University of Nebraska - Lincoln

DigitalCommons@University of Nebraska - Lincoln

Faculty Publications: Department of Teaching, Department of Teaching, Learning and Teacher
Learning and Teacher Education Education

2020

Influence of the Sources of Science Teaching Self-Efficacy in
Preservice Elementary Teachers’ Identity Development

Deepika Menon
Towson University, dmenon2@unl.edu

Follow this and additional works at: https://digitalcommons.unl.edu/teachlearnfacpub

0 Part of the Curriculum and Instruction Commons, and the Teacher Education and Professional

Development Commons

Menon, Deepika, "Influence of the Sources of Science Teaching Self-Efficacy in Preservice Elementary
Teachers’ Identity Development" (2020). Faculty Publications: Department of Teaching, Learning and
Teacher Education. 495.

https://digitalcommons.unl.edu/teachlearnfacpub/495

This Article is brought to you for free and open access by the Department of Teaching, Learning and Teacher
Education at DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Faculty
Publications: Department of Teaching, Learning and Teacher Education by an authorized administrator of
DigitalCommons@University of Nebraska - Lincoln.


https://digitalcommons.unl.edu/
https://digitalcommons.unl.edu/teachlearnfacpub
https://digitalcommons.unl.edu/teachlearnfacpub
https://digitalcommons.unl.edu/teaching_learning
https://digitalcommons.unl.edu/teaching_learning
https://digitalcommons.unl.edu/teachlearnfacpub?utm_source=digitalcommons.unl.edu%2Fteachlearnfacpub%2F495&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/786?utm_source=digitalcommons.unl.edu%2Fteachlearnfacpub%2F495&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/803?utm_source=digitalcommons.unl.edu%2Fteachlearnfacpub%2F495&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/803?utm_source=digitalcommons.unl.edu%2Fteachlearnfacpub%2F495&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unl.edu/teachlearnfacpub/495?utm_source=digitalcommons.unl.edu%2Fteachlearnfacpub%2F495&utm_medium=PDF&utm_campaign=PDFCoverPages

Influence of the Sources of Science Teaching
Self-Efficacy in Preservice Elementary
Teachers’ Identity Development

Deepika Menon

Department of Physics, Astronomy & Geosciences,

Towson University, Towson, Maryland, USA

Contact — Deepika Menon dmenon@unl.edu University of Nebraska-Lincoln

Abstract

The purpose of this mixed-methods research was to investigate changes in pre-
service elementary teachers’ science teacher identities and self-efficacy beliefs
as they participate in a field-based science methods course. A total of 121 pre-
service teachers participated, four of which were purposefully selected who
held varied initial levels of science content preparedness and confidence to
teach. Data sources included pre- and post-course administrations of the Sci-
ence Teaching Efficacy Belief Instrument-B, an open-ended questionnaire, two
semi-structured interviews with selected participants, written teaching reflec-
tions, classroom observations, and artifacts. Data analyses included a pre-post
repeated measures analysis of variance (ANOVA) design, and the case study
approach. The themes generated by using open and axial coding belonged to
Bandura’s sources of self-efficacy and Gee’s identity framework. Results indi-
cated statistically significant gains in participants’ science self-efficacy beliefs.
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Qualitative analysis revealed that the nature of prior science experiences
shaped participants’ self-efficacy and identity uniquely. Findings are summa-
rized under four major themes suggesting ways in which Bandura’s sources
of self-efficacy played role in shaping preservice teachers’ identity. Emerging
from this study was the close connection between the two constructs- self-ef-
ficacy and science teacher identity. The study includes implications for preser-
vice teacher education programs and research.

Keywords: Science teacher identity, self-efficacy, preservice science teacher
education

Introduction

Recent reform recommendations have placed much emphasis on re-
thinking the ways in which preservice elementary science teachers are
prepared in existing teacher preparation programs (Avery & Meyer,
2012; Darling-Hammond, Chung, & Frelow, 2002; Eick, 2009; Kelly,
2000). A recent report from A Framework for K-12 Science Education (Na-
tional Research Council [NRC], 2012) concludes that preservice teachers
will need experiences that help them understand how students think,
what they are capable of doing, and what they might reasonably be ex-
pected to do under supportive instructional conditions (NRC, 2012, p.
255-256). Over the past decade, research in the context of preservice
teacher education has investigated constructs such as self-efficacy be-
liefs and teacher identity in a variety of educational settings (Carrier,
Whitehead, Walkowiak, Luginbuhl, & Thomson, 2017; Gunning & Men-
sah, 2011; Menon & Sadler, 2016, 2018). Typically, the two constructs
are often investigated separately while there is a value in bringing them
together (Beauchamp & Thomas, 2009; Settlage, Southerland, Smith, &
Ceglie, 2009).

Avraamidou (2014a) suggests that “identity is linked with and shaped
by various other constructs, and it is influenced by innumerable fac-
tors” (p. 166). These factors range from internal factors such as emo-
tions and self-efficacy beliefs (Settlage et al.,, 2009) and external factors
that are context-specific such as field experiences (Avraamidou, 2014a;
Beauchamp & Thomas, 2009; Hancock & Gallard, 2004). Given the com-
plex nature of identity, it has been argued that developing a compre-
hensive understanding of identity and how it shapes require investiga-
tions framed within multiple frameworks rather than a single framework
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(Avraamidou, 2014b; Beauchamp & Thomas, 2009). Several questions
arise: How are identity and self-efficacy linked? What kinds of sources
of self-efficacy support identity development and how? This research
attempts to address some of the unanswered questions regarding how
and in what ways changes in self-efficacy informs preservice teachers’
identity development within the context of field experiences.

Evidence suggests field experiences that allow preservice teachers
to practice teaching in real classrooms positively impacts preservice
teachers’ science teaching self-efficacy (Bandura, 1997; Bautista, 2011;
Gunning & Mensah, 2011; Hancock & Gallard, 2004; Leonard, Barnes-
Johnson, Dantley, & Kimber, 2011). However, there is not enough infor-
mation regarding how and in what ways teacher identity is shaped by
the sources of self-efficacy (mastery experiences, vicarious experiences,
verbal persuasion, and affective and psychological states). This research
adds to the existing body of literature base on self-efficacy and teacher
identity by exploring the intersection between the two regarding the role
of various sources of self-efficacy, how they interact in the field while
preservice teachers negotiate and construct their science teacher iden-
tity. The following research questions guided this study:

(1) How do preservice elementary teachers’ with varied personal
backgrounds and prior science learning experiences develop
their science teaching self-efficacy after participating in the sci-
ence methods course and field experiences?

(2) How and in what ways do the various sources of self-efficacy con-
tribute to the development of preservice elementary teachers’
science teacher identities?

Theoretical perspectives: teacher identity and self-efficacy

This study utilizes two different, yet related theoretical constructs—
science teacher identity and science teaching self-efficacy.

Teacher identity
In the context of science teacher education, teacher identity has been con-

ceptualized, defined, and interpreted in a variety of ways (Helms, 1998;
Kier & Lee, 2017; Luehmann, 2007; Moore, 2008). The personal aspect of
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identity encompasses individual teacher’s personal views, attitudes and
beliefs about teaching that influences teacher’s decisions about teaching
(Carlone & Johnson, 2007; Helms, 1998). Past literature also recognized
identity as socially constructed and developed through social interactions
within a particular context (Beauchamp & Thomas, 2009; Beijaard, Mei-
jer, & Verloop, 2004; Enyedy, Goldberg, & Welsh, 2006; Gee, 2000). For
the purposes of this study, identity is conceptualized as a fluid (Beijaard
et al., 2004; Luehmann, 2007) and dynamic process and as proposed
by Calabrese-Barton et al. (2013), “actions that preservice teachers take
within the spaces in which they operate” (p. 38).

This study utilized Gee’s (2000) conceptualization of teacher identity
as “being recognized as a certain kind of person in a given context” (p.
99). Gee (2000) proposed four dimensions of identity: (a) nature-iden-
tity, which is related to the state developed from the nature itself (e.g.,
who [ am or what kind of person [ am), (b) institution-identity, refers to
positional identity as authorized within institutions (e.g., position that a
person holds at an institution), (c) discourse-identity, developed through
interaction or discourse with individuals (being recognized by others
through discourse), and (d) affinity-identity, which related to the expe-
riences shared with individuals having a similar goal or ‘affinity groups’
(e.g., communities of learners in a classroom) (p. 100-107). Several stud-
ies have employed Gee’s framework as an analytical tool in examining
shifts in preservice teachers’ identities (Avraamidou, 2014a; Settlage
et al,, 2009). Most of these studies and found that methods coursework
and professional discourse during field experiences played critical roles
in developing personal identities and their affinity identity as a science
teacher (Avraamidou, 2014a; Carrier et al.,, 2017; Katz et al,, 2010).

Teacher self-efficacy

The self-efficacy construct, originated from the social cognitive theory,
is influential in an individual’s decision to perform specific actions that
they believe could lead toward the desired outcome (Bandura, 1977).
Self-efficacy consists of two distinct dimensions: (1) personal science
teaching efficacy beliefs (PSTE), which relate to individual’s abilities to
execute actions required to achieve desired goals, and (2) science teach-
ing outcome expectancy (STOE), which relates to individuals’ judgment
of the anticipated results their performances may produce (Bandura,
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1977; Tschannen-Moran, Hoy, & Hoy, 1998). Consistent with Bandura’s
notion of self-efficacy (1977), Guskey and Passaro (1994) suggested that
both dimensions of teacher self-efficacy are highly significant in ele-
mentary classrooms. That said, higher levels of both personal and out-
come expectancy beliefs are needed for preservice teachers to succeed
in their future classrooms.

Sources of self-efficacy

Four sources of self-efficacy were proposed by Bandura (1997), which
affects an individual’s personal and outcome efficacy. Mastery experi-
ences, the first source, are authentic classroom teaching experiences
gained during teaching practicum and help gain confidence in sci-
ence teaching as one can rely on those successful teaching experiences
(Cantrell, 2003; Gunning & Mensah, 2011; Palmer, 2006). Mastery ex-
periences may also include developing science lesson plans collabor-
atively, hands-on science activities, group discussions, and writing re-
flections on teaching episodes (Brand & Wilkins, 2007; Mulholland &
Wallace, 2001; Rice & Roychoudhury, 2003). Vicarious experience, the
second source of information on self-efficacy, is the belief in oneself to
succeed after seeing evidence of others striving through difficult situa-
tions as emerging as successful 462 D. MENON teachers and could sig-
nificantly contribute to increases in self-efficacy (Bautista, 2011; Yoon
et al., 2006). The third factor, verbal persuasion, refers to positive feed-
back received from mentor teachers, course instructors, peers, and fam-
ily on teaching performances that increases an individual’s confidence in
teaching. Finally, physiological and affective states of individual preser-
vice teachers influence their ability to handle stress and anxiety while
teaching science in the classroom (Bandura, 1997; Bautista, 2011; Gun-
ning & Mensah, 2011).

Methodology

Design

This study utilized the mixed-methods design called the ‘triangulation
multilevel model’ (see Figure 1) that included three levels of quantitative
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Level 1
QUAN premeasure and analysis leading to
selection of participants
- STEBI-B instrument
- Demographic survey
- Open-ended questionnaires
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Level 2
QUAL data collection and analysis
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. . Interpretation
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Level 3
QUAN post measure and analysis
- STEBI-B instrument
- Open-ended questionnaires

Figure 1. The triangulation multi-level model design.

and qualitative methods of data collection and analysis occurring in a
sequence (Creswell & Clark, 2011). Given the complex nature of the two
constructs under investigation (teacher identity and self-efficacy), mixed
methods approach provides a more comprehensive understanding of
the phenomena under investigation than using a single-design approach
(Morse & Niehaus, 2009). Findings were merged for triangulation of the
data and the overall interpretation of the changes in preservice teach-
ers’ self-efficacy and science teaching.

Context

The year-long study was conducted at a large mid-Atlantic public uni-
versity over a two-semester period—Fall and Spring semester. Eight
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cohorts of elementary education majors, four cohorts in Fall and other
four in Spring, participated in a semester-long elementary science meth-
ods course that included a field-based component. Typically, each cohort
consists of approximately 15-16 preservice teachers enrolled in their
level II coursework. There are four phases of the elementary education
program ranging from pre level I (prerequisite courses including math
and science content, language arts and social studies) to level IV (full-
time student teaching placements). At level II, each cohort takes courses
focused on math and science instruction and a field practicum in an ele-
mentary school consisting of two half days each week (4-5 hours). Dur-
ing Fall (four cohorts) and Spring semesters (four cohorts) of the science
methods course, each cohort was placed in an elementary school twice
a week, one day dedicated for science and the other day for mathemat-
ics. The course runs 15-16 weeks including about 12 weeks of teaching
in an elementary classroom.

The design features of the science methods course and the embedded
field experiences offer opportunities for preservice teachers to develop
the skills necessary to facilitate inquiry-based science and incorporate
science and engineering practices as outlined in the Next Generation Sci-
ence Standards (NGSS, 2013). Rather than holding the course sessions at
the university, the class met at the local elementary school site through-
out the semester. However, teaching in elementary classrooms began
only after the first two weeks. Table A1 provides further details on the
structural elements, associated activities, and the intended sources of
self-efficacy and identity connections to the activities.

Participants and selection of cases

A total of 129 preservice elementary teachers were enrolled in the
course during Fall and Spring semesters in an academic year in eight
distinct cohorts. Out of the total enrolled, 121 preservice teachers vol-
unteered to participate in the study. There were 114 females and seven
male participants between the age group of 20-24 years (with one ex-
ception of 25 years old). Most of the participants were in their junior
year (111) with a few exceptions (10 in their senior year). The sam-
ple was homogeneous in terms of ethnicity—predominantly Cauca-
sian (102), 7 Asian and 11 were of Hispanic origin. From this pool, four
participant cases (Lucy, Kristy, Blake, and Sara—all pseudonyms) were
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Table 1. Demographics of participant cases.

Participant Age Gender Ethnicity — Year of  High school College-level Formal
program science science teaching
courses courses experience
Lucy 23  Female Caucasian Junior 4: physics, 5: geology, Yes
chemistry, biology II,
biology, physical
genetics science [ and II
Kristy 20 Female Caucasian Junior 3: physics, 5: geology, Yes
chemistry, biology I and II,
biology physical science [
and II
Blake 21 Male Asian Junior 4: physics, 5: biology I and II, No
chemistry I, physical
and I, biology,  science I and II
forensics
Cara 20 Female Caucasian Junior 4: physics, 2: biology I, Yes
chemistry, physical science [
biology, and

aquatic science

selected, based on the responses on the Science Teaching Efficacy Be-
liefs Instrument-B survey and an open-ended questionnaire at the be-
ginning of the semester; for detailed and in-depth analysis of how and in
what ways self-efficacy contributes toward the development of teacher
identity. Table 1 provides detailed demographic information of the se-
lected cases.

The open-ended questionnaire prompted participants to rate their (1)
preparedness in science content for teaching science and (1) confidence
to teach science effectively on a scale of 1 (very low) to 5 (very high) and
explain their selection. A rating of 3 for both self-confidence in science
teaching and preparedness in science content knowledge was consid-
ered as a medium level. The values below three were considered as a
low-level score and above three were considered as a high-level score.
What makes these participants unique cases is that each case belonged
to one of the four distinct quadrants based on their self-rated confidence
in science teaching and preparedness in science content knowledge (see
Figure 2). Therefore, the selected participants represented the maxi-
mum potential variability from the large sample.
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Figure 2. Case participants’ self-ratings at the beginning of the semester.

The cases

Lucy rated herself a score of 4 in her preparedness in science content,
and a score of 4 for her confidence in science teaching at the beginning
of the semester. She worked as a volunteer in an elementary school dur-
ing high school, as an intern in a 5th grade math classroom, and a teacher
at an extended care program. Kristy rated herself a score of 2 in her pre-
paredness in science content and a score of 4 in her confidence in science
teaching. She had worked as an intern in 1st grade classroom while in
high school. Blake rated himself a score of 4 in his preparedness in sci-
ence content and a score of 2 in his confidence in science teaching. He
did not report any formal or informal teaching experience before join-
ing college. Cara rated herself a score of 2 in her preparedness in science
content and a score of 2 in his confidence in science teaching. During
high school, she had worked as an intern in a kindergarten classroom.
During the time of this study, all four participants were placed in a 3rd
grade classroom for student teaching experience (see Table 2 for the
school demographics).
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Table 2. Demographics of participating schools.

Participant School Asian Black/ Hispanic/ White Male Female
African Latino
American
(%) (%) (%) (%) (%) (%)
Lucy, Blake A 4.2 10.5 8.1 70.8 52.7 47.3
Kristy, Cara B 7.1 39.8 14.7 32 46 54

Data collection

Quantitative sources

Data sources involved both quantitative and qualitative techniques in
three phases (see Figure 1). The quantitative phases involved implemen-
tation of the STEBI-B and open-ended questionnaire in a paper-pencil
format on the first and last day of the class session to all participants af-
ter they signed the Informed Consent. The STEBI-B, initially developed
by Enochs and Riggs (1990), consists of a total of 23 items (13 items in
PSTE scale and 10 items in STOE scale) on a 5-point Likert scale rang-
ing from ‘strongly agree, ‘agree, ‘uncertain, ‘disagree’ and ‘strongly dis-
agree’. The PSTE scores can vary between 13 and 65 and STOE scores
between 10 and 50. Cronbach’s alpha was used to determine the inter-
nal consistency of the instrument for this sample. The reliability coeffi-
cient values for pre- and post-PSTE were 0.86 and 0.87, and for pre- and
post-STOE were 0.68 and 0.70, respectively. These values are within the
internal consistency range and above the accepted lower limit of 0.65
(Chandrasegaran, Treagust, & Mocerino, 2007).

Qualitative sources

Qualitative sources included two semi-structured interviews with
four participant cases, three written teaching reflections from each
participant case (a total of 12 reflections), classroom teaching obser-
vations, and artifacts. Interviews served as the primary source of the
data. The first interview was conducted within the first week at the
beginning of the semester in which participants shared their prior sci-
ence learning experiences from elementary, high school and college.
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The second interview was conducted during the last week before the
semester concluded in which participants shared their critical inci-
dents describing successes and challenges during their teaching. All
interviews were conducted individually and lasted for about 30-60
minutes. All interviews were audio recorded and transcribed. In addi-
tion, each participant case wrote three self-reflection papers on their
teaching (a total of 12 self-reflection paper) that were about one-to-
two pages. The questions prompted participants to reflect on the as-
pects of teaching that according to them went well, did not go well, and
what would they like to change if they teach the same lesson again.
Other sources of data included three classroom observations of each
case participants’ teaching, field notes recorded by primary researcher
in real time, artifacts such as lesson plans and worksheets used by par-
ticipants for their teaching.

Data analysis

Data analysis occurred in two distinct quantitative and qualitative phase.
The quantitative data were analyzed using IBM Statistical Package of So-
cial Science (SPSS) software. The pre-post repeated measures analysis
of variance (ANOVA) design was used to determine the changes in sci-
ence teaching self-efficacy beliefs for the group of participants (N = 121)
from the pre- to posttest (two time points). The F statistic (calculated
from Wilks’s lambda) was used to test the null hypothesis that there
were no significant differences between the pre- and post-self-efficacy
mean scores for PSTE and STOE scale. Partial eta squared (n?) and Co-
hen’s D were used as estimates of the effect size to provide information
about the magnitude of the change from pre- to post-test.

For qualitative analysis, a multiple case study approach was employed
to examine four individual participant cases who belonging to varied
initial levels of science self-efficacy and science content preparedness
(Yin, 2003). The case study approach allowed opportunities for the in-
depth analysis of each case to identify emergent themes that represented
unique pathways of individual science teaching identities through trian-
gulation of the various data sources (Creswell, 2002; Yin, 2003). First,
open coding strategies were employed to allow initial codes to emerge
from the data. These initial codes were then grouped to generate cate-
gories and sub-categories (see Table 3 for the coding analysis). These
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Table 3. An example of coding scheme.
Category Sources of Open codes Identity Sample quotes
self-efficacy connections
Success in Mastery Comfortable Discourse identity ~ I'm more comfortable with it
teaching science experiences working well now. Just doing the exper-
iments and seeing the kids
really working well.
Being in the Vicarious More convenient, Institutional We have been working on les-
physical space experiences working at identity son plans, in the actual
school school. It is just more conve-
nient because we are able to
go right to the class.
Supportive and Verbal persuasion  Getting feedback, Affinity identity Being able to work with three
being supported working with other people. And being able
within a group others to get feedback from my
mentor teacher and then my
professor.
Positive shift Physiological and Feeling confi- Nature identity [ feel like ‘this is me’ this se-

from self- affective states dent, ‘this is me’ mester teaching science and
doubt toward teaching science hopefully me in the future
confidence feeling very confident teach-

ing science.

categories and sub-categories were then reassembled into themes using
axial coding. Each participant case profiles were developed in a narra-
tive format (descriptions of the events, classroom practices). The catego-
ries and sub-categories within each case profiles were read and reread
again to draw meaningful links to the four Bandura’s sources of self-ef-
ficacy (mastery, vicarious, verbal persuasion, and physiological and af-
fective states). Each of the categories that belonged to Bandura’s sources
were then connected to the four dimensions of Gee’s (2000) framework
on identity (nature, affinity, institutional and discourse).

To establish trustworthiness, a second researcher who is an expert
in qualitative analysis independently coded more than 20% of the data
that included pre- and post-interview transcripts and reflections papers
of one of the participant case that was randomly picked by the second
researcher. The first round of coding resulted in 71% agreement on the
categories (five out of seven categories were in agreement). After two
rounds of discussions and negotiation, another interview was randomly
picked and was coded by the coders independently, which resulted in a
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100% agreement on the categories. Then, the primary researcher coded
the remaining data. Peer debriefing and triangulation of multiple sources
of data sources and analysis was used to establish trustworthiness (Guba
& Lincoln, 1989).

Results

The results of this study are presented in three parts. First, | present the
results from the quantitative analysis on the changes in self-efficacy for
all participants (N = 121) (research question 1). Second, I present the re-
sults from the qualitative analysis of four individual cases about their de-
veloping self-efficacy and identity (research question 1). Finally, I pres-
ent the results of the cross-case analysis representing ways in which
various sources of self-efficacy contributed toward the dimensions of
science teacher identities (research question 2).

Changes in science teaching self-efficacy beliefs

Descriptive statistics for the two self-efficacy scales (PSTE and STOE) are
presented in Table 4. Repeated Measures ANOVA showed a significant
increase in both PSTE (F = 124.556, p << 0.001) and STOE (F=71.456,p <
.05) mean scores (Table 4). The mean PSTE significantly increased from
pretest ((M = 46.57, SD = 6.89) to posttest (M = 53.45, SD = 6.45). The
mean STOE significantly increased from pretest (M = 35.73, SD = 4.13)
to posttest (M = 36.81, SD = 4.39). The partial n? value, which provides
the practical significance of the effects, was higher in PSTE as compared
to STOE, explaining 50.9% of the variance accounted for by PSTE. Using
Cohen’s (1988) suggested norms, a large effect size for the changes in
PSTE (d = 1.04) and a small effect size for the STOE (d =.30) was found.

Table 4. Descriptive statistics and repeated measures analysis of variance.

Measure Pre Post Sum of df F Sig.  Partial

Mean (SD) Mean (SD) Squares n?
PSTE 46.57 (6.799)  53.45(6.446) 2860.430 1 124.566* .000 .509
STOE 35.73 (4.129) 36.81 (4.392) 71.456 1 6.061* .015 .048

* a=.05. Maximum possible scores: PSTE = 65, STOE = 50.
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Figure 3. Case participants’ self-ratings at the end of the semester.

Impact of science learning and teaching experiences

In this section, the expressions of changes in self-efficacy and teacher
identity for each participant’s case (see Figure 3) has been presented
as ways in which each participant described critical incidents from prior
science learning (prior science classes) and teaching experiences (field
teaching) that shaped their teacher-self.

Case 1: Lucy

Lucy entered the science methods course with positive beliefs and
confidence in science and science teaching (self-rated score 4 out of 5
in science content preparedness and confidence to teach teaching). Dur-
ing the initial interview, Lucy held strong affinity toward science and ex-
pressed a strong desire to become a teacher of science, as she said, “I find
science interesting and exciting. [ want students to feel the same way
about it as I do” (1st interview). Lucy mentioned that she went to an all-
girls private school. She continued, “we did a lot of experimenting as she
[teacher] would give us materials and we would try to figure out on our
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own” (1st interview). During her high school, she participated in state-
level science competitions. She was part of the university science team
‘Chem-a-thon’. Lucy’s positive dispositions with science shaped her be-
liefs about science teaching. As she elaborated, “I get excited about sci-
ence in our world every day. I think that enthusiasm is something that
might help kids get more excited about learning” (1st interview).

Lucy’s field placement was in a 3rd grade classroom and she taught
topics related to Earth Sciences. As Lucy participated in formal teaching,
she began to realize how utilizing a variety of strategies and multiple
representations are effective for engaging students (3rd graders) in the
process of learning science. As she mentioned, “We did play-doh to show
the layers of rocks and that just really cemented that in their heads. Any
time I did a visual demonstration or something that they could touch, or
do, that was really helpful” (2nd interview). She also acknowledged the
importance of Universal Design of Learning (UDL) in science teaching:
“Everybody has a way of understanding content and then expressing the
content, based on their learning style or whatever works for them, vary-
ing the activities so that, for one and all, UDL’ (2nd interview).

Lucy described that field experiences helped her become more aware
of the connection between science content and teaching, and this aware-
ness was another major contributor toward her developing science
teacher identity. As she mentioned, “I understand the content and I have
a better understanding of how to relate that content to the kids in ac-
tivities and videos and lessons, and all different types of ways to show
them, in a way that makes sense” (2nd interview). Her self-rated scores
in science content preparedness (4 out of 5) and confidence to teach sci-
ence (5 out of 5) toward the end of the semester are consistent with her
ideas about science and science teaching. It is important to note that her
self-rated scores in science content preparedness did not change from
the beginning of the semester; however, she felt more confident to teach
science than before as she realized that the content was applicable to
her future science teaching. Lucy positioned herself as a teacher-learner
and utilized reflecting thinking to improve each time after teaching a sci-
ence lesson. As Lucy mentioned, “I am constantly monitoring how well
[ am teaching and what is working and what is not. After every lesson, I
am sure that [ will have to write down what worked, what did not, what
[ could change for next time” (2nd interview).
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Case 2: Kristy

At the beginning of the science methods course, Kristy positioned
positive views of herself as a future elementary teacher (self-rated score
of 4 out of 5 in confidence to teach) and not as a teacher of science in par-
ticular, as she felt less prepared in her science content knowledge (self-
rated score of 2 out of 5 in science content preparedness). As she said,
“I want to be an elementary school teacher. I am not strong in science
but I know they [elementary classroom] do all the subjects, so might
have to teach science” (1st interview). Her experiences in prior science
classes were mixed, which had an impact on her present views of teach-
ing science. She explained that “there were a lots of notes and lecture”
in high school science classes” (1st interview), which did not help her
connect well with science. She mentioned her college science classes as
fun and exciting as she said, “I like doing hands-on activities” (1st inter-
view). These positive experiences in science re-shaped her views about
science teaching, as she said, “I think I will be able to bring hands-on ac-
tivities with the kids. I feel like that is how people learn and experiment
on their own” (1st interview).

Kristy was also placed in a 3rd grade classroom and she taught top-
ics on adaptations in plants, and weathering and erosion. There were
noticeable positive shifts in Kristy’s confidence and progression as a
science teacher at the end of the semester (self-rated score of 5 out of
5 for confidence to teach science, and 4 out of 5 in science content pre-
paredness) (see Figure 3). As Kristy said, “Throughout the semester |
have definitely grown as being able to teach science. I feel like  am more
confident going into the classroom and being able to teach them and
give experiments and answering their questions” (2nd interview). Kristy
credited her formal science teaching experience as a contributor toward
her positive science teacher self. As she said, “At first, I didn’t really have
experience teaching science at all. Now that [ have actually been able
to go to classrooms multiple weeks, | was able to grow and learn what
works and what does not” (2nd interview).

Similar to Lucy’s descriptions about the importance of inquiry-based
pedagogical approaches to science teaching, Kristy also emphasized the
use of multiple strategies to make science fun and active for students.
As she mentioned, “Being able to have them experiment on their own
and moving around exploring various stations, hands on activities. I also
think videos are really helpful, they are really good for just being able to
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An important source of vicarious experiences was the influence of the
school context, especially since the science methods course was held at
the school site. In the context of this study, institutional identity refers
to physical space where the science methods course and field-experi-
ences were held (school site itself), preservice teachers’ understanding
of the school and classroom culture (especially when teaching science),
norms and regulations within the institution, and witnessing everyday
events for an extended time at the school site.

Two participants, Kristy and Lucy, talked about the experiences of
being at the school site for a longer duration (for the entire course ses-
sion each week) and not “just for the teaching time”. Being at the school
site and witnessing everyday school activities even when they are not
teaching in classrooms allowed them to feel responsible like ‘teachers
already’. As Kristy mentioned, “When I am here, I feel like I am in school
as there are also little kids in the hallway. I feel very disciplined” (2nd
interview). Kristy’s quote suggests that she felt a part of the school sys-
tem by watching regular activities within the school environment. Such
a feeling of being comfortable and more familiarized with the school
settings helped participants develop institutional identity. As Lucy said,
“We have been working on lesson plans and all that, in the actual school.
[t is just more convenient because we are able to go right to the class.
So it has all the benefits of having the classroom at the university, but
with the added benefit of being in close proximity to the kids” (2nd in-
terview). All participants mentioned about increased understanding of
the classroom culture when teaching science: “what to expect from stu-
dents, what works and what does not work due to lack of space, watch-
ing how kids react to our activities” (Cara, 2nd interview), an important
aspect of developing identity.

Theme 4: Physiological and affective states contributing toward na-
ture identity. The physiological and affective states is a source of self-
efficacy referred to as participants’ ability to overcome their stress, fear,
and anxiety regarding science teaching. Nature identity is associated
with one’s background, experiences, and personal characteristics and
views about science teaching. At the beginning of the semester, Cara and
Blake were anxious regarding student questioning and their own abili-
ties to teach science effectively. The second interview responses revealed
that the field experiences served as a platform for them to move away
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from their self-doubt and manage their stress regarding science teach-
ing. As Cara mentioned, “I was not confident. I've never really been in a
science class teaching science before, so this [referring to student teach-
ing experience] was able to open my eyes to see what works, what does
not” (2nd interview). Having spent time in the classroom and witness-
ing students’ interest in science helped them to develop the confidence
needed for being a science teachers, which contributed toward partici-
pants’ nature identity. As Blake said:

I feel like ‘this is me’ this semester and hopefully me in the fu-
ture when I am teaching science. So, | am standing in front of
the classroom teaching a lesson on volcanoes and feeling very
confident and all the students are very focused and attentive
and intrigued by what I'm doing (2nd interview).

Discussions and implications

Development of science teaching self-efficacy beliefs

The purpose of this study was two-fold. First, the study investigated
changes in preservice elementary teachers’ self-efficacy as they partici-
pate in a field-based science methods course. Second, the study focused
on four unique participant cases, who held varied self-confidence and
perceptions of science content preparedness for science teaching and
provided evidence of how and in what ways various sources of self-ef-
ficacy contribute toward their developing science teacher identities in
light of field-based experiences. The study utilizes multiple lenses—self-
efficacy and science teacher identity to explore how participants draw
upon their years of science learning and teaching experiences as they
develop their science teacher identities. The quantitative trends from
STEBI-B showed significant changes in both PSTE and STOE, and be-
tween the two dimensions of self-efficacy, the PSTE had a higher effect
(d = 1.04), and there was a small effect for the STOE (d = 0.30). These
findings regarding the positive gains in PSTE are in accord with other
studies that explored self-efficacy within the context of field experiences
or science methods courses (Bautista, 2011; Cantrell, 2003; Leonard et
al,, 2011).

While the higher effect in PSTE seemed logical, considering partic-
ipants’ interview responses suggested improved confidence to teach
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science after their successful formal teaching experiences. The low effect
in the outcome expectancy emerged as an interesting finding consider-
ing field experiences provided opportunities to practice science teaching.
Other studies have also noted smaller positive gains in STOE beliefs af-
ter preservice teachers participate in science methods courses (Cantrell,
2003; Leonard et al., 2011). Findings suggest that multiple teaching op-
portunities and additional mentoring and supports are needed for pre-
service teachers as they still negotiate their own science teacher identi-
ties. Nevertheless, effective field experiences help address some of the
concerns and apprehensions that preservice teachers may have toward
science and science teaching (Mulholland & Wallace, 2001, Gencer & Ca-
kiroglu, 2007). As in the case of this study, all four participants, regard-
less of the nature of their prior science experiences, benefitted from
field-experiences as suggested by their self-rated increased levels of con-
fidence in science teaching (see Figure 3). This finding is in accord with
other studies that found mastery experiences as instrumental in influ-
encing self-efficacy beliefs (Bautista, 2011; Brand & Wilkins, 2007; Gun-
ning & Mensah, 2011).

Science teacher identity and self-efficacy: the intersection

A unique contribution of this study is an attempt to understand ways
in which various sources of self-efficacy emerge as contributors toward
multiple dimensions of identity. The visual diagram illustrates how Ban-
dura’s sources of self-efficacy contribute to Gee’s (2000) dimensions of
identity (see Figure 4). While each of the four participants’ trajectory to
become a science teacher is unique and shaped by past and new expe-
riences (as represented by their self-rated scores at the beginning and
end of the course, see Figures 2 and 3), the study provides evidence that
multiple identities (discourse, affinity, institutional, and nature identity)
play a role in the development of their science teacher identity. The sci-
ence methods courses and field experiences offer a variety of powerful
sources (mastery, vicarious, verbal persuasion, and physiological and af-
fective states) through which self-efficacy develops and contributes to-
ward multiple identities. Together, the two theoretical frameworks of
self-efficacy and identity provide a more in-depth understanding of the
role of each source of self-efficacy in shaping various aspects of Gee’s
identities and how these combine to shape science teacher identity.



D. MENON IN J. SCIENCE TEACHER EDUCATION 32:4 (2020) 25

® Discourse with classroom
students
® Success with engaging students

mentor teacher and instructor

e Receiving constructive
feedback

e Overcome stress and anxiety
regarding science teaching

e Problem solving
e Handling classroom
complexities

Physiological and
Affective states

Nature Identity

Mastery ¢ Hands-on i.nvest.igations Discourse Identity
Experiences e Collaboration with peers !
before, during and after
teaching
e Interaction with mentors,
course instructor
® Being at the school site
® Witnessing everyday school
Vicarious activities : Institutional
= e Watching effective model
Experiences - Identity
e Realizing school norms and
regulations
® Belonging to ‘affinity group’ —
shared goal
o Sharing stories of success and
Verbal Persuasion challenges with peers Affinity Identity
o Building relationship with

® Positioning as classroom
teacher—away from self-doubt

Figure 4. Sources of self-efficacy as contributors toward dimensions of identity.

Results suggest that while mastery experiences emerged as a strong
contributor for all four case participants, other sources contributed sig-
nificantly in shaping participants’ teacher identity. What makes mas-
tery experiences powerful is that it offers opportunities for social dis-
course within the classroom setting as well as interactions with fellow
colleagues, mentor teachers and course instructor. This discourse helped
participants build relationships with members of the broader com-
munity of science teacher-learners. This was particularly true for two
participant cases, Blake and Cara, who initially held low confidence in
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science teaching. Even though one participant, Cara, did not have the
stronger support from her mentor teacher, the professional discourse
with colleagues and course instructor contributed positively toward the
development of affinity identity in her role as a teacher of science. Other
studies have also noted the importance of multiple lines of communica-
tion and interaction for shaping preservice teachers’ identity (Menon &
Sadler, 2018; Rice & Roychoudhury, 2003).

For this study, the development of teacher identity also involved ways
in which individual case participants’ negotiated their identities within
a broader school context. Holding the science education course at the
school site, rather than being at the school only for their teaching time
only, seemed to make a significant difference to participants’ teacher-
self because it allowed participants to position themselves in their fu-
ture role of being a teacher, which contributed to their institutional and
nature identity. Being at the school site and witnessing the everyday for-
mal activities are sources of vicarious experiences that helped partici-
pants to maintain their teacher identity even while experiencing chal-
lenges in teaching science. It is not uncommon for preservice teachers
to feel anxious for science teaching, even when they hold a strong back-
ground in science, such as in the case of Lucy and Blake. Mastery and vi-
carious experiences such as witnessing their students excited about their
lessons help overcome some of the persistent challenges (physiological
and affective states) associated with science teaching, which may pro-
vide smooth transitioning to their internship and first year of teaching.

Conclusions and implications

Personal background, K-12 experiences, and well as college teacher
preparation coursework influence how preservice teachers position
themselves as a teacher of science (Kier & Lee, 2017). Given that the de-
velopment of identity is fluid and dynamic, preservice teacher identities
are likely to change with new experiences gained during their teacher
preparation coursework (Hancock & Gallard, 2004). The study has im-
plications for preservice teacher preparation and future research. First,
science educators involved in preparing preservice teachers should place
greater emphasis on providing multiple field experiences. Prior studies
posit that science teacher identity and classroom practice are related
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(Avraamidou, 2019); however, more studies are needed to understand
the “enactment of science teacher identity” (p. 24). Second, recognizing
that the process of the development of teacher identity and self-efficacy
are connected, more studies are needed to explore the interaction be-
tween the two frameworks.

There are a few limitations to the study. The findings from the case
study analysis are limited to a small sample size of four case partici-
pants. While the case participants represent a broader range of pre-
service teachers in regards to science content, and levels of confidence,
these findings may not be generalizable yet to inform about the pro-
cesses through which science teacher identities of preservice teachers’
at other levels (middle or secondary) are developed.
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Table A1. Science methods course assignments and activities.

Course components

Specific activities/
Assignments

A detailed description of the activities/
assignments

31

Potential sources of science identity/Self
efficacy

Inquiry and practice-
based science

Pedagogical
approaches

Collaborative lesson
planning

Field-based teaching
in a formal class-
room setting

Reflective Practices

Hands-on scientific
investigations

Connections to the

real-world’

Scientific practices

Reform-based teach-
ing models

Working in teams

Feedback and
re-design of les-
sons

First-hand teaching
experience

Debrief sessions

Reflection on field-
based teaching

Preservice teachers participate in small
groups (3-4 per group) as learners to
conduct simple hands-on investigations
aligned with the disciplinary core ideas

Preservice teachers participate in explicit dis-
cussions on science and its connections
to the natural world. These discussions
serve as a model for their science teach-
ing practice with young learners

Scientific practices (outlined in the NGSS) are
embedded within each science lesson
such as asking questions, using models,
analyzing and interpreting data) for pre-
service teachers to experience practice-
based lessons first-hand.

Preservice teachers are exposed to reform-
based student-centered approaches to
science teaching. Instructors’ model 5E
learning cycle, and questioning strategies
within a science lesson.

Preservice teachers work in collaborative
teams (3-4 per group) to plan and design
a practice-based science lesson for ele-
mentary classrooms.

Instructor’s feedback on their lesson drafts
promotes critical discussions among pre-
service teachers to brainstorm ideas
to analyze, critique, and modify their
lessons.

Preservice teachers co-teach their science
lessons in a local elementary school
classroom that allow them to integrate
theory into practice and establish a foun-
dation to exhibit praxis.

Preservice teachers engage in conversations
with their mentor teachers, course in-
structor, and peers to share their expe-
riences and critical events they expe-
rienced during their teaching to allow
more in-depth conversations about sci-
ence concepts, pedagogy, and their
unique selves as science teachers.

Preservice teachers are encouraged to re-
flect on their teaching while implement-
ing their science lessons (reflection-in-
action), they have the opportunity to
reflect on their science teaching expe-
riences and are asked to write reflec-
tions on their own teaching practices
(reflections-on-action).

Increase in conceptual understanding of sci-
ence to help enhance confidence in sci-
ence teaching, opportunities to construct
knowledge via social discourse.

Learning via social interactions and exchange
of ideas enhances confidence in the sci-
ence content specific to elementary sci-
ence teaching.

Increase in pedagogical knowledge to en-
hance confidence in science teaching, op-
portunities for learning via social dis-
course

Increase in pedagogical content knowledge,
as a result of negotiating specific con-
tent/topic in the context of their ped-
agogical knowledge of inquiry and 5E
learning cycle, which further increases
confidence in science teaching, build-
ing their reform-based teaching philos-
ophy, leading to negotiate their profes-
sional identity.

Working collaboratively (social interactions)
provides opportunities to brainstorm
ideas, enhance critical thinking, nego-
tiating roles, building relationships, in-
creased in the sense of belonging within
the ‘community of teacher-learners.

Critical thinking via social interactions, nego-
tiating roles, building relationships, in-
crease in the sense of belonging within
‘community of teacher-learners’, in-
creased confidence in lesson planning.

Increase in confidence in science teaching
through first-hand teaching experience.
Social interactions with classroom teach-
ers contribute toward their personal
teacher self and negotiating their profes-
sional identity.

Social interactions were leading to critical
thinking and analysis of teaching to con-
struct the meaning of effective science
teaching, which in turn contribute to-
ward their teacher self and professional
science teacher identity.

Enhance reflective thinking skills to analyze
critical moments during the planning and
implementing of a science lesson, which
in turn help understand the personal self
as a science teacher (a critical aspect of
professional science teacher identity).




