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Abstract

Teaching programming to children at early age has been proven to be beneficial. Some research has
focused on how to teach programming to children with special needs. According to Human-
Computer Interaction, all users should be involved in the design of their systems (including learning
systems). However, evaluation procedures with young children are a complex task, which can be
even harder when the young children have some special needs. This paper proposes a validation
procedure which was applied with 50 children between 6-7 years to evaluate the usability of a
training system to teach them Scratch Jr irrespectively whether they are neurotypical or
neurodivergent.
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1. Introduction

Human-Computer Interaction [1] studies how to design systems so that they are usable and
accessible for everyone, in accordance with the principles of Universal Design [2]. Among interactive
systems, special attention is given to those aimed at teaching, and in particular, at teaching
programming [3].

According to [4], the teaching of programming at an early age should be a priority. This is
because, in early childhood education, children develop the foundations of computational thinking
[5], and logical thinking, which enable them to solve problems, design projects, and communicate
ideas [6,7].

The resources commonly used for teaching programming in early childhood education include
robots such as Cubetto [8,9], Bee-Bot [10], Tale-Bot [11], and KUBO [12].

At the software level, there is a simplified version of Scratch [13] called Scratch Jr. [14], which
includes fewer blocks that are mainly focused on movement, simple dialogue, and repetition—
fundamental concepts typically introduced between the ages of 3 and 7.

Neurotypical children—that is, those who follow a developmental trajectory consistent with the
timeframes studied in psychology—are generally able to learn Scratch Jr. directly within the
application, with guidance from their teachers [15].

However, in the case of children with a disability or learning disorder, the teaching of
programming requires additional support and curricular adaptations, as is done in other subjects,
following the principles of Universal Design for Learning (UDL) [16].

In the literature, there are examples of Scratch Jr. versions such as Scratch Jr. Tactile, a non-
digital, tangible version designed to address diversity [17]. There are also examples of tools
developed to teach programming to students with autism [18,19], intellectual disabilities [20] or
visual impairments [21].

On the other hand, it is worth highlighting the existence of interactive systems that rely on the
use of a Pedagogical Conversational Agent (PCA)—that is, an internal or external representation
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within the system in the form of an animal, robot, or human [22]—which serves as a guide and
support for teaching, taking on the role of teacher, student, or companion.

However, there are no examples in the literature of teaching programming to neurodivergent
students with the support of this type of agent. There are, however, examples of agents that have
been shown to improve both the performance and satisfaction of neurotypical students [23].
Improvements have even been reported in students’ emotional capacity when learning programming
with a PCA incorporating mindfulness [24].

In our previous work, teachers were consulted about the possibility of creating an interactive
system to train children—both neurotypical and neurodivergent—in the use of Scratch Jr., according
to their preferences and needs [25].

The difficulty of identifying the needs of some non-verbal neurodivergent children or those with
limited attention spans to complete a questionnaire independently was taken into account. This is
especially relevant considering that, at these ages, executive functions are generally not yet fully
developed, nor are reading and writing skills.

Therefore, a User-Centered Design process [1] was initiated to begin the development of a
Pedagogical Conversational Agent (PCA), which the children decided to name Boby, in the role of
student, to train in the use of Scratch Jr., taking into account classroom diversity.

The first functional prototype of Boby was brought to the classroom during the 2024-2025 school
year at a school in Madrid, Spain. It was tested by 50 children, aged 6 to 7, both neurotypical and
neurodivergent, and the results of the usability validation are presented in this article.

Additionally, this article also aims to address research questions such as whether children who
are accustomed to using technology will find interaction with Boby more satisfying (beyond their
neurotypical or neurodivergent status) and taking into account their level of digital competence.

Another issue raised is the relationship between block-based games and interaction with Boby,
considering that Scratch Jr. is a block-based language and that not all children may enjoy playing
with blocks.

Finally, the aim is to explore which factors influence children’s ability to complete activities with
Boby and the outcomes they achieve when interacting with this type of system before beginning to
use Scratch Jr.

The article is structured into five sections: Section 2 presents the related state of the art, Section
3 describes the results obtained from the conducted experience, Section 4 presents the materials and
methods of the experiment, Section 5 presents the results, Section 6 presents the discussion of the
results, and Section 7 ends the paper with the main conclusions and future lines of work.

2. State of the Art

Research on teaching programming in early childhood education is still in its early stages [26-
28]. This section reviews the published work from both methodological perspectives and practical
implementations. It is also important to note that, since the children are between 3 and 6 years old,
they are generally not expected to create programs as in primary education. Instead, the focus is
usually on coding simpler tasks [29], such as performing sequences of movements or planning routes.
In this planning —moving from one point to another, for example, on a grid —basic concepts such as
conditionals (going left or right) or loops (turning an object a certain number of times) can begin to
be introduced.

Furthermore, when teaching coding to preschool-aged children, it is essential to use an
appropriate pedagogical approach, as at this age children have only developed very basic reasoning,
lacking the ability to abstract or make complex associations. However, they can already perform two
tasks simultaneously, making it an ideal time to introduce them to computer science [30].

[31] proposed, at a methodological level, the TangibleK program, which is a detailed curriculum
for teachers who wish to teach coding in early childhood education. The theoretical foundations of
this approach can be found in the framework of Positive Technological Development, aimed at
developing personal and coding skills based on constructionism [32], and Positive Youth
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Development [33]. The program involves a minimum of 20 hours of in-person work divided into six
sessions dedicated to engineering design processes, robotics, flows, loops and parameters, sensors
and loops, and sensors and branches.

Each session follows a similar format: (1) initial preparation; (2) activities; (3) individual or
collaborative work on a small project; (4) technology circle; and (5) assessment. The MECUE
methodology [34] is based on the TangibleK program adapted for an unplugged teaching approach
without using robots, and on books such as Hello Ruby [35], in which a 5-year-old girl must solve
various puzzles using coding skills—for example, dressing herself using the correct sequence of
clothing. Other tasks may involve asking children to perform movements as if they were a robot
executing the orders provided by the teacher in sequence, as if following a program.

At the practical tools level, [36] distinguished two main approaches: software environments and
robots. In the case of software environments, it is emphasized that interaction for children aged 3 to
6 should be primarily tactile, interacting with a digital projector in class or with tablets. One of the
most widely used software environments is the Scratch Jr. programming language [37]. This language
is simplified compared to Scratch but follows the same philosophy, facilitating the transition to using
Scratch when the child turns 6. The instructions are also pieces of a puzzle that form the program to
move an object, which can also be a cat. However, unlike Scratch, Scratch Jr. has fewer instruction
blocks and is used on a tablet, as shown in Figure 1.

“ Acerca de Aprende Ensefa Outreach
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Figure 1. Example of the Scratch Jr. environment (source: scratchjr.org).

Figure 2 shows an example of a program to say “Hello” in Scratch Jr. on a tablet screen. It can be
seen how the instruction with the text “Hello” is selected, and when executed, the cat says “Hello.”
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Figure 2. Example of a program in Scratch Jr. (source: own elaboration).
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In the case of robots, approaches without screens are distinguished, such as Cubetto [8,9], in
which children also complete a puzzle—in this case, pieces to be placed on a wooden controller to
move the robot on a grid mat forward, turn left, or turn right. It is also possible to combine this with
a mixed approach, where one group of children uses Cubetto while other children perform the same
actions themselves, following the robot’s sequence [36].

Another group of robots is used with buttons, such as KIBO, Bee-Bot, Code & Go, and Code-a-
pillar [38], which differ in their design, how children can explore concepts and interact with the robot,
and the range of activities that can be performed with the robot. Figure 3 shows an example of the
most representative button-based robots for developing programming skills in early childhood.

Figure 3. Example of robots: a) KIBO, top left; b) Bee-Bot, top right; ¢) Code & Go, bottom left; d) Code-a-pillar,
bottom right (own elaboration).

It can be observed that, in all cases, the design is friendly, rounded, and features bright colours
to attract children’s attention. Additionally, three of the four robots are shaped like animals, which
are generally very appealing at these ages. Regarding materials, plastic is typically used to reduce
costs. They can also be distinguished based on whether they use insertable code blocks, as in KIBO,
or plastic tiles, as in Code & Go. In any case, the benefits of young children being able to immediately
see the effects of their interactions with the robot have been validated in multiple studies ([31,39-43]).

However, there are few studies in the literature that integrate students with special educational
needs, beyond the use of tangible versions of Scratch such as Scratch Jr., systematic reviews like the
one published by [44], or isolated experiences such as the one conducted by [20], in which a
Pedagogical Conversational Agent (PCA) was not used in any case [22].

3. Materials and Methods

3.1. Context

During the 2024/2025 school year, a school in the Community of Madrid, Spain, was asked for
permission to attend a validation session of a new interactive system being developed as a future
training agent in Scratch Jr. This was done to assess whether, at that stage of development, students
were able to interact with the system and their level of satisfaction.

Figure 4 shows an example of a system screen, where it can be seen that the Scratch Jr. blocks
are displayed on the left, the question appears at the top, and students must drag the blocks to the
center to check whether they have completed the exercise correctly or if they need to try again.
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Figure 4. Example of the initial screen of the agent Boby (source: own elaboration).

As can be seen in Figure 4, the initial question is “I have to say Hello! How can I do it?”. The
idea is that the child helps Boby by dragging the Scratch Jr. blocks so that “Hello” is said in the correct
position. Initially, no support is provided to see if neurotypical or neurodivergent students can
complete the task independently. The option to receive help is available, including interacting with
the agent by speaking (microphone) if a block cannot be dragged, and receiving all information in
audio for students with visual impairments. For students with autism, the idea of sequence is
emphasized using the numbers 1 and 2, and guided information about the task is provided in
advance. For students with ADHD, they are allowed to take a pause and receive recommendations,
such as going for a walk or using a Bobath ball, to better focus on the system'’s instructions.

The novel approach of the tool should also be highlighted: it does not aim to teach the student
and does not assume the role of a teacher. On the contrary, it takes on the role of a student who needs
help, in order to increase motivation and satisfaction for learners who are not only learning for
themselves but also helping the agent Boby, following the Learning by Teaching methodology used
by agents such as Betty [45].

3.2. Sample

Fifty children aged 67 years were recruited, of whom 17 (34%) are boys and the remaining 33
(66%) are girls. Two of the children are neurodivergent and have special educational needs. They are
distributed across two classes with 25 students each, and in each class, 24 are neurotypical and 1 is
neurodivergent with educational support needs.

None of the students have previously learned programming or are familiar with Scratch Jr.
Forty-three of the 50 students (86%) are able to complete a simple questionnaire and have basic
reading skills.

3.3. Research Questions

The main objective of this study is to validate whether both neurotypical and neurodivergent
students are able to use the Boby system to train in the use of Scratch Jr., and to analyse which factors
influence user satisfaction with the tool.

Research Question 1 (RQ1) is: which factors influence students’ satisfaction with Boby? The
associated hypotheses are:

H1. Students who are accustomed to using tablets for learning will find using the Boby system
more satisfying.

H2. Students who enjoy block-based games will find using the Boby system more satisfying.

Research Question 2 (RQ2) is: to what extent does the student’s reading ability influence their
ability to use Boby?
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Research Question 3 (RQ3) is: which factors influence students’ ability to complete the activity
shown in Figure 4, that is, teaching Boby to say “Hello”.

3.4. Instrument

To address the research questions, a questionnaire with nine multiple-choice questions was
designed and validated by a Special Education teacher, as described in our previous work [25].
The questionnaire is included in Appendix A (in Spanish).

3.5. Procedure

During a session in the computer classroom, students were arranged so that everyone had access
to a tablet connected to the Internet to interact with the Boby system (see Figure 4). The classroom
tutor and a support teacher for students with special educational needs were present. Additionally,
the first author of the article was allowed access to the classroom as an observing researcher.

Initially, all students were asked to individually complete a paper questionnaire validated by
the Special Education teacher, as described in our previous work [25]. All neurotypical students were
able to complete the questionnaire, as were the two students with special educational needs, with
partial support of the teacher.

Subsequently, all students were allowed to interact with the Boby system freely for 30 minutes.
It was observed that all neurotypical students were able to interact with the system without difficulty,
and the two neurodivergent students with special educational needs were also able to interact with
the system with the support of their teacher.

Finally, all students and their teachers were thanked for their participation in the experiment.
The tablets were collected (an email with information about the completed exercise was sent to the
researchers), and all data on the classroom tablets were deleted.

4. Results

This section analyses the two research questions posed. All inferential analyses were conducted
after cleaning the data to exclude “No Response” (NR) answers in the variable measuring satisfaction
with the app. The dependent variable of interest is Y26, which codes whether the child “liked the
app” (1="Yes”, 0="No"). This allows satisfaction to be treated as a dichotomous variable.

Among the explanatory variables considered:

e Q10 records the child’s usual use of the tablet (for example, “Games” or “Learning”).

e Q14 records whether the child likes block-based games (“Yes” / “No”).

e Q7 measures reading ability on an ordinal scale from 0 to 3, where higher values indicate greater
reading proficiency.

It is important to consider three characteristics of the sample that influence interpretation:

1. The vast majority of children reported that they liked the app. That is, Y26 is highly skewed
toward “Yes” (over 80%). This imbalance makes it more difficult to detect differences between
groups, because there are few “No” cases.

2. Some levels of the predictor variables include very few children (for example, some do not like
block-based games, or in Q7 = 0 there is only one case). This results in very low expected
frequencies in certain cells of contingency tables, which reduces statistical power and can
destabilize model estimation.

3. Inthe presence of cells with zero cases in a category (“separation”), logistic models may produce
extreme odds ratios or very wide confidence intervals. Therefore, in addition to statistical
significance, the stability or instability of the estimates is also reported.

With these precautions in mind, we first present RQ1 (factors associated with satisfaction) and
then RQ2 (relationship with reading ability).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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4.1. P1 — Factors Associated with Satisfaction with the App

Descriptively, the majority of children reported that they liked the app. Figure 5 shows the
proportions of “Yes” and “No” responses in Y26, broken down by various relevant variables (for
example, tablet use, preference for block-based games). Visually, it can be observed that in almost all
categories, the bar corresponding to “Yes” is clearly dominant: practically all subgroups show high
percentages of satisfaction with the app. At first glance, there is no large subgroup that rejects the

app.
a0 Have you

used any
tablets?

Do you like the app?

© Do you know what
the ima?& (tablet)
57

EnA
Wves
Ene

Do you like the app?

use the tablet
for?
ENA

MGames
Bieaming

No Ye:

s

Do you like the app?

Do you like the app?

Figure 5. Bar charts of Y26 by levels of Q10, Q9, Q8, and Q14.

To analyse this question more rigorously, two specific hypotheses were evaluated:
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e HI. “Children who are accustomed to using the tablet for learning will find the app more
satisfactory.”
e H2. “Children who enjoy block-based games will find the app more satisfactory.”

4.1.1. H1 — “Children Who Are Accustomed to Using the Tablet for Learning Will Find the App
More Satisfactory”

This hypothesis assesses whether the type of tablet use (Q10) is associated with liking the app
(Y26). To test this, two steps were performed: (a) a bivariate contrast Y26 x Q10, and (b) a logistic
regression model with Q10 as the predictor.

Firstly, Table 2 summarizes the cross-tabulation between satisfaction (Y26 = “Yes” / “No”) and
the usual type of tablet use (Q10). Pearson’s chi-square test was not significant (x2(4) = 4.241, p=.374),
and the effect size (Cramér’s V = 0.227) falls within the small range. This suggests that, overall, no
statistically clear differences were detected in the proportion of satisfied children across the different
categories of tablet use.

Table 2. Y26 x Q10 (contrast summary).

Statistic Value gl P Effect size
Chi-cuadrado (Pearson) 4.241 4 374 'V =0.227 (small)
% Expected cells <5 77.8% Recommended: Monte Carlo/Fisher

However, Table 2 also shows that 77.8% of the cells have expected frequencies lower than 5. This
is methodologically very important: when there are cells with very few cases, the “classical” chi-
square loses reliability, and results should be interpreted with caution or supplemented with exact
or Monte Carlo tests. In other words, the data do not contradict the null hypothesis, but they also lack
sufficient power to rule out small effects.

To further examine H1, a binary logistic regression was fitted with Y26 as the dependent variable
(1="Yes”,0="No"), and Q10 as the categorical predictor. In the model, the category “Games” (using
the tablet mainly for playing) was taken as the reference, and the effect of “Learning” (using the tablet
for learning) was estimated. The results are shown in Table 3.

Table 3. Logistic regression: Y26 ~ Q10 (ref. = Games).

Predictor B SE Wald p OR (Exp(B)) 1C95% Exp(B)
Q10 = Learning (ref = Games)  -0.496 0.968  0.263 .608 0.609 [0.091, 4.056]
Constant 1.749 0.542 10426 .001 5.750 —

X? Model omnibus = 0.254, p = .615; R?2Nagelkerke = .012

As shown in Table 3, the odds ratio (OR) associated with the category “Learning” versus
“Games” was 0.609. An OR lower than 1 would, in principle, suggest that “using the tablet for
learning” is associated with a slightly lower likelihood of saying that the app is liked, compared to
“using the tablet for playing.” However, this effect is not statistically significant (p = .608), and its
95% confidence interval is very wide ([0.091, 4.056]). This interval comfortably includes 1, which
means that, given these data, the true effect could be slightly negative, null, or even positive; we
cannot determine it precisely.

Moreover, the overall model barely improves over the model with only the constant (x3(1) =
0.254, p = .615; Nagelkerke R? = .012). In other words, knowing whether the child uses the tablet for
learning versus playing hardly helps to predict whether they will like the app.

Figure 6 shows the estimated odds ratio for “Learning vs Games,” along with its 95% confidence
interval. The vertical dashed line marks OR =1 (no effect). The point is slightly below 1, but the
confidence band crosses 1 widely. Visually, Figure 6 reinforces the same conclusion as Table 3: there
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is no stable evidence that educational use (“Learning”) translates into higher (or lower) satisfaction
with the app.

H1 is not confirmed. In this sample, reporting that the tablet is used “for learning” versus “for
playing” is not significantly associated with a higher likelihood of liking the app.

Odds Ratio (OR) and 95% CI for App Satisfaction
Tablet use: Learning vs Games (Q10)

Q10: Learning vs Games | : |

01 03 1.0 3.0
Odds Ratio (log scale)

Figure 6. Odds ratio (OR) Y26-Q10.

4.1.2. “Children Who Like Block Games Will Find the App More Satisfying”

This hypothesis tests whether liking or disliking block/piece games (Q14) is related to liking the
app (Y26).

Table 4 shows the frequencies and percentages of “Yes, I liked the app” depending on Q14 (“I
like block games” / “I don’t like them”). The descriptive results are very high in both groups. Among
children who said they like blocks, 84.4% reported that they liked the app (27 out of 32). Among those
who said they do NOT like blocks, 100% reported that they liked the app (4 out of 4). In other words,
satisfaction is high in both cases.

The test of independence was not significant: Pearson’s x2 = 0.726, p = .394, and Fisher’s exact
test also showed no significant differences (p =.618). The effect size (Cramér’s V =~ 0.142) is small. This
suggests that, statistically, no clear difference is detected between the two groups.

However, Table 4 itself reveals a critical limitation: the “Don’t like blocks” group is very small
(n =4), and within that group no child said “I didn’t like the app.” This results in a cell with a value
of 0, known as quasi-separation. Such quasi-separation means that, if we attempt to fit a logistic
regression with Q14 as the predictor, the model becomes numerically unstable (extreme odds ratios,
infinite confidence intervals). In practical terms, it is impossible to reliably estimate how much liking
blocks “protects” the outcome, because in a tiny subgroup all responses were positive.

Table 4. Y26 x Q14 (2x2) with statistics.

Q14=Non(%) Ql4=Yesn(%) Totaln x2/Fisher p/V
Y26 =Yes 4 (100%) 27 (84.4%) 31 x2 = 0726 / .394/.618;V =0.142
Fisher
Y26=No 0 (0%) 5 (15.6%) 5
Total 4 32 36
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Figure 7 shows the percentage of children who said “Yes, I liked the app” according to their
preference for block games. Both bars are high (=84%). The apparent difference (100% vs. 84.4%)
should be interpreted with great caution because the 100% comes from only four children. Visually,
Figure 7 supports the idea that, in this sample, no subgroup is clearly dissatisfied with the app based
on Q14.

Percentage

40

Do you like piece games?

Figure 7. Bar chart of “Yes” by Q14.

H2 is also not confirmed. It was not found statistically strong evidence that liking block/piece
games determines greater liking of the app.

4.2. P2 — To What Extent Does Reading Ability Influence Whether the App Is Liked?

The second research question (P2) evaluates whether the child’s reading ability (Q7, ordinal scale
from 0 to 3) is associated with the likelihood of liking the app (Y26). The theoretical interpretation
would be: “As the child’s reading improves, is it more likely that they will rate the app positively?”

Table 5 presents, for each level of Q7, the subgroup size (n), the number of children who said
they liked the app (Yes (n)), and the corresponding percentage (Yes (%)). For Q7 = 2 (“reads all
words”), 84.4% of the children reported liking the app (27/32). For Q7 = 1 (“reads some words”),
85.7% gave the same response (6/7). For Q7 = 0 (“reads one word”), there was a single case, and it
was positive (100%). There were no valid cases for Q7 = 3. The total valid sample in this analysis had
85.0% positive responses.

Table 5. Proportion of Y26 = “Yes” by Q7 level.

Q7 n Yes(n) Yes (%)
0(One) 1 1 100.0
1(Some) 7 6 85.7
2(Al) 32 27 84.4
Total 40 34 85.0

Figure 8 graphically shows the percentage of “Yes” (Y26 =1) by Q7 level. The bars corresponding
to Q7 =1 and Q7 = 2 are very similar (around 85%), and the bar for Q7 = 0 appears at 100% only
because there was a single child at that level. Visually, Figure 8 suggests that there is no clear trend:
satisfaction with the app remains high and fairly consistent across reading levels.

To formally test this impression, several analyses were conducted, and the results are presented
in Table 6.
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Figure 8. Percentage of “Yes” (Y26 = 1) by Q7.
Table 6. Y26 x Q7 (summary) and correlations.
Statistic Value gl p Effect size  Notes
Chi-square (Pearson) 0.189 2 910 —
Linear-by-Linear 0.104 1 747 -
Spearman o -0.039 — =81 — Accounts by Q7 level in Table 5

e  The Pearson chi-square test on the Y26 x Q7 table was not significant (x?=0.189, df=2, p=.910),
indicating that, overall, no statistically reliable differences were detected in the distribution of
“Yes”/ “No” responses across reading levels.

e  The linear-by-linear association test (a test of monotonic trend between Q7 and “I like the app”)
also failed to reach significance (x>=0.104, df=1, p=.747). In other words, there was no observable
relationship of the form “the higher the reading level, the greater the likelihood of liking the
app.”

e The Spearman correlation between Q7 (ordinal) and Y26 (dichotomous) was very small and
negative (0~0.039, p=.81). This supports the idea that there is no appreciable monotonic
relationship between reading ability and satisfaction with the app.

A binary logistic regression was fitted, with Y26 as the dependent variable and Q7 as the sole
continuous covariate (Q7 treated as a 0-3 scale). The results of this model are reported in Table 7.

Table 7. Logistic regression: Y26 ~ Q7 (0-3, +1 point).

Predictor B SE Wald p OR IC95%
Q7 (+1 point) — - = 745 071 —
X2 6mnibus / R?2Nag 0.116 734 =.005

In Table 7, the odds ratio (OR) associated with a one-point increase in Q7 was approximately
0.71 (p=.745). An OR close to 1, together with such a high p-value, indicates that statistically, there is
no evidence that higher reading ability alters the likelihood that a child reports liking the app.
Furthermore, the model shows almost no improvement over the null model (omnibus x? = 0.116,
p=-734; Nagelkerke R? = .005), suggesting that Q7 accounts for virtually none of the variability in
satisfaction.

No evidence was found that higher reading ability is associated with a greater likelihood of
liking the app. Satisfaction levels were high across all reading proficiency levels considered.

4.3. Synthesis

Taken together, the results reveal a consistent pattern: satisfaction with the app was very high
across nearly the entire sample, and no factors were identified that clearly explain differences in
satisfaction among subgroups of children.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

d0i:10.20944/preprints202511.0287.v1


https://doi.org/10.20944/preprints202511.0287.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 November 2025 d0i:10.20944/preprints202511.0287.v1

12 of 22

Specifically, no statistically significant associations were observed between liking the app and
(a) the child’s usual use of the tablet (e.g., primarily for learning versus primarily for playing), (b)
whether the child likes block or piece-based games, or (c) their reading level. In all cases, the
probability that the child reported liking the app was high and very similar across categories or levels.

From a statistical perspective, independence tests did not detect significant differences between
subgroups, effect sizes were small, and logistic regression models yielded odds ratios with wide
confidence intervals that included the null value, along with very low explanatory power. Practically
speaking, this implies that the data do not support the notion of a profile of children “who do not like
the app”: both those who use the tablet primarily for playing and those who use it primarily for
learning, both those who enjoy block-based games and those who do not, and both more advanced
and less advanced readers tended to rate the experience positively.

These conclusions should be interpreted with caution due to several study limitations. First,
some subgroups were very small (e.g., children who reported not liking block games or children at
the lowest reading levels), which reduces statistical power and introduces instability in the estimates.
Second, the dependent variable is highly unbalanced: the vast majority of children reported liking
the app, with very few negative cases, making it more difficult to model differences accurately. Third,
in some comparisons the expected frequencies were very low or even zero, limiting the robustness of
certain tests.

Despite these limitations, the data gathered supports that the app was well received generally,
and no large subgroup of children systematically rejected it.

5. Discussion

Regarding the first research question (1) about the factors that influence students’ satisfaction
with Boby, the following hypotheses were explored:

H1. Students who are used to learning with a tablet will find the use of the Boby system more
satisfactory.

H2. Students who enjoy block-based games will find the use of the Boby system more
satisfactory.

As shown in the results (Section 4.1), neither of the two hypotheses was confirmed. This means
that it is not necessary for students to be accustomed to using a tablet in order to use Boby, nor is it
necessary for them to enjoy block-based games.

These results are relevant because they broaden the number of students who can interact with
the agent to carry out their programming training using Scratch]r.

In particular, this includes autistic students who might not show interest in playing with blocks
[46], but who may still be motivated to use Boby for training in Scratch]r, which is a block-based
language.

It also takes into account students who usually do not have access to tablets due to economic
constraints in their families or other types of limitations. Specifically, this refers to new regulations
such as those in the [47] in Spain, where the use of screens has been legally prohibited for children
aged 0 to 3, limited to one shared hour per week for students in the second cycle of Early Childhood
Education (ages 3-6) and the first cycle of Primary Education (ages 6-8), one and a half hours per
week for students in the second cycle of Primary Education (ages 8-10), and two hours per week for
those in the third cycle of Primary Education (ages 10-12).

There are exceptions to these laws for children with special educational needs, provided that a
psychopedagogical report justifies that technology could support their learning [47].

Regarding the second research question, which examined the extent to which a student’s reading
ability influences their capacity to use Boby, the statistical analysis presented in Section 4.2 also found
no evidence that higher reading ability is associated with a greater likelihood of satisfaction when
using Boby. This finding is significant because it indicates that students do not need to know how to
read in order to use the app, which was designed to be visually accessible through descriptive icons
and also includes auditory aids for students who are visually impaired.
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These results are consistent with other studies that have gone a step further in exploring the
inverse relationship—namely, that the use of an interactive application may even improve reading
ability. In particular, studies have shown that young learners can engage successfully with interactive
reading applications and that such experiences can positively influence their later non-digital reading
skills [48,49].

Regarding the third research question, which explores the factors that influence students” ability
to complete the activity shown in Figure 4—that is, teaching Boby to say “Hello” —the results show
that both neurotypical and neurodivergent students are able to complete the activity regardless of
their ability to use tablets, read, or visually identify the content of images.

In total, 38 out of 48 students were able to complete the activity (79.2%), including the two
neurodivergent students, although both indicated that they had needed help. In any case, the
assistance provided was minimal, and at no point did the teacher or the researcher complete the
exercise for the student; rather, support was given only to allow the student to finish it independently.

When examining the cases in which students did not need help to complete the activity, no
significant pattern was observed that could link reading ability or visual image recognition skills.
Based on direct observation, it appears instead that this may be more closely related to the students’
own attitude—specifically, their preference for completing activities independently and their lower
tendency to ask for or request help.

Finally, it should be noted that no student highlighted the agent’s “student” behaviour, possibly
due to the short duration of the interaction (only a single session). This time limitation should be
taken into account when interpreting the results.

6. Conclusion

The use of a pedagogical conversational agent in the role of a student to train both neurotypical
and neurodivergent learners in Scratch]r. appears to be effective, regardless of the students” ability
to use tablets or play with blocks, when the students are between 6 and 7 years of age.

In particular, 79.2% of the students were able to complete the activity requested by the agent.

In the case of the two neurodivergent students, it is noteworthy that both were also able to
complete the activity, although they required assistance from the support teacher.

Further exploration is planned to investigate the agent’s potential for teaching additional
Scratch]r. instructions over longer periods and multiple sessions, and to subsequently assess to what
extent this learning enables both neurotypical and neurodivergent students to program directly in
the Scratch]r. environment.
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Appendix A

(QUE NOMBRE TE GUSTA MAS?

(HAS COMPLETADO EL EJERCICIO PARA DECIR HOLA?

PREGUNTA 1: TENGO QUE DECIR HOLA «COMO LO HASO?
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(HAS HECHO LA ACTIVIDAD CON AYUDA?

PREGUNTA 1: TENGO QUE DECIR HOLA (cCOMO LO HASO?
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(HA SIDO FACIL LA ACTIVIDAD?

PREGUNTA 1: TENEO QUE DECIR HOLA «COMO LO HASO?
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MARCA LAS IMAGENES DONDE SEPAS LO QUE HACEN LOS NINOS
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MARCA LAS IMAGENES DONDE SEPAS LO QUE HACEN LOS NINOS

MARCA LAS PALABRAS QUE PUEDAS LEER

BIENVENIDOS . SOY BOT. HOLA, <COMO ESTAS?
0O

ESTOY TRISTE NO SE
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(TE HA GUSTADO LA APP?

NO
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