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Research has highlighted the importance of early intervention in CS education as well
as broader childhood initiatives (M. Bers et al., 2022). Developmental and educational
interventions have greater returns-per-dollar the earlier they occur in a child’s life
(Heckman, 2012). This effect is seen across the development of the whole child, including
cognitive and character skills development. There are also specific benefits to starting CS
education at an early age. Young children do not yet have preexisting gender stereotypes
that might limit their participation in STEM (Science, Technology, Engineering, and Math)
fields, and introducing CS education at an early age can reduce the effects of such
stereotypes on CS outcomes and participation (Sullivan & Bers, 2016; UNESCO, 2017).
Additionally, coding learning experiences can provide opportunities for success for
children with language related barriers in the classroom, such as children who do not
speak the dominant classroom language or with language-related disabilities, both of
which could potentially lead to both overall academic empowerment for these students
and the reduction of STEM gaps for marginalized communities (Levinson & Bers, 2022).

Given this, there has been a new focus on developing technologies, pedagogies, and
curricula specifically to serve young children in their learning of coding (the language and
syntax of computer languages) and computational thinking the cognitive skills necessary
for CS and coding, such as abstraction and sequencing. These have been traditionally
developed within the United States and Europe although they are in demand and in use
worldwide (M. Bers & Sullivan, 2019). This global use speaks to a need for culturally and
linguistically relevant and meaningful pedagogical resources, to enhance motivation and
academic performance of learners in educational contexts around the world.

Pedagogies for early childhood CS education

International attention on early childhood CS education has led to different pedagogies
for introducing these concepts to young children. One widely used approach has been
coding games in the style of leveled video and computer games, which can quickly
increase students’ self-efficacy and attitudes toward coding but offer limited creativity
(Kalelioglu, 2015). Other approaches, such as the coding as a playground model proposed
by M. Bers (2019), focus on creating developmentally scaffolded, open-ended environ-
ments for expressive exploration and self-guided discovery in which learning to code can
become an experience akin to learning another language (M. Bers, 2018, 2020; M. Bers
et al,, 2019). Like a physical playground, the coding playground allows children to
creatively play with code and make projects based on their interests. Just as the physical
playground is developmentally appropriate to a child’s age, with preschoolers playing on
a separate structure than 10-year-olds, a coding playground should be appropriately
designed and scaffolded so that a child can take independent risks.

On the coding playground, children can also engage with each other and develop their
communication, social, and emotional skills. The Positive Technological Development
(PTD) framework encapsulates these behaviors, as they are seen in technology-rich
environments, which relate to students’ positive engagement with the coding play-
ground environment (M. Bers et al.,, 2012; Strawhacker & Bers, 2018; Bers et al. 2009;
Bers et al., 2018). The six behaviors — content creation, creativity, choices of conduct,
communication, collaboration, and community building - are not in and of themselves
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exclusive to technological environments but are relevant to PTD when they are in the
technology context.

Technology: ScratchJr

The ScratchJr app is the most widely available coding playground around the world. This
free introductory programming language for children ages 5-7 is available on tablets,
phones, Chromebooks, and computers and has been used in multiple settings including
schools, afterschool programs, summer camps, formal family programs, children’s
museums, and at home (Bers, Blake-West, et al., 2023; M. U. Bers & Resnick, 2015;
Govind & Bers, 2020; Govind et al., 2020; Portelance & Bers, 2015; Unahalekhaka & Bers,
2021). It offers an open-ended coding platform for children to create animations of varied
complexity, ranging from a single character to a single motion or a complex game with
multiple interacting elements (Unahalekhaka & Bers, 2022; Unahalekhaka & Govind, 2021).
Since 2014, ScratchJr has been downloaded over 45 million times, translated into 22
languages, and used in over 200 countries and territories, including all 193 UN nations
(Blake-West & Bers, 2023; Flannery et al., 2013; Unahalekhaka & Bers, 2021). In Argentina
specifically, ScratchJr is widely used with over 260,000 users recorded nationwide. In
addition, the Ministry of Education of the City of Buenos Aires, Fundacién Telefénica
Movistar, and ProFuturo have introduced ScratchlJr professional development opportu-
nities, creating a 15-hour online course for teachers in 2021. Organizations like Ambito
Educativo in San Juan, another Argentinian province, promote educators’ digital skills
development by offering access to this free online course. This course is certified by the
National Ministry of Education with a score for the Classification Board (Navarro, 2022,
Scratch, 2021).

The ScratchJr interface (Figure 1) consists of puzzle-shaped programming blocks color-
coded by function and arranged left-to-right to form programs. The blocks feature
symbols rather than words to be accessible to children who cannot yet read. Children
can select characters to program, which can be customized using a paint editor tool that,
like the program blocks, offers a high ceiling of complexity. The output of the pro-
grammed characters is then seen on the programming stage, where children can watch
their animations or interact with their programs.

Curriculum: coding as another language

The Coding as Another Language for ScratchJr (CAL-ScratchJr) curricula were developed
by the DevTech research group to teach ScratchJr alongside and integrated with literacy
and social-emotional development (Bers, Levinson, et al., 2023). The curricula, freely
available online for kindergarten, first, and second grade, consist of 24 45-minute lesson
plans and associated materials for teachers to teach ScratchJr skills through storybook
readings, songs, games, unplugged computational thinking activities, and open-ended
ScratchJr projects. These resources are based on a pedagogical understanding of coding
as a language that can be used for creative expression, like spoken or written languages
(M. Bers, 2019). Teaching coding alongside literacy can produce better coding and
computational thinking outcomes for the students, so literacy is integrated into the
curriculum through ScratchJr projects retelling and expanding on narratives and stories
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Figure 1. ScratchJr interface.

(Hassenfeld & Bers, 2020). Each curriculum features a nonfiction book highlighting
a woman or minority figure in STEM and a fiction book with a social-emotional compo-
nent and a strong narrative element.

The curricula have been implemented and evaluated in the United States as part of
a pilot program and a multi-state cluster-randomized control trial (Bers, Blake-West, et al.,
2023, Yang et al., 2023). Students who participated in the CAL-ScratchJr curriculum had
increased coding knowledge compared to students in the control group, but there was no
significant effect of CAL-ScratchJr on computational thinking. Computational thinking
and coding language knowledge are both needed to code successfully and are therefore
both taught in CS curricula, but some programs emphasize one over the other. The lack of
effect of the curriculum on computational thinking was believed to be because students
in the control condition received educational programming within their existing curricula
that promoted the development of their computational thinking, but were not receiving
existing coding language programming, so the CAL-curriculum was filling a gap for the
coding knowledge portion of the CS education. The curriculum has also been piloted
outside of the United States (Ben-Ari et al., 2023; Bers, Levinson, et al., 2023), but until
now, there has yet to be an experimental validation of the curriculum with a control group
outside of the United States.

CS education in Argentina

Argentina is the fourth-most populous country in Latin America, with a population of
approximately 46 million people (Instituto Nacional de Estadistica y Censos, n.d.-a). Broad
educational policies, such as the mandatory ages of education (4-17), are set at the
national level, but provincial ministries of education manage most educational policies.
Over 85% of five-year-old children from the Corrientes province in the Northeast and over
90% of children in the Mendoza province were enrolled in a kindergarten classroom
(Instituto Nacional de Estadistica y Censos, n.d.-b). Enrollment in elementary school was
even higher, with 100% enrollment across Argentina (OECD, n.d.). At the national level,
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approximately 30% of students attend private schools for initial (preprimary) education,
which are also administered, overseen, and often subsidized by provincial ministries
(OECD, n.d.).

As mentioned above, CS education has become increasingly prioritized worldwide,
which is also true within Latin America and Argentina. A 2018 report found that in most of
Latin America, supporting economic development and promoting STEM careers were the
primary drivers of K-12 CS education proposals and policies in Argentina (Jara et al., 2018).
Non-economic social goals, such as developing students’ higher order thinking skills,
increasing motivation for schooling, and improving gender equity, also motivated CS
educational policy in Latin America but were less relevant in Argentina specifically. As
mentioned above, provincial ministries create and implement most educational policies,
but some national policies and initiatives push CS education across Argentinian class-
rooms, including early childhood and early elementary programs. Some of these pro-
grams have included Program.AR in 2012 and Connected Learning in 2018 promoting CS
and robotics education in all public initial, primary, and secondary schools nationwide
(Jara et al., 2018). However, these programs have not been implemented equally across
schools and provinces.

Current study: coding as another language in Argentina

As mentioned above, the CAL program has never been validated outside of the
United States, and we chose Argentina as the first country outside of the United
States to study the curriculum for a few reasons. To clarify, validation in one country
outside of the United States does not answer if the curriculum will be successful in
all contexts but does answer the initial question of if the curriculum can be
successful in in a context outside of the United States. The early education systems
of the United States and Argentina have similar histories, with kindergartens rooted
in playful learning and the pedagogies of Froebel (Allen, 1986), and teachers in both
countries value play when teaching coding and CS (T. G. Levinson, 2024).
Additionally, both countries have decentralized educational systems primarily run
at the state or provincial level, even though there is national or federal education
policy (Cardini et al., 2020; Kamerman & Gatenio-Gabel, 2007). However, a major
difference between the two countries is the placement of kindergarten - kindergar-
ten in Argentina, although mandatory, is part of the pre-primary system while
kindergarten in the United States is already embedded in the formal elementary
school system. Finally, literacy education varies between the two countries, as
Spanish has a one-to-one letter to sound correspondence, while English literacy is
more complex, meaning that children in Argentina learn to read much more quickly.
Finally, although we were only evaluating the curriculum in one country, we did so
in multiple educational contexts (public, private, urban, and rural schools in two
socioeconomically distinct provinces). Evaluating the curriculum across a variety of
Argentinian contexts could increase understanding of how early childhood CS pro-
grams and pedagogies, including the CAL-ScratchJr program, could be implemented
in multiple Latin American educational contexts, which includes over 150 million
children (UNICEF, 2020).
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We partnered with a local NGO to adapt, implement, and study the Coding as Another
Language for ScratchJr curriculum in two provinces in Argentina, Mendoza and
Corrientes. The Varkey Foundation is an international NGO focusing on improving educa-
tional outcomes for underprivileged children worldwide, including through educational
technology. The organization has a long history and considerable community relation-
ships in Latin America and Argentina specifically, and their Latin American offices are
based in Argentina. As such, the Varkey Foundation was uniquely positioned to adapt a CS
curriculum to the Argentinian context. The two project coordinators from the Varkey
Foundation led the translation process, with a second team of undergraduate research
assistants checking the Spanish translation for content validity against the original
curriculum version.

One strategy of curriculum adaptation that is frequently used is localization, which
is defined by Bird et al. (2011) as presenting lesson materials through concrete
applications relevant to specific contexts in order to engage students’ interests. This
approach involves creating culturally relevant instructional resources that resonate
with students’ backgrounds. However, our partners focused on translation in their
adaptation process, rather than the replacement of materials, as they believed that
the materials were as relevant for the Argentinian context as for the United States
context. For example, many books in the CAL-ScratchJr curriculum were available in
Spanish, or alternate books about the same characters were selected. This was done to
support the curriculum’s learning goal of educating children about historical women in
STEM. The songs, which were created for the original CAL curriculum, were based on
melodies that were also familiar in Argentina, and so were translated but not replaced.
However, translation was not always enough to support meaningful engagement for
all students in all regions of the country, so teachers were encouraged to make any
necessary additional adaptions. Further adaptation of the curriculum, including songs,
games, or lesson structure, was made at the classroom level by individual classroom
teachers. The decision made most consistently by teachers was not to complete the
unit test at the end of the curriculum. This perceived fit of the original curriculum
materials to the Argentinian context, and the subsequent decision to translate but not
replace materials, had not been seen in pilot projects localizing the curriculum in other
countries (Ben-Ari et al., 2023).

This paper used a convergent-parallel mixed methods approach to understand the
international scaling and local implementation of the CAL-ScratchJr curriculum in two
Argentinian provinces, Mendoza and Corrientes. We asked two primary research
questions:

(1) Did the CAL-ScratchJr program improve Argentinian students’ coding knowledge
and computational thinking compared to students in a controlled setting?

(2) What aspects of the curriculum did the teachers perceive as successful or unsuc-
cessful when implementing the curriculum locally?

Methodology

This study used a convergent-parallel mixed methods approach to understand the
implementation and impact of the CAL-ScratchJr curriculum in two Argentinian provinces
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through two lenses: 1) the traditional, internationally validated assessments of student
performance that had been used when originally evaluating the curriculum, and 2) local
teachers’ understandings of the success of the curriculum when implemented in their
schools and classrooms. Traditional measures of student success were evaluated using
a cluster-randomized control design and hierarchical linear modeling of student assess-
ment scores, and teacher perceptions of curriculum success were evaluated using quali-
tative analysis of teacher focus groups.

Both student and teacher data were collected as part of a larger cluster-randomized
control design study implementing the curriculum in Corrientes and Mendoza, Argentina
(Figure 2). The schools served as the clustering level, as teachers work within school
communities. Seventeen schools across the Corrientes and Mendoza provinces took part
in the CAL-ScratchJr Argentina Project. Schools were randomly assigned to teach the CAL-
ScratchJr curriculum or the control condition. Schools in the control condition partici-
pated in their daily activities, with teachers receiving only their standard professional
development and teaching their standard curriculum. This did not include a standardized
CS program, although some of the students had technology time in their schools.

The CAL-ScratchJr curriculum was implemented at the classroom level either by the
classroom teacher or by an enrichment teacher who received prior training. Enrichment
teachers were either computer, library, or English teachers who led technology or lan-
guage art sessions for the school and typically taught or co-taught CAL-ScratchJr lessons
for more than one classroom within that school. Before teaching the CAL-ScratchlJr
curriculum, teachers received six sessions of an hour-long professional development on
the Coding as a Playground and Coding as Another Language pedagogies, the ScratchJr
coding language, and the CAL-ScratchJr curriculum. Before and after this professional
development training, teacher surveys were distributed, and teachers completed an
assessment of their coding knowledge. After the professional development, teachers in
the treatment condition completed focus groups with in-country project coordinators,

CODING AS ANOTHER LANGUAGE

Student Experience ~ Coding Stages Coding Stages
Assessment CAL-Scratch)r Curriculum Assessment
TechCheck TechCheck
Teacher
Experience
Coding Stages Coding Stages
Assessment PD Assessment CAL-Scratch)r Curriculum
Pre-Training (Training) Post-Training Mid-Curriculum Survey Post-Curriculu
Survey Survey m Survey

Focus Groups Focus Groups

Figure 2. Study protocol.
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and students completed pre-curriculum assessments of coding knowledge and computa-
tional thinking. Teachers then implemented the 24-lesson coding curriculum in the
classroom. During the curriculum, teachers were given a mid-curriculum survey and
completed a second focus group. Finally, following the curriculum, the teachers com-
pleted additional focus groups and surveys, and students completed post-curriculum
assessments. The protocol is summarized in Figure 2. Teacher completion rates for surveys
were extremely low, so the surveys were unable to be meaningfully analyzed, and the
results were not included in this paper. Additionally, the teacher CSA results are not
included in this paper, as teacher learning is outside of the scope of this paper and will be
reported in future papers.

This study was approved by [AUTHORS' INSTITUTIONAL IRB] under protocol
code [######H###].

Participants

This paper includes data from students and educators. RQ 1, evaluating student perfor-
mance on internationally validated assessments, used quantitative student data from
both treatment and control groups, while RQ 2, studying teacher understandings of the
curriculum, used qualitative teacher data from the treatment group.

Students

Five-hundred fifty-six kindergarten, first, and second-grade students participated in the
study by completing at least one assessment time point (Table 1). There was an attrition
rate of 19.1%, with 450 students completing both time points of assessment. As men-
tioned above, these children were from 17 schools, 9 in Corrientes and 8 in Mendoza. The
sample included public and private schools in urban and rural educational settings.

Teachers

In all, 62 educators were enrolled in the study. Of these, 30 teachers were included in our
treatment condition and therefore included in our dataset for RQ2. This sample included
classroom teachers, enrichment teachers, and administrators. The educator sample was
90.3% female. Teachers in the treatment condition had an average of 10.93 (SD =5.8)
years of classroom experience, ranging from 1 to 24 years. However, the teachers did not
have high levels of programming experience; only 24% had prior experience with the
ScratchJr programming language, and only 35% had any prior training or experience with
programming.

Table 1. Distribution of students by gender, condition, and grade.

Condition Kindergarten First Grade Second Grade
Treatment

Girls 64 30 32

Boys 74 40 34

Total 128 70 66
Control

Girls 56 41 41

Boys 70 52 56

Total 126 93 97
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Instruments

Student performance

Coding stages assessment. Coding knowledge, defined as knowledge of the ScratchJr
coding language and its’ syntax, was evaluated using the Coding Stages Assessment (CSA)
(de Ruiter & Bers, 2021). As mentioned above, the CSA is based on the Coding Stages
Framework, which proposes that children learn to code in developmental stages like the
developmental stages in which children learn to read (M. Bers, 2019). The framework
proposes five stages: Emergent, Coding and Decoding, Fluency, New Knowledge, and
Purposefulness. Each stage has six questions, and the assessment is designed so that
children move to the next stage if they correctly answer five of the six questions within
a stage. However, the “purposefulness” questions are spread throughout the assessment at
varying levels of difficulty, to capture the potential intentionality of coding that can exist
at any stage of coding development.

The CSA has been previously validated in English-speaking children and adults (de
Ruiter & Bers, 2021). To adapt, administer, and validate the Spanish CSA in Argentina,
a Varkey Foundation team member translated the assessment into Spanish. The assess-
ment was then back translated to English by an undergraduate research assistant at
DevTech. The original English assessment and the back-translated assessment were
evaluated for content validity by a third research assistant who rated the items on a 0-2
scale as “not the same”, “somewhat similar”, or “same” found 89.8% of the items to be
conceptually the same between the two versions, and 99.3% of the items to be somewhat
similar or the same. The assessment was administered individually in Spanish by research
team members and took approximately five to forty minutes, depending on the child’s
ability. Teachers in the treatment condition were assessed with the CSA before and after
the professional development, and all children were assessed at the beginning and end of
the program.

TechCheck. The TechCheck assessments evaluated computational thinking, as defined
by the cognitive skills necessary for coding (e.g. sequencing, abstraction) divorced from
any one coding language (Relkin & Bers, 2021; Relkin et al., 2020, 2023). TechCheck is
designed to be developmentally normed for a child’s grade; the kindergarten, first,
and second-grade versions were used in this study. The assessment consists of fifteen
multiple-choice questions, with three (kindergarten) or four (first and second grade)
answer options.

Like the CSA, TechCheck-K, TechCheck-1, and TechCheck-2 have been previously
validated in English (Relkin & Bers, 2021; Relkin et al., 2020, 2023). A member of the
Varkey Foundation team translated the three assessments into Spanish to administer
the three assessments in Argentina. A research assistant back translated the assess-
ments into English. The original English assessment and the back-translated assess-
ments were evaluated for content validity by a third research assistant who found
93.4% of the kindergarten items, 89.5% of the first-grade items, and 93.4% of
the second-grade items to be a conceptual match between the English and Spanish
assessments. The assessments were administered individually in Spanish to all children
at the beginning and end of their participation in the CAL-ScratchJr curriculum
implementation.
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Teacher understandings of success

Interviews and focus groups. Nineteen teachers participated in focus groups and inter-
views three times during the CAL-ScratchJr curriculum implementation study: at the
curriculum'’s beginning (n=19, 3 focus groups), middle (n=12, 3 focus groups), and
end (n =10, 3 focus groups). Questions were asked about teachers’ expectations, experi-
ences, successes, and challenges with the curriculum and research experience. The focus
groups were conducted virtually over Zoom by Varkey Foundation project coordinators
and were recorded and transcribed into English by a research assistant. A fourth end-point
interview was recorded with poor internet quality and was therefore not transcribed or
translated.

Analysis

This study used quantitative and qualitative analyses to evaluate the impact of the CAL-
ScratchJr curriculum on students and teachers in Argentina’s Corrientes and Mendoza
provinces. Quantitative analyses were conducted in R using the tidyverse, moments,
performance, Ime4, and Imertest packages (Bates et al., 2015; Komsta & Novomestky,
2015; Kuznetsova et al.,, 2017; R Core Team, 2020; Wickham et al., 2019). All graphs were
created using the ggplot2 and wesanderson packages (Ram & Wickham, 2018; Wickham,
2016).

Student performance
Our first research question examined student outcomes from the coding curriculum on
coding knowledge and computational thinking. This study was designed as a cluster-
randomized control trial, so to answer this research question, we used a three-level
multilevel growth model with students’ assessment scores as the independent variable,
nested at the student level and finally at the school level. The school was chosen as the
clustering level for the analysis because the school was the location of clustering for the
intervention, and the implementation was administered at the school level, with school
administrators making decisions about how to administer the curriculum in each school.
Timepoint was a predictor at level 1, and condition was added as a time-varying predictor
at level 3. Random intercepts were removed from the model. The model was predicted
twice: once with coding stages assessment scores as the dependent variable and once
with TechCheck assessment scores as the dependent variable. The equations are included
below.

Level 1: Yj = By + By (timepoint;) + Rij

Level 2: By = Yook Bujk = Yook

Level 3: yoox = 6001 (conditiongok) + Uoor

Yok = G101 (conditionsox) + U1

Teacher understandings of success

Our second research question examined curriculum success as defined locally by
teachers. For this, we conducted a thematic analysis involving discovering, inter-
preting, and reporting patterns and clusters of meaning within the data (Boyatzis,
1998; Braun & Clarke, 2006; Joffe, 2012). We engaged in a hybrid deductive-
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inductive coding structure, following the three levels of coding and analysis out-
lined by Wolcott (1994), emphasizing, analyzing, and interpreting participants’
answers relating to successes and unsuccessful moments in the curriculum imple-
mentation. We decided to use a hybrid method due to its' theoretical flexibility —
narrowing in on moments when teachers discussed success without imposing our
existing theoretical frameworks on their understanding of success (Clarke & Braun,
2013).

Our process included first identification and open coding by two authors of
teacher quotes relating to perceptions of success (or lack thereof) in curriculum
implementation. The two authors were two education graduate students at a R1
research university in the Northeast United States. One author is a white American
woman who was born, educated, and has always lived and worked in the United
States. The other author is a Latin American woman who received formal and
university education in Chile and in the United States, where she also worked as
a teacher and a researcher.

After open-coding the data, we created a unified code book and identified themes
within the codes. If there were disagreements between the two coders, we discussed
these to reach agreement at this stage. In the final stage, we interpreted the data to
answer the research question. Finally, as this was a mixed methods study, we also
examined whether our findings of the teachers’ understanding of student success from
the curriculum converged with the findings from the success metrics from our first
research question.

Results
Student outcomes

Our first research question was whether the CAL-ScratchJr curriculum effectively
improved coding knowledge and computational thinking in Argentina. We first looked
at coding knowledge as measured by the performance on the coding stages assessment
at two time points, using a three-level regression nested by students and schools
(Figure 3). The ICC of this model was 0.10. There was a small but significant difference
in score between the CAL-ScratchJr and control groups at baseline, with students in the
CAL-ScratchJr group scoring lower than students in the control group (Bgx=-0.60, p
<.01). Relevant to our research question, there was an overall significant effect of time on
coding knowledge (g% =2.11, p <.001), but there was a highly significant 5.30-point
difference between the growth seen in the CAL-ScratchJr group and the growth seen in
the control group (p <.001).

We then looked at computational thinking as measured by the performance on the
TechCheck assessment, again at two points, using a three-level regression nested by
student and school (Figure 4). The ICC of this model was 0.11. There was no significant
effect of condition on TechCheck at baseline (p = .40). Relevant to our research question,
there was an overall significant effect of time on coding knowledge (64 = 1.06, p < .001),
as well as a 1.07-point difference between the growth seen in the CAL-ScratchJr group
and the growth seen in the control group (p =.02).
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Figure 3. Coding knowledge before and after the CAL-ScratchJr Curriculum.
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Figure 4. Computational thinking before and after the CAL-ScratchJr Curriculum.

Teacher understandings of student success

A few major themes emerged in how teachers described student success: descriptions of
student success related to academics, descriptions of student success related to social-
emotional learning (SEL) and approaches to learning (ATL), descriptions of student
success related to student engagement with the material, and descriptions of student
success that were highlighted by the teacher as externally observed and validated.
Teachers did not describe the curriculum as non-successful or as not fitting their class-
room culture.

Academic-related success

Academic-related success was described in multiple ways, but the most common
was teachers describing the students successfully creating content with the
ScratchJr program. As one teacher described, “They [the students] assembled
their characters as they wanted to, where they wanted to, and to go how they
wanted to, what they were called ... this gave me a lot of satisfaction. It is really
nice to see those results”. Teachers also focused on the ease with which the
children created this content. A teacher described how his students spent multiple
sessions creating a project only to lose the project due to a power outage.
However, when he brought the students another computer, they could recreate
the project within an hour and a half.
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Another academic-related theme was vocabulary growth. This growth was not origin-
ally intended to be a curricular focus from the CAL-ScratchJr program, with one teacher
going as far as to call the vocabulary growth “unintentional”. However, when asked about
academic literacy outcomes, teachers identified the quantity and quality of the new words
students were learning. Vocabulary growth was seen “in terms of programming, in terms
of the blocks, what they are called, and how they move beyond writing or not writing”.
One teacher described, “As the classes progressed, they acquired new words and
described what they were doing”.

Interestingly, teachers highlighted not only vocabulary knowledge gain as a sign of
student success but also the lack of such increase as a sign that a student was unsuccess-
ful with the curriculum. One teacher described frequent absences as a challenge in her
class and how she noticed that “it was difficult for [children with absences] to adopt the
vocabulary ... which presented a challenge in my room”.

Finally, teachers described coding in ways that related to the Coding as Another
Language pedagogy, after which the curriculum was named and on which the teachers
received formal training. When describing success in coding as another language, tea-
chers described how coding and the CAL-ScratchJr curriculum allowed the students to
express themselves. “I worked on a story, and they, based on the story, first wrote it, and
then we did it with ScratchJr, the different images, the narrative sequence, and they
remembered the story that we had written together ... then that was the story of the final
project we did, and there they started looking for images ... and there they discovered
a lot of things”.

Social-emotional and approaches to learning

The second theme to emerge was success relating to social-emotional learning (SEL) and
approaches to learning (ATL) skills (Hayashi et al.,, 2022; Li-Grining et al., 2010).
Descriptions of student success with ATL skills emerged from the teacher interviews,
including creativity and imagination, perseverance, patience, curiosity, and organization.
One teacher described these behaviors together when describing students successfully
engaging the curriculum, explaining that “they [the children] were investigating, explor-
ing the tool more, and if after this, together we saw that they had to follow the steps, that
we could not jump at all because they had started with the error ... they were not
distressed, but they said that they had to wait”.

Similarly, multiple teachers described student growth in social development emerging
from the curriculum, particularly regarding communication and community engagement
and in connection with ATL skills. One teacher described collaboration alongside success-
ful persistence, describing how “when they were solving the problem, they had been
seeing how they could solve it so they were testing different possibilities to be able to fix
this error and that comradery came from them; therefore, they said ‘Good, you have to do
this and if you do this, we will solve it'.” Similarly, another teacher described how “there
was active participation between them - the creativity, the decision-making they had to
do with each proposal ... when they had to build a scene or to make a story, create audio
with their voice, it was decisions they were making based on the phrase that was given,
and they decided how to do it". A third teacher summarized how this academic success
led to social-emotional competence, explaining, “I love seeing the progress of the
students and seeing the confidence they have”.
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Student engagement with the material

The third theme of student success that emerged from the teachers’ interviews was
student engagement with the material, including with the games and books.
Teachers described the children’s autonomy, happiness, motivation, and participa-
tion in the curriculum as forms of success. One teacher explained that “it is
important that they have done it with a lot of happiness, they loved it, they ask
‘Teacher, can we go to have ScratchJr programming?’ ... and they are very happy
to do their homework”. Another teacher further emphasized the role of engage-
ment in understanding success with the curriculum, explaining that “to see them
motivated, to see them participate and to have learned it, what they can achieve,
| believe this is the most important thing”.

Importantly, these behaviors were not only an indicator of success but also behavior
that could promote student engagement and lead to further curricular success. One
teacher described a scenario where a child had completed the assigned work, saying
that “I said to [the] student, ‘Well, create something that you want with everything we
learned’, and he ended up creating a Mario Bros game, so it’s playing and also awakening
the creativity and imagination of the kids”. In this example, the engagement with
ScratchJr and the curriculum led to autonomy, creativity, and motivation, leading to
further advanced content creation and complex projects. As such, these behaviors that
the teachers viewed as successful could also serve as pathways for other student
successes.

External validation

The final theme was the external validation the teachers received about their
students’ success with the curriculum. As described above, the teachers named
many forms of success, but across domains, teachers included descriptions of or
references to how their success was perceived by administrators, parents, or other
teachers.

This external validation took multiple forms and referenced multiple domains of
success. One teacher described local study coordinator visiting the school and seeing
the children’s happiness. Multiple teachers described showing off the students’ creations
at an open-house celebration to other school community members, including the stu-
dents’ ScratchJr programs, drawings of their planning process, and presentations describ-
ing their work. The open house was attended by other classes, parents, and school
administration, and teachers highlighted students’ social and emotional behaviors during
this showcase. “They [the students] gave a class on what they did, and it was incredible
how they waited their turn to speak with the microphone to show what they did".

Finally, one teacher described how parent satisfaction and buy-in were indicators of
project success, as it would lead to future project iterations. At the beginning of the
project, some parents were hesitant about participating in a research program but were
pleased after seeing the open house and the student results. This emphasis on gaining
parental and administrative buy-in through the sharing of work was described as in
contrast to teachers’ prior experiences centering standardized assessments, with one
teacher explaining that “we are in a rural area and generally the training possibilities
are always given by the score, and if there is no score, there is not much motivation”.
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Discussion

This paper examined the implementation and evaluation of an adapted coding and
literacy curriculum, CAL-Scratchlr, for early elementary schools in two provinces in
Argentina using quantitative and qualitative measures of student and teacher success.
We found that students who took part in the curriculum had significantly higher growth in
coding knowledge and computational thinking than those in the control condition. We
also found that teachers named student success relating to traditional academic metrics,
SEL and ATL skills, and student engagement with the curriculum. Teachers also high-
lighted programmatic successes across domains as seen by outsiders, such as adminis-
trators, parents, and researchers.

Student growth and outcomes

As mentioned above, student growth was found in computational thinking and coding
knowledge and was described by teachers in terms of students’ vocabulary growth, the
ability to create complex projects, and the use of the gained skills in other academic
contexts. Prior work has evaluated the CAL-ScratchJr curricula and pedagogy in the
United States, where it was initially developed and evaluated like many early childhood
CS programs (Bers, Blake-West, et al., 2023).

This is the first paper to evaluate the CAL-ScratchJr curriculum and pedagogy outside
of the United States, where the curriculum significantly improved students’ coding knowl-
edge compared to students in a control group but not students’ computational thinking
(Bers, Levinson, et al., 2023). As such, one key takeaway from the findings is that the
curriculum and pedagogy can be adapted and applied beyond the United States educa-
tional settings. With adaptations, the curriculum succeeded in many domains for teachers
and students in a country with a different cultural, linguistic, and educational context.
Arguably, the curriculum had a greater impact in Argentina than in the United States in
improving student outcomes, as in Argentina, the curriculum had a significant impact on
computational thinking compared to the control group, while in the United States, there
was not.

It is possible that this is due to the adaptation efforts, including the allowance of further
modifications at the teacher level, as in the United States, the curriculum was more strictly
standardized across schools, districts, and regions. It is also possible that students in
Argentina receive fewer coding or computational thinking opportunities in their existing
curriculum than students in the Northeast United States, so accessing an opportunity such
as the CAL-ScratchJr curriculum benefits the Argentinian students’ development in more
ways than students in the United States. To evaluate if the students’ experiences in the
control group were different between the two countries, future research should examine
and compare the control experiences of students in the two countries.

This paper found that teachers also cared about success beyond academic out-
comes, as seen in behaviors that related to the early childhood pedagogical
approaches of Coding as a Palette of Virtues and Positive Technological
Development on which the CAL-ScratchJr curriculum was developed in the United
States (M. Bers, 2021). Some SEL and ATL behaviors that the teachers described as
curricular successes were behaviors that fit within the PTD and Palette of Virtues
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framework and metaphor, respectively, such as Persistence and Curiosity from the
Palette of Virtues and Creativity and Content Creation from the PTD framework. The
teachers described that the students developed patience and collaborative problem-
solving skills during the curriculum implementation, which supported their coding and
literacy development. None of these findings were unique to Argentina. This both
aligns with prior research about the beliefs and impacts of CS education on students
and teachers in the United States, and suggests that these may be universal goals of
classroom teachers when teaching CS to young children.

Again, this was the first time evaluating the curriculum outside of the United States, but
these findings suggest that this pedagogical approach, when adapted to local educa-
tional contexts, can be successfully applied to early childhood contexts in Argentina and
potentially be applied to early childhood contexts globally.

Validating teacher successes

We also found that teachers defined success through external validation, specifically the
observations of parents, peers, and administrators. Traditionally and for traditional sub-
jects, metrics of external validation are testing and scores. In Argentina, testing begins in
third grade, although one teacher described already feeling pressure in her early elemen-
tary class. However, the CAL-ScratchJr program offered teachers external validation in
several domains that they themselves also viewed as successful, even if these were not
traditionally assessed. As such, the creation-based and integrated curriculum allowed
teachers to show their students’ creativity, projects, emotions, and motivation and receive
external success metrics outside of the traditional assessment format.

As the CAL-ScratchJr program becomes a suitable pedagogical model, expanding to
more countries and regions, this finding provides an added incentive for teachers to join
the study. Research from the United States suggests that when standardized assessments
are prioritized in validating teachers’ and classrooms’ performances, teachers limit time
teaching additional non-assessed subjects and incorporating play-based and child-led
activities (Brown et al., 2020; Pederson, 2007). As such, a curriculum that provides both
demonstrated success through formal assessment and an opportunity for teachers to
receive validation on alternate metrics of success in domains of student motivation,
creation, social and emotional growth, and happiness could offer the best of both worlds.
Teachers who want to show their students’ success in these alternate domains can receive
credit for doing it with the CAL-ScratchJr program while also demonstrating success
according to validated quantitative growth metrics in coding knowledge and computa-
tional thinking.

Curriculum adaptation

Although our work with our community partner focused on curriculum adaptation, the
majority of the adaptation process focused on translating the curriculum and materials
rather than creating new materials. As is mentioned above, this is because the coordina-
tors at the Varkey Foundation felt that the original materials were not irrelevant to the
Argentinian context and met learning goals of the local community. Lack of cultural
understanding or relevance was not identified as a challenge by teachers in teaching
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the curriculum, who described storybook-related projects as one of the successful ele-
ments of the curricula.

An example of the success of this learning-goal centered adaptation process was seen
in the storybooks. Many adaptation processes highlight the pedagogical practice of
localization, which emphasizes using local stories and materials to help students see
themselves in the material and improve interest and motivation (Bird et al., 2011).
However, one of the secondary learning goals of the books in the original CAL curriculum
was to celebrate historical women in CS. This goal was identified as locally meaningful by
our community partners, who wanted to reflect and empower young girls in STEM as
a secondary goal of the CAL-ScratchJr program. Although there were alternate and
translated books available about the characters highlighted in the curriculum (Grace
Hopper, Ada Lovelace, and Katherine Johnson) there were not alternate books available
about Latin American women in CS. This practice stood in contrast to some traditional
ideas of “localization”, (namely, a focus on finding locally meaningful and culturally
relevant materials) but speaks to the importance of local team members who understood
the local goals, as well as to the universality of many of the goals of CS education. (As an
aside, this is perhaps a call to action for more children’s books recognizing female and
culturally non-dominant figures in STEM from more countries, so that these do not need
to be competing goals for future educators and curricula.)

We strongly recommend all global projects include local team members who can
identify local learning goals. We also recommend that curriculum writers clearly define
all learning goals and objectives of their programs, so that local team members can
identify if these learning goals and objectives are relevant to their communities. This
knowledge would empower local team members to create adaptations that prioritize
relevant learning goals with less concern of impacting irrelevant goals.

Limitations and next steps

A key limitation of this project was the limited teacher data collected. Not all teachers
completed surveys for all time points, which limited our ability to make statistical
conclusions about teacher self-efficacy across the program. The value of the mixed-
methods approach of the study was that the qualitative analysis of teacher interviews
allowed us to make conclusions such as that the teachers perceived the curriculum as
successful, their students as performing well across many domains, and the experience as
successful as seen through external observers. These findings suggest high feelings of
self-efficacy for teachers. However, future project iterations should emphasize survey
completion so that these questions can also be answered quantitatively.

Conclusion

In conclusion, our findings suggest that the CAL-ScratchJr curricula, which combine
powerful ideas from CS and powerful ideas from literacy, were valuable tools for
teachers to promote coding, computational thinking, language, and social-
emotional growth in the Argentinian provinces of Corrientes and Mendoza. These
resources, like many early childhood CS materials, were developed and initially
evaluated in the global north, but our work suggests that they can be adapted in
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locally relevant ways for students outside of the United States and in Latin
America. Future work should continue to offer, adapt, and implement the curricu-
lum for countries worldwide to support teachers’ mission to educate the global
citizens of the 21°' century.
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