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Despite substantial evidence that writing can be an effective tool to promote student learning and en-
gagement, writing-to-learn (WTL) practices are still not widely implemented in science, technology;,
engineering, and mathematics (STEM) disciplines, particularly at research universities. Two major
deterrents to progress are the lack of a community of science faculty committed to undertaking
and applying the necessary pedagogical research, and the absence of a conceptual framework to
systematically guide study designs and integrate findings. To address these issues, we undertook an
initiative, supported by the National Science Foundation and sponsored by the Reinvention Center,
to build a community of WTL/STEM educators who would undertake a heuristic review of the
literature and formulate a conceptual framework. In addition to generating a searchable database
of empirically validated and promising WTL practices, our work lays the foundation for multi-
university empirical studies of the effectiveness of WTL practices in advancing student learning and

engagement.

INTRODUCTION

A significant challenge in science education is how to move
students from thinking about science as a collection of facts
to be memorized toward a deeper understanding of concepts
and scientific ways of thinking. Within undergraduate sci-
ence, technology, engineering, and mathematics (STEM) edu-

‘IIOH one approach that has garnered considerable attention
isy ear1p® - g-win e—strategies designed to improve student
scientific writing (Moskovitz and Kellogg, 201[1) In contrast,
there has been a relative neglect of wi »#® - o eair? (WTL)—
using writing to improve student understanding of content,
concepts, and the scientific method. Despite substantial evi-
dence that writing can be an effective tool in student learning
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and engagement (e.g., Poirrier, 1997; Bangert-Drowns e l
2004; Brewyster and Klump, 2004; Thaiss and Zawacki, 2006;
Carter e ¢ ., 2007; Graham and Perin, 2007; National Survey
of Student Engagement, 2008) and that WTL strategies can
enhance knowledge acquisition and cognitive skill develop-
ment in science disciplines (Rivard, 1994), WTL practices are
still not widely implemented.

Rivard’s insightful review of WTL in science disciplines
identified several key issues that impede widespread accep-
tance and application of research findings. Since different
types of writing tasks result in different kinds of learning, we
need to determine the links between writing and both crit-
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transformation. Moreover, systematic, action-oriented re-
search involving both qualitative and quantitative studies
is needed to bridge the gap between researchers and practi-
tioners. All these issues are still relevant today.

Given the promise of WTL and the specificity of Rivard’s
recommendations for further research, what accounts for the
lack of progress in the intervening 18 yr, and what new ap-
proaches will be needed going forward? We argue that two
of the major deterrents to progress are the lack of a commu-
nity of science faculty committed to undertaking and apply-
ing the necessary research, and the absence of a conceptual
framework to systematically guide study designs and inte-
grate findings. A third deterrent is the continuing disconnect
between research and practice, which prevents instructors
from identifying and incorporating appropriate WTL inter-
ventions. In an effort to address these issues, we undertook
an initiative, supported by the National Science Foundation
(NSF) and sponsored by the Reinvention Center (a consor-
tium of 65 U.S. research universities dedicated to the improve-
ment of undergraduate education at research universities), to
build acommunity of WTL/STEM educators who would un-
dertake a heuristic review of the literature and formulate a
conceptual framework to guide collaborative studies and ed-
ucational practices.

A COMMUNIT BASED APPROACH

Although we acknowledge that some writing pedagogies can
be resource-intensive to implement, there are ample sources
highlighting more efficient and equally effective strategies for
responding to student writing (e.g., Spear, 1987; Thaiss, 1998;
Elbow and Belanoff, 1999; Ferris, 2003; Russell, 2005; Volz and
Saterbak, 2009; Bean and Weimer, 2011). Therefore, we began
with the premise that STEM faculty reluctance to incorporate
writing in their courses derives largely from a lack of aware-
ness of the research on the effectiveness of WTL, since most
published findings are in journals not regularly read by STEM
faculty and the majority of studies use methods unfamiliar to
most scientists. Rather than simply reviewing the literature
yet again and delivering “take-home messages” to STEM fac-
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make connections among items, develop self-explanations,
and monitor their own understanding and comprehension.
There has been a corresponding paradigm shift in education
from a focus on the curriculum and the acquisition of content
knowledge to developing the learners’ metacognitive skills
and learning strategies (Mayer, 1992) by incorporating model-
ing to make thinking visible and disciplinary practices overt,
providing graduated supported practice (“scaffolding”), and
encouraging reflection. Writing affords one of the most effec-
tive means for making thinking visible, and WTL practices
can foster learning of both content and modes of thinking
characteristic of disciplinary experts.

These advances in understanding about how people learn
provide the salient conceptual framework for a common—
and compelling—research agenda that we propose take
the following general form: What is the role of [specific
WTL practice] in improving [disciplinary-specific learning
objective] through impacting [specific cognitive, metacogni-
tive, motivational, and/or emotional process], as a function
of [context variables, such as course level and class size; dis-
cipline; level, background, and goals of students; and subdis-
cipline, local, and institutional factors]? Having a common
conceptual framework for research enables STEM educators
to undertake studies appropriate to their interests and par-
ticular context, while simultaneously participating in collab-
orative studies within and across universities, such that their
findings contribute to the broader delineation and mapping
of effective WTL practices.

LITERATURE REVIEz

Building on Rivard’s review, we focused our review on em-
pirical studies published after 1994 in which writing strate-
gies were designed to improve undergraduates’ learning in
STEM disciplines. We examined 324 journal articles, books,
book sections, conference proceedings, and reports that were
identified through searches in the Web of Science and ERIC
databases or suggested by the working group. Of these
sources, 203 specifically focused on WTL pedagogies within
STEM disciplines at the college level. We filtered studies
through the lens of learning theory and used our concep-
tual framework to organize and categorize findings by level
of course, discipline, and learning objectives. Representative
studies reporting empirically validated practices, as well as
descriptive studies that are promising and warrant further

trials, were identified for each cell of the resulting matrix
(Table 2). In addition, all studies were characterized by a num-
ber of additional key words to facilitate database searches
(Table 3). The database is available at: http://bit.ly/fjudgo.

IMPLICATIONS FOR FUTURE RESEARCH
DIRECTIONS

Our heuristic review found mostly descriptive case studies
reporting on the effectiveness of particular WTL practices in
improving students’ learning. Building upon emerging ef-
forts supported by the literature to move the research toward
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help in synchronizing our database with a stable, searchable online
database. This work was funded in part by NSF grant 000215159.
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