 
(RQ#1) and, second, that social norm nudges persuade the slow 
adopters to start using the service (RQ#2). In the light of the existing 
literature, the most likely explanation for the former finding is that the 
provision of information alleviated certain specific informational gaps 
and uncertainties (e.g., task uncertainty, workflow uncertainty and 
environmental uncertainty) that the slow adopters had faced. The most 
likely explanation for the latter finding is that social norm nudges (social 
influence) enhanced external motivation to adopt (e.g., personal sig-
nificance of the information that they already had). These findings speak 
for the effectiveness of specific informational interventions and provi-
sion of decision-relevant information rather than for the importance of 
generic information provision about e-services by the government. 

It is worth pointing put that the most effective nudge doubles the rate 
of adoption among the slow adopters when compared to the control 
group. This finding thus confirms the large quantitative effects reported 
for the behavioral interventions of Castelo et al. (2015) and Faulkner, 
Borg, et al. (2019). These consistently large impacts of soft behavior 
interventions mean that such interventions can effectively be used to 
enhance citizens’ adoption of digital public services, enhancing thus the 
public encounter via e-government (Lindgren et al., 2019). 

5.2. Contextualization 

To put the FTA’s experiment and our results into a perspective, we 
build on Distel and Lindgren (2019). They extend an earlier value 
paradigm framework of Rose, Persson, Heeager, and Irani (2015), to 
illustrate the underlying drivers behind implementations of public e- 
services and to allow for heterogenous citizens. According to Distel and 
Lindgren (2019), citizens can be seen in four roles (see also Rose et al., 
2018). They can be i) passive clients of public services (“professionalism 
ideal”), whose role is largely a point of contact within the service de-
livery process of an independent, consistent, robust, law-aware admin-
istration, or ii) passive receivers of public services (“efficiency ideal”), 
whose role is largely a point of contact within the service delivery 
process of a lean, productive and cost-efficient administration. Citizens 
can also be seen to be iii) more active users and adopters of digital public 
services (“service ideal”), who both demand for and provides inputs to a 
high-quality and accessible administration, or iv) active co-producers of 
public policy and service (“engagement ideal”), who both demand for 
inclusive public encounter and are active partners of an interactive and 
democratic administration. There is a degree of citizen heterogeneity 
across these four roles, as well within the latter two (service and 
engagement ideals; see Table 2 in Distel & Lindgren, 2019). The exis-
tence of such heterogeneity means that the interests of various e-gov-
ernment stakeholders are not necessarily aligned (e.g., Rose et al., 2018; 
Scholl, 2001). 

One of the key motivations of the FTA to initiate the experiment was 
that it wanted to learn whether and in which way the slower adopters of 
the online system could be induced (nudged) to switch to electronic 
filing. This resonates well with the efficiency ideal as the short-term 
underlying driver behind the FTA’s actions. In our understanding, most 
(at least 90%) of all filings of individual taxpayers could have been done 
online at the time of the experiment, but only about half of them were 
filed electronically. Our results show that nudging is a feasible and 
effective means to reduce underutilization and to pursue short-term, 
efficiency-related goals. Due to the non-coercive nature of nudging, it 
is a soft means to align the short-term interests of e-government stake-
holders (such as the FTA, and heterogenous taxpayers), at least in 
countries like Finland with good digital infrastructure that supports e- 
inclusion. 

When it comes to FTA’s development of e-filing more generally, the 
longer-term drivers have also had elements of professionalism and service 
ideal, and even a degree of engagement ideal. For example, acknowl-
edging that taxation is instrumental for collection of public revenues and 
thus for maintaining and developing public services in Finland, the FTA 

sees that its task is to ensure that its operations are effective (efficiency 
ideal), and systems are reliable (professionalism and service ideal). 
Moreover, around the time of the experiment was run, the FTA stated 
that it promotes “positive attitudes towards taxes by giving taxpayers a 
better and broader understanding of the importance of tax to society” 
(engagement ideal) and it works “to make the administrative burden for 
companies and individual taxpayers lighter” (efficiency and service ideal); 
see also Finnish Tax Administration (2020). These are the reasons for 
why digitalization of the encounter between FTA and all groups of 
taxpayers has been high on FTA’s agenda for a long time. Our findings 
are, obviously, silent on the benefits of FTA pursuing such longer-term 
goals, except in the following sense: If the longer-term actions of a 
governmental unit do not support professionalism, service ideal, and 
engagement ideal, the use of nudging for the shorter-term goals becomes 
harder. In particular, the nudges considered in this study are unlikely to 
be credible and therefore effective, if the governmental unit has no 
reputation as a provider of efficient and working online systems and if it 
has not acted in the long-term consistently with the social norm mes-
sages of the nudges (e.g., FTA has for long stated that one reason for 
developing online systems is to save taxpayers’ money in the long-term). 

More generally, we suspect that our findings do not generalize to 
environments or countries in which there is generic lack of trust towards 
the government and its various units. Indeed, our findings are consistent 
with the view that a key inhibitor of the adoption of an e-government 
service in a developed and non-corrupt country with a good digital 
infrastructure, like Finland, is likely to be lack of information and trust 
in particularities of the e-service and motivational factors (Dwivedi 
et al., 2017; Teo et al., 2008; Venkatesh et al., 2016), rather than a 
generic lack of trust in the government (which the nudges studied in this 
paper did not try to address). 

5.3. Implications for research 

We hope that our work encourages other researchers in the field of e- 
government to consider conducting large scale field experiments. A key 
benefit of using data from a randomized field experiment is that the 
internal validity of the estimated causal effects is not sensitive to the 
theoretical assumptions that underlie e.g. the use of structural equation 
models. It is well known that when non-experimental (observational, 
such as survey) data are used, the correctness of the model is essential 
for consistent causal inference (Angrist & Pischke, 2009; Imbens & 
Rubin, 2015; Pearl, 2009) and “to avoid drawing incorrect conclusions 
from empirical research (Saris, Satorra, & van der Veld, 2009, p. 561). We 
are certainly not arguing that there is something wrong with the theo-
retical adoption models, only that in an experiment-based study, one 
does not need to take a stance on the question which of the many 
theoretical models is correct. That is, there is no need to choose a 
particular theoretical framework for the empirical analysis. An addi-
tional benefit of using experimental data is that we get estimates for the 
magnitude of causal effects, which are directly informative of how 
effective nudges are as a policy instrument. 

Making better use of experiments also opens new research possibil-
ities and may be a way to contribute more to policy design. Specifically, 
subsequent studies could, with the help of experiments, pay more 
attention to the difference between “predictors” (i.e., “correlates”) and 
“causal effects”. The need for this is also noted by Faulkner et al. 
(Faulkner, Borg, et al., 2019, pp. 61), who note that “[t]o date, very few 
studies have tested interventions to increase citizens’ use of e-government 
services. Instead, almost all existing research has focused on identifying 
correlates of adoption.” Both are important but being able to predict 
behavior or to account for variance explained is not the same thing as 
being able to influence behavior (e.g., Athey, 2017; Kleinberg, Ludwig, 
Mullainathan, & Obermeyer, 2015). 

Our findings also bear on theory development in two ways. First, 
because the informative nudge contained information that likely 
reduced task, workflow and environmental uncertainty (Venkatesh 
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et al., 2016), our findings provide strong reasons to incorporate these 
features more systematically than has hitherto been done into the 
modern theoretical models of e-government, such as UMEGA of Dwivedi 
et al. (2017). Further theorizing is also needed to pin down better which 
kind of information provision alleviates uncertainty most effectively 
among the heterogenous groups of citizens (Distel & Lindgren, 2019) 
and how such information provision might selectively be used to improve 
the public encounter (Lindgren et al., 2019) in the increasingly digita-
lized world, or among the groups of marginalized citizens. 

The second way our findings bear on theory development is related 
to the social norm nudge used in the experiment. While the findings 
were a bit more mixed (in terms of which version worked), the findings 
for the social norm nudge proved that when citizens are exogenously 
subjected to varying social influences their adoption behavior changes. 
Further theorizing (and empirical work) is needed to understand better 
which kind of social norm information might be most effective in the 
context of e-government. For example, Hallsworth et al. (2017) 
compared in a non-IS context injunctive social norms (“what others say 
everyone should do”) to descriptive social norm messages (“what others 
actually do”) and found that the latter worked better. Similar de-
compositions of the social influences construct in subsequent theoretical 
and empirical work would deepen our understanding of which social 
influences matter for most the adoption of digital public services and 
how they vary with the types of citizens (Distel & Lindgren, 2019). 

5.4. Implications for policy 

While consistent data on the extent of underutilization are hard to 
come by, anecdotal evidence and the earlier literature suggest that 
sluggish adoption and inconsistent use of digital services is a pervasive 
problem, especially among certain (potentially disadvantaged) de-
mographic groups (see e.g., Bélanger & Carter, 2012; Brown et al., 2014; 
Carter & Bélanger, 2005; Goldfarb & Prince, 2008; Lambrecht, Seim, & 
Tucker, 2011; Thatcher et al., 2011; Venkatesh et al., 2003). Like those 
of Castelo et al. (2015) and Faulkner, Borg, et al. (2019), our findings 
contribute to designing policies that allow addressing the problem of 
underutilization of digitalized public services in practice (OECD, 2014; 
United Nations, 2016; Venkatesh, Thong, & Xu, 2012; World Bank, 
2016), using a soft tool. We have shown that informational and social 
norm nudges - sent as a part of a regular administrative (offline) letter - 
enhance the effectiveness of tax authority’s written communications 
(Faulkner, Jorgensen, & Koufariotis, 2019) and can be used to induce 
even laggard adopters to start using public e-services: Not all slower 
adopters of public digital services face hard-to-remove constraints that 
simple information provision or persuasion cannot alleviate. Our study 
thus demonstrates that the tools of nudging are efficiently available not 
only to marketing experts in the private sector but also to designers and 
promoters of e-government services, at least in developed countries 
where the digital infrastructure is well developed. 

At the time of the experiment, the cost of sending out a single letter to 
a taxpayer was about 5% of the costs savings that filing a tax return 
online generated relative to filing it on paper. Therefore, inducing a 
switch to online filing could also result into net costs savings. With these 
cost parameters, the breakeven treatment effect size is a bit over 5%. 
Since the breakeven threshold is lower than the estimated effects (with 
Letter 9, i.e., the post card being the marginal case), the benefits of the 
experiment exceeded its costs from a one-shot, static perspective. These 
rough back-of-envelope estimates suggest that e-government campaigns 
like the one studied in this paper could have quite large effects on 
adoption and be economically feasible from a governmental unit’s 
viewpoint. 

5.5. Limitations and boundary conditions 

The research reported in this paper is based on a collaborative 
project between scholars and practitioners (FTA). Such collaboration 

has pros and cons. On one hand, it implies that our field experiment is 
unusually large in size, focuses on a policy-relevant subpopulation, and 
is linked tightly to practical e-government implementation. On the other 
hand, it means the experimental design was largely driven by practical 
and policy-oriented considerations and could not focus e.g. on testing 
the empirical fit of specific theoretical frameworks or a richer set of 
hypotheses. Nor was it feasible for us to extend a specific theoretical 
model and to focus exploring its empirical implications, like Veer-
amootoo et al. (2018) did in their study of factors affecting e-filing 
continuance in Mauritius. 

We have provided novel evidence on the causal effects of two high- 
level factors (informational nudge, social norm nudge) on the usage of 
an e-government service by slower adopters. While there is a link from 
these two nudge types to more fine-tuned theoretical constructs, our aim 
has not been to position nudging as a novel theoretical contribution, or 
to refute existing (theoretical) understanding of the drivers of diffusion 
of e-government. Instead, our focus has been on establishing the exis-
tence and magnitude of a causal effect of nudges on the use of digital 
public services, using data from a large-scale field experiment. 

We also wish to point out that our data come from the registers of the 
FTA. It does not therefore include measures of deeper theoretical con-
structs, nor have we had a chance to link e.g. survey data to the confi-
dential FTA data. This data limitation has prevented us from looking 
closer at finer causal explanations (i.e., on showing why the causal effect 
emerges). This is left for future work. 

6. Conclusions 

We have used a large-scale randomized controlled experiment, 
conducted in a real-world setting with actual taxpayers, to estimate the 
average causal effect of a concrete policy instrument (nudge) on the rate 
of e-filing adoption by slower adopters. The largest estimated effect 
more than doubles the rate of use of the service, relative to the (non- 
treated) control group. This finding illustrates the potency of nudges as a 
practical tool to address the underutilization of important digital public 
services. 
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