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Figure 1: (a) Most twin papers are parallel works. (b) Most twins have similar topics. (c) Most twins belong ta close communities.
These results corroborate the assumptions of the twin paper framework,

3 METHOD
Our proposed framework s inspired by the causal inference frame-
work based on twins [15] in the medical and psychological domains.
The key insight of our proposed framework, twin papers, is that
we can roughly regard a pair of papers that cite each other as coun-
terfactual units. We call such a pair of papers twins, The rationale
behind this definition is that twin papers tend to be (1) parallel
works, (2) on similar topics, and (3) in close communities, which
we will empirically show in the experiments. Therefore, twin pa-
pers can adjust many, if not all, confounders, including observable
and unobservable ones. If the numbers of citations the twin papers
receive are different, we can investigate what made the difference.
Suppose a paper x was published with a colon in the title and has a
twin paper y which was published without a colon. Then, we can
estimate ITE by
ME=yf -y
‘This value can be computed solely from factual values. However,
this estimate is noisy and has a high variance. Therefore, we con-
sider the average effect, i.e., ATE. Let peolonmocalan — (g 1) |
s and  are twins, and s has a colon, ¢ has no colens). Then, ATE
can be estimated by
apgeelon/no clon _ 1 VP yF
= Do calcn | . s =¥
(1) € i el
€]

This value can be computed solely from factual values.

We gather twin papers from the dblp dataset [24]. There are
87,306 twins in total, which are available in https://github.com/
joisino/twinpaper

4 ILLUSTRATIVE EXAMPLE

To illustrate the benefit of twin papers, we create a subset of the
dataset that contains only papers published in Symposium on
the Theory of Computing (STOC), Symposium on Foundations

of Computer Science (FOCS), Neural Information rocessing Sys-

tems (NeurIPS), and International Conference on Machine Learning

(ICML). STOC and FOCS are prestigious venues in theoretical com-

puter science, and NeurIPS and ICML are prestigious venues in
machine learning. As an example, we consider if adding a word

“learning” in the title has a pasitive effect an the impact. We con-
sider a paper with *learning” in the title to be treated and that
without it is controlled. Intuitively, just changing the title of this
paper to “Twin Papers: A Simple Learning Framewark...” would
not change the number of eitations much. Therefore, we expect the
effect is small or zero. A naive approach to estimating the effect
with observational data is,

ATEobservational
P

1
~ Jitis controlled}]

#is controlied

1 5o
Y
" s emedy] &

However, there is a selection bias because papers in NeurIPS and
ICML tend to have "learning” in the title. In fact, ATE gpeervationa =
0.132, which indicates that the treatment has a positive effect. This
result just reflects the fact that Neur[PS and ICML papers tend to
receive more citations than STOC and FOCS papers. By contrast,
if we use twin papers and the proposed estimator (i.e, (3)), ATE =
~0.017, which indicates the treatment has no effects.

5 CONFIRMING ASSUMPTIONS

5.1 Twins Tend to Be Parallel Works

Figure 1 (a) shows the histogram of the differences of publication
years between twin papers. This indicates that 81.8 percent of twin
pairs are published in the same or the next year, However, some
twin papers are published in different periods, We investigate the
cause of this phenomenon. We draw random twin pairs whose
publication years are different by more than five years and show
them in Table 1. The difference in the first example is as many as
twenty years. We found out that this is because there is a paper with
the same title as “Fast Fourier transforms for nonequispaced data™
published in 1993, The dblp dataset confused these papers, maybe
in the data processing process, and spurious twins are detected.
Other examples were caused due to similar reasons. Overall, twins
that are not parallel works are spurious twins caused by noise in
the dataset, Optionally, we can remove such pairs by preprocessing,
e.g., thresholding the difference of publication years by one or twa,
We use the original data in the following analysis because such
cases are rare, as shown in Figure 1, and do not affect the results
much.
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