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Abstract

In this article, we present the impact evaluation of Iriimi, an educational robot-based inter-
vention aimed at developing second-grade students’ computational thinking (CT) skills in
Paraguay. Our results indicate that the program had an effect of 0.089 standard deviations
on the students’ CT skills, focusing on abilities such as abstraction, algorithmic think-
ing, and evaluation. These findings suggest that with age-appropriate instructional design,
young children could develop CT skills, and that smart devices and electronic toys can
contribute to their development. Beyond its effects on CT skills, Iriimi generated additional
benefits for students. In particular, it increased preferences for science, technology, engi-
neering, and mathematics (STEM)-related toys and promoted greater gender flexibility
regarding who can play with them, particularly among girls, while improvements in atti-
tudes toward technology were observed for both boys and girls. In addition to its impact on
students, the intervention also affected teachers who implemented the activities. First, Irimi
increased the likelihood that teachers would use educational technology in the classroom,
including devices not explicitly provided by the program. Second, the program contributed
to the development of teachers’ CT skills, possibly due to the novelty of the curriculum and
methodology in the Paraguayan context. Third, /rimi may have increased teachers’ moti-
vation to use technology, thereby strengthening their positive attitudes toward its integra-
tion into teaching. Our study contributes to the literature by focusing on a middle-income
country, using an experimental design with pre- and post-intervention measures and a large
sample of students, and analyzing the impact on both students and teachers.
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Introduction

In the past decade Computational Thinking (CT) has drawn interest from researchers, prac-
titioners, and policy makers in education. Although the term is widely used, its definition
is still debated. Many studies reference Wing’s (2011) definition, which describes CT as:
“the thought processes involved in formulating problems and their solutions so that the
solutions are represented in a form that can be effectively carried out by an information-
processing agent”. This definition highlights two key elements: CT is a way of thinking
that doesn’t necessarily rely on technology, and it involves problem-solving skills where
solutions can be executed by a computer or other information-processing agent.

The first element highlights that CT is a set of transversal skills that go beyond using
computers or programming, making it relevant to more than just computer scientists (Voogt
et al., 2015; Wing, 2006). Indeed, evidence suggests that these skills can also be developed
through unplugged activities (Zhang et al., 2024). CT is seen as an essential analytical
skill—like reading, writing, and math—that helps with communication, social interaction
(Wing, 2008), and everyday tasks (Tang et al., 2022). This is why many governments have
made CT a key 21st-century skill in school curricula (Bati, 2022; Bocconi et al., 2016).

For the second element, different authors outline various concepts and skills linked to
CT. Based on a review of widely cited studies, Bocconi et al., (2016, 2022) identify the fol-
lowing core CT skills:

e Abstraction: the process of making an artefact more understandable through reducing
unnecessary details.

e Algorithmic thinking: a way of getting to a solution through a clear definition of the
steps.

e Automation: alabor-saving process in which a computer is instructed to execute a set of
repetitive tasks quickly and efficiently compared to the processing power of a human.

e Decomposition: a way of thinking about artefacts in terms of their component parts.
The parts can then be understood, solved, developed, and evaluated separately.

e Debugging: the systematic application of analysis and evaluation to find and correct
bugs and errors.

e Generalization: associated with identifying patterns, similarities, and connections. It
is a way of quickly solving new problems based on previous solutions and building on
prior experience.

The growing focus on CT in education, especially in early childhood education,' is
driven by four factors. First, research shows that learning CT positively impacts other
skills for using Information and Communication Technologies (ICT) at a young age, such
as critical thinking, communication, collaboration, creativity (Bers et al., 2019; Critten
et al., 2022), and self-regulation (Yang et al., 2022). Second, CT activities help children
to understand the technologies they encounter daily (Sullivan & Bers, 2016). Third, some
authors argue that early childhood is a critical period for developing CT, as children are
transitioning from concrete to abstract thinking (Flannery & Bers, 2013). Fourth, recent
investigations conclude that interventions in early childhood have a higher rate of return

! Although the age range for what is considered Early Childhood Education may vary, it is typically
defined as the period from birth to eight years of age (United Nations Educational, Scientific and Cultural
Organization, 2025).
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than interventions at later stages and a long-term impact on economic, health, and social
outcomes (e.g. Garcfia et al., 2020).

With general agreement on the importance of CT skills, a key question is whether struc-
tured interventions can foster these skills in early childhood education. Several studies have
reviewed the available empirical evidence (Bakala et al., 2021; Bati, 2022; Su & Yang,
2023), and they generally conclude that: (i) with age-appropriate instructional design,
young children can develop early CT concepts and skills; (ii) smart devices and electronic
toys (like robots) can aid in developing programming and CT skills in early childhood edu-
cation; (iii) little is known about the most effective practices for developing these skills in
young children, given that most of the available evidence focuses on primary and second-
ary school students; and iv) existing studies often lack coverage of developing countries,
use small sample sizes, rarely employ experimental designs, and overlook factors like gen-
der, socioeconomic status, and adult roles (e.g., teachers) in CT learning.

To contribute to this literature, in this article, we evaluate the impact of Iriimi (‘“‘com-
panion” in the Guarani language), an educational program designed to develop CT skills in
second-grade students in Paraguay’s public primary schools. Iriimi was created by the Mul-
tidisciplinary Organization to Support Teachers and Students> (OMAPA), Paraguay’s Min-
istry of Education and Sciences (MEC), and the Inter-American Development Bank (IDB).
The program included a curriculum of 18 classroom activities, supported by a technologi-
cal kit featuring a robot. These robots were developed and donated by SK Telecom, with
materials adapted by the Teacher’s Association of Primary Computer Education in Korea.
The program also offered teacher support through training and tutor visits. It was imple-
mented in 104 schools across seven Paraguayan regions (departamentos) over approxi-
mately 11 weeks (August 15 to October 29, 2022). To evaluate Iriimi, we conducted a Ran-
domized Controlled Trial (RCT) with 207 schools (104 in the treatment group and 103 in
the control group), 2040 students, and 160 teachers.

In addition to evaluating the effect of the program on CT skills, which is the program’s
main objective, the study also analyzes its impact on other dimensions considered in the
literature on technology-based interventions in education. First, evidence shows that there
are gender biases in preferences for and attitudes toward STEM-related toys in general, and
robots in particular. For example, the literature suggests that toys are cultural products that
are often gender-stereotyped (Cherney & London, 2006; Spinner et al., 2018). Even at age
5, boys and girls exhibit different preferences for toys (Cherney & London, 2006; Weis-
gram et al., 2014), with toys like robots traditionally associated with males (Seo, 2022).
On the other hand, research indicates that exposure to programming and robotics activities
can increase girls’ interest and attitudes in these fields (Gomoll et al., 2016; Master et al.,
2017). Additionally, counter-stereotypical situations (e.g., girls playing with robots) can
change boys’ and girls’ attitudes toward technology (Spinner et al., 2018), which is relevant
given that such attitudes can be considered a proxy for students’ likelihood of pursuing
STEM-related careers (Svenningsson et al., 2022).

Second, a growing body of literature suggests that programs introducing technology in
education can also have effects on teachers, who are responsible for delivering the cur-
riculum in the classroom. For example, interaction with robots may influence teachers’

2 OMAPA is a non-profit mathematical organization based in Asuncién, Paraguay. More information at
https://www.omapa.org/

3 SK Telecom is a South Korean company, specialized in the manufacturing of mobile phones and telecom-
munications services. More information at https://www.sktelecom.com/index_en.html
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attitudes toward technology, which in turn have a significant impact on the use of new
technologies in classrooms (Atkins & Vasu, 2000). At the same time, the integration of
CT-related content into the curriculum and training may contribute to the development of
these skills among teachers (Kong et al., 2020), which is particularly relevant given that
teachers’ deeper knowledge of the content they teach can enhance student learning (Sadler
et al., 2013).

The Iriimi program
Program design
Curriculum

The Irimi curriculum (see Table 1), developed by the Teacher’s Association of Primary
Computer Education in Korea in collaboration with coding education specialists, is deliv-
ered through a teacher guidebook and student workbooks, and is grounded in literature on
the instructional design of educational interventions that promote computational thinking
in young children (e.g., Bakala et al., 2021; Bati, 2022; Zhang et al., 2024). The curricu-
lum includes 18 activities where students learn basic CT concepts by solving problems.
Students create a sequence of instructions for the robot to follow, then scan coding cards
using the robot’s sensors to execute the sequence on a navigation board. The curriculum
includes three types of activities: Disconnected Activities, which introduce programming
concepts without using the robot or coding cards; Familiarization Activities, which train
students to use the technological kit’s components; and Reinforcement and New Topics,
which strengthen understanding of sequences, loops, and debugging while introducing new
robot functions and CT concepts like conditions and algorithmic thinking. The following
materials are available in the online supplementary materials on the journal’s website:
(1) the 18 learning activities included in the [riimi curriculum (Online Resource 1); (ii)
the Teacher Guidebook, which includes lesson plans and assessments for all curriculum
activities (Online Resource 2); and (iii) the Student Workbook, which contains the activi-
ties to be completed, their solutions, and the materials required to carry them out (Online
Resource 3).

Educational kit

The program activities use Iriimi smart robots, coding cards, robot navigation tracks, a
teacher’s guide, and student workbooks. This technology was developed by SK Telecom,
which, through the Korea Poverty Reduction Fund (KPR, donated 900 educational kits to
the MEC.

Robots The robot used in the program corresponds to the commercially available Smart
Robot Albert and weighs 230 g and is 13 cm tall (see Fig. 1). It features autonomous naviga-
tion, LED lights, optical, light, temperature, touch, proximity sensors, as well as speakers
and Bluetooth. These features allow it to move on smooth surfaces, detect obstacles from

4 The KPR Fund focuses on poverty reduction and social development in Latin America and the Caribbean.
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Fig. 1 Iriimi robot

1 to 15 cm away, display various colors, and produce sounds. The MEC provided robots to
schools, distributing them based on the number of students per class, with a maximum of
three students per robot in most classrooms.

Coding cards Each robot comes with 56 coding cards in six different colors (see Fig. 2).
The cards contain 22 instructions that enable the robot to perform simple actions, such as
moving back and forth, turning right and left, turning its colored eyes on or off, making
sounds, or recording. The cards also allow for more complex actions like iterations (repeat-
ing a process a set number of times or indefinitely) and conditional structures (e.g., waiting
to detect a hand or repeating an action until a specific event occurs).

Navigation boards The Iriimi robot features an autonomous navigation system that ena-

bles it to move on boards, where it carries out instructions programmed using the coding
cards. The navigation boards are made from a special canvas that can be written on with a

MOVE FORWARD RUN PROGRAM REPEAT 3 TIMES BEEP TURN RIGHT

Fig.2 Coding cards
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whiteboard marker and easily erased, allowing them to be customized for each activity (see
Fig. 3).

Teacher support and training

Iriimi was designed for second-grade students, who participated in programming and cod-
ing classes during the contraturno. In Paraguay, most public schools have a short school
day of four hours, with students attending either in the morning or afternoon (Mateo-Ber-
ganza & Iribarren, 2016). The contraturno (countershift) is the opposite shift: afternoon
for morning students and morning for afternoon students. A second-grade teacher led the
activities, assisted by eight students from the third cycle of primary education (grades 7-9,
corresponding to adolescents aged 12 to 14), who provided support. Neither teachers nor
assistants received financial compensation for their participation in the training sessions
or in the implementation of the program. The classes were structured to last up to three
40-min sessions per week, totaling 36 class hours. The activities were planned to take place
over 11 weeks, from August 15 to October 29, 2022.

Each teacher received a monthly follow-up visit from a tutor trained by OMAPA. The
tutor observed the teacher’s performance in implementing the activities and provided feed-
back on their teaching practice. During these classroom observations, tutors used monitor-
ing sheets to record information such as: (i) the activities carried out from the workbook;
(i1) the classroom environment; and (iii) the main challenges identified and the teacher’s
needs.

.
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Fig.3 Navigation boards
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The teacher training involved implementing the 18 activities from the program’s cur-
riculum through 4 workshops held in schools between July and September, totaling 29 h.
The workshops were led by the tutors. The training adopted a Training-of-Trainers (ToT)
model, in which lead trainers, previously trained, subsequently replicated the sessions
with small groups of five to seven teachers. Each workshop followed an active, experien-
tial approach focused on the practical implementation of the Iriimi curriculum, combining
pedagogical guidance with hands-on activities using the robot and coding cards, including
both unplugged activities and tangible programming. Learning was primarily collabora-
tive, emphasizing group work, role rotation (between the roles of robot and programmer),
and trial-and-error problem solving, and was complemented by structured reflection activi-
ties. Teachers’ learning was assessed formatively through performance observation and
qualitative rubrics.

Program implementation

This subsection presents data on the actual classroom implementation of Irimi, collected
through a module included in the endline survey administered to school principals and all
teachers in the 104 treated schools, which covered questions on program implementation,
including teacher training, provision of materials, and classroom delivery of the activities.’

In terms of program implementation, 99 percent of participating schools received the
complete [riimi kit (robot, coded cards, USB charging cables, navigation boards or canvas
track, Iriimi student manual, /riimi teacher guide, multicharger, and stationery); 69 percent
took part in the four teacher training workshops, 23 percent in three, 6 percent in two,
and 2 percent in one workshop. Eighty-seven percent of participants perceived the work-
shops as useful or very useful and 83 percent were satisfied or very satisfied with their con-
tent. Variations in the amount of training received by teachers may have affected treatment
homogeneity and should be considered when reading the results discussed in the subsec-
tions below.

Regarding the program’s implementation in the classroom, 96 percent of teachers
reported having carried out the activities contemplated in the school plan. The number of
weekly hours dedicated to the program varied, however: 12 percent of teachers reported
having conducted one hour of class per week with the Iriimi robot, 33 percent two hours, 16
percent three hours, 23 percent four hours, and 11 percent more than five hours. Although
25 percent of schools received the materials with a delay, and 35 percent began imple-
menting the program later than expected, the average number of activities completed was
14.7 (of a total of 18), that is, 82 percent of the expected content. Beyond average imple-
mentation levels, the percentage of curriculum activities completed varied across class-
rooms. Fifty-eight percent of teachers reported having completed all the activities, 21 per-
cent more than 75 percent, 13 percent between 50 and 75 percent, and 7 percent less than
50 percent. Among the teachers who conducted classes using /riimi materials, 77 percent
reported that they faced no difficulties during classroom sessions. The remaining 21 per-
cent reported difficulties in developing the classes. The most common issues included low
student attendance, difficult coordinating schedules, and lack of time to develop activities.
The ratio of students per robot was close to that expected (three students per robot), with

5 The survey items administered to principals and teachers, together with details on the intervention moni-
toring process, are available from the authors upon request.

AECT @ Springer



E. Ndslund-Hadley et al.

18 percent of teachers reporting a ratio exceeding 3.5 students per robot. Approximately 14
percent of schools faced any difficulties in getting the robots to work. In most cases, these
difficulties involved basic operational issues, such as turning on the device, correctly read-
ing the coding cards, executing commands in the appropriate sequence, or battery-related
problems due to insufficient charging prior to classroom use. These challenges were typi-
cally resolved through on-site technical support and follow-up.

In terms of support, 41 percent of schools received visits from OMAPA tutors during
the program’s implementation in the classroom (95 percent received one visit and 5 per-
cent two visits). The support component that presented the most difficulties was that of
the student assistants (aged 12—14): despite recruitment of the expected number of assis-
tants, 67 percent participated in the two training workshops and 59 percent participated
in all classes supporting the teacher. One of the main difficulties was that not all assistants
were recruited from the treated schools, as several of these schools do not offer the third
cycle of primary education (grades 7-9), from which assistants were selected. This reduced
the probability that assistants would be transported to the school where they were to pro-
vide support. Another difficulty was that the food service was not present in some schools,
requiring student assistants to go home to eat, but some did not return.

The support constraints could explain why 43 percent of the teachers reported that the
program was easy or very easy to follow, although this share increases to 64 percent when
they were asked specifically about the use of the robots and to 71 percent, when asked
about students’ interaction with the robots. Despite these constraints, the program was
perceived positively by both teachers and students: 100 percent of the teachers reported
that the program was useful for teaching children programming concepts, and 99 percent
indicated that it boosted students’ class participation. Meanwhile, 98 percent of students
reported that they liked the classes with the robots, and 99 percent indicated that they
would like to continue having classes with the robots. Finally, the data indicate that imple-
mentation was more challenging for teachers in rural areas and for men.

Research questions

Given the characteristics of the program described in the previous section, the impact eval-
uation presented in this article is structured around the following research questions (RQ):

RQ1: What is the effect of Iriimi on students’ CT skills?
RQ2: Does Irimi affect students’ preferences and gender attitudes toward STEM toys,
and their attitudes toward technology?

e RQ3: Does Iriimi have an effect on teachers’ classroom practices, attitudes toward tech-
nology, or CT skills?

Methods

Sample selection

The MEC selected all 300 schools participating in the Extended School Day Project (Jor-
nada Escolar Extendida, or JEE), a pilot program financed by the Inter-American Devel-

opment Bank (“Lo que dijo el ministro de Educacién”, 2024). In 131 of these schools, the
extended school day model was implemented for both the first and second cycle of primary

@ Springer ACECT
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education, corresponding to grades 1-3 and 4-6, respectively. The remaining 169 schools
were those where the JEE model would be implemented, as they met the following criteria:
(1) having enough classrooms to implement the JEE modality simultaneously from first to
sixth grade; (ii) offering a school lunch service; (iii) having digital connectivity provided
by the MEC; and (iv) having at least 60 students enrolled across the first and second cycles.
Based on the locations of these 300 schools, the sample was then restricted to seven depar-
tamentos in Paraguay: Asuncion, Central, Cordillera, Guaird, Paraguari, Misiones, and
Itapiia. After this restriction, 207 schools participated in the study.

The study used a Cluster Randomized Controlled Trial, randomly assigning schools
to treatment and control groups. This design helps prevent spillover effects, which could
occur if randomization were done at the classroom level, as teachers might share mate-
rials or teach multiple classes within the same school. From the sample of 207 schools,
104 were assigned to the treatment group (i.e. they received all components of the Irimi
program), and 103 to the control group (i.e. they continued with their normal educational
plan), using a stratified randomization strategy. Stratification helps improve the perfor-
mance of randomizations in small samples (Bruhn & McKenzie, 2009). The strata used for
randomization were department and area (rural/urban).

Instruments

To assess the potential impact of the program on second-grade students and teachers, vari-
ous instruments from the literature were combined and adapted.®

Student measures

CT Skills To measure students’ CT skills, we combined two instruments. First, we used a
set of tasks from the Bebras International Challenge on Informatics and Computational
Thinking, which is organized by Bebras, an international initiative founded in 2004 to pro-
mote informatics and CT among school students of all ages. The Challenge involves solv-
ing problems using skills such as logic, algorithmic reasoning, and problem-solving, and
has been used in prior research to assess CT skills (e.g., Chiazzese et al., 2019; Lockwood
& Mooney, 2018). Second, we used the Computational Thinking Test (CTT) described by
Roman-Gonzalez et al. (2017), which measures CT levels based on key computing concepts
used to solve and formulate problems. From these two instruments, we selected a battery
of 11 tasks. The specific tasks and materials included in the CT students’ test are provided
in Online Resource 4. We then calculated a global score for each student (CT Score), repre-
senting the percentage of correct answers across all tasks. To disaggregate the results by CT
skill, we grouped the 11 tasks according to the specific skills they evaluate. Some Bebras
tasks assess multiple CT skills. Table 2 shows the connection between the tasks in the stu-
dents’ CT test and their associated skills. Finally, we measured the CT score for each skill as
the percentage of correct answers for the tasks that evaluate it.

Preferences and gender attitudes towards STEM toys To measure students’ preferences
and gender attitudes towards STEM toys, we used two questions from the evaluation instru-
ment of the Pequeiias Aventureras (Little Adventurers) program in Colombia, a gender-

® The full questionnaires are available upon request from the authors.
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inclusive multimedia program focused on early math and science education. To measure
preferences, we asked: “Do you like [name of the toy]? (yes or no)”. The toys included were:
(i) computer, (ii) robot, (iii) telescope, (iv) Lego, (v) stethoscope, and (vi) magnifying glass.
From this, we created a STEM Toy Preference Index, which is the average of the six dummy
variables (the percentage of toys preferred). To assess gender attitudes, we asked: “Who
plays with [name of the toy], girls, boys, or both?”. We then created six dummy variables
(one for each toy), scoring 1 if the student answered “both” and O if they answered “girls”
or “boys”. Finally, we created a STEM Toy Gender Flexibility Index, which is the average of
the six dummy variables.

Attitudes towards technology To measure positive attitudes toward technology, we calcu-
lated the Attitudes Towards Technology Index, which is the average of the student’s level of
agreement (1: agree; O: disagree or neutral) with several statements adapted from the Com-
puter Attitude Questionnaire (CAQ) and the Pupils Attitude Towards Technology Survey
(PATT-USA). CAQ is an instrument containing 65-item Likert scale, and it is designed to
measure attitudes (feelings towards a person, or a thing) and predominant attitudes (disposi-
tions) to computers.” PATT-USA is an instrument containing four sections. The first asks
the student to briefly describe what they think technology is, the second includes eleven
demographic questions, the third has 57 items to measure attitudes toward technology, and
the fourth contains 31 items related to technological concepts (Ardies et al., 2013). Higher
index values indicate more positive attitudes towards technologies.

Teacher measures

Use of new technologies in the classroom We asked teachers about their use of the fol-
lowing technologies in their teaching: (i) computers, (ii) notebooks, (iii) tablets, (iv) radio,
(v) computer tools (Word, Excel, PowerPoint, Google Docs), (vi) file management plat-
forms (Dropbox, Google Drive, OneDrive, etc.), (vii) digital resources such as educational
software, and (viii) robots.

Attitudes towards new technologies in education To measure this dimension, we adapted
the following instruments: Teacher Attitudes Toward Technology and Teachers’ Attitudes
Toward Computers (adapted to technology). The first is part of a study that explored how
teachers’ and students’ technology self-efficacy and attitudes affect technology use in the
classroom (Mikusa, 2015), while the second is a questionnaire developed during 1995-97
for a study on the effects of technology integration education on teachers’ attitudes® (Chris-
tensen & Knezek, 1996). From these, we created the Index of Attitudes Towards New Tech-
nologies in Education which is calculated as the average of the teacher’s level of agreement
(on a scale from 1, “Strongly disagree”, to 5, “Strongly agree.”) with several statements
related to the role of new technologies, such as computers, notebooks, and tablets in their
teaching work. Higher index values indicate more positive attitudes towards new technolo-
gies.

7 More information at https:/stelar.edc.org/instruments/computer-attitude-questionnaire-caq-0
8 More information at https://iittl.unt.edu/content/teachers-attitude-toward-computers-tac

AECT @ Springer


https://iittl.unt.edu/content/teachers-attitude-toward-computers-tac
https://stelar.edc.org/instruments/computer-attitude-questionnaire-caq-0

E. Ndslund-Hadley et al.

CT skills To measure teachers” CT skills, we developed a teacher test based on four tasks:
Way Home 1, Trapped Robot, Way Home 2, and Magic Box. Detailed descriptions of the
tasks and materials included in the CT teachers’ test are provided in Online Resource 4.

Data collection

The data collection instruments included questionnaires for second-grade students (admin-
istered in person using printed teaching materials and a tablet), and teachers and principals
(digital and self-administered) from all participating schools (207). The data collection
took place in two stages: a baseline, where the instruments were applied before implement-
ing the program (June 27-August 12), and an endline (October 31-December 7), during
which data was collected after /riimi had been implemented. All instruments were adapted
to the Paraguayan context, piloted with samples from a population similar to that of the
study, and validated by the MEC. As part of the data collection preparation, all data col-
lectors and field supervisors received training, and a visit coordination protocol was devel-
oped in collaboration with school principals to ensure student attendance on the day of the
visit. To guarantee data quality, an audit was conducted on a sample of cases to detect pro-
gramming errors, potential data falsification, and mistakes made by data collectors during
survey administration. In addition, field supervisors accompanied data collectors during
school visits to identify any issues in the implementation of protocols and to provide real-
time feedback for immediate correction.’

The final analytical sample, used to estimate the program’s impact, included 1,871 stu-
dents (925 in the treatment group and 946 in the control group) and 160 teachers (77 in the
treatment group and 83 in the control group).

Balance validation

RCTs identify the causal impact of an intervention by creating comparable groups (Duflo
et al., 2007). Using baseline data, we tested whether the treatment and control groups were
statistically identical. Table 3 shows a set of school, second-grade student, and teacher vari-
ables, along with the p-values from a two-tailed test on the hypothesis that the averages of
the treatment and control groups are equal. For most variables, no statistically significant
differences were found. However, two variables showed statistically significant differences:
the control group had a slightly higher proportion of female teachers (86.7% vs. 75.6%) and
a higher probability of having received training in science (67.4% vs. 53.4%) compared to
the treatment group.

Statistical models

To evaluate the effects of Iriimi we estimate the following equation using Ordinary Least
Squares (OLS):

Yij=:us+ﬂlYij,t—l +ﬁ2Tj+ﬁ3X,~j+€ij 1)

® Full details of the data collection process are available upon request from the authors.
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Table 3 Sample characteristics and balance validation

Variable Control Treatment All p-value N
School characteristics
Infrastructure status: poor 0.087  0.106 0.097 0.619 207
Infrastructure status: regular 0.223  0.24 0.232 0.722 207
Infrastructure status: good 0.689  0.654 0.671 0.518 207
Enough classrooms 0951 0952 0.952 0.993 207
Number of classrooms 6.816  6.683 6.749 0.617 207
School global index 7.748  7.448 7.597 0.294 207
Second-grade students
Age (years) 7342 7.358 735 0450 2,040
Gender: Girl 0.516  0.508 0.512 0.625 2,040
CT score 0.000 -0.011 -0.006 0.822 2,040
STEM Toy Preference Index 0.000 -0.033 -0.017 0418 2,040
STEM Toy Gender Flexibility Index 0.000  0.035 0.018 0.497 1,964
Attitudes Towards Technology Index 0.000 -0.009 -0.004 0.806 2,040
Teacher
Gender: Woman 0.867  0.756 0.811 0.039*%* 180
Age (years) 43412 42716 43.064 0.422 180
Education: uncomplete primary 0.000 0.011 0.006 0.314 180
Education: complete primary 0.122  0.144 0.133 0.713 180
Education: complete secondary 0.022  0.011 0.017 0.662 180
Education: diploma, technician or teacher 0.444 0.467 0.456 0.777 180
Education: uncomplete tertiary 0.067  0.078 0.072 0.729 180
Education: complete tertiary 0.289  0.267 0.278 0.723 180
Education: master’s or doctorate 0.056  0.022 0.039 0.238 180
Training: have received training for science teaching 0.674 0.534 0.605 0.060% 177
Training: have received training for programming teaching  0.411  0.411 0.411 0.965 180
Training: have received training for mathematics teaching 0.722  0.700 0.711 0.713 180
Employment: full-time 0.956  0.989 0.972 0.194 180
Employment: part-time 0.044  0.011 0.028 0.194 180
Language of instruction: only Spanish 0.056  0.044 0.050 0.733 180
Language of instruction: mainly Guarani 0.011  0.011 0.011 0.933 180
Language of instruction: mainly Spanish 0.211  0.278 0.244 0.287 180
Language of instruction: both equally 0.656  0.600 0.628 0.426 180
Language of instruction: Jopara 0.067  0.067 0.067 0.980 180
Index of Attitudes Towards New Technologies in Educa- 0.000 -0.183 -0.092 0.240 180
tion
CT score 0.000  0.181 0.091 0.232 180

Columns 1-3 present the averages for all observations in the sample (schools, students and teachers). Col-
umn (4) presents the p-value of the two-tailed test on the hypothesis that the averages of the treatment and
control groups are equal. Column (5) shows the number of observations. Standard errors have been clus-

tered at the school level

*** ** and * indicate the level of statistical significance at 1%, 5%, and 10% respectively
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Table 4 Estimated impact of

Irimi on students’ CT skills (in Variable Full sample Restricted sample
standard deviations SD) CT score CT score
Coefficient/(SE) Coefficient/(SE)
Treatment (T) 0.089* 0.176*
(0.052) (0.080)
CT score (baseline) 0.328%%* 0.335%*%*
(0.025) (0.032)
Observations (N) 1,871 1,193

##k % and * indicate the level of statistical significance at 1%, 5%,
and 10% respectively. SE: clustered standard error. The restricted sam-
ple corresponds to schools that implemented over 75% of the curricu-
lum activities and where the teacher attended all four training work-
shops

where Y; is the outcome of interest for student or teacher i at school j, ¥;_, is the same
outcome measured at the baseline, T is a dummy variable that takes the value 1 if the
school is part of the treatment group and O when it is part of the control group, X;; is a vec-
tor of control variables measured at the baseline (students’ age and gender,'® and schools’
number of classrooms and infrastructure status) and e is the error term. Including ¥, _,
and Xj; in the model helps improve statistical power (Imbens & Wooldridge, 2009). f, cap-
tures the causal effect of the treatment on the outcome of interest. For all specifications,
we include fixed effects by strata (u,) to account for the randomization strategy, which
enhances efficiency (Bruhn & McKenzie, 2009). Additionally, we clustered the standard
errors at the school level, allowing for correlation between the errors of students within the
same school. Clustering standard errors prevents the over-rejection of the null hypothesis
of no significant impact (Bertrand et al., 2004).

Following the impact evaluation literature f3, is the Intention to Treat Effect (ITT). The
ITT measures the effect of the program on those assigned to the treatment, regardless of
their take-up. In many cases, researchers and policy makers are interested in the impact of
offering the program, as this will resemble what will be likely to happen if the program is
fully implemented. For this reason, the ITT is also referred to as the “policy impact” of the
program (Gertler et al., 2016).

To study the heterogeneous effects of Iriimi, conditional on the characteristics of the
sample, we estimate the following equation:

Yi=ps+ B Y+ BT + B3 X; + BH + BsT;H + €; 2)

where H are dichotomous variables that define characteristics of students, schools, or
teachers, and s captures the additional effect for the included category compared to the
effect on the omitted category (f,). So, in this model with interactive variables, f, + fs is
the total ITT effect on the included group (H = 1) and f, in the omitted one (H = 0).

All the outcome variables presented in the Results section (see the Instruments subsec-
tion for definitions) were standardized using this formula:

10 In this article, the student gender variable is treated as equivalent to biological sex, as it was recorded by
data collectors based on observable characteristics, with response options limited to male or female.
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where, Y;; represents the value of the outcome variable for student i in school j, and g,
and o, represent the mean and standard deviation of the control group. With this transfor-
mation, the standardized regression coefficient #, measures the effect size of the program
expressed in how many standard deviations (SD) the treated group differs from the control
group (Nieminen, 2022). The only exception are the results in Table 8, where the effect of
the program is expressed as percentage points (differences in probability). This is because
the use of technology in the classroom was measured using dichotomous variables coded
as 1 or 0 for each tool.

Results
RQ1: What is the effect of Iriimi on students’ CT skills?

Table 4 shows the impact of Iriimi on students’ CT skills, estimated using Eq. (1) on the
student sample. The program improved students’ CT score by 0.089 standard deviations
(SD). To account for heterogeneity in the implementation of the intervention discussed
in the previous subsection, Table 4 also reports estimates of [riimi’s effect based on a
restricted sample of schools—specifically, those that implemented more than 75% of the
curriculum activities and where the teacher attended all four training workshops. The esti-
mated effect of the intervention on students’ CT score remains positive and increases in
magnitude to 0.176 SD. While this estimate measures the program’s impact under con-
ditions of high implementation fidelity, the intention-to-treat (ITT) estimate based on the
full sample captures the program’s effect as implemented in practice, including variation
in implementation and training attendance. For this reason, the ITT is widely adopted in
the impact evaluation literature as a measure of program effects, as it reflects the impact of
an intervention under real-world implementation conditions (e.g., Gertler et al., 2016). As
such, the full-sample ITT can be interpreted as a lower-bound estimate of Irimi’s overall
impact.

Table 5 breaks down the effect by each CT skill, showing gains in abstraction (0.136
SD), algorithmic thinking (0.086 SD), and evaluation skills (0.143 SD). There was a nega-
tive effect on debugging skills (-0.081 SD).

Table 5 Estimated impact of Irimi on different students’ CT skills (in standard deviations SD)

Variable CT skills
Decomposition Abstraction Algorithmic Automation Debugging  Generalization Evaluation
Thinking
Treatment (T) 0.074 0.136%** 0.086* -0.060 -0.081°* -0.009 0.143%%*
(0.047) (0.050) (0.049) (0.048) (0.048) (0.046) (0.049)
Observations (N) 1,871 1,871 1,871 1,871 1,840 1,871 1,871

##% %% and * indicate the level of statistical significance at 1%, 5%, and 10% respectively. Clustered stand-
ard error in parentheses
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TaPIeﬁ Estimatefi impact of Variable STEM Toy Preference Index ~ STEM Toy
Iriimi on students’ preferences P
. Gender Flexibility
and gender attitudes towards Index
STEM toys by gender (in . )
standard deviations SD) Coefficient/(SE) Coefficient/(SE)
Treatment (T) 0.022 0.009
(0.063) (0.071)
Gender (girl=1)  -0.080 0.014
(0.056) (0.065)
Treatment (T) x 0.130* 0.187*
Gender (girl=1)
(0.077) (0.096)
Observations (N) 1,871 1,871

This table reports the heterogeneous effect of the program (Eq. (2))

##k kkand * indicate the level of statistical significance at 1%, 5%,
and 10% respectively

SE Clustered standard error

Table 7 Estimated impact of Variable

P . Attitudes Towards Technol-
Iriimi on students’ attitudes

Ind
towards technology (in standard gy n .ex
deviations SD) Coefficient/(SE)

Treatment (T) 0.228%**
(0.047)
Attitudes Towards Technology Index — 0.222%**
(baseline) (0.025)
Observations (N) 1,871

wHk ok and * indicate the level of statistical significance at 1%, 5%,
and 10% respectively

SE Clustered standard error

RQ2: Does Iraimi affect students’ preferences and gender attitudes toward STEM
toys, and their attitudes toward technology?

Table 6 presents the Iriimi’s heterogeneous effects on students’ preferences (STEM Toy
Preference Index) and gender attitudes toward STEM toys (STEM Toy Gender Flexibility
Index), by gender, estimated using Eq. (2). For STEM toy preferences, the program pro-
duced a positive but not statistically significant effect on boys (0.022 SD). For girls, the
impact was both positive and statistically significant, with Iriimi increasing the STEM Toy
Preference Index by 0.152 SD (0.022 SD+0.130 SD). Similarly, in terms of gender flexi-
bility, the program effect for boys was not statistically significant (0.009 SD). Among girls,
Iriimi increased the STEM Toy Gender Flexibility Index by 0.196 SD (0.009 SD+0.187
SD).

Table 7 provides estimates of the Irimi’s impact on students’ attitudes toward technol-
ogy. Students in the treatment group had a statistically significant increase in positive atti-
tudes, with an increase of 0.228 SD in the Attitudes Towards Technology Index relative to
the control group.
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Table 9 Estimated impact of

Iriimi hers® attitud Variable Index of Attitudes Towards
rimi on teachers attltg es New Technologies in Educa-
towards new technologies (in tion
standard deviations SD)
Coefficient/(SE)
Treatment (T) 0.293*
(0.156)
Index of Attitudes Towards New Tech- 0.416%**
nologies in Education (baseline) 0.074)
Observations (N) 160

##% 0k and * indicate the level of statistical significance at 1%, 5%,
and 10% respectively

SE Clustered standard error

Table 10 Estimated impact of

Irimi on different tasks of the Task Coefficient/(SE) S\Ib)servations
teachers’ CT test (in standard
deviations SD) Way home 1 0.155% 160
(0.081)
Trapped robot 0.206%** 160
(0.077)
‘Way home 2 0.028 160
(0.074)
Magic box -0.104 160
(0.078)

##% ok and * indicate the level of statistical significance at 1%, 5%,
and 10% respectively

SE Clustered standard error

RQ3: Does Iriimi have an effect on teachers’ classroom practices, attitudes
toward technology, or CT skills?

Table 8 shows the impact of Iriimi on teachers’ probability of using different technological
tools in the classroom, based on Eq. (1). Teachers in the treatment group were 82 percent-
age points (pp) more likely to use robots compared to teachers in the control group. Addi-
tionally, there was an 18 pp increase in the probability of teachers using notebooks (lap-
tops), despite notebooks not being part of the program’s strategy. This increase coincides
to recent initiatives by the MEC aimed at providing notebooks to schools (“MEC entregd
mas de 650 notebooks”, 2021).

Table 9 presents the estimated effect of the program on teachers’ attitudes towards new
technologies, using Eq. (1). Iriimi had an estimated effect of 0.293 SD on the Index of Atti-
tudes Towards New Technologies in Education. This result reflects a more positive attitude
toward educational technology.

Table 10 shows the estimated impact of Iriimi on each of the 4 tasks included in the
teachers’ CT test, based on Eq. (1). The effect of the program is observed in the Way Home
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1 (0.155 SD) and Trapped robot (0.206 SD) tasks, which measure algorithmic thinking and
automation skills respectively.

Discussion

In this article we present the impact evaluation of Irimi, an educational program aimed to
develop CT skills in second-grade students in Paraguay. Overall, despite some implemen-
tation challenges typical of school-based technology interventions, the intervention was
implemented with a high degree of fidelity. Most schools received the full set of materi-
als and completed the majority of the planned activities, and both teachers and students
reported positive perceptions of the program.

Our results suggest that the program positively impacted students’ CT skills (RQ1),
with an effect size of 0.089 SD, particularly developing skills like abstraction, algorithmic
thinking, and evaluation (according to Bebras’ classification). These findings align with
existing empirical literature, which suggests that well-designed, age-appropriate instruction
can support young children in developing foundational CT skills and that smart devices
and electronic toys, such as robots, can contribute to the development of these skills in
early childhood education (Bakala et al., 2021; Bati, 2022; Su & Yang, 2023). This study
extends the literature by evaluating a developing country context, using a rigorous experi-
mental design with control and treatment groups, pre- and post-intervention assessments, a
large student sample, and by examining the program’s effects on both students and teach-
ers. Our findings are also relevant to the discussion on how to incorporate CT into school
curricula in Latin America. Although there are various initiatives in the region aimed at
introducing CT concepts and skills into the classroom—many of which are based on the
use of educational robots—the literature highlights a lack of rigorous quantitative research
on the impact of interventions designed to develop CT skills in students and teachers (Cur-
asma & Curasma, 2020; Quiroz-Vallejo et al., 2021). Such evidence is crucial for inform-
ing the integration of CT into the school curriculum. This study contributes to narrowing
this knowledge gap.

Despite the positive effects of Irimi on the students’ CT skills, the program had no
impact on some specific abilities, such as decomposition, abstraction, and automation, and
a small negative effect on debugging skills. Two hypotheses could explain these findings.
First, there are challenges in designing and implementing instruments to measure some CT
skills in early childhood, partly due to a lack of consensus on CT frameworks and defini-
tions (Bocconi et al., 2016; Su & Yang, 2023). Second, it is possible that young children
have difficulties to develop more advanced CT concepts such as iterations, conditionals, or
debugging (Bakala et al., 2021; Su & Yang, 2023). Some authors suggest that this is due
to differences in mental development between children of different ages. In particular, very
young children had less development of working memory, which is defined as the ability to
hold and manipulate information over short periods. On the other hand, there is evidence
that this ability is not easily developed with interventions at this age (Bati, 2022).

The Iriimi’s impact extended beyond students’ CT skills, influencing additional dimen-
sions not explicitly targeted by its original design (RQ2). It enhanced students’ preferences
for STEM toys, including the robot itself, and promoted gender flexibility—challenging
traditional notions about who can engage with these toys—particularly among girls. This
suggests that educational programs designed to develop CT skills through technology, like
robotics, may also help reduce gender biases in early education. This finding is consistent
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with a recent study showing that a developmentally appropriate robotics curriculum can
increase girls’ interest in engineering during early elementary education (Sullivan & Bers,
2019). Finally, consistent with the existing literature, we found that the program also con-
tributed to increasing children’s positive attitudes toward technology, which may influence
their future choices and motivation to pursue STEM-related careers.

In addition to its impact on students, the intervention also had effects on the teachers
who implemented the activities (RQ3). First, it increased the probability that teachers
would use educational technology in the classroom, even for devices not initially included
in the program, such as notebooks, suggesting a spillover effect. This can be partly
explained by the program’s positive impact on teachers’ attitudes toward technology. Sec-
ond, the program contributed to the development of teachers’ CT skills, likely due to the
innovative nature of the curriculum and its methodology. This is important from an edu-
cational policy perspective, as there is a broad consensus that teachers should be provided
with training opportunities focused on CT pedagogy and hands-on learning (Bocconi et al.,
2016). According to the teachers’ opinions, the training and school planning components
were key factors for the positive impact of Iriimi on teachers and students.

Despite the relevance and novelty of the results described above, this study has several
limitations, related to both the methods and the findings, that should be considered when
interpreting the results. These include heterogeneity in the implementation of the interven-
tion across schools (e.g., differences in the number of curriculum activities implemented
and in the amount of teacher training received), the fact that the reported outcomes reflect
a short-term evaluation of Iriimi’s impact (approximately one month after the end of imple-
mentation), and the specific context of public schools in Paraguay, which may limit the
generalizability of the findings. In addition, the intervention was relatively brief (approxi-
mately 36 h distributed over a three-month period). The study also lacks information on the
mechanisms that may help explain the program’s effects on girls’ preferences and attitudes
toward STEM-related toys, as well as outcome measures related to students’ performance
in core curriculum subjects where the intervention could plausibly have had spillover
effects, such as mathematics, science, or language.

Future research should address several questions that could complement our results.
First, it is important to assess the medium- and long-term impact of Iriimi on CT skills
and other non-cognitive outcomes to analyze if its positive effects last beyond the program.
Second, the program’s impact should be evaluated in different contexts. Third, it would be
useful to study how CT skills relate to student learning in other subjects like mathematics,
science, and language. Finally, further research is needed to understand the mechanisms
behind the program’s effect on girls’ preferences and attitudes toward STEM toys, which
could help design interventions to reduce gender biases in teaching CT.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s11423-026-10675-2.
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