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ABSTRACT Traditional undergraduate science courses often prioritize content mastery 
over authentic engagement with the scientific process. Course-based research, also 
referred to as course-based undergraduate research experiences (CUREs), addresses 
this limitation by immersing students in authentic scientific practice. In course-based 
research, assessment practices can also mirror the authentic scientific practice, where 
extensive formative feedback supports refinement of skills and understanding. Here, 
we present two rubrics designed to support the teaching and assessment of science 
communication in a way that reflects how scientists prepare to disseminate their 
research findings. One rubric is for creating scientific posters and another for writ­
ing short-format manuscripts. Developed by approximately 100 faculty members who 
collaboratively implement CUREs through the Howard Hughes Medical Institute (HHMI) 
Science Education Alliance (SEA) program, these rubrics outline the authentic steps 
scientists take when preparing to communicate their research and provide performance 
levels that clarify expectations for both students and instructors. Together, these tools 
aim to further align undergraduate science education and authentic scientific practice.

KEYWORDS course-based undergraduate research experiences (CUREs), science 
communication, assessment rubrics, authentic scientific practice, scientific posters, 
short-format manuscripts

T raditional undergraduate science courses frequently focus on the transmission of 
content, coupled with assessments focused on the recitation of facts and demonstra­

tion of laboratory skills. Such educational experiences have been criticized for failing to 
capture the authentic practice of science and their limited impact on student engage­
ment and persistence in STEM fields (1, 2). By contrast, course-based research aims 
to engage students in the practices of professional science, where students leverage 
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science content and skills to investigate questions with unknown outcomes, deal 
with failure, iterate their work, collaborate, and disseminate their findings (1–3). As 
modeled by the Howard Hughes Medical Institute (HHMI) Science Education Alliance 
(SEA) program, which coordinates two course-based research projects (SEA-PHAGES and 
SEA-GENES) implemented at over 150 colleges and universities nationwide, assessment 
in these courses also aligns closely with the practice of professional science (4). In 
SEA course-based research projects, formal assessment early in the course focuses on 
establishing foundational knowledge, skills, and expectations that prepare students 
for subsequent research tasks. This is complemented by extensive ad hoc, informal 
formative feedback throughout the research process, which guides student learning 
and supports iterative improvement. Summative assessment at the end of the course 
evaluates students’ mastery of core concepts, scientific reasoning, and research practices 
(4).

Hanauer et al. (4) describe four primary assessment aims in course-based research: (i) 
assessing laboratory work and scientific thinking, (ii) evaluating mastery of concepts, 
quantitative thinking, and skills, (iii) appraising forms of scientific communication, 
and (iv) promoting metacognition of learning (4). A survey of the literature suggests 
that effective scaffolding of science communication in course-based research remains 
underdeveloped (5, 6). To address this gap, faculty within the HHMI SEA program 
developed resources to authentically model how scientists prepare to communicate 
their science, in particular in preparing a scientific poster and a short-format manuscript 
for publication. Over 100 SEA faculty participated in a collaborative, iterative process to 
identify authentic scientific communication practices and translate them into perform­
ance-based rubrics refined through consensus. The deliverables are rubrics that are 
designed to teach students how scientists engage in science communication and to 
support meaningful assessment of student learning. By using these rubrics, students 
should be able to develop, refine, and communicate a coherent scientific message 
supported by appropriate evidence, using practices that mirror how scientists prepare 
posters and manuscripts for dissemination.

PROCEDURE

Using the rubrics for teaching and assessment

Both the poster and manuscript rubrics (Appendix 1 and 2) are designed to guide 
students through the authentic steps of preparing for scientific communication, from 
organizing ideas and data to presenting findings with clarity and accuracy. The rubrics 
include performance levels (Aware, Emerging, and Proficient) for each step, reflecting 
increasing levels of competence in scientific communication. For example, in the Develop 
a Key Message criterion of the poster rubric, students are tasked with distilling the central 
finding of their research into a concise statement understandable within five to ten 
seconds. At the aware level, the message is unclear, overly long, or poorly supported 
by the data, and scientific terminology may be inaccurate. At the emerging level, the 
key message is present and generally supported by the data but may be wordy or lack 
precision. At the proficient level, the key message is clear, concise, accurate, and easily 
understood by the intended audience; it invites conversation and is well supported by 
the presented data. When provided to students, the rubric serves as a transparent guide 
that helps both students and faculty align their expectations.

While obtaining feedback is listed as a step in the rubrics, the rubrics are designed to 
facilitate cycles of ongoing feedback and revision; instructors should not shy away from 
providing iterative feedback that models for students the rigor and precision expected 
in scientific communication, where constructive critique is given in service of both 
the individual researcher and the advancement of science. For formative assessment, 
the rubrics are most effective when used to provide targeted, constructive feedback. 
Instructors should provide review and feedback on individual components of the work at 
a time, such as background or key message, using the relevant rubric criteria. Feedback 
should highlight strengths and provide concrete, actionable suggestions tied to rubric 
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descriptors. Both instructors and peers can provide formative feedback. For summative 
assessment, instructors can use the performance levels to holistically assess the overall 
quality of the work, recognizing both mastery and growth. Summative evaluation should 
focus on how well students have incorporated feedback, improved clarity and accuracy, 
and demonstrated scientific thinking. Indeed, the goal of ongoing formative feedback is 
to support all students to reach proficiency. By combining formative use of the rubric for 
iterative improvement with summative use for final evaluation, instructors can create a 
coherent assessment approach.

Implementation tips and resources for preparing a poster

The rubric references several additional resources to enrich the teaching and learning 
experience. A first set of resources introduces students to principles of strong scientific 
communication using examples of well-designed posters. We recommend introducing 
students to the #BetterPoster framework developed by Mike Morrison (osf.io/ef53g), 
which emphasizes clear, minimalist design and rapid communication of key findings. 
We also recommend teaching students accessible and inclusive design principles for 
selecting color palettes, using adequate contrast between text and background, and 
choosing readable font types and sizes. To support this, instructors can leverage widely 
available guidance on inclusive design for scientific poster preparation, for example, as 
suggested by the American Chemical Society (https://www.acs.org/content/dam/acsorg/
about/inclusion/accessible-science-communication-pdf-ready.pdf).

Once posters are drafted, a checklist (Appendix 3) is provided to help students to 
systematically review each element of their poster—verifying that the key message is 
clear, the figures and tables are appropriately labeled and support the key message, and 
accessibility standards are met—before printing or presenting.

Finally, to also help students leverage the poster session as an opportunity for idea 
exchange and professional growth, consider providing students with prompts for when 
they engage with a poster presenter. Some examples of guiding prompts are as follows. 
(i) What was the key message of the poster? (ii) How could the information in the poster 
inform your own research? (iii) Was there something from your own research that could 
help advance the presenter’s work? (iv) What poster design features might you take away 
after visiting this poster?

Implementation tips and resources for writing a short-format manuscript

Course-based research projects are often focused on well-defined research outputs 
that contribute meaningfully to the scientific community, even when the scope of the 
research is relatively narrow. Within the SEA-PHAGES program, for instance, students 
isolate novel phages from environmental samples and manually annotate sequenced 
phage genomes. Such discrete research outcomes are suited for concise manuscript 
formats such as a Genome Announcement. The rubric described here was designed to 
guide and assess the preparation of this particular type of manuscript, although its 
structure can readily be adapted to other short-form research publications.

The rubric references several resources to facilitate manuscript preparation and good 
research practices. Chief among these is the Data Collection Template (Appendix 4), 
which helps students compile and organize all relevant experimental information before 
writing begins. This template should be introduced early in the research process so 
that students can record critical information, such as software versions and databases 
accessed, at the time of use. Because such tools and resources evolve rapidly, document­
ing them as they are used ensures that the research remains reproducible and that the 
original data are complete, traceable, and readily available should there be a need to 
revisit the raw data after the students have finished the course.

A second resource, the Manuscript Template (Appendix 5), provides section-by-sec­
tion guidance on what content belongs in each part of the manuscript. The template 
features examples and cues about discriminating between necessary and extraneous 
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information, how to structure paragraphs, and how to maintain clarity and brevity 
consistent with short-format publications.

A final resource is the Checklist (Appendix 6), which assists instructors and students 
in verifying that all essential components are accurately included and formatted prior to 
submission.

CONCLUSION

These rubrics were developed by SEA faculty and reflect the instructional and assess­
ment practices in SEA course-based research, where assessments of student outcomes 
have demonstrated significant gains in science identity, self-efficacy, and project 
ownership, all of which are linked to increased persistence in STEM (3, 4, 7). More­
over, existing research suggests that integrating structured communication tasks into 
course-based research enhances students’ confidence, communication skills, and ability 
to think like scientists (5). It is worth noting that these rubrics have been evaluated 
implicitly through authentic scientific dissemination. For example, the manuscript rubric 
has been used to guide students in developing nearly 100 genome announcement 
manuscripts that have successfully undergone external peer review and been published 
in scientific journals. This outcome is not intended to serve as causal measures of 
student learning; rather, it provides externally validated evidence that the communica­
tion practices scaffolded by the rubrics meet the professional standards of the scientific 
community.
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Bouklas, Data curation, Formal analysis, Writing – review and editing | Kristen Butela, 
Data curation, Formal analysis, Writing – review and editing | Christine A. Byrum, Data 
curation, Formal analysis, Writing – review and editing | Megan Carroll, Data curation, 
Formal analysis, Writing – review and editing | Steven Michael Caruso, Data curation, 
Formal analysis, Writing – review and editing | Nancy Castro, Data curation, Formal 
analysis, Writing – review and editing | Kari Clase, Data curation, Formal analysis, Writing 
– review and editing | Kristen Clermont, Data curation, Formal analysis, Writing – review 
and editing | Sean T. Coleman, Data curation, Formal analysis, Writing – review and 
editing | Pamela L. Connerly, Data curation, Formal analysis, Writing – review and editing 
| Amaya M. Garcia Costas, Data curation, Formal analysis, Writing – review and editing 
| Steven Gaines Cresawn, Data curation, Formal analysis, Writing – review and editing | 
Tom D'Elia, Data curation, Formal analysis, Writing – review and editing | Aimee Danley, 
Data curation, Formal analysis, Writing – review and editing | Megan K. Dennis, Data 
curation, Formal analysis, Writing – review and editing | Arturo Diaz, Data curation, 
Formal analysis, Writing – review and editing, Conceptualization, Writing – original draft 
| Erin L. Doyle, Data curation, Formal analysis, Writing – review and editing | Iain Duffy, 
Data curation, Formal analysis, Writing – review and editing | Dustin Cole Edwards, Data 
curation, Formal analysis, Writing – review and editing | Elvira Eivazova, Data curation, 
Formal analysis, Writing – review and editing | Eric Engstrom, Data curation, Formal 
analysis, Writing – review and editing | Christy Fillman, Data curation, Formal analysis, 
Writing – review and editing, Conceptualization, Writing – original draft | Christine L. 
Fleischacker, Data curation, Formal analysis, Writing – review and editing | Victoria J. 
Frost, Data curation, Formal analysis, Writing – review and editing | Julie Torruellas 
Garcia, Data curation, Formal analysis, Writing – review and editing | Bryan P. Gibb, Data 
curation, Formal analysis, Writing – review and editing | Alyssa Mae Gleichsner, Data 
curation, Formal analysis, Writing – review and editing | Sharon Gusky, Data curation, 
Formal analysis, Writing – review and editing | Rebekah F. Hare, Data curation, Formal 
analysis, Writing – review and editing | Danielle Heller, Data curation, Formal analysis, 
Writing – review and editing | Lee E. Hughes, Data curation, Formal analysis, Writing – 
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review and editing | Jacob D. Kagey, Data curation, Formal analysis, Writing – review 
and editing | Bridgette Kirkpatrick, Data curation, Formal analysis, Writing – review and 
editing | Karen K. Klyczek, Data curation, Formal analysis, Writing – review and editing 
| Kathryn P. Kohl, Data curation, Formal analysis, Writing – review and editing | Hari 
Kotturi, Data curation, Formal analysis, Writing – review and editing | Julia Y. Lee-Soety, 
Data curation, Formal analysis, Writing – review and editing, Conceptualization, Writing 
– original draft | Heather Lindberg, Data curation, Formal analysis, Writing – review and 
editing | Bhaswati Manish, Data curation, Formal analysis, Writing – review and editing | 
Sergei A. Markov, Data curation, Formal analysis, Writing – review and editing | Matthew 
David Mastropaolo, Data curation, Formal analysis, Writing – review and editing | James 
T. Melton, Data curation, Formal analysis, Writing – review and editing | Jon Mitchell, 
Data curation, Formal analysis, Writing – review and editing | Sally Dixon Molloy, Data 
curation, Formal analysis, Writing – review and editing | Denise L. Monti, Data curation, 
Formal analysis, Writing – review and editing, Conceptualization, Writing – original draft 
| Tiara Perez Morales, Data curation, Formal analysis, Writing – review and editing | María 
Alejandra Mussi, Data curation, Formal analysis, Writing – review and editing | Holly 
Nance, Data curation, Formal analysis, Writing – review and editing | Fernando Nieto, 
Data curation, Formal analysis, Writing – review and editing | Imade Yolanda Nsa, Data 
curation, Formal analysis, Writing – review and editing | Shallee T. Page, Data curation, 
Formal analysis, Writing – review and editing | Ricardo Parra-Unda, Data curation, Formal 
analysis, Writing – review and editing | Vipaporn Phuntumart, Data curation, Formal 
analysis, Writing – review and editing | Brett E. Pickett, Data curation, Formal analysis, 
Writing – review and editing | Richard Scott Pollenz, Data curation, Writing – original 
draft, Writing – review and editing, Conceptualization, Formal analysis | Sarah N. Reardon, 
Data curation, Writing – review and editing, Formal analysis | Jessica Rocheleau, Data 
curation, Formal analysis, Writing – review and editing | Ombeline Rossier, Data curation, 
Writing – review and editing, Formal analysis | Naomi Smith Rowland, Data curation, 
Writing – review and editing, Formal analysis | Adam D. Rudner, Data curation, Formal 
analysis, Writing – review and editing | Elizabeth E. Rueschhoff, Data curation, Formal 
analysis, Writing – review and editing | Viknesh Sivanathan, Conceptualization, Data 
curation, Formal analysis, Writing – original draft, Writing – review and editing | Martha 
Smith Caldas, Data curation, Formal analysis, Writing – review and editing | C. Nicole 
Sunnen, Data curation, Formal analysis, Writing – review and editing, Conceptualization, 
Writing – original draft | Sarah J. Swerdlow, Data curation, Formal analysis, Writing – 
review and editing | Kissaou Tchedre, Data curation, Formal analysis, Writing – review and 
editing | Kara Thoemke, Data curation, Formal analysis, Writing – review and editing | 
Deborah Tobiason, Data curation, Formal analysis, Writing – review and editing | Sara S. 
Tolsma, Data curation, Formal analysis, Writing – review and editing | Tara Turley-Stoulig, 
Data curation, Formal analysis, Writing – review and editing | Quinn Vega, Data curation, 
Formal analysis, Writing – review and editing, Conceptualization, Writing – original draft 
| Patricia Waikel, Data curation, Formal analysis, Writing – review and editing | Catherine 
Ward, Data curation, Formal analysis, Writing – review and editing | Vassie C. Ware, Data 
curation, Formal analysis, Writing – review and editing | Jackie M. Washington, Data 
curation, Formal analysis, Writing – review and editing | Daniel Eric Westholm, Data 
curation, Formal analysis, Writing – review and editing | Beth Wilkes, Data curation, 
Formal analysis, Writing – review and editing | Daniel Williams, Data curation, Formal 
analysis, Writing – review and editing | Elizabeth Williams, Data curation, Formal analysis, 
Writing – review and editing | Ellen M. Wisner, Data curation, Formal analysis, Writing – 
review and editing

ADDITIONAL FILES

The following material is available online.
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Supplemental Material

Appendix 1 (jmbe00313-25-S0001.docx). Designing an accessible scientific poster 
rubric.
Appendix 2 (jmbe00313-25-S0002.docx). Writing a genome announcement rubric.
Appendix 3 (jmbe00313-25-S0003.docx). Poster checklist.
Appendix 4 (jmbe00313-25-S0004.xlsx). Data collection template.
Appendix 5 (jmbe00313-25-S0005.docx). Manuscript template.
Appendix 6 (jmbe00313-25-S0006.docx). Genome announcement checklist.
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