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Despite increasing adoption of digital signatures, research has suggested that doing so may carry deleterious social consequences.
Prior research established that documents signed electronically are deemed to convey less social presence than those signed by hand,
which in turn negatively impacts social judgments. This article reports the results of two preregistered close replication studies (total
N = 311) and a meta-analysis spanning the original study and these new studies. Robust support emerged for previously
documented psychological consequences of digital signatures. Signers using an avatar were rated as less socially present and
were perceived to be more likely to breach the signed contract than those who had hand-signed the document. Further, the indirect
effect of signature type on perceived likelihood of contract breach via social presence was nonzero in all samples. These studies add
to the growing literature on the psychological impact of digital signatures and carry both practical and theoretical implications.
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From business contracts to leases, individuals sign legal docu-
ments with digital signatures rather than by hand with increasing
frequency. Leading technology companies such as Adobe (USD
$11.17 billion in revenue in 2019) and DocuSign (USD$974 million
in revenue in 2019) vie for market share while countries worldwide
grapple with the legal implications of digital signatures (Crook,
2018; Laborde, 2010; Mason, 2012; Pichler & Tomić, 2019). One
concern with digital signatures is that people may harbor hesitations
regarding their social value, thus undermining enthusiasm for their
uptake (Srivastava, 2011).

In a series of seminal studies, Chou (2015a) put this question to
empirical test, leveraging the concept of social presence (i.e.,
inferred psychological involvement; see Biocca et al., 2003 for a
review). The concept of social presence has been applied to under-
stand and enhance the dynamics of technology-mediated interaction
in a variety of settings, including consumer (e.g., Lu et al., 2016;
Osei-Frimpong & McLean, 2018) and educational (e.g., Dunlap &
Lowenthal, 2009; Kehrwald, 2008; Richardson & Swan, 2003;
Swan & Shih, 2005) contexts. Biocca and colleagues (2003)
highlight a key theoretical aspect to social presence: It sits at the
nexus of technological (i.e., aspects of the medium) and psycho-
logical (i.e., aspects of the user) dynamics. Digital signatures are one
rather new technology resting at this nexus, thus presenting an
intriguing context for the study of social presence dynamics.

Leveraging the idea that handwritten signatures convey high social
presence via their symbolic representations of identity (Kettle &
Häubl, 2011), Chou (2015a) reasoned that digital signatures may
signal less social presence, guiding more negative judgments of the
digitally signed document. Indeed, across several studies, a robust
pattern emerged whereby documents signed digitally were viewed
more negatively than documents signed by hand. For instance, in
Study 3b, participants felt that a digitally signed contract would be
more likely to be breached than that same contract signed by hand.
Further, this effect was mediated by social presence: igital signatures
were perceived to convey less social presence of the signer, which, in
turn, guided increased judgments of contract breach.

Given the rising adoption of digital signatures, the replication of
these effects is of both theoretical and practical import. This article
reports the results of two preregistered studies (total N = 311)
attempting to replicate the previously observed effects of digital
signatures on social presence, and, subsequently, social inferences.
Study 1 included two undergraduate student samples and Study 2
utilized an online community sample. All methods and analyses
were preregistered. Preregistrations as well as data and analysis
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syntax can be found at https://osf.io/85ctb/. Procedures were ap-
proved by the University of New South Wales Human Research
Ethics Advisory Panel.

Study 1

Study 1 was designed to assess the replicability of the effect of
avatar signatures on contract breach judgments relative to hand-
written signatures, as reported by Chou (2015a; Study 3b).
Whereas the original study included five digital signature formats,
thisclosereplicationattemptutilized theavatar signature.Thedecision
to utilize only one digital signature format was made in light of
anticipated sample sizes, which were to be substantially smaller
than that of the original study. The avatar signature was selected
due to the largest observed effects on social presence and perceived
likelihoodofcontractbreach relative tohandwritten signatures [for the
latter, the effect size for avatar signatureswas equivalent to three other
digital signature formats (a typed name, a PIN, or a checked box)
relative to handwritten signatures].
Study 1 involved two time-based samples, each collected as part

of an undergraduate course in social psychology at a large
Australian university. The aims of the study had not been revealed
to students prior to data collection. Study materials were derived
from methods reported in the study by Chou (2015a) and in email
communications with the author.1

Method

Participants

Students enrolled in an upper-level undergraduate psychology
course were invited to complete the study voluntarily (Sample A:
n= 67 out of 152 students invited accepted the invitation and Sample
B: n = 53 out of 160 invited accepted the invitation); no compen-
sation was offered nor was participation assessed as part of course
completion. Of students who accepted the invitation to participate in
the study, preregistration exclusion criteria were applied. These
criteria excluded participants who

1. started but did not complete the survey,

2. reported issues with survey progression,

3. reported that they could not see the contract images,

4. reported that they knew substantive details about the study
before participating, and/or

5. reported that they were not currently a student in the course
in which data collection occurred.

Applying these criteria resulted in the exclusion of 18 participants
from Sample A and 19 from Sample B. Thus, the analyzed Sample A
comprised 49 participants (77.6% female; Mage = 21.56 and
SDage = 2.77; 51.0% White/Caucasian and 40.8% Asian) and the
analyzed Sample B included 34 participants (73.5% female;
Mage = 20.82 and SDage = 1.06; 29.4% White/Caucasian and
50.0% Asian).2

Procedure

After providing informed consent, participants were informed
that they would be viewing and evaluating a lease contract.

Participants were randomly assigned to view a lease contract signed
with an avatar digital signature (nSample A = 21 and nSample B = 13)
or via hand (nSample A = 28 and nSample B = 21). Participants then
rated the signer’s social presence (four items: “How involved do you
think the signer was when s/he signed this document?,” “How
attentive do you think the signer was when s/he signed this docu-
ment?,” “Howmuch do you think the signature captures the signer’s
expressed intent?,” and “How much do you think this signature is
provided by another human being?” αsample A = .84 and αsample B =
.77) and the perceived likelihood that the signer would breach the
contract (four items: “How likely do you think it is that this signer
will break the contract?,” “The signer will think twice before
breaching the contract because of this signature,” “The signature
reduces the signer’s likelihood of cheating,” and “The signature is
legally valid.” αsample A = .77 and αsample B = .62). These items
were rated on five-point scales anchored by not at all and extremely.
Prior to providing demographic information, participants rated their
comfort with current technology trends (single-item) on a five-point
scale anchored by not at all and very much so.

Results

Sample A

Replicating Chou (2015a; Study 3b), participants rated the avatar
signature (M = 2.67 and SD = 0.94) as lower in social presence
than the handwritten signature (M = 3.32 and SD = 0.86),
F(1, 46) = 6.43, p = .02, ηp2 = .12, 95% CI of mean difference
[−1.18, −0.14], and controlling for comfort with technology
(p = .62). Further, as expected, participants perceived signers using
an avatar signature (M = 3.27 and SD = 0.87) to be more likely to
breach that contract than signers signing by hand (M = 2.50 and
SD = 0.89), F(1, 46) = 9.10, p = .004, ηp2 = .17, 95% CI of mean
difference [0.26, 1.30], and controlling for comfort with technology
(p = .69).3 The indirect effect of avatar versus handwritten signa-
ture on perceived likelihood of contract breach via social presence
was significant (estimate = −.31, standard error = .12 and 95% CI
[−.63, −.12]), as estimated via 10,000 bias-corrected samples
computed in the PROCESS macro (v 2.16; Hayes, 2013).

1 We wish to thank Eileen Chou for providing methodological details as
well as the descriptive data required from the original study required to carry
out the meta-analysis reported here.

2 Participants were not required to provide demographic information. In
Study 1 Sample A, one participant did not provide their age. In Study 2, one
participant did not indicate their ethnicity.

3 As per Chou (2015a), comfort with technology was included as a
covariate in all analyses. Whereas Chou (2015a) reported nonsignificant
covariate effects of comfort with technology in ANOVAs of both outcomes,
that covariate was significant in the present Study 1 Sample B and Study 2 for
perceived likelihood of contract breach, as reported in the main text. For the
indirect effects analyses, in both Samples A and B of Study 1, the effects of
comfort with technology on both social presence (Sample A: estimate =
−0.08, p = .62; Sample B: estimate = 0.27, p = .08) and on perceived
likelihood of contract breach (Sample A: estimate = 0.03, p = .85; Sample
B: estimate = −0.21, p = .10) were nonsignificant. While the effect of
comfort with technology on social presence was also nonsignificant in
Study 2 (estimate = 0.09, p = .15), its effect on perceived likelihood of
contract breach was significant and negative (estimate = −0.14, p = .01).
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Sample B

Once again, participants rated the avatar signature (M = 2.38 and
SD = 0.79) as lower in social presence than the handwritten signa-
ture (M = 3.21 and SD = 0.76), F(1, 31) = 6.56, p = .02, ηp2 =
.18, 95% CI of mean difference [−1.26, −0.14], and controlling for
comfort with technology (p = .08). Further, as expected, partici-
pants perceived signers using an avatar signature (M = 3.29 and
SD = 0.71) to be more likely to breach that contract than signers
signing by hand (M = 2.54 and SD = 0.61), F(1, 31) = 7.56,
p = .01, ηp2 = .20, 95% CI of mean difference [0.16, 1.07], and
controlling for comfort with technology (p = .03). The indirect
effect of avatar versus handwritten signature on perceived likelihood
of contract breach via social presence was once again significant
(estimate = −.20, standard error = .13, and 95% CI [−.58, −.03]).

Discussion

The results of Study 1 replicate those reported by Chou (2015a):
Avatar digital signatures conveyed lower social presence and led to
higher estimated perceived likelihood of contract breach than
handwritten signatures. Indirect effects analyses supported the
mediating role of social presence, whereby the impact of signature
type on contract breach judgments was mediated by perceptions of
social presence.
Although promising, Study 1 was limited in its sampling of

undergraduate students in an upper-level social psychology course.
Although the course content had not covered concepts directly
related to the research question addressed by the study, there is
the chance that increased knowledge of the field of social psychol-
ogy may have impacted the degree to which signature type impacted
impressions. Further, although the analyzed Samples A and B
achieved .68 and .83 power, respectively, to detect the smaller of
the two condition-wise differences (Sample A: d = 0.72; Sample B:
d = 1.07; two-tailed test at α = .05), sample sizes were lower than
ideal for the purposes of replication (e.g., against Simonsohn’s
(2015) suggestion of a sample size 2.5 times that of the original).
Study 2 was conducted to address these limitations.

Study 2

Study 2 served as a further close replication attempt of Chou
(2015a; Study 3b) with a larger, community sample. All methods
were identical to Study 1: 265 participants recruited via Mechanical
Turk (restricted to U.S. based accounts) viewed either an avatar-
signed (n = 112) or hand-signed (n = 116) lease contract, judged
the signer’s social presence (α = .78) and likelihood of contract
breach (α = .79), and indicated their comfort with technology.
Following preregistered exclusions, data from 228 participants
(45.6% female; Mage = 37.05 and SDage = 11.55; 76.2% White/
Caucasian, 7.4% Asian, and 7.0% African American) were
analyzed.
Once again, participants rated the avatar signature (M = 3.36 and

SD = 0.94) as lower in social presence than the handwritten signa-
ture (M = 3.97 and SD = 0.74), F(1, 225) = 26.59, p < .001,
ηp2 = .11, 95% CI of mean difference [−0.81, −0.36], and control-
ling for comfort with technology (p = .15). Further, as expected,
participants perceived signers using an avatar signature (M = 2.84
and SD = 1.04) to be more likely to breach that contract than signers

signing by hand (M = 2.08 and SD = 0.66), F(1, 225) = 37.18,
p < .001, ηp2 = .14, 95% CI of mean difference [0.48, 0.93], and
controlling for comfort with technology (p = .004). The indirect
effect of avatar versus handwritten signature on perceived likelihood
of contract breach via social presence was once again significant
(estimate = −.30, standard error = .08, and 95% CI [−.47, −.17]).

Meta-Analysis

A meta-analysis was conducted to derive effect size estimates for
social presence and perceived likelihood of contract breach span-
ning the three samples reported here as well as Study 3b of Chou
(2015a). The aim of this meta-analysis was to estimate more precise
parameters for the overall effect of viewing avatar versus handwrit-
ten signatures on judgments of social presence and likelihood of
contract breach. Meta-analytic approaches enable generalization
beyond minor differences in sample demographics between specific
experiments included in the meta-analysis (Borenstein et al., 2009;
Lipsey & Wilson, 2001).

Meta-analytic calculations were deployed using the processes
detailed by Goh et al. (2016). A fixed effects analysis, in which
effect sizes were weighted by sample size, was employed.4 Cohen’s
d estimates were first converted into Pearson’s correlation values,
which were then Fisher’s z transformed. Subsequent to analysis,
estimates were converted back to Pearson’s correlations, and then
back to Cohen’s d for reporting.

Input effect sizes and the meta-analyzed effect size estimates are
presented in Table 1. Overall, the meta-analyzed effect of signature
type on social presence (dweighted = −1.11) was highly significant,
Zcombined = 8.95, p < .001, two-tailed, such that avatar signatures
were rated as lower in social presence than handwritten signatures.
For perceived likelihood of contract breach, the meta-analyzed
effect of signature type (dweighted = 1.23) was also highly signifi-
cant, Zcombined = 9.68, p < .001, two-tailed, such that avatar-signed
contracts were expected to be breached more so than hand-signed
contracts.

General Discussion

The results of two preregistered studies comprising three samples
replicated a pattern observed in prior research that, relative to
handwritten signatures, digital signatures negatively impact social
presence, and in so doing, increase viewers’ inclination that the
document may be breached. Specifically, signers using an avatar
were rated as less socially present and perceived to be more likely to
breach the contract than those hand-signing a contract. A meta-
analytic approach combining the effect sizes observed here and
those from Chou (2015a) Study 3b yielded large and statistically
significant effect size estimates of the impact of avatar signatures on
both social presence and perceived likelihood of contract breach.
Further, the indirect effect of avatar signatures versus handwritten

4 A fully random effects test of the overall effect of signature type on social
presence was also significant, as indicated by a one-sample t-test of the mean
ES against zero, dunweighted = −1.09, t(3) = 6.09, p = .009, two-tailed.
Similar results emerged for a fully random effects test on likelihood of
contract breach, dunweighted = 1.25, t(3) = 5.07, p = .02, two-tailed.
Due to the small number of studies, heterogeneity tests were not conducted
(Goh et al., 2016).
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signatures on perceived likelihood of contract breach via social
presence was nonzero in both studies, across all three samples.
Of note, the meta-analyzed effect sizes that emerged in these

replication studies were substantially larger than those from an
internal meta-analysis reported by Chou (2015a, Footnote 5), which
correspond to d = −0.56 for social presence and d = 0.37 for
“negativity”. Given that Chou’s internal meta-analysis compared
all digital signatures to the handwritten signature, the larger meta-
analyzed effect sizes observed here may stem from comparison of
only the avatar signature to the handwritten signature. Additionally,
the “negativity” effect size reported by Chou included perceived
likelihood of contract breach (Study 3b) as well as appraisal of the
validity of a reimbursement claim (Study 2). It may be the case that
assessment of legal documents is more sensitive to signature type
than the assessment of accounting documents. Direct tests of this
possibility remain to be carried out in the future research.
Digital signatures impact not only perceptions of the signer but

also the signer’s own psychological experience. Signatures serve as
symbolic representations of the self (Jorgenson, 1977; Kettle &
Häubl, 2011; Mailhos et al., 2016; Shu et al., 2012). For example, in
prosocial contexts, providing a signature relative to an anonymous
comment increases the signee’s sense of generosity and commit-
ment to the cause (Koo & Fishbach, 2016). Consistent with the line
of work extended in the present studies, digitizing the signature
process undermines signers’ own sense of social presence and
subsequent honest behavior (Chou, 2015b). Promisingly, recent
research highlights how digital pledge processes can be modified
to enhance commitment (Chou et al., 2020).
In addition to providing a valuable replication, this research

contributes to a growing body of empirical work at the intersection
of writing style and social perception. One particular area of focus
has been in consumer settings: Handwritten typeface on product
packaging (Izadi & Patrick, 2020; Schroll et al., 2018) and on
restaurant menus (Liu et al., 2019) enhances favorable consumer
experience. Corroborating the present findings, these consumer ef-
fects are explained by the human presence that the handwritten font
conveys. Together, this body of work impels future research explor-
ing parallel effects on signage design in community-messaging
settings (e.g., Verdonk et al., 2017; Wu et al., 2018).
This research also carries practical implications for legal and

government sectors. Although e-petitions are a powerful tool for
political action (Jungherr & Jürgens, 2010; Wright, 2015), the
results from this research cast doubt on perceived signees’ commit-
ment, thus potentially undermining the efficacy of e-petitions as
mechanisms for social change. In addition, although digital

signatures are legally permissible in many countries worldwide
(see Adobe Systems Incorporated, 2016 for an overview), their
increasing use may have as yet unrecognized impact on the infer-
ences made by signing parties. In line with the findings reported
here, if signatory parties perceive another party to be likely to breach
a contract, they themselves may be more likely to withdraw or even
breach the contract. In the accounting domain, with increasing
global uptake of online tax filing, including 89% of U.S. taxpayers
in 2019 at current estimate (Efile.com, 2020), it will be important to
examine the impact of digital signatures on auditors’ evaluation of
the legitimacy of claims. In situations where digital signatures are
required, one avenue for the future research to explore is the use of
dynamically animated signatures. Signing via touchpad or smart-
phone and animating this signature may increase both signers’ and
viewers’ social presence and thus enhance actual adherence by the
signer as well as viewers’ trust in the signees’ adherence to the
signed document. Such methods, of course, should be tested empir-
ically before widespread adoption and should leverage state-of-the-
science theoretical approaches to social presence.

Although this research has strengths in being fully preregistered
and adhering to the principles of close replication (Chambers, 2017),
several limitations should be acknowledged. First, this research
compared only avatar digital signature formats to handwritten
signatures. Several other formats of digital signatures exist, some
of which impact psychological processes among both viewers
(Chou, 2015a) and signers (Chou, 2015b). Moreover, the impact
of digital signatures was examined only in the context of a legal
contract. It will be important for the future research to consider a
wider range of digital signature methods in legal, governmental, and
consumer arenas.

Although researching the impact of new technologies such as
digital signatures on psychological processes presents a challenge
given a constantly shifting landscape, doing so represents an
intriguing and practically important endeavor. Continued work in
this area is certain to reveal insights into how to best craft a
technologically supported world.
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