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Abstract
Investigating the context in which researchers engage with social media objects facilitates a greater understanding of their research behaviour. This study shifts analytical focus from the research paper itself to the geographical, socio-topical, and individual dimensions of the Tweeter and the tweeted paper to understand if researchers cite what they tweet. Results show that Tweeters are more likely to cite papers affiliated with their same institution, papers published in journals in which they also have published, and papers in which they hold authorship. It finds that the older the academic age of a Tweeter the less likely they are to cite what they tweet, though there is a positive relationship between citations and the number of papers they have published and references they have accumulated over time. This paper sheds light on the contextual nature of the tweet-citation relationship. 

1. Background
In the early days of altmetric research much attention was directed at the correlation between tweets (or other altmetric indicators) and citations with hopes that tweets could predict future citations and thus provide an early citation impact indicator. Over the past decades, a host of issues related to the use and interpretation of altmetrics have been the subject of scholarly attention. Haustein (2016) identifies the lack of conceptual frameworks and theoretical foundations relating to altmetrics as interfering with their interpretation and understanding. This is facilitated by altmetrics' heterogeneity (purpose, function, diversity of indicators, data source, and selectivity that dictate their online activities and events) as another major challenge associated with their use and interpretation of their meaning (Haustein, 2016). 

Haustein (2016) forwards the need for a more developed conceptualization of altmetrics, building on Lazarsfeld's (1993) argument that for any metric to be a valid indicator of a social act, the act must be conceptualized. Our study rethinks this notion and contends that to meaningfully interpret altmetrics as indicators of research behaviour, the behaviour must be contextualized. Using social media events for the purposes of scholarly metrics requires us to understand the meaning and reason for the activity, which is not easily done; as Haustein (2016) argues, the same events on the same social media platforms can occur for different reasons. For example, a researcher might tweet a paper to promote their own work, to share something relevant to their field, or for the purposes of criticism (Haustein, 2016). Creating models that differentiate between different types of social media acts is possible, as demonstrated by Mongeon (2018) in his research on analysing information shared by researchers on social media using social and topical distance. In this way, social media activity could therefore be contextualized by shifting attention from research papers or the outputs of social media (tweets) to elements relating to the users themselves.

The research of Diaz-Faes et al. (2019) demonstrates that the activity of users on Twitter in relation to scientific publications can used to group these users into different dimensions of behaviour. Classifying users in this way is another potential approach to arriving at an understanding of the context for why users are engaging with content. Diaz-Faes et al. (2019) argue for the creation of secondary social media metrics, which move away from a focus on papers and their reception on social media to focus on users, their online activity, and their interactions with social media objects. 

Ultimately, there is difficulty in correlating meaning with tweets, as the instance of tweeting is linked to various changing contexts; situating tweets within their context can aid in deciphering the likelihood of a resulting citation. Our work proposes to revisit the relationship between tweets and citations from an information behaviour perspective, shifting focus from the research paper to the Tweeters and their social media and publication behaviours as the elements of analysis. We do this by operationalizing the context of the relationship between the Tweeter and the tweeted paper by looking at geographical and socio-topical dimensions of the Tweeter and the publication. We also consider the individual characteristics of tweeting authors. Our objective is to determine if the act of a researcher tweeting an article can predict whether they will cite that same publication. An understanding of this connection can illuminate how research is disseminated through social media and engaged with by scholars; further, it could contribute to how we use altmetrics to interpret and understand the societal and research impact of scholarly work.

2. Research Objectives
The goal of this work is to examine the contextual characteristics associated with researchers tweeting publications and how they might predict a subsequent citation. We hypothesize that the topical proximity of the tweeted work to the Tweeter’s research will positively affect the likelihood of a future citation. We also hypothesize that geographical proximity will positively affect the likelihood of a future citation (interaction effect with topical proximity). Lastly, we hypothesize that several factors related to the tweeting authors can affect the likelihood of a future citation, such as their academic age, or their number of tweets, references, or published papers. 

Specifically, our research questions are:

RQ1 To what extent does the act of tweeting a research publication predict the act of citing it? 
RQ2 How are the individual characteristics of the Tweeter (academic age and total number of tweets, authored papers, distinct references) related to the likelihood of citing the tweeted paper? 
RQ3 How is the geographical proximity (country and institutional affiliation) of the authors of the tweeted paper related to the Tweeter? 
RQ4 What is the socio-topical relationship (journal and topic) between the Tweeter's research and the tweeted paper?

3. Data and Methods
We use a relational database version of the OpenAlex database (Priem et al., 2022) hosted by the Maritime Institute for Science, Technology, and Society (MISTS). In this database, OpenAlex works are assigned to a discipline from the Science Metrix classification (Archambault et al., 2011), based on the journals in which they are published. For journals in the “paper-level classification” category, we assign papers to a discipline based on the cited journals. In case of a tie, the paper is assigned to the tied disciplines. Our researcher data come from the open dataset of scholars on Twitter created by Mongeon, Bowman & Costas (2022), which includes approximately 500,000 matched OpenAlex author IDs and Twitter accounts. Finally, data on the tweeted publications and the Twitter users who tweeted them was obtained from a Crossref Event Data dump downloaded in January 2023. 

By combining these datasets, we obtain tables in which each observation is a tweeted paper and includes relevant metadata about the tweet, the Twitter user and their publication record, as well as the tweeted publications and their authors. The final analyzed dataset totalled 7, 085, 157 tweets made between 2017 and 2019.

Table 1. Dimensions and their indicators

	Dimension
	Indicator
	Description

	Geographical
	same_county 
	Dichotomous variable indicating whether the tweeting author is affiliated to the same country as at least one of the authors of the tweeted publication.

	
	same_institution
	Dichotomous variable indicating whether the tweeting author is affiliated to the same institution as at least one of the authors of the tweeted publication.

	Socio-topical
	same_domain
	Dichotomous variable indicating whether the tweeting author has at least one publication in the same domain as the tweeted publication.

	
	same_field
	Dichotomous variable indicating whether the tweeting author has at least one publication in the same field as the tweeted publication.

	
	same_subfield
	Dichotomous variable indicating whether the tweeting author has at least one publication in the same subfield as the tweeted publication.

	
	same_journal
	Dichotomous variable indicating whether the tweeting author has at least one publication in the same journal as the tweeted publication.

	
	co-authorship

	Dichotomous variable indicating whether the tweet was a co-author on a tweeted paper.

	
	self-tweet
	Dichotomous variable indicating whether a Tweeter tweeted their own work.

	Individual
	academic_age

	Variable calculated by subtracting the first year of publication from the year of the tweet.

	
	n_tweeted_papers

	The total number of tweeted papers by a Tweeter.

	
	n_papers

	The total number of publications of a Tweeter.

	
	n_distinct_references

	The total number of distinct references a Tweeter cited cumulatively



4. Results

Geographical dimensions

Figure 1. Citation rates by geographic affiliation
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The results of our analysis show the relationship between citation rates and country and institution. Figure 1 shows that 17.3% of tweeted papers within our dataset which were created in the same country as the Tweeter were later cited by that Tweeter, while 33.5% of papers from the same institution as the Tweeter were also later cited. 4.3% of the tweeted papers with no identified geographical tie between the Tweeter and the tweeted paper are cited by the Tweeter. As indicated in Figure 1, authors are more likely to cite papers they tweet if the paper was affiliated with the same institution of the Tweeter. This likelihood is halved if the paper is affiliated with the same country of the Tweeter, though this affiliation does positively influence their likelihood to cite the tweeted publication. Papers from the same institution as the Tweeter are also somewhat likely to have a degree of topical proximity to the work of the Tweeter, which may affect their likelihood of being cited. 

Socio-topical dimensions

Figure 2. Citation rates by socio-topical characteristics
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Figure 2 shows the relationship between various socio-topical dimensions and cited papers. Our results indicate that a publication is more likely to be cited if it was written by the Tweeter. Similarly, a tweet is more likely to result in a citation if the Tweeter was a co-author of a paper. If a tweeting author has at least one publication in the same journal as the tweeted paper, this also impacts the likelihood of a citation. This may be related to the factor of topical proximity, as academic journals cited papers are published in are likely to contain papers with similar topics as the Tweeter.  Further, sub-fields have significant bearing on whether a work will be cited, whereas same field and domain possess relatively equal, but lesser influence. Our results, therefore, indicate that if the topic or discipline of the paper is the same as that of the Tweeter it is more likely to be cited, instantiated by the greatest socio-topical influence on whether a tweet is likely to be cited being whether that is authored or co-authored by a Tweeter. 

Individual dimensions

Figure 3. Citation rates by academic age
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Figure 3 shows that the academic age of the Tweeter has a negative correlation with whether they will cite what they tweet. Our results indicate that early career researchers have a higher likelihood of later citing the papers they share on Twitter, this likelihood peaks around the tenth year, and as academic age increases, researchers are less likely to cite publications they tweet.

Figure 4. Citation rates by total number of tweeted papers
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Figure 4 show a negative correlation between the total number of a researcher's tweeted papers and the rate of citation. Authors are less likely to cite what they tweet if they are highly active Tweeters.

Figure 5. Citation rates by total number of papers (left) and distinct references (right)

[image: ][image: ]

Our analysis finds that the individual characteristics the Tweeter have an impact on whether a tweeted a paper will later be cited. Figure 5 shows that the total number of papers a Tweeter has published in their academic career has a weak but positive correlation with their likelihood of citing tweeted papers. A stronger correlation is evident in the first 100 papers, indicating that researchers who are more prolific are more likely to cite what they tweet, but this tapers off around 250 publications. Further, the cumulative number of distinct references a Tweeter has made also has a positive correlation with their likelihood to cite what they tweet. As a Tweeter's career progresses, however, this positive trend levels off, again indicating that early career researchers are more likely to cite publications they have tweeted than those with lengthier careers.

5. Discussion
The results of our study indicate that various geographic, socio-topical, and individual dimensions relating to an author and a tweeted publication influence the likelihood of a tweeted publication being cited. Tweeters are more likely to cite works that are affiliated with their same institution, possibly indicating greater topical similarity or relevance, or possible intellectual involvement with colleagues within their own institution. This finding aligns with our socio-topical results, which show that Tweeters are more likely to cite work they author or co-author; and these collaborations are more likely to occur with colleagues within their same institution or country. In this way, cited tweets are influenced by geographic proximity and privy, perhaps, to the institutional dynamics of scholarship. This also sheds light on the heterogenic uses of social media; scholars citing their own work may indicate how Twitter can be used as a platform for increasing the visibility of one's own scholarship. 

Moreover, the topical similarity of a tweeted paper to one's own work and field of study is influential on the relationship between the tweet and its eventual citation. That subfield has greater influence than fields or domains show that Tweeters are citing works specifically relevant to their work, and less if they only relate in a more general sense to their disciplinary area. Tweeters are also more likely to cite papers published in journals in which they too have published, demonstrating the disciplinary circles that influence how scholars interact with work.

Finally, individual dimensions depicted in our results illuminate how academic age and the characteristics of a Tweeter's scholarly career (total number of tweeted papers, published papers, and distinct references) influence their citation activity. The plateau of citation rates depicted in the total number of published papers and distinct references aligns with the negative trend shown in the Figure 3 depicting academic age. As careers progress and researchers publish more, they are less likely to cite what they tweet. This may indicate that researchers may be more active on Twitter at the start of their careers and aim to make their work and scholarly presence more visible to their peers, and later in their career they are less likely to engage with work on social media, correlating to a drop in their likelihood to cite tweeted papers. Interestingly, the more papers a researcher tweets, the less likely they are to cite them, potentially indicating that less frequent Tweeters engage more deeply with the papers they choose to disseminate on social media, or those that tweet a great deal may engage with work on Twitter for a diverse range of reasons not always in relation to their own work, substantiating Bowman et al.'s (2015) contention that Tweeters tweet for both professional and personal purposes.

6. Conclusion
As the use of altmetrics develops and informs a deeper understanding of a new type of research impact, the contextualization of the relationship between altmetric activity and Twitter users is necessary to their meaningful interpretation. This study's analysis of over 7 million unique tweets reveals the geographic, socio-topical, and individual characteristics that influence the likelihood of researcher's citing what they tweet. It has shown that the papers of cited tweets are most often affiliated with the same institution as the Tweeter, that Tweeters more often cite papers they author or co-author, and that as their career advances they are less likely to cite their tweets, though their citation rates increase with their total number of papers published and distinct references incurred. Finally, if they are prolific Tweeters, they are also less likely to cite what they tweet. Our findings have implications extending beyond Tweeter behaviour; they elicit more consideration of the true meaning of altmetric activity, shifting attention from papers and the tweets as units of analysis to the researchers engaging with work in both social and scholarly realms. The influence of Twitter on research engagement can be understood by contextualizing Tweeters and their connection to individual works to add multiple dimensions to their altmetric activity.

Limitations
This study possesses several limitations. First, this study only considers Twitter counts and does not analyze other forms of altmetrics. The Open Dataset of Scholars on Twitter used to match Twitter users with researchers is a limited dataset of authors with at least one publication. Our dataset created with CrossRef Event data only considers papers with DOIs. Additionally, errors with OpenAlex disambiguation may incorrectly attribute authors to publications. Further, this study does not consider the influence of time on the causation or correlation of tweets and subsequent citations. Finally, by gathering OpenAlex data from a May 2022 data dump, citations accumulated past that period are excluded from our data.

Further research
Further research that aims to contextualize relationships between altmetric events and citations may wish to broaden the scope of an altmetrics analysis by bringing in other forms of altmetric data; discussions that aim to compare different social media metrics could use a similar approach which considers geographic, socio-topical, and individual dimensions of altmetric activities (Haustein et al., 2014). Emerging altmetric data sources such as Mastodon could provide insights on the migration of researchers to new venues for the purposes of disseminating knowledge. Additionally, other characteristics not included in the individual dimensions analyzed in this paper could be considered, such as retweets. Further studies might choose to consider journal impact factor or highly cited papers to analyze socio-topical dimensions from an impact perspective. Content-level analysis of tweets could also be performed to better understand the causal aspects of a Tweeter's decision to engage with a work, shedding light on whether a work was tweeted for purposes of promotion, sharing, criticism, or other reasons. Disciplinary characteristics could also be investigated in more detail to determine if certain disciplines have higher or lower rates of citations. Further, authorship order could be an enlightening aspect of future analyses, illuminating whether Tweeters are more likely to cite works in which they are first author, and how academic age may intersect with these elements.

Open science practices
The dataset analyzed in this paper uses the Open Dataset of Scholars on Twitter created by Philippe Mongeon, Timothy Bowman, and Rodrigo Costas. This is a dataset of paired OpenAlex author_ids (https://docs.openalex.org/about-the-data/author) and tweeter_id.
The dataset includes 492,124 unique author_ids and 423,920 unique tweeter_ids forming 498,672 unique author-tweeter pairs. It is available here: https://zenodo.org/record/7013518#.ZDlmpHZKi5c and the following preprint provides details about the matching process and links to R scripts: https://doi.org/10.48550/arXiv.2208.11065
The dataset and R scripts produced for this analysis will be made available on Zenodo. The authors also intend to publish the final article in a fully open access publication so that it may reach as wide of an audience as possible. 
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