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Abstract

Recent research highlights the importance of effective teaching methodologies to enhance
scientific learning from the earliest years of schooling. The present study investigates the
effects of the Spaced Learning (SL) methodology in science education in Italian primary
schools, with particular attention to scientific knowledge and students’ scientific reasoning
skills. The study involved 401 third- and fourth-grade pupils (aged 8–11) from three primary
schools in Palermo, Italy, during the 2024/2025 school year. A quasi-experimental design
was adopted, with classes assigned to an experimental group that adopted SL or to a
control group that followed traditional teaching. The intervention lasted seven months
and was supported by continuous teacher training and collaboration with university
researchers. The data were collected through a pre-test/post-test questionnaire developed
and validated by experts in physics education. The tool assessed the students’ general
scientific reasoning skills through multiple-choice items inserted in everyday life contexts.
Descriptive statistics were calculated and between-group comparisons were made by
Student’s t-test or Welch’s t-test when the assumption of homogeneity of variances was
not met. The results indicate that students exposed to the SL methodology achieved
higher post-test scores than those who received traditional education, suggesting a positive
effect of time-distributed, movement-integrated learning on science learning outcomes.
Such results support the effectiveness of SL as a promising teaching approach to promote
meaningful and lasting scientific learning in primary school.

Keywords: Spaced Learning; primary school; scientific reasoning; cognitive engagement;
physical activity

1. Introduction
The recent literature underlines (Bjerknes et al., 2024; Mascia & Wilson, 2026) with in-

creasing evidence the importance of learning science from early childhood. Early exposure
to scientific content and phenomena provides children with the opportunity to cultivate
their innate curiosity and explore the natural world (Eshach & Fried, 2005). In addition,

Educ. Sci. 2026, 16, 826 https://doi.org/10.3390/educsci16060826

https://crossmark.crossref.org/dialog?doi=10.3390/educsci16060826&domain=pdf&date_stamp=2026-05-27
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/education
https://www.mdpi.com
https://orcid.org/0009-0007-1808-7158
https://orcid.org/0000-0002-1208-1034
https://orcid.org/0000-0003-0382-6206
https://orcid.org/0000-0002-3031-1665
https://orcid.org/0000-0002-0250-0514
https://doi.org/10.3390/educsci16060826


Educ. Sci. 2026, 16, 826 2 of 16

the acquisition of fundamental scientific concepts supports the development of problem-
solving skills and fosters a deeper understanding of reality (Hong & Diamond, 2012).

Sciences can be conceptualized as a way of knowing and investigating the world.
The development of scientific thinking allows students to reason critically, make informed
decisions, and seek evidence-based explanations. Thus, science learning goes beyond the
mere acquisition of factual knowledge, as it also promotes logical reasoning, the formulation
of meaningful questions, and the ability to deal with problems of everyday life (Capps &
Crawford, 2013; Carin et al., 2005; Mulyenı et al., 2019).

The teaching and learning of science are complex and multidimensional processes,
influenced by a plurality of factors. In this perspective, scientific competence is articulated
in closely interrelated dimensions, including the understanding of the nature of science and
technology, the acquisition of fundamental scientific concepts, the development of scientific
process skills (SPS), the awareness of the relationships between science, technology, society
and the environment, as well as the maturation of psychomotor skills, values and attitudes
proper to scientific practice (Monteyne, 2004).

Scientific process skills include cognitive and operational skills that enable students
to collect, organize, and interpret information, as well as to predict and explain natural
phenomena (Carin et al., 2005). These skills, which reflect the skills mobilized by scientists
in the context of scientific inquiry (Bentley et al., 2007; Martin, 1996), are generally divided
into basic skills and integrated skills. The former includes observation, classification, mea-
surement, inference, prediction, and communication; the latter includes, on the other hand,
the identification and control of variables, the formulation of hypotheses, the interpreta-
tion of data, the operational definition of concepts, the conduct of experiments, and the
construction of models.

The present study examines in particular two central dimensions of scientific learning:
the acquisition of scientific knowledge and students’ understanding of the Nature of
Science (NOS). Both are fundamental for the development of scientific literacy starting
from primary school.

The Nature of Science refers to the fundamental principles and ideas that define sci-
ence both as a way of knowing and as a body of knowledge (Satria, 2018; Satria & Sari,
2018). It includes the values and assumptions inherent in scientific knowledge and the
processes through which that knowledge is generated (Lederman, 1992). This perspective
encompasses the empirical foundation of science, its creative and imaginative aspects, the
influence of social and cultural contexts, and the provisional character of scientific knowl-
edge (Lederman et al., 2002). Consequently, NOS can be understood as an epistemological
framework that highlights science as a systematic process of knowledge construction based
on specific assumptions and values (Lederman & Lederman, 2004).

Research has consistently shown that inquiry-based learning contributes significantly
to students’ acquisition of scientific knowledge, the development of scientific process skills,
and a more conscious understanding of the empirical nature of science (Mulyenı et al., 2019;
Pratt & Hackett, 1998). Inquiry can be defined as the process of searching for information
through the formulation of questions (Bentley et al., 2007) and reflects an approach to
exploration consistent with the practices of scientists (Yager & Akcay, 2010). Through
inquiry-based learning, students are actively involved in asking questions, testing hypothe-
ses, and constructing explanations (Ansberry & Morgan, 2010), thus promoting critical,
logical, and creative thinking. For this reason, science education should adopt inquiry-
centered pedagogical approaches in order to foster genuine scientific competence.

https://doi.org/10.3390/educsci16060826

https://doi.org/10.3390/educsci16060826


Educ. Sci. 2026, 16, 826 3 of 16

2. Theoretical Background
Science teaching in Italy has undergone significant changes in recent decades. If for

most of the twentieth century it was mainly characterized by a transmissive and traditional
approach, contemporary perspectives aim to cultivate in students a scientific attitude
towards reality, stimulating critical thinking and curiosity (Harlen, 1999; Pratt & Hackett,
1998). In contemporary educational research, science teaching is increasingly conceived
not simply as a transmission of disciplinary content, but as a process aimed at promoting
scientific skills, critical reasoning, and the ability to apply knowledge to real problems and
societal challenges (Bo, 2025).

In Italian primary schools, the science curriculum follows the National Curriculum
Guidelines issued by the Ministry of Education and Merit. The sciences fall within the
broader disciplinary area of “Mathematics and Science” and address several fundamental
areas, such as the observation of the natural world, the study of living organisms, the
environment, materials, and physical phenomena. The Guidelines underline the role of
science as a means of developing critical thinking, curiosity, and understanding of the
natural world, essential elements in the education of future citizens. A practical and
experimental approach is strongly encouraged, allowing students to actively participate
through experiments, direct observation, and laboratory activities.

Despite these recommendations, this change in perspective is not always reflected in
classroom teaching practice. Laboratory activities are often limited to the verification of re-
sults predicted by theoretical laws, rather than being used as tools of empirical investigation,
thus resulting in a more “verification-based” than “discovery-based” approach.

The results of the OECD surveys (Bo, 2025) offer an overview of the scientific skills
of fifteen-year-old students, providing valuable insights into the effectiveness of science
education and study. Scientific literature is defined as the ability of students to engage with
scientific issues and ideas as reflective citizens.

Unfortunately, the results of PISA 2023 paint a worrying picture of the study of science
both globally and in Italy (OECD PISA, 2023). In science, Italy scored 477, below the
OECD average, with a performance comparable to that of Lithuania, Portugal, Croatia,
Norway, Turkey, and Vietnam (OECD PISA, 2023). At the international level, this places
Italy between 22nd and 38th place among all participating countries, and between 18th
and 31st place if only OECD countries are considered. Significant regional disparities also
persist in Italy, with a difference of 68 points between the macro-areas with the highest and
lowest results (North-West: 507; South: 439). In addition, the differences between types of
schools remain marked, with high school students obtaining significantly higher average
scores in science than those in technical and vocational institutes (Bo, 2025).

However, some positive signs also emerge from the report. Compared to 2018, Italian
students showed a statistically significant improvement of 9 points, along with an increase
of 1.5 percentage points in the share of high-performing students (Bo, 2025).

The persistent disparities between geographical areas, types of school, and the diffi-
culties often encountered by teachers in teaching science highlight the need for a critical
reflection on teaching methodologies, starting from primary school. There is an urgent
need to adopt teaching approaches that respond to students’ learning needs and promote
meaningful and authentic scientific learning experiences.

In the light of these considerations, the present study aims to examine the effectiveness
of the Spaced Learning (SL) methodology in the field of science in Italian primary schools,
with reference to its impact on the acquisition of scientific knowledge and on the develop-
ment of students’ scientific reasoning skills. In this perspective, the SL is configured as an
innovative methodology, able to actively involve students in the learning process and to

https://doi.org/10.3390/educsci16060826

https://doi.org/10.3390/educsci16060826


Educ. Sci. 2026, 16, 826 4 of 16

respond to the needs of scientific investigation, widely recognized as the foundation of the
development of scientific competence.

Second Year of AMIS Program: Spaced Learning with Motion-Based Intervals

During the second year of the AMIS program, the intervention was consolidated and
systematically implemented in primary school classes by adopting SL as a reference teach-
ing framework and integrating it with movement-based intervals (Anello & Ferrara, 2024).
The instructional sequence was organized into repeated and distributed learning inputs,
interspersed with brief moments of physical activity not directly related to the contents
of the lesson, to sustain prolonged attention, facilitating consolidation processes, and pro-
moting the active involvement of students during the session. Within this model, scientific
topics were addressed through structured cycles of presentation and guided processing,
while motor intervals served as planned pauses, designed to restore attention and reduce
cognitive fatigue (Giarratano et al., 2025). The AMIS program was conceived as a multi-year
educational and research initiative aimed at exploring innovative teaching strategies for
primary school learning, with particular attention to the integration of movement, active
methodologies, and inclusive educational practices. Within this broader framework, the
program investigated how structured pedagogical approaches could support students’
attention, engagement, and learning outcomes in authentic school contexts. The present
study is situated within the second year of the AMIS program and focuses specifically on
the implementation of Spaced Learning integrated with motion-based intervals in primary
science education. In this phase, the intervention was designed to examine whether a struc-
tured sequence of repeated instructional inputs, alternated with active motor pauses, could
support scientific learning outcomes and students’ engagement during classroom activities.

The inclusion of movement-based pauses was not intended merely as a moment of
interruption, but as a pedagogically meaningful component of the intervention. From
a neuroeducational perspective, physical activity may support learning by enhancing
attentional regulation, executive functioning, and cognitive readiness, all of which are
relevant for processing and consolidating new information. Moreover, the embodied
cognition framework suggests that cognition is not separated from bodily experience, but is
closely connected to perception, action, and movement (Paloma, 2017). In this sense, active
breaks may contribute to creating a more favourable learning condition than passive rest
alone, because they combine cognitive disengagement with bodily activation. Although the
present study did not directly measure neurocognitive mechanisms, the use of motor-based
intervals was theoretically grounded in the relationship between physical activity, attention,
executive functions, and memory processes (Paloma, 2017). The implementation of the
second year of AMIS, therefore, represents an application context in which the principles of
SL are carried out in daily school practice through the intentional alternation of cognitive
and motor phases.

3. Materials and Methods
The study was conducted in three primary schools and involved a total of 401 pupils

during the 2024/2025 school year.
The experimental intervention lasted seven months, from November 2024 to May

2025. During this period, teachers participated in specific training activities and received
continuous support from experienced university researchers. At the same time, teachers
provided systematic feedback on the classroom implementation of the proposed methodol-
ogy. Although SL activities were carried out directly by curriculum teachers, the research
framework was based on a collaborative approach, aimed at mutual exchange and enrich-
ment between school and university.
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The scientific contents addressed during the intervention were selected by disciplinary
experts, who also designed a specific evaluation questionnaire to verify the effectiveness of
the teaching methodology.

In line with the research hypothesis, it was expected that the application of SL to
scientific content in the third and fourth grades of primary school could promote and
enhance students’ learning outcomes in the scientific field. All participants were minors;
therefore, written informed consent was obtained from their parents or legal guardians,
and assent was obtained from the pupils before participation. The study was approved
by the Institutional Ethics Committee of the University of Palermo and was conducted in
accordance with the Declaration of Helsinki (approval no. 183/2023—n. 195114-2023).

3.1. Research Design

The study adopted the SL model (Anello & Ferrara, 2024), focusing on learning pro-
cesses structured by temporal distancing and interspersed with motor activities. The
teaching activities were designed and implemented specifically in the areas of text compre-
hension, grammar, mathematical problem solving, and scientific conceptualization. These
activities were systematically integrated with moments of physical activity lasting about ten
minutes, during which the students suspended their curricular tasks to devote themselves
to motor exercises and interactive games.

The implementation of Spaced Learning in the primary school context was based on a
shared and well-structured planning process, including the definition of the teaching phases
and their timing. This organizational framework has proved effective in supporting the
construction of a student-centered educational path and in ensuring consistency between
methodological choices and educational objectives.

The methodological framework underlying the intervention integrated Merrill’s First
Principles of Instruction (Merrill, 2002), explicitly shared with teachers to guide the design of
learning activities. These principles included: the presentation of problematic and challeng-
ing situations (problems), the activation of prior knowledge (activation), the demonstration
of procedures and strategies (demonstration), the application of the acquired knowledge in
different contexts (application), and the integration of learning in meaningful and authentic
real-life contexts (integration).

This instructional approach has supported the design of engaging and meaningful
learning experiences and has contributed to the development of stable and lasting skills in
the linguistic, mathematical, and scientific fields.

3.2. Participants

The study involved three primary schools located in Palermo, Italy, with a total sample
of 401 students: 161 third-year pupils and 240 fourth graders, aged between 8 and 11 years.
The schools were selected by non-probability sampling, based on their willingness to
participate in the study and the presence of established inclusive educational practices.

The classes were assigned either to an experimental group, in which the SL methodol-
ogy was implemented, or to a control group, which followed traditional teaching practices.
In the present study, the traditional approach refers to the ordinary curricular teaching
adopted in the control groups. This approach included lessons conducted according to
usual classroom practices, based on teacher explanation, guided discussion, individual
or group exercises, and consolidation activities. In this condition, the teaching sequence
was not reorganized according to a specific temporal spacing protocol, and no structured
motor-based pauses were systematically included between the different phases of the
lesson. Therefore, the main difference between the two approaches concerns the temporal
organization of instruction: whereas traditional teaching follows the ordinary continuity
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of classroom lessons, Spaced Learning intentionally distributes learning contents across
repeated instructional moments separated by active breaks.

3.3. Educational Content

Experts in physics education proposed to the participating teachers a structured set
of scientific topics from which to select the content to be implemented in the classroom
through the SL methodology. The selection of topics has been aligned with the National
Indications for the Italian Curriculum and has been differentiated according to school level.

For the third grade, the teaching content focused on basic scientific concepts and
introductory experimental practices. In particular, the following topics were addressed:
the experimental method (two modules); the matter (a module); the states of matter (a
module); water (two modules); air (one module); the soil (one module); and the measure
(two modules).

For the fourth grade, the contents expanded towards more complex physical concepts
and phenomena, with particular emphasis on quantitative reasoning and causal relation-
ships. Topics included: matter (one module); the states of matter (one module); change of
states (one module); heat and temperature (two modules); volume and its measurement,
moving from non-standard to standard units (two modules); forces, including gravitational,
elastic and frictional force (two modules); mass and weight (one module); levers (one mod-
ule); mixtures and solutions (two modules); the water cycle (one module); the atmosphere
(one module); density (two modules); the properties of water (one module); the properties
of liquids (one module); the phenomena of buoyancy and sinking (two modules); and soil
properties (one module).

The modular structure allowed flexibility in instructional planning and ensured con-
sistency with the level of development of the students, supporting a gradual progression in
conceptual understanding within the framework of the SL.

3.4. Instructional Design and Lesson Planning

To facilitate lesson design and sharing among teachers, a structured format was devel-
oped for the design of teaching interventions based on the SL methodology. Participating
teachers were provided with a specific planning template to support the preparation and
implementation of classroom activities.

The operational protocol was organized in five distinct phases, consisting of three
didactic inputs and two intervals. During the first input, lasting 30 min, the teacher
introduced the content being learned. This phase was followed by a ten-minute interval
during which any reference to the educational content was deliberately avoided. The
interval consisted of motor activities aimed at promoting cognitive disengagement through
physical activation.

The second input, also lasting 30 min, involved the filming and processing of the
previously introduced content. Teaching strategies varied according to the discipline and
specific learning objectives. Subsequently, a second ten-minute interval was carried out,
structured in the same way as the first and characterized by motor activities unrelated to
the contents of the lesson.

During the third and final input, the teacher completed the teaching sequence by
consolidating the initial content and providing opportunities for students to demonstrate
their learning. This phase included application exercises, problem-solving situations, and
moments of discussion and clarification.

Although the methodological structure was clearly defined in terms of phases and
times, the model allowed for an adequate degree of operational flexibility. Teachers could
adapt teaching strategies to the specific needs of their classes and to the characteristics
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of the disciplinary contents, thus personalizing the approach to teaching. This flexibility
has fostered active learning and student interaction, while maintaining a consistent and
scientifically based methodological framework.

3.5. The Questionnaire

A questionnaire was administered to students at the beginning and at the end of the
didactic intervention in order to investigate the effectiveness of the SL methodology in
science education. The two administrations corresponded to a pre-test/post-test design.
The instrument was conceived as a curriculum-based assessment tool aimed at evaluating
both students’ scientific reasoning skills and their scientific content knowledge. It was
composed of two sections. Section 1 focused on students’ understanding of the Nature
of Science (NOS) and scientific reasoning and was based on selected closed-ended items
translated and adapted from a questionnaire previously validated in the literature, namely
the Science-P Reasoning Inventory (OECD PISA, 2023). Section 2 focused on scientific
content knowledge and included open- and closed-ended questions developed by a group
of experts in physics/science education on the basis of the Italian National Curriculum
Guidelines (per la Calabria, 2018).

The whole questionnaire was subjected to face-validity procedures and a priori analy-
sis in order to identify possible ambiguities, refine item wording, and ensure coherence
with the objectives of the study. The assessment tools were differentiated according to
school level, with distinct versions designed for third- and fourth-grade primary students,
in line with the specific curricular contents addressed during the intervention. Pre-test and
post-test versions were designed to be comparable in terms of structure, content domains,
and scoring procedures, in order to support the comparison of students’ outcomes before
and after the intervention.

The questionnaires were administered digitally and collectively in class to both
experimental and control groups. Each questionnaire was divided into two sections,
described below.

Section 1—Understanding the Nature of Science (NOS) and scientific reasoning
(6 items).

It is based on the Science-P Reasoning Inventory (Osterhaus et al., 2021). The latter
was developed for primary school pupils (8–10 years old) in order to measure children’s
conceptual progress in different components of scientific reasoning, such as experimenta-
tion, data interpretation and understanding of the nature of science. Only some of the items
in the original questionnaire were selected, translated and adapted to the Italian context
(Platania et al., 2021). The first section included multiple-choice items and short scenarios
aimed at assessing: (a) the understanding of the concept of a testable hypothesis, distin-
guishing verifiable statements from descriptive or untestable statements; (b) the awareness
of the fallibility of scientific knowledge, i.e., the possibility of error and revision of hypothe-
ses; (c) the ability to recognize elements of a controlled experimental design, such as the
comparison of conditions and the control of variables; and (d) the recognition of practices
consistent with an empirical verification/falsification approach. Items were assessed with
differentiated scores based on quality of response (e.g., 0/1/2 points), attributing higher
scores to options that involved variable control or hypothesis testability.

The selected items were translated into Italian and subsequently subjected to a further
validation process involving a small pilot group of students (Platania et al., 2021). These
students ranged in age from 8 to 10 years old and came from a geographical background
comparable to that of the schools that subsequently participated in the study.

To examine the validity of Section 1 and identify any critical issues in the items, such
as unclear or ambiguous terminology, a face validity procedure was conducted (Jensen,
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2003). Each student in the pilot group completed the questionnaire, after which a focus
group was carried out. This allowed the researchers to clarify the meaning underlying the
students’ answers and to refine the items, accordingly, obtaining the final version of the
tool used with the main sample of the research.

The items were placed in everyday life contexts and were designed to assess the general
scientific reasoning skills of the students, regardless of their specific previous knowledge in
different scientific fields. The questionnaire consisted of multiple-choice items, each with
three answer options: one scientifically correct and two incorrect. Correct answers were
scored with one point. One of the incorrect options, containing partially correct scientific
elements, received 0.5 points, while the other, completely incorrect, received a score of 0.

The second section of the questionnaire differed for the third- and fourth-grade pri-
mary students. For third-grade students, the questionnaire had a total maximum score of
29.5 points and consisted of 24 items.

Section 2 (third primary students)—Knowledge of scientific content (18 items).
The second section assessed the basic knowledge of the scientific concepts addressed

in the curriculum, e.g., matter and its properties, states of matter and changes of state,
solutions and mixtures, soil and its layers, and properties of water and air. This section
included true/false items (valued at 0.5 points), closed-ended questions on definitions and
classifications (0.5–1 point), exercises requiring identification of the “foreign element” and
sorting activities (0.5–1 point), as well as a short open-ended item (three characteristics of
water, up to 3 points). The correction was based on an analytical grid, which allowed for
partial scores when applicable.

For fourth-grade primary students, a questionnaire consisting of 13 items was admin-
istered, with a maximum score of 27 points, also divided into two sections.

Section 2 (fourth-grade primary students)—Knowledge of scientific content (7 items).
The second section assessed knowledge related to topics typically addressed in the

fourth-grade curriculum, mainly related to heat and temperature and heat transfer (con-
duction; thermally conductive and insulating materials), as well as concepts concerning
water properties, combustion, and the role of oxygen, buoyancy/volume changes, and
thrust in a fluid. Items included: closed-ended questions on definitions and concepts
(1 point), multiple-choice items with cumulative scoring (e.g., identification of multiple
insulators/conductors, with attribution of 1 point for each correct answer and penalties
for omissions according to the correction grid), and a short open-ended item (three charac-
teristics of water, up to 3 points). The overall score was obtained by applying the relative
correction grid.

For the second section of the questionnaire, a validation process was also conducted
with a small group of students (Haynes et al., 1995). An a priori analysis of the students’
possible responses to the questionnaire items was carried out. Following Brousseau (1997),
this type of analysis supports the identification of the expected response strategies that
students can adopt when faced with a problem, as well as the alternative responses that
may emerge (Brousseau, 1997).

This process is particularly useful for researchers, as it allows for a more in-depth ex-
amination of the questionnaire content. Anticipating students’ possible reasoning strategies
can reveal weaknesses or ambiguities in items, allowing researchers to review and refine
them before administration. The a priori analysis is conducted independently of direct
observation, hence the term a priori, and provides a frame of reference for the subsequent
examination of the students’ actual responses to the questionnaire items.

To further strengthen the validity of the tool, the a priori analysis was conducted inde-
pendently by two researchers. Subsequently, a consensus was reached through discussion,

https://doi.org/10.3390/educsci16060826

https://doi.org/10.3390/educsci16060826


Educ. Sci. 2026, 16, 826 9 of 16

obtaining a shared and optimized final version of the questionnaire, consistent with the
objectives of the study.

The pre-test was administered between November and December 2024, while the
post-test was administered in May 2025.

4. Results
4.1. Data Analysis Methodology

The data were analyzed by descriptive statistical methods in order to examine the
effectiveness of the teaching methodology adopted in the sciences.

In particular, the average scores obtained in the questionnaire were calculated for
each group, together with the corresponding standard deviations and standard errors.
The mean scores were then compared using Student’s t-test to determine whether the
observed differences between the groups were statistically significant. The relative p-values
were calculated.

Given the presence of independent samples, the Fisher–Snedecor F test was conducted
to assess the homogeneity of variances between the control group (CG) and the experimen-
tal group (EG). In cases where the assumption of equality of variances was not satisfied,
the Student’s t-test was replaced by the Welch t-test, which is more appropriate under
conditions of unequal variances.

4.2. Data Analysis

The analysis of the data showed different trends between the third- and fourth-grade
classes, as well as between the experimental group (EG) and the control group (CG).

The comparison between independent samples conducted at the pre-test (Table 1)
showed no statistically significant differences between the control group (CG) and the
experimental group (EG), with p = 0.476. The control group obtained an average score of
M = 22.36 (SD = 3.46), while the experimental group achieved an average score of M = 21.93
(SD = 4.24). These results suggest that the two groups were comparable at baseline. The
associated effect size was very small (Cohen’s d = 0.113), further confirming that the initial
difference between the two groups was negligible from a practical standpoint.

Table 1. Temporal articulation of the motor-integrated Spaced Learning session.

Macro-Phase Phase Duration Description

Startup Classroom
management 15 min Initial organization of the class, presentation of the

activity and preparation of the teaching context.

Operation phase (100 min) Input 1 30 min Initial presentation of the learning content by the teacher.

Range 1 10 min
Motor and movement activities unrelated to the
educational content, aimed at promoting cognitive
disengagement.

Input 2 30 min Shooting and processing of content, using differentiated
strategies based on the discipline.

Range 2 10 min Motor activities similar to the first interval, without
reference to the contents of the lesson.

Input 3 20 min Consolidation of content through application exercises,
problem solving activities and moments of discussion.

Closure Conclusion of
the activity 5 min Final summary, feedback and organization of subsequent

activities.

Total 120 min Total duration of the educational intervention.
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The within-group comparison for the third-primary control group (Table 2) showed
no statistically significant change from pre-test to post-test, with p = 0.116. Mean scores
decreased slightly from M = 22.36 (SD = 3.46) at the pre-test to M = 21.64 (SD = 2.82) at
the post-test. This reduction was not statistically significant, indicating a relative stability
of performance over time in the absence of the experimental intervention. Consistently,
the effect size was small (Cohen’s d = 0.177), suggesting that the observed decrease was
limited in magnitude and not educationally substantial.

Table 2. Pre-test comparison of third-grade primary—CG/EG.

Third CG EG Cohen’s d p Value

PRE Avg
22.36

Standard
Deviation 3.46

Standard
Error 0.387

Avg.
21.93

Standard
Deviation 4.24

Standard
Error 0.472 0.113 0.476

In contrast, the experimental group (Table 3) showed a statistically significant im-
provement from pre-test to post-test, with p < 0.001. Mean scores increased from M = 21.93
(SD = 4.24) on the pre-test to M = 26.22 (SD = 2.61) on the post-test. This significant increase
suggests a positive effect associated with the intervention. The effect size was large (Co-
hen’s d = 0.837), indicating that the improvement was not only statistically significant but
also meaningful in terms of educational impact.

Table 3. Pre–post third-grade primary—CG comparison.

Third-Grade PRE POST Cohen’s d p Value

CG Avg
22.36

Standard
Deviation 3.46

Standard
Error 0.387

Avg.
21.64

Standard
Deviation

2.82

Standard
Error 0.316 0.177 0.116

The post-test comparison between the control group and the experimental group
(Table 4) showed a statistically significant difference, with p < 0.001. At post-test, the exper-
imental group (M = 26.22, SD = 2.61) performed better than the control group (M = 21.64,
SD = 2.82). This result further supports the effectiveness of the intervention in the third
grades. The magnitude of this difference was very large (Cohen’s d = 1.680), suggesting a
strong practical effect of the intervention on students’ post-test performance.

Table 4. Pre–post third-grade primary—EG comparison.

Third PRE POST Cohen’s d p Value

EG Avg.
21.93

Standard
Deviation 4.24

Standard
Error 0.472

Avg
26.22

Standard
Deviation 2.61

Standard
Error 0.29 0.837 <0.001

For the fourth grades, the pre-test comparison between the control group (CG) and the
experimental group (EG), shown in Table 5 (Fourth-grade primary pre-test comparison—
CG/EG), did not show statistically significant differences (p = 0.347). Mean scores were
comparable (CG: M = 13.14, SD = 2.44; EG: M = 13.44, SD = 2.44), indicating a substantial
initial homogeneity between the two groups. The effect size was very small (Cohen’s
d = 0.122), confirming that the baseline difference was negligible and that the two groups
started from a substantially equivalent level.
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Table 5. Comparison of third-grade primary post-test—CG/EG.

Third-
Grade CG EG Cohen’s d p Value

POST Avg.
21.64

Standard
Deviation 2.82

Standard
Error 0.316

Avg
26.22

Standard
Deviation 2.61

Standard
Error 0.29 1.680 <0.001

The pre–post comparison within the control group of the fourth-grade primary, shown
in Table 6 (Pre–post fourth-grade primary—CG comparison), showed a statistically sig-
nificant increase in mean scores, from M = 13.14 (SD = 2.44) at the pre-test to M = 14.39
(SD = 3.47) at the post-test (p = 0.003), indicating an improvement over time in the control
group. However, the effect size was small (Cohen’s d = 0.281), suggesting that, although
statistically significant, the improvement in the control group was limited in magnitude.

Table 6. Pre-test comparison of fourth-grade primary—CG/EG.

Fourth-
Grade CG EG Cohen’s d p Value

PRE Avg
13.14

Standard
Deviation 2.44

Standard
Error 0.227

Avg
13.44

Standard
Deviation 2.44

Standard
Error 0.219 0.122 0.347

On the contrary, the pre-post comparison within the experimental group of the
fourth-grade primary, shown in Table 7 (Pre–post fourth-grade primary comparison—EG),
showed a statistically significant increase in mean scores, from M = 13.44 (SD = 2.44) at
the pre-test to M = 18.51 (SD = 1.15) at the post-test (p < 0.001), suggesting a marked im-
provement after the intervention. The effect size was large (Cohen’s d = 1.996), indicating
a substantial and educationally relevant improvement associated with participation in the
experimental intervention.

Table 7. Pre–post fourth-grade primary—CG comparison.

Fourth-
Grade PRE POST Cohen’s d p Value

CG Avg
13.14

Standard
Deviation 2.44

Standard
Error 0.227

Avg
14.39

Standard
Deviation 3.47

Standard
Error 0.323 0.281 0.003

However, the post-test comparison between the experimental group and the control
group in the fourth-grade primary, shown in Table 8 (Post-test comparison fourth-grade
primary—CG/EG), revealed a statistically significant difference (p < 0.001), with the ex-
perimental group (M = 18.51, SD = 1.15) achieving superior results to the control group
(M = 14.39, SD = 3.47). This difference was accompanied by a very large effect size
(Cohen’s d = 1.613), confirming that the advantage of the experimental group was not only
statistically significant but also substantial in practical and educational terms.

Table 8. Pre–post fourth-grade primary—EG comparison.

Fourth-
Grade PRE POST Cohen’s d p Value

EG Avg
13.44

Standard
Deviation 2.44

Standard
Error 0.219

Avg
18.51

Standard
Deviation 1.15

Standard
Error 0.104 1.996 <0.001
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Overall, the results indicate that the intervention produced statistically significant
effects within the experimental group. In the fourth-grade primary, contrary to what was
previously reported, the post-test comparison shows a statistically significant advantage
for the experimental group, suggesting that the intervention had a clear impact also at this
school level (See Table 9). Taken together, the effect-size values strengthen the interpretation
of the findings, showing that the intervention was associated with large to very large effects
in the experimental groups, whereas the changes observed in the control groups were small
or negligible. This pattern supports the educational relevance of the intervention beyond
mere statistical significance.

Table 9. Fourth-grade primary post-test comparison—CG/EG.

Fourth-
Grade CG EG Cohen’s d p Value

POST Avg
14.39

Standard
Deviation 3.47

Standard
Error 0.323

Avg
18.51

Standard
Deviation 1.15

Standard
Error 0.104 1.613 <0.001

5. Discussion
The present study investigated the effects of the SL methodology on the scientific

learning outcomes of Italian primary school students through a quasi-experimental pre-
test/post-test design involving third and fourth grades. The intervention was carried
out over seven months and was supported by teacher training and collaboration with
university researchers. It followed a structured protocol consisting of three didactic inputs
interspersed with two motor-based pauses, in line with Merrill’s First Principles of Instruction
(Merrill, 2002).

Overall, the results suggest that the effects of SL were not uniform across different
school levels, highlighting the importance of considering evolutionary and contextual
factors in interpreting the role of this methodology in authentic school contexts. Although
the intervention was associated with changes in student performance, the patterns that
emerged differed between the third- and fourth-grade primaries, suggesting that the impact
of SL may vary depending on the characteristics of the learners and the educational context
in which it is implemented.

A first important consideration concerns the positive changes observed over time in
the experimental groups. In both the third and fourth grades, students in the experimental
condition showed improvement between the beginning and end of the intervention. This
trend suggests that the use of Spaced Learning may have supported the consolidation of
scientific learning over time. This result is consistent with the theoretical methodological
rationale, according to which repeated exposure to key contents, distributed at instructive
moments and separated by intervals of cognitive disengagement, can facilitate retention
and strengthen learning (Cepeda et al., 2006; Dunlosky et al., 2013; Kelley & Whatson, 2013;
Smolen et al., 2016).

At the same time, improvements were also observed in the control groups. These data
indicate that student learning can progress even in the absence of experimental methodol-
ogy, as a result of ordinary teaching, curricular activities, and the natural development of
the school experience over time. For this reason, the contribution of the SL should be inter-
preted within the broader educational context in which the intervention took place. In real
classrooms, learning outcomes are rarely attributable to a single factor; rather, they emerge
from the interaction between teaching practices, student characteristics, class dynamics,
and continuity of education.

The comparison between school levels offers a further interpretative perspective. The
differences observed between third- and fourth-grade primary schools could reflect develop-

https://doi.org/10.3390/educsci16060826

https://doi.org/10.3390/educsci16060826


Educ. Sci. 2026, 16, 826 13 of 16

mental variations in students’ cognitive and academic readiness. Older pupils might benefit
differently from a structured and repetitive approach such as SL (Dunlosky et al., 2013),
as they are better able to retain and rearrange information through subsequent inputs, as
well as to engage in tasks that require reflection and reasoning. Conversely, in younger
students, the effects of the intervention might emerge in less direct or less immediately
measurable forms, such as through increased involvement, attention, or familiarity with
scientific language and procedures.

A further relevant element concerns the initial conditions of the groups. In research
conducted in school settings, pre-existing differences between classes can influence how the
effects of an intervention become visible over time. This is especially important when work-
ing in natural educational environments, in which groups are not artificially constructed
but reflect the ordinary composition of classes. As a result, interpreting the results requires
caution, especially when the characteristics of the groups are not fully comparable at first.
Under such conditions, the observed changes should be understood as part of a complex
educational process rather than as the effect of a single isolated variable.

A further point of discussion concerns the methods of implementation of the inter-
vention. One of the strengths of this study lies in its ecological validity, as SL was applied
in real classrooms by curricular and non-curricular teachers under highly controlled ex-
perimental conditions. This aspect increases the practical relevance of the results, as it
shows that the methodology can be integrated into daily science teaching in primary school
(Kelley & Whatson, 2013). At the same time, however, implementation in authentic contexts
inevitably introduces a degree of variability. Although the protocol was clearly defined,
teachers maintained some flexibility in adapting activities to specific curricular content and
the needs of the classes. This flexibility is pedagogically significant, but it may also have
influenced the coherence of the intervention in different contexts.

From this perspective, the quality and consistency of the implementation become
key interpretive elements. The variability observed in the outcomes could depend not
only on the characteristics of the SL itself, but also on the way in which the methodology
was concretely implemented in the different classes. Differences in pacing, classroom
management, use of teaching materials, and adherence to the sequence of inputs and
intervals may have shaped students’ learning experiences. For this reason, future research
should devote more attention to documenting how the methodology is translated into
practice and how this variation can be linked to the observed outcomes.

The results of this research also raise important questions regarding the nature of
the learning outcomes considered. The present study focused on two main dimensions:
scientific knowledge and some aspects of scientific reasoning and understanding of the
Nature of Science. These dimensions are both central to school education and teaching but
may not respond in the same way to innovation. The acquisition of content knowledge can
be supported more directly by structured repetition and reinforcement, while the develop-
ment of scientific reasoning and epistemological understanding may require longer time,
more explicit reflection, and richer opportunities for discussion and inquiry. It is therefore
possible that the effects of SL differ depending on the specific learning domain considered.

More generally, the results support a cautious but significant interpretation of SL as
a promising teaching strategy in primary-grade science learning (Dunlosky et al., 2013;
Kelley & Whatson, 2013). The methodology appears compatible with school practice and
potentially useful for supporting learning over time. However, the results of the present
study also suggest that its educational value should not be considered automatic or uniform.
Rather, its effectiveness appears to depend on a combination of factors, including the age
of the students, the characteristics of the class, the way the methodology is implemented,
and the type of outcomes assessed.
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Additionally, the statistically significant improvement observed in the fourth-grade
control group deserves specific consideration. Although this increase may partly reflect nor-
mal curricular progression, maturation processes, greater familiarity with the test format,
or other contextual factors not directly controlled within the study design, its magnitude
was small, as indicated by Cohen’s d = 0.281. This finding, therefore, suggests that some
learning gains occurred independently of the experimental intervention. However, the
improvement observed in the fourth-grade experimental group was considerably larger,
with Cohen’s d = 1.996 in the pre–post comparison, and the post-test comparison between
the experimental and control groups also showed a very large effect size, Cohen’s d = 1.613.
These results suggest that, while general developmental and curricular factors may have
contributed to students’ progress, the SL intervention appears to have produced an addi-
tional and educationally meaningful effect. Nevertheless, this finding should be interpreted
with caution, as the improvement in the control group represents a potential threat to
internal validity.

Taken together, these considerations suggest that Spaced Learning may represent
a valid approach to enhance science teaching in primary school, especially when it is
embedded within a coherent and well-supported teaching practice. At the same time, the
variability of the results indicates the need for further research capable of clarifying the
educational conditions in which this methodology can lead to more stable and consistent
benefits for students.

6. Conclusions
This study explored the effects of a seven-month SL intervention on the science

learning outcomes of third and fourth-grade primary students in Italian schools. The
results suggest that the methodology can support scientific learning, although its impact
seems to vary in relation to school level and classroom context. Overall, SL emerges as a
viable and promising approach to education and teaching in primary school. However, its
benefits must be interpreted in relation to the broader educational environment and the
specific conditions of implementation. More research is needed to better understand how
and under what circumstances this methodology can more effectively promote students’
scientific knowledge and scientific reasoning.

Author Contributions: G.F.: conceptualization, methodology, investigation, writing—original draft,
writing—review & editing, project administration; F.L.V.: data curation, writing—review & editing;
C.R.: formal analysis, data curation, visualization, writing—review & editing; G.G.: investigation;
visualization; V.M.: validation; visualization; F.P.: conceptualization, investigation, supervision;
C.F.: conceptualization, methodology, supervision; O.R.B.: conceptualization, supervision. All
authors have read and agreed to the published version of the manuscript.

Funding: This publication was produced with the financial support of the European Union under the
Interreg NEXT Italy–Tunisia Programme. AMIE’ Project—Apprendre en mouvement pour l’inclusion
à l’école—Code A1-OS/1.6-214, Interreg NEXT Italy–Tunisia Programme, Project Code: PRJ-2065—
CUP: B75E25000130006. Its content is the sole responsibility of the University of Palermo and does
not necessarily reflect the views of the European Union or of the Programme management structures.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by Bioethics committee, University of Palermo (protocol code 183/2023
and 21 December 2023).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

https://doi.org/10.3390/educsci16060826

https://doi.org/10.3390/educsci16060826


Educ. Sci. 2026, 16, 826 15 of 16

Conflicts of Interest: The authors declare no conflicts of interest.

References
Anello, F., & Ferrara, G. (2024). Thinking, reflecting, transforming: Methodological innovation in primary school for teacher training.

Formazione & Insegnamento, 22(3), 7430.
Ansberry, K. R., & Morgan, E. (2010). Picture-perfect science lessons: Using children’s books to guide inquiry. NSTA Press.
Bentley, M. L., Ebert, E. S., & Ebert, C. (2007). Teaching constructivist science, K-8: Nurturing natural investigators in the standards-based

classroom. Corwin Press.
Bjerknes, A.-L., Wilhelmsen, T., & Foyn-Bruun, E. (2024). A systematic review of curiosity and wonder in natural science and early

childhood education research. Journal of Research in Childhood Education, 38(1), 50–65. [CrossRef]
Bo, N. S. W. (2025). OECD digital education outlook 2023: Towards an effective education ecosystem. Hungarian Educational Research

Journal, 15(2), 284–289. [CrossRef]
Brousseau, É. (1997). Théorie des contrats, coordination interentreprises et frontières de la firme. In Les frontières de la firme

(pp. 29–60). Economica.
Capps, D. K., & Crawford, B. A. (2013). Inquiry-based instruction and teaching about nature of science: Are they happening? Journal of

Science Teacher Education, 24(3), 497–526. [CrossRef]
Carin, A. A., Bass, J. E., & Contant, T. L. (2005). Teaching science as inquiry. Prentice Hall.
Cepeda, N. J., Pashler, H., Vul, E., Wixted, J. T., & Rohrer, D. (2006). Distributed practice in verbal recall tasks: A review and quantitative

synthesis. Psychological Bulletin, 132(3), 354. [CrossRef]
Dunlosky, J., Rawson, K. A., Marsh, E. J., Nathan, M. J., & Willingham, D. T. (2013). Improving students’ learning with effective learning

techniques: Promising directions from cognitive and educational psychology. Psychological Science in the Public Interest, 14(1), 4–58.
[CrossRef]

Eshach, H., & Fried, M. N. (2005). Should science be taught in early childhood? Journal of Science Education and Technology, 14(3),
315–336. [CrossRef]

Giarratano, G., Fazio, C., Termini, G., & Battaglia, O. R. (2025). Primary school prospective teachers’ perceptions and beliefs on gender
stereotypes in science: A case study. Eurasia Journal of Mathematics, Science and Technology Education, 21(9), em2698. [CrossRef]
[PubMed]

Harlen, W. (1999). Effective teaching of science. A review of research. Using research series, 21. ERIC.
Haynes, S. N., Richard, D., & Kubany, E. S. (1995). Content validity in psychological assessment: A functional approach to concepts

and methods. Psychological Assessment, 7(3), 238. [CrossRef]
Hong, S.-Y., & Diamond, K. E. (2012). Two approaches to teaching young children science concepts, vocabulary, and scientific

problem-solving skills. Early Childhood Research Quarterly, 27(2), 295–305. [CrossRef]
Jensen, M. P. (2003). Questionnaire validation: A brief guide for readers of the research literature. The Clinical Journal of Pain, 19(6),

345–352. [CrossRef]
Kelley, P., & Whatson, T. (2013). Making long-term memories in minutes: A spaced learning pattern from memory research in education.

Frontiers in Human Neuroscience, 7, 589. [CrossRef] [PubMed]
Lederman, N. G. (1992). Students’ and teachers’ conceptions of the nature of science: A review of the research. Journal of Research in

Science Teaching, 29(4), 331–359. [CrossRef]
Lederman, N. G., Abd-El-Khalick, F., Bell, R. L., & Schwartz, R. S. (2002). Views of nature of science questionnaire: Toward valid

and meaningful assessment of learners’ conceptions of nature of science. Journal of Research in Science Teaching, 39(6), 497–521.
[CrossRef]

Lederman, N. G., & Lederman, J. S. (2004). Revising instruction to teach nature of science. The Science Teacher, 71(9), 36–39.
Martin, D. J. (1996). Elementary science methods: A constructivist approach. Kennesaw State University.
Mascia, T., & Wilson, M. (2026). Ecoliteracy: Nonfiction children’s literature and the ecological pact. Preschool and Primary Education,

14(1), 89–108.
Merrill, M. D. (2002). First principles of instruction. Educational Technology Research and Development, 50(3), 43–59. [CrossRef]
Monteyne, K. (2004). Development of the formal reasoning abilities of college students in a general chemistry guided-inquiry laboratory [Ph.D.

thesis, University of Montana].
Mulyenı, T., Jamarıs, M., & Suprıyatı, Y. (2019). Improving basic science process skills through ınquiry-based approach in learning

science for early elementary students. Journal of Turkish Science Education, 16(2), 187–201.
OECD PISA. (2023). Results (volume II): Learning during-and from-disruption. PISA. OECD Publishing.
Osterhaus, C., Brandone, A. C., Vosniadou, S., & Nicolopoulou, A. (2021). The emergence and development of scientific thinking during the

early years: Basic processes and supportive contexts (Vol. 12, p. 629384). Frontiers Media SA.
Paloma, F. G. (2017). Embodied cognition and second language teaching/learning. In Embodied cognition: Theories and applications in

education science (pp. 89–106). Nova Science Publishers.

https://doi.org/10.3390/educsci16060826

https://doi.org/10.1080/02568543.2023.2192249
https://doi.org/10.1556/063.2024.00340
https://doi.org/10.1007/s10972-012-9314-z
https://doi.org/10.1037/0033-2909.132.3.354
https://doi.org/10.1177/1529100612453266
https://doi.org/10.1007/s10956-005-7198-9
https://doi.org/10.29333/ejmste/16829
https://www.ncbi.nlm.nih.gov/pubmed/40368944
https://doi.org/10.1037/1040-3590.7.3.238
https://doi.org/10.1016/j.ecresq.2011.09.006
https://doi.org/10.1097/00002508-200311000-00002
https://doi.org/10.3389/fnhum.2013.00589
https://www.ncbi.nlm.nih.gov/pubmed/24093012
https://doi.org/10.1002/tea.3660290404
https://doi.org/10.1002/tea.10034
https://doi.org/10.1007/BF02505024
https://doi.org/10.3390/educsci16060826


Educ. Sci. 2026, 16, 826 16 of 16

per la Calabria, U. S. R. (2018). Ministero dell’Istruzione, dell’Università e della Ricerca. Cell, 337, 1696828.
Platania, S., Caponnetto, P., Morando, M., Maglia, M., Auditore, R., & Santisi, G. (2021). Cross-cultural adaptation, psychometric

properties and measurement invariance of the Italian version of the job satisfaction scale. European Journal of Investigation in Health,
Psychology and Education, 11(3), 1073–1087. [CrossRef]

Pratt, H., & Hackett, J. (1998). Teaching science: The inquiry approach. Principal, 78(2), 20–22.
Satria, E. (2018). Projects for the implementation of science technology society approach in basic concept of natural science course as

application of optical and electrical instruments’ material. In Journal of Physics: Conference Series. IOP Publishing.
Satria, E., & Sari, S. G. (2018). Penggunaan alat peraga dan KIT IPA oleh guru dalam pembelajaran di beberapa Sekolah Dasar di

Kecamatan Padang Utara dan Nanggalo Kota Padang. IKRA-ITH HUMANIORA: Jurnal Sosial Dan Humaniora, 2(2), 1–8.
Smolen, P., Zhang, Y., & Byrne, J. H. (2016). The right time to learn: Mechanisms and optimization of spaced learning. Nature Reviews

Neuroscience, 17(2), 77–88. [CrossRef] [PubMed]
Yager, R. E., & Akcay, H. (2010). The advantages of an inquiry approach for science instruction in middle grades. School Science and

Mathematics, 110(1), 5–12. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/educsci16060826

https://doi.org/10.3390/ejihpe11030080
https://doi.org/10.1038/nrn.2015.18
https://www.ncbi.nlm.nih.gov/pubmed/26806627
https://doi.org/10.1111/j.1949-8594.2009.00002.x
https://doi.org/10.3390/educsci16060826

	Introduction 
	Theoretical Background 
	Materials and Methods 
	Research Design 
	Participants 
	Educational Content 
	Instructional Design and Lesson Planning 
	The Questionnaire 

	Results 
	Data Analysis Methodology 
	Data Analysis 

	Discussion 
	Conclusions 
	References

