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Abstract: Wikipedia is one of the most visited sites on the Web and a common
source of information for many users. As an encyclopedia, Wikipe-dia was not con-
ceived as a source of original information, but as a gateway to secondary sources:
according to Wikipedia’s guidelines, facts must be backed up by reliable sources
that reflect the full spectrum of views on the topic. Although citations lie at the
heart of Wikipedia, little is known about how users interact with them. To close this
gap, we built client-side instrumentation for logging all interactions with links lead-
ing from English Wikipedia articles to cited references during one month, and con-
ducted the first anal-ysis of readers’ interactions with citations. We find that overall
engagement with citations is low: about one in 300 page views results in a refer-
ence click (0.29% overall; 0.56% on desktop; 0.13% on mobile). Matched observa-
tional studies of the factors associated with reference clicking reveal that clicks
occur more frequently on shorter pages and on pages of lower quality, suggesting
that references are consulted more commonly when Wikipedia itself does not con-
tain the information sought by the user. Moreover, we observe that recent content,
open access sources, and references about life events (births, deaths, marriages,
etc.) are particularly popular. Taken together, our findings deepen our understan-
ding of Wikipedia’s role in a global information economy where reliability is ever
less certain, and source attribution ever more vital.
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6. RO3: LINK-LEVEL ANALYSIS OF CITATION INTERACTIONS

Our final research question asks which features of a specific refer-ence
predict if readers will engage with it. Note that this is different from RQ2
(Sec. 5), where we operated at the page level and did not differentiate be-
tween different references on the same page.

6.1. Predictors of reference clicks

We begin with a regression analysis to detect which features predict
whether a reference will be clicked. We selected all the references with
external links, and we carefully rule out a host of confounds by sampling
pairs of clicked and unclicked references from the same page view, thus
controlling for situational features such as the page, user, information need,
etc. As we saw in Fig. 5, references at the top and bottom of pages are a
priori more likely to be clicked. Thus, to exclude position as a confound and
maximize the probability that the user saw both references in a pair, we
pick as the unclicked reference in a pair the one that appears closest in the
page to the clicked reference. To make sure we sample references associated
with a sentence, we discard all footnotes in tables, infoboxes, and images,
and keep only those within the article text. Finally, we again sample only one
pair per session in order to avoid over-representing readers who are more
prone to click on references. This process yields 1.8 M reference pairs.

As predictors we use the words in the sentence that cites the respective
reference, as well as the words in the reference text (cf. Sec. 3.1), represented
as binary indicators specifying for each of the 1K most frequent words
whether the word appears in the sentence®. Using these features as predic-
tors, we train a logistic regression to predict the binary click indicator.

! Stop words were removed, and numbers (except for 4-digit numbers that potentially rep-
resent years) were converted to a special number token.
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Table 1

Top positive and negative predictors (words) of ref-erence clicks (Sec. 6.1),
for different article topics. Words are organized based on where they appear:
in the sentence an-notated by the reference, or in the reference text

Paositive contribution Negative contribution
In sentence In reference In sentence In reference
Waord Coeff. Word Coeff. Waord Coeff. Word Coeff.
greatest 0.36 know 0.25 debut -0.25 aw ards -0.33
born 0.28 pmc 0.24 moved -0.16 deadline -0.32
died 0.23 2019 0.21 worked -0.16 billboard -0.17
8 website 0.23 website 0.21 awarded -0.16 register -0.17
E‘ ranked 0.23 dies 020 joined -0.13 link -0.16
- known 0.20 former 0.19 began -0.13 isbn -0.15
=2 professional 0.19 family 0.16 appeared -0.12 board -0.14
relationship 0.19 behind 0.15 score -0.11 variety -0.14
rating 0.18 allmusic 0.15 festival -0.11 next -0.14
article 0.18 story 0.15 attended -0.11 archive -0.13
online 0.25 definition 030 requirements -0.17 ocle -0.26
tests 023 | 2019 024 | run 017 | best 0.23
2019 0.23 free 022 rather -0.16 jstor -0.22
short 0.17 pme 021 another -0.15 evaluation -0.16
= known 0.17 website 020 said -0.15 wilay -0.16
E algorithms 0.16 pdf 0.19 launched -0.15 london -0.15
published 0.16 OVeTview 017 less -0.14 isbn -0.14
defined 0.15 methods 0.15 make -0.12 internet -0.14
programming 0.15 introduction 0.14 better -0.12 industrial -0.14
digital 0.15 years 0.13 popular -0.12 source -0.14
article 030 daughter 036 indicating -0.42 awards -0.36
born 0.28 abituary 031 premiered -0.28 award -0.33
greatest 0.27 know 031 chart -0.21 deadline -0.28
o professional 0.27 instagram 029 debut -0.21 cast -0.22
H died 0.26 baoy 0.28 moved -0.20 global -0.21
E known 0.25 SEX 0.25 began -0.17 next -0.19
ranked 0.24 wife 0.24 earned -0.16 isbn -0.18
relationship 0.23 former 0.24 recorded -0.16 drama -0.18
website 0.23 historic 0.24 alongside -0.16 standard -0.18
sexual 0.23 2019 0.23 worked -0.16 tour -0.18
born 0.29 definition 043 came -0.20 jstor -0.25
o website 0.21 OVETview 022 award -0.16 record -0.21
b 2019 0.21 best 0.19 transportation -0.13 link -0.20
E died 0.20 2019 0.19 protection -0.12 2002 -0.17
= currently 0.19 | website 0.19 member -0.12 election -0.16
5 known 017 statistics 0.17 began -0.11 1008 -0.15
& referred 017 death 0.16 originally -0.11 ed -0.15
5 customers 0.16 last 0.16 specific -0.11 isbn -0.15
- study 0.16 ship 0.15 awarded -0.10 announces -0.14
activities 0.15 top 0.15 addition -0.10 board -0.12
politician 0.50 | woman 034 debut -0.45 crime -0.28
born 0.26 know 027 missing -0.22 aw ards -0.28
magazine 0.25 dies 0.26 career -0.21 register -0.24
B believed 0.23 famity 023 timmothy -0.20 link -0.24
E‘ married 0.23 website 0:20 executive -0.19 interview -0.19
@ ranked 0.22 mail 0.19 episode -0.17 2000 -0.17
& video 0.22 father 0.18 months -0.17 culture -0.17
directed 0.18 son 0.18 close -0.15 htm -0.16
crime 0.18 boy 0.18 case -0.15 music -0.15
natural 0.18 biography 0.17 appaointed -0.15 paris -0.15
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We perform this analysis on the full above-described dataset, as well as on
subsets consisting only of page views from each of 4 broad categories (derived
by aggregating the 44 WikiProjects categories from Sec. 3.4): “Culture” (1.3 M
pairs), “STEM” (436 K), “Geography” (530 K), and “History and Society” (467 K).
The model achieves a testing AUC of around 0.55 across these 5 settings.

More frequent in clicked

More frequent in unclicked

wedding competing
family achievement
children leader
reading business
writing music
mm Clicked
death mm Unclicked college
internet sports
technology school
messaging fun
sexual work
I T T I T T T
0.000 0.002 0.004 0.000 0.002 0.004 0.006
Score Score
a) Click event (sentence text)
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More frequent in clicked More frequent in unclicked

reading . = fun =
internet 4 L — government - -4
technology — achievement - E
computer ol help - =
programming il meeting - -4
Clicked
family o & Unclicked pride 4
wedding el shape_and_size =
children — gain - L
death —-— school - 7
social_media - wll giving - e
T T T T
0.000 0.001 0.002 0.0000 0.0005 0.0010
Score Score

b) Click event (reference text)

The words with the largest and smallest coefficients are displayed in
Table 1, where we observe that, for all article topics except for “STEM”,
many positive features are related to social and life events and relation-
ships (“dies”, “obituary”, “married”, “wife”, “relation-ship”, “sex”, “daughter”,
“family”, etc.). Another common pattern across topics is that “2019” is
strongly related with clicking, and that career-related references (“awards”,
“debut”, etc.) are less likely to be clicked. We shall further discuss these
observations in Sec. 7.
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More frequent in clicked More frequent in unclicked

wedding competing

children achievement

negative_emotion leader

family reading

positive_emotion college

m Clicked

death Unclicked school
sexual music
healing fun
youth sports

crime musical .

I T T I T T

0.000 0.002 0.004 0.000 0.002 0.004
Score Score

c) Click event (text)

Figure 12 a, b, c. Empath [14] topics most strongly (anti-) associated
with citation events (cf. Sec. 6.2 for description).
Reference text not studied for hover event (Sec. 6.3)
because unlikely to be visible to user before hovering

On STEM-related pages, open-access references seem to receive more
clicks than others, with words like “free” and “pdf” among the top predictors,
whereas words related to traditionally closed-access libraries such as JSTOR
appear among the negative predictors, in line with previous findings [58].
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6.2. Topical correlates of reference clicks

For a higher-level view, we perform a topical analysis of citing sen-
tences and reference texts, separately for the clicked vs. the unclicked refe-
rences from the paired dataset of Sec. 6.1.

To extract topics, we use Empath [14], which comes with a pre-trained
model for labeling input text with a distribution over 200 wide-ranging
topics. After applying the model to each data point, we compute the ave-
rage topic distribution for clicked and unclicked references, respectively,
and sort topics by the signed difference between their probability for
clicked vs. unclicked references.

The topics with the largest positive and negative differences are listed
in Fig. 12a and 12b for citing sentences and reference texts, respectively.
The results corroborate those from Sec. 6.1, with human factors (wedding,
family, sex, death) being more prominent among clicked references,
whereas career-related topics such as competitions or achievements re-
ceive less attention. Among the most prominent topics for reference texts
(Fig. 12b), topics related to technology and the Internet also emerge.

6.3. Predictors of footnote hovering

The analyses of Sec. 6.1 and 6.2 considered engagement via refe-
rence clicks. As we observed in Fig. 4, on desktop devices, hovering over a
footnote to reveal the reference text in a tooltip is an even more common
way to interact with references. We hence replicated the above analyses
with the fnHover instead of the refClick event (8.7 M reference pairs), with
the only difference that we excluded words from reference texts as fea-
tures, since the user is unlikely to have seen those words before hovering
over the footnote.
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Table 2

Top 10 positive and negative predictors (words)
of reference click following footnote hover (Sec. 6.4)

Positive Negative
Word Coeff. | Word Coeff.
killer 0.16 | oclc -0.22
greatest 0.16 | jason -0.16
critic 0.15 | episode -0.15
things 0.15 | die -0.15
daughter 0.15 | dictionary -0.13
reveals 0.14 | spanish -0.12
baby 0.14 | isbn -0.12
instagram 0.13 | le -0.11
wife 0.13 | board -0.11
sheet 0.13 | channel -0.11

The results echo those of Sec. 6.1 and 6.2, so for space reasons we do
not discuss the regression analysis for footnote hovering (cf. Sec. 6.1) and
focus on the topical analysis instead (cf. Sec. 6.2). Inspecting Fig. 12c, we
observe that we see a stronger tendency of fnHover events, compared to
refClick events, to be elicited by words that are related to both positive and
negative emotions.

6.4. Predictors of reference clicks after hovering

Once a user hovers over a (fnHover), the text of the corresponding
reference is revealed in a so-called reference tooltip (Fig. 1). At this point,
the user has the choice to either click through to the citation URL (refClick)
or to stay on the article page. In the final analysis of the paper, we are
interested in understanding what words in the reference text influence the
user when making this decision.

We create a dataset by selecting the page loads with at least two foot-
note hover events, where one converted to a refClick (positive), whereas
the other did not (negative). As in the previous studies, we selected at most
one random pair per session, giving rise to a dataset of 440 K pairs of hover
events.
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Similar to the study in Sec. 6.1, we represent reference texts as 1K-
dimensional word indicator vectors and use them as predictors in a logistic
regression to predict refClick events (testing AUC 0.54).

The strongest coefficients are summarized in Table 2, painting a pic-
ture consistent with the previous analyses: readers, after seeing a reference
preview via the tooltip, are more likely to click on the cited link when the
reference text mentions social and life aspects (“wife”, “baby”, “instagram”,
etc.). The strongest negative coefficients suggest that readers tend to not
click through to dictionary entries, book catalogs (ISBN, OCLC), and infor-
mation in languages other than English: manual inspection revealed that
“spanish” is mainly due to the note “In Spanish”, “le” is the French article
common in French newspaper names (e.g., Le Monde), and “die” is a German
article.

7. DISCUSSION AND CONCLUSIONS

Our analysis provides important insights regarding the role of Wi-kipe-
dia as a gateway to information on the Web. We found that in most cases
Wikipedia is the final destination of a reader’s journey: fewer than 1 in 300
page views lead to a citation click. In our analysis, we focused on the frac-
tion of users who engage with references, and characterized how Wikipedia
is used as a gate-way to external knowledge. Our findings suggest the fol-
lowing.

We engage with citations in Wikipedia when articles do not satisfy our
information need. Sec. 5 showed that readers are more likely to click cita-
tions on shorter and lower-quality articles. Although this result seemed
counter-intuitive at first, since higher-quality articles actually contain more
references that could potentially be clicked, it is in line with the finding
that citations to sources reporting atomic facts that are typically available
in Wikipedia articles (e.g., awards, career paths), are also generally less en-
gaging (Sec. 6). Collectively, these results suggest that readers are inclined
to seek content beyond Wikipedia when the encyclopedia itself does not
satisfy their information needs.
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Citations on less engaging articles are more engaging. In all of Sec. 5
we found that citation click-through rates decrease with the popularity of
an article. While this may follow from the previous point because long,
high-quality articles tend to be more popular, it may also suggest that less
popular articles are visited with a specific information need in mind. Previ-
ous work indeed suggests that popular articles are more likely to be viewed
by users who are randomly exploring the encyclopedia [53].

We engage with content about people’s lives. We clearly saw that read-
ers’ interest is particularly high in references about people and their social
and private lives (Sec. 6). This is especially true for hovers, a less cognitively
demanding form of engagement with citations. Hover events are also more
likely to be elicited by words that are related to emotions, both positive
and negative.

Recent content is more engaging. We found that references about re-
cent events (whose text includes “2019”) are more engaging, both in terms
of hovering and clicking.

Open content is more engaging. Finally, we saw that refer-ences in Wik-
ipedia pages about science and technology, especially if they point to a
open-access sources (e.g., having “free” or “pdf” in the reference text), are
also more likely to be clicked.

Theoretical implications. Our findings furnish novel insights about Web
users and their information needs through the lens of the largest online
encyclopedia. For the first time, by characterizing Wikipedia citation en-
gagement, we are able to quantify the value of Wikipedia as a gateway to
the broader Web. Our findings enable researchers to develop novel theories
about readers’ information needs and the possible barriers separating
knowledge within and outside of the encyclopedia. Our research can also
guide the broader community of Web contributors in prioritizing efforts to-
wards im-proving information reliability: we found that people especially
rely on cited sources when seeking information about recent events and
biographies, which suggests that Web content in these areas should be es-
pecially well curated and verified. Finally, the fact that readers engage
more with freely accessible sources highlights the importance of open ac-
cess and open science initiatives.

HayuyHble 1 TexHuyeckme 6ubnmnotekn, 2021, N2 2 125



Practical implications. Quantifying Wikipedia article complete-ness
has proven to be a non-trivial task [45]. The notion that article complete-
ness is highly related to readers’ engagement with Wikipedia references
opens up ideas for novel applications to help satisfy Web users’ information
needs, including models that quantify lack of information in an article by
incorporating signals related to reference click-through rate. Our findings
will also help prioritize areas of content to be checked for citation quality
by Wikipedia editors: in areas of content where Wikipedia acts as a major
gateway, the quality and reliability of sources that readers visit become
even more crucial. Finally, the data we collected could empower a model
that, given a sentence missing a citation (i.e., with a citation needed tag),
could quantify how likely readers are to be interested in accessing the cor-
responding information and thereby help Wikipedia editors prioritize the
backlog of unsolved missing-reference cases.

Limitations and future work. The overall low AUC (0.54 to 0.6) of the
regression models (Sec. 5-6) emphasizes the inherent unpredictability of
reader behavior. While the significantly above chance performance renders
the models useful for analyzing the impact of various predictors, their per-
formance is currently too low to make them useful as practical predictive
tools. Future work should hence invest in more powerful sequence models
to improve accuracy.

By focusing on English Wikipedia only, the present analysis provides
a limited view of the broader Wikipedia project, which is available in almost
300 languages and accessed by users all over the world. In our future work,
we therefore plan to replicate this study for other language editions. So far,
we also omitted any user characteristics from our study, such as more
global behavioral traits beyond the page-view level, as well as geographic
information, which are known to play an important role in user behavior
[32, 57]. Future work should incorporate such signals.
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We will also investigate reader intents more closely. While click and
hover logs reflect the extent to which readers are interested in knowing
more about a given topic, they cannot tell us about the specific circum-
stances that led the user to engage by clicking or hovering, nor about the
level of satisfaction achieved by following up on a reference. In the future,
we plan to better understand these aspects via qualitative methods such
as surveys and interviews.

Further, whereas our analysis focused on links in the References sec-
tion of articles, future work should also study other types of external links
(cf. Fig. 1) in satisfying readers’ information needs.

Finally, as exogenous events strongly affect Wikipedia users’ infor-
mation needs [53], future work should go beyond studying Wikipedia as an
isolated platform and analyze how citation interaction patterns are warped
by breaking news and events with uncertain information. This will sharpen
our picture of Wikipedia as a gateway to global information.
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