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As recent advancements in physics and astronomy rewrite textbooks in a very rapid pace, there is a
growing need in keeping abreast of the latest knowledge in these fields. Reading preprints is one of the
effective ways to do this. However, by having journal clubs where people can read and discuss journals
together, the benefits of reading journals become more prevalent. We present an investigative study of
understanding the factors that affect the success of preprint journal clubs in astronomy, more commonly
known as Astro-ph/Astro-Coffee (hereafter called AC). A survey was disseminated to understand how
universities and institutions from different countries implement AC. We interviewed 9 survey respondents
and from their responses, and we identified four important factors that make AC successful: commitment
(how the organizer and attendees participate in AC), environment (how conducive and comfortable AC is
conducted), content (the discussed topics in AC and how they are presented), and objective [the main goal
(s) of conducting AC]. These four factors are shown to correlate with each other. We also present the format
of our AC, an elective class which was evaluated during the Spring semester 2020 (March 2020–June
2020). Our evaluation with the attendees showed that enrollees (those who are enrolled and are required to
present papers regularly) tend to be more committed in attending compared to audiences (those who are not
enrolled and are not required to present papers regularly). In addition, participants tend to find papers
outside their research field harder to read, which makes introducing and explaining basic knowledge
without the assumption of the audience already knowing the topic very important. Finally, we showed an
improvement in the weekly number of papers read after attending AC of those who present papers regularly,
and a high satisfaction rating of our AC. We summarize the areas of improvement in our AC
implementation, and we encourage other institutions to evaluate their own AC in accordance with the
four aforementioned factors to assess the effectiveness of their AC in reaching their goals.
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I. INTRODUCTION

Physics and astronomy are going into the golden era with
the recent completion of many new observational facilities
and telescopes. Gravitational waves have been detected as
Einstein predicted [1–3], and B-mode polarization of the
cosmic microwave background (the first confirmation for

cosmic inflation theory) is on the verge of detection [4,5].
Several world-class telescopes have started large surveys of
thousands of square degrees of the sky to try to answer
outstanding questions in physics such as dark energy and
dark matter. Furthermore, many new telescopes and facili-
ties are planned to operate soon such as NASA’s 6.5 m
James Webb Space Telescope, European Extremely Large
Telescope, and the Thirty Meter Telescope [6–8]. All these
are thanks to recent advances in technology. Using these
state-of-the-art facilities and telescopes, discoveries are
rewriting physics and astronomy textbooks at an unprec-
edentedly rapid pace. As more advancements are made, not
just in astronomy, but also in many fields in science and
technology, there is an increasing demand for digesting
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new information. One of the many ways of keeping abreast
of the latest knowledge is through journal clubs. A journal
club is defined as an education forum of a group of
individuals with the agenda of discussing articles to stay
up-to-date with literature [9]. Journal clubs were founded in
the field of medicine in 1875 [10], but other studies reveal
that they may have started earlier than that [11,12].
Reviewing journals has become routine in most universities
and institutions as a way of learning things that are not
offered in the traditional classroom. In most astronomy
institutes, astronomy (preprint) journal clubs are called
Astro-ph/Astro-Coffee (AC). The former comes from the
contraction of astrophysics, and the latter comes from the
fact that most of these journal clubs serve coffee during
the discussion.
We aim to provide an in-depth investigative study of

preprint journal clubs as an effective avenue of teaching
the latest advancements in astronomy. In particular, our
objectives are to

• identify the factors that govern AC; and
• assess the AC implementation in our university
(National Tsing Hua University: NTHU, Taiwan).

To the best of our knowledge, journal clubs in physics and/
or astronomy have not yet been extensively studied before.
However, physicists and astronomers are known to be
heavily reliant on the latest literature, hence a detailed
assessment of AC activities as a tool to teach the latest
astronomy knowledge is timely and relevant.

A. Reading the latest literature in physics
and astronomy

The main reason for implementing journal clubs is to
learn new knowledge through reading the latest literature.
This is true for most physics and astronomy students and
scientists as suggested by previous studies [13,14]. Cho
[15] also expressed the notion that astrophysicists have
replaced journal reading with regular inspection of the
astrophysics subject (astro-ph) at arXiv. Physicists and
astronomers have played a significant role in the establish-
ment of effective scholarly communication and publishing.
This was made possible through innovations in scholarly
communication methods, since working in physics and
astronomy usually require diverse collaborations [14]. As a
result, they became heavy users of e-print archives [16,17].

B. Preprints

Lawal [18] explained that (theoretical) physicists per-
ceive the most recently published information to be the
most important. This makes preprints important for physi-
cal scientists. By definition, a preprint is an unpublished
manuscript meant to be published in journals and/or serials.
Preprints can be reviewed or accepted manuscripts, sub-
mitted manuscripts that are yet to be reviewed, and
circulated manuscripts for peer review before formally
submitting them to a journal [19]. In this regard, preprint

servers, which are repositories of preprints, were made.
They became the sites of learning the latest advancements
in different fields because papers or manuscripts that are yet
to be published can be first seen here. One of the most
widely used preprint servers is arXiv. It was first introduced
in 1991 in Los Alamos National Laboratory as its electronic
archive of physics preprints. Ever since its establishment,
arXiv became a crucial instrument for scholarly commu-
nication in the field of physics and astronomy, and
eventually led preprints to become an integral part of most
physicists’ works [20,21].
Reading preprints have improved journal clubs. This is

because by reading papers that are not yet peer reviewed,
participants may provide the authors of the papers direct
criticisms before publication. Besides, preprints are usually
free for all and available online via open-access preprint
servers or archives, allowing easy access to these papers
[22]. Integrating preprints in this regard can help students
develop critical evaluation skills in understanding manu-
scripts that are not yet peer reviewed [23]. Finally, due to
their accessibility and the participative interaction that they
bring, preprint servers or archives are found to be an
integral part of literature resource for astronomers and
physicists as they provide scholarly exchanges within the
field of astrophysics and physics [24].

C. Theories and studies about implementing and
assessing journal clubs

Journal clubs are believed to be an effective method of
cultivating a community of practice (COP). A COP is
defined to be a site of individuals that share a common
interest and regularly interact as a method of learning
[25–27]. It is derived from the concept of situated learning,
which describes learning in a social context; that is,
learning is achieved through social participation and is
possible through situating their role as a member of a large
community [27–29]. A COP must satisfy three compo-
nents: the domain (the shared interest), the community (the
people involved in a regular engagement or interaction),
and practice (the shared resources and capabilities being
learned throughout the interactions) [25,30]. Previous
studies have shown that journal clubs possess these three
components and are therefore a good representation of a
COP in an academic setting. For instance, a medical journal
club composed of doctors and nurses (the community)
usually have the goal of reading and discussing the latest
medical journal articles and case readings (the shared
resources) to learn new treatment methods and keep abreast
of the latest literature (the domain) [27,31,32]. Journal
clubs are also believed to be an effective method of
cultivating COP, especially at the graduate level. They
can serve as bridges for students and faculties at various
levels to meet and learn from one another [26]. Some
journal clubs have also utilized social media as a way of
extending engagement to a wider audience. This also
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provides a solution to workplaces and sites where face-to-
face journal clubs or COP are impossible [31,33].
Journal clubs can also be linked with social construc-

tivism, which highlights the importance of social and
individual processes combined to form new knowledge
[34]. Journal club attendees are considered to be social
constructivists as they learn and build new knowledge by
engaging with other people, taking into consideration prior
knowledge and experiences as they discuss and criticize
literature [35,36]. For example, medical journal clubs are
shown to treat discussions as a constructivist way of
learning, allowing nurses and doctors to collectively
evaluate research findings and case studies and relating
them to their prior beliefs and knowledge [35].
As for implementing journal clubs, most of the published

articles studying journal club implementation are in the
field of medicine, and many of these articles have found
certain points about journal clubs. For instance, journal
clubs usually have a common goal, which is to do “critical
appraisal.” This refers to “the process of carefully and
systematically examining research to judge its trustworthi-
ness, and its value and relevance in a particular context”
[37]. Without this, journal clubs just become an avenue for
attendees to practice and improve their presentation skills
[38]. By implementing critical appraisal in journal clubs,
attendees tend to improve their critical analytic skills and
the volume of articles that they have read [39]. They also
learn new information which they can apply in actual
practice, which is a common goal for medical journal clubs
[40,41]. Having informal discussions of new ideas by the
participants (i.e., having a “convivial social forum”) is also
a benefit evident in journal clubs, giving them a more
casual feel compared to colloquia and seminars [39].
Many articles have suggested a few points that must be

taken into account when implementing a journal club. First,
the format of journal clubs may induce secondary effects on
the environment of the journal club. For example, didactic-
like journal clubs (i.e., journal clubs that do not promote
discussion) may cause participants to become passive
learners [42]. In addition, when senior clinicians organize
medical journal clubs, they are more likely to dominate the
discussion, by providing more experienced points of view.
This may unintentionally cause pressure to other attendees
who have less experience. Other factors play a crucial role
in journal club success: maintaining attendance and
engagement, having good and trustworthy resources for
articles (e.g., websites, books, past presentations of other
people, etc.), and choosing an organizer who can facilitate
the discussion [42].
Journal clubs become successful when clear and concise

goals are prepared beforehand, as establishing a common
objective for the attendees is always an important peda-
gogical step [43]. Different journal clubs may have differ-
ent objectives. Common objectives include (but are not
limited to) the following: teaching and learning critical

appraisal skills, keeping up with the latest discoveries in the
field, and learning new methodologies which can be
applied by the attendees in their respective field. Other
characteristics of a sustainable and effective journal club
include mandatory attendance, regular meetings with suit-
able schedules for everyone, clear short- and long-term
purposes, circulating papers to be discussed before ses-
sions, having an organizer that can lead the discussion, and
utilization of the internet for storing and disseminating
papers [44]. Having a safe space where participants can ask
“low-level questions,” everyone can share perspectives
without stress or fear of being embarrassed, the balance
between the needs of those who are still learning and those
who are experts already is met are also considered as
guiding principles for journal club design [42].
Various communication technologies may also be intro-

duced to improve the reach and effectiveness of journal
clubs. For instance, the usage of Twitter as a platform for
implementing journal clubs stemmed from its ability to
facilitate quick real-time dialogue between participants.
Twitter journal clubs offer greater flexibility in scheduling
sessions, and they are also accessible to a wider audience
(i.e., the common public) [10]. In astronomy, many online
websites offer help in implementing AC. A few examples
would be Astrobites and VoxCharta. The former is con-
sidered as the Readers’Digest of astronomy journals, and it
publishes accessible and short summaries of latest
astronomy research papers [45]. On the other hand, the
latter is self-defined as a “clone of arXiv” that allows
people to vote for discussion and comment on papers
posted on arXiv, providing a bridge between real-life
scholarly discussions and virtual publication of preprints
[24].1 Finally, as for how journal clubs are evaluated, the
objectives of the journal club should be checked whether
they were met or not [40]. The effectiveness of (medical)
journal clubs must also be evaluated by looking into the
discussed articles, the practice of critical appraisal and
understanding results, and translating evidence into prac-
tice [44].

II. METHODOLOGY

A. Summary of mixed methods research design

The main goal of this study is to identify the factors that
should be considered to implement a successful AC. These
factors will then be assessed in our own university’s AC as
an attempt to see if our implementation is effective in
teaching the latest knowledge in astronomy or not. To do
this, we formulated a mixed-methods sequential explor-
atory design consisting of two distinct phases: qualitative
followed by a triangulated research design with both
quantitative and qualitative phases [46]. Thewhole research
design is based on the taxonomy development model, a

1VoxCharta has been discontinued as of Jan. 2021.
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type of exploratory mixed design model that aims to
develop a classification or categorization [46,47]. This
model is utilized for identifying the factors that influence
the success of AC implementation in the qualitative phase.
After identifying these factors, they were used to assess AC
implementation in our university with quantitative data to
be supported by qualitative data, hence the triangulation.
The qualitative phase’s objective is to pinpoint the

factors needed to implement an effective AC by learning
how other institutions implement their AC and their
opinions on how to improve AC. First, a questionnaire
was disseminated to obtain an initial understanding of how
AC is implemented in other institutions and countries. An
interview was implemented next for willing respondents to
get more information on their answers in the initial
questionnaire. The main results of this phase are the main
factors needed to achieve a successful AC implementation.
The triangulated phase, on the other hand, is the second

phase of our methodology. Its objective is to see how the
factors contribute to the success of our AC by evaluating
them with our own AC as a benchmark by looking both into
quantitative and qualitative perspectives. It also aims to
assess and demonstrate how the identified factors in the
qualitative phase are perceived by the participants.

B. Qualitative phase: Initial questionnaire
and follow-up interview

For the qualitative phase, we designed and prepared a
questionnaire to learn more about how other institutes in
different parts of the world conduct their AC activities.
We had three ways of contacting survey respondents for
our qualitative phase. First, we searched the internet for
universities and institutions that have AC and/or similar
journal clubs by entering on the search engine the keywords

“astro-ph,” “astro-coffee,” and “astronomy journal club.”
Most of the results showed web pages of their AC
indicating the contact information of their organizers.
We sent the questionnaire to them via email, introducing
ourselves and the goal of our study. Second, we posted our
questionnaire to a Facebook group of astronomers (with
approximately 9300 members). These two ways were
utilized to reach all possible participants internationally
despite the COVID-19 pandemic. Lastly, we asked collo-
quium speakers in our institute during Spring semester
2020 to answer our survey. Because of the nature of our
method, we cannot estimate how many people were invited
to answer our survey.
Table I shows a list of the elements that we aimed to

learn. The questionnaire was tailored to accommodate
institutes that have AC and do not have AC. First, we
asked for the general information of the respondent. If the
respondent has an AC in their institute, we asked for the
details about the design or format of their AC. The survey
was disseminated online (via Google Forms). We sent
emails containing the survey questionnaire to AC organ-
izers and representatives. In our questionnaire, we also
included a section where we asked the respondents to
express interest for a follow-up interview (via video chat or
email). For those who do not have AC, they will be
prompted to list down other astronomy-related seminars
or events that they organize, and most importantly, their
reasons for not conducting AC. This will give us a scope
to understand why AC is not being organized in their
institutes. The emails were dispatched last November 2019.
We opened the survey for around 4 months, and we also
asked the respondents to share the survey with their peers
who are also organizing AC activities in their respective
universities. More details about the questionnaire are
presented in Appendix A.

TABLE I. Elements of AC that we asked from the respondents in our initial survey.

General information Name, title, and research field of respondent
Number and demographics of institution

Number and demographics of AC (if there is)
Position of organizer (if the respondent is not the organizer)

Design or format of AC Schedule (time, day, and frequency)
Brief description of how discussion of papers is facilitated

Presence of financial aid
Food and drinks

Advantages or disadvantages of current AC format
Goals of AC

Perceived benefits of AC to attendees
Websites or archives where participants look for papers

Suggestions or comments about their AC format
Is it a mandatory requirement for students?

For those without AC Other activities aside from AC (e.g., colloquium, seminars, etc.)
Reason(s) for not having AC
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After receiving the responses from the survey, we
analyzed them to construct follow-up questions for the
video, email, or personal interviews with the survey
respondents who agreed to have them. This allowed us
to deepen our understanding of their responses by asking
follow-up questions related to their survey responses. The
interviews helped shed light on (but are not limited to) the
following points:

• Introduction and academic background of the
participant;

• Opinions about the current format of AC in their
institution;

• Motivations of organizing or attending AC;
• Environment of AC and interaction of participants and
organizers; and

• Improvements and recommendations for their
own AC.

Appendix B presents the interview protocol imple-
mented during the interview sessions, which include
the most common questions that were asked. Personal
interviews were conducted for the respondents who were
also colloquium speakers in our institute during Spring
Semester 2020. On the other hand, email and video
interviews were conducted for respondents who are outside
Taiwan. For video and personal interviews, the interviews
were primarily conducted by one of the authors, while the
rest of the authors helped in transcribing the interviews.
In vivo coding was implemented to preserve the actual
meaning and context of what the participants conveyed in
their answers [48,49]. All related codes were analyzed
thematically and condensed into factors. After this stage,
we identify the main factors that influence the success of
AC. We want to assess these factors in our own AC in the
next phase.

C. Triangulated phase: Implementation and assessment

For the triangulated phase, we assessed the AC in our
university quantitatively with qualitative data as validation
and expansion of our quantitative results. First, we discuss
how AC was implemented in our university (NTHU) for
assessment. AC in NTHU was implemented as an elective
class (ASTR600600: Literature Review in Astronomy
Research) during Spring semester 2020 (March 2020–
June 2020). Each session happens 3 times a week (from
Tuesday to Thursday), 12:20 pm–1:20 pm.
At the beginning of the semester, the objectives of the

AC were made clear to the participants, which are as
follows:

• To help attendees read efficiently (as many papers as
they can);

• To keep up with the latest discoveries in astronomy;
and

• To learn from other fields in astronomy.
The format of our AC was structured to meet all of these

objectives. To achieve the first objective, a group of regular

presenters for each day (5–6 people per group) was
assigned. For each day, at least 3 presenters should present
their chosen papers via a rotation system. Anyone is
welcomed to present papers including the professor of
the class (T. G.), when the 3-paper quota was not achieved
or when the session has not yet ended. Everyone is
encouraged to ask questions after a paper was presented.
A total of 10 min per person is allotted for presentation and
queries. The second objective encourages attendees to read
papers from preprint servers (e.g., arXiv, VoxCharta, and/or
Astrobites), journals, and the latest news in astronomy,
even if they did not have to present a paper. However, all
participants who are required to present regularly are also
required to vote in VoxCharta, which is monitored by the
professor (T. G.) every session. Lastly, the third objective
could be met by accommodating people studying different
research fields. On the first day of AC, the professor (T. G.)
advised presenters to present papers by first discussing the
objective(s) of the paper, and why the paper is unique
and/or important. Other basic concepts about the paper
should also be discussed to accommodate diverse research
fields. After that, the main results and conclusions can be
discussed.
We classify the attendees into three learner types:

Enrollees (those who enrolled in AC as an elective class
and are therefore required to present a paper every other
week), volunteers (those who did not enroll in AC as an
elective class but were committed to present papers every
other week), and audiences (those who did not enroll and
present any papers in AC). Only the enrollees were graded
based on the number of papers that they have read and
presented within the semester. All enrolled students have an
initial grade of B+, which becomes A− if they present one
paper, A if they present two papers, and A+ if they present
three or more papers throughout the semester.
As for the implementation of our AC during the COVID-

19 pandemic, no grave disruptions happened during the
sessions, since Taiwan has a relatively good response
against the pandemic. However, two of the participants
joined AC virtually by connecting via Facebook or Google
Meets; one went to quarantine right after arriving in Taiwan
during the first few months of AC, while the other went
back to her home country before the start of the Spring
semester 2020. Because of the university’s rules against
COVID-19, we were not allowed to eat and drink in the
classroom. This prevented us from eating lunch during AC,
which had a time slot during lunchtime.
We investigated the effectiveness of the format of our

AC as an elective class during the Spring semester 2020
by evaluating the factors via a questionnaire that we
disseminated to our AC attendees at the end of the semester.
The questionnaire contains Likert-scale questions about
the important points for each factor and questions con-
firming whether our specific objectives were met or not.
A short answer question for comments, suggestions, and
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recommendations for improvement was also included in the
questionnaire. This helped us pinpoint which factor needs
improvement in our implementation. In addition, it can
serve as a support to our quantitative data and gauge how
our participants feel about our AC.

III. RESULTS AND DISCUSSION

A. Survey results

We were able to interview 9 people who implemented
AC in their institutions and responded to our initial survey.
In addition, 2 more people (who are both postdocs) who
answered our survey mentioned that they did not have AC
activities in their institutions. The 9 interviewees’ ACs all
utilize arXiv and/or VoxCharta to look for preprints to
discuss. Table II summarizes the basic information of the 9
respondents with whom we were able to have a follow-up
interview. Based on our in vivo coding, we counted how
many respondents discussed the coded themes or points in
their responses and considered only the points with at least

N ¼ 3 responses (one-third of the total number of inter-
viewees). We grouped these themes into four distinct
categories which we declare as the four important factors
for a successful AC. Table III summarizes the results of
our theming.

B. Four important factors for a successful AC

In this section, we discuss the 4 main factors to imple-
ment an effective and successful AC.

1. Commitment

The first factor is commitment, which refers to the
dedication of the people involved in AC. This is the factor
that focuses on the active participation of the attendees and
organizer(s) in AC. Some of the interviewees mentioned
that having AC as part of the curriculum (i.e., as an elective
class where students can get credits, or as a mandatory
subject for postgraduate students) can also encourage
participation, and instill commitment to the AC participants

TABLE II. Characteristics of the 9 participants who had a follow-up interview with us.

Gender Based on Academic position Research group or field Email, video, or personal interview?

M USA Faculty N/A Video
M USA Postdoc Stars Email
M USA Faculty X-ray group Video
F UK Graduate Theoretical astrophysics Personal
M Australia Graduate Galaxy evolution and formation group Personal
M USA Graduate Transient and variable science group Video
F Canada Faculty N/A Email
F USA Graduate Radio astronomy, pulsars, fast-radio bursts Email
F USA Postdoc Observational cosmology Personal

TABLE III. Summary of the four main factors affecting the success of AC which resulted from theming the codes
from the interviews. The left column shows the factors, while the middle column shows the main themes or points.
The right column shows the number of interviewees who discussed the aforementioned main points (total number of
interviewees is 9).

Factor Main theme or point Number (N)

Commitment Mandatory or for-credit class 3
Dedication 3

Importance of organizer 5
Lack of commitment 2*

Environment Casual 5
Pressure 3

Food or drinks 7

Content Diverse topics or platforms 6
Bias 3

Objective Importance of purpose 3
Different goals 4

*Two other respondents from our initial survey, who are postdocs and do not have AC in their institute (and thus
not included in the interviewee list), mentioned that the main reason why they do not have it is due to lack of
commitment.
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(N ¼ 3). Some of them also emphasized the importance of
dedication in attending or organizing AC (N ¼ 3). The 3
respondents who mentioned this point highlighted that their
AC activities are successful due to having a solid core of
students and professors who regularly attend sessions and
initiate discussions. A majority of our interviewees also
believe in the importance of having a responsible and
committed organizer to head the AC (N ¼ 5). However,
there are mixed opinions as to who should organize the
discussion in AC. Among the 5 interviewees who men-
tioned the importance of organizers, 2 of them personally
believe that students may be less effective in organizing
AC. This is because students generally have lesser expe-
rience in research compared to other senior members, so
they may not be able to foster more in-depth discussions.
Besides, when faculties do not attend AC, other students
might perceive AC as an unimportant event. This makes the
presence of faculties, especially in the organizing team,
crucial for AC. On the other hand, three of the respondents
believe that being an organizer does not depend on any
academic status. These respondents have students as their
AC organizers, and it may also bring some advantages, For
instance, student organizers can use their relationships with
other students to invite them to attend, and promote a more
relaxed environment where everyone can ask questions of
varying difficulty, which others may consider as daunting
in front of more senior scientists as organizers. Also, lack of
commitment is identified as the main reason for failing to
maintain or even starting an AC (N ¼ 2). Coincidentally, 2
of our survey respondents who do not have AC in their
institution (who we did not interview) both mentioned the
lack of commitment in establishing AC as the main reason
why they do not have an AC. An organizer, regardless of
their academic position (student, postdoc, or professor),
must be committed so that AC activities are implemented
properly to reach the main goal of AC. Previous studies
[42,44,50] mentioned the importance of finding an appro-
priate organizer that can maximize the given time for a
productive discussion and can meet the balance between
selecting an expert who can lead the discussion and a junior
who may not know much about the material and can
therefore engage with the discussion. The attendees, on the
other hand, must be committed to actively participate
during the discussion, as well as to cooperate with the
organizer to attain the main goal of AC. This can be done in
various ways (e.g., by asking and answering questions,
posting or voting, and presenting papers in every session,
etc.). Previous works also highlighted the importance of
encouraging attendance and participation to create a sus-
tainable and effective journal club, in which mandatory
attendance may work well in this case. On the other hand,
voluntary participation may lead to greater satisfaction
levels of the participants, but at the cost of lower levels of
learning [44]. Lastly, Ref. [29] also emphasized that the
first component of a COP, the domain or shared interest,

implies that all members of the community must be
committed in the domain. This further reiterates the
importance of commitment in successfully implement-
ing AC.

2. Environment

The second factor, environment, describes the overall
façade of how AC is conducted. Most of the respondents
mentioned the importance of a casual environment in AC to
make sure that it is conducive for active discussion and
arguments (N ¼ 5). Several interviewees pinpointed some
factors that induce pressure for the participants, such as
having the presence of postdocs and professors, and the
formal presentation of papers, which can cause some
participants to be less interested to attend due to pressure
(N ¼ 3). Some students feel embarrassed when they ask
basic questions in front of senior researchers, discouraging
them from participating and learning. This dilemma was
also highlighted by previous studies about medical journal
clubs, wherein discussions dominated by experts or senior
clinicians may lead to a restricting environment for amateur
clinicians to ask questions [42]. This calls for the impor-
tance of accessibility for every learner type when the goal is
to reach more students. However, some AC activities might
be tailored to focus on improving skills in presenting topics
to a broad range of audiences and summarizing papers
more effectively, making their AC more formal than others.
This was the previous AC format for one of our respon-
dents, who stated that after switching to a less formal
format, there appeared to be more student participation.
Previous studies [10,39,51] have mentioned two par-

ticular aspects that separate journal clubs (like AC) com-
pared to colloquia and seminars: their “collegiality” and
“conviviality.” These two aspects make AC a social and
casual event. After all, these papers can be presented more
formally in a conference or a lecture, but the sociality
during AC is what makes it distinct from other astronomy-
related seminars [10,39,51]. Instead of preparing and
presenting slides, participants can casually discuss the
paper by, e.g., flashing the paper on screen and scrolling
to the relevant parts for discussion. The social aspect of AC
can also be related to AC participants as social construc-
tivists, constantly engaging in discussions and importing
prior knowledge in learning new literature [35,36]. The
feeling of being part of a larger community and collabo-
ration also gives participants more opportunities to talk
with each other. This helps promote camaraderie and
sociality [52]
Introducing food before, during, or after AC may also

help in maintaining the sociality of AC. A majority of our
interviewees mentioned that they have food and/or drinks
during their AC (N ¼ 7). Among these 7 respondents, 2 of
them have their coffee provided by their department,
allowing everyone in the department to have coffee any-
time, including AC time. One of them also suggested that
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eating lunch while having AC is a good idea, as it saves
time. On the other hand, some of them buy foods to share
during AC. However, only two of all the respondents
believe that food and drinks help in promoting engagement
and commitment, while the rest believe that these are not
necessary for a successful AC. Previous studies have also
shown that providing food helps increase attendance and
prolong the longevity of AC implementation [53,54].
Introducing food in AC also reduces formalities, providing
a casual environment for discussion [10].

3. Content

The content of AC refers to the topics which are
discussed in each session and the platforms where materials
for discussion are presented and/or come from. Most of our
interviewees discuss a variety of topics during AC (N ¼ 5).
Among these 5 respondents, 1 of them considered AC as a
class in their university where some of the students who
attend do not have much background yet in astronomy, so
they get to learn astronomy in AC. This is why they keep
the content of their AC accessible to all possible levels of
education. For those who are more experienced, discussing
diverse topics works best. Most of the respondents men-
tioned that they can discuss various topics in AC because
they always try to explain jargon in layman’s terms.
Discussing a variety of topics might be hard for some
people who are only familiar with their research field,
and so having a good introduction about the topic of the
paper to be discussed is important to overcome this
obstacle. After a few times of introducing the same topic,
everyone will be familiarized with the topic and at some
point, the introduction will not be needed for the regular
attendees. Discussing recent astronomy news and videos of
seminars or colloquia can also help participants feel less
restricted to just journals or preprints. This shows that
learning discoveries in astronomy is not limited to reading
papers. Having a good resource for discussion is always
important for all journal clubs, and this is not only limited
to published journals and preprints. Online “informal”
materials such as websites, social media platforms, blogs,
and forums2 may be utilized to discuss controversies and
practice critical thinking outside the scope of scholarly
environment [42]. Online journal clubs are also proof that
journal clubs like AC can also be conducted in various
media [31,33].
One particular problem that some ACs face is that

participants tend to choose only papers that they like or
they understand clearly (e.g., papers related to their
research field). We call this topic bias (N ¼ 3). This usually
happens when the AC is attended only by people who are
working in the same research group. However, if the goal of
the AC is to learn more astronomy concepts, this must be
avoided to expand the field of knowledge to be learned in

the AC. This also limits the diversity of the participants as
others may perceive AC as a “group meeting” in the same
field and not as a multidisciplinary class. Among the 3
respondents who highlighted topic bias, 1 of them men-
tioned that one way they minimize topic bias is to
encourage presenters in AC to present papers that are
not related to their research field, while another mentioned
that if everyone has their favorite topics to discuss, having
diverse topics in AC will come out naturally. Since most
medical journal clubs focus on one particular specialty
[55], topic bias is usually not present in medical jour-
nal clubs.

4. Objective

The last factor that affects the success of AC is objective.
A COP such as AC must have shared goals which everyone
can achieve together. The main goals must be clarified first
when starting or organizing an AC activity. Various
objectives require various elements to keep AC consistent
and productive. Therefore, the objective of AC can shape
the format of AC implementation (N ¼ 3). Some usual
objectives of AC which are implemented (and/or recom-
mended) by our interviewees are as follows (but are not
limited to):

• Introduce different research fields to people from
other fields;

• Learn more about your research field;
• Help each other’s research by discussing many papers
per week; and

• Serve as an astronomy class for people without much
astronomy background.

For example, among the 3 respondents who mentioned how
purpose shapes the format of AC, one of them mentioned
that they do AC every day as a reminder for everyone in
their institute to check arXiv every day. Another mentioned
that he and his peers started an AC exclusive for students
only to lessen the pressure induced by having senior
scientists attending AC. Besides, having many objectives
at once is also possible (N ¼ 4), but organizers and
participants must work hand-in-hand to achieve these.
The objective(s) of AC affects the demographics of its
participants (which is somehow related to commitment),
the topics discussed (content), and how conducive AC is for
learning without any prejudice (environment). One of the
respondents purported that having different objectives
produce different advantages in AC. For instance, if the
goal of the AC is to teach more advanced topics in
astronomy that are not usually discussed in classes, then
the tendency is that fewer students would be interested to
attend as they would think that it is too hard for them to
understand. However, attendance is a very dynamic aspect
because it is dependent on many factors, such as how AC is
advertised, how AC is perceived, and its schedule (time and
frequency). These things must also be taken into consid-
eration when gauging the commitment of people who are2Examples are ScienceDaily, Astrobites, etc.

DARYL JOE D. SANTOS et al. PHYS. REV. PHYS. EDUC. RES. 17, 010145 (2021)

010145-8



invited to join AC. Conflicting schedules of participants
also give organizers a hard time in finding a common time
for AC. This is hard to solve as it happens on a case-by-case
basis. As what previous literature suggested, establishing
the main goal must be the first step in creating a journal
club or any educational activity in general as this will be the
main basis for reflection and evaluation. In addition, these
objectives must be reviewed regularly and approved by all
participants and must be explicitly explained to let every-
one be aware of them [12,43]. Figure 1 shows how these
factors are interconnected. The objective serves as a tether
that connects the other three factors, namely, commitment,
environment, and content. This is because once the objec-
tive has changed, the way the rest of the factors are
implemented will change as well.

C. Implementation and assessment of AC in NTHU

In this section, we present the statistical analyses we
implemented to assess AC in our university, NTHU, and the
results of these analyses.

1. Statistical analysis

Following previous studies [42,55], we look into the
different learner types (i.e., enrollees, volunteers, audien-
ces) for evaluation. A 5-point Likert scale (with 1 being
strongly disagreed or least likely, and 5 being strongly
agreed or most likely) was utilized to evaluate certain
points related to the aforementioned 4 main factors.
For the Likert-scale responses, the frequencies are shown

in Table IV. As a countercheck, we also employed non-
parametric statistical tests to calculate which pair of groups
show a significant difference: Kruskal-Wallis test for three
groups (with Dunn test with Bonferroni correction as a
post-hoc test), and Mann-Whitney U test for two groups
(since some questions did not apply to audiences, hence
only having two groups available for comparison). We
utilized the python package SciPy [56] for the aforemen-
tioned statistical tests. We caution the readers that we are
limited to the number of respondents that we have: 10

enrollees, 8 volunteers, and 2 audiences. Therefore, the
statistical power of our tests may not be as robust as
desired. Despite this, we still show the results of our
statistical tests to quantify possible differences among the
groups’ perspective in each factor. These will be helpful for
future works which can utilize a larger sample size for the
same purpose (see Sec. III C 4).
We also investigated the preferred astronomy fields that

our attendees tend to discuss and fields that they avoid
discussing. We asked for the research fields, discussed
topics, topics that they find easy to understand (hereafter
easy topics), and topics that they find difficult to understand
(hereafter difficult topics). The topics that they can choose
were based on the list of topics in arXiv’s astro-ph section.
We used the nonparametric Fisher exact test due to its
applicability with nominal data and its robustness with
small sample sizes, even with having zero sample size in
some of the groups [57]. By using a two-tailed Fisher exact
test, we quantified whether there is a significant difference
between the research topics and discussed topics, easy
topics, and difficult topics among each participant type.
The two-tailed Fisher exact test was computed using the
calculator on VassarStats website [58].

2. Assessment results for AC in NTHU

In this section, we summarize and discuss the results
of our Likert-scale questionnaire. Table IV shows the
frequency table of our responses.
For commitment, most enrollees (9=10 enrollees) gave

relatively high scores (≥4) in their commitment in attend-
ing AC compared to volunteers (4=8 volunteers with scores
≥4). This can be due to AC being an elective class where
mandatory attendance for enrollees boosts attendance rates
[44]. Our countercheck with the Kruskal-Wallis test sug-
gests that there is a significant difference in commitment in
attending AC among enrollees, volunteers, and audiences,
Hð2Þ ¼ 6.36, p ¼ 0.042. However, the pairwise post-hoc
Dunn test with Bonferroni adjustments showed no signifi-
cant difference in commitment in attending AC among each
pair, despite enrollees and audiences showing a consid-
erably low p value (p ¼ 0.089) (we set our significance
level to 0.05). All learner types also show relatively low
levels of participation during discussion (6=10 enrollees,
4=8 volunteers, and 2=2 audiences with scores ≤3). We see
this as room for improvement in our AC in terms of
participation among attendees and attending AC next
semester. The former could imply that certain elements
in our AC might have restricted discussion among partic-
ipants (to be discussed in Sec. III C 3). The latter might be a
result of enrollees not needing the credits anymore next
semester, and the volunteers and audiences being domi-
nated by senior graduate students and professors, respec-
tively. However, the majority of our participants expressed
their eagerness to join AC next semester (8=10 enrollees
and 8=8 volunteers with scores ≥4) The environment, on

FIG. 1. Diagram showing the 4 factors needed for implement-
ing a successful AC and how they are connected with each other.
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the other hand, received relatively high scores in almost all
questions from all three groups (≥6=10 enrollees and ≥7=8
volunteers with scores ≥4). This is verified by our counter
check with Kruskal-Wallis and Mann-Whitney U tests,
which suggest that there are no significant differences
among the three groups in most of the questions under
environment. The absence of significance from our
Kruskal-Wallis and Mann-Whitney U test results is likely
due to our small sample size for each participant type,
especially for the audiences. However, volunteers gave a
relatively low score (6=8 volunteers with scores ≤3) for
their comfort in using VoxCharta compared to enrollees
(2=10 with scores ≤3). Our countercheck with Mann-
Whitney U test revealed that there is a significant difference
between enrollees and volunteers in their comfort of using
VoxCharta (U ¼ 20, p ¼ 0.035). This might indicate
that those who are compelled to present papers as a
requirement to pass the class find VoxCharta easier to
navigate for reading new papers compared to volunteers
who just present papers voluntarily. This may also reflect
the volunteers’ preference in using arXiv and other web-
sites other than VoxCharta.
Furthermore, volunteers gave relatively high scores in

the usefulness of gained knowledge (8=8 volunteers with
scores ≥4), in comparison to enrollees (3=10 with scores
≥4), although the Kruskal-Wallis test results do not con-
sider the difference to be significant (U ¼ 4.63, p ¼ 0.099)
at 95% significance level. The diversity of materials and
platforms (e.g., websites, blogs, videos) discussed in our
AC also needs improvement, which is evident from the
relatively low scores from all participant types.

As for the content of AC, we found that the number of
papers read after joining AC increased for most attendees:
4.75–6.6 for enrollees and 4.5–6.75 for volunteers during
the whole period of the Spring semester 2020 (Fig. 2).
Enrollees gave relatively low scores for their comfort in
reading papers outside their field (8=10 with scores ≤3)
compared to volunteers (2=8 with scores ≤3). Our counter-
check with the Kruskal-Wallis test,Hð2Þ¼7.24;p¼0.027,
and a pairwise post-hoc Dunn test with Bonferroni adjust-
ments (p ¼ 0.041) suggests that this may be significant.
This is probably because most volunteers are senior

TABLE IV. Frequency distribution of Likert-scale questionnaire results. The number of respondents per group (No.) and median
(Med.) are reported as well.

Enrollees Volunteers Audiences Total

Factors Questions No. 1 2 3 4 5 Med. No. 1 2 3 4 5 Med. No. 1 2 3 4 5 Med. No. 1 2 3 4 5

Commitment Commitment in attending AC 10 0 0 1 5 4 4.0 8 0 0 4 3 1 3.5 2 0 0 2 0 0 3.0 20 0 0 7 8 5
Participation during discussion 10 0 2 4 3 1 3.0 8 0 1 3 4 0 3.5 2 0 0 2 0 0 3.0 20 0 3 9 7 1

How likely to attend AC next semester 10 1 0 1 3 5 3.5 8 0 0 0 2 6 5.0 2 0 0 2 0 0 3.0 20 1 0 3 5 11

Environment
(Comfort in
the following
elements)

Schedule and frequency 10 0 1 2 3 4 4.0 8 0 0 2 2 4 4.5 2 0 0 2 0 0 3.0 20 0 1 6 5 8
Attending AC 10 0 0 1 5 4 4.0 8 0 0 0 4 4 4.5 2 0 0 1 0 1 4.0 20 0 0 2 9 9
Presenting 10 0 1 3 3 3 4.0 8 0 0 1 4 3 4.0 0 0 0 0 0 0 0.0 18 0 1 4 7 6

Reading papers before presenting 10 0 1 3 4 2 4.0 8 0 0 1 4 3 4.0 0 0 0 0 0 0 0.0 18 0 1 4 8 5
Rotation system 10 0 0 3 2 5 4.5 8 0 0 1 2 5 5.0 0 0 0 0 0 0 0.0 18 0 0 4 4 10
Using VoxCharta 10 0 0 2 4 4 4.0 8 0 2 4 0 2 3.0 0 0 0 0 0 0 0.0 18 0 2 6 4 6

Using Facebook Group 10 0 1 2 3 4 4.0 8 0 0 1 3 4 4.5 0 0 0 0 0 0 0.0 18 0 1 3 6 8

Content Comfort in papers within their field 10 0 0 2 3 5 4.5 8 0 0 0 3 5 5.0 2 0 0 0 1 1 4.5 20 0 0 2 7 11
Comfort in papers outside their field 10 0 1 7 1 1 3.0 8 0 0 2 1 5 5.0 2 0 0 0 1 1 4.5 20 0 1 9 3 7
Amount of new knowledge gained 10 0 0 2 6 2 4.0 8 0 0 0 6 2 4.0 2 0 0 0 2 0 4.0 20 0 0 2 14 4

Is gained knowledge useful? 10 0 1 6 2 1 3.0 8 1 0 0 3 4 4.5 2 0 0 1 1 0 3.5 20 1 1 7 6 5
Diversity of materials/platforms 10 0 1 5 4 0 3.0 8 0 0 5 1 2 3.0 2 0 0 1 1 0 3.5 20 0 1 11 6 2

Objectives Are the objectives met? 10 0 0 0 3 7 5.0 8 0 0 0 0 8 5.0 2 0 0 0 1 1 4.5 20 0 0 0 4 16
Satisfaction rating 10 0 0 0 2 8 5.0 8 0 0 0 2 6 5.0 2 0 0 1 0 1 4.0 20 0 0 1 4 15

FIG. 2. Average number of papers read by enrollees (red) and
volunteers (orange) before and after attending AC for the whole
period of the Spring semester 2020 (March 2020–June 2020).
Standard error bars are displayed.

DARYL JOE D. SANTOS et al. PHYS. REV. PHYS. EDUC. RES. 17, 010145 (2021)

010145-10



graduate students and postdocs, so they may already have
the prerequisite knowledge to understand papers outside of
their fields, compared to enrollees who are mostly junior
graduate students and undergraduates. We further inves-
tigated their comfort in reading papers outside their field in
Fig. 3. The Likert-scale questionnaire results also show
relatively low scores from all groups (6=10 enrollees, 5=8
volunteers, and 1=2 audiences with scores ≤3) in the
diversity of platforms used during discussion (i.e., videos,
online news, slides, etc.), indicating this as another room
for improvement in our AC.
Figure 3 shows a summary of the participants’ research

fields, discussed topics, easy topics, and difficult topics per
participant type. We used a two-tailed Fisher test in a 2 × 4
contingency table to evaluate whether there are any signifi-
cant differences between their research fields and discussed

topics, research fields and easy topics, and research fields and
difficult topics. Since there are 8 research fields in total, we
combined pairs of adjacent topics (bars with similar colors in
Fig. 3) to limit the number of topics from 8 to 4.
Table VI shows the p values from our two-tailed Fisher

tests. It is clear that, for all participant types, their research
fields and discussed topics have similar distributions, and
so do their research fields and the topics that they find easy
to understand. However, very small p values arise when we
compared the enrollees’ and volunteers’ distribution of
research fields and topics that they find difficult to under-
stand, indicating that these two distributions may be
significantly different. Unfortunately, we were not able
to derive statistically significant results for the audiences
because of their very low sample size. Nevertheless, our
results show that most participants tend to discuss papers in

FIG. 3. Bar chart showing the frequency distribution of research fields, discussed topics, topics that are easy, and topics that are
difficult for enrollees (top) and volunteers (bottom). The number in the parenthesis refers to the sample size of each participant type. The
research fields or topics are Astrophysics of Galaxies (GA), Cosmology and Non-galactic Astronomy (CM), Earth and Planetary
Astrophysics (EP), High Energy Astrophysical Phenomena (HE), Instrumentation and Methods for Astrophysics (IM), Solar and Stellar
Astrophysics (SS), General Relativity and Quantum Cosmology (GR), and Star Formation (SF). The research fields are based on arXiv’s
astro-ph section, except for SF, which is answered collectively by 2 attendees in our AC. Topics with bars of the same color are added
together to produce a 2 × 4 matrix for a two-tailed Fisher exact test.

TABLE V. Pairwise post-hoc Dunn test p values for the questions that showed significant differences in the Kruskal-Wallis test in
Table IV.

Pointers for each factor Enrollees vs volunteers Volunteers vs audiences Enrollees vs audiences

Commitment in attending AC 0.207 0.895 0.089
Comfort in papers outside their field 0.041 1.00 0.261

Bold indicates significant results (p ≤ 0.05).

TABLE VI. Two-tailed Fisher exact test p values corresponding to the data in Fig. 3.

Compared groups Enrollees Volunteers Audiences

Research field vs discussed topics 0.609 0.999 0.999
Research field vs easy topics 0.285 0.807 1.000
Research field vs difficult topics 0.003 0.095 1.000

Bold indicates significant results (p ≤ 0.05).
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their research fields as they find topics outside their
research field difficult to understand. As the research fields
of our participants are diverse, this leads us to naturally
discuss papers in many fields.
For topic bias, Ref. [59] obtained a similar result with their

inverted format of biology journal club. They required
students to present papers related to their research. This
topic-centered approach is shown to motivate students and
naturally broaden discussions due to the variety of methodo-
logical approaches presented in each paper. This also pro-
vided training for students to learn a variety of research fields,
which is advantageous in graduate-level courses. However,
due to the diverse topics discussed, this approach limits in-
depth discussions between individuals and more detailed
parts of the papers.Oneparticular differenceof thiswork from
ours is that we did not require the students to discuss papers
about their research or research field. This implies that
participants, by nature, are more inclined to discuss papers
related to their research fields. As a result, much like what
Ref. [59] also showed, this enabled discussing a variety of
topics while compromising in-depth discussions.
Finally, as for the objectives of our AC, all of our

respondents greatly believe that our objectives are met. In
addition, a high overall satisfaction rating for our AC was
achieved on all learner types, indicating the success of our
AC in achieving our goals.

3. Suggestions and comments from participants

We discuss the qualitative data that we gathered to
support our quantitative data in the second phase of our

study. Table VII summarizes the key findings from our AC
participants’ comments. Our objectives were achieved
based on their satisfactory comments. Furthermore, the
diversity of topics in our AC can help people to learn other
research fields. However, there is still room for improve-
ment. For instance, due to the COVID-19 pandemic, we
were not able to eat during AC, preventing us from
assessing how food affects our AC. The lack of experts
(e.g., postdoctoral researchers, faculty) also affected the
quality of discussion in our AC. The lack of participation is
also evident, which may be attributed to only allowing
questions after the paper presentation. These findings were
also apparent in our quantitative results in Table IV, where
we achieved relatively low scores in participation during
discussion. Lastly, because we used both VoxCharta and
Facebook to post papers for discussion, some people find
the two platforms difficult to navigate at the same time.
This can support our significant statistical result between
enrollees and volunteers in using VoxCharta in Table IV.

4. Limitations and recommendations

Aside from food, there are other aspects of AC that we
were not able to evaluate. One is the format of AC
implementation. In our study, the AC being assessed is
an elective class. Previous studies [60] and our qualitative
phase results suggested that holding a journal club as a
requirement (i.e., credit class) greatly improves the com-
mitment and learning of participants, especially for the
enrollees. Other formats of journal club implementation
(e.g., as a noncredit course, credit course with a different

TABLE VII. Key findings from the comments and suggestions that we gathered from our participants. The factors where the key
findings fall into and some direct quotes from the participants are also shown below. The number of suggestions or responses coded for
each key finding are shown in the rightmost column.

Key finding Factor Quotes Number

Achieved objective Objective “Personally I think the class helps to summarize papers quickly...” 1

Satisfactory implementation Objective “I think the class was good, and a really important activity.” 1

Advantage of diverse topics Content “I want to find a new exciting project through this class. In this
sense the diverse topics are helpful to me.”

3

Lack of food due to pandemic Environment “Hope the coronavirus goes away soon so we can eat in class...” “I
like having lunch or Ubereats during astro-ph to save time...”

2

Lack of experts Commitment “If more postdoctoral can attend and maybe give some suggestion
for different field, that will be great.” “I think it would be even
better if more senior students, postdocs, staff were able to be
there too with a range of backgrounds and expertise, to boost the

discussion or experience and debate”

2

Lack of participation Commitment “Asking more questions during the paper presentation rather than
after each paper would allow for more dynamic discussion”

1

Disadvantage of diverse platforms Content “I don’t think the current way of posting papers to present is ideal.
Can be hard to find at a later point, and having two locations to
post papers is sometimes confusing if people post to one and not

the other.”

2
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grading system, online journal club, flipped classroom
format, etc.) should be investigated in the future to widen
perspectives on how to successfully hold an AC. Factors
such as institutional culture and availability of resources,
which we have not considered here, may also influence
how AC is being implemented.
Note that the sample sizes for the two phases of our

research method are low, especially for our triangulated
phase. Although our AC is offered as a graduate elective
course, there are also two postdoctoral researchers, two
undergraduates, and two professors from various educa-
tional backgrounds joining the community. Since under-
graduate students can attend graduate courses in our
university, the involvement of the two undergraduates in
this study inspires us to encourage more undergraduate
students to participate in AC in the future. Investigating the
factors that affect the success of AC can benefit greatly
from a larger sample size. Thus we hope to be able to gather
more statistically significant results from a larger sample
size by expanding the scope of our participants into
different types (e.g., mixed groups based on educational
background, etc.) for future work.
Lastly, our study focused on pinpointing the different

factors that should be considered to implement an AC
effectively for learning the latest knowledge in astronomy.
Although there are areas for improvement in the AC
implementation of our university, it is beyond the scope
of our paper to further examine which changes in our
implementation will enhance the effectiveness of our AC
implementation. A separate investigative study can be
dedicated to inspect these areas for improvement.

IV. CONCLUSION

An investigative study on the factors that influence the
success of preprint journal clubs in astronomy, more
commonly known as Astro-ph/Astro-Coffee, and on the
best format of AC in our university (NTHU) was imple-
mented. Survey dissemination and follow-up interviews
with the respondents led us to conclude that there are 4
important factors for a successful AC: commitment [i.e.,
dedication of organizer(s) and participants in maintaining
AC], environment (i.e., the overall façade of the AC as a
conducive forum for learning), content (i.e., topics and
platforms for discussion), and objective (i.e., goals of the
AC) (see Fig. 1, Table IV, and Table V). We also assessed
the AC in our university by looking into the factors per
participant type: enrollees, volunteers, and audiences. Our
survey results (Table IV) show that most of the important
aspects for each factors are perceived similarly by different
learner types. However, some factors are perceived differ-
ently by different learner types: participants who regularly
present papers tend to be more committed to attending AC
compared to those who do not, and enrollees, who are
composed of undergraduates and junior graduate students,
feel less comfortable in reading papers outside their

research field compared to volunteers, who are composed
of postdocs and senior graduate students. Most participants
are also biased towards discussing their fields of interest
and perceived difficulty in discussing papers outside their
fields of interest. Most participants feel that the objectives
of our AC are met, as also shown by the increase in the
number of papers being read after attending the class and
the high satisfaction rating of the class. Lastly, areas for
improvement, such as the lack of food, participation,
attending experts, and disadvantage of using too many
platforms for reading papers, were also highlighted.
Implementing AC can be made at the convenience of
everyone, and so as a final remark, we would like to suggest
other universities or institutes to evaluate their respective
ACs with commitment, environment, content, and objec-
tive, as the main principles of their evaluation. Our main
recommendations in starting and implementing a success-
ful AC can be summarized into four points:

• Specify what you would like to achieve in attending
and implementing AC (objective);

• Have a core of people (and an organizer, if possible)
who are dedicated to attend AC every session and
participate regularly (commitment);

• Achieve balance in having an in-depth discussion of
the papers presented and casual communication
among participants, avoiding pressure and stress
(environment); and

• For each paper discussed, introduce the basic concepts
and show other visual aids (videos, pictures from the
internet, etc.) if necessary or possible (content).

As for other particular ways of presenting papers and
organizing AC, we refer the readers to previous studies
[44,61] which have also discussed ways of how to
effectively run a journal club, although their discussion
is in the medical context.
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APPENDIX A: ONLINE SURVEY TO
INTERNATIONAL INSTITUTIONS

We present here the online survey that we sent to
different universities and institutions around the world.
First, we ask for the basic information of our respondents
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(i.e., name, email, institution, position, research field).
Then we ask questions pertaining to their AC. We have
two sets of questions depending on whether they have AC
in their institution or not.
For respondents with AC, we ask the following questions:
• Composition of regular members who attend AC
• Who are invited to join AC?
• Astronomy fields discussed in AC
• Websites where you check new papers
• Parts of the paper you focus on (e.g., methodology,
results, abstract, conclusion, etc.)

• Schedule, duration, and frequency of AC
• Do you get any financial support for AC? If so, what
do you spend it on?

• What kinds of foods and drinks do you have
during AC?

• Do you think most participants will still come if there
are no foods or drinks?

• Do you invite a speaker for your AC?
• What is the title of the organizer?
• How is AC announced?
• Is AC a required subject for students?
• How do you conduct AC?
• What are the usual benefits of AC to participants?
• What are the advantages and disadvantages of the way
your AC is conducted?

• Any suggestions or experiences about AC that you
would like to share?

• Are you willing to meet us via Skype, Zoom, or other
video call platforms for a follow-up interview? How
about email interview?

For respondents without AC, we ask the following
questions:

• Other events implemented in your institution related to
astronomy (e.g., colloquium, seminars, symposium)

• Why AC is not conducted in your institution?
• Have you ever thought about conducting AC in your
institution? (If yes, please describe some difficulties
you encountered when you tried to host the activity. If
no, please let us know the reason)

APPENDIX B: INTERVIEW PROTOCOL

We present here the interview protocol we used for both
follow-up video and email interviews. The interviews are
semi-structured, meaning that new ideas might be brought
up by the respondents during interview, allowing our
interviews to be spontaneous and flexible. Here we show
our frequently asked questions during the interview.

1. Background of respondent
• Name, affiliation, title
• Research field
• Do you organize AC in your institute?

2. Description of AC in your institute
• What has motivated you to organize AC? (for or-
ganizers)

• Who is or are the organizer(s) of your AC? (for
nonorganizers)

• What are your future plans for your AC?
• Are you satisfied with the way you are currently
conducting AC? Why or why not?

• Do you think your current schedule of AC is effective?
Why or why not?

• How long have you been doing AC in your institute?
• Are there more ACs in your institute?
• Why do you think that only a fraction of the people in
your institute attend AC?

• Please briefly describe to us the environment on
how you conduct your AC (e.g., casual roundtable
discussion, classroom setup, food is served any-
time, etc.)

• What are the difficulties you encountered as you first
started your AC activities? Do you still encounter
them from time to time?

• Do you agree that the position of the organizer (e.g.,
faculty, postdoc, or student) is important? Why or
why not?

• Do you have any advice for those who would like to
start an AC activity in their institutions?

• How many papers do you usually discuss per session?
How long is each paper discussed?

• What do you think is the main purpose of your AC?
3. Follow-up questions from the online survey results
• Based on your survey response, you mentioned about
your AC being a part of your curriculum (as an
elective or required class). Could you explain further
how this works?

• Based on your survey response, you mentioned about
using emails in disseminating announcements about
your AC. Could you tell us what your email announce-
ments contain?

• Based on your survey response, you mentioned about
your AC being limited to a certain demographic (e.g.,
graduate students only or faculty and postdocs only).
Why is it so?

• How are you able to invite participants from different
research groups to attend you AC? And how do you
handle the diverse research fields of your attendees
during discussion?

• Based on your survey response, you mentioned about
having food and drinks during AC. Who buys them?
How do you pay for it? Have you tried not having
them during AC? What is the effect?

• How do you discuss various fields in astronomy
during AC?
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