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INTRODUCTION

Reading primary literature can be challenging for those
unfamiliar with terminology or methodology (1-3). Often,
students highlight long passages or read over unfamiliar
jargon without fully comprehending the significance and
details of a study. Several approaches have been described
to promote the critical reading and analysis of primary
literature (4—9). While these methods provide structure,
students often read and analyze in isolation, as the methods
do not facilitate virtual and open peer collaboration. Addi-
tionally, note-taking is a skill that is not commonly taught or
emphasized in science courses (10). To create an inclusive
and empowering environment of cocreation of knowledge,
we’ve infused an upper-division metagenomics course with
activities to reduce the anxiety of reading primary literature
and note-taking and promote collective and collaborative
constructivism.

Many tools are available that allow collaborative work
on electronic documents. Google Docs, Sheets, and Slides
can be used to enable participants to contribute. There
are also resources to annotate web pages. One such tool
often used in the humanities is Hypothes.is (I1-14); it is
free, open source, and easy to use in classroom settings,
including online courses. Initiatives such as Science in the
Classroom (https://www.scienceintheclassroom.org/) have
led to studies highlighting the use of annotation as a peda-
gogical tool (15-17).

Student collaborative notes and summaries can be used
to create an Open Educational Resource (OER). Further-
more, student-created OERs can foster a sense of owner-
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ship as class participants work toward creating a common
resource that will serve them and a wider audience beyond
the course (18).

We introduced the use of Hypothes.is and collabora-
tive notes in the fall of 2019 in an 8-week upper-division
undergraduate and graduate student Metagenomics course
(19). The course has weekly lectures of | hour 50 minutes
and 5-hour labs with a course-based research project that
relies heavily on the assigned readings. There were |5
students enrolled in the course: 4 undergraduates and |1
graduate students. The study was approved by the NCSU
IRB (#20309).

Students annotate articles using Hypothes.is (https:/
web.hypothes.is/) and have access to all comments.
Hypothes.is is a free open-source software package that
allows users to highlight and annotate websites and text.
Students are required to submit at least |0 meaningful anno-
tations before the in-class discussion (see Appendix I). A
week after the discussion, groups of three or four students
assigned to summarize the article post a brief synopsis on
the class’s Hypothes.is group (Fig. | and Appendix I).

For collective notes, students have access to a Google
Doc with the learning outcomes for each class session.
Students are encouraged to contribute by providing defini-
tions, examples, and links to additional resources. Notes
are not graded but are lightly edited by the instructor for
accuracy. Peers can provide constructive feedback and
correct, remedy, or amend misconceptions and inaccura-
cies. Each week the instructor generates a video reviewing
the notes and administers individual quizzes based on the
content of the class notes.

Students are informed that, with their consent, their
notes and annotations can be used to create an OER that
would benefit them and others beyond the course. An
example of a student-generated OER is available at go.ncsu.
edu/bitmetagenomics.
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FIGURE 1.“Sharing Notes is Encouraged” workflow. Students annotate and cocreate notes to produce an OER for studying and future
course participants. Students use Hypothes.is to annotate primary literature as homework assignments, following set guidelines (for details
see Appendix |), and groups are tasked with creating shared summaries for the class to view within a Hypothes.is group. Students contrib-
ute to shared notes both during and outside of the class session.The instructor then uses the notes to produce weekly recaps to provide
feedback and encouragement. Student contributions are then compiled to create a final OER, containing all notes and annotations generated
over the course of the semester in a publicly viewable dynamic resource (for a sample OER, go to go.ncsu.edu/bitmetagenomics and click

on "Meta Book"). PB, Pressbooks.

Materials and preparation

Instructors create a private course Hypothes.is “group”
and share the link with students via their Learning Man-
agement System (LMS) or e-mail. Students require free
Hypothes.is accounts. If using the Google Chrome browser,
there is a useful Hypothes.is extension. Helpful tutorials for
using Hypothes.is in education can be found on the website:
https://web.hypothes.is/education/. If Google Docs are to be
used for shared class notes, the instructor needs to make
the document editable by participants. The creation of a
short link that is easy to remember may be helpful. The
instructor should provide guidelines for annotation (types of
annotations including asking questions, clarifying or linking
to resources, and examples of tags used by others), expecta-
tions for the number of individual annotations, and grading
rubrics (Appendix ). Frequently presenting or projecting
the progress of the class notes encourages participation. The
instructor can read and discuss the class notes in a short
(6- to 15-min) weekly screencast video posted on an unlisted
YouTube playlist (e.g., https://go.ncsu.edu/metanotesl|9).

Students that contribute to class notes can produce a
final web-based Pressbooks OER. Pressbooks is an afford-
able ($20 to $100/eBook) and easy-to-use online eBook
creation platform used by universities and the OER com-
munity [e.g., Granite State College OERs (https://granite.
pressbooks.pub/) and BC Open Textbooks (https://open-
textbc.ca/pressbooks/)].

Modifications and extensions
The Hypothes.is annotation and group summaries

assignment has been adapted for other lab-based courses.
For example, for an undergraduate and graduate student
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8-week Yeast Metabolic Engineering lab module (20), we
have modified the assignment guidelines to allow students
to complete the minimum number of meaningful annotations
after the in-person discussion of articles. This extension
resulted in several participants returning to the papers
weeks later to provide additional information. Guidelines
can be modified to increase the minimum number of anno-
tations, have students ask and respond to each other, find
related studies, or alter the due dates (e.g., until after in-
class discussion). The rubric for group summaries can be
modified for different course learning outcomes (e.g., data
analysis). An example of an annotated paper can be shared
with students; for example, a microbiome study from Science
in the Classroom can help students learn to annotate using dif-
ferent tags/elements (https://www.scienceintheclassroom.
org/research-papers/whats-normal-scoop-poop).

Instructors can choose to encourage all participants to
contribute to class notes by making the assignment credit-
bearing. Instead of weekly screencast videos, alternatives
include an audio file, podcast, or e-mail announcement.
Other OER platforms exist, and some faculty may decide to
use WordPress or GoogleSites to create publicly accessible
sites to publish the collective contributions of participants.
Data privacy and consent cannot be overlooked: talk to
your students about posting their names on publicly facing
sites, after asking for their consent in writing. Instructors
are encouraged to contact other faculty to collaborate on
topic-specific OERs.

CONCLUSION

Students annotate and produce summaries and col-
laborative notes following the guidelines. Analysis of the
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FIGURE 2. Students annotated assigned papers frequently and began using descriptive “tags.” (A) Students used the Hypothes.is tool to
annotate reading assignments and tag keywords or phrases. Some students responded to other comments and included links and other

resources. (B) All students’ (n = 15) annotated readings.

annotations and quiz grades suggests that participants are
engaging with the articles (Fig. 2) and able to summarize the
findings of the studies (Appendix 2). Annotations of student-
selected papers by groups indicate students continue to use
rich annotations. Participants contribute to a Google Doc
and view weekly video summaries.

We note that, while students unfamiliar with Hypothes.
is require a demonstration, having seen the demonstration,
participants are capable of providing productive comments
about the studies. For all the articles we’ve included as
reading, students have contributed definitions, links to addi-
tional resources, and even responses to questions posed by
peers. We advise that instructors highlight the benefits of
collaborative annotation and critical note-taking. Our study
demonstrates the impact of creating a scholarly community
to promote learning and how it can encourage participation
and ownership of an OER project. Our implementation
demonstrated that all students made annotations and con-
tributed their thoughts and ideas to the shared notes docu-
ment. These efforts helped constitute a student-derived
OER that could serve not only these students beyond the
course but others as well.

SUPPLEMENTAL MATERIALS

Appendix |: Guidelines for annotations, summaries,
and class notes

Appendix 2: Engagement and assessment data

Appendix 3: Additional suggestions for implementation
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