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ABSTRACT

Background: In recent years, computer science education has emerged as a necessary part of school curricula for students of
all ages. With such momentum in this direction, it is essential that program designers, educators, and researchers ensure that
computer science education is designed to be inclusive, effective, and engaging for all students.

Objective: Accordingly, this paper reports on the design and implementation of an inclusive digital learning platform and ac-
companying curriculum for scaffolding and integrating coding into writing instruction for elementary-aged students (approx-
imately ages 9-12). In this paper, we report on teachers’ uses of the Compose and Code (CoCo) platform and curriculum, how
students used its features, and its influence on students’ computational thinking skills and attitudes about coding.

Method: Data analysed in this mixed-methods study come from 11 teachers and 595 students in Grades 3-6. Data sources in-
cluded teacher reflections and interviews, an assessment of computational thinking for students, and a coding attitudes survey
for students. Quantitative data were analysed descriptively and using paired sample ¢-tests. Qualitative data were analysed induc-
tively using open coding to determine emergent categories.

Results and Conclusion: Findings indicate that (1) a majority of students effectively used the CoCo platform to plan their work
and code in Scratch, with a smaller percentage using the self-evaluation and self-monitoring features, (2) teachers indicated
overall positive perceptions of the CoCo platform and curriculum, with strong support for using it in the future, (3) students’
computational thinking skills improved over the course of the project, with results indicating a large effect size (g=1.24), and (4)
student attitudinal results were mixed, providing insights to the barriers that students face when learning to code. Overall, this
study indicates that the CoCo platform and curriculum show promise as a scaffolded, structured, and integrated tool for teaching
elementary computer science to elementary grade students.

1 | Introduction school curricula (Vegas, Hansen, and Fowler 2021). This un-

precedented expansion of computer science education at the

In recent years, computer science education has emerged as a
necessary part of school curricula for students of all ages, with
a concerted effort to integrate computer science into elementary

© 2025 John Wiley & Sons Ltd.

elementary level is underpinned by several factors, one of
which is the ever-increasing demand for a tech-savvy workforce
(Piliouras et al. 2014). Though, there are numerous potential
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Summary

« What is currently known about this topic?

o Visual programming languages such as Scratch can
be effective tools for teaching elementary grade stu-
dents how to code.

o There is some evidence that this type of instruction
needs to be carefully scaffolded in order to make it
accessible to all learners.

» What does this paper add?

o This paper reports on student and teacher percep-
tions of an inclusive digital learning platform and
accompanying curriculum for scaffolding and inte-
grating coding into elementary writing instruction
and its effect on computational thinking skills and
student attitudes.

o To our knowledge, the Compose and Code curricu-
lum is the only existing approach that strategically
leverages the similarities between writing and cod-
ing to use traditional writing as a bridge for learning
about coding.

« Implications for practice

o Results show that the use of the Compose and Code
digital graphic organiser tool and curriculum that
integrates writing and coding (a) helped scaffold the
process of coding a story in Scratch into small, man-
ageable steps and made it possible for all students
to participate in coding instruction, (b) reduced
distraction by helping students pre-plan what they
wanted to code so that they would not be diverted
by irrelevant options and features, and (c) led to im-
proved computational thinking skills, which often
results in a flashy animation with a fuzzy message.
These findings indicate the importance of strategic
integration of learning support tools and strategies
when teaching coding to children.

o

benefits of learning about computer science that expand beyond
future career opportunities. First, coding, a key aspect of com-
puter science, can be a creative process that enables students
to express themselves in ways they otherwise could not. Even
young students can create interactive stories and games, using
programming languages to translate their ideas into a digi-
tal product (Bers 2020). Not only does coding enable students
to creatively express themselves, but scholars have found that
coding can foster creativity among young children (Murcia
et al. 2020; Su et al. 2024). Further, coding requires computa-
tional thinking skills and the breakdown of complex problems
into smaller, manageable steps, all of which are crucial skills ap-
plicable far beyond the computer science realm (Li et al. 2020).
Additionally, research has shown that computing experiences
can improve students’ attitudes about STEM more broadly (e.g.,
Master et al. 2017). In other words, the integration of computer
science into elementary education is not merely a response to
workforce demands but a crucial step in fostering creativity,
problem-solving skills, and positive STEM attitudes in young
learners.

Despite the potential benefits and increasing necessity of teach-
ing computer science to young students, it can be difficult to add

content to an already-crowded instructional day. As evidence of
this difficulty, elementary teachers repeatedly report that lack of
instructional time is a primary reason for not integrating com-
puter science and coding into instruction and report that inte-
grating computer science into existing subject area content is
ideal (Colwell et al. 2023) Further, it is difficult to ensure that all
students have the opportunity to learn computer science since
it is often as an advanced learning option rather than an inclu-
sive option that is available to students with a range of learning
abilities (Hutchison et al. 2021). These challenges prompted a
novel approach. To address these obstacles, the current study
leveraged the similarities between writing and coding to create
an inclusive, scaffolded computer science curriculum and dig-
ital learning platform for integration into elementary literacy
instruction. The current study was designed to guide students in
using traditional writing as a bridge for learning about coding.
This approach was selected because of the similarities between
the logical structures of writing and coding, which have been
pointed out by Vee (2017) and others. Both writing and coding
demand planning, sequencing, decomposition of complex tasks,
and adherence to specific syntax (grammar versus code syn-
tax). This parallel may allow students to apply familiar writing
skills to understand coding structure and logic, for example,
applying narrative structure comprehension to grasp program
sequencing. The iterative process of writing—editing and revis-
ing—mirrors debugging in coding. Furthermore, the emphasis
on planning and outlining in writing translates directly to the
need for organised code, leading to more efficient and accu-
rate programming. Additionally, many scholars have argued
that coding is an increasingly essential form of communication
(e.g., Vee 2017; Hutchison, Nadolny, and Estapa 2016; Hutchison
et al. 2021), making it appropriate for inclusion in literacy in-
struction, the content area in which elementary students are pri-
marily taught about methods of communication.

By integrating coding within existing writing instruction,
rather than adding extra time, this approach maximises effi-
ciency and may increase student interest through multimodal
learning (combining familiar writing with novel coding). This
synergistic approach may also make coding skills more relevant,
enhancing both writing instruction and computer science edu-
cation. Accordingly, this paper reports on the design and imple-
mentation of the Compose and Code digital learning platform
and accompanying curriculum for scaffolding and integrating
coding into elementary writing instruction. The current study
addresses the need for inclusive approaches for integrating com-
puter science into elementary instruction, specifically by lever-
aging the existing time and skills developed during elementary
writing instruction. In this paper, we report on teachers' uses of
the Compose and Code (CoCo) platform and curriculum, how
students used its features, and its influence on students’ compu-
tational thinking skills and attitudes about coding.

2 | Literature Review

Scholars worldwide have designed and studied a variety of cur-
ricula and programs to teach computer science, coding and
computational thinking in the early years (e.g., Bers et al. 2014;
Sullivan and Bers 2016). Computational thinking (CT) has been
defined and studied many ways; for purposes of the current
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study, we focused on CT skills broadly, using programming as
an approach for equipping students with the CT skills of se-
quencing, pattern recognition, abstraction, decomposition, and
algorithmic thinking (Shute, Sun, and Asbell-Clarke 2017).
Examples of how scholars have previously studied CT and cod-
ing include: (1) developing CT learning games to determine how
game play may impact CT skills (e.g., Asbell-Clarke et al. 2021;
Ayman et al. 2018); (2) considering how robots and physical
computing can help teach CT skills for young children (e.g.,
Casey et al. 2018; Egbert et al. 2021; Katterfeldt et al. 2018);
(3) developing culturally responsive computing curricula
(e.g., Novak and Khan 2022); and (4) considering how to inte-
grate computer science concepts into other elementary content
areas (e.g., Hutchison et al. 2021; Deniz et al. 2020; Yesilyurt
et al. 2022). Even with this increase in efforts to understand
approaches for teaching computer science in the elementary
grades, there is still a significant need to consider and under-
stand approaches for students who have difficulty learning these
concepts. Examples of approaches for supporting students of all
levels include application of self-regulated strategy development
(Sanders et al. 2019) and the use of comprehension tools such as
graphic organisers, both of which were used in the development
of the CoCo platform and lessons. Each of these approaches is
described subsequently.

2.1 | Graphic Organisers

Graphic organisers are visual tools that aid in organising and
representing information, concepts, and relationships in a struc-
tured and easily understandable format. Graphic organisers
can act as comprehension tools to help students structure their
thoughts and understand the logical steps involved in coding
(Hutchison et al. 2024). They can be used to reduce cognitive
load and aid in planning before actually writing code (Lee and
Tan 2010). Various types and uses of graphic organisers have
been shown to increase comprehension of many kinds of content.
For instance, research by Mayer and Moreno (2003) indicates
that these tools can reduce cognitive load during multimedia
learning. Graphic organisers can assist learners in organising
information into manageable segments, facilitating a better un-
derstanding of relationships between ideas, concepts, and facts.
For example, DiCecco and Gleason (2002) found that students
with disabilities benefitted from the use of a graphic organiser
to improve understanding of the relationships among concepts
derived from expository text. Additionally, when used for writ-
ing, computer-based graphic organisers may improve both the
quantity and quality of writing (Evmenova et al. 2016). Further,
computer-based graphic organisers are effective for students both
with and without disabilities (Sturm and Rankin-Erickson 2002;
Ponce, Mayer, and Lopez 2013). Based on the aforementioned
research, we reasoned that a graphic organiser format may be
particularly helpful for students who have difficulty with the ab-
stract nature of programming. Thus, the CoCo platform used in
the current study was designed as a type of graphic organiser.

2.2 | Self-Regulated Strategy Development

Self-regulated strategy development (SRSD) is a research-based
instructional approach designed to improve students’ writing

skills, particularly for individuals with writing difficulties or
learning disabilities. This approach places a strong emphasis on
explicitly teaching academic strategies and self-regulation skills,
and there is substantial evidence supporting its effectiveness for
learning (Sanders et al. 2019). The cultivation of self-regulation
skills empowers students to set learning goals and monitor their
progress, thereby increasing the likelihood of task completion.
Specifically, SRSD is comprised of six instructional stages: (a) de-
veloping and activating background knowledge, (b) discussing
the strategy, (c) modelling the strategy, (d) memorising the strat-
egy, (e) supporting students in using the strategy, and (f) promot-
ing independent performance (Sanders et al. 2019). Numerous
studies have demonstrated that SRSD can improve the writing
skills of students with and without disabilities and highlight
the positive impact of explicit strategy instruction (e.g., Kistner
et al. 2010). In the context of coding, we reasoned that SRSD
may help students break down complex tasks, plan their code,
and debug effectively. This strategic approach to self-regulation
is important because coding requires significant self-direction
and problem-solving skills. Accordingly, SRSD was included as
a key design feature of the CoCo platform and lessons used in
the current study.

In sum, the CoCo platform employs a digital graphic organiser
format to help students plan their code, utilises SRSD to em-
power self-regulated learning, and combines coding with writ-
ing to improve comprehension and expression. The research
questions then evaluate the effectiveness of this integrated ap-
proach on student CT skills and attitudes.

2.3 | The Current Study

The current study fills the need for an inclusive, integrated ap-
proach for teaching computer science to elementary students
and examines the use of the Compose and Code platform for
scaffolding and integrating writing and coding. The study ad-
dresses the following research questions (RQs):

RQ1. To what extent do students use the features of the
Compose and Code platform for scaffolding and integrating
writing and coding?

RQ2. What are teachers' perceptions of the Compose and Code
platform and curriculum?

RQ3. To what extent does participation in Compose and Code
instruction influence students' computational thinking skills?

RQ4. To what extent does participation in Compose and
Code instruction influence students’ attitudes about computer
science?

3 | Methodology

3.1 | Research Design

As part of a larger study, this work was conducted using a

mixed-methods approach to understand teacher and student
perceptions and outcomes related to utilising the CoCo platform
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and its accompanying curriculum. Compose and Code (CoCo)
is an inclusive digital learning platform designed to support
all students in developing computational thinking and cod-
ing skills through explanatory writing. Functioning as an in-
teractive graphic organiser, CoCo incorporates self-regulated
learning strategies and Universal Design for Learning supports
(including a graphic organiser, audio comments, video models,
and text-to-speech) to scaffold the process of coding animated
stories using the Scratch platform. One of its unique features
is that it guides students in planning out a written sequence of
ideas and then generating a plan for how to use their written
text as a foundation for coding an animated story in Scratch.
Once students select what they want to do in Scratch, CoCo au-
tomatically populates the relevant Scratch code blocks, provid-
ing visual cues and video tutorials on code implementation. This
feature is important for students who need a more scaffolded
approach for learning abstract coding concepts. CoCo guides
students in computational thinking, prompting them to decom-
pose their big idea into small steps and plan a logical sequence
for their code. Five levels of scaffolding ensure accessibility for
students with varying writing and coding abilities and diverse
learning needs. CoCo guides students through sequential steps
and self-monitoring throughout the writing and coding process.
For example (as illustrated in Figure 1), a student might use
CoCo to plan a how-to guide for making hot chocolate, decom-
posing the process into steps and then visually mapping out the
corresponding code blocks needed to create an animated project
in Scratch.

Prior to using CoCo and the accompanying curriculum, teachers
participated in online professional development to learn about

foundational concepts related to the work and to learn about the
digital tools they would use. The topics of the online professional
development modules were: (1) What is computer science and
why is it important?; (2) What is computational thinking and
how is it relevant to you and your students?; (3) How do I code
and how can I fuse computational thinking into plugged activi-
ties?; (4) What is universal design for learning and how do I use
it?; and (5) What is CoCo?

Following participation in the online professional development,
teachers implemented four researcher-designed units of study fo-
cused on composing written explanatory compositions and then
planning and translating those compositions into multimedia
animations using Scratch visual block-based programming envi-
ronment. Lessons were implemented during the literacy block of
the regular school day and implementation occurred over a period
of 4months, with one unit implemented each month. Researchers
observed participating teachers at least one time each and re-
flected with teachers about the lesson implementation and pro-
vided support for future implementation. Additionally, teachers
submitted a reflection to the researchers after each lesson and
researchers responded to questions, concerns, and outcomes. The
units included scripted lesson plans and ready-made slide decks
that were designed to be used with CoCo. Further, to make the
lessons inclusive of all learners, all lessons were designed with
the Universal Design for Learning framework and components of
SRSD (Sanders et al. 2019). The researchers used a checklist for
each lesson to ensure that each lesson included the following com-
ponents related to SRSD: (1) provides explicit instruction when
building new knowledge; (2) engages students through active par-
ticipation, frequent eliciting of student responses, and a brisk pace;

CoCo Level 1

Graphic Prompts for goal Auto-population of
organizer for setting and blocks needsin  Self-monitoring
writing planning Scratch prompts

My ldeas:

]

First, get all of your materials.
You will need a mug, hot
chocolate mix, milk, and a
spoon.

@Then

Then, pour the milk into the
mug and warm it in the
microwave.

!

@Do I need to add a start block?

What | Want to Do:

@Do I need to add a sprite or object?
‘D) Do | need to add or change a

background?
@Do I need to make my sprite talk?

D Do | need to make my sprite think

something?
|)bol need to create a costume?

@Do I need to switch a costume?

No@lD Yes
NoeYes
NomYes

NomYes

No‘)Yes

No@D Yes
No@D Yes

1

Blocks & Icons I will need:

~0 O
o @) o @ s

ink (R for @) seconds

<& Costumes

swilch costume to  costume2 v

!

Self-monitoring:

((J1added a start block.
D I added a sprite or object.

C] I added or change a
background.
D I made my sprite talk.

C] I made my sprite think
something.

(J1created a costume.
C] I switched a costume.

FIGURE1 | Features of the compose and code platform.
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(3) includes strategies to scaffold and meet student needs (e.g.,
assistive technology, graphic organisers, self-regulation learning
strategies, and peer-assisted learning); (4) provides a clear struc-
ture to the lesson with a limited number of measurable learning
objectives and opportunities to activate and recall prior knowl-
edge; (5) incorporates universal design for learning principles;
multiple means of engagement, multiple means of representation,
and multiple means of action and expression; and (6) motivates
students with varied methods of instruction, by identifying the
purpose of learning objectives and frequently revisiting objectives
to show accomplishments, and providing clear and specific praise
and reinforcement.

The CoCo lessons are grouped into four units, each including ex-
plicit instruction on computational thinking skill(s), learning ob-
jectives in Scratch, and a particular text type. In all cases, students
use CoCo as the graphic organiser for planning both their coding
and their writing. In each unit, students are introduced to new
Scratch blocks both in the direct instruction and in the options
provided by the levels of CoCo. Table 1 shows the foci of each unit.

To provide sufficient scaffolding for classes to complete the units
at a reasonable pace, each lesson was designed to gradually in-
troduce additional Scratch blocks and features of CoCo. The les-
sons build on each other such that students’ progress from less
complex tasks like brainstorming or unscrambling an existing
animation in Scratch to independently writing and coding their
own compositions and animations within the unit. Units range
from three to five lessons, and the research team also devised a
condensed five-lesson sequence that introduces students to the
key ideas of computer science in lesson 1, to Scratch and CoCo

TABLE1 | Description of instructional units.

Unit Foci
Unit 1 CS or CT focus: pattern recognition,
5 lessons sequencing, + numerous Scratch
blocks & coding concepts
Writing focus: writing a recipe
Unit 2 CS or CT focus: abstraction, + numerous
4 lessons Scratch blocks & coding concepts
Writing focus: Writing an expository
composition of the students' choice, that
is, instructions for how to play a game,
directions to a location, and so forth, using
the transition words ‘First, Then, Next,
and Last’ as organisational anchors
Unit 3 CS & Writing integrated: Using knowledge
3 lessons about the text genre, Scratch blocks, and
CoCo structure from previous units, students
use Scratch and CoCo together to create and
engaging multimedia animation based on
the explanatory text they generated in CoCo
Unit 4 CS or CT focus: decomposition + numerous
3 lessons Scratch blocks & coding concept

Writing focus: Students write story
summaries and apply new CS concepts to
code animated versions of their summaries

in lesson 2, to explanatory writing in lesson 3, to planning an
animation in lesson 4, and then finishing and sharing their mul-
timedia animations in lesson 5. Two different versions of the
lessons were created, one for third and fourth grade and one for
fifth and sixth grade. The distinction between the two versions
is that the higher grade level materials include more complex
programming concepts and text types.

3.2 | Participants

Teacher participants in this study included 11 teachers (Female=9,
Male=2) from 6 different schools in a diverse school district in a
Mid-Atlantic state in the United States. Teachers' years of teach-
ing experience ranged from 4 to 15years. Additionally, there were
595 student participants in grades 3-6, grade level distributions
as follows: grade 3 n=203, grade 4 n=101, grade 5 n=210, grade
6 n=81. School administrators did not allow us to collect demo-
graphic information on individual students. However, the school
district in which the study took place serves a diverse student popu-
lation of more than 181,000 students from grades pre-kindergarten
through 12th grade. Specifically, over 27% of the total students are
from economically disadvantaged families; about 14% of the stu-
dents are reported as students with disabilities; over 20% of the
students are identified as multilingual learners. Demographically,
about 37% of the students are White, 27% are Hispanic, 20% are
Asian, 10% are Black, and 6% of the students are from other eth-
nic groups. Although we were unable to collect information about
individual students’ disability status, lessons took place in inclu-
sive classrooms in which general education and special education
teachers taught together, indicating that a portion of the students
had documented disabilities and individualised education plans.

3.3 | Data Sources and Data Analysis

To answer the first research question, we examined the com-
positions that students created in the CoCo platform through-
out the course of the project. We calculated the frequency with
which students used each feature of the platform as percentages
(see Figure 1 for features of the CoCo platform). Additionally,
we analysed field notes from classroom observations to add
further detail about students’ uses of CoCo. Field notes were
first read holistically, with researchers highlighting any notes
that specifically referred to how students used and interacted
with the CoCo platform. This led to a total of 17 relevant data
excerpts, which researchers then compared to look for patterns
in the data. Something was considered to be a pattern if it ap-
peared in observation notes three or more times. This analysis
process resulted in the identification of three patterns related to
students’ use of CoCo, which we report in Section 4.1.

Figure 2 shows an example of a student's planning for writing
using the CoCo platform and the resulting Scratch project based
on the writing and planning done in CoCo.

Several data sources were used to answer the second research
question. First, teachers completed brief reflections after
teaching each unit, for a total of 4 reflections per teacher.
These reflections asked teachers to indicate (1) their level of
preparedness to teach the instructional unit, (2) how well the
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N2 First

First get all your materials you
will need a lemon, a spoon, a
glass, a knife, water, and sugar.

lass and fill it
r.

rmon in
fe and
n halves in

Last
Last, add a little sugar and mix it
all together with the spoon.

First get all your materials
you will need a lemon. a
spoon. a glass. a knife
water, and sugar

Next, you cut the lemon in
halves with the knife and
squeeze both lemon
halves in the glass

Last. add a littie sugar and
mix it all together with the
spoon

FIGURE2 | Example of student work planned in CoCo and then coded in scratch.

TABLE 2 | Example of using data to determine category trends.

Data excerpt

Codes Category trend

‘Along with that, the graphic organiser on CoCo was
helpful. It forced students to have a plan instead of just
jumping right in to creating. It helped them slow down their
thinking’. (3rd Grade Teacher)

CoCo as helpful Positive teacher perception of CoCo

CoCo as useful for supporting students in coding

for planning

CoCo as scaffold

CoCo platform and instructional materials worked for stu-
dents with and without disabilities, (3) an overall rating of
the unit and the most positive and negative aspects of using
the platform and other instructional materials, (4) what
could be done to make the instructional materials better,
and (5) whether they would implement the unit again with
or without changes. Additionally, teachers completed a post-
participation interview in which they responded to a series
of semi-structured questions regarding their perceptions of
participating in the project. The interviews were transcribed
and analysed using open coding following a general inductive
approach (Thomas 2006). Semi-structured interview data that

focused on teachers' perceptions of the CoCo platform and
curriculum were first transcribed and read through holisti-
cally to gain an overall understanding of the data and emerg-
ing ideas. Transcribed data were then inductively coded to
determine emergent category trends related to teacher percep-
tions. Table 2 illustrates this process:

To answer the third research question, students completed the
Elementary Student Computing Attitudes Survey ([ESCAS];
Mason and Rich 2020) at the beginning of the Fall 2022 semes-
ter and the end of the Spring 2023 semester. The survey instru-
ment comprises 23 items assessed using a 6-point Likert-type
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scale which includes the following options: (1) strongly dis-
agree, (2) disagree, (3) somewhat disagree, (4) somewhat
agree, (5) agree, and (6) strongly agree (refer to Appendix A).
The ESCAS was developed and validated through a rigor-
ous process involving over 6000 upper-elementary students.
Mason and Rich (2020) provided evidence for content validity
through expert review and field testing. They provided evi-
dence for construct validity using confirmatory factor analy-
sis (CFA) with good model fit (RMSEA and SRMR <0.08, CFI
and TLI>0.9), and structural equation modelling (SEM), also
showing good fit (RMSEA =0.037, CFI1=0.950, TLI=0.940,
SRMR =0.032). To score the responses, we assigned a score
of 1 to 6 for each of the response categories on the scale
from strongly disagree to strongly agree. We explored the
Cronbach's alpha reliability of the 23 items with all the pre-
survey responses (n=557), and the alpha value of 0.91 indi-
cates a relatively high reliability for the whole instrument.
The present study aimed to compare the potential differences
between pre-survey and post-survey data, so we only included
paired data from both pre-and post-survey tests for a total of
238 completed responses.

To answer the fourth research question, students' computa-
tional thinking skills were measured at the beginning of the Fall
2022 semester and the end of the Spring 2023 semester using
the Assessment of Computing for Elementary Students (ACES;
Parker et al. 2021) as pre- and post-tests (see Appendix B for a
copy of the assessment). Parker et al. (2021) conducted a system-
atic development process for the ACES and collected evidence
for its validity, which included a pilot study with 57 elementary
students. The researchers gathered evidence for content valid-
ity through multiple methods, including conducting cognitive
interviews with students, aligning the assessment with estab-
lished computational thinking learning trajectories, and basing
the assessment on existing curricula and assessments for sim-
ilar age groups. They provided evidence for construct validity
using item analysis, with acceptable difficulty indices (mostly
between 0.2 and 0.8) and discrimination indices (mostly above
0.2). Evidence for reliability was provided via Cronbach's alpha
(@=0.686).

The ACES included 10 multiple-choice questions to measure el-
ementary students’ computational thinking skills. To score the
responses, we assigned a score of 1 to each question, so the max-
imum score for this assessment is 10. Among the 10 questions,
five questions have only one correct answer while the other five
questions have more than one correct answer. For the questions
that have more than one correct answer, we assigned scores pro-
portionately to the percentage of the response that was correct. A
total of 237 students completed both pre- and post-assessments.

4 | Results

4.1 | RQ1: To What Extent Do Students Use
the Features of the Compose and Code Platform
for Scaffolding and Integrating Writing and Coding?

The main purpose of the CoCo platform is to help students plan
out the content that they want to code before going to Scratch
to create their project. CoCo guides students in creating written

content and deciding how to animate their story in Scratch to
most effectively convey their main idea(s). Once students check
the boxes to indicate what they want to include in their Scratch
animation, the correct block appears in CoCo to help students
see which blocks they will need to find in Scratch. Once done
planning in CoCo, students go to Scratch to code their animated
story. To understand how often students use the features of CoCo
and how it may have supported them in coding their animated
story, researchers designed a rubric with the following four sec-
tions: (1) relevance of the final Scratch project to the prompt
provided in CoCo; (2) use of each feature of the CoCo graphic
organiser; (3) connection of the Scratch project to the written
story planned in CoCo; and (4) extent to which the animations
added in Scratch support the main ideas and overall purpose
of the story. Using this rubric, researchers scored, and students
planned work in CoCo with the final projects created in Scratch;
Unit 1 (n=336), Unit 2 (n=96), Unit 3 (n=273), Unit 4 (n =286).

Results indicate that a large percentage of students effectively
used the CoCo platform to plan their written product and to
plan how they would code their product in Scratch. Across the
four units, an average of 71% of students planned out their writ-
ten content and used the transition words provided in the first
column of CoCo graphic organiser. In addition, across units,
an average of 65% of students planned what they wanted their
Scratch project to look like and the message they wanted it to
convey using the second column of the CoCo organiser. A re-
view of Scratch projects across all 4 units indicated that 70% of
the projects created in Scratch closely aligned with the content
planned in CoCo. The least used features of the CoCo platform
were the self-monitoring questions and self-evaluation features,
both of which are SRSD strategies intended to keep students fo-
cused on their goals. The self-monitoring feature provided a col-
umn where students could return to CoCo to check off whether
they had found the correct blocks in Scratch. The self-evaluation
feature asked students to indicate how they felt about the written
and coded portion of their project. Only about 31% of the students
used the self-monitoring and self-evaluation features in CoCo.

Field notes from classroom observations provided further
insight into students’ uses of CoCo, revealing three relevant
patterns in how CoCo was used or implemented. First, across
classrooms, researchers noted that teachers often did not ex-
plain or encourage students to use the self-monitoring and
self-reflection features in CoCo. In all cases, this was due to
time constraints. Self-monitoring was explained as one of the
last steps in all the lessons, encouraging students to continue
returning to CoCo as they coded in Scratch. However, during
most observations, it was noted that students often had just
enough time to complete their coding, with little to no time
to self-monitor to see if they had included all of the blocks
and ideas they had planned in CoCo. Self-reflection was de-
signed as one of the final steps of the lessons to help students
reflect on their work as a whole. However, researchers never
observed teachers getting to this point in the lessons because
they all ran out of time before getting to this part. This lack of
time likely explains why these were the least used features of
the CoCo platform.

The second pattern that researchers identified is that teach-
ers often asked students to write their ideas on paper before
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beginning to use the CoCo platform. In classrooms where this
was the case, researchers noted that students began their writ-
ing in CoCo quickly and were more prepared to enter informa-
tion into Column 1 of CoCo. In these classrooms, students often
got further along in the lesson than they did in classrooms where
students did not first do some initial brainstorming or planning
on paper. Planning on paper was one of the options suggested in
the lesson plans, but was listed as optional.

A third pattern that was identified during observations was
that students enjoyed and made use of the text-to-speech
feature that enabled them to hear what they had written in
Column 1 of CoCo read aloud to them. We do not have data
about the exact number of times that students accessed this
feature, but researchers noted that students often identified
mistakes in their work or revised their work after using this
feature.

Although teachers were not specifically asked about which fea-
tures students used most frequently, interview data from teach-
ers also provides some insight into how students used CoCo.
For example, in their interviews, over half of the participating
teachers (n=6) indicated that they required students to use
CoCo before coding in Scratch and monitored them to ensure
they had completed their planning in CoCo. This monitoring
that occurred before coding may be indicative of why the pre-
planning features were used more than the self-monitoring fea-
tures. A sixth-grade teacher explained why she was diligent in
monitoring their planning:

I mean it's like any graphic organizer, they just want
to get going and it's good for them to pause and
think about it. Coco was actually helpful to them in
organizing because a lot of them wanted to just start
coding, and [by using CoCo] they knew what they

wanted to do when they got to Scratch.

A majority of teachers (n=6) also commented that the first
column of CoCo, in which students plan out their story, was
beneficial. Teachers indicated that it required students to
write and think, even when they didn't want to, and that the
step-by-step process helped them to plan successfully. For ex-
ample, a third-grade teacher stated that column one helped
students

..break down their thinking, to take it step by step
and really just think about the elements of literature;
Who their characters are, what is the setting, the plot.
So it helped them to really focus on each individual
element.

4.2 | RQ2: What Are Teachers' Perceptions
of the CoCo Platform and Curriculum?

To understand the teachers’ perceptions of the usefulness of the
CoCo platform and curriculum, teachers were asked to complete
a reflection after teaching each of the four instructional units.
Each reflection consisted of 10 multiple-choice questions about

teachers' levels of preparedness to teach the lessons and use
CoCo, the extent to which the lessons and CoCo platform helped
meet the needs of diverse students, and open-ended questions
about general impressions of the lesson materials and CoCo
platform.

Across the four instructional units, 80% of teachers felt mostly
or fully prepared to facilitate the units. 90% of teachers reported
that the units mostly or fully meet the needs of students who
are on-grade-level or above-grade-level for reading and writ-
ing, whereas 62% and 60% of teachers, respectively, reported
that the units mostly or fully met the needs of students reading
and writing below grade level and learning English as a second
or other language. 40% of teachers indicated that they encoun-
tered unexpected surprises while teaching the units, which re-
sulted in teachers reporting that they chunked the units due to
time constraints (53%), students' abilities (21%), and students’
language background (7%). About 84% of the teachers indi-
cated that they would implement the instructional units again,
indicating high usability and acceptability from teachers.

Results from interviews supported reflection results. Teachers
indicated positive overall perceptions of the CoCo platform
and curriculum, with some considerations for minor barriers
they faced. These results are described in the following two
sub-sections.

4.2.1 | CoCo Platform

Teachers indicated appreciation for the scaffolded approach that
the CoCo platform provided students to plan for coding. For ex-
ample, the fifth-grade teacher noted, ‘T thought that the CoCo
platform for the students was really great. I think giving them
that level of just planning, especially for this project where some
of them were coming in with very minimal knowledge of how
to do it, I think was quite helpful’. Teachers liked that CoCo was
manageable for students, automatically generated blocks to help
students visualise what they would need to select and use to
build code in Scratch, and made students take time to plan out
their ideas, much in the way students are encouraged to map out
and plan traditional writing.

Teachers commented, too, on how the CoCo platform supported
their students learning to speak English as a Second Language
(ESL) and their students with learning disabilities. A third-
grade teacher reflected,

It'sbeen interesting seeing the range of which students
[CoCo] works for better than others. I think I like the
concept a lot. I like how it forces kids to really sit and
plan, and I love that using CoCo just shows them the
blocks of what they would need to do, and I like that it
has that self-monitoring tool.

Teachers regularly commented on the usefulness of CoCo as a
planning tool and support for students who were unfamiliar with
Scratch or who needed additional support for language or learn-
ing needs. Additionally, interview results noted that CoCo forced
students to consider multiple aspects of using Scratch and coding
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a story or how-to script online before students ever entered the
Scratch platform. They felt that this level of preparation created a
more seamless Scratch experience and final work product.

One teacher provided an overview of why she thought each fea-
ture of CoCo was useful, commenting as follows:

I think it was useful because it broke it down for the
kids step by step for their writing. I liked the audio
component because they could play back their writing.
And then sometimes if they hear it... You can tell kids,
‘Reread, reread, reread, check for mistakes’. But hearing
it, they could realize, ‘Oh, I did not type or write what I
thought I was writing’. I liked the way with CoCo, they
were in control of their choices by clicking yes or no, the
way they had the visual pop-up of the commands. I also
liked the way you could click... There was a place where
you could click to remind yourself of what that block
did. So I thought that was all very useful.

I like that there is a checklist where they go back and
check off, did I do this. For some kids, they would go
back and forth. For some kids, they would get so caught
up in their creating with Scratch that I would have to
say, ‘Oh, go back to your checklist’. They needed that
constant reminder- have you done everything? And
then at the end, the reflection piece, I think that's a very
good piece for them to do. We always do some sort of
reflection whenever we're doing some sort of work, so
I thought that was a quick, positive way to do that. So I

thought CoCo was very useful and very helpful.

The only specified drawback that was documented was students,
particularly those with language or special learning needs,
struggled to log into the CoCo platform as email and password
information were unfamiliar to them.

4.2.2 | Curriculum

Like the CoCo platform, perceptions of the CoCo curriculum
that was designed to accompany the CoCo platform and was
provided to teachers were positive, with teachers highlighting
multiple aspects of the curriculum as useful. First, teachers
felt that the lesson plans were easy to follow, provided strong
content, and provided numerous useful resources throughout.
A third-grade teacher commented, ‘The lesson plans were very
helpful. They were thorough. They were descriptive, and it
helped me every bit along the way. Even when there were days
where I would need two days, it was because the lesson plans
were very clear’. Other teachers commented that the lessons
took more class time than the plans indicated. However, they
felt that the pacing of the lesson, its presentation, and content
were strong so that they could break lessons down to the specific
timeframe they had to focus on computer science.

Teachers also commented on the benefit of the vocabulary spe-
cific to computer science that was included in the lesson plans

and the scripts that accompanied the plans. Not only did teach-
ers find value in repetitive exposure to specific terms associated
with computer science and coding, but they also felt that this
aspect of the lessons supported students' learning and under-
standing of coding and planning for coding. A teacher reflected,

I found the scripted stuff very useful because there's
a lot of heavy terminology in coding ... algorithm and
stuff like that. You just forget those when you're talking
to a bunch of third graders and intuitively, you're like,
‘Oh, let me use an easier word’. But if it's written right
there, then you can say both of them and be purposeful

about repeating the words that they need to learn.

These types of comments indicated that the lessons reinforced
repetition in vocabulary and that repetition was beneficial to
students in their learning.

Finally, interview results indicated that, while teachers had
differing perspectives on whether coding could be considered
a literacy skill, teachers appreciated the added layer of under-
standing that coding and using the CoCo platform provided to
students as they planned their final coded projects in Scratch.
One teacher summarised this idea by describing her students’
retelling of The Three Little Pigs story through Scratch:

‘[Scratch] wasn't just a story; it was something that
they were physically doing. They had a partin it. They
could understand. They could relate to it better. And
it just seemed to be just an overall better experience
for them other than just reading a story ... so that was

really great’.

Such comments highlighted teachers' perceptions of the bene-
fits of the multimodalities involved when students planned for
and coded stories. Although interviews revealed minor consid-
erations where project refinement may be needed, overall per-
ceptions of the CoCo platform and the curriculum revealed high
teacher satisfaction from participating in the project.

4.3 | RQ3: To What Extent Does Participation in
Compose and Code Instruction Influence Students’
Computational Thinking Skills?

A total of 237 students completed the ACES at both pre- and
post-test. Several paired t-tests were conducted to explore the
differences between pre-and post-assessments. As Table 3 pres-
ents, the results indicate statistically significant differences in
students’ scores from the pre-test (M =8.50, SD=1.43) to the
post-test (M =8.94, SD=1.22), with the mean score increasing
by 0.44 points on the post-test, t (236)=5.46, p<0.001. The re-
sults also indicate a large effect size (> 0.80) on post-assessment,
Hedge's g=1.24. When compared by grade level, results indicate
statistically significant score increases from pre- to post-test
for 3rd and 6th grade students. Specifically, 3rd-grade students
gained 1 point from pre- to post-assessment (p <0.001) with a
large effect size (g =1.48). There was an average score increase of
0.08 points from pre- to post-assessment for 5th grade students,
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but the statistics indicate that the gain is non-significant
(p=0.24). Sixth grade students gained 0.35 points from pre- to
post-assessment (p <0.001) with a medium effect size (g=0.76).

4.4 | RQ4: To What Extent Does Participation in
Compose and Code Instruction Influence Students’
Attitudes About Computer Science?

A total of 315 students from 3rd grade (n=161), 5th grade
(n=288), and 6th grade (n=66) completed both the pre- and
post- Computing Attitudes Survey. Paired samples t-tests were
conducted to compare differences in the overall mean score for
the entire survey from pre-test to post-test. Results showed no
significant difference in the overall score for the whole group
between pre-survey (M =101.15, SD=15.77) and post-survey
(M=99.71, SD=17.73). A one-way ANOVA was conducted to
explore statistical differences among grade subgroups on the
post-survey. The results indicate the differences between grade
levels were statistically significant, F (2, 312)=[3.89], p<0.05.
The partial eta-squared effect size 0.024 suggests a small ef-
fect size (>0.01). The Tukey post hoc test indicated significant
differences between 5th-grade (M=103.89, SD=15.30) and
6th-grade (M =96.38, SD=17.46), with 5th-grade students indi-
cating higher levels of self-efficacy and interest than 6th-grade
students by 7.51 points (p <0.05) on post-survey.

Furthermore, more paired samples t-tests were conducted to
compare differences in the mean score (M) for individual items
on the survey. Table 4 compares the percentage results of the
response categories for pre- and post-survey on each item. The
asterisk in front of the items indicates the statistical signifi-
cance (p<0.05) of the mean score difference between pre- and
post-survey. Specifically, 14 of 23 items indicate a significant
difference.

5 | Discussion and Future Directions

The purpose of this study was to understand how students used
the CoCo platform for computer science instruction, how teach-
ers perceived the CoCo platform and accompanying lessons,
and how students’ computational thinking skills and computing
attitudes changed as a result of participating in the lessons. As
shown in the results, the CoCo platform and curriculum show
promise as effective tools for teaching elementary computer
science.

First, the results indicate that a large percentage of students
made use of the features provided in CoCo, and a large majority

TABLE 3 | t-test Results for the ACES.

of the products they created in Scratch closely aligned with
what they planned in CoCo. This is an important finding be-
cause of what researchers have previously deemed the Flashy
but Fuzzy effect (Hutchison et al. 2023). This effect refers to
the phenomenon witnessed in previous research where students
create flashy designs in Scratch, but with no clear meaning or
message. CoCo was designed to guide students in planning
their ideas before going to Scratch, with the hope that CoCo
would: (2) scaffold the process of coding a story in Scratch into
small, manageable steps, making it possible for all students to
participate, and (b) reduce distraction by helping students pre-
plan what they wanted to code so that they would not be di-
verted by irrelevant options and features, which often results
in a flashy animation with a fuzzy message. Additionally, the
CoCo lessons were carefully scaffolded to gradually introduce
computer science and computational thinking concepts while
gradually introducing new blocks and functions in Scratch.
Collectively, the platform and lessons were intended to help
students create code that successfully conveys their intended
message. Our results show that students were largely able to do
that. The least used features in CoCo were the self-monitoring
and self-evaluation components. These self-regulated learning
strategies were designed to help students stay on task and return
to their pre-planned ideas when coding in Scratch, and to help
them self-evaluate the outcome. It is plausible to consider that
the alignment among students’ planning in CoCo and the re-
sulting Scratch projects may have been even greater if more stu-
dents had used the self-monitoring and self-evaluation features,
so, use of these features is something to explore in the future.
As previously noted, teachers often ran out of time to explicitly
guide students in using these features, so future research might
focus on ways to help students continuously self-monitor and
reflect throughout the entirety of the lessons. It is also import-
ant to consider that students may have monitored and reflected
on their work in other ways that are not reflected in the CoCo
platform. It may be beneficial for future research to include
think-alouds with students as they work to determine the extent
to which they are self-monitoring and reflecting to better under-
stand the extent to which heavily scaffolded instruction enables
self-monitoring and reflection.

Importantly, teachers reflected positively on the lessons, and a
majority of teachers felt that the lessons met the needs of their
students and would use the lessons again. This is an import-
ant finding for several reasons. First, although there are many
emerging curricula focused on CS, to our knowledge, ours is
the only one that integrates writing and CS in this way. This
integration seems like a necessary evolution when considering
the great extent to which people increasingly code websites and
other media to convey their ideas or promote a topic of interest.

N Pre-test (M [SD]) Post-test (M [SD]) t df Sig.p Hedge's g effect size
Total 237 8.50 (1.43) 8.94(1.22) 5.46 236 <0.001 1.24
Grade 3 77 7.41 (1.52) 8.40 (1.45) 5.91 72 <0.001 1.48
Grade 5 99 9.05 (0.93) 9.13 (1.04) 0.71 98 0.24 —
Grade 6 60 9.00 (1.17) 9.35(0.83) 3.56 59 <0.001 0.76

10 of 14

Journal of Computer Assisted Learning, 2025

85U8017 SUOLILLOD BA81D 3ol |dde ayy Aq pausenob a1e ssppiie O 8sn JO sl 10} ArIqIT 8UIIUO A1 LD (SUONIPUCD-PUe-SLLIBI WO A8 | 1M ATRIq 1 BUI|UO//SANL) SUORIPUOD PUe SWiB | 8U) 88S *[5202/80/92] Uo AkeidqiTaulluo A8|IM ‘ ewede|Y JO AISIBAIUN - UoSIYINH AWy AQ STTET" BOI/TTTT 0T/I0p/LI00 A 1M ARIq 1 BUl|UO//SANY WO1) papeojumod ‘T ‘5202 ‘62L2S9ET



TABLE 4 | Comparisons of options on survey items.

Strongly

disagree/ Somewhat Strongly

disagree disagree Somewhat agree agree/agree
Survey item no. Pre % Post % Pre % Post % Pre % Post % Pre%  Post%
*1.1can learn to code 1.6 1.6 41 3.5 14.9 12.4 79.4 82.5
**2.Tam good at coding 19.0 9.5 11.7 8.9 40.6 34.6 28.6 47.0
3.Tam good at problem solving 2.5 2.8 3.8 6.7 31.4 324 62.2 58.1
*4. 1 can write clear instructions for 8.6 8.9 16.5 7.0 32.7 30.5 42.2 53.6
robot or computer to follow
5. If my code doesn't work, I can find 3.5 2.5 7.3 5.4 27.6 27.6 61.6 64.4
my mistake and fix it
*6. I've been told I would be good at 21.3 20.6 19.4 13.3 25.1 27.0 34.3 39.0
coding
*#7.1like coding, or I think I would 4.1 9.2 2.2 8.3 20.0 17.1 73.7 65.3
like coding
**8. I would like to learn more about 4.1 9.8 29 8.9 11.1 20.0 81.9 61.3
coding
**9. Solving coding problems seems 4.7 14.0 8.3 10.5 22.2 25.7 63.7 49.9
fun
**10. Coding is interesting 4.8 7.3 3.2 5.4 14.3 19.4 77.8 67.9
*¥11. I would like to study coding in 15.6 25.1 15.2 13.7 28.3 241 41.0 371
the future
12. I can use coding skills in other 10.1 9.5 11.1 13.0 27.3 30.2 51.4 47.3
school subjects
**13. Knowing how to code will help 31 5.4 5.7 7.9 20.6 279 70.5 58.7
me to create useful things
*14. Knowing how to code will help me 3.5 6.7 8.3 10.8 26.0 26.3 62.2 56.2
to solve problems
**15. I think I will need to understand 17.4 24.1 16.5 18.4 27.9 24.8 38.1 32.7
coding for my future job
16. My friends think coding is cool 7.0 9.2 14.6 10.2 36.8 33.3 41.6 47.3
17. My parents think coding is 10.2 12.4 13.3 14.3 34.3 28.3 42.2 45.1
important
**18. I am friends with kids who code 15.8 7.6 12.4 10.5 24.4 21.3 473 60.6
19. Kids who code are smarter than 22.9 20.4 17.1 19.0 30.8 31.7 29.2 28.9
average
20. Kids who code enjoy doing sports 31.2 27.3 27.3 29.2 27.6 27.6 14.0 15.8
21. Coders are good at math 5.4 6.3 8.6 10.2 31.7 30.8 54.3 52.7
*22. Coders are good at science 5.4 5.4 9.8 15.6 33.7 39.4 51.1 39.7
23. Coders are good at language arts 14.3 14.9 23.8 25.4 34.0 37.1 27.9 22.6

Note: *p<0.05; **p<0.001.

Programmers can be most effective when they have both the
needed technical skills and the communication and planning
skills to effectively convey their intended meaning. Second,
previous research (e.g., Taimalu and Luik 2019; Spiteri and
Chang Rundgren 2020) shows that teachers are most likely to

integrate new technologies and technological concepts when
they find them acceptable and useable, and would be benefi-
cial to their students. The high usability ratings from teach-
ers for the CoCo platform and lessons is promising for future
implementation.
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Finally, the results also show positive changes from students.
First, as hoped, students' computational thinking skills im-
proved from pre-to post-test. Although computational thinking
was integrated throughout all lessons and is required to work in
CoCo itself, each instructional unit highlighted a specific com-
putational thinking skill and included activities to help students
practice that skill. Thus, the CoCo platform and lessons may be
useful for improving computational thinking skills. Further,
results show that after participating in the lessons, a greater
number of students agreed that they could learn to code, were
good at coding, had other people tell them they would be good
at coding, could write good instructions for a robot or computer,
and were friends with kids who code. These results indicate that
participation may have improved students’ self-efficacy for cod-
ing. However, there were also some surprising findings. First,
there was about an 8% decrease in the number of students in-
dicating that they agree or strongly agree that they like coding
or think they would like coding. Although there is no way to
know why students responded this way, we hypothesize that
it may be because students encountered problems while cod-
ing and learned that coding can be difficult, whereas they may
previously have thought of it as fun activity without consider-
ing the problem-solving required when coding. Relatedly, there
was also a decrease in the number of students strongly agreeing
that solving coding problems seems fun; yet, there was an in-
crease in the number of students somewhat agreeing that solv-
ing coding problems can be fun. Together, these findings may
support our hypothesis that students encountered difficulties
when coding, which may have given them a more realistic pic-
ture of the challenging nature of coding. Thus, future research
should focus on how students address challenges and how it in-
fluences their perception of coding. There were also small de-
creases in the percentage of students strongly agreeing that they
would like to study coding in the future and that knowing how
to code will help them solve problems. One possible explana-
tion for these findings is that, although our lessons had a career
component that featured videos from real-life programmers,
teachers indicated that they often omitted these videos from the
lessons because they ran out of time. As designed, the videos
were supposed to be played at the end of class after students had
completed their projects for the day, but teachers reported that
students rarely finished at the same time. Thus, the research
team plans to redesign the lessons to include the career connec-
tions at the beginning to ensure that it is included. Additionally,
future research should emphasise career connections and inter-
esting ways that coding is used in a variety of jobs.

The current study has several limitations. First, the relatively
small number of participating teachers (n=11) limits the gen-
eralizability of the findings regarding teacher perceptions and
experiences with the CoCo platform and curriculum. While the
student sample size (n=595) is robust, the participants were
drawn from a single, albeit diverse, school. This limitation re-
stricts the extent to which the results can be generalised to other
educational contexts. Furthermore, the study relied on self-
reported data from both teachers (reflections and interviews)
and students (attitudes survey), introducing the potential for
bias and subjective interpretation. The use of existing assess-
ment instruments, while established in the field, may not per-
fectly capture the specific nuances of computational thinking
development fostered by the CoCo platform. Finally, the study's

duration may not fully capture the long-term effects of CoCo
on students’ coding skills and attitudes; longitudinal research
would be necessary to assess sustained impact. Further inves-
tigation is warranted to explore the generalizability of these
findings across diverse geographical locations, student demo-
graphics, and with larger teacher samples.

6 | Conclusion

Results from this study lead us to conclude that a scaffolded,
structured, and integrated approach for teaching computer sci-
ence and writing can be highly useful and beneficial for students
in the elementary grades. Not only did students’ computational
thinking skills and self-efficacy for coding improve in some
areas, but teachers were highly satisfied with the CoCo plat-
form and curriculum. The CoCo platform and curriculum were
designed to be inclusive of a wide range of students to enable
broader participation, and teachers indicated that indeed it was.
This is an important step forward since previous research in-
dicates that students with disabilities have fewer opportunities
to use digital devices, and fewer opportunities to learn CS and
digital literacy skills (Clendon and Erickson 2008; Hutchison
et al. 2021). This lack of opportunity may explain why teachers
reported that some of their students with learning disabilities
had difficulty logging into their CoCo accounts. Thus, we view
the CoCo platform and lessons as a positive approach for pro-
viding exposure to CS, and digital technologies in general, to
students who may not otherwise have access or exposure. Most
importantly, students widely made use of the features of the
CoCo platform and used Scratch to code digital products that
clearly communicated their message. This result indicates that,
with appropriate scaffolding, integrating coding and writing can
be an empowering approach for students to share their ideas and
have their voice heard.
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