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Abstract

This study investigates the perception of 42 science teachers in Chile after participating in a two-week
workshop focused on the curricular integration of Machine Learning technology to enrich their teaching
strategies in the Science course. Using KPSI-type Likert surveys, a pre and posttest was administered to
assess changes in perception, followed by statistical analysis.

The results highlight significant improvements in teachers' perception in key areas, such as digital
citizenship knowledge, digital resource selection to support their teaching, and more positive attitudes
towards the integration of Machine Learning in the classroom. However, significant challenges were
identified related to the conceptualization and application of Machine Learning in the educational
environment.

This study underscores the need to provide additional support and specific training to overcome
barriers to the successful adoption of these technologies in science education. These findings are
relevant for the development of effective teacher training strategies and the promotion of successful
integration of Machine Learning in educational settings.
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1. Introduction

The potential of technology to strengthen educational systems and advance towards the
achievement of the Sustainable Development Goals is internationally recognized [1]. These
technologies are positioned as strategic factors that contribute to equitable growth and address
the challenges of the 21st century [2]. Pedagogical practice is increasingly influenced by emerging
technologies, such as Artificial Intelligence (Al), Machine Learning (ML), or Extended Realities
(virtual, augmented, or mixed), which pose ethical challenges [3] and essential questions about
how to interact with these technologies, select them, and harness their potential to support
students' teaching and learning, as well as prepare them for the future [4].

Despite the widely accepted importance of teacher knowledge [5, 6] as the cornerstone to
address students' digital competence [7, 8], the reality shows that technology is barely integrated
into classrooms, and when it is, it often follows traditional teaching methods [9]. This situation is
attributed, in part, to the lack of an educational focus in technology research [10], the absence of
new theories, models, and methods for integration into pedagogical practice [11], and the lack of
evidence, especially in the Latin America and the Caribbean region [12].

In this context, the present study focuses on contributing to this purpose and presents the
results of the implementation of a remote workshop for science teachers throughout Chile. The
aim of the workshop is to assess teachers' perceptions of the use of Machine Learning tools in
their science classes.
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2. Method

The work is oriented towards research in educational design [13]. Workshops and educational
resources are constructed, considering distance work and progressive activities that allow the
curricular integration of Machine Learning technological resources to support the curricular
learning of science.

The teachers participating in the workshop are 22 women and 20 men (n = 42). Moreover, the
majority of them are teachers with more than 5 years of teaching experience in different cities in
Chile.

A 4-point Likert self-assessment survey was used (see Table 1), following the model of the
Knowledge and Prior Study Inventory (KPSI) [14].

Table 1
KPSI Questionnaire questions (Spanish version)
Questions 1 2 3 4

Q1. ¢Puedo explicar el concepto de Machine Learning?
Q2. iConozco formas de incorporar el Machine Learning en mi
ejercicio docente?
Q3. ¢Puedo establecer criterios para identificar y seleccionar
recursos de Machine Learning apropiados para mi ejercicio
docente?
Q4. éSoy consciente de los procesos necesarios para integrar
curricularmente recursos de Machine Learning?
Q5. éSé cdmo disefiar actividades que integren tecnologia de
Machine Learning y sean coherentes con los objetivos de
aprendizaje de ciencias?

Where 1 = Completely Agree, 2 = Agree, 3 = Disagree, 4 = Completely Disagree.

The survey was conducted using a pre-post test to assess changes in the perception of the 42
science teachers. A descriptive statistical analysis was performed to compare significant changes
in the average scores of the teachers' perceptions by comparing the initial results with the final
ones. The responses were coded according to their tendency, with 1 = " Completely Agree or
Agree" and 0 = "Disagree or Completely Disagree”. Non-parametric chi-squared tests and the
McNemar Test for paired samples were utilized in the analysis [15].

2.1.Science Workshop with Machine Learning

The objective of the workshop is to explore and evaluate some applications of Machine Learning
for Science Education, through the creation of various classifiers and decision trees that support
the development of school scientific research and the understanding of the basic processes
underlying Artificial Intelligence. The workshop is primarily aimed at in-service or pre-service
Natural Science teachers in primary or secondary education (Physics, Chemistry, or Biology),
without excluding educators from lower levels. At the end of the workshop, teachers and
educators create simple classifiers (with text, image, audio, or video) using Google's "teachable
machine" software. Teachers use decision trees to test scientific research hypotheses in various
areas and to support the resolution of socio-scientific problems.

At the beginning of the workshop, teachers were given explanations of fundamental concepts
of artificial intelligence and machine learning, accompanied by examples illustrating their
application in the execution of projects in the field of natural sciences. This introductory phase
aimed to establish a common understanding and familiarize participants with the essential
concepts of these technologies in the context of their discipline. This pedagogical strategy helped



ensure that teachers had a solid initial understanding of artificial intelligence and machine
learning, setting the stage for the workshop with a shared knowledge foundation.

During the workshop, an activity involving the construction of decision trees took place. In this
phase, science teachers explored 'training' situations, similar to the machine learning training
process. In these situations, teachers worked with images and undertook the task of
distinguishing between poisonous and non-poisonous animals based on their physical
characteristics, as exemplified in Figure 1. This activity aims for teachers to train and build their
own machine learning model based on a dataset with pre-defined categories, specifically using a
supervised learning model.

During this activity, teachers played an active role in creating decision rules, establishing
criteria and guidelines for making these distinctions. Subsequently, they compared these rules in
'model tests' to evaluate their effectiveness, and they also propose scientific research hypotheses
based on the characteristics described in their decision tree models. This hands-on experience
not only allowed teachers to understand the principles underlying machine learning but also to
apply them concretely and interactively in the classification of animals, enriching their
understanding and skills in the subject.

Objetivo: Los participantes aprenderan sobre la clasificacion elaborando reglas de decision
para peces venenosos / No venenosos.

e Le dimos a Teachable Machine dos conjuntos de datos y le dijimos cual pertenecia a
qué categoria. éFue este aprendizaje supervisado o no supervisado? ¢Por qué?
o Hay que recordar que, en el aprendizaje supervisado, etiquetamos los datos
y le decimos a la maquina qué conjunto de datos pertenecia a qué
clase. Entonces la méaquina podria predecir la categoria de nuevos datos.
« Entregue el folleto de clasificacion de peces a cada grupo de participantes
e Para esta actividad, supones que adoptamos el rol de un “cientifico ambiental”
encargado de clasificar un grupo de peces como venenosos 0 no venenosos. Algunas
caracteristicas fisicas del pez determinan a qué categoria pertenece.
e Luego de ver las imagenes de los peces, équé hipotesis surgen?
o Permita que los participantes hagan una lluvia de ideas. Pueden comparar las
imdgenes en parejas.
o Haga que los participantes elaboren reglas de decisién respondiendo las
siguientes preguntas:

a. ¢Qué rasgos fisicos son importantes para determinar si un pez es venenoso?
b. Dibuje su propio arbol de decisiones.
c. ¢Como llegaste a tu conclusion?

Ejemplo de arbol de decisiones:

_ Si Pez venenoso
Si Ojos abiertos Y e
Cola en forma L No Pez no
de corazén VENEenoso
No Pez Venenoso b

Figure 1: Activity of Classifying Poisonous Animals (in Spanish). Based on ReadyAlI activities

At the end of the experience, teachers share ideas for school scientific projects that integrate
Machine Learning and Artificial Intelligence into the curriculum to support teaching, as shown in
Figure 2.



Actividad: jPropongamos nuevas ideas de proyectos! Pega un post-it con tu idea en el cuadro de abajo.

ML para optimizar la
asignacién de los.
horarios de los
profesores bajouna
modalidad hibrida.

e i ' hidrica o
de

(nutrientes,
Elaborar proyecto carbono segn color de
para gestionar presentes los suelos)
espacios de recreo .

Figure 2: Brainstorming on Machine Learning in Science Education (Spanish version)

3. Results

The results from Table 2 indicate changes across all average scores of science teachers' responses.
Trends show favorable shifts, notably leaning towards "Agree" or "Strongly Agree" options on the
Likert Scale. The most significant change was observed in question 1 (Q1) concerning perceptions
regarding the ability to explain the concept of Machine Learning.

Table 2
KPSI descriptive statistical results

Questions Mean SD
KPSI Pre-test
Q1 2,83 ,621
Q2 3,14 ,683
Q3 2,45 ,889
Q4 2,52 ,943
Q5 2,26 ,828

KPSI Post-test

Qi1 1,64 ,656
Q2 2,19 ,994
Q3 1,86 1,026
Q4 1,98 ,869
Q5 1,64 ,656

As evident in Table 3, when comparing responses in the pre-post KPSI test, significant changes
were revealed (with an asymptotic bilateral significance of p < 0.05) in indicators related to:
e  Acquiring knowledge about the integration of Machine Learning in my teaching practice.
e  Establishing criteria to identify and select appropriate Machine Learning resources for
my teaching.
e  Recognizing the necessary processes for the curricular integration of Machine Learning
resources.



Table 3
Pre-post test significance results

Questions Value gl Asymptotic Bilateral Significance
Q2 28,273 5 <,001
Q3 25,000 3 <,001
Q4 17,000 4 ,004

In the context of this research, it is essential to highlight that the self-assessment of the ability
to 'explain the concept of Machine Learning' did not reveal significant changes in science teachers'
perceptions after completing the workshop. This suggests that, despite having formative
explanations on the topic during the workshops, teachers' ability to communicate and
understand this specific concept requires more focused work to enhance their comprehension.
This finding has important implications for teacher training in the context of science education.
Despite the growing relevance of artificial intelligence and Machine Learning in education, it
seems that teachers do not feel equipped to discuss the subject or explain basic concepts of how
it works.

Similarly, the self-assessment of the ability to design activities that integrate Machine Learning
technology coherently with the curricular objectives of natural sciences did not show significant
differences in teachers' perceptions. This indicates that, although they were given the
opportunity to explore the integration of Machine Learning into their teaching, teachers' ability
to align these activities with the specific objectives of the natural sciences curriculum did not
experience noticeable improvements. These results also suggest the need for more specific
attention in teacher training regarding understanding and the ability to use Machine Learning
technology effectively, as well as the integration of this technology into the natural sciences
curriculum.

In general, it can be inferred that the two-week workshop might not be sufficient to achieve
substantial changes in these areas of teaching competence, as they require more in-depth
attention. These findings emphasize the importance of having more training activities in the
future to develop learning that allows teachers to delve into the understanding and application
of Machine Learning to support education.

4. Conclusion

This research focused on evaluating the perception of 42 science teachers in Chile after
participating in a workshop designed to explore and assess the application of Machine Learning
tools in their science classes. Despite international recognition of the potential of technology in
education, there has been a lack of effective integration of these tools in the classroom. The
research results indicate that, although the workshop provided teachers with an initial
understanding of Machine Learning applications in science, no significant changes were observed
in teachers' ability to explain the concept of Machine Learning or their ability to design activities
that integrate this technology coherently with the curricular objectives of natural sciences. These
findings underscore the need for more comprehensive and long-term training in the field of
emerging technologies in science education.

The workshop proved to be a valuable experience for teachers by allowing them to apply
Machine Learning concepts in practical situations, such as the construction of decision trees.
However, the complexity of understanding and conveying these concepts, as well as effective
integration into the curriculum, requires a deeper and ongoing approach.

Ultimately, this research highlights the importance of continuing to develop training
opportunities for teachers to gain a more solid understanding of artificial intelligence and
Machine Learning, allowing them to fully leverage its potential in science education. Future work



should focus on addressing these shortcomings and enriching teacher training in this critical field
for 21st-century education. To achieve this goal, teachers require more focused and detailed
initial training on the concept of Machine Learning through specific pedagogical strategies. It is
crucial to advance the effective integration of Machine Learning into the curriculum, enabling
teachers to design activities that align with subjects and connect with real-world situations such
as disease diagnosis prediction or machine diagnostics using Machine Learning [16, 17]. This
involves developing didactic resources and teaching strategies that link technology with
curriculum content. Furthermore, for the future, it is proposed to implement and evaluate
extended training courses for teachers, focusing on the use and integration of Artificial
Intelligence in scientific education, tailored to their specific needs and contexts.
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