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Abstract: Science education has shifted towards emphasizing science literacy rather than simply
memorizing facts. Studies have shown that incorporating writing in science education engages
students in higher-order thinking, fosters critical reasoning skills, and deepens subject matter com-
prehension. However, writing can be particularly challenging for CLD (culturally and linguistically
diverse) students due to content-specific vocabulary and distinctive grammatical patterns. This case
study explores six CLD students’ experiences with writing in a seventh-grade science classroom in
the northeastern United States that used invention-based learning (IBL). By incorporating hands-on
invention processes, IBL facilitates problem-solving and student-centered learning. The study shows
how a writing-to-learn approach in science education can simultaneously support CLD students in
developing a scientific understanding of abstract concepts and address the need for science literacy
skills. The implications of this study suggest that teachers should integrate writing-to-learn strategies
into their science instruction to promote deeper understanding and improve science literacy. By
supporting students through productive struggles with writing and providing opportunities to
practice scientific language, teachers can help students develop critical thinking skills and better
comprehension of scientific concepts. In addition, by connecting hands-on experiences with writing
tasks, educators can make science more accessible and engaging for students, particularly those from
diverse linguistic and cultural backgrounds.

Keywords: content and literacy integration; content area literacy; science literacy; culturally and
linguistically diverse students; language-rich practices; invention-based learning; content area classrooms

1. Introduction

As technology advances, science education has evolved from an emphasis on mem-
orizing facts to helping students develop science literacy [1,2]. This means cultivating
students’ abilities to solve problems and establish connections between scientific concepts
and real-world scenarios, to meet the demands of contemporary society [3]. New curricu-
lum standards and frameworks have emerged, aiming to empower teachers in promoting
higher-order thinking and critical reasoning skills among all students [4-7]. Among various
strategies used to reach these educational objectives, writing stands out as one particularly
valuable tool [2,8,9]. Writing requires cognitive processes that significantly aids learners
in constructing meaning [2,8,9]. When deliberately integrated into instruction, writing-to-
learn is especially effective in enhancing students” understanding of science content [10-12].
Numerous studies have underscored the benefits writing has for engaging students in
higher-order thinking, fostering critical reasoning skills, and deepening subject matter
comprehension [10,11,13-15]. Through writing, students clarify their grasp of content,
generate new ideas, and apply acquired knowledge to real-life contexts [11,15,16].

However, many students find writing challenging. This can be particularly true
for culturally and linguistically diverse (CLD) students, whose linguistic and cultural
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backgrounds are different from many of their peers and teachers [17,18]. CLD students
who use more than one language at home or in the community may find it challenging
to complete school-based writing tasks, which in the US are typically in English. Unlike
oral language, proficiency with written language does not develop naturally through social
interactions [19,20]. Furthermore, the language of science can be particularly challenging
to understand due to content-specific vocabulary and distinctive grammatical patterns [1].
To make full use of writing in support of science learning, educators must appropriately
and intentionally incorporate thoughtful writing instruction into science curriculum and
instruction [1,21]. Such intentional instructional work is challenging but worth careful
study as the field seeks increasingly effective ways to support CLD students [1].

This study explored CLD students” writing experiences in an invention-based learning
(IBL) science classroom, to understand how students perceived writing as supportive
of their science learning. IBL is a type of project-based learning pedagogy emphasizing
collaboration and the invention process, as a means of building understanding [22]. IBL
is inherently hands-on and oriented to problem solving, and it also aims to foster student
interest [22-24]. Through IBL teachers facilitate learning engagements where students use
scientific knowledge, practice thinking processes, design, invent, and come to understand
for themselves how to apply science in the wider world [22-24]. As both IBL and writing
are distinctive but effective pedagogical methods to engage students in learning and
developing science literacy, teachers can use them together to meet the needs of diverse
students by providing creative and supportive opportunities for them to apply knowledge
in practice [22-25].

While there is much research demonstrating the effects of writing-to-learn in general
science education, very little research has been carried out in invention-based learning envi-
ronments in K-12 settings [22,23]. This study addresses this gap in the research by exploring
what six CLD students in an IBL classroom wrote about their science-based learning, and
what they said about their experiences with science writing. This study also explores the
ways writing supported students” knowledge development and learning transfer. In an
effort to understand how writing impacted students’ science literacy development, the
study posed the following questions:

e How do CLD students perceive and experience writing in an IBL program?
e In what observable ways does CLD students’ scientific knowledge and application of
that knowledge change through writing?

2. Literature Review

This paper builds on previous research [2,8-10,13,25] related to how writing serves
learning by addressing (1) the particular language challenges of science, (2) writing-to-learn
in science, (3) the concept of forward search in writing, and (4) knowledge transfer in
writing.

2.1. Language of Science

According to research studies [26-28], many science teachers spend relatively little
time on writing tasks and do not view teaching language and literacy as part of their
responsibilities within science education. This troubling fact means many science teachers
misunderstand the ways their subject area heavily relies on language and literacy to
communicate and exchange science-based knowledge [1,29,30].

Moreover, the language of science uses distinct discourse patterns, which make science
language and literacy development even more challenging and important for teachers to
help students access [31]. The language of science can be impersonal and even authoritative
in nature [1,21]. It relies on patterns of logical reasoning that differ significantly from
students’ daily dialogues. For example, instead of using conjunctions, such as ‘because’
and ‘but’, to directly connect ideas, science textbooks often use other words, such as ‘cause’,
‘result’, and ‘occur’, to imply relationships and connections [1]. Additionally, science
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texts often use dense noun groups, making them even more challenging for students to
comprehend [20,30-32].

Accordingly, many scholars emphasize the importance of language instruction and
writing practices in science to support student comprehension and access to science con-
tent [1,8,15,23,31]. Brisk and Zhang-Wu [31] argue that students must be taught to use
subject-specific academic language; students also need to see others use and rehearse using
such language in their own literacy tasks. Such practices enhance students’ ability to de-
velop their comprehension alongside their science-based academic language [1,10,21,30,31].

2.2. Writing-to-Learn in Science

Writing-to-learn is a pedagogical practice designed to support students in developing
subject-specific academic language [10,25]. Yet the process of writing-to-learn is also com-
posed of challenging sub-skills that are important for students to experience [2]. Engaging
in the writing process means that writers must reflect and elaborate on learned content, for-
mulating ideas, analyzing, identifying, drafting, and revising [2,33]. Such practices demand
much of writers and can significantly strengthen students’ knowledge and understanding
of academic subjects as they productively struggle with such tasks [1,2,34-36].

Although this process of “productive struggles” can be seen as time-consuming and
somewhat counterproductive compared to simply answering questions on the learned
concepts, the struggle to conceptualize understanding is a crucial element of deepening
comprehension of the subject matter [37-39]. As students participate in such processes, they
not only develop their language, but gain a deeper understanding of scientific concepts
and strengthen their higher-order thinking skills [2,9,16,37-39].

Several key studies demonstrate how useful writing can be to helping students develop
critical thinking skills [2,8,9,13], deepen their metacognitive awareness [40], and make
connections between science and their daily lives [10]. According to Fang et al. [1] students
who write in their science classrooms develop a deep understanding of science, clarify
and consolidate their knowledge, and connect science to their daily lives. As they write,
students learn how to clarify their ideas and develop critical thinking [1,2,9,27].

Research, such as the study of Hand et al. [41] of high school students’ writing, suggests
that the writing process helped students improve their metacognition and knowledge
related to chemistry concepts. Students who engaged in a writing activity spent more time
thinking about what they had learned, and their writing enabled them to explain concepts
that a control group could not explain [41]. The revision process also enhances students’
understanding of content [27,33,41]. For students who revised, “the second draft [of their
writing] was crucial in allowing [students] to better engage with the science concepts
and the language requirements of the task” [41] (p. 140). The act of revising in writing
attuned students to monitor their text for contradictions, which led them to reconcile their
(sometimes inaccurate) prior knowledge with new learning [41].

2.3. Forward Search in Writing

In addition, numerous studies indicate the apparent usefulness of the revision pro-
cess for supporting students’ science-based learning [27,33,41]. This work began most
prominently in 1999, when Klein [33] presented four hypotheses about writing-to-learn. He
argued that students develop new knowledge when they are supported in revisiting and
reorganizing their initial writing. Students who do so engage in a “forward search”, or a
process of reconstructing their knowledge as they rewrite compositions that they developed
in the initial stages of their learning [33] (p. 211).

Within a forward search process, students repeatedly visit their initial drafts to identify
and resolve contradictions or expand ideas in their writing [33]. Such thinking requires
them to reevaluate their thinking and expand their capacity to infer more accurately about
the world [27,33,34]. According to Hand et al. [41]:

[Writers] transform their ideas by ongoing analyses of their texts in terms of
expanding inferences, reviewing idea development, noting contradictions, and
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making appropriate revisions. In this view the writer learns from writing by
attending to, and clarifying, the emerging meanings of the text. (p. 740)

Forward search is not limited to writing; it is a notion applicable to any kind of learning
experience where students make inferences as part of a problem-solving process [34]. For
instance, Klein’s [34] research described how elementary students engaged in forward
searching by reviewing experimental results to generate ideas and expand their inferences
to solve problems. When students write to generate ideas, they effectively broaden and
deepen their knowledge and relate their learning to their everyday experiences [2,42].

2.4. Knowledge Transfer in Writing

The reflective process of writing also supports learners in transferring knowledge from
one context to another [43]. Since writing is inherently a process of discovery [43,44], it
enables students to restructure their existing knowledge to generate new ideas. According
to Flower and Hayes [45], such a process enables writers to “consciously. ..probe for
analogues and contradictions, to form new concepts, and perhaps even to restructure their
knowledge of the subject” (p. 28). This process of reconstruction is closely related to the
process of knowledge transfer, or a means by which learners apply knowledge from a
known context to an unfamiliar one.

Although knowledge transfer mechanisms are not universally defined, many studies
have found crucial factors that facilitate knowledge transfer [8,9,44,46-48]. Students must
be active participants in learning and have access to multiple examples of content linkages
from one context to others, and they must also have some proficiency in terms of the content
to carry out this work effectively [8,22,48,49]. Teachers effectively facilitate this for students
by helping them be actively engaged in the learning process through interest-driven or
highly motivating activities [8,22]. Learners must also be able to explore multiple examples
of the same content in contexts that are linked to each other [8,9,49]. According to Engle [49],
intercontexuality, or awareness of the links between two contexts, is important in helping
students transfer knowledge. Without sufficient context to help them understand how the
knowledge fits in various contexts, it is difficult for them to apply knowledge from one
context to another [9,49]. Lastly, learners must be able to cultivate a deep understanding of
content [50,51] to facilitate knowledge transfer. Learners who benefit from these conditions
have increased opportunities and capability to extend their knowledge not only to different
school-based contexts, but also to their lives outside of school [22,23].

Even though developing knowledge and effectively applying it to wider contexts is
often considered the ultimate goal of education, many studies demonstrate that schools do
not often reach this goal of helping students transfer their learning from school to the wider
world [46,52]. Writing can help support this process because it not only engages students
in a reflective process but enables them to flexibly reconstruct knowledge and apply it in
multiple contexts [23,42,45].

3. Methodology

The multiple case study at the center of this article explored this writing-to-learn expe-
rience for six CLD students participating in an IBL-based science curriculum. Each student
constituted a case, offering an in-depth analysis [53] of students” writing experiences both
within and across the six cases. The following sections introduce the study’s context, the
participating students and teacher, along with the data sources and analytic processes for
this study.

3.1. Context

This study was part of a joint effort among two universities and a public school
district in the northeastern United States. Together with the Brown Public School District
(BPSD) (pseudonym), we developed and implemented a STEM program for middle school
students, with a special focus on the student groups underrepresented in STEM fields.
The program utilized Lemelson-MIT’s invention-based curriculum, aligned with Next



Educ. Sci. 2024, 14,1031

50f 20

Generation Science Standards, and tailored for grades 6-10. Specifically, the “Chill Out”
unit was adapted for seventh-grade CLD students, integrating culturally relevant activities
and aligned writing instructions along with writing-to-learn tasks. In this unit, students
build lunch box inventions while learning about heat transfer concepts, such as convection,
conduction, and radiation. The curriculum was implemented by six seventh-grade science
teachers across two middle schools in the district. This study examined the classroom of
one of the six science teachers, Mr. Lee, and six of his CLD students during the 2019-2020
school year.

3.2. Procedures and Content
3.2.1. The Chill Out Curriculum

In the Chill Out program, students learned about heat transfer concepts, like convec-
tion, conduction, radiation, insulation, and thermal equilibrium. Mr. Lee guided them
through class lessons and hands-on activities exploring insulation, the thermoelectric ef-
fect, and heat transfer prevention materials. Students then applied their knowledge to
real-world problems, designing lunchboxes to maintain food temperatures. Working in
groups of three to four, students used various materials, like shoe boxes, aluminum foil,
bubble wrap, and old clothes, to create their lunchbox inventions. Each group tested their
lunchbox’s effectiveness by comparing temperatures with a control test. Based on the re-
sults of this experiment, students individually wrote reports framed as patent applications
to describe, reflect on, and promote their lunchbox inventions. Mr. Lee provided students
with language and writing lessons on how to compose scientific reports. Throughout, stu-
dents honed their writing skills through writing activities, fostering an inventor’s mindset
and effective communication of their ideas.

3.2.2. Writing a Report

Students submitted both an initial and final draft of their report. They received written
and oral feedback from Mr. Lee regarding the scientific concepts in their first draft and
had an opportunity to revise them with support during school hours. As they wrote,
students had the opportunity to discuss the science-based ideas embedded in the lunch
box invention they created together and to ask their teacher questions about these ideas in
their writing.

3.3. Participants

The student participants in this study were six seventh-grade CLD students. Using
a purposing sampling method [53], students were selected based on the three criteria:
(1) they self-identified as CLD students, (2) they fully participated in the Chill Out cur-
riculum, and (3) they were willing to participate in initial and follow-up interviews. The
participants were CLD students who were deeply embedded in both their heritage cultures
and the dominant culture of the United States. All participating students were female, each
with heritage roots from different countries, such as Italy, Guatemala, Greece, and others.
Despite their varied backgrounds, they all self-identified as CLD students and were either
children or grandchildren of immigrants.

3.4. Data Collection

Data for this study included classroom observations during the Chill Out unit, student
writing samples, and semi-structured interviews with both students and their teacher, Mr.
Lee. SLK, one of the authors of this article, collected field notes in Mr. Lee’s classroom
two to three times weekly over the twelve-week period. In addition, two semi-structured
interviews were conducted with the six CLD student participants.

3.4.1. Classroom Observations

SLK observed in Mr. Lee’s science classroom for twelve weeks, taking field notes two
or three times each week for one hour per visit to gain insight into student participants’
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experiences. She recorded as much detail as possible regarding lessons, materials, class
activities, small-group interactions, and class interactions. Her observations centered on
students’ progress in learning and their interactions with peers and teacher. During this
fieldwork, she also conducted informal conversations with Mr. Lee, which helped her
expand and contextualize her field notes.

3.4.2. Semi-Structured Student Interviews

Two semi-structured interviews were conducted with students, one right after they
completed the Chill Out unit and again at the beginning of the following semester. Both
interviews were conducted individually during lunch hour in a science classroom. Inter-
view questions were formulated based on the primary research objective: to explore the
perceptions of CLD students regarding writing within the IBL program and to assess the
evolution of their scientific understanding and its application throughout their writing
journey.

The first interviews were conducted individually and took between ten and fifteen
minutes per student. This interview included ten questions covering four different topics:

1.  Student’s demographic information (e.g., “Could you introduce yourself?”);
2. Inventing experiences (e.g., “Could you describe your lunch box inventing experi-

ence?”);

3. Writing experiences (e.g., “What was your experience with writing in the science
class?”);

4.  Perceptions towards writing in science (e.g., “What do you think of writing in sci-
ence?”).

As a form of member-checking [54], SLK conducted follow-up interviews later, which
took approximately 50 min. These interviews focused on specific questions about students’
prior writing experience in science, changes made between initial and final drafts, and their
perception of writing.

3.4.3. Report Writing Drafts

In addition to student interviews, their initial and final report drafts were crucial data
sources. These drafts shed light on students’ content knowledge development during the
Chill Out unit. Initially composed on a computer, the drafts included teacher feedback and
students’ notes for revision. Comparing initial drafts with final ones allowed her to gauge
changes in science knowledge. However, due to lost initial drafts, this comparison was
possible for only four of the six participants.

3.5. Data Analysis

SLK, one of the authors of this paper, initiated data analysis by thoroughly reviewing
interview transcripts, field notes, and student writing documents. This approach enabled
her to gain a comprehensive understanding of students” experiences. Throughout this
process, she made general notes in the margins to capture her overall impressions.

3.5.1. Analysis of Interview and Observation Data

Adding interview transcripts and field notes to Atlas.ti, a qualitative data analysis
program, marked an early step in analysis. This process consolidated all data sources into
individual documents for each student, facilitating the commencement of qualitative the-
matic analysis [55]. Inductively analyzing these documents allowed for the exploration of
both explicit and implicit meanings within students’ experiences [56]. To familiarize herself
with the data, SLK initially listened to all voice-recorded interviews and read through
interview transcripts. This listening phase helped in understanding students’ experiences
better, capturing nuances, such as tone, reactions, and expressions. Additionally, a thorough
review of field notes from classroom observations ensured comprehensive data familiarity.

During the subsequent analysis phase, initial codes (e.g., writing helps clarifying,
writing helps remembering, writing makes them to think, and writing helps understanding)
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were generated based on the research questions and refined through a cyclical process
of addition, combination, and splitting to encompass both interview and observation
data. The third phase involved reorganizing codes into thematic categories (e.g., writing
supports scientific understanding, benefit of forward searching (revising/revising drafts),
writing helped students understand the lunch box invention project, and benefit of forward
searching lunchbox project in writing), ensuring alignment with the dataset through review
and comparison. In the fourth stage, transcripts and field notes were meticulously revisited
to refine themes, while remaining attentive to emerging codes and themes. The final phase
comprised creating a visual report of themes to identify broader patterns within the data.
Summarizing each theme into concise statements helped in refining analytic thinking,
especially during discussions with an independent researcher to reconcile interpretations
and resolve disagreements.

3.5.2. Analysis of Student Writing Documents

SLK employed a deductive content analysis [57] to assess students” writing, which
involves evaluating data based on existing theories or frameworks [57]. Initially, she
uploaded students’ papers to Atlas.ti and coded them using categories derived from Gar-
cia’s [58] science literacy framework, further developed by Chiappetta and Fillman [59].
These categories—science as knowledge, investigation, extension, and meaningful inter-
action with society—served as the analytical lens. The four categories in this framework
aligned with broader goals of fostering not just knowledge acquisition but also critical
thinking and the application of science. By using this framework, the analysis captured
the depth of students’ scientific literacy, which is often a key objective in science education.
In addition, using these categories as the analytical lens enabled to gain a more nuanced
understanding of students’ papers; it helped in identifying not just whether students under-
stand scientific concepts, but how they investigated, extended, and applied these concepts
in meaningful ways.

While conducting the analysis, she remained receptive to emergent ideas. To ensure
systematic analysis, she developed definitions for each category and highlighted relevant
sentences in students’ compositions. Additionally, she cross-referenced Mr. Lee’s rubric
scores and her observations in students” compositions, followed by discussions with Mr.
Lee to validate her findings. Seeking rigorous analytic processes [60], she crafted descrip-
tive sentences for each category and engaged an independent researcher to compare her
findings with the created word documents containing descriptions and excerpts. For in-
stance, under the four major themes of science literacy (scientific knowledge, application
of knowledge, extension of knowledge, and investigating methods), twelve categories are

77

formed which include “presence of concepts or principles”, “connection between concepts
and experiments”, “learning through the use of materials”, and “scientific thinking and
discovery”. For each category, descriptive sentences are attached, such as “lunch box mak-
ing experience is provided to illustrate the concept or describe the scientific phenomena”
and “a discussion of the scientific method or procedure is demonstrated”. Throughout the
analysis, she integrated quotes from students’ writing to support her points, leveraging

their voices to illustrate the depth and complexity of learning.

4. Findings

Three major themes were evident as findings in this study. We first discuss students’
experiences of writing, which centered on the way writing helped them better understand
scientific concepts and clarify their thinking about how to build the lunchbox. The second
theme related to how students’ writing development between the first and final draft
indicated their deepened scientific knowledge of the heat transfer concepts. In the third
theme, we discuss the four science-based literacy skills evident in students’ reports, to show
how writing facilitated their science content knowledge and ability to transfer learning

from one context to another.
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4.1. Students’ Experiences of Writing

All six students shared that they believed writing helped them learn science by helping
them understand scientific concepts and helping them articulate why they did what they
did in the lunch box invention process (Table 1).

Table 1. Themes, number of student responses, and selected student voices.

Themes

S#

Selected Student Excerpts

writing supports scientific
understanding

6/6

I feel like when you write something, it’s easier to understand rather than,
reading it from a book. Because it's coming from you. So, you can
understand what you write. [When you read,] you don’t know what
you're reading until after you read it. But when you’re writing it by
yourself, you think about it more. So, it sticks with you more.

[Writing is] an actual thing to help [students] understand [scientific
concepts].

benefit of forward
searching in writing
(revisiting and rewriting)

5/6

I think [my understanding of the science concepts] developed because we
started with one [draft] and we just wrote about our ideas. Then we went
back and see what we needed to edit and add more to it and keep
developing and more edits.

I knew what convection meant but it was just confusing because these two
[convection and conduction] are very similar. But the next time I put it [in
writing], even Mr. Lee told me it makes a lot more sense.

the first few times I read it, I had to think about it, but after that, then I got
it more.

writing helped students
understand the lunch box
invention project

5/6

The writing helps you understand more of what the project’s about and
uses a lot of details [in comparison to] if you just did the lunchbox
project. .. I think the writing helped me connect [science concepts to the
lunch box project] because I didn’t really [understand] conduction,
radiation before. But then when I write it and then have a good
understanding of it. It helped make the project easier.

benefit of forward
searching lunchbox project
in writing

3/6

I felt like writing it and doing it [are] two different ways to see it, like
actually seeing [the] live version we’ve been making it. Sometimes I would
go back to the writing, add a little more thing, [then] go back to the lunch
box and see both. We can add [something to the lunch box] and go back to
the writing, and then edit more.

4.1.1. Writing Facilitates Comprehension of Scientific Concepts

All students reported having a greater understanding of science concepts after working
through the process of authoring their reports. Noa commented that writing helped her
understand science better because writing is a personal form of expression and knowledge
development that stays with the writer more than reading alone:

I feel like when you write something, it’s easier to understand rather than, reading
it from a book. Because it’s coming from you. So, you can understand what you
write. [When you read,] you don’t know what you're reading until after you read
it. But when you're writing it by yourself, you think about it more. So, it sticks

with you more.

Maggie, Nikki, and Sarah also explained that writing is “an actual thing to help
[students] understand [scientific concepts]” because using writing to offer a detailed expla-
nation means they must understand the scientific concepts they were explaining. Caroline
added that she believes writing helped her to understand the three main words for the unit
(e.g., convection, conduction, and radiation), which made her feel confident. She exclaimed,

“it’s like, I know the main concepts!”
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Five out of six students specifically acknowledged that engaging in the forward search
process of revisiting and revising their own writing during the writing process helped them
better clarify their understanding of science concepts. Caroline, Maria, Nikki, Sarah, and
Noa all indicated that the process of revisiting their writing after completing the first draft
and correcting their mistakes increased their scientific understanding. Caroline described
the forward searching process as follows:

I think [my understanding of the science concepts] developed because we started
with one [draft] and we just wrote about our ideas. Then we went back and see
what we needed to edit and add more to it and keep developing and more edits.

Sarah added that writing multiple drafts helped because it required her to “look over,
see mistakes, and rewrite”. She mentioned that writing helps her “get everything to the
way it’s supposed to be [by] trying to make sense [of scientific concepts]”. Noa also said
that the heat transfer concepts “made more sense” after she wrote about them the first time
and then reread her draft to revise. She also said that the writing “came along better” after
several rereads. She described the process as “the first few times I read it, I had to think
about it, but after that, then I got it more”.

Maria’s example of how forward searching supported her learning was evident in how
she was able to clarify her knowledge of heat transfer concepts. She explained that even
though she understood what convection was, she was unable to explain how it differed from
conduction in her first draft. In her second draft, she was able to distinguish between them:

I knew what convection meant but it was just confusing because these two
[convection and conduction] are very similar. But the next time I put it [in
writing], even Mr. Lee told me it makes a lot more sense.

Taken together, the students’” statements indicate how writing supported them to
develop deeper content knowledge about science concepts.

4.1.2. Writing Helped Students Understand the Lunch Box Invention Project

In addition to increased comprehension of the science content, five out of six students
reported that the writing enabled them to better understand the lunchbox inventing project.
Caroline described the process in the following way:

The writing helps you understand more of what the project’s about and uses a
lot of details [in comparison to] if you just did the lunchbox project. . . I think the
writing helped me connect [science concepts to the lunch box project] because I
didn’t really [understand] conduction, radiation before. But then when I write it
and then have a good understanding of it. It helped make the project easier.

Sarah and Maggie also reported that they understood the project because of the writing
tasks associated with the invention process. Maggie said that for her, “mak[ing] sense”
of the lunch box project was difficult, but that writing helped to make “a lot more sense”.
Sarah explained that writing helped her to “not just looking at [the project] but really think
about it”, which enhanced her understanding of heat transfer.

Furthermore, Maria, Nikki, and Caroline explained that they understood the funda-
mentals of their lunch box inventions better as they wrote and revised their writing. For
example, Maria explained that writing became the “backstory” of the project, which made
“the whole project come together”. For Nikki, writing helped her “make more sense of the
materials [she] used” in the project. She explained that writing was much more effective
than “just getting materials and building something” because writing forced her to show
her understanding of what she put into the lunchbox and why. Caroline also explained
the writing process “helped make the project easier”. She identified the interconnectivity
between the lunch box invention and writing experiences, saying she often referred to the
inventing experience as a resource for knowing what to write:

I felt like writing it and doing it [are] two different ways to see it, like actually
seeing [the] live version we’ve been making it. Sometimes I would go back to
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the writing, add a little more thing, [then] go back to the lunch box and see both.
We can add [something to the lunch box] and go back to the writing, and then
edit more.

Her comment illustrated how the lunch box invention and writing experiences com-
plemented each other to facilitate active knowledge construction. Students were noticeably
clear about how supportive they found writing-to-learn was to their invention process.

4.2. Development of Writing: Comparison between Initial Draft and Final Draft

Analysis of students’ writing drafts indicated they grew not only in their understand-
ing of science concepts, but in their writing development. Quotations from student writing
in the following sections have been reproduced exactly with all spelling and grammar
errors preserved, to maintain an accurate representation of what students knew and enacted
as writers. As indicated earlier, Maggie and Caroline’s first drafts were missing, so this
analysis was based on comparisons between initial and final drafts for Maria, Nikki, Sarah,
and Noa. To varying degrees, all four students’ initial and final writings demonstrated
they developed and deepened their knowledge of the scientific concepts in the Chill Out
unit. As Maria put it, students’ initial drafts offered an incomplete articulation of science
knowledge compared to their final drafts.

Maria’s explanation of radiation deepened significantly between her initial and final
drafts. In her first draft, she was only able to explain the heat lamp as a source of radiation;
in her final draft, she was able to explain how and where radiation took place within her
lunch box invention (Table 2).

Table 2. Maria’s initial and final drafts: explanation of radiation.

Initial Draft

Final Draft

As of radiation the only thing that happened was
the heat shinning [sic] from the heat lamp onto to

our cooler.

Radiation is when heat is transferred through electromagnetic waves and in
this project radiation was shown when the heat waves from the heat lamp are
shining onto the cooler. In order to prevent radiation the top of the box is
covered with white paper so the heat rays would reflect/bounce off. This step
is helpful because the heat isn’t going transfer into the top and the walls of the
shoes box as easily as it would without the paper.

In her writing, Sarah mirrored this approach. Initially, she described how the tinfoil
in the lunchbox reflected radiation. However, in her final draft, she expanded on this by
explaining that the lamp emitted electromagnetic radiation similar to sunlight rays. She
further elaborated that the aluminum foil she incorporated in the lunchbox served as a
method to restrict heat transfer, as it caused electromagnetic waves to bounce (Table 3).

Table 3. Sarah’s initial and final drafts: explanation of radiation.

Initial Draft

Final Draft

The radiation that is directed to the cooler is electromagnetic radiation which is

One good feature of the cooler is the tinfoil basically sun rays. Radiation is present in the lab when the cooler is being
wrapped around the box which did a great job of  tested by using sunlamp and putting it directly above the cooler and letting it
reflecting the radiation light of the cooler sit there for over more than 4 h. .. Aluminum foil bounces the electromagnetic

waves off the cooler. .. These steps were effective and limit heat transfer.

Nikki and Noa's drafts were less detailed in their explanations compared to those of
Maria and Sarah (Table 4). Nevertheless, all four students’ final drafts demonstrated an
enhanced understanding and explanation of the science concepts compared to the initial
drafts, demonstrating the development of their understanding and thinking.
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Table 4. Noa’s initial and final drafts: explanation of radiation.

Initial Draft Final Draft

Heat will bounce of the tin foil there for it helps keep our water =~ The radiation in the cooler is what allows heat to get in or out of
cold. We also put white colored felt on the outsides of a box. the cooler. . . Light colors and reflectors do not absorb radiation.
Because felt is an insulator it will keep the water bottle cold but ~ The light and heat will not stay for long once it gets to the

light colors (mainly white) reject the heat which is also a way to  alumium [aluminum] foil. Heat will bounce of the alumium

keep the water bottle cold.

[aluminum] foil there for it helps keep out water cold.

These shifts between the initial and final drafts reveal how extensively students
developed and articulated their scientific knowledge. All four students indicated an
increased ability to demonstrate their learning; they moved from vague and incomplete
explanations of heat transfer concepts to detailed and more complete explanations. This
change highlights the initial challenges they faced in articulating these ideas in writing and
demonstrates improvement as they revisited and revised their drafts to produce the final
version. This analysis of students” writing is aligned with what students self-reported in
interviews about the writing-to-learn process.

4.3. Science Literacy Skills Evident in Students” Final Drafts

Using the four elements of science literacy as an analytic lens on students’ final drafts
revealed the presence of all four elements in their writing. In brief, these four elements
are scientific knowledge, the application of knowledge, the extension of knowledge, and
investigating methods (evidence-based reasoning).

4.3.1. Scientific Knowledge

All students’ final drafts effectively demonstrated their understanding of heat transfer
concepts.

4.3.2. Application of Knowledge

While each students’ final drafts demonstrated the scientific knowledge of heat transfer,
the degree of applying the knowledge into the lunchbox project varied by student. All six
students’ final draft demonstrated their engagement in applying the three types of heat
transfer to the lunch box invention experiment.

Conduction. All six students attempted to apply the concept of conduction to their
lunch box invention; five of them successfully applied resourceful solutions to address con-
duction in their lunch box inventions. Caroline, Maria, Nikki, Sarah, and Noa’s application
of knowledge demonstrated that they understood conduction and were able to use that
knowledge to effectively combat it in their lunch box. However, Maggie’s application did
not show the same level of comprehension. Table 5 illustrates this for each student.

Caroline applied knowledge by discussing how she prevented (or could have more
effectively prevented) conduction in her lunch box. Caroline wrote, “to prevent conduction
we could have put more insulators on the outside and a little bit near the water bottle”.
This reflected her knowledge of conduction and how heat transfers.

Similarly, Maria’s report showed that she used physical evidence, such as the increased
temperature of a lunch box’s surface, to determine that conduction was happening. She
wrote, “in this cooler project conduction is shown when the outside of the box is getting
warm”, which suggested that she was able to transfer knowledge from the invention
process to her explanation of these ideas in her report.

Nikki, Sarah, and Noa also highlighted their knowledge of conduction by making
logical assumptions about conduction taking place during the experiment. Nikki explained
that she “mostly see[s] conduction when the water bottle and the heat connect”. Since
conduction is invisible to the human eye, her use of the word “sees” suggests she was
referring to her ability to observe the effects of conduction in the experiment. Sarah and
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Noa's writing excerpts demonstrate a similar inference about how conduction worked in
the experiment.

Conversely, Maggie’s explanation of using materials with a ‘light color” to reflect heat
relates to radiation rather than conduction. While this suggests she was attempting to
apply her scientific knowledge in both her writing and invention, it also reveals that her
understanding of conduction still needs further development.

Table 5. Application of knowledge based on the lunch box invention—conduction.

Name/Type Examples of Student Writing
Mageie Those materials used helped out the cooler because when you have something with
88 light color it reflects. (Misapplication of conduction)
. To prevent conduction we could have put more insulators on the outside and a little bit
Caroline
near the water bottle.
Maria In this cooler project conduction is shown when the outside of the box is getting warm.
Nikki Mostly see conduction when the water bottle and the heat connect.
Sarah When the cooler makes contact with the lab table and either the cooler emits heat
transfer. . .based on the temperature of the heat transfer.
The conduction came into our cooler and heated the water bottle resulting the water
Noa . S
bottle be a warmer temperature than it was to begin with.
Convention. Similarly, five out of six participating students attempted to apply their
knowledge of convection to the lunch box experiment and explain it in their writing, with
varying degrees of details (See Table 6).
Table 6. Application of knowledge during lunch box invention—convection.
Name/Type Examples of Student Writing
In the project the convection is all the heat lamps beating down on the water bottle inside
Maggie the box. The cooler has bubble wrap on the side of the cooler and plastic bags on the water
bottle to keep cool air on the inside and warm air on the outside.
Caroline Student did not discuss convection.
A way convection is shown in this invention is when. .. [I] try to keep the warm air out and
Maria the cool air in. . . by sealing the lid so the air wouldn’t move in or out. These steps are really
effective because now the warm air wouldn’t be going into the water bottle as easily.
The convection [is] occurring mostly when the heat comes through the box and mixes with
s the cold air and make a gas from the warmer spot to the cooler spot. Some steps that we
Nikki . . . .
took to prevent heat from reaching the water bottle was covering the water bottle itself with
bubble wrap and other materials such as plastic bags and packing peanuts.
Convection is shown when the heat from the lamp begins to heat up the cooler and slowly
Sarah the warm heat from all around the cooler starts to rise and the colder current sinks to the
bottom and keeps the beverages cool.
Noa During the project convection would occur when cold air in the cooler would escape or

warm air would sneak in.

For example, the students’” descriptions showed that they understood how convection
occurred and were able to design their lunch box to combat it. Maria wrote, “a way
convection is shown in this invention is when. .. [I] try to keep the warm air out and the
cool air in. . . by sealing the lid so the air wouldn’t move in or out”. This excerpt indicates
that she understood that convection takes place through the movement of fluid, such as
a liquid or gas; she sealed the lid to prevent this. Nikki’s explanation also indicated she
knew how convection could change the water temperature: “covering the water bottle
itself with bubble wrap and other materials such as plastic bags and packing peanuts” was
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an explanation of the materials she used to prevent convection. This demonstrates that she
had an understanding of convection in the project.

Radiation. Regarding the concept of radiation, five of the six student participants
were able to apply and articulate accurate understandings of the scientific concept. Table 7
contains students” explanations of how they accounted for radiation in their lunch box
projects.

Table 7. Application of knowledge during lunch box invention—radiation.

Name/Type

Examples of Student Writing

Maggie

To prevent the radiation from getting to the water bottle. The bottle was covered with white
packing peanuts and that was added because when the heat lamps beat through the box, we
needed their to be protection on the bottle. If it isn’t covered with packing peanuts the
radiation would go right through the box and straight to the bottle and that is defeating the
puspose [purpose] of trying to elsius heat transfer.

Caroline

During the experiment radiation occurs when the heat from the lamp discharges some of the
heat to the cooler. To prevent radiation the cooler was a light colored lunchbox

Maria

In this project radiation was shown when the heat waves from the heat lamp are shining onto

the cooler. In order to prevent radiation the top of the box is covered with white paper so the

heat rays would reflect/bounce off. This step is helpful because the heat isn’t going transfer
into the top and the walls of the shoes box as easily as it would without the paper.

Nikki

The radiation is most seen when occurring with the tin foil in the project because the
movement from the heat going into[, and] the box hitting the tin foil on top and the
white paper.

Sarah

Radiation is present in the lab when the cooler is being tested by using sunlamp and putting it
directly above the cooler. .. Aluminum foil bounces the electromagnetic waves off the
cooler. .. These steps were effective and limit heat transfer.

Noa

The radiation in the cooler is what allows heat to get in or out of the cooler. .. Light colors and
reflectors do not absorb radiation. The light and heat will not stay for long once it gets to the
alumium foil. Heat will bounce of the alumium foil there for it helps keep oul[r] water cold[.]

All students used a similar logic to explain the concept of radiation, showing they
understood the heat lamps as the source of radiation in the experiment. They also refer-
enced appropriate materials for ameliorating radiation, such as “white packing peanuts”,
“light-colored paper”, and reflective “aluminum foil”, as materials that “bounce the elec-
tromagnetic waves off the lunch box to prevent radiation heat transfer”. All students’
explanations demonstrate they had a strong understanding of radiation and how they
addressed it in the lunch box experiment.

Overall, regardless of the varying degrees, these CLD students demonstrated their
ability to directly apply scientific knowledge in the experiment and express their scientific
understandings in written form.

4.3.3. Extension of Knowledge

Every student included one or more real-life examples beyond the lunch box experi-
ment to support their explanation of heat transfer (Table 8). Five of the six students gave an
example of conduction, three students gave examples of convection, and all six students
gave examples of radiation. Sarah, who included real-life examples for all three types of
heat transfer, wrote about a radiation shield:

In relation to limiting heat transfer, people [have] also created inventions to help
prevent heat transfer such as a radiation shield. . . [S]sources of radiation can be
shielded with solid or liquid material, which absorbs the energy of radiation. . .to
reduce the radiation to a level safe for humans.

Sarah also included an example from daily life: “Oven mitts are used so you don’t
make direct contact with the metal and burn yourself [which] by the way is conduction,
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so oven mitts are used to prevent conduction”. Maria was also able to provide a real-life
example of radiation: “Many people try to prevent radiation when being out in the beach.
They do this by putting on sunscreen so the sun rays don’t burn their skin”.

Table 8. Students’ real-life examples of conduction, convection, and radiation.

Name/Types of Heat Transfer

Conduction Convection Radiation

Light-colored clothes,

Maggie Boiling water B microwaves, light bulbs, and fire
Caroline Opening a door - Stove (fire)
. . Keeping a window closed
Maria Wearing jackets (heat transfer through the air) Sunscreen, sunglasses
s Opening a door . .
Nikdkd ) (heat transfer through the air) Wearing white clothes
Sarah Oven mitts Thermos Biological shield
Noa Aluminum foil - Sunscreen
Every participant was able to make one or more connection between their science
knowledge and real-world examples. Students offered a diverse set of examples and
explanations, indicating that they all deepened their learning beyond simple memorization
of the examples they learned in the classroom.
4.3.4. Evidence-Based Reasoning
In their final reports, five out of six students referenced experimental data to support
the effectiveness of their lunchbox design, indicating another aspect of science-based
writing: using data to support conclusions. Students” examples are contained in Table 9.
Table 9. Evidence-based reasoning.
Name/Type Examples from Student Writing
Mageie The cooler was successful because the water bottle started at 0.2 °C and it ended with 10.1 °C
88 which made it have a 9.9 temp increase when the control had a 16 °C temp. Increase.
Caroline The bottle of the temperature was 6 °C and the final bottle temperature was 22 °C.
This invention is a success because the control group[’]s. . . initial temperature of the water bottle
was 6 degrees Celsius and when putting it inside the shoebox under the heating lamp the
Maria temperature of the water was 22 degree Celsius which meant it went up 16 degrees Celsius. The
invention made by 7th graders on the other hand started off at 0.8 degrees Celsius and ended at
8 degrees Celsius meaning it went up 7.2 degree Celsius.
In conclusion, the initial control bottle temperature is 6 °C and the final control bottle
Nikki temperature was 22 °C. The initial temperature of the bottle inside the lunchbox was 0.2 °C and
the final temperature of bottle inside lunchbox was 10.1 °C we reduced radiation, convection, and
conduction.
Sarah Student did not include experimental data.
Noa The cooler was successful at keeping the water bottle started at 0.6 degrees Celsius and it ended

at 15.5 degrees Celsius.

Students recognized the importance of indicating how they investigated a certain
concept (in this case, the temperature of the water), and used the data as evidence to
support their design. Maggie wrote that her lunch box design was successful because “the
water bottle started at 0.2 degrees, and it ended with 10.1 °C which made it have a 9.9 temp
increase when the control had 16 °C temp. Increase”. Her comparison between their lunch
box and the control’s water bottle was an effective way to show how the lunchbox design
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was successful in preventing heat transfer. Maria also provided a detailed description of
the control lunch box to validate her argument:

This invention is a success because the control group|[’]s. . . initial temperature of
the water bottle was 6 degrees Celsius and when putting it inside the shoebox
under the heating lamp the temperature of the water was 22 degree Celsius which
meant it went up 16 degrees Celsius. The invention made by 7th graders on the
other hand started off at 0.8 degrees Celsius and ended at 8 degrees Celsius
meaning it went up 7.2 degree Celsius.

Caroline, whose lunch box water bottle temperature was the same as the control lunch
box, acknowledged that her lunch box was not successful in preventing heat transfer. Each
of these examples indicate that students were successful at investigating and logically
reasoning out their conclusions based on scientific evidence.

4.4. Summary of Findings

While the students developed varying degrees of science literacy skills, their writing
indicates the four elements of science literacy, namely scientific knowledge, application
of knowledge, extension of knowledge, and investigating methods. An analysis of stu-
dent writing in this study reveals that the participating students were able not only to
demonstrate scientific knowledge but also to apply and extend that knowledge to both
the lunchbox inventing experience and real-life examples. Furthermore, they were able to
reach a conclusion using evidence-based reasoning, drawing on their experimental data to
foster their own scientific literacy.

5. Discussion

The challenge of understanding complex and abstract scientific concepts is significant
for CLD students who may already face the dual task of navigating both unfamiliar scien-
tific terminology and the nuances of academic discourse in a second language [1,18,23,61].
The intricate language of science, characterized by dense vocabulary and specific discourse
patterns, further complicates their learning process [1,23,30,31,61]. This discussion ex-
amines how writing can be a powerful tool for CLD students, helping them to deepen
their understanding of scientific concepts, enhance their science literacy, and achieve
academic success.

Previous research indicates that writing is a complex and challenging process requiring
writers to reflect upon and elaborate the content they have acquired [2,8,9]. This process
strengthens students” understanding of subject matter, promotes deeper comprehension
of concepts, and encourages engagement in higher-order thinking skills [2,8,9,16]. The
multifaceted nature of writing — which encompasses formulating ideas, analyzing, identi-
fying, drafting, and revising — poses significant challenges for students [2,33]. Although
this process of productive struggle, where students take time to think, write, and revise,
can be time-consuming and difficult, researchers assert that it can be crucial for achieving
deeper understanding [37-39]. Many scholars argue that productive struggles support
subject matter learning and should be integrated into educational practices rather than
avoided [37-39]. The concept of productive struggles is clearly reflected in this study, par-
ticularly in students’ discussions of their writing experiences. Students reported that “we
went back and saw what we needed to edit and add more to it and keep developing and
making more edits”. The development from initial to final drafts also revealed productive
struggles through writing. As the students describe, through multiple drafting stages they
were able to reach a point where the concepts “made more sense” to them.

In addition to engaging in productive struggles to deepen their understanding of
scientific concepts, the writing-to-learn approach helped connect their invention experience
with science concepts addressed in the curriculum. While writing, students were able
to use their lunchbox invention experience as a reference to visualize how the invisible
“heat transfer” concepts occurred in the lunchbox invention. While the experiment may
have been fragmented or lost in their memory, writing revived the experiment once more
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and allowed them to visualize and reflect on the scientific concepts. By writing about and
referring to the experiment, students were able to reflect on their lunchbox experience to
better understand the science. The writing became a strong bridge to connect the hands-on
experience to abstract scientific theories, enhancing their understanding and clarifying
and solidifying their knowledge [23]. Through writing, the lunchbox invention experience
became a solid foundation of background knowledge that students could build upon and
refer to. This is particularly beneficial for CLD students, whose prior knowledge of the
topic may differ from that of their peers or the teacher.

In addition, writing became a way for CLD students to expand their communicative
and meaning making repertoires in science [62]. Writing allows students to articulate their
understandings and engage with scientific concepts through specific discourse patterns,
thereby solidifying their understanding of content and enabling them to contribute mean-
ingfully to academic discussions [1,2,9,23,27,62]. By expanding students’ communicative
resources, writing equipped them with the tools necessary to express their understandings
across a spectrum of scientific discourse. Furthermore, by connecting to the invention expe-
rience, students were able to use the lunchbox experimental results from their inventing
project to engage in evidence-based reasoning in their compositions. This practice allowed
them to connect the invention experience with science concepts and provided opportunities
to articulate scientific concepts in a logical way by using the data set gathered through
the experiment.

Another important takeaway from the findings was the forward searching process that
took place through writing multiple drafts. According to Klein [33], forward searching is a
process of revising the initial writing, which allows for the development of new knowledge.
This is also a process of reconstructing their knowledge as they rewrite compositions from
the initial stages of their learning. This forward searching process requires writers to
reevaluate their thinking and communicate more clearly about the content [27,33,34].

Forward searching was clearly present and beneficial for CLD students in this study.
Students were asked to write multiple drafts, and the differences between their initial
and final drafts showed significant improvement in their articulation of concepts and the
accuracy of information. At first, students struggled to use the language of science and
make sense of concept in writing, but after revision the final drafts demonstrated more
accurate understanding and clearer use of scientific language. Their final drafts not only
developed the concept of heat transfer but also increased language articulation. As students
put it, concepts “made more sense” and “came along better” as they revisited and rewrote.
Through forward searching in writing, students not only developed their understanding of
science concepts but also enhanced their science literacy skills.

An interesting finding in this study was that forward searching was not limited to
revisiting writing only. Forward searching happened as students referred to their lunchbox
inventing experience. Klein’s [34] research has shown that forward searching is not limited
to writing but can be applicable to any kind of learning. For example, Klein [34] describes
how elementary students engaged in forward searching by reviewing experimental results
to solve problems. In this study, students forward searched by utilizing their inventing
experience, experimental results, and the data as evidence to support the logical reasoning
in their writing.

This study has several important implications for educational practice. First, engaging
students in productive struggles through writing-to-learn can be particularly beneficial for
CLD students. Productive struggle involves students in a back-and-forth reflective process
in which they are encouraged to grapple with complex ideas, revise their understanding,
and refine their thinking [2,9,27,34,39]. This metacognitively challenging process may be
frustrating for some students initially, but with sufficient time, structured support, and
guidance from teachers, it can lead to significant gains in understanding. For example,
when students are asked to write multiple drafts of their work, they are compelled to
revisit and reconsider their initial ideas, and this can promote deeper cognitive engagement
with the material. This iterative process helps students to develop more sophisticated
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and nuanced understandings of scientific concepts, as shown by the improved accuracy
in their final drafts [2,9,27,34]. Through sustained engagement in productive struggle,
students build resilience and persistence, which are critical skills for scientific inquiry and
problem-solving [2,9,27,34,39].

Second, writing-to-learn is an effective method for teaching the language of sci-
ence [2,8,9,27,34]. Scientific language is often dense, abstract, and filled with specialized
vocabulary that can be challenging for students, especially those who are culturally and
linguistically diverse [1,21,30,31]. Many science teachers may feel that teaching language
skills falls outside their purview, focusing instead on the delivery of content [26-28]. How-
ever, this study illustrates the benefits of integrating language instruction within the science
curriculum. When students engage in writing-to-learn activities, they practice using sci-
entific terminology and discourse patterns, which helps them internalize these concepts.
For instance, by writing about their experiments and inventing projects, students learn
to articulate their reasoning using appropriate scientific language. This practice not only
enhances their science literacy but also prepares them to communicate their findings effec-
tively. Incorporating writing-to-learn strategies into science instruction moves beyond rote
memorization and encourages students to actively construct and express their understand-
ings. This approach not only supports CLD students in overcoming potential barriers but
also fosters an inclusive environment where all students can develop the skills needed to
participate fully in academic discussions.

In addition, writing assignments that require students to draw on their experiences,
such as the lunchbox inventing project discussed in the study, can make abstract scientific
concepts more concrete and experience-near. By connecting hands-on activities with
writing tasks, students are able to visualize and understand the principles behind key
phenomena like heat transfer. Reflecting on and writing about their practical experiences
helps to solidify their knowledge and provides a strong foundation for future learning.
This approach not only enhances comprehension but also encourages students to see the
relevance of science to their everyday lives, thereby increasing their engagement and
interest in the subject.

In conclusion, this study demonstrates the critical role that writing can play in science
education, particularly for CLD students. Writing-to-learn approaches can be a key tool,
enabling students to connect their hands-on experiences with complex scientific concepts.
The process of writing, including iterative drafting and revision, not only deepens cognitive
engagement but also promotes the development of scientific literacy. The results demon-
strate that by integrating writing into science instruction, educators can effectively support
CLD students in developing science literacy and achieve academic success in science.
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