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Figure 1: Overview of QuickRef. When a user clicks numbered citation, user can check meta information, overview, and 
relevance which will be given as cited papers along with main paper on the right side panel. 

ABSTRACT 
Researchers spend lots of time for reading scientifc papers as they 
need to stay updated with recent trends. However, navigating cita-
tions, which are indispensable elements of research papers, can act 
as a barrier for junior researchers as they do not have enough back-
ground knowledge and experience. We conduct a formative user 
study to identify challenges in navigating cited papers. We then 
prototype QuickRef, an interactive reader that provides additional 
information about cited papers on the side panel. A preliminary 
user study documents the usability of QuickRef. Further, we present 
practical design implications for citation navigation support. 
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1 INTRODUCTION 
Researchers devote a lot of their time to reading research papers. 
Researchers must stay updated with the most recent research in 
their area of interest, and they have to continuously read papers 
to investigate appropriate methods and analyze the research’s out-
comes. This led researchers to read more than 100 papers a year [32]. 
Moreover, the number of papers released every year keeps increas-
ing [21]. The amount of research paper that researchers have to 
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read will continue to rise, suggesting the need of supporting tools 
for reducing the cost of reading papers. 

Prior studies identifed key factors that hinder readability of 
research papers, such as the frequent use of nonce words (used 
only within research papers) and a lack of background knowledge. 
There is also a structural characteristic where information is of-
ten scattered within a document (i.e., multiple information in one 
document) and multiple documents at once to understand a single 
paper (i.e., cross-document navigation ) is often required therefore 
leading to non-linear navigation for reading [1, 4, 31]. To deal with 
these issues, novel interactive readers were designed. For exam-
ple, ScholarPhi [12] connected defnition of nonce words using 
tooltips, Andrew et al. [13] matched mathematical symbols to their 
explanation with color, and Powley et al. [25] proposed to connect 
numbered citations with endnotes. 

These attempts to design interactive readers resolved the issue of 
scattered information within a document. However, citations, the 
indispensable element in research papers, serves as barriers because 
the description of cited work is often brief. It requires researchers to 
further read cited papers. This is especially burdensome for junior 
researchers who still lack research experience and background 
knowledge [34]. 

This motivation has driven us to design an interactive reader 
that can show additional information that helps to understand cited 
papers without opening and reading cited papers. As additional 
information must be extracted from cited papers, it might be ben-
efcial to use natural language processing (NLP) technologies for 
automation. However, recently developed NLP technologies require 
a large-scale corpus and remarkable computational costs, so the 
required information and design implications can be studied frst. 

Therefore, in this paper, we try to fnd out which information is 
needed and how it should be presented to the reader. We consider 
the burden of navigating cited papers with graduate students that 
can represents junior researchers. We started with a preliminary 
user interview with 6 graduate students to identify the purposes 
and scenarios of reading cited papers. Based on our fndings, we de-
signed QuickRef to present meta information, an overview, and the 
relevance of cited papers. We then conducted a within-user study 
with 20 participants to look at how QuickRef can be used compared 
to the basic document viewer. We also had interviews with the 
participants to identify usability and improvement in details after 
the experiment. 

Evaluation through usability questionnaires (i.e., SUS and NASA-
TLX) showed that QuickRef could reduce the burden of citation 
navigation. Participants said that barriers to grasp the contents of 
the cited paper, such as searching and reading cited papers, had 
been reduced. They also demanded an additional explanation of the 
extracted information and a guide to interpret such information, as 
well as improvements related to the presentation of the extracted 
information. 

Using this research as a background in the future study, we expect 
to automate information extraction by incorporating advanced 
natural language processing techniques and conduct large-scale 
feld studies for exploring various use cases. 

2 RELATED WORKS 
The purpose of this paper is to create a support tool that makes 
reading papers easier by providing additional information about 
cited papers and to provide design implication for automation using 
NLP pipeline. To this end, we reviewed (1) the inconvenience of 
reading research papers, (2) interactive readers for reading scientifc 
papers, and (3) how NLP was used in scientifc tasks. 

2.1 Reading Patterns and Barriers in Scientifc 
Papers 

Many studies have been conducted on reading patterns and barri-
ers as reading scientifc papers is an essential task for researchers. 
In digital reading space, following reading pattern can be easily 
observed: non-linear navigation which the readers are jumping 
back and forth to connect scattered information, cross-document 
navigation which the readers refer multiple documents at once, 
and skimming to fnd out which papers are related to their inter-
est [1, 4, 31]. This results in a complicated situation since multiple 
documents’ contents should be considered at once. 

To explain this phenomenon, numerous interview studies were 
conducted and observed that participants lacked background knowl-
edge [4, 5], encountered with terms that readers were unfamiliar 
with [29], or had interests that difered from the purpose of the 
paper [4]. Furthermore, junior researchers generally lacked back-
ground knowledge, and had difculties in reading scientifc pa-
pers [34]. 

2.2 Systems for Reading Scientifc Papers 
To overcome the aforementioned barriers, new user interfaces that 
provide additional information or augment the information in the 
paper have been introduced. 

ScholarPhi [12] focused on nonce words, Kim et al [17] focused 
on data table, Andrew et al. [13] focused on Mathematical Symbol, 
and Powley et al. [25] focused on numbered citation and sought 
to reduce difculty in reading through a system that highlights 
corresponding explanations within the paper. In particular, the tool 
presented in Powley et al. [25] is actually used to show the infor-
mation of endnotes along with citation numbers by using tooltips 
in various publication websites [9, 26, 27, 30] and some reference 
management systems [23]. These studies focused on connecting 
scattered information within a document. However, since the infor-
mation of cited papers included in end note (e.g., title, author, and 
venue) is limited and explanation of cited papers is sometimes not 
sufcient, it requires additional information from cited papers. 

Some systems that use additional information to support reading 
have also been studied. OCPR [20] provides related Open Source 
Educational Resource with seeking paragraph, PaperQuest [24] 
visualizes and recommends the most similar papers to support 
reading decisions, and CiteSense [36] highlights how reference 
and citer are related to seeking paper. These systems are more 
about recommending other resources, so resources were given 
directly rather than extracting necessary information. Therefore, 
we hypothesized that the existing system could be improved by 
extracting and providing only the necessary parts of the cited paper. 
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2.3 Information Extraction from Scientifc 
Papers 

As NLP technologies develop rapidly with deep learning, various 
NLP tasks are being studied in the scientifc domain to help re-
searchers. The recommendation system of scientifc papers is also 
a trend that uses keyword extraction or similarity between docu-
ments [10, 11]. Summarization, which is a technique that can reduce 
the reading time of the researchers, creates and uses a large-scaled 
corpus to perform document summarization [8], method extrac-
tion [14], results extraction [16], concepts extraction [7, 18], and 
keyword extraction [35]. In addition, citation classifcation [3, 6], 
a task to understand the use and importance of citation, is also 
actively studied along with creating annotations. 

However, there is a lack of research on how the aforementioned 
NLP techniques can aid in reading the paper. In other words, it is 
necessary to investigate how tasks like summarization and citation 
classifcation can be applied and what factors should be taken into 
account. In this work, we build a simple prototype that leverages a 
Wizard-of-Oz approach to implement such information extraction 
features. Our goal is to better understand which information can 
be helpful to junior researchers. 

3 FORMATIVE STUDY 
Before creating the QuickRef prototype, we conducted a prelimi-
nary interview with 6 graduate students, 4 of whom were masters 
and 2 were PhDs, all majoring in computer/electronics. The inter-
views lasted approximately 20 minutes each and were conducted 
using a semi-structured format with below questions to identify 
the participants’ discomfort while reading papers with cited papers. 
Follow-up questions were also asked to clarify the participants’ 
answers. 
Q1. Under what circumstances do you look for cited papers? 
Q2. Are there any inconveniences related to cited papers? 
Q3. What information do you usually look for in cited papers? 

The study conducted a thematic analysis of the user interview 
results, and the participants were labeled as U1 to U6 to diferentiate 
them from the participants in the subsequent user study. 

3.1 Circumstances in Reading Cited Papers 
The study identifed three themes related to the circumstances that 
lead readers to navigate cited papers: (1) a lack of explanation for 
information of interest, (2) identifying trends in research topics, 
and (3) checking descriptions used in their own writing. 

The frst theme was identifed from 5 participants. To be specifc, 
U2 mentioned the lack of detail in the method section, "Detailed 
methods can be replaced by citations, while details are required to 
reproduce the results.". U1 and U4 mentioned that sometimes spe-
cialized terms appear and this makes them look over cited papers 
or search the Internet for that terminology. The second theme was 
mentioned by 4 participants. U3 reported that, "To get broad sense 
of the research topic, I try to utilize citations.". U1 and U6 mentioned 
that, as they also need to write about related work, they try to start 
with cited papers because these papers have already summarized 
well about related topics. The third theme was captured by 2 partic-
ipants. For example, U6 reported "It is hard to fnd which part was 

quoted from the cited papers. I refer to the cited papers and jump back 
and forth to fnd the parts.". 

3.2 Inconveniences While Reading Cited Papers 
The inconveniences related to navigating cited papers can be di-
vided into three linear steps: (1) checking endnotes, (2) searching 
for cited papers, and (3) reading and understanding the contents. 4 
participants reported that it is taxing to scroll down to the refer-
ence section to check the paper titles. 2 participants reported that 
it was time-consuming to search cited papers if links (i.e., Digital 
Object Identifer) are not given in the references because they will 
have to search for the paper in the web. 2 participants felt that it 
was time-wasting to understand the contents of cited papers. For 
example, U4 reported that "I felt like time was wasted because I had 
to read the cited paper’s whole content to grasp the main idea.". 

3.3 Useful Information for Understanding Cited 
Papers 

Useful information was categorized as (1) overview, (2) relevance, 
and (3) meta information. To grasp the main ideas of the cited papers 
(i.e., an overview), U2, U4, U5, and U6 mentioned a summary, and 
U6 mentioned that graphics can be helpful. U2 mentioned that 
it would be helpful to show a summary of each section, and U4 
and U6 wanted to have more abstraction as they could understand 
the overall content by skimming. Next, all except U4 mentioned 
showing which part of the paper is relevant and how is relevant 
regarding problem and method. For example, U6 said that, "I want 
to know which part of the reference paper was actually used with 
page numbers because I can also know the exact location". Lastly, U4 
and U5 mentioned the need for meta information like title, author, 
and venue. 

4 QUICKREF PROTOTYPE DESIGN 
QuickRef was produced as shown in Figure 1. It was created using 
HTML, CSS, and JS with PDF.js [2] for rendering PDF. For user in-
terface, a sidebar was used instead of tooltips, as in other interactive 
readers like Elsevier and SAGE [9, 27], to display a greater amount 
of additional information and to avoid obscuring the content while 
hovering. According to the interview results, the information was 
divided into three parts: meta information, overview, and relevance. 
Meta information includes the citation number, title, author, venue, 
and number of citations. The number of citations obtained from 
Google Scholar is added beyond the information from the reference 
section, as the importance of papers can be one metric to select 
cited papers to read [33]. It will be displayed right after clicking 
numbered citation. 

Overview provides a structured abstract and all graphics of cited 
papers to grasp the main idea of the cited papers, which can be 
expanded by clicking the expand button. We decided to use struc-
tured abstract since original abstract can be redundant regarding 
the interview result. To build a prototype, we used a Wizard of Oz 
approach: the frst and second author collaboratively generated the 
structured abstracts of sample articles. 

Relevant information includes the number of times the cited 
papers were mentioned, a star rating for problem and method rel-
evance, and the most similar sentence from the cited paper, as 
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inferred from the interview. Advanced natural language processing 
techniques are required to extract this information. The current 
prototype uses manual labeling for star ratings–the frst and second 
authors rated the relevance collaboratively on a 5-point Likert scale. 
The similarity sentence was calculated using a sentence-similarity 
score by the pretrained DistillBERT [28], and is presented with its 
location and similarity score. Similar to the overview, it will be 
displayed when the expand button is clicked. 

5 PRELIMINARY USER STUDY 

5.1 Study Design 
5.1.1 Participants. The study involved 20 graduate students, con-
sisting of 15 masters and 5 PhDs, with backgrounds mainly in 
computer/electronics. The experiment was conducted in a one-on-
one format and lasted approximately an hour, with two authors 
taking turns hosting the sessions. The study aimed to investigate 
how additional information of cited papers could assist readers. 

5.1.2 Procedure. The experiment involved reading two short pa-
pers, one about an application for self-healthcare [19] and the other 
analyzing people’s comments on online political news articles. The 
papers were read using both QuickRef and a baseline reader that 
only provided the function of a document viewer. The experiment 
was conducted in a designated user study ofce with the same 
equipment for all participants, consisting of a 27-inch monitor, key-
board, and mouse. The short papers were selected from CHI EA 
archives because they were easy for participants to read. 

Before the experiment began, participants provided consent for 
the recording of the experimental environment. Participants were 
instructed to read the paper in a comfortable manner, including 
searching the internet. To mitigate ordering efects and fatigue 
efects [15], the order of papers and readers were randomized. Par-
ticipants completed SUS and NASA-TLX questionnaires for usability 
evaluation. After the experiment, a 15-minute interview was con-
ducted with each participant to ask following questions and gather 
detailed feedback on usability and user experience. 

(1) What information did you fnd helpful when using Quick-
Ref? 

(2) Is there anything you want to improve or add on QuickRef? 

5.1.3 Analysis. To understand how QuickRef can generate posi-
tive changes, the study recorded participants’ activities during an 
experiment comparing a baseline and QuickRef using three metrics: 
count of citation click (click count in short), count of additional 
web search (search count in short), and reading time. We also have 
done post-interview and thematic analysis to get deeper insight. 

5.2 Results 
5.2.1 Evaluation of Extracted Information. Figure 2 of the study 
shows that all participants rated the entire system positively for 
QuickRef, consistently giving NASA-TLX a low score and SUS a 
high score. Furthermore, although reading time do not have difer-
ence signifcantly, P2, P4, and P13 evaluated that QuickRef could 
save a lot of time. One possible explanation is that QuickRef could 
potentially allow them to read more about cited papers by saving 
users’ time. Participants P1, P8, and P10 found that QuickRef’s 
overview information made it easier to check the contents of the 

cited paper, reducing the need for additional searches. As a result, 
it also leads to more clicks of citation to check the cited papers. For 
instance, P8 reported that "...the overview information signifcantly 
reduced the eforts to search for cited papers". 

During the interview, the study sought to identify the useful 
components of QuickRef by interview. All information provided 
by QuickRef, except for the number of occurrence and number of 
citations, were found to be useful by the participants. 5 participants 
found the overview information to be helpful for quickly checking 
the cited paper. For example, P11 said that, "I usually look at the 
abstract and introduction of the cited paper so the structured summary 
was very helpful.". 3 participants found the relevance ratings to be 
convenient for assessing the relevance of the cited papers quickly. 
In particular, P7 said "The method relevance helped me to quickly 
decide if the specifc cited paper was really related to the main paper 
or not.". 5 participants found the most similar sentence function to 
be useful to reduce time for reading cited papers for related parts. 
For instance, P7 said "It is annoying to check all of the references just 
for a small part, so the relevance information really helped me to save 
some time.". 

Positive synergies were created between the components. There 
were also participants (e.g., P5 and P12) who used the overview 
and relevance information in tandem. They used the relevance 
information to rapidly identify critical references and check the 
overview to understand those references. Specifcally, P12 said that 
"It was convenient to see how relevant the cited paper was when I 
checked method relevance and read the overview information for 
clarifcation.", and P5 also mentioned that “I was able to use the 
problem and method relevance along with the overview information to 
quickly check if the specifc reference papers are important references.” 

5.2.2 Improvements. Participants mainly mentioned three areas 
for improvements: (1) additional information, (2) additional expla-
nations of presented data, and (3) user interfaces. 

Some participants desired additional information about cited 
papers. P8, P11, and P19 wanted the detailed information to be pro-
vided as formulas, models, and data set composition are critical in 
the feld of AI. P11 explained that "In papers about NLP or model im-
provement, details such as formulas, models, and dataset composition 
are also important, and I think it will be difcult to grasp these parts 
in overview." In this regard, P19 also suggested that, "I wish I could 
check the sentences through keyword search.". In contrast, P7 said 
that "...I want overview to shorten it further and mark it as keyword. 
Overview is provided, but it was difcult to recognize keywords at 
once... I hope you can provide keywords together." In addition, P8 
added that "External resources that gives a summary of academic 
papers can also be useful." 

Next, the guideline to interpret results and the explanation of 
methods were asked by 9 participants. P11 and P15 thought that 
it was ambiguous on what basis the overview was extracted and 
wanted to know which exact parts of the cited papers were used 
for summary. P11 said that "It would be nice to also show the actual 
sentences in cited papers.". Five participants also wanted some clari-
fcation about the ambiguity of the relevance ratings. They felt like 
the relevance rating was not credible since they did not know how 
these ratings were actually obtained. For example, P18 said that "I 
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Figure 2: The study compared fve metrics after using QuickRef or Baseline. The fgure presented mean of each metric with 
error bars. Statistical signifcance was represented by an asterisk in the x label (*: p < .05, ** : p < .01, *** : p <.001) . 

want to know how relevance was calculated. Also, I wonder how cred-
ible this is.". In addition, P7 and P12 mentioned that in addition to 
reliability, a guide to interpret the star rating score is also necessary. 
Furthermore, P7 suggested that "Relevance of Method and Result 
was hard to understand . . . It would be better to provide an additional 
explanation of the criteria through information icon.". 

Third, participants suggested improving the interface for some 
information. P14 suggested that "meta information such as the title 
can be shown with hovering and allow users to control the size of the 
sidebar.". Three participants mentioned that the interface will be 
better if they can control the fgure sizes. For example, P12 noted "It 
was hard to check the details of the fgures due to their small sizes.". In 
this regard, P1 said "I wish I could expand the fgure through actions 
such as clicking.". 

6 DISCUSSION 
In this work, we prototyped QuickRef, an interactive reader pro-
viding additional information about the cited paper. Conducting 
a usability study with graduate students, we were able to gather 
several design implications to present information and adapt NLP 
technologies. In addition, the limitations of our study and future 
work are suggested. 

6.1 Design Implications 
6.1.1 Ofering Data Explanation and Interpretation Guidelines. The 
main issue identifed in the interview was the lack of explanation for 
how data is extracted and how data can be interpreted. While some 
participants found it helpful to use summary in overview and rating 
in relevance parts, others were doubtful about these information. 
A lack of explanation can reduce the trust of the entire system, and 
thus, ofering detailed explanations is required. As suggested in the 
interview, one possible way is to present the original text used to 
write the summary or evaluate relevance rating. Norkute et al. [22] 
also reported that presenting the original text along with summary 
increases confdence and trust. However, due to limited space for 
additional information, it might be redundant and has a negative 
efect for practical use. It would require further consideration to use 

minimal information to provide sufcient explanation by utilizing 
more abstracted information such as keywords. 

6.1.2 Providing Granularity Control with Adaptive UI. While read-
ing scientifc papers, the essential granularity level of the informa-
tion varied depending on the participants. Identifed in the inter-
view, users wanted to select and use information at their preferred 
level, whether it could be keyword content, relevance rating of cited 
papers, structured abstracts, fgures, or even higher level details 
for technical papers. Furthermore, users can use multiple levels of 
information in a complementary manner. As complementary use 
is possible, the arrangement of information regarding abstraction 
level can also be considered to clearly show the connection between 
diferent levels of information. 

Along with granularity level of information, user interface of 
QuickRef can be also changed. The prototype of QuickRef pre-
sented additional information in a sidebar alongside the viewer, 
but participants noted that simple information such as the title can 
be viewed with tooltips, which would not disrupt the user and be 
useful. This suggests that user interface can be diverse according 
to the abstraction level of information and the available interface 
size for visualization to minimize interrupt of reading fow. 

6.2 Limitations and Future Work 
In the future study, as the user study revealed, we will further 
improve the user interface and extract more diverse level of in-
formation along with automation using NLP technology. It may 
require an iterative design process to refect users’ needs. Further-
more, we would like to conduct feld study since a controlled study 
cannot refect many use cases and long-term usage. While doing 
the additional experiment, we also need to increase the population 
since most of the participants involved in our study were computer 
science graduate students, and their characteristics could be difer-
ent with the general population of graduate students. We also plan 
to consider users’ prior usage habits and tools as these factors can 
afect users interactions. 
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7 CONCLUSION 
We presented QuickRef, an interactive reading support tool special-
ized for citation navigation for academic reading. Our preliminary 
user study showed that QuickRef can help increase productivity by 
making citation navigation easy. We found that the required level 
of information to understand the cited paper is highly dependent 
on the users, so it needs to be improved further by adding more 
diverse level of information and changing user interface through 
iterative design process. 
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