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Abstract: Teaching self-efficacy refers to a teacher’s confidence in their ability to engage students and
foster learning, directly influencing their instructional planning, strategies, and student assessment
practices. Neuroscience education for teachers has been shown to increase enthusiasm and support
professional growth by introducing essential brain-related principles. This study investigated
whether prior exposure to neuroscience predicts teaching self-efficacy among Brazilian Basic
Education teachers. A total of 1,120 teachers completed online surveys, providing sociodemographic
information, educational background, teaching experience, and data regarding their previous
neuroscience exposure. Participants' neuroscience knowledge was assessed through a questionnaire
designed to measure familiarity with fundamental neuroscience concepts, and teaching self-efficacy
was evaluated using the Teacher Sense of Efficacy Scale (TSES). Results indicated that teachers with
prior exposure to extracurricular neuroscience courses demonstrated significantly higher
neuroscience knowledge. Additionally, those with previous neuroscience exposure exhibited a
marginally significant increase in self-efficacy for instructional strategies and a significant increase in
classroom management, while no significant differences were observed in student engagement.
Regression analyses confirmed that neuroscience exposure significantly predicted self-efficacy in
instructional strategies and classroom management. These findings reinforce the connection between
neuroscience education and enhanced teaching self-efficacy, underscoring the importance of
neuroeducation programs as valuable tools for supporting teachers” professional development and
well-being.

Keywords: neurosciences; self-efficacy; teachers; educational neuroscience; basic education

1. Introduction

The field of education has evolved over time. These changes primarily relate to the methods of
mediation between the subject matter and the individuals involved in this process. This development
opens up a field of research that involves listing variables and themes and examining their
relationships. Accordingly, neurosciences are gaining prominence by focusing on aspects of teaching
and learning and identifying the most effective practices or strategies for this process [1].
Consequently, neurosciences can also affect students' motivation, beliefs in academic success, goal-
setting, and academic persistence [2-5].

Another key construct of interest is self-efficacy, defined as an individual's belief in their own
ability to achieve specific goals and complete tasks successfully [6,7]. According to Bandura [8], self-
efficacy has four main sources: (a) direct experience —based on one's own experiences; (b) vicarious
experience—the ability to learn from others' experiences; (c) social persuasion—when the social
environment fosters the perception that an individual has the necessary abilities; and (d) emotional
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states—which can influence how individuals perceive their ability and competence to address a
specific situation.

In education, self-efficacy has been widely studied across various contexts and populations [9-
11]. Specifically, teachers’ self-efficacy refers to their perception of their capabilities to achieve desired
outcomes in student engagement and learning [12]. This construct profoundly influences teachers’
actions in educational settings, shaping their professional identity, instructional strategies, and
assessments of students' learning potential [13]. Research also indicates that teacher self-efficacy
plays a critical role in teaching quality and effectiveness by positively influencing cognitive
activation, classroom management, and student support [14]. Teachers who exhibit higher self-
efficacy often perform better in teaching evaluations [15] and are more inclined to employ effective
classroom strategies [16]. Moreover, robust self-efficacy beliefs correlate with enhanced student
outcomes, such as improved academic achievement and engagement [17]. Because of its importance,
promoting teacher self-efficacy through professional development programs can improve teaching
effectiveness and foster better student performance [18].

Several studies have examined how neuroscience training influences teachers' self-efficacy. For
instance, a neuroscience program in Liberia enhanced teachers’ self-efficacy, sense of responsibility
for student outcomes, and teaching motivation [19]. In the United States, neuroscience programs
designed for middle school science teachers reported increased enthusiasm about teaching among
participants [10]. Programs such as the BrainU workshops [20] demonstrate that essential
neuroscience concepts can be effectively conveyed to educators, positively influencing their
professional development and ultimately affecting students’ perceptions of their learning [10,21].
Similar investigations have been conducted in Brazil. Lima et al. [22] explored primary school
teachers’ perceptions and knowledge of neuroscience before and after a continuing education course
called “Neuroscience’s Course Applied to Education.” Twenty-eight teachers participated, and they
unanimously deemed the course highly relevant for acquiring new neuroscience knowledge,
agreeing that the concepts learned could improve their teaching practices and environments. Thus,
exposure to neuroscience principles appears to positively influence teachers’ perceptions of their
performance, capabilities, and professional confidence.

1.1. Current Study

The literature highlights the role of neurosciences in shaping teachers’ self-efficacy, raising
questions about how these two domains intersect. A recent study by our group [23] investigated
whether prior neuroscience exposure (categorized as no exposure, extracurricular neuroscience
courses, neuroscience-related classes, or both) predicts self-efficacy among undergraduate students.
The findings revealed that students with greater neuroscience exposure (i.e., both neuroscience-
related classes and extracurricular courses) demonstrated higher self-efficacy. Thus, this study
underscores the potential of neuroscience-related content to improve an individual’s confidence in
achieving goals, contingent on the relevant context. These results highlight a need for further
investigation into whether prior exposure to neuroscience can similarly predict self-efficacy in other
populations. If such an association holds among undergraduates regarding their perceived
competencies in higher education, our current study questions whether the same relationship exists
among teachers. Therefore, we aim to determine whether prior neuroscience exposure can serve as a
predictor of teaching self-efficacy in Brazilian Basic Education teachers. In alignment with this
objective, our study addresses the following research questions:

1. Does neuroscience knowledge differ among Brazilian Basic Education teachers based on

institution type, educational level, length of teaching experience, and previous neuroscience
exposure?
2. Does teaching self-efficacy vary across institution type, educational level, length of teaching

experience, and previous neuroscience exposure in Brazilian Basic Education teachers?
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3. What are the significant predictors of higher teaching self-efficacy among Brazilian Basic
Education teachers, considering sociodemographic factors, teaching profiles, and previous
neuroscience exposure?

In this regard, we hypothesized that prior exposure to neuroscience (i.e., extracurricular

neuroscience courses) is associated with higher levels of teaching self-efficacy, even after accounting
for sociodemographic factors and teaching profiles.

2. Materials and Methods
2.1. Study Design and Participants

This observational, cross-sectional study employed a snowball sampling technique. Participants
were recruited via digital media platforms and email invitations, with data collected using an online
self-report survey (Google Forms) from November 2022 to January 2023. Inclusion criteria were: age
between 18 and 59 years, employment as a Brazilian middle or high school teacher, possession of a
bachelor’s degree, voluntary consent to participate without compensation, and complete responses
to all survey items. A total of 1120 participants met the inclusion criteria. The study: (1) assessed
participants’ prior exposure to extracurricular neuroscience courses; (2) evaluated their general
neuroscience knowledge through a multiple-choice (true/false) questionnaire; (3) measured teaching
self-efficacy using the short version of the Teacher Self-Efficacy Scale (TSES); and (4) identified
demographic and neuroscience-related predictors associated with self-efficacy. The study design
followed a similar approach to [21] in analyzing these variables within this target population.

2.2. Ethics

The study protocol was approved by the Research Ethics Committee of the Faculty of
Philosophy, Sciences, and Letters of Ribeirdo Preto, University of Sao Paulo (FFCLRP/USP; CAAE
47436621.3.0000.5407). Participants’ personal data were handled following the guidelines of Brazil’'s
General Data Protection Law (LGPD, Law No. 13.709/2018). Participation was voluntary, and
informed consent was obtained electronically via the online form. Participants were informed about
the study's objectives, potential risks, their rights, and provided with researcher contact information
for further inquiries.

2.3. Survey Development

A self-report questionnaire was developed to collect sociodemographic data, including age,
gender, ethnicity, and teaching profile information such as educational level (bachelor’s degree,
postgraduate certificate, or master’s/doctoral degree). In this study, a bachelor’s degree indicated
basic undergraduate qualification, a postgraduate certificate represented specialized training beyond
a bachelor's, and master’s/doctoral degrees indicated advanced academic and research training.
Additional information collected included length of teaching experience, institution type (public,
private, or both), grade levels taught (middle school, high school, or both), and teachers’ fields of
knowledge. The fields of knowledge were grouped according to the Sdo Paulo Research Foundation
classification [24] based on participants' bachelor’s degrees, and further categorized into five broad
areas to facilitate analysis: (1) Natural Sciences (Biological Sciences, Health Sciences, Exact and Earth
Sciences, and Agricultural Sciences), (2) Engineering and Technology, (3) Social Sciences (Applied
Social Sciences and Humanities), (4) Arts and Humanities (Linguistics, Literature, and Arts), and (5)
Interdisciplinary (fields not fitting other categories).

After completing the sociodemographic questions, participants responded to the neuroscience
exposure questionnaire, the general neuroscience knowledge questionnaire, and the TSES. All survey
materials were provided in Brazilian Portuguese. A detailed description of these measures is
presented below.

2.4. Measures
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2.4.1. Neuroscience Exposure

Participants rated their agreement on a 5-point Likert scale (1 = “strongly disagree” to 5 =
“strongly agree”) with the statements: (1) the dialogue between educators and neuroscientists is
important, and (2) scientific knowledge about the brain and its influence on learning is valuable for
my teaching practice. Further, participants reported on a 5-point Likert scale (1 = “never” to 5= “very
frequently”) how often they: (1) read specialized scientific journals, (2) read popular science
magazines, (3) received brain-related information at their workplace (e.g., lectures, workshops), and
(4) sought scientific information on the internet [25,26]. Prior neuroscience exposure was also
quantified by participants’ reported attendance at extracurricular neuroscience courses, categorized
as no exposure, 1-3 courses, or 4 or more courses.

2.4.2. General neuroscience knowledge

General neuroscience knowledge was assessed using a questionnaire comprising 17 true/false
statements about the brain, selected from previous studies [25,26] and previously adapted for
Brazilian populations [23,27-29].

2.4.3. Teachers' Self-Efficacy Survey

Teachers' self-efficacy was evaluated using the short version of the Teacher Self-Efficacy Scale
(TSES) [12], previously adapted for the Brazilian context [13]. This scale consists of 12 items divided
into three dimensions (4 items each): (1) efficacy in student engagement, reflecting teachers'
perceptions of their ability to motivate and engage students; (2) efficacy in instructional strategies,
reflecting confidence in selecting, adapting, and implementing teaching and evaluation strategies;
and (3) efficacy in classroom management, addressing teachers’ confidence in managing classroom
behavior and effectively supervising students. The TSES uses a 10-point rating scale (0 = “nothing”
to 10 = “a great deal”) and has demonstrated high validity and reliability [13].

2.5. Variable Selection

Variables for inferential analysis were selected based on their relevance to understanding
teaching self-efficacy in Brazilian basic education. Sociodemographic factors, including gender and
age, were selected due to their established influence on teachers” experiences and self-efficacy [30,31].
Teaching profile variables, including educational level, length of teaching experience, institution
type, and prior neuroscience exposure, were chosen based on previously established or hypothesized
relationships with teaching performance outcomes [10,15,32].

Furthermore, in Brazil, public and private basic education institutions differ considerably in
resources, infrastructure, and academic performance. Private schools often offer better facilities and
greater operational efficiency, frequently leading to higher student achievement. Conversely, public
schools face resource limitations and administrative challenges despite their foundational principles
of equity and universal education [33,34].

Thus, these variables were selected to capture specific characteristics of the Brazilian educational
system, allowing for meaningful comparisons and insights into how neuroscience knowledge and
self-efficacy relate to teaching and demographic factors across diverse educational contexts.

2.6. Data Analysis

Analyses were conducted using Just Another Statistics Program (JASP 0.19.1.0). Data normality
was assessed with the Shapiro-Wilk test. Internal consistency reliability of the TSES was evaluated
using Cronbach's alpha (a). Homogeneity of variances was verified through Levene’s test before
conducting analysis of variance (ANOVA). The significance level was set at p <0.05.

Descriptive statistics summarized sociodemographic characteristics, teaching profiles, previous
neuroscience exposure, general neuroscience knowledge, and TSES results. One-way ANOVA
compared TSES scores and general neuroscience knowledge performance across educational level,
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length of teaching experience, institution type, and neuroscience exposure levels (no exposure, 1-3
courses, and 4 or more extracurricular neuroscience courses). Effect sizes were calculated using eta
squared (n?), interpreted as small (0.01), medium (0.06), or large (0.14) [35]. Post-hoc Tukey tests
identified specific group differences. Cohen’s d assessed post-hoc effect sizes, with 0.20 indicating
small, 0.50 medium, and 0.80 large effects [35].

Three separate multiple linear regression analyses were conducted, one for each dimension of
the TSES (instructional strategies, classroom management, and student engagement), to identify the
predictive effects of neuroscience exposure, length of teaching experience, educational level, gender,
and age on teacher self-efficacy. Linear model assumptions were assessed using residual and Q-Q
plots. Data are reported as mean + SEM. Significance was set at p < 0.05 unless stated otherwise. For
certain multiple comparisons, statistical values are expressed as ranges. Levels of significance are
indicated as follows: *p < 0.05, **p <0.01, **p < 0.001, and ****p < 0.0001.

3. Results

3.1. Sociodemographic and Teaching Profile

The total sample consisted of 1120 participants, with ages ranging from 21 to 59 years (M =40.99,
SD = 8.89). The gender distribution indicated that 72.41% were women and 27.59% were men. The
mean age for women was 41.08 years (SD = 8.70), and for men, 40.77 years (SD =9.39). Table 1 presents
the sociodemographic characteristics and teaching profile of the sample.

Table 1. Sociodemographic and teaching profile data of the sample (n = 1120).

Sociodemographic n (%)
Gender
Woman 811 (72.41%)
Man 309 (27.59%)
Self-identified ethnicity
White 649 (57.95%)
Brown 313 (27.95%)
Black 116 (10.36%)
Asian 14 (1.25%)
Indigenous 3 (0.27%)
Other and prefer not to answer 25 (2.23%)
Region of residence
South 76 (6.79%)
Southeast 848 (75.71%)
Midwest 46 (4.11%)
Northeast 116 (10.36%)
North 34 (3.04%)
Income
Less than 1 minimum wage 34 (3.04%)
1 to 3 minimum wage 245 (21.88%)
3 to 5 minimum wage 382 (34.11%)
5 to 10 minimum wage 411 (36.70%)

More than 10 minimum wage 48 (4.29%)
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Teaching profile n (%)
Educational level
Bachelor's degree 426 (38.04%)
Postgraduate certificate 469 (41.88%)
Master’s/Doctoral degree 225 (20.09%)
Length of teaching experience
Less than 5 years 313 (27.95%)
5 to 10 years 258 (23.04%)
10 to 20 years 353 (31.52%)
More than 20 years 196 (17.50%)
Type of institution
Public 629 (56.16%)
Private 318 (28.39%)
Both 173 (15.45%)
Grade level
Middle school 259 (23.13%)
High school 251 (22.41%)
Both 610 (54.46%)
Fields of knowledge
Natural Sciences 412 (36.79%)
Engineering and Technology 8 (0.71%)
Social Sciences 419 (37.41%)
Arts and Humanities 243 (21.70%)
Interdisciplinary 38 (3.39%)

3.2. Previous Neuroscience Exposure and General Knowledge

Regarding previous exposure to neuroscience extracurricular courses, 68.93% (n = 772) had not
taken any, 28.30% (n =317) had taken one to three courses, and 2.77% (n =31) had taken four or more.
With respect to participants' opinions on the relevance of neuroscience (Figure 1a), 98.66% (n = 1105)
either agreed or strongly agreed that dialogue between educators and neuroscientists is important.
Furthermore, 98.39% (n = 1102) agreed or strongly agreed that scientific knowledge about the brain
and its influence on learning is valuable for their teaching practice. Regarding prior exposure to
scientific and neuroscientific knowledge (Figure 1b), a considerable number of participants had never
or rarely looked for information in scientific journals (28.57%, n = 320), in popular magazines (24.82%,
n = 278), or received any brain-related information at their workplace (e.g., lectures, workshops)
(62.50%, n =700). However, most participants often or very frequently seek scientific information on
the internet (62.70%, n = 702).

In terms of the distribution of participants across different fields of knowledge (Figure 1c),
37.41% (n = 419) were in Social Sciences, 36.79% (n =412) in Natural Sciences, 21.70% (n = 243) in Arts
and Humanities, 3.39% (n=38) in Interdisciplinary, and 0.71% (n=8) in Engineering and Technology.
Participants from the Interdisciplinary (44.74%, n = 17) and Social Sciences (36.52%, n = 153) fields
reported the highest exposure to neuroscience (i.e., at least one extracurricular course).

Across the general neuroscience knowledge questionnaire, the average percentage of incorrect
responses was 17.42%. Notably, items concerning the entry of substances into the nervous system,
brain region functions, and brain learning had the highest error rates (Table 2). Regarding
participants’ performance on the neuroscience questionnaire, there were significant differences in
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performance based on educational level (Fe 117 = 6.26, p = 0.002, n? = 0.01, Figure 1d). Specifically,
participants with a master’s/doctoral degree scored significantly higher than those with a
postgraduate certificate (p = 0.003, d = 0.27) and a bachelor's degree (p = 0.005, d = 0.26). However,
there was consistent regardless of length of teaching experience (Fi1110 = 1.27, p = 0.34, n? = 0.003,
Figure 1e) and type of school institution (Fe1117) = 1.74, p = 0.18, ? = 0.002, Figure 1f). Additionally,
there were significant differences in performance across neuroscience exposure levels (Fe 1117 = 10.81,
p <0.001, n2 = 0.02, Figure 1g). Participants who attended 1 to 3 courses scored significantly higher
than those with no exposure (p < 0.0001, d = 0.36). Overall, these data suggest that while length of
teaching experience does not significantly influence participants' general neuroscience knowledge,
differences emerge based on educational levels and varying levels of neuroscience exposure.

Table 2. Accuracy percentage of the items in the general neuroscience knowledge questionnaire.

Correct
Remaining survey items (ranked by % incorrect) %

answer
Vaccines, electronic chips, alcohol, and any other substance present in the blood

FALSE 50.09
can enter the nervous system through the bloodstream.
The left and right hemispheres of the brain work together. TRUE 31.79
When a brain region is damaged, other parts of the brain can take up its function. TRUE 30.18
Learning is due to the addition of new cells to the brain. FALSE 29.29
Normal development of the human brain involves the birth and death of brain

TRUE 22.50
cells.
Academic achievement can be negatively impacted by skipping breakfast. TRUE 21.88
Information is stored in the brain in networks of cells distributed throughout the

TRUE 21.43
brain.
Extended rehearsal of some mental processes can change the structure and

TRUE 20.54
function of some parts of the brain.
Vigorous exercise can improve mental function. TRUE 16.34
Brain development has finished by the time children reach puberty. FALSE 13.93
Circadian rhythms (“body-clock”) shift during adolescence, causing students to be

TRUE 13.75
tired during the first lessons of the school day.
Production of new connections in the brain can continue into old age. TRUE 7.41
Learning occurs through changes to the connections between brain cells. TRUE 7.23
We use our brains 24h a day. TRUE 4.73
Mental capacity is genetic and cannot be changed by the environment or

FALSE 2.68
experience.
There are specific periods in childhood when it’s easier to learn certain things. TRUE 2.14
When we sleep, the brain shuts down. FALSE 0.45

Average percentage incorrect answers 17.42
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Figure 1. Sociodemographic characteristics, neuroscience exposure, and general neuroscience knowledge of
Brazilian basic education teachers. (a) Participants’ ratings on the importance of dialogue between educators and
neuroscientists and the relevance of neuroscience knowledge for teaching practice. (b) Frequency of teachers
seeking scientific information from specific sources. (c) Distribution of participants according to fields of
knowledge and corresponding levels of neuroscience exposure. Additionally, between-group comparisons of
general neuroscience knowledge are presented according to (d) educational level, (e) length of teaching
experience, (f) type of school institution, and (g) level of previous neuroscience exposure. Values in panels (d—
g) are expressed as means + SEM. Statistical significance is indicated as *p < 0.05, **p < 0.01, ***p < 0.001, ****p <

0.0001, and ‘n.s.” indicates no significant differences between groups.
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3.3. Teachers’ Self-Efficacy and Previous Neuroscience Exposure

The TSES scores were analyzed across three dimensions. The results showed that efficacy for
instructional strategies had the highest mean (M = 7.57, SD = 1.79) with high internal consistency
(Cronbach’s o = 0.94). Efficacy for student engagement was intermediate (M = 7.02, SD = 1.78), also
with strong internal consistency (a = 0.91). In contrast, efficacy for classroom management had the
lowest mean (M = 6.88, SD = 1.80), though it still demonstrated strong internal consistency (a = 0.93).
This high reliability suggests that items within each dimension are internally consistent, supporting
the scale's validity and reliability. The results of the comparisons in the three TSES dimensions are
presented in Figure 2.

Participants’ efficacy for instructional strategies did not significantly differ by educational level
(Fei1n=0.61, p=0.54, n? = 0.001, Figure 2a-I) or type of school institution (F1117 = 2.58, p = 0.08, n? =
0.005, Figure 2a-III). However, it was higher in individuals with longer teaching experience (F 1116 =
11.95, p < 0.001, n?=0.03, Figure 2a-II) and those with previous neuroscience exposure (F1117) = 2.96,
p=0.05, n2=0.005, Figure 2a-1V). Specifically, participants with more than 20 years of experience (p <
0.0001, d = 0.49), 10 to 20 years (p < 0.0001, d = 0.37), and 5 to 10 years (p < 0.001, d = 0.32) reported
significantly higher efficacy for instructional strategies than those with fewer than 5 years.
Additionally, those who had attended four or more extracurricular neuroscience courses had
marginally higher scores than those with no previous neuroscience exposure (p = 0.06, d = 0.42).

Regarding participants’ efficacy for classroom management, it was also consistent across
educational level (F 1117 = 2.79, p = 0.06, n? = 0.005, Figure 2b-I) and type of school institution (Fe 1117
=241, p = 0.09, n? = 0.004, Figure 2b-III), but was higher among individuals with longer teaching
experience (F1116 =4.72, p =0.003, n?=0.01, Figure 2b-II) and previous neuroscience exposure (Fe1117)
=7.50, p <0.001, n?=0.01, Figure 2b-1V). Participants with more than 20 years of experience (p <0.01,
d =0.30) and 5 to 10 years (p = 0.02, d = 0.25) reported significantly higher efficacy for classroom
management than those with fewer than 5 years. Moreover, those who had attended one to three (p
= 0.05, d = 0.16) and four or more (p < 0.01, d = 0.60) extracurricular neuroscience courses had
significantly higher efficacy than participants with no neuroscience exposure. Notably, participants
with four or more courses also had higher scores than those with one to three (p =0.05, d = 0.45).

With respect to participants’ efficacy for student engagement, it was consistent across
educational level (F1117) =2.41, p = 0.09, n? = 0.004, Figure 2c-I), type of school institution (Fe1117) =
0.14, p =0.87, n?=0.0003, Figure 2¢-III), and previous neuroscience exposure (Fe,1117 =191, p=0.15, n?
=0.003, Figure 2c-IV). However, it was higher in individuals with longer teaching experience (F 1116
=6.30, p<0.001, n?=0.02, Figure 2c-II). Participants with more than 20 years of experience (p <0.001,
d=0.34), 10 to 20 years (p = 0.004, d = 0.26), and 5 to 10 years (p = 0.01, d = 0.26) reported significantly
higher efficacy for student engagement than those with fewer than 5 years.
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Figure 2. Between-group comparisons of teachers’ self-efficacy scores across three dimensions: (a) efficacy for
instructional strategies, (b) efficacy for classroom management, and (c) efficacy for student engagement. For each
dimension, comparisons were made according to (I) educational level, (II) length of teaching experience, (III)
type of school institution, and (IV) level of previous neuroscience exposure. Values are expressed as
means + SEM. Statistical significance is indicated as *p < 0.05, **p < 0.01, **p < 0.001, ***p < 0.0001, and ‘n.s.’

indicates no significant differences between groups.

3.4. Analysis of Predictors for Teachers” Self-Efficacy

Multiple linear regression models were constructed to examine predictors of the three
dimensions of the TSES. Each model was progressively expanded by incorporating additional control
variables to evaluate their impact on efficacy for instructional strategies (Table 3), classroom
management (Table 4), and student engagement (Table 5). For all three dimensions, Model 1 included
educational level, length of teaching experience, type of school institution, and neuroscience
exposure as predictors. Model 2 introduced gender, while Model 3 added age as a control variable.

3.4.1. Efficacy for Instructional Strategies

In Model 1 (Adjusted R?=0.03, Fr112 = 6.33, p <0.001), longer teaching experience emerged as a
positive predictor of efficacy for instructional strategies (B = 0.29, p < 0.001). Conversely, working in
a public school (B =-0.29, p = 0.02) or in both public and private institutions (B =-0.38, p = 0.02) was
associated with lower self-efficacy. Additionally, higher levels of neuroscience exposure (i.e., 4 or
more extracurricular courses) also predicted increased self-efficacy (B =0.71, p = 0.03).

In Model 2 (Adjusted R? = 0.04, Fs1111 = 6.05, p < 0.001), gender (i.e.,, men) was a significant
positive predictor (B = 0.24, p = 0.05). The overall findings remained similar: teaching experience (B =
0.30, p < 0.001) and neuroscience exposure (B = 0.73, p = 0.03) continued to be significant positive
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predictors of efficacy for instructional strategies, while working in a public school (B =-0.30, p = 0.02)
or both public and private institutions (B =-0.41, p = 0.01) remained negative predictors.

In Model 3 (Adjusted R?=0.03, Fo,1110=5.37, p <0.001), age did not significantly predict efficacy
for instructional strategies (B = 0.001, p = 0.91). The significance of the other predictors remained
stable, with teaching experience (B = 0.29, p < 0.001) and neuroscience exposure (B = 0.73, p = 0.03)
continuing to have a positive effect, while working in a public school (B = -0.30, p = 0.02) or both
public and private institutions (B =-0.41, p = 0.01) remained negative predictors. Additionally, gender
(men) retained its significance (B = 0.24, p = 0.05), reinforcing the trend observed in Model 2.

Table 3. Results of linear regression models for efficacy for instructional strategies.

Variables B SE(B) t p-value
Model 1
Intercept 6.39 0.16 40.44 <0.001***
Length of teaching experience 0.29 0.05 5.65 <0.001***
Educational level (postgraduate certificate)? -0.03 0.12 -0.26 0.79
Educational level (master’s/doctoral degree)? -0.09 0.15 -0.62 0.54
Type of institution (public)® -0.29 0.12 -2.35 0.02*
Type of institution (both)® -0.38 0.17 -2.27 0.02*
Neuroscience Exposure (1 to 3 courses)* 0.10 0.12 0.81 0.42
Neuroscience Exposure (4 or more courses)® 0.71 0.33 2.18 0.03*
Model 2
Intercept 6.31 0.16 38.75 <0.001%**
Length of teaching experience 0.30 0.05 5.76 <0.001***
Educational level (postgraduate certificate) -0.02 0.12 -0.15 0.88
Educational level (master’s/doctoral degree)? -0.09 0.15 -0.60 0.55
Type of institution (public)® -0.30 0.12 -2.41 0.02*
Type of institution (both)® -0.41 0.17 -2.46 0.01**
Neuroscience Exposure (1 to 3 courses)° 0.11 0.12 0.93 0.35
Neuroscience Exposure (4 or more courses)° 0.73 0.33 224 0.03*
Gender (Men)° 0.24 0.12 1.98 0.05*
Model 3 | | | |
Intercept 6.29 0.27 23.70 < 0.001***
Length of teaching experience 0.29 0.06 4.85 <0.001***
Educational level (postgraduate certificate)? -0.02 0.12 -0.16 0.87
Educational level (master’s/doctoral degree)? -0.09 0.15 -0.61 0.55
Type of institution (public)® -0.30 0.12 -2.41 0.02*

Type of institution (both)® -0.41 0.17 -2.46 0.01**
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Neuroscience Exposure (1 to 3 courses)° 0.11 0.12 0.93 0.35
Neuroscience Exposure (4 or more courses)° 0.73 0.33 224 0.03*
Gender (Men) 0.24 0.12 1.97 0.05*
Age 0.001 0.01 0.11 0.91

Note. Statistics: Estimated (B), Standard Error (SE), t value () and p-value (p) are shown across the table (***
0.001; ** 0.01; * 0.05). Model 1: R?=0.04; adjusted R% 0.03. Model 2: R2=0.04; adjusted R% 0.04. Model 3: R?=0.04;
adjusted R? 0.03. aReference = bachelor’s degree. "Reference = private institution. “Reference = no neuroscience

exposure. ‘Reference = women.

3.4.2. Efficacy for Classroom Management

For efficacy in classroom management, Model 1 (Adjusted R? = 0.02, Fpu12) = 4.61, p < 0.001)
showed that length of teaching experience was a positive predictor (B =0.15, p <0.01). Education level
did not show significant effects, while working in public schools (B = —0.28, p = 0.02) had a negative
impact on self-efficacy. The number of neuroscience courses attended was significant for participants
who completed one to three (B = 0.24, p = 0.04), and four or more courses (B =1.01, p <0.01).

In Model 2 (Adjusted R? = 0.02, Fgn = 4.10, p < 0.001), adding gender did not result in a
significant effect (B = 0.09, p = 0.47). Length of teaching of experience (B = 0.15, p <0.01), participation
in one to three (B = 0.24, p = 0.04) and four or more neuroscience courses (B = 1.01, p < 0.01), and
working in public schools (B =-0.28, p = 0.02) remained significant predictors.

Finally, in Model 3 (Adjusted R?=0.02, Fo1110 = 4.04, p < 0.001), the inclusion of age as a control
variable reduced the significance of teaching experience (B = 0.09, p = 0.12), suggesting that age may
account for part of the effect previously attributed to experience. However, working in public schools
(B=-0.29, p=0.02), and participation in one to three (B =0.25, p =0.03) and four or more neuroscience
courses (B =1.01, p <0.01) remained significant predictors.

Table 4. Results of linear regression models for efficacy for classroom management.

Variables B SE(B) t p-value
Model 1
Intercept 6.70 0.16 42.80 <0.001
Length of teaching experience 0.15 0.05 2.94 <0.01**
Educational level (postgraduate certificate)? 0.15 0.12 1.25 0.21
Educational level (master’s/doctoral degree)? -0.06 0.15 -0.41 0.68
Type of institution (public)® -0.28 0.12 -2.29 0.02*
Type of institution (both)® -0.21 0.17 -1.26 0.21
Neuroscience Exposure (1 to 3 courses)° 0.24 0.12 2.02 0.04*
Neuroscience Exposure (4 or more courses)® 1.01 0.32 3.11 <0.01**
Model 2 | | | |
Intercept 6.67 0.16 41.29 <0.001***
Length of teaching experience 0.15 0.05 2.98 <0.01**
Educational level (postgraduate certificate)? 0.16 0.12 1.29 0.20

Educational level (master’s/doctoral degree)? -0.06 0.15 -0.40 0.69
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Type of institution (public)® -0.28 0.12 -2.31 0.02*
Type of institution (both)® -0.22 0.17 -1.33 0.18
Neuroscience Exposure (1 to 3 courses)° 0.24 0.12 2.06 0.04*
Neuroscience Exposure (4 or more courses)® 1.01 0.32 3.13 <0.01**
Gender (Men)® 0.09 0.12 0.72 0.47
Model 3 | | | | |
Intercept 6.28 0.26 23.91 <0.001***
Length of teaching experience 0.09 0.06 1.56 0.12
Educational level (postgraduate certificate)? 0.14 0.12 1.19 0.24
Educational level (master’s/doctoral degree)? -0.07 0.15 -0.46 0.64
Type of institution (public)® -0.29 0.12 -2.40 0.02*
Type of institution (both)® -0.23 0.17 -1.40 0.16
Neuroscience Exposure (1 to 3 courses)° 0.25 0.12 2.12 0.03*
Neuroscience Exposure (4 or more courses)° 1.01 0.32 3.12 <0.01**
Gender (Men) 0.08 0.12 0.69 0.49
Age 0.01 0.01 1.88 0.06

Note. Statistics: Estimated (B), Standard Error (SE), t value () and p-value (p) are shown across the table (***
0.001; ** 0.01; * 0.05).Model 1: R2=0.03; adjusted R% 0.02. Model 2: R?=0.03; adjusted R% 0.03. Model 3: R?=0.03;
adjusted R? 0.02. aReference = bachelor’s degree. "Reference = private institution. “Reference = no neuroscience

exposure. ‘Reference = women.

3.4.3. Efficacy for Student Engagement

In Model 1 (Adjusted R? = 0.01, Fpi112 = 3.04, p < 0.01), length of experience was a significant
predictor of the efficacy for student engagement (B = 0.18, p < 0.001). Educational level did not have
a significant effect, and working in public (B =-0.09, p = 0.45) or both types of school institutions (B =
-0.09, p = 0.57) did not influence this dimension. Additionally, completing four or more courses had
only a marginally significant effect (B = 0.58, p = 0.08).

In Model 2 (Adjusted R?=0.01, Fg11) =2.97, p <0.01), gender (men) was not significant for self-
efficacy in student engagement (B = 0.18, p = 0.12). Length of experience remained a significant
predictor (B = 0.19, p < 0.001), while the effect of completing four or more neuroscience courses
remained marginally significant (B = 0.59, p = 0.07).

Finally, in Model 3 (Adjusted R? = 0.01, Fo10 = 2.71, p < 0.01), adding age did not alter the
significance of teaching experience (B =0.21, p < 0.001) or the marginal effect of greater neuroscience
exposure (B = 0.59, p = 0.07). However, age itself was not a significant predictor of self-efficacy for
student engagement (B =-0.01, p = 0.42).

Table 5. Results of linear regression models for efficacy for student engagement.

Variables B SE(B) t p-value

Model 1
Intercept 7.12 0.16 44.98 <0.001***
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Length of teaching experience 0.18 0.05 3.55 <0.001***
Educational level (postgraduate certificate)? 0.01 0.12 0.09 0.93
Educational level (master’s/doctoral degree)? 0.20 0.15 1.34 0.18
Type of institution (public)® -0.09 0.12 -0.76 0.45
Type of institution (both)® -0.09 0.17 -0.54 0.59
Neuroscience Exposure (1 to 3 courses)° 0.05 0.12 0.45 0.65
Neuroscience Exposure (4 or more courses)® 0.58 0.33 1.77 0.08
Model 2 I ‘ I I ‘
Intercept 7.06 0.16 43.23 <0.001***
Length of teaching experience 0.19 0.05 3.63 <0.001***
Educational level (postgraduate certificate) 0.02 0.12 0.17 0.87
Educational level (master’s/doctoral degree)? 0.20 0.15 1.36 0.18
Type of institution (public)® -0.10 0.12 -0.81 0.42
Type of institution (both)® -0.12 0.17 -0.69 0.49
Neuroscience Exposure (1 to 3 courses)° 0.07 0.12 0.55 0.58
Neuroscience Exposure (4 or more courses)° 0.59 0.33 1.81 0.07
Gender (Men)® 0.19 0.12 1.56 0.12
Model 3 I ‘ I I ‘
Intercept 7.23 0.27 27.19 <0.001%**
Length of teaching experience 0.21 0.06 3.52 <0.001***
Educational level (postgraduate certificate)? 0.03 0.12 0.21 0.83
Educational level (master’s/doctoral degree)? 0.21 0.15 1.38 0.17
Type of institution (public)® -0.09 0.12 -0.77 0.44
Type of institution (both)® -0.11 0.17 -0.66 0.51
Neuroscience Exposure (1 to 3 courses)° 0.06 0.12 0.52 0.60
Neuroscience Exposure (4 or more courses)® 0.59 0.33 1.81 0.07
Gender (Men) 0.19 0.12 1.57 0.12
Age -0.01 0.01 -0.82 0.41

Note. Statistics: Estimated (B), Standard Error (SE), t value () and p-value (p) are shown across the table (***
0.001; ** 0.01; * 0.05).Model 1: R2=0.02; adjusted R% 0.01. Model 2: R2=0.02; adjusted R% 0.01. Model 3: R?=0.02;
adjusted R2 0.01. *Reference = bachelor’s degree. PReference = private institution. “Reference = no neuroscience

exposure. ‘Reference = women.

4. Discussion

This study investigated whether prior exposure to neuroscience predicts teaching self-efficacy
among Brazilian Basic Education teachers. Specifically, this study sought to answer three primary
research questions: (1) does neuroscience knowledge differ among Brazilian Basic Education teachers
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based on institution type, educational level, length of teaching experience, and previous neuroscience
exposure? (2) Does teaching self-efficacy vary across institution type, educational level, length of
teaching experience, and previous neuroscience exposure in Brazilian Basic Education teachers? (3)
What are the significant predictors of higher teaching self-efficacy among Brazilian Basic Education
teachers, considering sociodemographic factors, teaching profiles, and previous neuroscience
exposure? Based on these questions, it has been hypothesized that prior exposure to neuroscience is
associated with higher levels of teaching self-efficacy.

Our findings confirmed this hypothesis and provided the following answers to the research
questions: (1) Neuroscience knowledge levels did not differ significantly by institution type or
teaching experience. However, teachers with higher educational levels (master’s/doctoral degrees)
and those with some exposure to extracurricular neuroscience courses (one to three courses) scored
significantly better. This suggests that advanced academic training and direct engagement with
neuroscience courses contribute to a deeper understanding and improved retention of neuroscience
knowledge. (2) Self-efficacy did not differ significantly by institution type or educational level but
was notably higher in teachers with more teaching experience across all three TSES dimensions.
Moreover, instructors exposed to extracurricular neuroscience courses showed significantly higher
efficacy in instructional strategies and classroom management. These findings highlight the roles of
professional experience and neuroscience education in enhancing teachers’ confidence in their
abilities. (3) Teaching experience emerged as a significant predictor in all three TSES dimensions. For
instructional strategies and classroom management, attendance at multiple extracurricular
neuroscience courses corresponded to higher self-efficacy, whereas teaching in public institutions
was consistently associated with lower self-efficacy. Additionally, male teachers reported slightly
higher self-efficacy in instructional strategies, while age did not significantly affect any dimension.
These results underscore the influence of professional experience, neuroscience education, and
institutional context on teachers’ confidence and expand our previous data among undergraduate
students which showed that previous exposure to neuroscience was also associated with higher
levels of self-efficacy [23]. Even more, previous neuroscience exposure was a significant predictor of
enhanced self-efficacy in this group. The discussion focuses on the contributions of neuroscience
education to enhancing teaching self-efficacy.

4.1. Previous Neuroscience Exposure

In our sample, nearly 70% of participants reported no prior exposure to extracurricular
neuroscience courses. This finding suggests that, despite the availability of such courses in Brazil [22],
many Brazilian primary school teachers have not pursued them—possibly due to limited access,
institutional constraints, or the absence of supportive public policies [29]. Nonetheless, almost the
entire sample recognized the importance of dialogue between educators and neuroscientists and
valued scientific knowledge about the brain and its influence on learning. This discrepancy between
teachers’ positive perceptions of neuroscience and their low enrollment in relevant courses signals a
clear need for increased training opportunities.

Another notable outcome is that teachers with higher educational levels (master’s/doctoral
degrees) and previous neuroscience course exposure scored better on the general neuroscience
knowledge questionnaire, mirroring results from prior research [26]. This aligns with the view that
advanced academic training and direct engagement with neuroscience topics are critical for acquiring
and retaining accurate knowledge. Consequently, incorporating neuroscience into both initial and
continuing teacher training programs is vital, especially in Brazil, where educators’ neuroscience
awareness remains limited [29].

Together, these findings reinforce the urgency of improving communication between
neuroscientists and educators. Inaccurate beliefs about the brain, known as neuromyths, remain
widespread and can negatively affect teaching practices [28,29]. Previous studies [36,37] have shown
that educators often hold misconceptions about how the brain functions. While debunking these
myths is important, a broader emphasis on accurate neuroscience knowledge can be more effective.
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Well-structured neuroscience education initiatives are essential to promote evidence-based teaching
and bridge the gap between neuroscience and educational practice.

4.2. Teacher Self-Efficacy

Our results indicate that teacher self-efficacy was significantly influenced by professional
experience and exposure to extracurricular neuroscience courses. Teachers with longer careers
reported higher levels of self-efficacy in student engagement, instructional strategies, and classroom
management, consistent with Bandura’s [6,7] emphasis on direct experience as a primary source of
self-efficacy. Notably, having a higher educational level (e.g., a postgraduate certificate or
master’s/doctoral degree) did not yield significantly different self-efficacy scores compared with
lower educational levels, possibly because advanced degrees do not necessarily translate into more
direct teaching experience [38].

Moreover, exposure to neuroscience courses significantly predicted teacher self-efficacy,
particularly for classroom management and instructional strategies. These findings resonate with
previous studies [10,19-21] suggesting that familiarity with neuroscientific concepts fosters teachers’
motivation and sense of responsibility for student outcomes. The impact of neuroscience exposure
was especially pronounced among more experienced teachers, who may be better equipped to
integrate new knowledge into their existing pedagogical framework. Less experienced teachers,
however, may struggle to apply neuroscientific concepts without adequate institutional support,
underscoring the need for well-structured policies and professional development programs—
particularly relevant in Brazil, where neuroscience literacy among educators remains limited [29].

Another relevant finding is that teachers in public institutions reported lower self-efficacy in
instructional strategies and classroom management compared to their counterparts in private
institutions. These results reflect the structural and resource disparities between public and private
schools in Brazil, where public institutions often face challenges such as inadequate infrastructure,
excessive workloads, and administrative constraints [33,34]. Such factors may undermine teachers'
confidence in their ability to implement effective pedagogical practices, regardless of their training
or exposure to neuroscience.

Finally, men teachers reported slightly higher self-efficacy in instructional strategies than
women teachers, mirroring research on gender differences in teacher self-efficacy [30,31]. Cultural
and educational backgrounds may contribute to these differences, as observed in science teaching,
where men teachers generally report greater personal self-efficacy [39]. However, factors such as
heavier workloads and elevated job stress, which often affect women teachers, can also influence self-
efficacy levels [40]. These findings underscore the need for professional development programs that
provide equitable support to both men and women educators.

4.3. Strengths and Limitations

A major strength of this study is its large sample (n =1120) of Brazilian Basic Education teachers,
enhancing the representativeness of our findings and permitting nuanced analyses across various
institutional contexts, educational levels, and demographic profiles. Our use of the well-validated
TSES further bolsters confidence in the reliability of our measures. Additionally, the combination of
descriptive analyses, group comparisons, and multiple linear regression models yielded a
comprehensive investigation of the predictors of teacher self-efficacy, building on earlier work that
emphasizes self-efficacy as a mediator of professional performance.

Despite identifying significant predictors of teaching self-efficacy, this study has several
limitations. First, the low Adjusted R? values (0.01-0.04) indicate that the independent variables
explain only a small proportion of variance in self-efficacy, implying that additional unmeasured
factors—such as school environment, institutional policies, peer support, personality traits, and prior
teaching experiences—may also shape teachers’ perceptions of their capabilities. Second, the use of
snowball sampling may have introduced selection bias, as participants with an existing interest in
neuroscience or education-related topics could be overrepresented, limiting the generalizability of
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these findings to the broader population of Brazilian teachers. Third, this study relied on self-reported
data for both previous neuroscience exposure and teacher self-efficacy, which may be subject to social
desirability or recall biases. Fourth, the cross-sectional design precludes definitive causal inferences
regarding whether neuroscience exposure directly enhances self-efficacy or whether teachers with
higher self-efficacy are more inclined to seek neuroscience-related knowledge. Fifth, professional
performance was not directly assessed, although it is a crucial outcome potentially influenced by self-
efficacy. In the Brazilian context, variations in evaluation methods across different teaching
institutions and educational levels pose additional challenges to such assessments. Finally, our
sample was limited to Brazilian middle and high school teachers, which may affect the
generalizability of the results to other cultural, institutional, or educational contexts.

Nonetheless, this study contributes valuable insights into the importance of continuing
education in neuroscience for teachers. By reinforcing the connection between neuroscience exposure
and higher levels of self-efficacy, it supports targeted educational interventions aimed at
strengthening teaching confidence and effectiveness. Future longitudinal studies should incorporate
standardized measures of classroom performance and consider additional contextual or
psychological variables, thereby providing a more comprehensive understanding of how
neuroscience education influences teacher development over time.

4.4. Implications for Practice

These findings have significant implications for educational practice, particularly regarding
teacher training. Integrating neuroscience into both initial and continuing education programs
appears to deepen teachers’ knowledge and enhance their confidence and competence in the
classroom. Such programs can tackle common neuromyths and offer practical strategies rooted in
evidence-based neuroscience. They can also be tailored to meet the specific needs of different
educational contexts, including public and private schools, where resource gaps may influence
teacher self-efficacy.

Equally important is the need for public policies that promote equitable access to neuroscience-
oriented professional development, particularly in public institutions where teachers reported lower
self-efficacy. Providing infrastructure, mentorship, and institutional support can help mitigate the
disparities observed in this study. Future research should further examine the effects of specific
neuroscience training programs through longitudinal designs, investigating both teacher self-efficacy
and student learning outcomes. It would also be valuable to explore how different training formats
influence teachers’ retention and application of neuroscientific knowledge. Additionally, qualitative
methods could provide deeper insights into teachers” experiences as they integrate neuroscientific
knowledge into real-world classroom settings.

5. Conclusions

In conclusion, this study demonstrates a robust relationship between prior neuroscience
exposure and teaching self-efficacy among Brazilian Basic Education teachers. Both professional
experience and extracurricular neuroscience courses emerged as key predictors of higher self-
efficacy, indicating that continued professional development in neuroscience can improve teachers’
pedagogical confidence and competence. Teachers with advanced educational levels and multiple
neuroscience courses also showed better knowledge retention and reported greater efficacy in their
instructional practices. These findings underscore the critical role of sustained, evidence-based
professional development in supporting effective teaching and maximizing student outcomes.
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