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Abstract

Science teaching anxiety is negative emotion that inhibits a

teacher's ability to start, proceed, or finish a science teaching

task. Despite its detrimental effects on teachers' science

teaching quality and practices, there is limited research on

science teaching anxiety. To advance research in this area,

there is a need for a psychometrically sound instrument as-

sessing teachers' science teaching anxiety. This study presents

the development and psychometric properties of the Science

Teaching Anxiety Scale (STAS) in preservice elementary tea-

chers (N=191) using a Rasch analysis. In addition, it examines

the relationships among science teaching anxiety, science in-

terest, and science teaching efficacy (self‐efficacy and outcome

expectancy). Results indicated that the STAS has promising

validity and reliability for use in future research. Moreover,

science teaching anxiety and science interest were significant

predictors of teaching self‐efficacy in preservice elementary

teachers. Implications for researchers, teacher educators, and

individuals who work with new teachers are discussed.
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1 | INTRODUCTION

Since No Child Left Behind in 2001, schools in the United States (US) have almost exclusively focused on testing and

improving students' test scores (Kim et al., 2017). This policy context of standards, testing, and accountability places

pressure on schools and teachers to meet the standards and make adequate yearly progress as measured by
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student scores on state exams. Indeed, current accountability policies impact teachers' well‐being as indicated by

stress, burnout, and anxiety which have been attributed to teacher turnover (e.g., Ryan et al., 2017; Saeki et al.,

2018; von der Embse et al., 2015).

Specifically, anxiety can impact teaching and behavior in a classroom. It is a negative activating emotion that

produces task‐irrelevant cognitive activity, thus draining available cognitive resources for the task at hand (Pekrun,

2006; Zaccoletti et al., 2020). In science education, anxiety is investigated as science anxiety or science teaching

anxiety. Science anxiety refers to a feeling of aversion to scientists, science concepts, and science activities (Mallow,

1981) and can be caused by occupational stereotypes of scientists as well as prior learning experiences in science

(Bursal, 2012; Ritchie et al., 2013). Science teaching anxiety inhibits a teacher's ability to start, proceed, or finish a

science teaching task (Bursal & Paznokas, 2006; Gardner & Leak, 1994). It has a negative, long‐lasting influence on

teachers and their instructional practices that can lead to “lifelong teaching behaviors that are inappropriate,

ineffective, and detrimental to one's health” (Gardner & Leak, 1994, p. 30). Both science anxiety and science

teaching anxiety, as emotions, are inseparable from actions in teaching and learning science content (Bellocchi,

2019; Davidson et al., 2020; Tobin, 2012).

Elementary inservice and preservice teachers, specifically, often express negative emotions toward science and

tend to avoid teaching science (Avery & Meyer, 2012; Kazempour & Sadler, 2015). This avoidance is concerning

given the emphasis in the latest science education standards for elementary teachers to not only teach the various

science domains (i.e., life science, physical science, and earth and space science) but also incorporate engineering

into their instruction (NGSS Lead States, 2013; NRC, 2012). Avoidance to teach science oftentimes stems from a

lack of knowledge of science content and may signal science teaching anxiety (Lombardi & Sinatra, 2013; Maier

et al., 2013; Moser, 2007; Westerback & Long, 1990). However, avoidance behavior alone is insufficient for

understanding science teaching anxiety and more measures of science teaching anxiety are needed, for example,

emotional responses to various teaching situations (Maier et al., 2013).

Therefore, the goal of this study is to examine preservice elementary teachers' emotional responses to planning and

teaching situations related to science instruction. Toward this end, we developed and validated the Science Teaching

Anxiety Scale (STAS) for measuring science teaching anxiety with preservice elementary teachers, and examined the

relationships between science teaching anxiety, interest in science, science teaching self‐efficacy, and science teaching

outcome expectancy. Unlike previous studies that assessed science teaching anxiety using general anxiety instruments,

for example, Speilberger's (1983) State‐Trait Anxiety Inventory, the STAS focuses on specific planning and teaching

events associated with science instruction. Indeed, valid, reliable, and context‐relevant measurement instruments, that is,

instruments developed to fit the target instructional context (such as science teaching) and validated with the target

audience (such as preservice elementary teachers), are particularly needed to assess science teaching anxiety. Moreover,

“there is urgent need for more sophisticated measures of emotions and their components, as well as methods for

analyzing multivariate functional relationships over time” (Pekrun, 2006, p. 331).

2 | FRAMING THE STUDY

Emotions are viewed as multifaceted, coordinated processes that include affective, motivational, cognitive, ex-

pressive, and peripheral physiological dimensions (Frijda, 1986; Scherer, 2005). Affective processes play a central

role in emotions; they are assumed to have physiological connections to subsystems of the limbic system (Fellous

& LeDoux, 2005). For example, anxiety can be manifested through the feelings of uneasiness (affective dimension),

avoidance behavior (motivational), worries (cognitive), distressed facial expression (expressive), and peripheral

physiological signals (physiological) (Pekrun, 2006).

Pekrun (2006) classified anxiety as an achievement emotion that is directly connected to achievement outcomes or

activities. According to the Control‐Value Theory (CVT) of achievement emotions (Pekrun & Perry, 2014; Pekrun, 2006),

emotions are manifested based on the degree of (a) perceived control over achievement activities or achievement
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outcomes and (b) perceived value of these activities. The CVT integrates prominent theories of emotions and learning to

facilitate research across different educational domains and research paradigms by specifying relationships between

antecedents, emotions, and outcomes of emotions. The CVT postulates that perceived control over achievement

activities and outcomes positively affects positive emotions and negatively affects negative emotions, except for

boredom. For instance, teachers who believe that effective teaching can enhance student learning (control appraisal)

hold action‐control expectancies (such as science teaching outcome expectancy). Action‐control expectancies imply that

a teacher's actions will produce positive impact in the classroom (Pekrun, 2006). Moreover, value attached to these

actions and outcomes can amplify emotions. For example, if a teacher is not confident teaching a complex science

concept (antecedent), it will lead to science teaching anxiety (emotion). The feelings of anxiety will be amplified if

the teacher values high‐quality science instruction. Once feelings of science teaching anxiety manifest, they can impact

the teacher's cognition, teaching self‐efficacy, well‐being, motivation, and classroom instruction (outcomes of emotions)

(Pekrun, 2006). Figure 1 shows CVT's reciprocal linkages between antecedents, emotions, and effects and how the CVT

was applied in the present study's context, that is, preservice elementary science teacher education.

F IGURE 1 Application of the CVT in preservice elementary science teacher education. Adapted from “The
Control‐Value Theory of Achievement Emotions: Assumptions, Corollaries, and Implications for Educational
Research and Practice,” by Pekrun, R., 2006, Educational Psychology Review, 18(4), 315–341, and “A circumplex
model of affect,” by Russell, J. A., 1980, Journal of Personality and Social Psychology, 39(6), 1161–1178. CVT,
Control‐Value Theory

NOVAK ET AL. | 3



Pekrun (2006) argued that “emotions are of primary educational importance, for two reasons. First, as implied

by CVT, emotions can affect [teachers'] interest, engagement, achievement, and personality development, as well as

the social climate in classrooms and educational institutions […]. Second […] emotions are central to psychological

health and well‐being, implying that they should be regarded as important educational outcomes in themselves,

independent of their functional relevance.” (p. 333–334). Using CVT, this study investigated the relationships

between science teaching anxiety, interest in science, and science teaching efficacy in preservice elementary

teachers. Science teaching anxiety and interest were classified as emotions. Science teaching efficacy was mea-

sured using the Elementary Science Teaching Efficacy Belief Instrument (STEBI‐B; Enochs & Riggs, 1990) that

includes two subscales: Science Teaching Efficacy Beliefs (self‐efficacy dimension) and Science Teaching Outcome

Expectancy (outcome expectancy dimension). Based on CVT, outcome expectancy represents control appraisal, and

science teaching self‐efficacy represents an outcome of the emotions combined with control appraisal.

From the contemporary psychology of emotions perspective, interest in this study is viewed as a positive

activating emotion alongside curiosity and enjoyment (Loderer et al., 2020; Pekrun, 2006; Silvia, 2008). Interest

represents the relationship between a person and an object or event (Krapp, 2005) and has features in common

with intrinsic motivation and curiosity (Ryan & Deci, 2000). Science interest is also a factor related to attitudes

toward science (Klopfer, 1971; Osborne et al., 2003) that motivates learning and behavior (Silvia, 2008). Therefore,

science interest is the precondition of intrinsic motivation to engage in science and choose a science‐related career

(S.‐Y. Chen & Liu, 2020; Fonseca et al., 2014; Lent et al., 2010; Watt et al., 2006). Not surprisingly, most of the

research on science interest development was conducted with children and adolescents, as students' repeated

engagement with science is important for developing enduring interest in science and building science content

knowledge (Bergin, 2016; J. A. Chen et al., 2014, 2016; Hidi & Renninger, 2006). Science interest plays an important

role in elementary science teaching as well, as teacher motivation to do science with their students is positively

correlated with their interest in science and general attitudes toward science (Senler, 2016). Yet, research on

science interest in teacher education and preservice elementary teachers, in particular, is extremely scarce.

Science teaching efficacy in this study is conceptualized as self‐efficacy and outcome expectancy. Outcome ex-

pectancy is the expectation that behaviors will result in desirable outcomes (Enochs & Riggs, 1990). Self‐efficacy is the

beliefs of one's own coping abilities (Bandura, 1977). In Bandura's (1977) four sources of self‐efficacy, emotional states

refer to how an individual's anxiety can influence their self‐efficacy to perform a specific behavior. Specifically, there is a

negative relationship between self‐efficacy and anxiety because anxious individuals tend to have thoughts about

possible failure (Bandura, 1986). For teachers, anxiety can debilitate actions and efforts in the classroom leading to lower

self‐efficacy in teaching performance. Conversely, teachers with higher self‐efficacy have expectations of success and

implement more novel teaching strategies (Bandura, 1977, 1997). Self‐efficacy is an important concept in science

teacher education, as it directly affects the quality of science instruction and time spent on teaching science (Banilower

et al., 2018; Seung et al., 2019). Research shows that elementary teachers' avoidance to teach science and their science

teaching anxiety are related to their self‐efficacy. These negative emotions toward science lead to low science teaching

self‐efficacy and high anxiety toward science and teaching science (Bursal, 2012; Gunning & Mensah, 2011).

3 | RELATED LITERATURE

3.1 | Research in science teaching anxiety

Despite the detrimental effects of science teaching anxiety on teacher and student development, research on

science teaching anxiety is scarce. Westerback and colleagues pioneered the research in this area with a series of

studies in the late 70s and early 80s with preservice and in‐service elementary teachers (Westerback, 1982, 1984;

Westerback & Long, 1990). For example, Westerback (1982, 1984) found that students with more positive atti-

tudes toward science experienced less science teaching anxiety. More recently, Yürük (2011) investigated the
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relationships among preservice elementary teachers' science teaching anxiety, self‐efficacy, and their prior science

experiences. The study identified personal science teaching efficacy as the strongest predictor of science teaching

anxiety in preservice elementary teachers. Similarly, Senler (2016) found a negative relationship among science

teaching self‐efficacy and science anxiety in preservice elementary teachers.

Other studies investigated how science content knowledge impacted preservice teachers' science anxiety. For

instance, Westerback and Long (1990) found that in‐service teachers reported significantly lower anxiety about teaching

earth science after participating in a course on earth science. These findings contrast with Cox and Carpenter (1989)

who found that a methods course that intentionally placed less emphasis on content knowledge helped reduce science

teaching anxiety in preservice teachers. In addition, a few studies indicated that cognitive‐behavioral strategies like self‐

talk (Payne & Manning, 1990) and hands‐on project‐based learning with 3D printing technology in a science methods

course (Novak & Wisdom, 2018) can reduce preservice teachers' science teaching anxiety.

Although research in this area is limited, it has major implications for teacher development and preparation of

STEM‐capable workforce (National Academies of Sciences, Engineering, and Medicine, 2016), as children's interest

and desire to learn science and pursue a science career directly relate to their early experiences in science class-

rooms (Riegle‐Crum et al., 2015). Moreover, anxious teachers implement more teacher‐centered teaching ap-

proaches, such as reading from the text (Czerniak & Haney, 1998), become exhausted easily (Byrne, 1994), and

develop negative feelings toward teaching (Gardner & Leak, 1994), all of which negatively affects their students'

academic achievement and attitudes toward science content.

3.2 | Measurement issues

Earlier research on science teaching anxiety used Speilberger's (1983) State‐Trait Anxiety Inventory (STAI;

Westerback, 1984; Westerback & Long, 1990) that was developed for assessing general state and trait anxiety.

Trait anxiety is referred to “relatively stable individual differences in anxiety proneness” (Spielberger et al., 1970,

p. 3), while state anxiety is a transitional emotional state that reflects situational influences. The STAI is a stan-

dardized instrument with sample items like “I feel calm,” “I am jittery,” and “I feel overexcited and rattled”

(Westerback, 1982, p. 606). Studies on science teaching anxiety (e.g., Hodgin, 2014; Westerback, 1982) did not

change any of the STAI items but contextualized the scale by changing the STAI heading from “Self‐Evaluation

Questionnaire” to “How Do You Feel About Teaching Science?”, and the instructions as follows:

“IMAGINE that you are a classroom teacher in an elementary school. Among other duties you are

totally and solely responsible for the teaching of science to your class.

Now please read the directions to yourself for the questionnaire entitled, How Do YOU Feel About

Teaching Science?, while I read the directions to you. (The research assistant reads the directions on

the Test Form.)

In responding to each of the questions, imagine that you are teaching science for the first time with

the knowledge of science that you possess right now. It is the first day of the new semester. Any

questions? (Examiner should respond to specific questions that arise by simply repeating the in-

structions and encouraging the students to use their imagination).” (Westerback, 1984, p. 940)

The focus on state‐trait anxiety is consistent with the view that teaching profession imposes high stress,

emotional exhaustion, and burnout (Fernet et al., 2012; Kim et al., 2017). However, the STAI does not focus on

instructional and pre‐instructional events associated with teaching science. Indeed, specific instructional events and

situations such as answering student questions, interacting with students, or evaluating students are unique to

teaching anxiety (Gardner & Leak, 1994). Overall, the STAI is the only validated instrument that was used to assess

science teaching anxiety in the science education literature.

NOVAK ET AL. | 5



Several studies investigated teachers' science anxiety. For example, DeMauro and Jennings (2016) used the

Depression Anxiety Stress Scale (DASS‐21; Lovibond & Lovibond, 1995) to assess preservice teachers' emotional

distress. Senler (2016) used Thompson and Shrigley's (1986) Science Attitude Scale that assessed preservice

teachers' attitudes toward teaching science and toward taking science courses. Bursal (2008) developed a Science

Anxiety Survey to examine science anxiety in Turkish preservice teachers, and Yürük (2011) used a non‐validated

researcher‐developed instrument for assessing science teaching anxiety in preservice elementary teachers.

3.3 | Adapting mathematics anxiety instruments for science education

Several researchers adapted various mathematics anxiety scales to assess science anxiety. The connection between

science anxiety and mathematics anxiety is unsurprising, as “the alliance between science and mathematics has a

long history, dating back centuries. Science provides mathematics with interesting problems to investigate, and

mathematics provides science with powerful tools to use in analyzing them” (Rutherford & Ahlgren, 1990, p. 16). In

the context of preservice teacher education, the idea of adapting a math anxiety scale for studying science anxiety

is also supported by research that indicates that preservice elementary teachers approach teaching science with the

same lack of enthusiasm as teaching mathematics and that their attitudes toward one of the content areas of

mathematics and science affects their attitudes toward the other content area (Britner & Pajares, 2001; Bursal &

Paznokas, 2006). Nevertheless, while research on science anxiety and science teaching anxiety remains scarce and

nonsystematic, mathematics anxiety has been a source of concern in education for many years (see the meta‐

analyses of the relationships between mathematics anxiety and mathematics performance, Barroso et al., 2021;

Zhang et al., 2019). Similar to science anxiety and science teaching anxiety, mathematics anxiety is a subjective,

state emotion that can be assessed using self‐report only (Pekrun, 2006).

The field of mathematics education offers multiple validated instruments for measuring mathematics anxiety (e.g.,

Sandman Anxiety Toward Mathematics Scale [ATMS], Sandman, 1979; Fennema‐Sherman Mathematics Anxiety Scale

[MAS], Fennema & Sherman, 1976; Mathematics Anxiety Rating Scale–Revised [MARS‐R], Plake & Parker, 1982;

abbreviated Math Anxiety Rating Scale [sMARS], Alexander & Martray, 1989), while science education has a limited

number of reliable and validated tools for measuring science anxiety and only one assessment of science teaching

anxiety (STAI, Spielberger et al., 1970), which was not designed specifically for science education. For example, Mallow

and colleagues used Alvaro's (1978) Science Anxiety Questionnaire (Mallow, 1986, 1994; Udo et al. 2001) that was

modelled after the 98‐item Mathematics Anxiety Rating Scale (MARS; Richardson & Suinn, 1972) to assess science

anxiety in undergraduate students from various majors. Alvaro's (1978) Science Anxiety Questionnaire includes items

that assess both science and nonscience anxiety with students in general education science courses; it does not target

specifically prospective or practicing teachers that need to teach science. Riegle‐Crum et al. (2015) adapted the revised

eight‐item MARS (Hopko, 2003) to assess preservice elementary teachers' science anxiety by replacing the word “math”

with “science.” Although MARS is a widely used instrument for assessing math anxiety, it is worth mentioning that some

of its items like “Being given a ‘pop' quiz in a math class” do not represent best practices in educational assessment

(Brookhart & Nitko, 2015). Research does not justify use of “pop quizzes” because this type of assessment creates

undue test anxiety for students and fails to promote student understanding that assessments are meant to help them

understand what they need to do to improve and how it can be realistically accomplished. As such, using MARS with

preservice teachers who need modeling of best educational assessment practices is problematic.

Britner and Pajares (2001) adapted three items from the Mathematics Anxiety Scale (Pajares & Urdan, 1996) to

assess science anxiety in middle school students. More recently, Britner and Pajares (2006) added five more items to

their original 3‐item science anxiety scale for assessing science anxiety in middle school students, but it was unclear how

the newly added five items were created. Moreover, although some studies used large sample sizes and reported

acceptable internal consistency values for the employed instruments, no formal instrument development procedures for

establishing the instrument validity were reported and the employed instruments focused on science anxiety only.
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In summary, research on science teaching anxiety and its causes are extremely scarce and not current, and the

extant literature does not provide a validated, context‐relevant instrument for assessing science teaching anxiety.

Although several recent studies used various instruments for assessing science teaching anxiety, the employed

instruments were not validated. This is problematic, as the reliability and construct validity of these instruments are

unknown and consequently the internal validity of empirical studies that used these instruments is undetermined.

Developing a valid, context‐relevant instrument for assessing science teaching anxiety is critical for advancing

research in this area. Moreover, the only validated instrument for assessing science teaching anxiety (STAI,

Spielberger et al., 1970) was conceptualized about 40 years ago when standards and accountability were less

prevalent than they are today. Factors such as increased pressure from accountability and changes in science

education policies, practices, curriculum, and standards (NGSS Lead States, 2013; NRC, 2012) require a more

current conceptualization and examination of science teaching anxiety for preservice elementary teachers.

4 | RESEARCH OBJECTIVES

The goal of this study was twofold. First, we present the development of the STAS and empirically examine its

psychometric properties using a Rasch analysis. We examined the psychometric properties of this instrument with

and without the inclusion of engineering concepts given that engineering is now included in most science standards

and curriculum, but many teachers of science are not trained in engineering and may have more anxiety on the

inclusion of this content in addition to the different science domains. Second, we examined the relationships

between science teaching anxiety, science interest, outcome expectancy, and science teaching self‐efficacy in

preservice elementary teachers to provide evidence of the STAS criterion‐related validity and explore utility of CVT

in preservice elementary science education. The CVT was used as a theoretical framework for investigating such

relationships. The following three working hypotheses were tested:

RH1: Science teaching anxiety is a negative predictor of science teaching self‐efficacy in preservice

elementary teachers.

This hypothesis is grounded in CVT that specifies the relationships between negative activating emotions (i.e.,

science teaching anxiety) and outcomes of these emotions (i.e., science teaching self‐efficacy). It is also informed by

psychometrical literature that clearly indicates that anxious individuals demonstrate lower performance and report

lower self‐efficacy, all of which contributes to poor outcomes (Britner & Pajares, 2006; Zimmerman, 2000;

Zimmerman & Bandura, 1994). People who have high self‐efficacy for a specific task will work tirelessly to succeed,

while those who have low self‐efficacy may give up easily (Bandura, 1997; Palmer, 2006).

RH2: Science interest is a positive predictor of science teaching self‐efficacy in preservice elementary

teachers.

This hypothesis is informed by CVT that specifies relationships between positive activating emotions (i.e.,

science interest) and outcomes of these emotions (i.e., science teaching self‐efficacy).

RH3: Preservice teachers' science teaching anxiety will be negatively correlated with their science interest.

This hypothesis is supported from the ideas that science interest motivates people to learn something new and

complex about science (Silvia, 2008), while anxiety can be detrimental to interest and intrinsic motivation

(Pekrun, 2006).
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Together, the three hypotheses aim to provide evidence supporting the STAS criterion‐related validity. We did

not formulate hypotheses related to the outcome expectancy variable, as these analyses only aimed to explore

utility of CVT in preservice elementary science education.

5 | RASCH ANALYSIS

Rasch model is a modern approach that provides validity and reliability evidence in test development literature. It

obtains item difficulties and person abilities and reveals the relationship between these two parameters on the

same logit scale (Bond et al., 2020). In psychological tests that include ordinal Likert Scale items (e.g., measuring

anxiety, depression), Rasch can help transform ordinal scales to interval scales (Bond et al., 2020). There are several

different Rasch models such as Partial Credit Model and Rating Scale Model, and the use of these models depends

on the data that are being investigated. For example, Rating Scale Model (RSM, Andrich, 1978) used in this study is

preferred when the items have the same response categories and the distance between each category (category

thresholds) is the same across all items. The RSM can be formulated as follows:

X x
exp β δ τ

exp β δ τ
Pr{ = } =

∑ ( − ( − ))

∑ ∑ ( − ( − ))
,ni

k
x

n i k

j
m

k
j

n i k

=0

=0 =0

where:

βn represents the level of construct for a given person,

δi represents difficulty parameter for item i,

τk represents the kth threshold location of rating scale, which is same to all items,

m represents maximum score.

Compared to Classical Test Theory, which is considered a traditional way for validity and reliability analyses and

widely used in instrument development studies, Rasch analysis can provide the psychometric properties of a test at

the item level. For instance, Rasch analysis can provide evidence about dimensionality of the test using Principal

Component Analysis of Residuals (PCAR). PCAR helps investigate any potential dimensions in a data set and

examine the strength of the dimensionality. In addition, using fit statistics (i.e., misfit) at the item level can provide

more evidence about the item quality. In Rasch perspective, Infit and Outfit Mean Square fit statistics (MNSQ) are

used to confirm the degree to which the data fit the model (Linacre, 2002). The obtained values are compared with

previously developed guidelines (see Wright et al., 1994) to interpret the item quality.

In addition, separation and reliability for both item and person are used in test validation studies. Item se-

paration shows how items are distributed across measurement trait, while person separation indicates how persons

are dispersed across a measurement trait. Combining item difficulties and person abilities on the scale measurement

trait, the Wright‐Map, which visually shows the relationship between these two parameters, provides evidence

about the targeting between person and item measures.

6 | METHODS

6.1 | Science teaching anxiety instrument development and content validity

DeVellis' (2011) 8‐step procedure for scale development was utilized to develop the STAS: (1) Determine clearly what you

want to measure, (2) Generate an item pool, (3) Determine the format for measurement, (4) Have the initial item pool

reviewed by experts, (5) Consider inclusion of validation items, (6) Administer items to a development sample, (7) Evaluate

the items, and (8) Optimize scale length. Fennema and Sherman's (1976) Mathematics Anxiety Scale (MAS) was adapted

to create an initial item pool for assessing preservice elementary teachers' science teaching anxiety. This approach is
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consistent with other studies that adapted various math anxiety scales (e.g., Britner & Pajares, 2001; Britner & Pajares,

2006) to assess science teaching anxiety. The original Fennema and Sherman's (1976) MAS included 12 five‐point Likert

items. Many MAS items were adapted for science teaching anxiety by replacing “math” with “teaching science.” For

example, “Math does not scare me at all” was replaced with “Teaching science does not scare me at all.”

Several items were modified to reflect specific teaching practices and topics in a science classroom. For

example, a MAS item “I seldom panic during a math test” was modified to “I seldom panic while teaching a science

lesson,” “I am usually at ease in math lessons” was adapted as “I am usually at ease interpreting and communicating

science concepts,” and “I get a sinking feeling when I think of trying difficult math problems” was modified to “I get a

sinking feeling when I think of teaching students how to design technological/engineering solutions.” In this

context, “technological/engineering solutions” was selected as comparable to “difficult math problems.”

One MAS item “It would not bother me at all to take more math courses” was replaced with four items that

focused on science teaching anxiety in the four domains included in the Framework for K‐12 Science Education

(National Research Council [NRC], 2012), that is, earth and space science, life science, physical science, and

technological and engineering design. Specifically, the four items included were: “It would not bother me at all to

teach topics in elementary Earth and Space Science,” “It would not bother me at all to teach topics in elementary

Life Science,” “It would not bother me at all to teach topics in elementary Physical Science,” and “It would not

bother me at all to teach topics in elementary Technological and Engineering Design.”

Overall, the STAS included 15 five‐point Likert items with response choices: 1 (not true), 2 (slightly true), 3

(moderately true), 4 (mostly true), and 5 (very true). Eight of them were reversed items (Table 1).

There are two possible methods for scoring the STAS. The first method is to sum all responses. An alternate and

preferable scoring method is to find the average score for the scale by dividing the total score by 15, that is, the

number the STAS items. This converts the total into a score ranging from 1 to 5, allowing for easier interpretation.

TABLE 1 Descriptive statistics of the science teaching anxiety scale items

Mean Std

1. Teaching science does not scare me at all.* 3.35 1.07

2. It would not bother me at all to teach topics in elementary Earth and Space Science.* 2.65 1.14

3. It would not bother me at all to teach topics in elementary Life Science.* 2.43 1.05

4. It would not bother me at all to teach topics in elementary Physical Science.* 2.66 1.10

5. It would not bother me at all to teach topics in elementary Technological and Engineering Design.* 3.43 1.30

6. I seldom panic while teaching a science lesson.* 3.24 1.02

7. I am usually at ease while teaching a science lesson.* 3.18 1.01

8. I am usually at ease interpreting and communicating science concepts.* 3.28 1.03

9. I get a sinking feeling when I think of teaching students how to design technological/engineering

solutions.

2.81 1.21

10. Teaching science makes me feel uncomfortable, restless, irritable, and impatient. 1.74 0.94

11. Teaching science usually makes me feel uncomfortable and nervous. 1.95 0.97

12. I get a sinking feeling when I think of teaching a difficult science concept. 2.57 1.21

13. My mind goes blank and I am unable to think clearly when planning a science lesson. 1.83 1.00

14. Preparing students for a science test would scare me. 2.16 1.09

15. Walking into a school and thinking about teaching a science lesson makes me feel uneasy and

nervous.

1.90 0.93

Note: *indicates items that were reverse scored.
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The STAS' content validity was established by having a panel of science education researchers review the

STAS. Based on the panel's feedback, several items were modified to account for the fact that the participants were

preservice teachers with limited experience of teaching science in real‐world classrooms.

The 15 items were subjected to a pilot study with 42 undergraduate students majoring in Early Childhood Edu-

cation (Novak & Wisdom, 2018). Cronbach's α test revealed a high level of internal consistency and reliability for the

STAS questionnaire, α = 0.89, exceeding the acceptable threshold established in the literature (Peterson, 1994).

6.2 | Procedures

The study was approved by an institutional review board. Participants completed a series of questionnaires in the

following order: (1) background questionnaire, (2) science interest (Deci et al., 1994), (3) STAS, and (4) STEBI‐B

(science teaching self‐efficacy and outcome expectancy, Enochs & Riggs, 1990). The background questionnaire

asked participants about their age, gender, major, and science background. To reduce evaluation apprehension, all

questionnaires included a statement assuring participants that there were no right or wrong answers and en-

couraged respondents to answer questions as honestly as possible.

6.3 | Measures

6.3.1 | Science interest

Deci et al.'s (1994; Appendix A) interest/enjoyment subscale of the Intrinsic Motivation Inventory was adapted to

measure preservice teachers' interest in science. The science interest instrument included five five‐point Likert‐type

items (J. A. Chen et al., 2016; Koka & Hein, 2003). We used a Rasch analysis to assess the validity of the adapted

interest/enjoyment subscale of the Intrinsic Motivation Inventory. The results indicated promising psychometric

properties. The five‐item science interest scale was found to be unidimensional and the items had acceptable fit

indices. The items were targeting the persons well with item measures ranging from −1.85 to 1.72. The person raw‐

score test reliability (i.e., Coefficient [Cronbach's] α) was 0.88. The science interest scores were calculated by aver-

aging the five items of the scale. The minimum possible score was 1 and the maximum possible score was 5.

6.3.2 | Science Teaching Efficacy

Science Teaching Efficacy was assessed using the preservice teacher version of the Elementary Science

Teaching Efficacy Belief Instrument (STEBI‐B; Enochs & Riggs, 1990). This five‐point Likert instrument in-

cludes two subscales: Science Teaching Self‐Efficacy (13 items) and Science Teaching Outcome Expectancy

(10 items). Therefore, we ran two separate Rasch analyses to assess the quality of each subscale. The Rasch

analyses revealed that both subscales had promising psychometric properties. Specifically, the Science

Teaching Self‐Efficacy subscale was found to be unidimensional, and the items had acceptable item fit

indices. The items were targeting the persons well with item measures ranging from 2.33 to 2.18. The person

raw‐score test reliability (i.e., Coefficient [Cronbach's] α) was 0.84. Science Teaching Self‐Efficacy scores

were calculated by averaging the 13 items of the scale. The minimum possible score was 1 and the maximum

possible score was 5.

The Science Teaching Outcome Expectancy subscale was found to be unidimensional as well. The items had

acceptable item fit indices and they were targeting the persons well with item measures ranging from −0.94 to 0.73.

The person raw‐score test reliability (i.e., Coefficient [Cronbach's] α) was 0.78.
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6.4 | Data analysis

Using a Rasch analysis, this study first examined the psychometric properties of two versions of the STAS (with and

without the inclusion of engineering concepts). Specifically, we used Rating Scale Model (Andrich, 1978) in our

analyses because the responses in the STAS are polytomous (e.g., Likert Scale). First, unidimensionality of the STAS,

which is one of the assumptions of Rasch analysis, was investigated using Rasch Principal Components Analysis

(PCA, Linacre, 1998). Linacre (2020) suggested that the first contrast's eigenvalue should be lower than two to have

evidence of unidimensionality. In addition to examining the eigenvalues of the contrasts, the disattenuated cor-

relation between the person measures using each cluster of items was examined (Schumacker & Muchinsky, 1996).

Linacre (2020) suggested the cutoff value of 0.70 to have evidence of unidimensionality.

Second, reliability, separation, and fit statistics for both items and persons were used to examine validity and

reliability of the STAS. High person/item separation refers to how well person/items are distributed across the logit

scale. On the other hand, person/item reliability are other statistics used in Rasch analysis and Linacre (2020) suggested

high person/item reliability. Linacre (2020) highlighted that low person separation (<2.00) and person reliability (<0.08)

imply that the instrument may not be sensitive enough to differentiate between high and low performers and more

items may be needed. In addition, low item separation (<3.00) and item reliability (<0.90) could imply that the sample is

not large enough to verify the item difficulties of the instrument. Finally, Mean Square values (MNSQ) Infit and Outfit

measures were used to determine any potential misfit with a cut‐off score ranging between 0.60 and 1.40 (Wright et al.,

1994). All Rasch analyses were conducted in Winsteps 4.6.0 (Linacre, 2021).

Finally, bivariate correlations and a hierarchical multiple regression analysis were used to examine the

relationships among science teaching anxiety, science interest, outcome expectancy, and science teaching

self‐efficacy in preservice elementary teachers. The analyses were conducted using SPSS Version 26. Figure 2

summarizes the whole STAS development and validation process.

7 | RESULTS

7.1 | Validation of the STAS with engineering concepts

7.1.1 | Unidimensionality

We relied on several indicators to determine the unidimensionality of the STAS. First, the PCAR was used to

investigate the dimensionality of the STAS by focusing on the standardized residuals of the data. The results

F IGURE 2 The STAS development and validation process.
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showed that the unexplained variance in the first contrast had eigenvalues of 3.32, which implies a potential second

dimension. Since this eigenvalue in the first contrast was higher than the proposed cutoff value of 2.00, we

conducted follow‐up analyses (i.e., examination of clusters) to further examine the STAS' unidimensionality. In-

vestigation of the clusters determined in the PCAR showed that the content of the items across the clusters

involved one treat. In addition, the disattenuated correlation between the person measures using each cluster of

items was examined. The correlation of the person measures between Cluster 1 and Cluster 2 was 0.88, Clusters 2

and Cluster 3 was 0.84, and Cluster 1 and 3 was 0.63. Even though the disattenuated correlation between Cluster 1

and Cluster 3 was slightly lower than the cutoff value of 0.70, it was found that person measures on these two

clusters had around 44% of the variance in common. All these results evidenced that the 15 STAS items collectively

measured the aspects of science teaching anxiety. As such, the STAS was considered unidimensional.

7.1.2 | Rasch analysis

Rating Scale Model (Andrich, 1978) was used to evaluate the psychometric properties of the STAS. Table 2 presents

summary statistics for persons and items. The person measures ranged from ‐4.68 to 5.81 logits with a mean of

−0.50 (SD = 1.24). The person separation was 2.88 and person reliability was 0.89. Person raw‐score test reliability

(i.e., Coefficient [Cronbach's] α was 0.91).

In addition, item difficulties ranged from −1.17 to 1.38 logits. Item separation was 8.90 and item reliability was

0.99. Based on the criteria provided by Linacre (2020), item separation and item reliability are considered accep-

table, and this result suggests that the STAS can differentiate between items with higher and lower ratings.

Additionally, individual items were analyzed by investigating items misfit order. Table 3 presents item misfit sta-

tistics. All point measure correlations were positive and ranged from 0.46 to 0.71. Investigation of the Infit and

Outfit MNSQ values revealed that all items except for Item 9 had good fit value based on the cutoff values

proposed by Wright et al. (1994). Since the context and wording of this item had a unique focus on anxiety about

teaching engineering, which is not quite the same as anxiety about teaching science, the item was deemed to be

misfitting.

TABLE 2 Summary statistics

Summary of Measured Persons (N = 191)

Value Score Measure Error Infit MNSQ Outfit MNSQ

M 39.2 −.57 0.33 1.01 0.99

SD 10.3 1.11 0.08 0.55 0.54

MAX 71 3.19 1.02 2.87 3.21

MIN 16 −4.79 0.29 0.16 0.16

Real RMSE: 0.37, True SD: 1.04, Separation: 2.80, Person Reliability: 0.89

Summary of Measured Items (N = 15)
Value Score Measure Error Infit MNSQ Outfit MNSQ

M 498.9 0.00 0.09 1.01 0.99

SD 109.9 0.85 0.01 0.27 0.27

MAX 656 1.38 0.11 1.44 1.56

MIN 333 −1.17 0.08 0.66 0.68

Real RMSE: 0.09, True SD: 0.85, Separation: 8.90, Item Reliability: 0.99
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7.2 | Validation of the STAS without engineering concepts

As the examination of the STAS with engineering concepts showed promising validity and reliability evidence for

future use, the validation process was repeated by eliminating Items 5 and 9 to examine the psychometric prop-

erties of the STAS without engineering concepts.

7.2.1 | Unidimensionality

The PCAR was used to investigate the dimensionality of the STAS excluding Items 5 and 9 by focusing on the

standardized residuals of the data. The results indicated that the unexplained variance in the first contrast had

eigenvalues of 3.17, which again implies a potential second dimension. The disattenuated correlation between the

person measures using each cluster of items was examined. The correlation of the person measures between

TABLE 3 Item statistics for Misfit Order

# Item Measure SE Infit MNSQ
Outfit
MSNQ PMQ

9 I get a sinking feeling when I think of teaching students how
to design technological/engineering solutions.

−0.33 0.08 1.44 1.56 0.46

6* I seldom panic while teaching a science lesson. −0.90 0.08 1.26 1.40 0.46

5* It would not bother me at all to teach topics in elementary
Technological and Engineering Design.

−1.17 0.09 1.34 1.28 0.64

13 My mind goes blank and I am unable to think clearly when
planning a science lesson.

1.20 0.10 1.25 1.14 0.57

12 I get a sinking feeling when I think of teaching a difficult

science concept.

0.01 0.09 1.12 1.06 0.66

14 Preparing students for a science test would scare me. 0.62 0.09 1.11 1.06 0.63

10 Teaching science makes me feel uncomfortable, restless,

irritable and impatient.

1.38 0.11 1.03 0.91 0.63

1* Teaching science does not scare me at all. −1.05 0.08 0.97 1.01 0.62

2* It would not bother me at all to teach topics in elementary
Earth and Space Science.

−0.11 0.09 0.97 0.97 0.66

11 Teaching science usually makes me feel uncomfortable and

nervous.

0.97 0.10 0.84 0.79 0.68

4* It would not bother me at all to teach topics in elementary
Physical Science.

−0.12 0.09 0.81 0.79 0.70

3* It would not bother me at all to teach topics in elementary
Life Science.

0.21 0.09 0.75 0.75 0.69

8* I am usually at ease interpreting and communicating science
concepts.

−0.95 0.08 0.74 0.73 0.70

15 Walking into a school and thinking about teaching a science
lesson makes me feel uneasy and nervous.

1.07 0.10 0.72 0.68 0.70

7* I am usually at ease while teaching a science lesson. −0.83 0.08 0.66 0.69 0.71

Note: *indicates items that were reverse scored.
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Cluster 1 and Cluster 2 was 0.90, Clusters 2 and Cluster 3 was 0.80, and Cluster 1 and 3 was 0.61. Compared to

initial validation with all 15 STAS items, these results also evidenced that the 13 STAS items collectively measured

the aspects of science teaching anxiety without engineering concepts. As such, the STAS without engineering

concepts (Items 5 and 9) was also considered unidimensional.

7.2.2 | Rasch analysis

Rating Scale Model (Andrich, 1978) was used to check item quality in STAS after excluding Items 5 and 9. Table 4

presents summary statistics for persons and items. The person measures ranged from −4.94 to 3.31 logits with a

mean of −0.75 (SD = 1.2). The person separation was 2.7 and person reliability was 0.88. Person raw‐score test

reliability (i.e., Coefficient [Cronbach's] α was 0.90).

In addition, item difficulties ranged from −1.31 to 1.4 logits. Item separation was 9.27 and item reliability was

0.99. Based on the criteria provided by Linacre (2020), item separation and item reliability are considered accep-

table, and this result suggests that the STAS without the inclusion of engineering concepts can differentiate

between items with higher and lower ratings. Additionally, individual items were analyzed by investigating items

misfit order. Table 5 presents item misfit statistics. All point measure correlations were positive and ranged from

0.45 to 0.71. Investigation of the Infit and Outfit MNSQ values revealed that all 13 items had good fit value based

on the cutoff values proposed by Wright et al. (1994).

Figure 3 shows the Wright Map that presents the person and item measures on the same logit scale, which

provides additional information about how items are targeting participants in measuring their science teaching

anxiety level. This visualization also helps evaluate the construct validity of the scale and understand whether item

ordering and spacing match what is expected from the theory (Boone & Staver, 2020). The Wright Map revealed

that the items were distributed evenly around the mean and that they targeted the persons well. Although some

items (i.e., Items 11&15, Items 2&4, Items 6&8) are located at around same position on the logit scale, which may

indicate redundancy among items, the examination of the wording of these items did not show any evidence that

they were similar. Item 10 was the most difficult item to endorse, whereas Item 1 was the easiest item to endorse.

However, as seen in Figure 3, some of the participants were located below the item measures, suggesting that some

TABLE 4 Summary statistics

Summary of Measured Persons (N = 191)

Value Score Measure Error Infit MNSQ Outfit MNSQ

M 33.0 −0.75 0.37 1.00 1.00

SD 9.0 1.2 0.07 0.58 0.59

MAX 61 3.31 1.03 3.23 3.53

MIN 14 −4.94 0.33 0.12 0.12

Real RMSE: 0.42, True SD: 1.13, Separation: 2.70, Person Reliability: 0.88

Summary of Measured Items (N = 13)
Value Score Measure Error Infit MNSQ Outfit MNSQ

M 493.9 0.00 0.10 1.02 1.00

SD 108.2 0.94 0.01 0.22 0.25

MAX 640 1.40 0.11 1.44 1.45

MIN 333 −1.31 0.09 0.71 0.71

Real RMSE: 0.10, True SD: 0.93, Separation: 9.27, Item Reliability: 0.99
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of them found most of the STAS items hard. This means that participants mostly endorsed lower frequency levels

on the Likert scale (i.e., Not true, Slightly True). To summarize, theWright Map evidences that the STAS items have

a unique contribution in determining the participants with high levels of science teaching anxiety without any

redundancy in measuring the construct.

7.3 | Bivariate correlations and hierarchical multiple regression analysis

A hierarchical multiple regression analysis was employed to examine whether preservice teachers' outcome ex-

pectancy predicts teaching self‐efficacy above and beyond science teaching anxiety (with engineering concepts)

and science interest. The hierarchical regression analysis and order of entering variables is consistent with prior

studies that tested utility of CVT in various educational contexts (Duffy et al., 2020). Before the data analysis,

investigation of the multiple regression analysis assumptions showed that all assumptions were met. Table 6 shows

descriptive statistics for the variables used in the model and bivariate correlations among them.

The results revealed that each block significantly added to the prediction of the criterion variable, that is,

teaching self‐efficacy (Table 7). Together, the final model with all three predictors accounted for approximately 50%

of the variance in preservice teachers' science teaching self‐efficacy. In Block 1, the model was statistically

TABLE 5 Item statistics for Misfit order

# Item Measure SE Infit MNSQ
Outfit
MSNQ PMQ

6* I seldom panic while teaching a science lesson. −1.13 0.09 1.44 1.45 0.45

13 My mind goes blank and I am unable to think clearly when
planning a science lesson.

1.2 0.11 1.31 1.18 0.58

12 I get a sinking feeling when I think of teaching a difficult
science concept.

−0.11 0.09 1.29 1.23 0.65

14 Preparing students for a science test would scare me. 0.57 0.10 1.15 1.09 0.65

1* Teaching science does not scare me at all. −1.31 0.09 1.05 1.08 0.64

2* It would not bother me at all to teach topics in elementary
Earth and Space Science.

−0.24 0.09 1.06 1.04 0.67

10 Teaching science makes me feel uncomfortable, restless,
irritable and impatient.

1.40 0.11 1.05 0.92 0.65

4* It would not bother me at all to teach topics in elementary
Physical Science.

−0.26 0.09 0.93 0.91 0.69

11 Teaching science usually makes me feel uncomfortable and
nervous.

0.95 0.10 0.86 0.79 0.70

3* It would not bother me at all to teach topics in elementary

Life Science.

0.11 0.09 0.84 0.82 0.70

8* I am usually at ease interpreting and communicating science
concepts.

−1.19 0.09 0.78 0.77 0.72

7* I am usually at ease while teaching a science lesson. −1.05 0.09 0.71 0.76 0.72

15 Walking into a school and thinking about teaching a science
lesson makes me feel uneasy and nervous.

1.06 0.10 0.74 0.71 0.71

Note: *indicates items that were reverse scored.
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F IGURE 3 (See caption on next page)
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significant; both science teaching anxiety (β = −0.568, SE = 0.043) and science interest (β = 0.220, SE = 0.034) were

significant predictors of preservice teachers' teaching self‐efficacy. In other words, preservice teachers' self‐efficacy

scores decrease by around 0.4 points as their science teaching anxiety scores increase one unit after holding other

variables in the model constant. Additionally, preservice teachers' self‐efficacy scores increase by around 0.13

points as their science interest scores increase one unit after controlling for other variables in the model.

Including outcome expectancy in Block 2 along with science teaching anxiety and science interest from Block 1

resulted in a significant model. However, outcome expectancy was not a significant predictor of preservice tea-

chers' self‐efficacy, and the increase in the explained variance after adding outcome expectancy was not statistically

significant (∆R2 = 0.003).

8 | DISCUSSION

Developing instruments in social and behavioral sciences is crucial, as high‐quality instruments are important for

advancing research (Boone et al., 2011), particularly in areas that have limited body of research such as science

teaching anxiety. This study developed an instrument for assessing preservice elementary teachers' science teaching

anxiety, which can be viewed as one of the dimensions of teachers' emotions toward teaching science content.

Science teaching anxiety can influence teachers' inclusion of science content in K‐12 classrooms as well as affect

preservice elementary teachers' learning experiences during their teacher preparation.

Two versions of the STAS (with and without the inclusion of engineering concepts; 14 and 13 Likert‐type items,

respectively) were developed and validated with preservice teachers in the elementary years of teaching. The study

results revealed that preservice teachers were most anxious about teaching technological and engineering design

topics (M = 3.43, on a 1‐5 scale), followed by physical science (M = 2.66) and earth and space topics (M = 2.65). The

life science domain (M = 2.43) was rated as the least anxious area of science education to teach. The findings align

with Banilower et al. (2018) who examined elementary teachers' perceptions of preparedness to teach various

science subjects (i.e., life science, earth/space science, physical science, and engineering). Some of this is not

surprising as engineering is a new addition to many state standards and teachers lack adequate content training and

TABLE 6 Descriptive statistics of all study variables

Variables M SD 1 2 3 4

1. Science Teaching Self‐Efficacy 3.64 0.50 —

2. Outcome Expectancy 3.46 0.40 0.145** —

2. Science Teaching Anxiety 2.53 0.70 −0.681* −0.066 —

3. Science interest 3.77 0.87 0.511* 0.236* −0.683* —

Note: Possible score range for all variables: 1–5.

*p < 0.01.

**p < 0.05.

F IGURE 3 The Rasch person‐item map for the STAS. The distribution of person estimates is to the left of the
vertical line and the distribution of items difficulties is to the right of the vertical line. Each “#” represents two
respondents, while each “.” represents one respondent. The letter M on the map is the mean for person and item
estimates. The letters S and T indicate the location of one standard deviation from the mean and two standard
deviations from the mean, respectively.
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self‐efficacy in this domain (Hammack & Ivey, 2017; Rich et al., 2017). Moreover, many preservice elementary

teachers do not have extensive experience or knowledge in technological and engineering design and therefore

experience higher levels of teaching anxiety and tensions in this domain (Radloff & Capobianco, 2021). Because of

these reasons, we offer two versions of the STAS: with and without the inclusion of engineering concepts.

8.1 | STAS psychometric properties

The Rasch analysis results revealed that both versions of the STAS represent a unidimensional instrument that can

differentiate between items with higher and lower ratings. At the item level, only Item 9, that is, “I get a sinking

feeling when I think of teaching students how to design technological/engineering solutions,” showed misfit and

therefore was excluded from the STAS with engineering concepts version. Overall, the Rasch analysis results

indicated that both versions of the STAS showed promising validity and reliability evidence for future research uses.

8.2 | Relationships between science teaching anxiety, science interest, outcome
expectancy, and science teaching self‐efficacy

The results from correlation analyses revealed that science teaching anxiety significantly and negatively correlated with

science teaching self‐efficacy and science interest. Science interest was positively correlated with science teaching self‐

efficacy. Outcome expectancy (control appraisal) significantly and positively related to science teaching self‐efficacy and

science interest. These patterns are consistent with CVT and provide support that control appraisal, emotions, and

teaching self‐efficacy are significantly related to one another in the context of preservice elementary science education.

Using science teaching anxiety, science interest, and outcome expectancy as independent variables resulted in

a significant model explaining approximately 50% of the variance in preservice elementary teachers' science

teaching self‐efficacy. Science teaching anxiety was the strongest (negative) predictor (β = −0.573) and science

interest was a positive predictor (β = 0.204). These findings are in line with the study hypotheses RH1 and RH2,

suggesting that emotions like science teaching anxiety and science interest have major implications for science

teaching self‐efficacy in preservice elementary teachers, and therefore should receive a closer attention from

research and teacher preparation communities. In addition, they provide empirical evidence supporting the STAS

criterion‐related validity. After controlling for the effects of science teaching anxiety and science interest, outcome

expectancy was not a significant predictor of preservice teachers' science teaching self‐efficacy.

Consistent with the RH3 hypothesis, science teaching anxiety significantly and negatively correlated with

science interest. This finding is consistent with the literature that views interest as a variable that motivates

teachers to spend more time doing science with their students (Osborne et al., 2003; Senler, 2016) and anxiety as a

variable that inhibits that interest (Davis, 2009; Pekrun, 2006). Taken together, these findings provide strong

empirical evidence of the STAS criterion‐related validity.

8.3 | Summary

The present study makes three important contributions to the science education literature. First, it offers a valid,

self‐report, easy‐to‐use scale for assessing science teaching anxiety in preservice elementary teachers. Second, it

provides a novel insight into the emotions that influence preservice teachers' science teaching self‐efficacy. Self‐

efficacy is a well‐known construct in the science education literature (e.g., Jones & Leagon, 2014). However, its

effects were usually investigated on science instruction (Bursal, 2012), student achievement (Angle & Moseley,

2010), or the connection of self‐efficacy with content knowledge (e.g., Murphy et al., 2007). The STAS can provide
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additional opportunities for examining relationships among variables and contribute more nuanced understandings

of emotions, such as science teaching anxiety. Third, this study provides initial empirical evidence of the CVT utility

in preservice elementary science education.

Moreover, although the STAS was developed with preservice elementary teachers, it is reasonable to consider

this instrument's use with secondary teachers. In general, elementary teachers are subject generalists responsible

for all content areas and secondary teachers are content specialists focusing on one area. This may make ele-

mentary teachers more anxious toward teaching certain domain‐specific content (e.g., science) than secondary

science teachers. However, secondary science teachers may also feel anxious toward teaching some content

especially if they are teaching out‐of‐field, which is happening more frequently in science education (e.g., Nixon

et al., 2017; Taylor et al., 2020). Therefore, the STAS could also be relevant to secondary science teachers. In

addition, the inclusion of engineering practices into the science standards is new for all science teachers (ele-

mentary and secondary). Therefore, examining elementary and secondary teachers' science teaching anxiety using

the STAS with engineering concepts is certainly an area worthy of future exploration.

9 | LIMITATIONS

Despite best efforts, this study is not without limitations. First, the sample is limited to preservice elementary teachers in

a single state in the United States. As such, the results may not broadly generalize to other education‐majors or

preservice elementary teachers from other geographic areas. Second, administering assessments in a fixed order, that is,

(1) background questionnaire, (2) science interest, (3) STAS, (4) STEBI‐B, could possibly result in the higher correlations

reported in the study, as student responses on one assessment could directly affect their responses on others. For

example, reflecting on one own's science teaching anxiety could influence responses about science teaching self‐

efficacy. Finally, the present study included only three predicting variables of science teaching self‐efficacy. Including

additional variables could potentially explain a higher amount of the variance in teaching self‐efficacy.

TABLE 7 A hierarchical regression model predicting preservice elementary teachers' science teaching self‐
efficacy

Variables
Block 1 Block 2
B SE β t B SE β t

Science interest 0.126 0.034 0.220 3.652* 0.116 0.035 0.204 3.292

Science Teaching Anxiety −0.404 0.043 −0.568 −0.945* −0.407 0.043 −0.573 −9.508

Outcome Expectancy 0.074 0.067 0.059 1.103

Model Summary

F Statistics F(2,188) = 93.685* F(3,187) = 62.934*

R2 0.499 0.502

∆R2 0.499 0.003

*p < 0.01.

10 | IMPLICATIONS

This study has implications for researchers, teacher educators, and individuals who work with new teachers. For

educational researchers, the STAS is an instrument that can be used to measure teachers' science teaching anxiety.

This anxiety can be measured as teachers progress in preparation programs, and/or through their early years of
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teaching. Science teaching anxiety can also be measured during any changes that occur during one's teaching career

that present challenges to the teacher. For instance, elementary teachers are sometimes re‐assigned to teach

different grade levels in their careers, creating a re‐novicing of teachers (Hanuscin et al., 2020). In addition,

changing standards and curriculum can be factors that produce additional challenges for teachers (Navy et al.,

2018). It would be productive to learn if these challenges alter the science teaching anxiety of new and experienced

teachers. In addition, the instrument can be used to evaluate the intensity of science teaching anxiety during

preservice teachers' field experiences to better understand how teaching anxiety influences their science in-

struction and attitudes toward science in a classroom.

In addition, teacher educators and preparation programs should devote more attention to preservice ele-

mentary teachers' science teaching anxiety and science interest, as these emotions have implications on their ability

to teach science and promote science interest in their prospective students. Programs can be designed to allow

preservice teachers opportunities to reflect on their experiences in and with science, and to discuss anxieties they

might have with the science content. This may assist teachers in controlling and self‐regulating their emotions,

which has been noted as an important component in learning to teach science (Oosterheert & Vermunt, 2001).

Following preparation programs, induction programs that work with new elementary teachers should also embed

opportunities for the new teachers to reflect on their science teaching anxiety.

In addition, it would be important for teacher educators to cultivate science interest in preservice teachers.

Michaelis (2017) argues that the design of science and engineering design learning environments should be in-

formed by interest development research. This study indicates the importance of providing choice and autonomy in

learning, making lessons personally relevant, including appropriately challenging material, and situating learning in

social and cultural ways. Learning environments centered on interest could be structured around citizen science

methods, problem‐based learning, or the Attention, Relevance, Confidence, and Satisfaction (ARCS) motivational

framework (Keller, 1987), as these approaches are informed by ideas of interest development (Michaelis, 2017).

These methods could be used in teacher preparation programs to further develop preservice elementary teachers'

science interest alongside modeling best science teaching practices.

Finally, for individuals working with new teachers during preservice or induction programs, it is important to

focus on the science content that the teachers may feel more anxious about. For instance, physical science or

engineering and technology are science domains that tend to evoke more science anxiety than other domains, such

as life science. It is important for elementary teachers to feel comfortable in all content domains in order for

students to explore the many opportunities and dimensions of science and engineering.
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APPENDIX A

A1 l Participants and context

Undergraduate preservice early childhood education teachers (N = 191; 6 males) from a large mid‐western

university in the US participated in the study. The mean participants' age was 21.7 (SD = 2.24) and 96.9%

identified as female. On a scale from 1 to 4, the mean participants' self‐reported grade point average (GPA) was

3.57 (SD = 0.19). The participants were in their final semester of coursework before their full‐time student

teaching semester.

The teacher education program, from which participants were recruited for this study, includes eight

semesters of coursework and 122 credit hours. Preservice teachers in the program take a range of classes

including content courses (e.g., in social studies, science), educational technology courses, and child develop-

ment courses. Over the course of the program, they complete about 800 field hours in early childhood

classrooms before the student teaching semester when they complete 600 field hours. The state in which this

study occurred changed the licensure grade levels from P‐3 to P‐5 for early childhood education graduates. At

the time of this study, participants were part of the P‐3 grade level licensure program, however many were also

seeking grade 4–5 endorsement certificates to be eligible for employment opportunities postgraduation that

would include all the elementary years.

Participants were recruited from undergraduate Science Methods and Educational Technology courses for

preservice teachers. They were informed about the purpose of the study and offered a course credit for their

participation. Alternatively, they could select a different course activity to complete if they were not interested in

participating in the study.

A2 l Science interest instrument (Deci et al., 1994)

Please read the following questions and choose the answer that best tells how you really feel.
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Not True Slightly True Moderately True Mostly True Very True

1. I find science enjoyable 1 2 3 4 5

2. Science is just not interesting to me 1 2 3 4 5

3. I like doing work in my science class 1 2 3 4 5

4. I like learning new things about science 1 2 3 4 5

5. In general, I find working on science
projects to be interesting

1 2 3 4 5
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