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Abstract

Tweets are used as alternative metrics (altmetrics) to measure the impact or attention of research. However, Twitter data
can only be used for research evaluation purposes, if biases do not influence tweet decisions on papers. The existence
of biases can only be reasonably investigated using an experimental design with controlled (marginal) manipulations.
In this comment, we propose to undertake an experimental approach to study the decision of scientists to ‘tweet’ on a
paper. We describe the design of a study that might allow the experimental investigation of tweet decisions including
randomized variations and theoretically derived mechanisms for explaining the empirical results. The described study
design should be adaptable to other social media platforms (e.g., Facebook or ResearchGate). This comment is intended
to be a plea for using an experimental design to investigate biases in tweet decisions. It is an advantage of tweets —in
contrast to citations— that an experimental approach can be applied to investigate the decision of scientists to commu-
nicate on papers.
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1. Introduction

Following the structural functionalism tradition in sociology, Merton (1942; 1973) formulated the ethos of science that
includes several norms guiding actions of scientists. Norms specify actions that are justified as adequate or correct by a
specific group of people (Coleman, 1990). The existence of the ethos of science distinguishes science from other sectors
in society (Wyatt; Milojevic; Park; Leydesdorff, 2016); the norms enable scientists to fulfill the function of the science
sector: the production of reliable and valid knowledge (Luhmann, 1992). Several studies investigating the ethos of scien-
ce have revealed that scientists’ actions seem to be guided by these norms. For example, the results by Anderson (2000)
confirm that the “subscription to the Mertonian norms is very high, especially among faculty” (p. 457). However, on the
other side, many studies revealed that scientists’ actions are simultaneously characterized by norm-violating behavior.
These studies are frequently grounded in the social-constructivist theory tradition (Berger; Luckmann, 1966), relativis-
tic philosophy, and historiographic science studies (see

Cole, 1992; Mulkay, 1979). These approaches assume Since the beginning of the use of citation
non-normative actions of scientists, and emphasize the data in research evaluation, many possible
various forms of deceptions and biases in scientists’ ac- systematic biases have been proposed

tions (see Small, 2020).

One area in the science of science field (see an overview of research in this field in Fortunato et al., 2018) in which
systematic biases have been frequently investigated are citation decisions of scientists. Since the beginning of the use
of citation data in research evaluation, many possible systematic biases have been proposed. Overviews of these biases
can be found in Didegah and Thelwall (2013), as well as in Tahamtan and Bornmann (2018; 2019). For example, the
results of some studies suggested that citation decisions are dependent on the gender of the citing and cited authors,
respectively. Investigations of systematic biases in science concern two of five norms that are part of the ethos of scien-
ce: universalism and disinterestedness.

(1) Universalism demands that scientific work should not be ignored (or praised) based on irrelevant criteria such as the
social status or the nationality of the scientist.

(2) Disinterestedness demands a neutral and impersonal stance of the scientists; that means, for example, the suppres-
sion of enthusiasm for own contributions (see Ziman, 1996). Both norms can be seen as efforts to avoid systematic
biases in the action of scientists (Tennant et al., 2018).

We wonder whether metrics which have been proposed as alternatives to bibliometrics (so called altmetrics) are con-
cerned by biases that have been observed for citation data.

The results by Van-Noorden (2014) show that many researchers use Twitter

“to follow discussions on research-related issues, and 40% said that it is a medium for ‘commenting on research
that is relevant to my field’” (p. 127).

Twitter is a web-based microblogging system

“allowing users to post short messages. It has social networking features, letting users connect with each other”
(Mas-Bleda; Thelwall, 2016, p. 2012).

Similar to citations of scholarly papers, tweets of papers are used to evaluate the impact or attention of papers (Colled-
ge, 2014). Twitter counts are used as alternative to traditional bibliometrics besides other social media counts such as
Facebook counts. Companies like Altmetric.com and Plum Analytics maintain databases and tools to use Twitter counts
and other altmetrics to measure impact or attention of research. However, tweets should only be used for research
evaluation purposes if systematic biases do not influence decisions to tweet, and tweet decisions by researchers follow
the norms in the ethos of science.

It is an advantage of tweets —in contrast to citations— that an experimental approach can be applied to investigate the
decision of scientists to communicate on papers. In the following section, we describe the possible design of a study that
allows the experimental investigation of tweet decisions including randomized variations and —based on the normative
and social-constructivist theories— theoretically derived mechanisms for explaining the empirical results (Dablander,
2020; Lance; Guilkey; Hattori; Angeles, 2014). Insights about biases in tweet decisions are urgently needed, since Twit-
ter data are used in research evaluation studies since recently.

2. Design
Most of the studies that have investigated decisions to cite papers are based on an observational design. According to
Austin (2011),

“an observational study has the same intent as a randomized experiment: to estimate a causal effect. However,
an observational study differs from a randomized experiment in one design issue: the use of randomization to
allocate units to treatment and control groups. In observational studies, the treated subjects often differ syste-
matically from untreated subjects” (p. 402).
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In studies of gender bias in citation decisions, the cited Universalism demands that scientific

papers pu'bllshed by mer.1 might differ systema‘ncally work should not be ignored (or praised)
from the cited papers published by women, for instance, . L
based on irrelevant criteria such as the

in the field-specific alignment (see Parker et al., 2020).
Such differences lead to the disadvantage of observa- social status or the nationality of the
tional studies that biases in citation decisions cannot be scientist

ascertained without any doubts: the outcomes of the

studies on citation decisions may be due to actual biases or a result of uncontrolled confounders. One of the few bias
studies in scientometrics that applied a quasi-experimental design used papers that were published twice in order to in-
vestigate the influence of the journal on citation counts (Lariviére; Gingras, 2010). However, the randomized assignment
of papers to a treatment and control group could not be realized in this study.

According to Falk and Heckman (2009),
“controlled variation is the foundation of empirical scientific knowledge” (p. 535).

In the recent past, the results of some field experiments have been published in social sciences that included controlled
manipulations of conditions. Below, we present three exemplary studies to provide an insight into experiments based
on various internet platforms; some other studies can be found in Salganik (2017). We used the following three studies
as exemplars (best practices) for designing a possible study based on the Twitter platform.

(1) salganik, Dodds, and Watts (2006) investigated the paradox that some hit songs are significantly more popular than
an ‘average’ song, but their success cannot be predicted. The authors programmed a ‘music market’ in which people
could download various songs. In the experimental setting, Salganik et al. (2006) manipulated the condition whether the
people were informed or not about the song choices of other people. The results show that this information (the social
influence) increased the inequality and the unpredictability of the songs’ success.

(2) Muchnik, Aral, and Taylor (2013) ran a randomized experiment on a social news aggregation website (similar to Digg.
com and Reddit.com) to investigate whether knowledge of the aggregated opinions of others distorts decision-making.
About 100,000 comments submitted on the site were randomly assigned to an up-treated group (the comments recei-
ved an up-vote), a down-treated group (the comments received a down-vote), and a control group (receiving neither an
up- nor a down vote). The results of the experiment by Muchnik et al. (2013) show that

“whereas positive social influence accumulates, creating a tendency toward ratings bubbles, negative social in-
fluence is neutralized by crowd correction ... Our findings suggest that social influence substantially biases rating
dynamics in systems designed to harness collective intelligence” (p. 650).

(3) Van-de-Rijt, Kang, Restivo, and Patil (2014) came up with three experimental designs in which they controlled the
allocation of success. One study focused on the encyclopedia website Wikipedia.org. A randomly selected subset of very
productive editors on this platform received

“status awards from community members in recognition of their dedication” (Van-de-Rijt et al., 2014, p. 6935).

This award was the condition that was manipulated in the study: the randomly selected treatment group received the
award and the control group not. The results show that 40% of the editors in the treatment group received additional
awards (from other editors). In the control group, the percentage was statistically significantly lower (31%). The result
therefore demonstrated the existence of a causal link between past and future success.

An experimental Twitter study could start from the premise of the normative view of science (Merton, 1942; 1973). This
view, according to Cole (1992), includes the perception that

“the reaction of the scientific community to newly published work was believed to be determined by the content
of that work” (p. 6).

The focus on content is mainly linked to the successful operation of the norms of universalism and disinterestedness in
science. The opposite view of science, which is mainly rooted in the social-constructivist theory tradition (Berger; Luck-
mann, 1966), assumes that the reaction of the community is inherently subjective, based on irrelevant criteria for assessing
research (such as the gender or nationality of the publishing author). The lack of reliability of reviewers’ ratings in journal
peer review processes (Bornmann; Mutz; Daniel, 2011) might be an indication of the existence of these subjective ele-
ments in the assessments of papers. Based on the normative and social-constructivist views of the causal dependencies
of assessments in science, an experimental design using Twitter data could be used to decide which of the two conflicting
views about assessments of papers might be correct. These views can be investigated by analyzing whether certain factors
(e.g., the gender of a paper’s authors) can significantly influence the assessment of tweets on papers.

For the experimental study, new Twitter accounts should be created that tweet about scientific papers in a manipulated
way. Papers published in Scientometrics could be used because this journal is one of the major journals in bibliome-
trics. The manipulation is necessary to facilitate an experimental design and to estimate a causal effect. The account
profiles should be as similar as possible regarding the photo, description, and background image. In order to prevent
the accounts from looking like inactive or fake accounts, each account should start to follow some researchers from the
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field of scientometrics and should retweet one tweet We wonder whether metrics which have
by each resgarcher. Some accounts should haye popu- been proposed as alternatives to biblio-
lar US American names and others popular Chinese na- . lled al .

mes. The use of typical names from two countries with metrics (so called altmetrics) are concer-

an enormous paper output is intended to enable the in- ned by biases that have been observed
vestigation of a possible national bias in tweeting about for citation data

papers and to avoid any misrepresentation of individuals

with uncommon names.

Every account tweets on papers that are selected from all papers published in Scientometrics. The tweets include the
names of researchers from the scientometric community (by using @name) so that these researchers can retweet the
tweets (‘success’) or not (‘failure’). The researchers should be randomly selected from the pool of authors with a paper
in Scientometrics. The sampled authors should be restricted to those with an active Twitter account. The different ac-
counts that are created for the experimental setting are used for two settings.

(1) In the first setting, the experimental manipulation refers to the profile name. The same tweet (i.e., the same text
referring to the same, randomly selected paper) is posted from accounts with different national appearance (Chinese
or US American). Each tweet includes the name of a randomly selected scientometrician: “Paper entitled [title of the
paper] @[Twitter handle of the randomly selected scientometrician] [URL of the paper]”. The successful operation of the
norms of disinterestedness and universalism would suggest that the tweets from the ‘US American’ account (occasion
1) are retweeted with a similar probability as the tweets from the ‘Chinese’ account (occasion 2). If —according to the
social-constructivist view— subjective elements drive the decision to retweet, the tweets from the ‘Chinese’ account are
retweeted with a statistically significantly lower or higher probability than those from the ‘US American’ account.

(2) The second experimental setting focuses on the gender of the corresponding author of the tweeted paper. For this
setting, papers should be selected for which the corresponding authors’ name clearly indicates his/her gender. The ex-
periment reveals whether irrelevant criteria (i.e., the corresponding authors’ gender) influence retweet decisions. The
content of the tweet can be as follows: “Paper entitled [title of the paper] by [name of the female/male corresponding
author] @[Twitter handle of the randomly selected scientometrician] [URL of the paper]”. Some studies have shown
that papers published by men received more citations than papers published by women (e.g., Cole; Singer, 1991; Kno-
bloch-Westerwick; Glynn, 2013). However, evidence for the contrary is also available (e.g., Lynn; Noonan; Sauder; An-
dersson, 2019; Strumia, 2021). Based on these contradicting results on citation decisions, different retweet probabilities
of tweets including male or female information might be detectable in the experiment (but only with a small effect size).

The collected data from the experimental settings should be anonymized by removing obvious personal identifiers such
as Twitter profile names (Salganik, 2017). The removed personal identifiers should be stored separately in order to in-
form the involved researchers with study details and results when the study is finalized (see section ethical reflections
about the planned study).

3. Statistics

The statistical analysis of the data from the experimental settings reveals Table 1. Fictitious data that could result from an
whether the proportion of retweets differs between two occasions. A experiment (0 = the tweet is not retweeted, 1= the
. . . tweet is retweeted)
tweet is counted as retweeted when the randomly selected scientometri-
cian mentioned in the tweet retweets the tweet within a certain period. Occasion1 | Occasion 2
Pairs of tweets are sent within two occasions which refer to the same Tweet pair 1 1 0
paper each. As a result of each experimental setting (specified above), Tweet pair 2 0 1
one receives data as exemplified in Table 1. Based on such data, the pro- Tweet pair 3 1 0
portion of retweeted tweets can be compared between both occasions.
Tweet pair 4 0 1

Each line in Tablg 1 (reﬂectlng the results of an experlment.ln a bln.ary Tweet pair 5 1 0
fashion) can be filled in a 2 x 2 table where the outcome of interest is a )

: ‘ . ’ ‘ . B . . ) Tweet pair 6 1 0
pair of results from ‘occasion 1’ and ‘occasion 2’, each either a ‘success :
(retweeted) or a “failure’ (not retweeted). Using tweet pair 7 from Table Tweet pair 7 ! !

1 as an example, Table 2 shows how a tweet pair (with retweeted or not
retweeted results) is evaluated for the statistical analysis. Since the tweet pair 7 is retweeted on both occasions, the
tweet pair (the paper) is categorized as retweeted-retweeted.

When all pairs in Table 1 have been filled in a table as the first pair in Table 2, one receives the 2 x 2 Table 3 that
summarizes the complete data from Table 1. As the total in Table 3 reveals, seven papers have been tweeted twice. The
results show, e.g., that four tweets on papers have been retweeted on occasion 1, but not on occasion 2.

The McNemar test can be used to

“evaluate categorical data obtained in a true experiment (i.e., an experiment involving a manipulated indepen-
dent variable). In such an experiment, the two scores of each subject (or pair of matched subjects) represent a
subject’s responses under the two levels of the independent variables (i.e., the two experimental conditions).
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A significant result allows the researcher to Table 2. Categorized data of tweet pair 7 in Table 1

conclude there is a high likelihood the two Occasion 1

experimental conditions represent two diffe-

Retweeted Not retweeted
rent populations” (Sheskin, 2007, p. 817). etweete otretweete

Retweeted 1

We calculated the McNemar test for the data in Ta- Occasion 2

Not retweeted

ble 3. As the results show the test statistic is 0.67
with the corresponding two-sided p value of 0.41,

. . . . . Table 3. Summarized data of all tweet pairs in Table 1
which provides no evidence of a (statistically signi-

ficant) retweet difference between both occasions. Occasion 1 Total
Power analysis methods can be used to compute GEWEEEE || NeBIEEEE:

the sample size for the experiments that are con- Occasion 2 Retweeted 1 2 3
ducted. The results of the McNemar’s test can be Not retweeted 4 0 4
interpreted meaningfully with hindsight only when Total 5 2

an a priori defined sample size is used (see Acock,
2018). Large samples are required in order to find small effects, and large effects can be detected with small samples.
The power analysis can be applied to make the sample of the experiment as small as possible so that as few as possible
researchers will receive the manipulated tweets (Salganik, 2017).

4. Ethical reflections about an experimental Twitter study

Experimental studies should follow basically the ethical suggestions by Salganik (2017) which he has formulated in the
chapter ethics in his book on social research in the digital age.

Scientometric studies are usually based on observational designs. Although scientometricians are interested in the es-
timation of causal effects, these estimations are not possible based on observational designs. Only randomized experi-
ments in which units are allocated to treatment and control groups facilitate estimations of causal effects. In these stu-
dies, however, it is necessary to manipulate certain processes or objects to measure possible effects. In the experimental
study on tweet decisions about papers, the tweeting process is manipulated by posting specific tweets from profiles
with certain characteristics and including certain information. Although these tweets are manipulated postings for the
receivers of the tweets, we do not expect significant harms for the receivers if the tweets do not contain any wrong or
misleading information; manipulations concern tweeting with pseudonyms and mentioning correct information about
the authors of papers or leaving them out.

After finalizing an experimental study, the scientists should be contacted (Twitter users and authors of the tweeted pa-
pers) who (unknowingly) have been involved in the study. The scientists can be contacted using the Twitter platform (ba-
sed on personal and not public communications), email, or their address that they provide as author affiliation on their
publications. They should be informed about the study design (especially the necessary minimal manipulations) and
the results of the study. The opportunity to delete the corresponding tweets resulting from the study should be provi-
ded. Since the data of the experimental study should be

stored for at least 10 years (see for example the guideli- We propose to undertake an experimen-
nes for good scientific practice of the German Research tal approach to the decision of scientists
Foundation and the Max Planck Society)', all personal to ‘tweet’ on a paper

data should be deleted after this period.

5. Conclusions

In this comment, we propose to undertake an experimental approach to the decision of scientists to ‘tweet’ on a paper.
We describe the design of a posible study that allow the experimental investigation of tweet decisions including rando-
mized variations and theoretically derived mechanisms for explaining the empirical results. The detailed design propo-
sed in this comment can be adapted to other social media platforms (e.g., Facebook or ResearchGate). Using Facebook,
the accounts could create posts that contain content as described in this comment. If other mentioned Facebook users
share the post, this would be treated like a retweet on Twitter.

Users on ResearchGate can start discussions that contain comments like those we proposed for a Twitter-based study.
Discussions on ResearchGate can be shared by other users. Such a sharing on ResearchGate could be treated as a retweet
event on Twitter. Using ResearchGate would probably require more human work than studies using Twitter or Facebook
because ResearchGate does not provide an application programming interface like Twitter or Facebook. Nevertheless,
the increased human effort might be worthwhile because ResearchGate is explicitly oriented towards researchers in
contrast to Twitter and Facebook that are primarily directed at the general public but also used by many researchers.

6. Note

1. See https://zenodo.org/record/3923602
and https://www.mpg.de/199493/regelnWissPraxis.pdf
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