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There is an urgent need for scientists to improve their communication skills with the public,
especially for those involved in applying science to solve conservation or human health
problems. However, little research has assessed the effectiveness of science
communication training for applied scientists. We responded to this gap by developing
a new, interdisciplinary training model, “SciWrite,” based on three central tenets from
scholarship in writing and rhetoric: 1) habitual writing, 2) multiple genres for multiple
audiences, and 3) frequent review and created an interdisciplinary rubric based on these
tenets to evaluate a variety of writing products across genres. We used this rubric to
assess three different genres written by 12 SciWrite-trained graduate science students
and 74 non-SciWrite-trained graduate science students at the same institution. We found
that written work from SciWrite students scored higher than those from non-SciWrite
students in all three genres, and most notably thesis/dissertation proposals were higher
quality. The rubric results also suggest that the variation in writing quality was best
explained by the ability of graduate students to grasp higher-order writing skills (e.g.,
thinking about audience needs and expectations, clearly describing research goals, and
making an argument for the significance of their research). Future programs would benefit
from adopting similar training activities and goals as well as assessment tools that take a
rhetorically informed approach.

Keywords: science communication, STEM, graduate training, program assessment, SciWrite, rubric development,
science writing, writing and rhetoric

INTRODUCTION

Institutions in the United States and Europe, such as the National Science Foundation, Council of
Graduate Schools, and the European Commission, have recently called for Science, Technology,
Engineering, and Mathematics (STEM) graduate programs to incorporate more communication
training to better prepare future scientists to communicate to a variety of audiences (Linton, 2013;
Kuehne et al., 2014; Druschke et al., 2018; Costa et al., 2019). Such calls for better science
communication training for future scientists are driven by the realization that scientists should
be involved in effectively conveying scientific information to a broad cross-section of society (Roux
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et al., 2006; Nisbet and Scheufele, 2009; Meyer et al., 2010; Smith
et al., 2013; Taylor and Kedrowicz, 2013; Kuehne and Olden,
2015; National Research Council, 2008). Despite this expressed
need for broader impacts and improved communication training
for scientists, little research has been conducted on the most
effective ways to implement and assess communication training
programs for science graduate students (Kuehne et al., 2014;
Skrip, 2015; Druschke et al., 2018; National Alliance for Broader
Impacts, 2018). We responded to this gap by developing,
implementing, and assessing a new, interdisciplinary model for
developing more effective graduate science writers at the
University of Rhode Island (URI) — the SciWrite@URI
program (hereafter “SciWrite”). This program was designed to
be adapted for a broad cross-section of science disciplines for a
variety of scientists and communicators at institutions across
the globe.

The goal of the SciWrite program was to better equip science
graduate students with the tools necessary to be effective writers
for any audience. What makes SciWrite unique from other
programs with similar goals is its foundation in rhetoric-based
theories and practices. Though the term rhetoric often circulates
in common discourse as a term meaning “political spin,” the
discipline of rhetorical studies is a field of research, at least
2,000 years old, dedicated to better understanding the ways
that humans communicate, in speaking, writing, and other
modes, for a variety of audiences and a variety of ends.
SciWrite adopted theoretical work from the field of writing
and rhetoric in order to create tangible and practical learning
outcomes for our SciWrite graduate students. We developed three
primary learning outcomes for SciWrite students based on three
central rhetorical tenets often taught in writing and rhetoric
courses: habitual writing, multiple genres for multiple
audiences, and frequent review (Bruffee, 1981; Porter, 1986;
DiPardo and Freedman, 1988; Lunsford, 1991; Lundstrom and
Baker, 2009; Crowley and Hawhee, 2012). Upon successful
completion of the SciWrite program, we expected that
students would meet the following primary learning outcomes
associated with each rhetorical tenet:

1) Habitual writing–students will produce high quality writing
earlier and more frequently in their graduate school tenure

2) Multiple genres for multiple audiences–students will
demonstrate effective command of writing in multiple
genres for multiple audiences

3) Frequent review–students will evaluate peer drafts in order to
provide helpful writing feedback and to improve their own
writing skills

In this article, we focus on assessment of student writing for
Learning Outcome Two (related to Multiple genres for multiple
audiences), which required the development of a flexible rubric
for the assessment of written products of different genres. For the
purposes of this article, we are defining genre as “a category of
writing” (e.g., scientific manuscripts, proposals, and news
articles). This rubric allowed us to evaluate whether students
demonstrated effective command of writing in multiple genres
for multiple audiences and also provided us an effective, holistic

framework for feedback. Learning Outcomes One and Three
(related to Habitual writing and Frequent review) were
assessed using SciWrite Fellows’ self-reported surveys and not
the rubric. Because this assessment methodology was so different
from our rubric assessment, we will report on that portion of the
study in a different article.

Science communication training informed by rhetoric
reorients the assessment and revision of writing, and this
assessment and revision process is crucial for learning and
improving academic and public writing. As a case in point,
there is often disagreement among science faculty about the
most helpful strategies for providing writing feedback, and
many attribute this confusion to a lack of adequate instruction
in the teaching of writing and/or inadequate support in
developing their own writing skills (Pololi et al., 2004;
Reynolds et al., 2009). Due to this lack of training in writing
and rhetoric, common feedback approaches consist of either
copious sentence-level edits or providing almost no feedback
at all (Reynolds et al., 2009). However, decades of research in
writing and rhetoric (Bruffee, 1981; Lunsford, 1991; Chinn and
Hilgers, 2000; Bell, 2001; Lerner, 2009; Nordlof, 2014) tell us that
to help students improve their writing over the long term there
are a number of feedback strategies that are more important to
focus on than merely directive, sentence-level editing (Neman,
1995; Straub, 1996). For example, a focus on “higher-order
concerns” is much more effective than a focus on “lower-order
concerns,” and because of this, most assessment and feedback
should place more emphasis on higher-order concerns (Elbow,
1981; North, 1984).

Higher-order concerns deal with matters such as thinking
about audience needs and expectations, developing clear
arguments, and adhering to genre conventions. Such writing
practices are critical when science students must determine
how best to convey their results in writing (Groffman et al.,
2010; Druschke et al., 2018). For example, the general wisdom is
that when science students write about their research for a
scientific audience they should establish credibility by being
explicit yet concise with their methodology and deliberate with
citing previous studies relevant to their research. However, when
writing about this same research for a public audience,
methodology and citation of sources would not be relevant to
their readers (Baron, 2010; Heath et al., 2014; Kuehne et al., 2014).
Instead, they can best establish credibility with a public audience
by making it clear why the results are important and how they
may affect society at large—this is what writing and rhetoric
scholars refer to as an awareness of the “rhetorical situation”
(Bitzer, 1968; Fahnestock, 1986; Druschke and McGreavy, 2016).
For the purposes of this article, rhetorical situation can be defined
simply as the context within which scientists communicate their
research to others. Important parts of this rhetorical situation are
the audience they are communicating to, the expectations and
needs of that audience, and the purpose for communicating their
research. When writers can identify the purpose of their writing
project and the needs and expectations of their audience, they
have a strong awareness of their rhetorical situation. Writing and
rhetoric studies stress the importance of writing feedback that
takes a more holistic approach than simply proofreading; the
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most useful writing feedback for graduate science writers will
focus on higher-order concerns and will help students better
understand their rhetorical situation (North, 1984; Neman, 1995;
Straub, 1996). Our study will help to evaluate the utility of such
skills. Here we present and use an evaluation rubric that
emphasizes this holistic approach, and that is applicable for
assessing the written work of graduate students in the sciences
writing for multiple audiences with a variety of needs and
expectations.

The aim of this study was to determine whether SciWrite
students were able to demonstrate effective command of writing
in multiple genres for multiple audiences, and if so, what factors
most contributed to their ability to meet this learning outcome.
We also aimed to test whether there was a difference in rubric
scores for SciWrite trained students versus non-SciWrite trained
students. First, we developed and present here a rubric that
assesses students’ writing progress on both higher- and lower-
order fronts, and helps science faculty members give their
students more effective writing feedback. We then used this
SciWrite rubric to assess two important types of writing
products that many science graduate students at URI produce
as part of their program requirements: 1) a thesis/dissertation
proposal that outlines the rationale, study design, and planned
outcomes of their graduate project, and 2) relevant written
assignments from graduate-level science courses that included
writing training. For all genres of writing, we compared the
writing of SciWrite-trained graduate students to non-SciWrite
trained science graduate students. This study design helps us to
better determine how rhetorical tenets can contribute to other
science writing programs, and also helped us evaluate the
potential utility of the SciWrite program for other institutions
with similar writing program goals.

MATERIALS AND METHODS

Below we describe the comparison groups of science graduate
students in more detail, the training experienced by SciWrite-
trained students, the SciWrite rubric used to assess the writing
products, and the assessment process.

Recruitment
In 2016 and 2017, two cohorts of SciWrite fellows were recruited
via departmental and university announcements, faculty and staff
recommendations, and word of mouth. Only graduate students at
URI who had at least 2 years remaining in their program and were
enrolled in a graduate science program were eligible to
participate. Candidates were chosen based on perceived level
of dedication and ability to participate in the intensive 2-year
writing program, rather than writing ability. This allowed us to
avoid potential bias toward candidates who already had above
average writing skills compared to the average science graduate
student.

Study Design
The overall 2-year timeline of the SciWrite program for each
cohort of students consisted of regularly scheduled workshops (4

over the 2 years), two writing-intensive courses, a summer science
communication internship in the first year, followed by a
multimedia journalism class, writing tutor training, and
writing tutor work at the URI Graduate Writing Center in the
second year (Figure 1). Two separate cohorts of six students
completed this timeline from 2016 to 2019. All of these activities
were designed with program learning outcomes inmind.We have
outlined amore detailed description of the particular components
of the SciWrite program and the ways in which SciWrite differs
from other writing programs in Druschke et al. (2018). Therefore,
the description we give here will be an abbreviated version that
can be supplemented with additional details from Druschke et al.
(2018).

In our courses and trainings, SciWrite fellows engaged in
habitual writing, wrote in multiple genres for multiple audiences,
and participated in frequent review. For example, assignments
were scaffolded into simpler, shorter assignments (rather than
entire drafts) (Druschke et al., 2018). Such an approach helped
students to take on writing projects that were less daunting and
lower stakes, and so made it easier for students to get into the
habit of writing early and often for writing assignments (Coe
2011; Petersen et al., 2020). SciWrite fellows practiced writing in
multiple genres (e.g., manuscripts, blog posts, news articles,
editorials, White Papers, proposals) for academic and
nonacademic audiences (e.g., lay readers, technicians,
practitioners, and scientists). After working on assignments in
their courses and workshops, SciWrite fellows entered a process
of review and revision in one-on-one and small group tutorials in
classrooms, online forums, and while working as writing tutors at
the Graduate Science Writing Center that we opened in fall 2017.
SciWrite fellows learned how to provide facilitative feedback
rather than directive feedback and to focus their feedback on
higher-order rather than lower-order concerns (Elbow 1981;
North 1984; Neman 1995; Straub 1996). This allowed SciWrite
fellows to practice giving and receiving peer feedback in a
structured, holistic way. Three genres of writing that SciWrite
students practiced during their tenure with SciWrite were used
for assessment: 1) a thesis/dissertation proposal submitted to the
graduate school, 2) one final “Writing in The Life Sciences”
assignment, and 3) one final “Public Engagement in Science”
assignment.

The three writing products (i.e., thesis/dissertation proposal,
one assignment from each of two courses) produced by SciWrite
fellows and other science graduate students were assessed over the
course of the SciWrite program from 2016 to 2020. Proposals for
non-SciWrite students were selected using a random-stratified
process. Proposal samples were stratified by department in order
to ensure a departmental composition roughly equivalent to that
of the SciWrite fellows. Individual proposals were randomly
selected from each stratum for the non-SciWrite group. Final
course assignments for both SciWrite and non-SciWrite students
were assessed at the end of each course.

Assessment of Three Genres of Writing
Trained assessors used the SciWrite rubric to assess three written
products: the thesis/dissertation proposal, the public science
writing piece, and the public engagement in science project
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report. Assessors were seven graduate students in theWriting and
Rhetoric graduate program, one graduate student in the
Biological and Environmental Sciences graduate program, and
one faculty member with a joint appointment in the Writing and
Rhetoric program and Biological and Environmental Sciences
program. All assessors were previously trained in writing
program assessment best practices. Assessors convened for
shared norming sessions and discussions of sample essays and
baseline scores. Where necessary, norming sessions included
defining key terms and reference guides to aid coders in
scoring. In total, the norming process consisted of roughly
10 h of training in 2017, 2019, and 2020.

Proposal
Identifying information was removed from all thesis/
dissertation proposals, so assessors were unaware of author
identity or their participation in the SciWrite program. Each
of the 49 graduate proposals (n � 10 for SciWrite and n � 39 for
non-SciWrite) was randomly assigned to two different assessors,
and assessor rubric scores were averaged. Assessors gave each of
the eight rubric items a score between 1 and 3 (i.e., “does not
meet expectations,” “approaches expectations,” and “meets
expectations,” Table 1). We compared assessors’ scores of the

proposals to assess inter-rater reliability of the rubric. In
instances where one or more rubric items had a disagreement
of more than one point between assessors, those written
products were then assessed by a third assessor and scores
were averaged. The maximum score for the proposal rubric
was 24 points; the lowest possible score for the proposal rubric
was eight points.

Public Science Writing Piece and Public Engagement
Project Report
In the first year of the SciWrite program, course assignments were
assessed by the course instructor. There were 14 Public science
writing pieces (n� 6 for SciWrite and n� 8 for non-SciWrite) and 15
Public engagement project reports (n � 5 for SciWrite and n � 10 for
non-SciWrite). For the second cohort of the SciWrite program, each
of the 13 Public science writing pieces (n � 5 for SciWrite and n � 8
for non-SciWrite) and 15 Public engagement project reports (n � 6
for SciWrite and n � 9 for non-SciWrite) was randomly assigned to
one assessor. All assessors gave each rubric item a score between 1
and 3 (Table 2). The maximum score for the Public engagement
project report rubric was 24 points; the lowest possible score for the
Public engagement project report rubric was eight points. The
maximum score for the Public science writing rubric was 21

FIGURE 1 | Timeline of the 2-year SciWrite Program used to train each of the two cohorts of graduate students from 2016 to 2019: Progression through three
courses (WRT 533 Graduate Writing in the Life Sciences, NRS 543 Public Engagement in Science, and BES 533 Using Multimedia to Communicate Science),
simultaneous workshops, a summer internship and writing tutor training, and working as writing tutors at the Graduate Writing Center.

TABLE 1 | Rubric items used to assess SciWrite and non-SciWrite academic written products, arranged from “higher-order concerns” to “lower-order concerns.” Rubric
items in bold address higher-order concerns. Written products were assessed on a scoring scale from 1 to 3: “does not meet expectations,” “approaches expectations,”
and “meets expectations.”

1. Is the text appropriate for the target audience?
2. Does the text follow the conventions of the genre including tone, vocabulary, style, and delivery?
3. Is there an appropriate depth of content given genre and subject matter?
4. Does the text make a compelling argument for the significance of the student’s research within the context of the current literature?
5. Does the text clearly articulate the student’s research goals?
6. Is the text clearly organized?
7. Are the citations presented consistently and professionally throughout the text and in the list of references?
8. Is the text free of writing errors?
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points because in-text citations are inappropriate for public science
writing, and so the citations and references rubric itemwas removed;
the lowest possible score for the Public science writing rubric was
eight points.

Given that we were most interested in differences between
SciWrite and non-SciWrite students in both courses (rather than
differences between years and assessors), we combined rubric scores
between years for each course for this analysis which resulted in a
comparison of 11 SciWrite and 16 non-SciWrite students for the
Public science writing piece, and 10 SciWrite and 19 non-SciWrite
students for the Public engagement project report. The final count
for SciWrite Public sciencewriting pieces was 11 because one student
in the second cohort left the program after the first year. The final
count for SciWrite Public engagement project reports was 10
because one student in the second cohort left the program after
the first year and because an additional SciWrite student had already
taken the Public Engagement in Science course the year before the
SciWrite program began.

Intended Audiences and Genre Expectations of All
Three Products
Because this rubric is deliberately adaptable for a variety of
audiences, we used it in conjunction with the assignment
guidelines of the written product being assessed. This assured
the assessor could understand the genre conventions and
specific expectations of each assignment. Therefore, we have
listed the conventions and expectations of the written
products below.

The thesis/dissertation proposal submitted to the graduate school
was a research project proposal standard to most science graduate
programs. The intended audience was an academic audience that did
not necessarily have science training specific to that discipline (see
Supplementary Materials for further description of genre
expectations). This written product was assessed with these genre
expectations and rhetorical situation in mind.

The Writing in The Life Sciences course assignment was a
writing piece intended for a public audience, in which each student
was required towrite about a specific scientific study in an engaging
and accessible way for an audience with no scientific background
(see Supplementary Materials for further description of genre
expectations). The Public Engagement in Science course
assignment was a project report that each student had to
compose that assessed and evaluated their own public
engagement project which they had created for the course. The
intended audience was a professional and/or academic audience
that did not necessarily have a scientific background (see
Supplementary Materials for further description of genre
expectations). Each of these written products were assessed with
these genre expectations and rhetorical situations in mind.

Rubric Background
During the first year of the project, the SciWrite team developed a
rubric to assess all written products created by SciWrite program
participants. This was one primary result of the SciWrite
program, and the rubric is now being used in the URI
Graduate Writing Center and in some URI graduate courses
as a helpful feedback framework. The SciWrite rubric was
adapted from Duke University’s BioTAP rubric for scientific
writing (Reynolds et al., 2009). The BioTAP rubric placed
emphasis on creating a flexible and adaptable assessment tool
for science students and faculty that could be used across a
diversity of writing products, genres, audiences, and subjects.
In addition, the BioTAP rubric encourages faculty to give holistic,
“reader-based” feedback (Reynolds et al., 2009). This emphasis on
adaptability and holistic feedback aligned closely with the goals of
the SciWrite program.

The original BioTAP rubric was designed to evaluate success based
on both the standards of writing and rhetoric, and the goals of the
biology department at Duke University. To ensure the rubric language
lent itself to accurate evaluation, the rubric was based on best practices
from foundational academic writing courses, and researchers
consulted with their Writing in the Disciplines department and

TABLE 2 | Rubric items used to assess SciWrite and non-SciWrite written products for public audiences, arranged from “higher-order concerns” to “lower-order concerns”.
Rubric items in bold address higher-order concerns. Written products were assessed on a scoring scale from 1 to 3: “does not meet expectations,” “approaches
expectations,” and “meets expectations.”

1. Is the text appropriate for the target audience?
2. Does the text follow the conventions of the genre including tone, vocabulary, style, and delivery?
3. Is there an appropriate depth of content given genre and subject matter?
4. Does the text delineate and accomplish a specific purpose within the conventions of the rhetorical situation?
5. Does the text demonstrate its significance in a wider context, and build on the existing knowledge base by using literary elements appropriate to the genre
(e.g., analogies, metaphors, similes, visual examples, case studies, etc.) to support deeper levels of understanding of complex ideas and phenomena?
6. Is the text clearly organized?
7. Are the citations presented consistently and professionally throughout the text and in the list of references?
8. Is the text free of writing errors?

TABLE 3 | Component weights from the Principal Component Analysis after
Varimax rotation with Kaiser normalization for all eight rubric items for both
SciWrite and non-SciWrite proposals. Rubric items addressing higher-order
concerns are in bold, and the order is determined by the first principal component
(PC1) weights. The first two principal components are presented because only
their eigenvalues were >1.

Rubric item PC1 PC2

Significance of research 0.797 0.188
Appropriate for audience 0.746 −0.154
Organization 0.659 0.266
Research goals 0.601 0.406
Depth of content 0.588 0.525
Genre conventions 0.363 0.455
Free of errors 0.297 0.746
Citations and references −0.128 0.840
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Office of Assessment program as well as collaborating with biology
faculty (Reynolds et al., 2009). The authors designed the rubricwith the
goal of it serving as a model for other STEM departments.
Furthermore, the rubric was tested on a large sample size (190
written products) and each writing product was evaluated by two
separate assessors. Researchers found there was moderate to strong
agreement between raters. Because this rubric was designed to serve as
a model for other STEM departments, and because of the tested
reliability of this rubric as an assessment tool, we chose to adopt it for
our assessment process as well with only a few important additions
(see “Development of rubric” section below).

Reynolds et al. (2009) highlighted the standards addressed in
each section of the rubric, and we modelled our assessment off of
these standards as well. The first section (questions 1–5 in our
rubric) addresses higher-order concerns such as targeting the
intended audience, contextualizing the research within the
scientific literature, and communicating research aims (Reynolds
et al., 2009). The second section (questions 6–8 in our rubric)
addresses organization, mechanistic issues, and citations. To
receive a score of “approaches expectations” for question 1, for
example, the written product must include appropriate definitions
or explanations of key terms and concepts with minor lapses that
do not prevent the primary intended audience from accessing or
engaging with the research/text (Supplementary Materials,
SciWrite rubric). In comparison, to receive a score of “meets
expectations” the written product must make the research not
only accessible but also engaging for the intended audience. To
adequately define the intended audience and genre conventions of
the written product they were assessing, assessors always referred
to the assignment sheet for that written product. (For further
explanation of assessment standards, consult Reynolds et al. (2009)
as well as our rubric in the Supplementary Materials section).

Development of Rubric
We collaborated with departments in the College of the
Environment and Life Sciences, Writing and Rhetoric faculty,
and program assessment experts to specifically tailor the rubric to
the needs of the SciWrite program (Tables 1, 2). The rubric was
slightly adapted to incorporate multiple criteria that assessed
students’ ability to meet our program learning outcomes. For
example, items 1–3 and 9–10 addressed Learning Outcome Two,
related toMultiple genres for multiple audiences (Tables 1, 2). To
determine if students were demonstrating effective command of
their writing in multiple genres for multiple audiences, the rubric
evaluated whether the writing was audience appropriate, followed
genre conventions, and used techniques appropriate to the genre
and rhetorical situation. We added one additional item for the
academic writing rubric, and two additional items for the public
writing rubric, in order to more fully assess Learning Outcome
Two. The additional items were: 1) Is there an appropriate depth
of content given genre and subject matter? 2) Does the text
delineate and accomplish a specific purpose within the
conventions of the rhetorical situation? and 3) Does the text
demonstrate its significance in a wider context, and build on
the existing knowledge base by using literary elements
appropriate to the genre (e.g., analogies, metaphors, similes,
visual examples, case studies, etc.) to support deeper levels of

understanding of complex ideas and phenomena? (See
Supplementary Materials)

The final rubric consisted of 10 items that addressed both
higher-order and lower-order concerns, and we created two
different versions of the rubric for academic versus public
audiences (Tables 1, 2). Items were arranged along a
hierarchy of higher-order concerns to lower-order concerns.

Statistical Analysis
We examined rubric items for potential correlations using
Spearman’s correlation tests. We found no significant (r ≥ 0.70)
correlations between rubric items and thus retained all rubric items
in our analyses, except as explained below. For the thesis/
dissertation proposals, we used a parametric t-test to compare
the total rubric scores for proposals written by SciWrite versus
non-SciWrite students. Data conformed to normality assumptions
and we detected no outliers. Given that we were comparing
relatively few thesis/dissertation proposals written by SciWrite
students to many more written by non-SciWrite students, we
bootstrapped the data with 1,000 samples using the BCa
method and created bias-corrected confidence intervals (Hall,
1988; Lehtonen and Pahkinen, 2004). In addition, we conducted
a principal component analysis (PCA) to determine which of the
eight rubric items contributed most to the variation in writing
quality scores of thesis/dissertation proposals. We used a Varimax
rotation with Kaiser normalization to simplify interpretation of the
resulting PCA loadings for each rubric item (Abdi, 2003). For the
two course assignments, we used separate Mann-Whitney tests to
compare the writing quality between SciWrite and non-SciWrite
students for the Public science writing piece (n � 11 and 16,
respectively) and for the Public engagement project report (n � 10
and 19, respectively).We used this non-parametric test because the
course data were not normally distributed. We used a paired t-test
to detect potential improvement over time in course-based writing
assignment scores for SciWrite students in their first course
(Writing in The Life Sciences) versus second course (Public
Engagement in Science). To make total possible points for the
two course rubric datasets equivalent, we removed the citations and
references score from the Public Engagement in Science data before
conducting this paired t-test. All statistical analyses were
performed using SPSS (IBM SPSS Statistics Version 26).

RESULTS

Writing Quality of Proposals
Writing quality of thesis/dissertation proposals differed
significantly between SciWrite and non-SciWrite students.
Total rubric score (mean ± SE) for SciWrite proposals was
2.4 points higher (21.55 ± 0.58) than that of non-SciWrite
proposals (19.15 ± 0.38, t9 � −2.98, p � 0.005), a mean
difference that equates to an entire letter grade if the rubric
was being used for grading purposes. All SciWrite proposals
received scores between 18 and 24, whereas non-SciWrite
proposals received scores between 13 and 23 (Figure 2).
One SciWrite proposal received the maximum score, but no
non-SciWrite proposals did.
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The mean score for each rubric item was consistently higher
for thesis/dissertation proposals produced by SciWrite students
compared to those produced by non-SciWrite graduate
students, and the range of scores was always smaller for
SciWrite participants (Figure 3). We found that two
components were sufficient (i.e., eigenvalues >1) to explain
variation in rubric scores and that higher-order concerns on
the rubric were a better predictor of variation in writing quality
of the proposal than lower-order concerns (Figure 4). PC1
explained 42.2% of the variation in rubric scores for the
proposal (Figure 4). PC1 had relatively large positive
associations with all the rubric items addressing higher-order
concerns (e.g., Appropriate for audience, Argument for
significance of research, Research goals, etc.) except for Genre
conventions and the lowest loadings for the two lower-order
concerns (i.e., Citations and references, Free of errors),
suggesting that PC1 primarily indicates higher-order
concerns (Table 3). PC2 explained 15.4% of the variation in
rubric scores for the thesis/dissertation proposals (Figure 4) and
had large positive associations with the rubric items addressing
the lower-order concerns (i.e., Free of errors and Citations and
references) suggesting this component primarily indicates
lower-order concerns (Table 3). The PCA also indicates that
if a proposal was free of errors and contained appropriate
citations and references (lower-order concerns), it was not
necessarily appropriate for the intended audience (Figure 4).

Writing Quality of Public Science Writing
Pieces and Public Engagement Reports
For both genres, mean total rubric score was more than two
points higher on average for SciWrite students compared to non-

SciWrite students (Figure 5). For the Public science writing piece,
the higher total rubric score (mean ± SE) for SciWrite students
(18.82 ± 0.64, range: 15–21, n � 11) compared to non-SciWrite
students (16.31 ± 1.09, range: 9–21, n � 16) was not significantly
different (Mann-Whitney U � 114.5, p � 0.195). For the Public
engagement project report, the higher total rubric score (mean ±
SE) for the SciWrite students (21.6 ± 0.88, range: 15–24, n � 10)
versus non-SciWrite students (18.79 ± 0.92, range: 12–24, n � 19)
approached statistical significance (Mann-Whitney U � 136.0,
p � 0.062).

Total rubric score (mean ± SE) for SciWrite students on the
second of their two course-based writing assignments did not
differ statistically from that of their first assignment (18.6 ± 0.67
vs. 18.9 ± 0.71, t9 � −0.605, p � 0.560, n � 10).

Inter-Rater Reliability
Rubrics used to assess writing quality should ideally produce
scores that are repeatable and consistent across trained
assessors (Jonsson and Svingby, 2007; Rezaei and Lovorn,
2010; Cockett and Jackson, 2018). We compared assessors’
scores of the proposals to assess inter-rater reliability of the
rubric. There was disagreement between raters on only 14 out
of 49 proposals for a total of 22 out of 392 rubric item scores
(5.6%). After a third assessor scored the proposals for which
there was disagreement, total rubric items with disagreement
was reduced to 15 out of 392 total rubric item scores (3.8%).
Two rubric items accounted for nearly half of the
disagreements between assessors (44%) — the Citation and
references and Free of errors rubric items. Thus, of the 3.8%
disagreement in scores, assessors disagreed mostly on the
evaluation of rubric items that addressed the two lower-
order concerns.

FIGURE 2 | Frequency distribution of total rubric scores for thesis/dissertation proposals written by graduate students trained in the SciWrite program vs. those not
trained in this program (“Not SciWrite”).
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FIGURE 3 | Each of the eight rubric item scores (mean ± SD) for proposals written by SciWrite and non-SciWrite students. Mean scores are diamonds. Scores of
individual students on each rubric item are the circular points with darker points for scores earned by at least five students and lighter points for scores earned by fewer
than four students. Rubric items in bold address higher-order concerns.

FIGURE 4 | Plot of principal component scores after Varimax rotation with Kaiser normalization for the eight rubric items used to evaluate thesis/dissertation
proposals written by SciWrite and non-SciWrite students. Rubric items that addressed higher-order concerns are labeled in red, rubric items that addressed lower-order
concerns are labeled in blue.
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DISCUSSION

The rubric developed as a part of SciWrite allowed us to evaluate
how well students wrote in multiple genres for multiple audiences
(Learning Outcome Two) and also provided an effective, holistic
framework for feedback. We determined that higher-order
concerns best explained the variation in rubric scores for the
proposals. A number of these higher-order rubric items were
specifically developed to assess the writers’ command of genre
and audience. This indicates that using such a rubric to assess
Learning Outcome Two was an effective choice. Our findings also
support what Reynolds et al. (2009) found with their BioTAP
rubric and what other studies have found about writing feedback
geared towards long-term learning (Nordrum et al., 2013;
Panadero and Jonsson, 2013). For example, writing and rhetoric
scholars such as Neman (1995) report that heavy sentence-level
revision with a focus on “errors” rarely helps students learn to
assess and revise their own writing and this has become common
knowledge for writing and rhetoric practitioners (Neman, 1995).
Furthermore, scholars have found that when faculty members
heavily revise their students’ papers and provide mostly

directive (rather than facilitative) comments it becomes difficult
for students to consider that there are a variety of choices to make
in their revision process, especially if these edits are made without
any sort of feedback framework to provide students with reasoning
for those revisions (Neman, 1995; Straub, 1996; Reynolds et al.,
2009). Such directive approaches prevent students from having
autonomy over their own writing and revision process (Neman
1995; Straub 1996). Studies have found that rubrics, if constructed
with higher-order concerns in mind, can reduce the potential
negative impact of directive feedback and help students learn
self-assessment of their own writing which can promote writing
autonomy and long-term learning (Nordrum et al., 2013; Panadero
and Jonsson, 2013; Fraile et al., 2017). Therefore, this rubric, if
implemented in concert with rhetorically-informed courses and
workshops, may be especially useful for science faculty and
graduate programs with limited experience in providing holistic
writing feedback for both higher- and lower-order concerns.

The rhetoric-based SciWrite training program required graduate
students to write early and often, for multiple audiences, and to
frequently review their own and others’ written works, and we
maintain that such training helped SciWrite students improve their

FIGURE 5 | Box and whisker plot of SciWrite versus non-SciWrite total score for the Public science writing piece and Public engagement project report. For the
public science writing pieces, minimum possible score was eight and maximum possible score was 21. For the public engagement project reports, minimum possible
score was eight and maximum possible score was 24. Boxes show 50% of the values for reported scores, solid lines within boxes show median score, dashed lines
show mean score, whiskers show minimum and maximum reported scores. P-values are from a Mann-Whitney U test comparing scores of SciWrite versus non-
SciWrite students for each of the two genres.
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writing skills. We found that graduate students who received
SciWrite training scored higher on average on three different
genres of writing than students who did not receive the training,
and most notably produced higher quality proposals. The largest
differences in scores on specific rubric items between SciWrite and
non-SciWrite student thesis/dissertation proposals were primarily
higher-order concerns (e.g., the Depth of content and Student’s
research goals rubric items). Furthermore, our PCA results
indicated that higher-order concerns (e.g., Appropriate for
audience and Argument for significance of research) were a better
predictor of writing quality for the proposal. These findings indicate
that SciWrite students better met audience expectations, and
therefore had a better awareness of their rhetorical situation.
There are other programs and courses similar to SciWrite that
have also focused their training on higher-order rather than lower-
order concerns in their curriculum (Smith et al., 2013; Heath et al.,
2014; Kuehne et al., 2014; Clarkson et al., 2018). However, none of
these programs placed an emphasis on learning outcomes designed
specifically for helping students learn how to better understand the
rhetorical situation of their writing projects. SciWrite is unique
because we developed specific learning outcomes and best
practices based on rhetorical tenets that, according to our
assessment, better prepared them to write in different genres for
a variety of audiences. Research has shown that genre conventions
and communication strategies within the sciences, and other fields of
scholarship, can be highly discipline-specific; students will only be
successful communicators in their field if they are adequately
prepared to adapt to the discipline-specific conventions and
audiences for which they are writing and communicating
(Darling, 2006; Dannels, 2009). Given that all science graduate
students must produce proposals as well as other writing
products for a variety of audiences, and must adapt to discipline-
specific modes of communication, we maintain that such rhetoric-
based training may be helpful for improving students’ scientific
writing for both academic and public audiences across a broad cross-
section of science disciplines.

The written assignments from the two courses were not as clearly
different for SciWrite students compared to non-SciWrite students as
the proposals. As expected, both groups of students in the first course
(Graduate Writing in the Life Sciences) produced assignments that
were similar in total rubric score.Webelieve this is becauseWriting in
The Life Sciences was taken during the first few months of the
SciWrite students’ participation in the SciWrite program. The mean
score of SciWrite student assignments in the second course (Public
Engagement in Science) tended to be higher on average than non-
SciWrite student assignments (p � 0.062). It’s important to note that
the intended audience for the Public science writing piece was a
general public audience, whereas the intended audience for the Public
engagement project report was a specialized professional audience
that may or may not have had an academic background. Although
there was not definitive individual improvement over the course of a
year in the SciWrite program, we conclude writing performance may
have varied depending on genre and intended audience and SciWrite
students were able to successfully compose assignments intended for
highly specialized audiences and rhetorical situations. Other studies
have suggested that teaching science communication for different
types of audiences may require different courses and methods of

instruction (Heath et al., 2014). And thoughmany experts cite using a
genre approach for writing instruction, almost no studies have
investigated the ways in which an individual students’ writing
abilities may vary depending on the genre at hand (Rakedzon and
Baram-Tsabari, 2017). We were not able to investigate the potential
factors that may contribute to variation in writing quality according
to genre, and so we recommend future programs investigate these
factors.

Our findings corroborate what practitioners in writing and
rhetoric have emphasized as perhaps the most important tool for
helping students to improve their writing—following a hierarchy of
concerns when giving feedback (Elbow 1981; North 1984; Reynolds
et al., 2009). Writing and rhetoric scholars have long argued that
higher- and lower-order concerns are two different components of
writing that should not necessarily be given equal weight when
helping students improve their writing (Elbow 1981; North 1984).
According to our analyses, a written product with a strong awareness
of the rhetorical situation is more likely to be higher in quality than a
paper that is merely free of errors. Put another way—true to the
argument often made in the field of writing and rhetoric, “free of
errors” does not necessarily equate to “good” writing. In the context
of the SciWrite program, specifically, these findings seem especially
pertinent. Our learning outcomes and program design were all
framed around writing and rhetoric best practices, so SciWrite
training placed virtually all of its focus on higher-order concerns
rather than lower-order concerns.

Recommendations for Use of the Rubric
and Implementation in Courses
One goal of the SciWrite program was to assist faculty members
and other institutions in providing their students with holistic
writing feedback that helps students improve their writing skills
over time. As such, we wish to provide readers with
recommendations from well-established, evidence-based
writing and rhetoric best practices that will help readers use
this rubric in their own programs and courses.

As mentioned previously, science faculty mentors are usually
only equipped to help their students with less complex, lower-
order writing concerns, and rarely receive training in giving
holistic writing feedback. Adapting the BioTAP rubric allowed
us to create a writing rubric for science students and faculty that
encourages faculty to give “reader-based” feedback (Brannon and
Knoblauch, 1982) and make comments on drafts from the
perspective of a member of the target audience rather than as
merely an editor or grader (Elbow 1981; Reynolds et al., 2009;
Druschke and McGreavy 2016). For example, instead of using a
rubric to take off points for typographical errors, faculty members
could use this rubric to encourage their students to think deeply
about their rhetorical situations. Faculty members could engage
their students in facilitative questions (rather than directive
statements) standard to the writing and rhetoric field such as:
“who is the intended audience?”, “what strategies did you use to
make this text engaging and persuasive, given the intended
audience?”, and “as a reader I’m confused by . . . because . . .
how could you explain this more clearly?” (Straub 1996; Reynolds
et al., 2009). Faculty members could also give their students
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suggestions for ways tomake the text more engaging, and the tone
more appropriate, depending on the audience, using the rubric as
a feedback framework. In addition, we recommend faculty assign
multiple drafts for writing projects, and use this rubric to provide
feedback on earlier drafts rather than saving feedback for one
final draft (Reynolds et al., 2009). This scaffolded, reader-based
feedback approach not only helps students to see writing as a
long-term, complex process, but it also reduces the amount of
time a faculty member must invest in making copious sentence-
level edits on the final product (Reynolds et al., 2009).

We recommend faculty do not simply integrate this rubric into
a course that is not designed with rhetorical tenets in mind. For
those interested in building off of the SciWrite model, there are a
number of writing and rhetoric best practices one can incorporate
into a course, in addition to using our rubric (Petersen et al., 2020).
For example, writing assignments can be scaffolded into simpler,
shorter assignments. This approach of assigning “chunks” of lower
stakes writing, rather than complete drafts, helps students get into
the habit of writing early and often (Petersen et al., 2020). In
addition, students can be assigned different genres of writing with
different intended audiences to help them learn how to adjust their
approaches according to the needs and expectations of different
audiences (Druschke et al., 2018). Lastly, students can be
encouraged to engage in peer review, placing an emphasis on
higher-order rather than lower-order concerns, and facilitative
feedback rather than directive feedback (Elbow, 1981; North,
1984; Neman, 1995; Straub, 1996). We were not able to
extensively discuss these strategies in this article, so recommend
readers consult Reynolds et al. (2009) and Druschke et al. (2018)
for more detailed program design suggestions.

Lessons Learned
Despite the success of the SciWrite program, there is still much
progress to be made with helping science graduate students
improve their writing and communication skills. Further
collaboration between science departments and Writing and
Rhetoric departments is highly recommended as this will allow for
development of comprehensive and interdisciplinary program
learning outcomes. Such an interdisciplinary approach allowed us
to create a holistic writing rubric that could assess written products of
multiple genres, so this approach will likely allow other programs to
develop a broader variety of program outcomes and assessment
strategies as well.

Our assessment approach had limitations that future programs
should address. First, using course data for overall program
assessment may have complicated our results. Because courses
are only 3 months long, it may be difficult to quantify writing
growth over such a short time span. (Heritage and The Council of
Chief State School Officers, 2010; Panadero and Jonsson, 2013). If
we had assessed a writing sample from all students before taking
each course, this would have given us baseline data to compare for
each student to their final writing assignment for each course. We
may have been able to more effectively quantify differences
between SciWrite and non-SciWrite students using this
repeated-measures design. Furthermore, rather than merely
looking for statistically significant differences in rubric scores
over relatively short time periods, future programs would be

wise to supplement this information with additional assessment
strategies that are formative, student-centered, and qualitative in
approach (Samuels and Betts, 2007; Panadero and Jonsson, 2013;
Cockett and Jackson, 2018).

We found that execution of different genres of public science
writing may be more, or less, difficult for individual students,
depending on a variety of factors. We were not able to
investigate what those factors may be (in part, because we did
not develop a formative, qualitative assessment method for looking
at individual growth over time). Future programs similar to SciWrite
could use our rubric to determine whether there is in fact variation in
an individual’s writing performance depending on the genre at hand.
We would recommend future programs use formative, qualitative
self-assessment methodologies, such as rubric-guided self-
assessment activities and portfolio self-assessment, in order to
investigate learning on a more individual level (Panadero and
Jonsson, 2013; Reynolds and Davis, 2014; Fraile et al., 2017). This
study design would allow an investigation of individual growth over
time in a formative, student-centered, and qualitative way (Samuels
and Betts, 2007; Cockett and Jackson, 2018). Investigating individual
students’ learning progress, and potential contributing factors to
such learning, could then help programs to develop more pointed,
research-informed training strategies with a variety of learning
outcomes and best practices depending on the rhetorical situation
in which students are engaging.

We recommend that future programs like SciWrite that wish
to assess students’ written products use an adaptable rubric such
as ours that prioritizes higher-order concerns. This approach will
be crucial in order to assess multiple genres of writing for a variety
of audiences, because it allows assessors to evaluate whether
students’ writing was audience appropriate, followed genre
conventions, and used techniques appropriate to the genre and
rhetorical situation. We were somewhat surprised that there
appeared to be differences in writing quality depending on
genre, and perhaps different genres of public science writing
require different types of training with varying learning outcomes
and assessment, depending on genre.

In addition, we recommend that future programs take a
similarly interdisciplinary approach to program development,
because this will encourage novel program design and a wider
variety of assessment approaches. Programs with similar goals to
SciWrite would likely benefit from creating learning outcomes
and program assessment rubrics with this interdisciplinary,
rhetoric-based approach in mind.

CONCLUSION

It is imperative that scientists improve their communication skills
with the public, and one way to address this issue is to better prepare
graduate science students for any kind of writing that will be
required in their future careers. Our research suggests that our
graduate fellows benefited from being in the SciWrite program, in
large part because they are now better prepared to communicate
science effectively to a variety of audiences. After successfully
implementing our program for 3 years, it seems that what likely
had the most impact was focusing our program activities and
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writing feedback on higher-order concerns such as thinking about
audience needs and expectations, clearly describing research goals,
and making an argument for the significance of the research (rather
than placing emphasis on “fixing” SciWrite fellows’ writing).
Somewhat unexpectedly, many fellows anecdotally reported to us
how helpful it was to their writing process that their SciWrite cohort
created a supportive community of practice. Fellows also gave some
anecdotal reports of instructors in other classes who focused on
directly “fixing” student writing, and this felt discouraging and not
as helpful as the supportive, facilitative approach that their fellow
SciWrite members took when giving writing feedback. Perhaps the
long-term quality of the program helped to slowly build a sense of
trust and community for the fellows and being in a community of
practice provided themwith confidence in their writing process and
ultimately helped them to learn more about writing from one
another. Lastly, the rhetoric-based approach of our program is
likely what helped better prepare fellows to skillfully write in a
variety of genres for a variety of audiences. We believe all of the
experiences in the SciWrite program will help our fellows in their
future careers and will prepare them to respond flexibly and adeptly
in any rhetorical situation.
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