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engagement. The fundamental role of emotions in moti-
vation and science-learning engagement in preservice

elementary teachers is observed.
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1 | INTRODUCTION

Engagement is currently one of the key issues in education from an affective perspective (Grabau & Ma, 2017).
In this regard, engagement in science has been defined (OECD, 2009) and evaluated within the framework of the
PISA 2006 project (OECD, 2007). Understanding engagement in science learning and its determinants is essential to
promoting science learning after compulsory education, such as in the case of preservice elementary teachers
during their science teaching preparation.

Science continues to be a neglected and low-priority subject in the curricula of primary education (Appleton &
Kindt, 2002; NRC, 2012). However, teachers who promote knowledge and attitude toward science in students are
key to student success also at the elementary levels (Rennie et al., 2001). In this sense, the problems of science
learning in primary education (Appleton & Kindt, 2002) are associated with teacher confidence, attitude, and
knowledge (Keys, 2006).

A large study carried out in Australian schools (Rennie et al., 2001) indicated that science taught in primary
schools is focused on students and activities, but in secondary schools, science is not relevant nor engaging and
does not respond to students' interests and experiences. Consequently, this disenchantment is observed as a
decrease in choice of science subjects by secondary school students. This problem seems to be related to the fact
that many preservice primary teachers have negative attitudes toward science and perceive little self-efficacy in
science teaching (Fulp, 2002).

The well-being of teachers and students and proper functioning of classroom are related to motivation,
emotions, and engagement of teachers and students, where emotions play an important role (Pekrun et al., 2018).
Therefore, emotions should be included when analyzing teacher preparation, since they can contribute to the
development of cognitive and emotionally competent teachers (Eren, 2014).

Hence, this study examines the relationships between motivation, emotions, and engagement of preservice
elementary teachers when learning science, to improve our knowledge of this little known but important teacher

preparation issue.

2 | THEORETICAL FOUNDATION AND HYPOTHESES

The theoretical framework of our research is based on the cognitive social theory (Bandura, 2001, 2006), wherein
human functioning is understood through the reciprocal interactions between personal characteristics, environmental
contexts, and behaviors. More specifically, it is based on two modern expectancy-value theories such as (a) the
expectancy-value theory of Eccles et al. (Wigfield et al., 2009, 2016) for science learning motivation variables
(relevance to personal goals and self-efficacy in science learning), and (b) the control-value theory of achievement
emotions by Pekrun et al. (2006) and Pekrun and Perry (2014) for (boredom and enjoyment) emotions. These theories
link performance, persistence, and individual choices to beliefs related to expectations and values of tasks.

The control-value model of Pekrun et al. focuses on achievement control perceptions while the Eccles et al. model
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focuses on success expectations (Rosenzweig et al., 2019). We would also like to add another perspective from the
expectation-value theory regarding identity and its formation (Eccles, 2009), concerning the role of individual and
group identities in motivated action through their influence on success expectations and the subjective values of
tasks. The identity construct is particularly important in the field of teacher preparation (Avraamidou, 2014), because
when making the transition from student to teacher, future teachers must not only acquire a complex set of
knowledge, skills, and understanding of pedagogical practices but also create and recreate their image as members of
a professional community. It should be noted that there are at least two important aspects, such as identity as a
science teacher (Avraamidou, 2014) and science identity (Avraamidou, 2020) during the development of initial identity
as an elementary science teacher. Given that science identity is much more related to our work, a model has been
developed and results obtained on the importance of recognition on identity (Carlone & Johnson, 2007), and on the
fact that Science, Technology, Engineering and Mathematics (STEM) identity mediates the relationship between
stereotypes and STEM (Science, Technology, Engineering and Mathematics) motivation (Starr, 2018).

And lastly, on the subject of the theoretical framework for engagement, worth highlighting is the job-demands
resources (JD-R) theory (Bakker & Demerouti, 2007; Demerouti et al., 2001), which has had very extensive use in
occupational settings including that of teachers, and has also been used with students. Demands include time
pressure and occupation, role conflicts, or workload. Resources can be autonomy and organizational support or
teacher support for students. High demands increase the risk of burnout and lead to negative results, but resources
play a motivating role, stimulate engagement, and foster positive organizational outcomes, such as performance or
engagement (Bakker & Demerouti, 2017). The essential assumptions within the JD-R model are that demands

predict exhaustion, resources predict engagement, and resources also have an impact on burnout.

2.1 | Motivation in science learning

According to Eccles-Parsons et al. (1983), motivation for continuing achievement tasks is further determined by
success expectations and the extent to which tasks are valued. Success expectations, including self-efficacy, are
defined as individuals' beliefs about the extent to which they will perform future achievement tasks well. The value
of the task refers to the extent to which an individual wants to perform a task. Much of the empirical work done in
real-world achievement environments shows that the expectations and values of individuals are positively related.

Motivation to learn science attempts to determine why students struggle, the intensity of their efforts, and
their beliefs, feelings, and emotions during the science learning process (Glynn et al., 2009). Five key constructs
contribute to the motivation to learn and, consequently, to science achievement: intrinsic motivation, extrinsic
motivation, goal orientation, self-determination, self-efficacy, and pleasant emotions. As for the relationships
between motivational variables, intrinsic value has been found to be related to scientific achievement because of its
impact on self-regulation (Kingir et al., 2013).

A decline in adolescent motivation for science learning has been observed (Vedder-Weiss & Fortus, 2011,
2013, 2018). It has been suggested that this decline is partially due to less relevance attached to mastery goals by
science schools and teachers, and also that teaching practices associated with the nature of the task and student's
autonomy were strongly related to motivation in adolescents and preventing its decline as students grow older.
Academic success is not synonymous with deep engagement in science, and genuine interest is construed as the
value students place on their acquired scientific knowledge and skills (Carlone et al., 2014).

Cobern and Loving (2002) state that it is essential to take into account what we expect from elementary
science school teachers. If the expectation is limited to just engaging them in scientific activities, then their
engagement with science will be minimal. As demands for elementary teachers have increased, a significant, deep,
and sophisticated engagement with science is increasingly needed, which authors call critical engagement with
science. Developing connections with prior knowledge, especially with knowledge traditionally regarded as external

to science, is important for them to have a critical engagement with science.
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Preservice elementary teachers are more motivated toward pedagogical preparation than toward science
preparation, contrary to what is observed in preservice secondary science teachers (Sorgo et al., 2017). There are
also differences in self-efficacy beliefs, and the correlation between motivation toward scientific education,
pedagogy, and self-efficacy beliefs is low.

This study analyzed two science learning motivational variables. The first is the relevance of science to personal
goals (hereinafter “relevance to personal goals”), and the second is self-efficacy in science learning (hereinafter

“self-efficacy”).

2.1.1 | Relevance to personal goals

Students with learning goals tend to be intrinsically motivated and thus seek to understand and master
scientific content and skills (Cavallo et al., 2003). The relevance of science learning is defined based
on student goals (Cavallo et al., 2003; Glynn et al., 2009). Relevance is linked to students' personal valuation
of science derived from their sense of fun and enjoyment when they participate in science-learning activities
(Shumow et al., 2013).

The personal value of science is expected to be a powerful predictor of students' science enjoyment (Ainley &
Ainley, 2011a, 2011b), and enjoyment is a predictor of students' interest in science learning. Using topics that are
relevant to students positively affects their interest and achievement in science (Kang & Keinonen, 2018). It has
also been confirmed that personal interest improves students' engagement and performance in Physics, protects
them from disengagement (Gonzalez & Paoloni, 2015), and that belief in the altruistic value of science predicts
interest in science (Weisgram & Bigler, 2007).

2.1.2 | Self-efficacy

Bandura (1997) defines it as beliefs in self-abilities to organize and implement the required action to produce
certain achievements. Self-efficacy refers to students' confidence that they can achieve good results in science
(Glynn et al., 2009).

The construction of efficacy beliefs and learning objectives in preservice primary teachers has been found
to have multiple sources (Phelps, 2010), such as past performance, indirect experiences, verbal persuasion, or
professional goals. A good sense of effectiveness was found in Australian preservice primary teachers (O'Neill
& Stephenson, 2012), with no difference in effectiveness in management, instruction, or classroom partici-
pation observed. Furthermore, personal qualities and affective states predicted self-efficacy evaluations.
When preservice teachers are very anxious, scared, or stressed, they tend to adopt a more traditional
teaching orientation (Cansiz & Cansiz, 2019). Menon and Sadler (2016) observed a positive moderate
relationship between gains in science conceptual understandings and gains in personal science teaching
efficacy beliefs, as well as positive qualitative changes in their science teacher self-image and confidence to
teach science.

Examination of preservice elementary teachers' beliefs about science and science teaching has shown that the
descriptors used were overwhelmingly negative (Tosun, 2000). This suggests that negative feelings overshadow the
influence of science achievement in self-efficacy in science education. The interrelation between beliefs, self-
efficacy, and attitudes in preservice primary science teachers has been highlighted (Kazempour & Sadler, 2015).
These three domains do not function on their own, but are interrelated and influence science teaching practices.
Preservice primary teachers' self-efficacy beliefs have been shown to be significantly related to their emotions
about future teaching (Brigido, Borrachero et al., 2013).
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Academic emotions can be grouped according to approach (Pekrun, 2006) into (a) achievement emotions that
relate to the success or failure of an achievement task, (b) thematic emotions that relate to the content of what is
being learned, (c) social emotions that are directed toward others, and (d) epistemic emotions which focus on
knowledge generating learning aspects that result from the cognitive and epistemic qualities of information and
its processing.

Achievement emotions are defined as affective arousal directly related to academic activities (study) or
academic results (success and failure) (Pekrun & Perry, 2014). Emotions exert an important influence on
students' learning, performance, health, and well-being (Pekrun, 2006). The basic proposals in the control-value
theory of achievement emotions (Pekrun, 2006; Pekrun & Perry, 2014) refer to the antecedents of emotions,
where control and value estimates are considered as the proximal antecedents of academic achievement
emotions. The theory also acknowledges that achievement activities and their outcomes influence achievement
emotions and their antecedents, which implies that achievement emotions, their origins, and outcomes are
linked by a causal reciprocity as indicated by the derivative model of this theory focused on teacher-student
relations (Frenzel, 2014). The control-value theory (Pekrun, 2006; Pekrun & Perry, 2014) establishes that
achievement emotions influence learning and performance through diverse cognitive and motivational me-
chanisms, and similarly in different individuals, genders, subjects, and sociohistorical contexts.

In the three-dimensional taxonomy of academic achievement emotions, which is part of the control-value
theory (Pekrun, 2006), these are first distinguished by object versus those of outcome. Moreover, achievement
emotions can be grouped according to their valence and implicit degree of activation. In terms of valence, positive
(i.e., pleasant) emotions such as enjoyment can be distinguished from negative ones (i.e., unpleasant) such as
boredom. In terms of activation, the physiologically activating emotions such as enjoyment can be distinguished
from deactivating ones such as boredom. By using the valence and activation dimensions, the taxonomy is con-
sistent with the circumplex models that organize emotive states in a two-dimensional space (valence x activation;
Feldman-Barrett & Russell, 1998).

Research into emotions in education has been on the rise since the 1990s (Pekrun & Linnenbrink-Garcia, 2014),
and a similar trend is observed in research into emotions in the science teaching field, where worth highlighting is
the overall importance of the qualitative approach associated with the sociology of emotions (e.g., from recent
works Davidson et al., 2020; Davis & Bellocchi, 2020; Davis et al., 2020), and in particular the research into initial
preparation of science teachers conducted in the Spanish-speaking educational field (e.g., Borrachero et al., 2014;
Jeong et al., 2016, 2019; Brigido, Borrachero et al., 2013; Brigido, Couso et al., 2013).

Research into non-science teaching teachers showed that they expected more pleasure than anger and anxiety
from future teaching (Eren, 2014). Furthermore, type of attention and social intuition play a mediating role between
emotions (enjoyment and anger) and professional teaching plans. By studying the role of teacher's emotions in
science teaching and student learning, Zembylas (2004) demonstrates how emotional performance at work is an
important aspect of reality in science education. In her study, the teacher was ready to do emotional work involving
some suffering as long as it was emotionally rewarding.

In a study on the emotions of preservice high school science teachers when teaching (Hugo et al., 2013), four
styles of emotional work were observed (sensitive, seductive, overwhelmed, and phlegmatic), which are char-
acterized by variables associated with the change or permanence of the initial education model. In preservice
primary teachers, Brigido, Borrachero et al. (2013) showed that positive emotions predominate in the learning of
Biology and Geology, while negative ones predominate in learning Physics and Chemistry. Furthermore, the
emotions teachers had felt as students when they were learning those subjects in high school correlated with the
emotions they now felt about future teaching.

In this study, two emotional variables of science learning were analyzed. The first was boredom in science class

(henceforth, “boredom”), and the second was enjoyment in science class (henceforth, “enjoyment”).
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2.2.1 | Boredom

Boredom is a relatively prevalent emotion in science learning and has been documented among college students
learning science and technology (Graesser & Mello, 2012). Thus, most Australian students, at the end of secondary
education, show little interest in science because they consider it boring, and have no intention of continuing with
science-related studies or work (Newhouse, 2017).

Students are less bored when they are motivated, perceive high levels of control, have effective teachers, and
learning tasks are not monotonous (Pekrun, 2006). Perceptions of the content value, tasks, situations, learning
outcomes, and performance show clear negative correlations with boredom (Goetz et al., 2006; Pekrun et al., 2011).

Eren (2016) observed that the relationships between boredom and engagement were mediated by cognitive
strategies in preservice teachers. The negative effects of boredom can be clearly reduced with the adoption of

cognitive strategies and emotional engagement.

2.2.2 | Enjoyment

Science enjoyment is defined as the degree to which science classes are generally enjoyed (Wang & Berlin, 2010).
A positive relationship has been observed in several countries between enjoyment and scientific achievement
(Areepattamannil et al., 2011; Jen et al., 2013; Lam & Lau, 2014; Lavonen & Laaksonen, 2009; Ng et al., 2012;
Tighezza, 2014; Tsai & Yang, 2015), even though enjoyment has also been negatively related to science
achievement in Middle Eastern and North African countries (Bouhlila, 2011).

In an extensive international survey of science achievement, Ainley and Ainley (2011a) verified the importance
of enjoyment in science engagement. Moreover, a growing interest without enjoyment may not lead to a
genuine interest in science learning, where genuine interest is the value students give to their acquired scientific
knowledge and skills (Jack & Lin, 2018).

Bulunuz and Jarrett (2010) observed that science enjoyment ratings were somewhat lower in college education
than in middle and secondary education. This implies the need for examining and possibly reviewing the scientific
content of the subjects in the initial university preparation of elementary teachers.

Brigido, Borrachero et al. (2013) observed positive emotions toward Biology and Geology and negative
emotions toward Physics and Chemistry in the initial preparation of primary school teachers. Concerning the
emotions experienced as high school students, the positive emotions expected in future science education in-
creased, and the negative ones decreased (Brigido, Couso et al., 2013).

2.3 | Engagement

Engagement is defined as a positive and satisfactory mental state distinguished by vigor, dedication, and absorption
(Schaufeli, Martinez et al., 2002; Schaufeli, Salanova et al., 2002). Engagement is a persistent and pervasive
affective-cognitive state that does not focus on specific objects, events, individuals, or behaviors.

A study carried out on a very large international sample using a structural equation model (SEM; Ainley &
Ainley, 2011a) showed that interest in science and the value and knowledge of science influence the current and
future participation in science learning, and that enjoyment is a key mediator in this process. The relationships
between interest and enjoyment with future engagement are much stronger than their relationship with
self-efficacy and self-concept (Lin et al.,, 2013). Therefore, it appears that scientific competence alone does not
guarantee future engagement in science.

Future science orientation, motivation, and enjoyment are associated with the diversity and frequency of

classroom activities (Hampden-Thompson & Bennett, 2013). The type of activities also influences engagement in
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science (Grabau & Ma, 2017); thus, some activities (models, applied activities) are associated with science enjoy-
ment and the personal value of science, whereas others (practical activities) are associated with self-efficacy and

general interest in science learning.
In another line, Volet et al. (2019), in preservice primary teachers performing collaborative science activities,
observed differences in the quality of individual and group engagement related to attitude, group, and activity.

In this study, the variables of engagement in science studies (hereinafter “engagement”) were analyzed.

2.4 | Relationship between variables and research hypotheses

Based on previous research, the relationships between three groups of variables are analyzed in a sample of preservice
elementary teachers (Figure 1): motivation to learn science (relevance to personal goals and self-efficacy), emotions in
science class (boredom and enjoyment), and engagement in science studies (vigor, dedication, absorption). The first
objective is to analyze the relationships between variables from the different groups, the primary hypotheses.
The second objective is to analyze the relationships between variables within each group, the secondary hypotheses.

The expectancy-value theory (Eccles, 2009; Eccles & Wigfield, 2002) and the control-value theory (Pekrun,
2006) support the relationships between self-concept and emotions. According to the two theories, perceptions of

expectations and values or estimates of control and value influence the choice of tasks, emotions, and behavior.

2.4.1 | Predictors of emotions and engagement

Hypothesis H1. Relevance to personal goals will negatively predict boredom (H1a) and positively predict
engagement (H1b) and enjoyment (H1c). As a secondary hypothesis, relevance to personal goals will positively
predict self-efficacy (H1d).

MOTIVATION EMOTIONS ENGAGEMENT

Relevance science learning
to personal goals

Boredom in science
class

Engagement in science
studies

Enjoyment in science
class

Self-efficacy in science
learning

FIGURE 1 Proposed model of the hypothesis
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Hypothesis H2. Self-efficacy will negatively predict boredom (H2a) and positively predict engagement (H2b)
and enjoyment (H2c).

2.4.2 | Emotions as predictors of engagement

Hypothesis H3. Boredom will negatively predict engagement (H3a).

Hypothesis H4. Enjoyment will positively predict engagement (H4a).
2.4.3 | Emotions as mediators of engagement

Hypothesis H5a. Boredom will mediate between relevance to personal goals and engagement.
Hypothesis H5b. Boredom will mediate between self-efficacy and engagement.
Hypothesis H6a. Enjoyment will mediate between relevance to personal goals and engagement.

Hypothesis H6b. Enjoyment will mediate between self-efficacy and engagement.

2.5 | Research interest

This study expands our knowledge of motivation, emotions, and engagement of preservice elementary teachers in

science learning because:

(a) In terms of motivation, two important motivational variables (relevance to personal goals and self-efficacy) are
analyzed together, something that, as far as we know, had not been done before.

Relevance to personal goals was studied because of the importance of personal and situational interest in
learning science. In this regard, Ainley and Ainley (2011a) reported the influence of interest and the value of
science on students' enjoyment and, ultimately, in their current and future engagement in science.

Self-efficacy has been a focus of research due to its key role as a predictor of emotions and performance
(Britner, 2008; Pekrun & Perry, 2014; Sawtelle et al., 2012), engagement (Hampden-Thompson & Bennett,
2013), and the numerous results that relate self-efficacy to science achievements (see the review of
Perera, 2014).

(b) In terms of emotions, boredom and enjoyment are measured because they are two of the most frequent
emotions of students in the academic context (Pekrun & Perry, 2014), and because of the recommendation to
analyze positive emotions and not just negative ones in science education research (Sinatra et al., 2014).

(c) In relation to engagement, previous research on the relationship between motivation, emotions, and engage-
ment has been very scarce.

The most complex relationships found in the scientific literature in secondary students' science learning
(Grabau & Ma, 2017) revealed that applied activities or models were positively related to enjoyment and the
personal value of science, whereas practical activities were positively related to science self-efficacy and

general interest in science learning.
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(d) The relationship between a set of important motivational, emotional, and engagement variables was calculated
using SEM. We are unaware of any similar studies in preservice elementary teachers that undertook a com-
prehensive analysis of the influence of a similar set of motivational and emotional antecedents on a key science

learning dimension, such as engagement.

This is a cross-sectional, quantitative, and correlational research in which a set of variables are analyzed
simultaneously using SEM, a methodology that has advantages over correlation and regression analysis.
In educational research, it is interesting to study theoretical constructs (latent variables) that cannot be measured
directly (Byrne, 2010). Therefore, latent variables must be linked to an observable variable that can be measured.
The SEM methodology allows the joint investigation of complex relationships between various latent and
observed variables.

An additional reason to evaluate this set of motivational, emotional, and engagement variables was that, to
some extent, they are all not only influenced by future teachers, but also by the educators and educational
institutions responsible for initial teacher preparation. Second, relevance to personal goals and self-efficacy must be
promoted. Third, science learning-related emotions can be improved during elementary teachers' initial preparation

by changing instructional strategies.

3 | METHODS
3.1 | Context

The Spanish education system consists of three basic levels of nonuniversity education: early childhood education
(0-6 years), primary education (6-12 years), and secondary education (12-18 years). Early childhood education has
a first stage (0-3-year old) and a second stage (3-6-year old) (Ministry of Education, 2007a). Specialized teachers
are engaged in teaching at each of the three nonuniversity educational levels. Ever since the introduction of the
European Higher Education Area, both early childhood and primary teachers are required to obtain a 4-year
university degree in education and/or teacher preparation faculties. The curricula are quite similar in all Spanish
universities because preparation in these professions is regulated by the State educational authorities (Ministry of
Education, 20072, 2007b). Therefore, the curricula for early childhood and primary teacher preparation in the three
universities involved in this study are similar. Science preparation and instruction received by preservice elementary
teachers is also similar. Thus, early childhood teacher preparation only has one compulsory science teaching subject
out of a total of between 27 and 28 compulsory subjects in the three curricula, and class duration is approximately
60 h. There are 2-2.5 compulsory science teaching subjects in primary teacher preparation, and one university also
offers a science preparation subject, all with a duration of approximately 60 h.

A recent work (Verdugo-Perona et al., 2019) evaluated the conceptual and procedural knowledge before and
after studying science subjects during initial preparation in primary education in a Spanish region. Results show
significant but few improvements in the levels of conceptual and procedural knowledge throughout the degree
program, indicating that the educational needs for science preparation were not adequately met.

3.2 | Participants

The sample consisted of 871 students enrolled in subjects related to science and its teaching at three Spanish
universities in six preparation centers (1 =189, 2=144, 3=106, 4=140, 5=112, 6 = 180); four academic years
(1st=7, 2nd = 383, 3rd = 167, 4th = 197); three age groups (17-21 years = 492, 22-30 years = 343, >30 years = 31);

with predominance of women (n = 686) over men (n = 178); and with four groups according to previous teaching
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experience (none =147, private or similar classes =435, nonregulated or similar teaching=228, regulated
teaching =43).

3.3 | Instruments

The questionnaire includes sociodemographic variables: school (1, 2, 3, 4, 5, 6), academic year (1st, 2nd, 3rd, 4th),
gender (female = 1/male = 2), age (1=17-21; 2=22-30; 3 =+30 years), previous teaching experience (0 = none;
1 = private or similar classes, 2 = nonregulated or similar teaching; 3 = regulated teaching).

The following are the items for the target variables or dimensions:

Relevance to personal goals and self-efficacy. These were measured using the Science Motivation Questionnaire
(Glynn et al., 2009).

This Likert-type instrument is designed to provide science education researchers and science instructors in-
formation on student motivation toward learning science. An exploratory factorial analysis provided evidence of
construct validity (Glynn et al., 2007), thereby indicating that it is a reliable instrument (Glynn & Koballa, 2006;
Glynn et al., 2007, 2009). The instrument's general reliability and validity related to criterion has been confirmed
with new evidence of its construct validity (Glynn et al., 2009) and other researchers state that it is a good specific
measure of motivation toward science learning (Glynn & Koballa, 2006, Glynn et al., 2007, 2009).

Each scale contained three items rated on a 5-point Likert scale ranging from 1 (never) to 5 (always), that were
selected from those with the greatest weight in each of the dimensions. Relevance to personal goals. Items: “The
science | learn relates to my personal goals,” “The science | learn is relevant to my life,” “The science | learn has
practical value for me.” Self-efficacy. Items: “I expect to do as well as or better than other students in the science
course,” “| am confident | will do well in the science tests,” “I believe | can get an ‘A’ grade in the science course.”

Boredom and enjoyment. These were measured with the Achievement Emotions Questionnaire for
Pre-Adolescents (AEQ-PA; Peixoto et al., 2015), adapted from the AEQ (Pekrun et al., 2005). The AEQ-PA ade-
quately evaluates achievement emotions, including boredom and enjoyment related to classroom attendance.
The confirmatory factor analyses (CFA) and descriptive statistics support the reliability and internal validity of the
instrument. Moreover, the pattern of relationships between emotions is similar to the findings of Pekrun et al.
(2011), with the observation of positive relationships between emotions of the same valence and negative re-
lationships between emotions of different valences. Recently Perkins et al. (2020), using a sample of 955 college
students, reported that four emotions (anger, boredom, enjoyment, and pride) were different and showed metric
and scale configuration invariance in the test.

The wording was adapted (AEQ-PA; Peixoto et al., 2015) by replacing the term “mathematics” with the term
“science” in the original questionnaire so that it could be used with generalist preservice elementary science
teachers.

Each scale contained three items rated on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly
agree), that were selected from those with the greatest weight in each of the dimensions. Boredom items: “I get
bored during science classes,” “Science classes bore me,” “I find my science classes fairly dull.” Enjoyment: “I enjoy

» o«

being in my science class,” “| feel excited about being in my science class listening to the teacher,” “I'm glad that it
paid off to go to my science class.”

Engagement. The Utrecht Work Engagement Student Scale (UWES) was used with three subscales of three
items (UWES-9; Schaufeli et al., 2006): vigor, dedication, and absorption, generated from a larger version of
17 items (Schaufeli, Salanova et al., 2002). Schaufeli et al. (2006) collected data from 10 different countries
(N =14.521) and stated that the factorial validity of the UWES-9 was demonstrated by confirmatory factorial
analysis, and the scores for the three scales have good internal consistency and test-retest reliability. They con-
clude that UWES-9 has acceptable psychometric properties and that the instrument can be used in studies of

positive organizational behavior.
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UWES-S measurement invariance was determined in high school and university student samples by Cadime
et al. (2016) who observed that the three-factor structure (vigor, absorption, and engagement) is better adjusted
and being invariant allows comparisons between the two levels. The UWES-S has been validated in several
languages and countries, such as Spain (Serrano et al., 2019) and Chile (Carmona-Halty et al., 2019).

The wording of the UWES-S was adapted by adding the term “science” to the terms “studies” or “study” in the
original questionnaire items so that it could be applied to generalist preservice science elementary teachers.

Each scale contained three items on a 7-point Likert scale with values from O (never) to 6 (every day). In our
case, all items in the Brief Student Utrecht Work Engagement Scale (UWES-S-9) were chosen: Vigor Items:
“At my science studies, | feel bursting with energy,” “At my science studies, | feel strong and vigorous,” “When
| get up in the morning, | feel like going to my science studies.” Dedication Items: “| am enthusiastic about my
science studies,” “My science studies inspire me,” “| am proud of my science studies.” Absorption Items: ‘| feel
happy when | study science intensely,” “l am immersed in my science studies,” “I get carried away when | study

science.”

3.4 | Procedure

Six existing preservice elementary teacher preparation centers from a Spanish region were selected for the study.
Participation of students enrolled in science-related subjects was requested, and informed consent was obtained

from those who participated voluntarily and anonymously.

3.5 | Data analysis design

SPSS 24 was used for preliminary data analysis and AMOS 24 was used for the three-step analysis. The suitability of
each scale was first assessed using several CFA. The Cronbach's a, composite reliability coefficient (CR), and
average variance extracted (AVE) were calculated as reliability indices (Hair et al., 2010). The Pearson's bivariate
correlations between variables were also calculated. A SEM was then implemented to test the proposed model of
relationships between variables in two steps (Figure 1) to estimate the measurement model and the structural
model (Byrne, 2010). Lastly, the mediated relationships between variables were analyzed using the bootstrap
method (Preacher & Hayes, 2008).

4 | RESULTS
41 | Preliminary analysis

The adequacy of each scale was first verified by CFA, obtaining adequate values for various reliability indices.
Descriptive statistics and correlations between variables were also calculated (Table 1).

The fit of the model to the results of the determinants associated with science learning was confirmed by
CFA for motivation (relevance to personal goals, self-efficacy, xz/df. = 5,125, goodness-of-fit index [GFI] = 0.985,
comparative fit index [CFI]=0.984, root mean square error of approximation [RMSEA]=0.069), emotions
(boredom and enjoyment, xz/df=0.906, GFI1=0.906, CFl=0.997, RMSEA =0.000), and engagement (vigor,
dedication, absorption, x?/df = 16,859, GFI=0.953, RMSEA = 0.135). All variables showed adequate reliability
indices (a, CR, and AVE; see Table 1), and skewness and kurtosis indices that confirmed the assumption of

univariate normality.
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TABLE 1 Correlations bivariate, reliability indices, and other descriptive statistics

1 2 3 4 5
1. Relevance to personal goals
2. Self-efficacy 0.400 =
3. Boredom -0.416 -0.251
4. Enjoyment 0.533 0411 -0.612
5. Engagement 0.574 0.452 -0.523 0.697
Mean 3.39 3.52 2.44 3.44 3.29
SD 0.82 0.77 0.90 0.77 1.50
Skewness -0.32 -0.43 0.35 -0.48 -0.28
Kurtosis 0.16 0.14 -0.08 0.47 -0.81
Cronbach's a 0.859 0.747 0.713 0.872 0.759
CR 0.64 0.56 0.70 0.51 0.87
AVE 0.84 0.78 0.87 0.76 0.95

Note: r < 0.071 nonsignificant; r 2 0.071, *p < 0.05; r > 0.087, **p <0.01.
Abbreviations: AVE, average variance extracted; CR, composite reliability.

All measured variables were significantly correlated, with values of r=-0.612 to r=0.697. Some were
stronger, such as between engagement and enjoyment (r=0.697) and between enjoyment and boredom
(r=-0.612), followed by correlations of engagement and relevance to personal goals (r = 0.574), enjoyment and
relevance to personal goals (r = 0.533), engagement and boredom (r = -0.523), and engagement and self-efficacy
(r=0.452).

4.2 | Measurement model

Three scores were used as indicators for each latent variable. Therefore, the CFA was performed with 15 indicators
for five latent variables (see Figure 2). The measurement model fits the data well (x2/df = 2,164, GFI=0.974,
CFI=0.989, RMSEA = 0.037). The standardized factorial loads (standardized regression weights), which represent
the relationships between latent variables and indicators, varied from SE12 = 0.416 to SE29 = 0.892, all statistically

significant (p < 0.001). All correlations between latent variables were likewise significant (p < 0.001).

4.3 | Structural equation model

A SEM was then performed to test the hypotheses concerning the relationships between the variables (Figure 3).
The model fits the data well, as revealed by the indices: xz/df (x2 =401,382, df=81)=4.955, GFI=0.943,
CFl=0.962, RMSEA = 0.067 (Figure 3).

Relevance to personal goals negatively predicted boredom (B =-0.47, p < 0.001) and positively predicted en-
joyment (B=0.56, p<0.001) and engagement (B=0.14, p=0.001). Self-efficacy negatively predicted boredom
(B=-0.10, p < 0.001) and positively predicted enjoyment (8 =0.28, p < 0.001) and engagement (8 =0.08, p = 0.01).
Boredom negatively predicted engagement (8 = -0.11, p < 0.001), and enjoyment positively predicted engagement
(B=0.61, p <0.001). The explained variance was 27% for boredom, 52% for enjoyment, and 67% for engagement.
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TABLE 2 Direct, indirect, and total effects of the relevance to personal goals and self-efficacy on engagement

Indirect effect
Predictor — criterion Direct effect (p) Sum (p)* Cl Total effect (p)

Partial mediation
Relevance to personal goals = engagement  0.144 (0.004) 0.394 (<0.001) 0.314,0.490 0.538 (<0.001)
Self-efficacy = engagement 0.084 (0.018) 0.180 (<0.001) 0.110, 0.258 0.263 (<0.001)

Abbreviation: Cl, confidence interval.
aUsing the AMOS 24 (Cl = 95%; samples = 5000).

4.4 | Mediated relationships

Finally, we examined a possible mediation between variables, and whether it was partial or total. The AMOS 24
software estimates indirect mediation, whose importance and significance is obtained from the initial confidence
interval (Preacher & Hayes, 2008; Table 2).

Relevance to personal goals positively predicted engagement directly (8=0.144, p=0.004) and indirectly
(B=0.394, p <0.001), and improved engagement.

Self-efficacy positively predicted engagement directly (8 = 0.084, p = 0.018) and indirectly (8 = 0.180, p < 0.001),
and improved engagement. Therefore, in both cases, there was partial mediation between relevance to personal
goals and self-efficacy with engagement.

5 | DISCUSSION

The relationships between the three sets of variables associated with science learning were analyzed—motivational
variable antecedents (relevance to personal goals and self-efficacy), emotional variables (boredom and enjoyment),
and engagement variables (vigor, dedication, absorption). A preliminary analysis determined the adequacy of the
instruments applied. The proposed scale structure fits the data well, as shown by CFAs, with adequate reliability
indices.

This study makes important contributions from several viewpoints: theoretical, empirical, and practical.

5.1 | Theoretical implications

The research is situated within the framework of the social cognitive theory developed by Bandura, (1986, 2001,
2006). In this sense, the results on the close relationship between the motivation to learn science (relevance to
personal goals and self-efficacy) and engagement in science learning in preservice elementary teachers needs to be
interpreted.

Furthermore, according to the expectancy-value (Eccles, 2009; Eccles & Wigfield, 2002) and control-
value theories (Pekrun, 2006; Pekrun & Perry, 2014), perceptions of expectations and values or estimates of
control and value influence the choice of tasks, emotions, and behavior. In this sense, the results reveal the
important mediating role of emotions (boredom and enjoyment) between motivation (relevance to personal
goals and self-efficacy) and engagement in science learning. Emotions are considered as mediators of
the science learning experience, through cognition, motivation, engagement, and learning outcomes
(Sinatra et al., 2014).
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5.2 | Empirical contributions

We understand that this is the first study that uses a two-step SEM analysis to connect variables such as relevance
to personal goals and self-efficacy, with achievement emotions such as boredom and enjoyment, and all of these

variables with preservice elementary teachers' engagement.

5.2.1 | Confirmation of previous research

As hypothesized, when adding direct and indirect effects, preservice elementary teachers with a better
attitude to science learning (more relevance to personal goals and self-efficacy) had more positive emotions
(less boredom and more enjoyment) and experienced more engagement (more vigor, dedication, and
absorption).

As expected, the personal value of science is a strong predictor of science enjoyment (Ainley & Ainley, 20113,
2011b). Moreover, high self-efficacy in science learning is associated with greater engagement (Ucar &
Sungur, 2017).

5.2.2 | New contributions

Although there are contributions in this line in other educational levels such as secondary education (Ainley &
Ainley, 2011a; Grabau & Ma, 2017), very little research has been done on the relationships between motivational
variables, emotions, and engagement, in preservice elementary teachers. In this sense, SEM allows the design of
theory-based models with a certain number of variables, and, at the same time, it measures all relationships
between these variables, in particular, the mediated relationships that cannot be observed with traditional
methodologies.

Hence, one of the main contributions refers to the mediating role of emotions, enjoyment and boredom
(Table 3).

Preservice elementary teachers showed higher engagement when they experienced few negative emotions
such as boredom (H5) and more positive emotions such as enjoyment (H6), and were moreover more satisfied with
the relevance to personal goals and their self-efficacy.

In accordance with the first research objective, preservice elementary teachers who perceived more relevance
to personal goals and greater self-efficacy, and who therefore experienced less negative emotions such as boredom,
and more intense positive emotions, such as enjoyment, engaged more autonomously in their preservice science
preparation studies as elementary teachers.

Learners are less bored when they have high levels of motivation, effective teachers, and nonmonotonous

learning tasks (Pekrun, 2006).

TABLE 3 Results of mediation

Label Predictor Mediator(s) Criterion Sig.
H5a Relevance to personal goals Boredom Engagement Yes
H5b Self-efficacy Boredom Engagement Yes
Héa Relevance to personal goals Enjoyment Engagement Yes

Héb Self-efficacy Enjoyment Engagement Yes
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The results are expected to apply to other preservice teachers. The relevance to personal goals and

self-efficacy and related emotions such as boredom and enjoyment can influence their engagement.

5.3 | Practical implications

And lastly, it is possible to improve self-efficacy and influence relevance to personal goals, by increasing
enjoyment and reducing boredom, and thus promote preservice elementary teachers' engagement in science
learning.

Effective preparation programs should promote motivation, emotion, and engagement in science among
preservice elementary teachers. In this regard, they should stimulate the improvement of beliefs, attitudes, and
self-efficacy in preservice elementary science teachers concerning effective teaching methods and basic issues
of science education (Kazempour & Sadler, 2015). There are different pathways associated with initial preparation,

such as:

5.3.1 | Promoting engagement by improving motivation for science

One of the ways would be to promote interest in science. The use of relevant topics, and research-based or
discussion-based learning develop general interest (Kang & Keinonen, 2018). Long-term interest in science can be
promoted through repeated short-term situational interest experiences (Baptiste et al., 2019), through hands-on
activities, relevant science learning, student-centered strategies, or by making classes entertaining. Situational
interest is generated through various teaching techniques when they combine success, relevance, and novelty
(Palmer et al., 2016).

Another way would be through certain curricular orientations such as inquiry-based science education. In this
sense, it has been pointed out that classroom activities oriented to inquiry-based science education should be an
important component of preservice preparation in science education (Morrell & Carroll, 2003). However, inquiry-
based pedagogy is still absent or not implemented in teacher preparation (Haefner & Zembal-Saul, 2004). In a case
of implementation of inquiry-based science education for primary preservice teachers (Avery & Meyer, 2012),
improvements were observed in science comprehension, scientific process, and scientific inquiry, as well as in
confidence in science and science teaching. Inquiry-based teaching benefits, which improved confidence, enjoy-
ment, anxiety, and the relevance of science (Riegle-Crumb et al., 2015) have been observed in preservice teachers.
It has been recommended that preservice elementary teachers be involved in coherent, research-based scientific
investigations in a single domain, and subsequently be provided planning and teaching opportunities with ele-
mentary school children (Plummer & Ozcelik, 2015). Moreover, less well-founded curricular orientations are pos-
sible, such as hands-on-science activities, which can promote motivation in science, and these in turn, motivate
preservice preschool teachers to use them in their own classrooms after rating them as entertaining, interesting,
and with a high level of learning in their preparation (Bulunuz, 2012). Another option could be the so-called
“scientific activities that work” by experienced primary school teachers (Appleton, 2002). Activities that work are
practical, interesting, and motivating, have a clear result, are manageable in the classroom, need readily available
equipment, and are preferably used in a context where science is integrated with other subjects.

Other methodologies can promote motivation in science learning in preservice elementary teachers, such as
the use of concept maps (Schaal, 2010); the flipped classroom methodology (Jeong et al., 2016), cooperative
learning (Fernandez-Rio et al., 2014), or use of immersive technologies and authentically model scientific inquiry
(Reilly et al., 2021).
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5.3.2 | Promote engagement by improving emotions in science, increasing enjoyment,
and reducing boredom

According to Zembylas (2004), the role of emotions in creation of emotional cultures that inspire science teaching
and learning must be taken into account in science education. The author also highlights the importance of
recognizing teachers and students as agents in the construction of science teaching and learning of emotional
cultures; as well as educators and administrators to assess the possibilities of emotional work in science education.
In this sense, the emotion of wonder could play a role by engaging preservice elementary teachers in science,
beyond experiences (Gilbert & Byers, 2017).

Eren (2014) mentioned that prospective teachers of various subjects hope to experience more pleasure in future
teaching rather than anger and anxiety, and indicated the emotions and emotional styles that should be taken into
account to understand future teaching plans. The value of analyzing all the positive and negative emotional expressions
of preservice primary teachers in science learning environments has also been pointed out by Hufnagel (2015).

Critical emotional reflexivity can become a pedagogical tool in teacher preparation (Zembylas, 2013) to resolve
emotional problems, if teachers assess their current status and critically review their professional development.

Davidson et al. (2020) also state that teachers must have opportunities to find, understand, and appreciate the
epistemic affection understood as affection within science to help students navigate affection for science.

To learn science, Crawford (2014) recommends interesting possibilities from inquiry to scientific practice such
as project-based science, problem-based science, authentic science, citizen science, and model-based inquiry. They
also seem like good options to address the lesser known but not the least important concern about preservice
teacher engagement in science and its teaching, particularly for generalist preservice teachers who teach science in

early childhood and primary education.

5.4 | Limitations and future research

The first limitation of the work is that preservice elementary teacher preparation is probably of a different nature in
Spanish universities than in other countries. Second, the data were collected through self-report surveys. Other
instruments such as observation or assessment of the classroom environment, emotions, or engagement of preservice
elementary teachers in science studies by the educators could be used for data collection. Third, when using a cross-
sectional design such as the one applied in this study, there may be reciprocal relationships between variables, as has
been proposed in the reciprocal causality models of emotions (Frenzel et al., 2009). Fourth, future research should
assess other variables and emotions in the learning environment and use other instruments to assess engagement.
Fifth, since only quantitative data were analyzed in this study, it should be supplemented in the future with qualitative
or mixed-design research (Creswell & Creswell, 2018; Creswell & Plano-Clark, 2017). The mixed design could better
help understand the conformation of the identities of elementary school teachers, both scientific identities (see Reilly
et al,, 2021, White et al., 2019) and teacher identities (see Mahmoudi-Gahrouei et al., 2016). In this sense, of special
research interest is the critical teacher preparation stage, that goes from preservice preparation via practicum up to
novice teachers. Finally, factors that influence preservice elementary teachers in other countries or at levels not

studied herein, such as preservice secondary teacher preparation, could be investigated in the future.

6 | CONCLUSION

The hypothesis that postulates the importance of the variables associated with motivation, such as relevance to
personal goals and self-efficacy, as predictors of emotions (boredom and enjoyment), which in turn, predict
engagement, is now confirmed. In this sense, worth highlighting is the relationships between motivation, emotions,

and science learning engagement in preservice elementary teachers.



136 - o MEMBIELA ET AL
Science I
= | wiLev- EE

Furthermore, and to the best of our knowledge, this is the first research using a two-step SEM analysis that

connects variables such as relevance to personal goals and self-efficacy with achievement emotions such as boredom
and enjoyment in class, and all of them with preservice elementary teachers' engagement in science learning.

Finally, and from an applied perspective, one can possibly influence the relevance of teachers' personal goals
and self-efficacy by improving emotions and engagement. Interest in science can be increased by implementing
student-centered approaches, such as the use of relevant topics or curricular orientations such as inquiry-based
learning (Kang & Keinonen, 2018).
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