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Abstract

Background. This fundamental research paper explores integrated computer science (CS)
instruction. One promising approach to expanding access to CS is to integrate CS into other
content areas. Integration may be particularly appropriate for the earliest grades, where it is
difficult for schools to carve out the time and resources to support a new content focus. Thus,
recent years have seen efforts to integrate CS into other subjects in early elementary school,
with an increasing body of research exploring these attempts to interweave content areas.
While math and science are more common avenues for CS inclusion, some efforts to integrate
CS into English Language Arts (ELA) instruction offer preliminary evidence of success.

Research Questions. This paper explores two research questions related to CS+ELA
integration for grades K-2: (1) What is known about integrating CS and ELA (i.e., standards,
curriculum, pedagogy, student outcomes)? and (2) What are promising ways to integrate CS
and ELA?

Methodology. To answer the first research question, we conducted a systematic literature
review using the SALSA approach. To answer the second research question, we used the
findings from RQ1 to map (including many-to-many mapping) the K-5 CS standards for
Louisiana to the state’s first grade ELA standards. We also identify which mapped ELA and
CS standards present the most potential for serving as the basis for bridging CS and ELA
instruction.

Findings. From the systematic review, we identified promising avenues for embedding
CS within ELA instruction. For example, some studies explore how integrated instruction
might focus on programming in the service of storytelling. Others leverage the idea that
programming languages share conceptual features with natural languages and both permit
students to exercise creativity and to communicate. We identified five CS concepts (using
data, analyzing data, creating and using algorithms, applying decomposition, and describing
programming choices) with a high potential for integrated instruction. For example, one CS
standard focuses on decomposing a problem into subproblems (E.AP.3A), and two ELA
standards focus on beginning readers’ decoding of words (RF.1.3b, RF.1.3c); these require
similar pattern recognition and decomposition skills and therefore may be easier to teach in
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an integrated manner than more divergent skills.
Implications. Our results provide a useful starting point for future efforts to integrate CS

with ELA for young learners and highlight promising avenues for continued research.
AI Use in This Study. AI was used to support creating code to generate data

visualizations.

1 Introduction
Computer science (CS) developed as a distinct discipline from math and engineering [1, 2], a
lineage reflected in the fact that CS is still often housed within colleges and school of engineering
at the post-secondary level. Thus, CS education is part of the broader field of engineering
education. Many CS skills are key to the development of engineering competency, including, for
example, computational thinking (CT), with significant research focused on best practices for
developing CT skills in the content of engineering education [3–6]. As AI (a subset of CS)
becomes increasingly central to the workflow of professional engineers [7], the need for
engineering education – for all subfields of engineering – to incorporate CS instruction will only
increase.

CS, as with other subfields of engineering, has been introduced at the earliest grade levels,
including as early as Pre-kindergarten in early childhood education [8]. Introducing CS to young
students holds promise in not only improving executive function [9, 10], but it also may help
introduce girls and students from historically marginalized groups early to CS [11], potentially
boosting their comfort and confidence in the subject.

At these early grades, it is common for teachers to teach multiple subjects, since early elementary
teachers are often responsible for teaching all of their students across the curriculum. It’s been a
recognized practice to integrate CS into one or more core subjects in these early grades for a
variety of reasons. Many studies have surfaced teachers’ lack of comfort and knowledge starting
to teach CS to their students [8, 12], and integrating CS into another subject with which they are
already familiar can boost their confidence and make them more comfortable [13]. It can also
somewhat increase CS instruction without decreasing the amount of time in the core subject CS is
integrated into [14]. Studies have also reported a variety of positive impacts of integrating CS into
their core subjects [15–17].

While CS has often been integrated into science and math – which are viewed more as natural fits
for CS – integrating CS into English Language Arts (ELA) has been less explored.1 Nevertheless,
for an upcoming project, we wanted to dig deeper into this curriculum strategy to understand
what existing research may say about integration and its impacts on students. Our research
questions for this study were:

RQ1. What is known about integrating CS and ELA (i.e., standards, curriculum,
pedagogy, student outcomes)?
RQ2. What are promising ways to integrate CS and ELA?

1Throughout this paper, we refer to English Language Arts as ELA for simplicity, while recognizing that sometimes
the natural language in question is not English.
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Table 1: Coding as Another Language: Overlap of CS and ELA Ideas; table adapted from [24]

Computer Science Concepts Literacy Concepts

algorithms sequencing
the design process the writing process
representation letter-sound correspondence
debugging editing
control structures literary devices
modularity phonological awareness
hardware and software communication tools

2 Background
In the context of the research questions, we provide background on integrated CS education as
well as the Scarborough’s Reading Rope.

2.1 Integrated CS Education
The research corpus related to integrated CS education continues to grow across K-12, with the
majority of papers focused on K-5. In a recent systematic literature review, Mabie et al. (2023)
found common themes related to positive impacts of integration on students [18], including an
increase in each of the following:

• Problem-solving skills,
• Logical thinking,
• Collaboration skills, and
• Engagement and excitement learning the subjects being taught.

More specifically, math and ELA are the two subjects most tested in the U.S., and research
integrating CS/CT into these subjects shows evidence of impacts. Results from studies integrating
CS into math found an increase in student engagement and student learning [19], improvements
in students’ sequential thinking [20], and increases in motivation to learn math. [21] also found
that students’ ability to decompose number problems improved [20]. And, after professional
development for teaching CT, teachers’ confidence in teaching math also significantly increased
[21–23].

Integrating CS/CT into ELA can be a natural fit, given the syntax and sequencing that exists
within both storytelling and programming, as well as other possible areas of overlap. Bers created
a pedagogical approach for early elementary CS/CT integration referred to as Coding as Another
Language (CAL) [15]. Using Piaget’s levels of cognitive development, Bers aligned progressions
of learning in ELA with CS/CT. Impacts of CAL on learning both CS/CT and ELA have been
investigated (details of which are shared later in this paper). The foundation of CAL is the idea
that there is substantial overlap between key concepts in CS and in ELA; see Table 1.

In other studies, researchers directed students through a storytelling process, then taught CS
concepts that enabled the students to create an original narrative that they then programmed
within a block-based programming language [16, 25]. The students showed high engagement and
excitement [15–17].
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Figure 1: Scarborough’s Reading Rope (adapted from [26])

2.2 Scarborough’s Reading Rope
Scarborough’s Reading Rope [26] is a conceptual framework for understanding the core
components of skilled reading and how they work together to support reading development (see
Figure 1.

The framework emphasizes that reading proficiency emerges from the integration of multiple,
interrelated strands rather than from any single skill in isolation. These strands include word
recognition processes (i.e., phonological awareness, decoding, and sight word recognition) and
language comprehension processes (i.e., background knowledge, vocabulary, language structures,
verbal reasoning, and literacy knowledge). The framework allows for educators to conceptualize
the core components of reading requiring high-quality explicit instruction. By illustrating the
reciprocal relationship between word recognition and language comprehension, Scarborough’s
Reading Rope underscores the importance of attending to all dimensions of reading instruction,
including language development, vocabulary, and comprehension. The model posits that these
strands must be intentionally and simultaneously supported so that reading processes become
increasingly automatic and coordinated over time.

3 Methodology
To answer our research questions, we engaged in a systematic literature review followed by a
mapping of one state’s (Louisiana) first grade ELA standards to their CS standards.

3.1 Systematic Literature Review
This systematic literature review followed the SALSA (search, appraisal, synthesis, and analysis)
approach [27]. Specifically, we conducted the search via a citation chaining (also known as
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‘snowballing’) approach [28] to identify literature for this systematic review. This approach was
selected due to (1) the known paucity of relevant literature, (2) the limitations of a search-string
based approach given the number of search terms that would likely result in papers not ultimately
germane to this topic, and (3) its ability to leverage the expertise of scholars (via their decision of
which papers to cite). The search process was conducted in October 2025. We examined, as
needed, the title, abstract, and text of each paper to determine if it met our criteria for inclusion or
exclusion:

• we included papers if they focused on CS+ELA (or another natural language) integration;
the paper may also have involved the integration of other school subjects

• we included papers if they focused on K-2 students and/or their teachers; the paper may
also have involved students of other grades/ages

• we excluded systematic literature reviews, posters, abstract-only publications, book
reviews, book chapters, white papers, position papers, theses, and dissertations

• we excluded papers not written in English

• we included the paper if the abstract mentioned CAL

We began the chaining process with the paper “A systematic literature review examining the
impacts of integrating computer science in K-5 settings” [18], the only systematic literature
review of integrated CS at the elementary school level of which we are aware. We used both
Google Scholar and Semantic Scholar to identify the papers that cite each included paper; we also
identified papers cited by each included paper. We repeated this process for two iterations. The
result was a set of 18 papers.

Each paper was coded by two of the authors, with the following items recorded:

• research approach (e.g., case study, randomized control trial)
• part(s) of Scarborough’s Reading Rope targeted, if any
• context (e.g, grade or age of students, geographic location)
• intervention if any
• what was measured (e.g., CT skills)
• what data was gathered (e.g., coding artifacts)
• findings

Each author completed this coding independently. Then, the authors identified any
inconsistencies in the results of the coding and resolved them by consensus [29] during a meeting.
We also identified the type of venue (CS/CT, ELA, education, educational technology, or other)
for each publication.

3.2 Standards Mapping
We mapped Louisiana’s first grade ELA standards to the state’s K-5 CS standards. To perform
this mapping, one author – with a background in ELA, CS, standards-based curriculum
development, and CS standards research – iteratively compared each ELA standard to each CS
standard to identify any conceptual overlap between the two. Conceptual overlap was deemed to
occur if the same underlying skill or activity was evident in both standards. For example,
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decoding two-syllable words (RF.1.3e) is an instance of analyzing data for patterns and
relationships (E.DA.5B).

Then, the other two authors (with, respectively, CS expertise and ELA expertise) reviewed and, as
needed, refined the mapping.

4 Results
4.1 Systematic Literature Review
In this section, we first present an overview of the findings and then discuss them in more detail.
Table 2 summarizes the studies included in this systematic literature review.

Of the studies included in this dataset, 6 were published in general education venues (e.g., the
AERA annual meeting), 9 appeared in educational technology venues (e.g., Journal of
Technology and Teacher Education), and 3 in computer science venues (e.g., Transactions on
Computing Education). None appeared in ELA (or other natural language) venues.

Many studies occurred outside of the US and/or in locations where English was not the language
of instruction.

One study examined ELA-related outcomes [32], finding that – despite the fact that the integrated
CS instruction occurred during time normally devoted to literacy instruction, students’ literacy
performance was not harmed.

The authors coded studies according to which portion of Scarborough’s Reading Rope were
targeted. However, the various portions of this framework were not well-represented in this
dataset. Many studies (e.g., [35] and [33]) did not explicitly focus on specific reading-related
skills but rather on skills such as digital storytelling or language development more
generally.

Many studies examined the impact of integrated CS instruction on CT skills. Most studies found
evidence of improved CT skills [24, 30, 40, 41, 43], but some did not [31, 32]. For CS skills,
many studies found evidence of improvement [31, 32, 40, 43, 44].

To organize our detailed discussion of the findings, we divide included studies into two categories:
those that used CAL and those that used another intervention or no intervention at all.

Out of the 19 papers composing the dataset, 11 used CAL for teaching integrated CS+ELA.
While some mixed methods were used in these studies, quantitative approaches and randomized
control trials (RCT) were more commonly described. Study outcomes tended to focus on CT
and/or CS skills and usually found at least some statistically significant improvement in these
skills when CAL was used, although improvement was not universal (see above).

Studies that did not involve CAL either used another curricula or approach or had no intervention.
Interventional studies found that students using ScratchJr could be successful with digital
storytelling [35]. Similarly, robotics instruction could lead to expressive and communicative
activities by students [34] and to cognitive, language, and creative skill development [33] but also
required careful design of activities [39].

One study without an (explicit) intervention found that integrated CS curricula was highly
focused on the most introductory of CS concepts, to the exclusion of even moderately advanced
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Table 2: Summary of Included Studies

Citation Context Description Intervention Findings

[15] 4-7 year olds composite case stud-
ies

CAL students progress through six stages as
they learn to code

[30] 1st-2nd grade stu-
dents in the US

quasi-experimental CAL with KIBO students using CAL had improved CT
skills

[31] 2nd grade students in
the US

cluster RCT CAL with
ScratchJr

students’ coding skills – but not CT
skills – improved after using CAL

[32] K-2 students in the
US

pilot study and
cluster-RCT

CAL coding skills improved but CT skills
did not; there were increases in math
and literacy scores (pilot study)

[33] kindergarten students
in Turkey

quasi-experimental Productive Chil-
dren: Coding and
Robotics Educa-
tion Program

students’ cognitive development, lan-
guage development, and creativity im-
proved with the intervention

[34] 3-6 year olds in Por-
tugal

case study robotics many student activities were related to
expression and communication; chil-
dren were enthusiastic but there were
classroom management challenges

[35] summer camp for
6-12 year olds in
Cyprus

mixed methods ScratchJr for sto-
rytelling

students were successful in coding for
storytelling

[36] K-8 teachers in the
US

qualitative, descrip-
tive

N/A teachers described the importance of
integrated CS and mentioned students
engaged in literacy-related activities

[37] K-2 students in the
US

task-based inter-
views

N/A students used storytelling to perform
CT tasks

[38] K-8 students in the
US

content analysis N/A integrated CS curricula focuses on in-
troductory concepts

[24] K-2 students in the
US

mixed methods case
study

Coding Play-
ground, with
CAL and
ScratchJr

students’ CT skills improved

[39] 1st-4th grade stu-
dents at a festival in
the Azores

observation and sur-
veys

Botley robot children found the robot easy to use,
but the activities could be improved

[40] K-2 students in Ar-
gentina

mixed methods and
cluster-RCT

CAL improved coding and CT skills with use
of CAL curriculum

[41] 2nd grade students in
Greece

quantitative, semi-
experimental

CAL students’ CT skills improved

[42] K-2 teachers quantitative, surveys CAL teachers’ coding and self-efficacy im-
proved

[43] kindergarten students
in Israel

mixed methods CAL with KIBO students’ coding and CT skills im-
proved

[44] K-2 students in the
US

RCT CAL students’ coding skills improved, but
there was no significant difference for
CT skills with use of CAL

[45] 1st-2nd grade stu-
dents in the US

experimental with
observation

CAL with KIBO students with and without disabilities
had similar CT learning
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Figure 2: Mapping of Computing Systems Standards to ELA Standards

topics [38]. In another non-interventional study, task-based interviews with students found that
students were likely to choose to use storytelling as they completed CT tasks [37]. Similarly, a
study of teachers found that students used storytelling with block-based coding [36].

4.2 Standards Mapping
We divide the standards mapping into two parts. The mapping for the first part can be found in
Table 3. This table lists the ELA standards that would be relevant to any CS standard taught via
an informational text (i.e., a reading passage covering the content of the standard) and the CS
standards that are amenable to being taught via an informational text.

The second part of the mapping directly maps ELA standards to relevant CS standards; see
Figures 2, 3, and 4. These figures are organized by Louisiana’s categories for CS standards. Two
of Louisiana’s categories are not included in these visualizations. First, Networks and the Internet
is not included because the standards in this category are entirely covered in Table 3. Second,
Impacts of Computing is not included because the standards in this category are also covered in
Table 3, with the exception of “describe how computing has changed the ways people live and
work” (E.IC.1A), which is mapped to “use verbs to convey a sense of past, present, and future”
(L.1.1e).

A few ELA and a few CS standards appear in both parts of the mapping.

We also identified which CS standards present the most potential for serving as the basis of
bridging CS and ELA instruction; see Table 4. Note that standards E.DA.1A and E.DA.4A are
very similar.
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Table 3: CS and ELA Standards Related to Informational Texts

(a) CS Standards

E.NI.1A. Explain how networks
connect computers to other com-
puting systems and the internet.
E.NI.2A. Describe personally
identifiable information (PII)
and identify practices for when
and where sharing PII is appro-
priate.
E.NI.2B. Identify ways to main-
tain data security when using
networks.
E.DA.1B. Classify types of data
and describe the attributes used
to sort data.
E.AP.4D. Identify intellectual
property rights and apply the ap-
propriate attribution when creat-
ing or remixing programs.
E.IC.1A. Describe how comput-
ing has changed the ways people
live and work.
E.IC.2A. Identify and describe
examples of appropriate versus
inappropriate computer commu-
nications.
E.IC.2B. Identify examples
of cyberbullying with age-
appropriate responses.
E.IC.3A. Explain how online
actions have real-world conse-
quences and that laws and rules
may also apply online.
E.IC.3B. Describe the safe ver-
sus unsafe uses of computing
systems at age-appropriate lev-
els.
E.IC.3C. Explain how the school
and school system’s computing
rules and policies keep students
safe.

(b) ELA Standards

RI.1.1 Ask and answer questions about key details in a text.
RI.1.2 Identify the main topic and retell key details of a text.
RI.1.3 Describe the connection between two individuals, events,
ideas, or pieces of information in a text.
RI.1.4 Ask and answer questions to help determine or clarify the
meaning of words and phrases in a text.
RI.1.5 Know and use various text features (e.g., headings, ta-
bles of contents, glossaries, electronic menus, icons) to locate key
facts or information in a text.
RI.1.6 Distinguish between information provided by pictures or
other illustrations and information provided by the words in a
text.
RI.1.7 Use the illustrations and details in a text to describe its key
ideas.
RI.1.8 Identify the reasons an author gives to support points in a
text.
RI.1.9 Identify basic similarities in and differences between two
texts on the same topic (e.g., in illustrations,descriptions, or pro-
cedures).
RI.1.10 With prompting and support read informational texts ap-
propriately complex for grade 1.
RF.1.4a Read on-level text with purpose and understanding.
RF.1.4b Read on-level text orally with accuracy, appropriate rate,
and expression on successive readings.
RF.1.4c Use context to confirm or self-correct word recognition
and understanding, rereading as necessary.
W.1.1 Write opinion pieces . . .
W.1.2 Write informative/explanatory texts . . .
W.1.3 Write narratives in which they recount two or more appro-
priately sequenced events . . .
W.1.7 Participate in shared research and writing projects . . .
W.1.8 . . . recall information from experiences or gather infor-
mation from provided sources to answer a question.
SL.1.2 Ask and answer questions about key details in a text read
aloud or information presented orally or through other media.
SL.1.3 Ask and answer questions about what a speaker says in
order to gather additional information or clarify something that is
not understood.
SL.1.4 Describe people, places, things, and events with relevant
details, expressing ideas and feelings clearly.
SL.1.5 Add drawings or other visual displays to descriptions . . .
L.1.4a Use sentence-level context as a clue to the meaning of a
word or phrase.
L.1.6 Use words and phrases acquired through conversations,
reading and being read to, and responding to texts . . .
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Figure 3: Mapping of Data and Analysis Standards to ELA Standards
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Figure 4: Mapping of Algorithms and Programming Standards to ELA Standards
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Table 4: Most Promising Integration Opportunities

CS Standard ELA Standard(s)

E.DA.1A. Organize and
present data visually to
highlight relationships and
support claims.

W.1.1 Write opinion pieces
W.1.2 Write informative texts
W.1.6 Use digital tools for writing
W.1.8 Use info to answer a question
SL.1.5 Add visual displays to descriptions

E.DA.4A. Organize and
present data visually in at
least three ways to highlight
relationships and evaluate a
claim.

W.1.1 Write opinion pieces
W.1.2 Write informative texts
W.1.5 Write narratives
W.1.6 Use digital tools for writing
W.1.8 Use info to answer a question
SL.1.5 Add visual displays to descriptions

E.DA.5B. Analyze data for
patterns and relationships.

RF.1.3a Know the spelling-sound correspondences for common consonant di-
graphs
RF.1.3c Know final -e and common vowel team conventions
RF.1.3e Decode two-syllable words
W.1.1 Write opinion pieces
W.1.2 Write informative texts
W.1.5 Write narratives
W.1.8 Use info to answer a question
L.1.1c Use singular and plural nouns with matching verbs in basic sentences
SL.1.2 Sort words in categories
L.1.5b Define words by category
RF.1.1a Recognize the distinguishing features of a sentence

E.AP.1B. Create, use, and
apply an algorithm.

RF.1.3a Know . . . common consonant digraphs
RF.1.3c Know final -e and common vowel team conventions
RF.1.3d Determine the number of syllables in a printed word
RF.1.3e Decode two-syllable words
W.1.5 Write narratives
L.1.1c Use singular and plural nouns with matching verbs
L.1.2e Spell untaught words phonetically
L.1.2d Use conventional spelling for words with common spelling patterns
RF.1.2a Distinguish long from short vowel sounds
RF.1.2b Orally produce single-syllable words

E.AP.3A. Define and apply
decomposition.

RF.1.2c Isolate and pronounce phonemes
RF.1.2d Segment spoken single-syllable words
RF.1.3b Decode regularly spelled words
W.1.5 Write narratives
W.1.6 Use digital tools for writing
W.1.8 Use info to answer a question
RF.1.1a Recognize the distinguishing features of a sentence

E.AP.4E. Describe and
justify the steps taken and
choices made during a
program’s development.

W.1.1 Write opinion pieces
W.1.2 Write informative texts
W.1.5 Write narratives
W.1.8 Use info to answer a question
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5 Discussion
5.1 Systematic Literature Review
5.1.1 Overview of Findings
The most important finding of this SLR is the lack of research on CS+ELA integration for the
youngest students. We were able to identify fewer than 20 relevant studies. Further, many of these
studies were only minimally focused on CS+ELA integration for K-2 students. For example, in
one study, only 1 of 4 stations (at a festival) was targeted at 1st and 2nd grade students, and only 1
of 3 tasks at that station was focused on a literacy-related concept [39]. Thus, overall, only a
small portion of this study’s findings were germane to the topic of this review.

The prevalence of non-US and non-English based research is notable, especially since some
articles were excluded from the dataset since they were not written in English. Studies that
measured CS and/or CT skills usually found improvement based on exposure to integrated
CS+ELA instruction. However, since some studies did not identify improvements in CT skills,
more research is warranted to determine the conditions under which instruction is most likely to
lead to improved CT skills.

The emphasis on CS/CT skills as a measure is appropriate, in order to better understand the
outcomes of integrated instruction. However, other outcomes are also important but are less
well-represented in this dataset. One scale for measuring the engagement of 3rd-5th grade
students when they participate in learning activities that integrate coding with writing covers four
dimensions of engagement (affective, behavioral, cognitive, and social) [46] and suggests the
variety of constructs that might be measured in studies of integrated CS+ELA instruction.

As described above, by far the most common intervention was the CAL curriculum, and this
curriculum usually led to gains in CT and/or CS skills in students who experienced it. However,
improvements were not universal, so more research is warranted. Similarly, few approaches to
CS+ELA curricula other than CAL have been studied, so it is unknown how CAL might compare
with similar curricula in terms of student learning outcomes. Nonetheless, the findings from
studies of CAL suggest that (1) integrated CS+ELA instruction is likely to lead to improvements
in CS and/or CT skills and (2) CAL is an effective approach to integrating CS+ELA. Additional
research into CAL might more closely examine its impact on ELA skills (since only one portion
of one study investigated ELA learning outcomes for CAL; see below).

5.1.2 Gaps in the Literature
Scarborough’s Reading Rope. As described above, very few interventions focused explicitly on
specific aspects of reading skills; rather, most papers in this dataset emphasized other ELA topics
such as digital storytelling or language development more generally - or considered literacy by
broad definitions without naming specific aspects of literacy skills to be targeted with integrated
CS instruction. More research into reading-specific skills (generally and in terms of the specific
skills identified in Scarborough’s Reading Rope) is warranted to advance the understanding of
integrated CS+ELA instruction. Similarly, other ELA skills not included in Scarborough’s
Reading Rope (e.g., writing, oral communication) could also be investigated for their potential for
integrated CS+ELA instruction. Additionally, many of the studies examined conceptualized CS
skills as a form of literacy within broader definitions of literacies. For example, Zourmpakis
framed CT as a vital twenty-first century literacy for learners [41]. However, this emphasis on
positioning CS as a distinct literacy often resulted in integration efforts that foregrounded the
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inclusion of CS alongside ELA, rather than examining how CS practices intersect with and
support existing literacy skills. As a result, fewer studies explicitly or comprehensively addressed
the conceptual and instructional connections between CT and foundational literacy processes.
Especially in light of the research indicating teachers’ success with integrating CS when they are
incorporating it into already familiar content instruction, connections to specific foundational
literacy skills that are already a part of educators’ current curriculum aligned with the Reading
Rope may be particularly pragmatic and realistic for integrating CS successfully into the
classroom instruction.

ELA-related outcomes and publication venues. The study of integrated CS+ELA appears to skew
toward CS, per the choice of measures for research studies and the choice of publication
venue.

Only two studies examined ELA-related outcomes. In one of those studies, only in the pilot study
– not in the RCT – were ELA-related measures assessed [32], finding that ELA development was
not harmed by the CS instruction, even when the integrated instruction occurred during time
normally devoted to literacy. In the other study, (Turkish) language development was measured
[33], finding improvement for students exposed to integrated CS instruction. While these findings
are important, and point to the possibility that integrated CS+ELA might improve ELA learning
outcomes, they also indicate the overall paucity of the assessment of the impact of integrated
CS+ELA instruction on students’ ELA development.

Similarly, the majority of the dataset was published in venues focused on educational technology,
with others in general education and computer science education venues; none were in ELA
venues.

The lack of literature in ELA-related venues and lack of ELA-related measures suggest an
opportunity to expand research into integrated CS education in ways that may enrich the field and
encourage more interdisciplinary collaboration, as well as elevating the voices and expertise of
ELA education experts. One barrier to CS+ELA integration that has been identified are concerns
by educators (e.g., lack of professional development, lack of coaching and resources, lack of
teacher buy-in) [8]; better integration of ELA venues and ELA measures may provide the
foundation for mitigating these concerns.

Implementation guidance and research practices. In this set of studies, there was little guidance
for implementing CS+ELA instruction. One exception to this general pattern was the observation
that stories might be productively used to introduce CS/CT concepts [37] in order to make the
concepts more relatable and understandable and to leverage the ability of CS/CT and ELA to
support each other.

5.2 Standards Mapping
As Table 3 and Figures 2, 3, and 4 show, there are many ways to integrate CS and ELA
instruction.

An important finding from the process of mapping CS and ELA standards is that appropriate
mapping often depends on how a concept is taught. For example, one ELA standard is “ask and
answer questions about key details in a text” (RI.1.1). This standard can map to many CS
standards if the standard is taught via an informational text. For example, the CS standards
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“describe how computing has changed the ways people live and work” (E.IC.1A) and “explain
how networks connect computers to other computing systems and the internet” (E.NI.1A) could
easily involve asking and answering questions about details of a text. Of course, if these CS
concepts were taught via another modality (e.g., watching a video, playing an educational game),
then the ELA standard would not map well to the CS standard. To an extent, any CS standard
might be taught via an informational text, but certainly some standards (e.g., learning how
networks connect computers) are more amenable to this approach than others (e.g., organizing
and presenting data visually), especially for young students. We believe that our two-fold
approach to mapping provides the most utility and flexibility for those seeking to integrate CS and
ELA (e.g., teachers, curriculum developers).

We identified six CS standards that are particularly promising avenues for ELA integration (see
Table 4). We note that two of these six standards (E.DA.1A and E.DA.4A) are very similar. Thus,
there are five CS topics where integration is particularly promising:

• organizing and presenting data visually (E.DA.1A and E.DA.4A). Links to ELA standards
stem from the fact that both of these standards use data visualization to highlight
relationships and support/evaluate claims, thus creating a natural relationship between
many kinds of writing if data visualizations are used to support the written text. Similarly,
W.1.8 asks students to use information to answer a question, which might be done with
data. Using digital tools for writing (W.1.6) is also a logical fit.

• analyzing data (E.DA.5B). Many reading tasks (e.g., decoding words [RF.1.3e], sorting
words into categories [SL.1.2], and recognizing sentence features [RF.1.1a]) rely on
analyzing data to identify patterns and relationships, thus suggesting a logical relationship
between this CS standard and any ELA standard that involves identifying patterns in words
or sentences.

• creating and using algorithms (E.AP.1B). For many ELA skills, once a pattern has been
identified (see above), an algorithm (i.e., a set of steps) can be used to complete a task. For
example, “determine the number of syllables in a printed word” (RF.1.3d) and “distinguish
long from short vowel sounds” (RF.1.2a) can both be accomplished by learning and
enacting an algorithm. Focusing on the algorithmic nature of ELA skills may help students
master these skills by explicitly teaching the steps to be followed. Inductive learning
approaches can be used when a student is asked to create an algorithm based on the patterns
they observe; deductive learning approaches can be used when the teacher provides
students with an algorithm to apply to a task.

• applying decomposition (E.AP.3A). In any situation where an ELA task requires breaking
down a word into smaller units (e.g., syllables [RF.1.2d], phonemes [RF.1.2c]),
decomposition is required. Similarly, when students write narratives [W.1.5], they will first
break down a story or event into smaller units. Linking these ELA tasks to the CS concept
of decomposition can help students transfer their learning between domains.

• describing steps taken and choices making during program development (E.AP.4E).
Documenting programming decisions may be done by writing an opinion piece (W.1.1), an
informative text (W.1.2), or a narrative (W.1.5). In all of these cases, there is a clear overlap
between this CS topic and writing skills.
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Very few CS or ELA standards were not mapped to the other content area. Only two CS standards
were not mapped, and even for these standards, there are still opportunities to integrate CS and
ELA. One of the unmapped CS standards is “create a simple program to achieve a goal with
expected outcomes” (E.AP.4A). This standard could be integrated into ELA instruction by asking
students to create a program where the content of the program is related to an ELA standard. For
example, students could use block-based programming to create a game that involves one of the
unmapped ELA standards, such as “use frequently occurring prepositions” (L.1.1i), with the
program incorporating prepositions into gameplay (e.g., the player has to select which preposition
is illustrated by the action in the game). With this approach, any of the unmapped ELA standards
could be addressed. Similarly, the other unmapped CS standard (“Using an iterative process, test
a program step-by-step and document areas of refinement,” E.AP.4F) could involve an activity
where a student documents areas of refinement with special attention to unmapped ELA standards
(e.g., “Use frequently occurring adjectives” [L.1.1f] or “identify real-life connections between
words and their use” [L.1.5c]). Thus, it is possible to integrate all of the CS standards with ELA
instruction.

6 Conclusions
In this paper, we present what we believe to be the first systematic literature review of studies that
integrate CS with ELA instruction for very young students. We find that there is a pressing need
for additional research in this area given the potential benefits of such instruction. We also
mapped CS and ELA standards, concluding that – despite the lack of extensive prior research –
there are ample opportunities to teach integrated CS and ELA to young students. Integration
holds promise for making CS instruction more widely available to more students, and CS
instruction at the earliest grade presents an opportunity to begin developing knowledge and skills
foundational to all branches of engineering education.
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young people in azoresminibot. International Journal of Information and Education Technology, 13(1):33–41,
2023. URL https:
//www.academia.edu/download/118595826/IJIET-V13N1-1777-IJIET-6241.pdf.

[40] Tess Levinson, Francisca Carocca P, and Marina Bers. Coding as another language: an early childhood
programming curriculum in Argentina. Computer Science Education, 0(0):1–21, January 2025. ISSN
0899-3408. doi: 10.1080/08993408.2025.2455339. URL
https://doi.org/10.1080/08993408.2025.2455339. Publisher: Routledge eprint:
https://doi.org/10.1080/08993408.2025.2455339.

[41] Alkinoos Ioannis Zourmpakis. Developing Computational Thinking in Early Childhood Education: Long-Term
Impacts on CT Skills and Motivation Using the CAL Approach, ScratchJr, and Gamification. Advances in
Mobile Learning Educational Research, 5(2):1536–1547, August 2025. ISSN 2737-5676. doi:
10.25082/AMLER.2025.02.009. URL
https://www.syncsci.com/journal/AMLER/article/view/AMLER.2025.02.009.

[42] Madhu Kapoor, Zhanxia Yang, and Marina Bers. Supporting Early Elementary Teachers’ Coding Knowledge
and Self-Efficacy Through Virtual Professional Development. Journal of Technology and Teacher Education,
30(4):461–491, 2022. ISSN 1059-7069. URL
https://www.learntechlib.org/primary/p/221629/. Publisher: Society for Information
Technology & Teacher Education.

[43] Avia Ben-Ari, T. Levinson, Marina Umaschi Bers, and Rinat B. Rosenberg-Kima. Nurturing Computational
Thinking in an Israeli Kindergarten with the CAL-KIBO Robotics Curriculum, 2023. URL
https://www.aera.net/Publications/Online-Paper-Repository/
AERA-Online-Paper-Repository-Viewer/ID/2012601.

[44] Dandan Yang and Marina Bers. Enhancing Computer Science Education for K–2 Students: Insights From a
Randomized Controlled Trial. URL https://convention2.allacademic.com/one/aera/
aera24/online_program_direct_link/view_paper/2101340/.

[45] T. Levinson and Marina Bers. Student Centered Computational Thinking for Children with Disabilities., 2022.

[46] Amy Hutchison, Seth A. Parsons, and Samantha T. Ives. Development of the Coding Engagement Scale to
measure elementary students’ engagement in coding. British Journal of Educational Technology, page
bjet.70025, October 2025. ISSN 0007-1013, 1467-8535. doi: 10.1111/bjet.70025. URL
https://bera-journals.onlinelibrary.wiley.com/doi/10.1111/bjet.70025.

https://doi.org/10.1080/15391523.2024.2410194
https://doi.org/10.1145/3664825
https://www.academia.edu/download/118595826/IJIET-V13N1-1777-IJIET-6241.pdf
https://www.academia.edu/download/118595826/IJIET-V13N1-1777-IJIET-6241.pdf
https://doi.org/10.1080/08993408.2025.2455339
https://www.syncsci.com/journal/AMLER/article/view/AMLER.2025.02.009
https://www.learntechlib.org/primary/p/221629/
https://www.aera.net/Publications/Online-Paper-Repository/AERA-Online-Paper-Repository-Viewer/ID/2012601
https://www.aera.net/Publications/Online-Paper-Repository/AERA-Online-Paper-Repository-Viewer/ID/2012601
https://convention2.allacademic.com/one/aera/aera24/online_program_direct_link/view_paper/2101340/
https://convention2.allacademic.com/one/aera/aera24/online_program_direct_link/view_paper/2101340/
https://bera-journals.onlinelibrary.wiley.com/doi/10.1111/bjet.70025

	Introduction
	Background
	Integrated CS Education
	Scarborough's Reading Rope

	Methodology
	Systematic Literature Review
	Standards Mapping

	Results
	Systematic Literature Review
	Standards Mapping

	Discussion
	Systematic Literature Review
	Overview of Findings
	Gaps in the Literature

	Standards Mapping

	Conclusions
	Acknowledgments

