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Early-career science teachers work to negotiate 
between the reform-based theories presented in their 
preservice licensure program and the realities of 
the classroom. When they do so, their beliefs about 
science teaching and their classroom practices don’t 
necessarily evolve in tandem.
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ABSTRACT

Prior research has reported that, in the absence of high-quality, science-

specific induction support, science teachers’ beliefs and classroom 

practices are consolidated into teacher-centered, didactic practices 

as they are socialized into the classroom (Luft et al., 2003; Simmons 

et al., 1999). This study presents findings from A Study on Promoting 

Reflective and Equitable Practice Through Science Induction (PREPScI), 

an NSF Noyce Track 4 project focused on developing a strong empirical 

understanding of effective induction support for early-career secondary 

science teachers working in high-need schools. A primary goal of this 

project is to explore how participating teachers’ reform-based beliefs 

and practices change through their first year in an induction program.

An explanatory sequential mixed-methods design (Creswell, 2014) was 

used to assess how 16 beginning science teachers who participated in 

our online induction program understood and enacted reform-based 

strategies within their K–12 classrooms. Quantitative analysis of changes 

in teacher responses to the Beliefs About Reformed Science Teaching and 

Learning instrument (BARSTL; Sampson, Enderle, & Grooms, 2013) over 

the span of one academic year revealed statistically significant changes 

in beliefs related to Lesson Design and Implementation and The Nature of 

the Science Curriculum. Similar analysis of observational data from the 

Reformed Teaching Observation Protocol (RTOP; Sawada et al., 2002) over 

the same span of time revealed no statistically significant changes over the 

academic year but suggested some evidence for an increase in reformed 

practices related to Student/Teacher Relationships. Qualitative analysis 

of Teacher Beliefs Interviews (TBIs; Luft & Roehrig, 2007) conducted 

with these teachers served to contextualize and explain findings from 

the BARSTL and RTOP. The three themes resulting from this analysis are 

making learning meaningful, agency in planning, and listening to student 

conversations. These findings illustrate how our early-career science 

teachers negotiated between the reform-based theories presented in their 

preservice licensure program and the realities of the classroom.
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Background and Purpose

T
he National Research Council (2010) noted that 

“there is very little systematic research about current 

practice in the preparation of . . . science teachers” 

(p. 177). However, an area of increasing research, particularly 

within science education, explores the role of teacher 

induction programs, which have been shown to alleviate 

job dissatisfaction by mentoring and supporting beginning 

teachers (Keese et al., 2022; Kutsyuruba et al., 2019; Smith 

& Ingersoll, 2004). 

Indeed, the number of induction programs has greatly increased, with 

over 90% of beginning teachers reporting some form of support as of 

5 years ago (Ingersoll, 2012; Ronfeldt & McQueen, 2017) and more than 

half of all states in the United States requiring some type of induction 

for beginning teachers (Putman & Walsh, 2021). Ronfeldt & McQueen 

(2017) observed that teachers who participated in induction were less 

likely to migrate between schools or leave teaching in the first 5 years, 

and this effect became more pronounced as the number of induction 

supports increased.

A singular focus on retention, however, misses the critical opportunity to 

provide a bridge from teacher preparation to practice (Feiman-Nemser, 

2001). Within K–12 science education, teacher effectiveness is aligned 

with the implementation of reform-based teaching practices advocated 

for within science policy documents (e.g., NGSS Lead States, 2013; 

NRC, 2012) as these practices are associated with improved student 

achievement and interest in science (e.g., Kang & Keinonen, 2018). In 

the absence of high-quality, science-specific induction support, science 
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teachers’ beliefs and classroom practices are often consolidated into 

teacher-centered, didactic practices as they are socialized into the 

classroom (Luft et al., 2003; Simmons et al., 1999). Therefore, the 

induction experience is a critical juncture for the development of teachers, 

as it “is a time when science teachers’ practices and cognitive modes 

are conceptualized, constructed, and crystallized” (Luft, 2007, p. 533), 

and “[s]upport for newly qualified teachers will ultimately impact their 

retention and their instructional effectiveness” (Luft et al., 2003, p. 95).

This chapter reports on a study that was conducted to examine the 

reform-based beliefs and practices of secondary science teachers 

working in high-need schools. These teachers participated in A Study on 

Promoting Reflective and Equitable Practice Through Science Induction 

(PREPScI), an NSF Noyce Track 4 project focused on developing a strong 

empirical understanding of effective induction support for beginning 

science teachers. Participants interacted with one another and with 

their instructor through online graduate courses at a large Midwestern 

university as described by Roehrig et al. (2015). A primary goal of the 

project was to investigate induction strategies that positively shape 

the professional growth of beginning secondary science teachers. Of 

particular importance is the desire to prevent teachers from reverting 

to teacher-centered practices and to instead develop their capacities for 

reform-based science instruction.

This study aims to answer the following research questions:

RQ1: How do new science teachers’ beliefs about reformed 

teaching change through their first year in a science teacher 

induction program?

RQ2: How do new science teachers’ reform-based practices 

change through their first year in a science teacher induction 

program?

RQ3: What relationship, if any, exists between new science teachers’ 

beliefs and practices regarding reformed instruction?
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Literature Review

Reform movements in science education call for a shift away from 

traditional, didactic approaches toward constructivist approaches that 

focus on student comprehension (e.g., NGSS Lead States, 2013, NRC, 

2012). In K–12 science classrooms, a primary goal of these reforms is 

that students “actively engage in scientific and engineering practices 

and apply crosscutting concepts to deepen their understanding of the 

core ideas in these fields” (NRC, 2012, p. 8). This kind of learning has 

been referred to as inquiry or inquiry-based learning by many science 

education researchers and policy makers (NRC, 2000; Windschitl, 

2003) and more recently as three-dimensional learning within the Next 

Generation Science Standards (NGSS Lead States, 2013). In order to 

prepare science teachers for these reform-based science practices, 

induction programs should move beyond general topics (such as 

lesson planning and classroom management) and include science-

specific support (such as creating inquiry-based lessons and laboratory 

investigations; Heredia & Yu, 2015; Luft et al., 2011; Shwartz & Dori, 2016). 

A major initiative of science teacher induction programs, therefore, has 

been to develop their candidates’ capacities for reformed instruction. 

Luft et al. (2003) observed that beginning teachers who participated in 

comprehensive, science-specific induction programs “experienced fewer 

constraints, and were more likely to implement inquiry-based instruction 

in their classrooms than did secondary science teachers receiving 

general induction support or no formal induction support” (p. 78). In 

a later study, Luft et al. (2011) explored the beliefs and instructional 

practices of beginning secondary science teachers during their first 2 

years of teaching and found that science teachers who participated in 

science-specific induction supports (including web-based mentoring) 

engaged their students in more interactive, student-centered activities 

compared to beginning teachers in programs that were not science-

specific. Research has also shown that participation in a comprehensive 
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induction program has a positive effect on classroom practices (Ingersoll 

& Strong, 2011). Induction programs provide new teachers with a unique 

opportunity to receive support from their university instructors during 

their first formative years (Hamilton et al., 2022; Zugelder, 2019); 

these instructors are able “to actually ‘be there’ when new graduates 

encounter institutional and sociocultural challenges at their schools” 

(Rodriguez, 2015).

One very important factor when exploring the enactment of reform-based 

practices, particularly within the context of an induction program, is an 

understanding of teacher beliefs related to their teaching practice. The 

beliefs that teachers hold influence their perceptions and judgments, and 

these in turn impact what takes place in the classroom (Pajares, 1992; 

Richardson, 1996). We have known for some time that even novice teachers 

are capable of reformed beliefs (Simmons et al., 1999; Windschitl, 2003); 

however, beginning teachers are particularly vulnerable to belief change 

through socialization into the profession by their more experienced peers 

(Tschannen-Moran & Hoy, 2007). It is therefore important to explore the 

beliefs of teachers who are participating in an induction program; such 

teachers are at a critical juncture on their path to becoming master 

teachers and require unique and specialized support (Luft et al., 2003).

In a seminal study, Simmons et al. (1999) investigated the relationship 

between secondary science and mathematics teachers’ beliefs and 

their classroom practices over the span of 3 years. This study found 

that beginning teachers held a range of beliefs, from teacher-centered 

to student-centered, with teachers describing their practice as being 

far more student-centered than their observed practices were in reality; 

however, in the absence of any induction support, by the third year of 

teaching, the majority of teachers’ beliefs and practices converged in a 

teacher-centered direction (Simmons et al., 1999). Induction programs 

hope to intervene and support beginning teachers in maintaining their 

student-centered beliefs developed through their preservice programs 

(Rimm-Kaufman et al., 2006) as they encounter the reality shock of 
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their first year of teaching when beliefs are shown to revert to more 

teacher-centered orientations (Hong, 2010; Voss & Kunter, 2020). 

Wang et al. (2008) suggest that the initial beliefs of beginning teachers 

may mediate the influence of any reform-minded induction or other 

professional development programs. However, research suggests that 

induction support can promote student-centered beliefs (e.g., Luft et al., 

2011; Kleickmann et al., 2016; Voss & Kunter, 2020). For example, Luft 

et al. (2011) observed that the beliefs of beginning teachers who were 

supported through a science-specific induction program became more 

reform-oriented and student-centered; however, over the second year, 

their beliefs became more teacher-centered. It is important to note 

that changes in a beginning teacher’s beliefs may not necessarily lead 

to changes in their classroom practices (Navy et al., 2021). Jones and 

Leagon (2014) observed that, although recent studies have begun to 

explore the relationship between science teachers’ epistemic beliefs 

and their capacities for planning and teaching with inquiry, there is still 

a need to understand how science teacher beliefs change over time and 

how those beliefs relate to planning and teaching more generally.

Context plays an important mediating role in understanding changes in 

beliefs and practices for beginning teachers (Voss & Kunter, 2020) as 

well as understanding teacher retention. High-need schools present a 

particularly complex contest for beginning teachers, as these schools 

(particularly in urban areas) experience significantly more issues with 

teacher retention than suburban schools (Morettini, 2016). External 

factors have been shown to have a large impact on urban teacher retention 

(Jacob, 2007); however, positive administrative and collegial support 

can positively impact urban teacher retention (Geiger & Pivovarova, 

2018; Mansfield, Beltman, & Price, 2014; Newberry & Allsop, 2017). 

Most beginning teachers will experience a period of disillusionment and 

associated reversion to more traditional beliefs (Moir, 1990). While beliefs 

may rebound with positive collegial support, beginning teachers in urban 

schools without positive support will fall “prey to the stereotypes and 

deficit thinking that is part of the air they breathe in urban public schools” 
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(Picower, 2007, p. 16), and their beliefs will become traditional and 

teacher-centered (French, 2020). Mentoring and systematic induction 

support are critical in helping to support the incoming reform-based and 

social justice-oriented beliefs of beginning teachers in urban schools 

(Marco-Bujosa et al., 2020).

We contend that beginning science teachers who participate in a science-

specific induction program will experience a positive impact on their 

professional growth and ability to engage in reform-based science 

instruction. Since the literature above suggests an important relationship 

between teacher beliefs and practices (particularly among beginning 

science teachers), this study investigated that relationship for beginning 

science teachers who participated in our induction program.

Research Design and Methods

This study features an explanatory sequential mixed-methods design 

(Creswell, 2014) that incorporates both quantitative and qualitative 

measures. In our design, results from the qualitative data related to RQ3 

will be used to explain results from the quantitative data that support 

RQ1 and RQ2. This process will be described in more detail below.

Context
Our induction program is housed at a large Midwestern university, and it 

is the predominant pathway for educators who wish to complete the MEd 

program. This study is contextualized within the PREPScI project, which 

focused on improving the induction experiences of beginning secondary 

science teachers working in high-need schools. Students enter the MEd 

program as a cohort and complete a yearlong licensure program that 

includes a three-course science methods sequence, coursework on the 

nature of science and extensive school-based practica, in addition to 
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foundations coursework. Following completion of this licensure program, 

teachers are required to take an additional nine credits in order to receive 

their MEd. These nine credits currently include an online induction 

course, a face-to-face course on equity and social justice, and an online 

action research course. The online induction course is in its 12th year of 

operation and has served over 200 teachers during this period.

Induction Activities
Within the online induction course, teachers engage in several tasks that 

serve as a bridge between the induction community and the teachers’ 

classroom. These tasks are summarized below and described in greater 

detail in Roehrig et al. (2015). Through our design-based research 

approach, we have continually modified these induction activities to best 

support teachers’ professional growth and develop reflective, reform-

based practices (McFadden et al., 2014; Ellis et al., 2017).

Reflective Journals. The Reflective Journals are used as a place for 

teachers to process their experiences as they negotiate their interactions 

with their students, both within and beyond the classroom. “The journal 

provides a window into the emotional well-being of each beginning 

teacher and the ability to provide ‘just in time’ mentoring and advice” 

(Roehrig et al., 2015). Since the Reflective Journal is shared only with the 

induction facilitator, we find many teachers are more willing to discuss 

challenging or sensitive subjects through this medium (as opposed to 

through other tasks that include their peers).

Topical Response Forums. The Topical Responses take the form of 

threaded forum discussions around a prompt that the induction facilitator 

provides. These prompts may be selected based on commonly known 

challenges that beginning teachers face, or they may be generated 

in response to issues that the participating teachers share within the 

program. “The role of the facilitator in this setting is initially to determine 

an open-ended topic for discussion that both addresses beginning 

teachers’ concerns and pushes their thinking” (Roehrig et al., 2015).
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Venture-Vexation Discussions. The Venture-Vexation activity is adapted 

from the work of Johnston and Settlage (2008), who proposed a 

structured discussion protocol that allows participants to share either 

a venture (an opportunity to explore new approaches to curriculum 

and/or teaching strategies) or a vexation (an opportunity to reflect on a 

challenging situation and elicit feedback from peers). Although the highly 

structured sequence of this approach (where individuals have designated 

times when they are allowed to speak) may seem somewhat contrived in 

a face-to-face discussion, our instructors find that it lends itself well to 

an asynchronous discussion in an online induction environment.

Professional Development Inquiries (PDIs). The PDI is based on 

Danielson’s (2007) Framework for Teaching and provides teachers with 

opportunities to self-evaluate, identify areas for instructional growth, 

implement strategies aligned with their goals for growth, and reflect 

on their actions using classroom video of their implementation. In our 

induction program, each PDI cycle lasts for approximately 8 weeks, 

which is intended to allow teachers to take meaningful steps toward 

improving their teaching practice in one of five instructional domains: 

communicating clearly and accurately, using questioning and discussion 

techniques, engaging students in learning, providing feedback to students, 

and demonstrating flexibility and responsiveness.

Participants
This study considers three cohorts of science teachers who participated 

in their first year of classroom teaching. Cohorts ranged in size from 11 to 

20 teachers each, and 23 out of the 47 course participants volunteered 

to participate in the study. The participants in this study included 16 of 

these 23 teachers across three cohorts and were selected based on the 

completeness of the data. As described earlier, each cohort completed a 

yearlong initial licensure program, and this group of teachers practiced in 

both middle school (6th–8th grades) and high school (9th–12th-grades) 

science classrooms. The middle school science teachers taught primarily 

life science and earth science, while the high school teachers taught 
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primarily physical science, biology, chemistry, and physics, with some 

engineering and AP courses also represented. These teachers taught in 

Midwestern school districts ranging from large, high-need metropolitan 

environments to sparsely populated rural areas during their enrollment 

in the induction program.

Data Sources
This study draws upon three data sources, with each one addressing a 

specific research question related to teachers’ beliefs, practices, or the 

relationship between beliefs and practices. Data was collected from each 

of these data sources at regular intervals throughout the academic year 

roughly corresponding to the beginning (Oct/Nov/Dec), middle (Jan/

Feb/Mar), and end (Apr/May) of the academic year. These data sources 

are described in detail below.

Beliefs About Reformed Science Teaching 
and Learning Questionnaire

Each of these teachers completed the BARSTL questionnaire, an 

instrument that is used to assess teachers’ beliefs about science 

teaching and learning (Sampson et al., 2013). The developers of the 

instrument demonstrated the construct validity of the 32 Likert-type 

BARSTL items and the content validity of the four instrument subscales 

(How People Learn About Science, Lesson Design and Implementation, 

Characteristics of Teachers and the Learning Environment, and The 

Nature of the Science Curriculum) via a panel of experts. The internal 

consistency and reliability of the instrument was demonstrated by split-

half coefficient and coefficient alpha values of 0.77 and 0.80, respectively 

(Sampson, Enderle, & Grooms, 2013). This instrument was used to assess 

teachers’ beliefs about reformed instruction in support of RQ1.
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Reformed Teaching Observation Protocol

After the teachers completed the BARSTL questionnaire, they were 

observed in their classrooms. The Reformed Teaching Observation 

Protocol (RTOP; Sawada et al. 2002) was used to collect direct evidence 

of reform-based practices in the teachers’ classrooms. The 25 Likert-

type items on the RTOP are organized into five subscales: (a) Lesson Plan 

and Implementation, (b) Content: Procedural Knowledge, (c) Content: 

Propositional Knowledge, (d) Classroom Culture, and (e) Student/Teacher 

Relationships. The reliability of the instrument was demonstrated by 

computing Cronbach’s alpha for the instrument as a whole (α = 0.97) and 

for each of the five subscales (0.80 ≤ α ≤ 0.93; Sawada et al. 2002). This 

instrument was used to assess the degree of reform-based instruction 

that was observed by the authors in support of RQ2.

Teacher Beliefs Interview
In addition to the self-reported and observational data described above, 

the first author conducted semistructured interviews using the Teacher 

Beliefs Interview (TBI) protocol (Luft & Roehrig, 2007), an instrument 

designed to elicit teacher beliefs about traditional and reform-based 

teaching. The instrument is composed of seven questions that elicit 

responses regarding teachers’ beliefs and practices related to reformed 

teaching. The developers established the reliability and validity of the 

instrument via an internal consistencies survey (with a Cronbach alpha 

coefficient of 0.70) and the comparison of multiple interview reviews and 

interview data, respectively (Luft & Roehrig, 2007). This instrument was 

used to explore the relationship between teachers’ beliefs and practices 

regarding reformed instruction in support of RQ3.
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Data Analysis

Research Question 1

Each teacher’s responses to the 4-point Likert-type items on the 

BARSTL questionnaire were summed for each of the four subscales 

and for the questionnaire in total. This was done for teacher responses 

corresponding to the first observation (Oct/Nov/Dec), second observation 

(Jan/Feb/Mar), and third observation (Apr/May). The mean differences 

of both the BARSTL questionnaire subscales and the total BARSTL score 

across the three administrations of the survey were analyzed using the 

Friedman rank-sum test (Friedman, 1937), a nonparametric test used to 

detect distributional differences in a single treatment group over time.

Research Question 2
Similarly, the authors’ ratings for the 5-point Likert-type items on the 

RTOP were summed for each of the five subscales and for the instrument 

in total. This was done for data from the first observation (Oct/Nov/Dec), 

second observation (Jan/Feb/Mar), and third observation (Apr/May) of 

each teacher. The mean differences of both the RTOP questionnaire 

subscales and the total RTOP score across the three observations were 

also analyzed using the Friedman rank-sum test.

Research Question 3
Transcripts from the TBIs were openly coded by the first and third 

authors, both of whom are former K–12 science teachers. Simultaneously, 

the same transcripts were independently read by the second author 

(a former K–12 teacher who did not teach science), who generated 

research memos and conducted a preliminary thematic analysis (Miles 

& Huberman, 1994). Once the transcripts had been coded and memoed, 

the first and second authors met to compare the codes and memos. 

Areas of commonality between the codes and the memos were identified 

as emergent themes, and the codebook was updated to indicate which 

codes were most germane to these themes. Lastly, the first and second 
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authors reviewed all transcript text corresponding to this subset of codes 

in an effort to refine the emergent themes into those presented later in 

this manuscript.

It is important to note that the thematic analysis for RQ 3 is informed by 

the results of the BARSTL and RTOP analysis, which correspond to RQ 

1 and 2, respectively. This is consistent with our explanatory sequential 

mixed-methods design (Creswell, 2014), where the qualitative data 

serve to illuminate and contextualize the relationship between teachers’ 

beliefs and practices regarding reformed teaching as indicated by the 

quantitative data from the BARSTL and RTOP.

Findings

The findings of this study will be presented separately by research 

question. These findings will be synthesized in the following sections.

RQ1: Beliefs About Reformed Teaching
Friedman rank-sum analysis of the 16 teachers’ BARSTL questionnaire 

responses from the beginning, middle, and end of the academic year 

revealed statistically significant differences in a number of BARSTL 

subscales during these teachers’ first year in our induction program. 

TABLE 1 illustrates the results of our Friedman rank-sum analysis.

In particular, statistically significant differences were observed for 

the Lesson Design and Implementation and The Nature of the Science 

Curriculum subscales. A post hoc Nemenyi multiple comparison test 

revealed that the greatest differences occurred between the middle 

(Jan/Feb/Mar) and final (Apr/May) questionnaires for both subscales 

(p = .10 and p = .07, respectively), and these differences were found 

to be statistically significant at the α = .10 level. It is worth noting that 

questionnaire responses related to Lesson Design and Implementation 
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first decreased from Oct/Nov/Dec to Jan/Feb/Mar and then increased 

between Jan/Feb/Mar and Apr/May, while responses related to 

The Nature of the Science Curriculum exhibited the reverse trend, 

increasing from Oct/Nov/Dec to Jan/Feb/Mar and then decreasing 

between Jan/Feb/Mar and Apr/May.

TABLE 1 

Friedman Rank-Sum Analysis of BARSTL Data

BARSTL Score
MOct/Nov/Dec

(SD)
MJan/Feb/Mar

(SD)
MApr/May

(SD) χ2 df p

How People Learn 
About Science

21.88
(1.31)

21.88
(2.19)

22.19
(1.76)

0.44 2 0.80

Lesson Design and 
Implementation

21.19
(1.42)

20.75
(1.13)

21.62
(1.63)

6.95 2 0.03**

Characteristics 
of Teachers and 
the Learning 
Environment

21.06
(1.84)

21.19
(1.97)

21.44
(1.21)

0.13 2 0.94

The Nature of 
the Science 
Curriculum

21.75
(1.24)

22.06
(2.14)

21.19
(1.38)

7.57 2 0.02**

Total 85.88
(3.88) 

85.88
(5.14) 

86.44
(4.19) 

0.14 2 0.93

* p < .10,  ** p < .05,  *** p < .01

RQ2: Reformed Teaching Practices

Friedman rank-sum analysis of the 16 teachers’ total RTOP scores from the 

beginning, middle, and end of the year revealed no statistically significant 

differences during these teachers’ first year in our induction program. 

TABLE 2 illustrates the results of the Friedman rank-sum analysis.
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TABLE 2

Friedman Rank-Sum Analysis of RTOP Data

RTOP Score
MOct/Nov/Dec

(SD)
MJan/Feb/Mar

(SD)
MApr/May

(SD) χ2 df p

Lesson Plan and 
Implementation

9.44
(3.85)

8.44
(4.66)

10.50
(4.53)

1.54 2 0.46

Content: 
Procedural 
Knowledge

11.75
(2.82)

11.06
(3.51)

11.44
(3.27)

1.20 2 0.59

Content: 
Propositional 
Knowledge

8.06
(3.99)

7.88
(5.02)

7.88
(4.60)

0.03 2 0.98

Classroom Culture 9.12
(3.70)

9.06
(4.64)

10.62
(3.83)

0.97 2 0.62

Student/Teacher 
Relationships

10.88
(3.48)

12.12
(4.26)

13.31
(3.05)

4.27 2 0.12

Total 49.25
(15.02) 

48.56
(20.53) 

 53.75
(16.49)

1.39 2 0.50

* p < .10,  ** p < .05,  *** p < .01

Although this analysis revealed no statistically significant differences 

in mean scores for any of the five RTOP subscales, it is notable that 

mean scores on the Student/Teacher Relationships subscale steadily 

increased with each observation over the academic year. This subscale 

includes statements that describe student/teacher relationships as 

“more egalitarian with teachers supporting initiatives that are coming 

from the students” (Sawada et al., 2002, p. 246). No other subscale 

exhibited this positive linear trend, with most subscales exhibiting a “U” 

shape instead, decreasing from Oct/Nov/Dec to Jan/Feb/Mar and then 

increasing again between Jan/Feb/Mar and Apr/May.

RQ3: The Relationship Between Beliefs and 
Practices Regarding Reformed Teaching
Our thematic analysis of the TBI transcripts was informed by the broad 

categories of Lesson Design and Implementation, The Nature of the 
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Science Curriculum and Student/Teacher Relationships, as our analysis 

of the BARSTL and RTOP data indicated that our teachers exhibited the 

greatest changes in their beliefs and practices in these areas. The themes 

presented below serve to illustrate (and possibly explain) the trends in 

teacher beliefs and practice that we observed in our quantitative data. 

All names listed below are pseudonyms.

Making Learning Meaningful
Across a number of TBI interview questions, our teachers shared their 

views on what makes learning meaningful in a science classroom 

and what steps the teacher can take in order to create conditions for 

meaningful learning. Codes related to this theme include hands-on/

kinesthetic, student engagement, and learning is relevant to students. 

Across these interviews, we observed a distinct evolution in how our 

teachers described what meaningful learning is and what role students 

play in planning for such learning.

In her first interview, Farah expressed a belief in “varying up the structure 

of your classroom so [you] reach different styles of learners” through 

hands-on and interactive activities. This approach to learning was 

supported in the teachers’ preservice licensure program, and Farah 

remained consistent in her desire for “hands-on stuff” and “creating 

different ways for student learning” throughout the year. For example, 

in her second interview, she expressed anxiety over keeping students 

“engaged.” Although she explained that she gave “very traditional 

assessments right now,” such as “Friday quizzes,” she also expressed 

that she is “really into student centered learning.” Although she enacted 

traditional practices in her classroom, this suggests a move toward 

more reformed beliefs. She reflected these reformed beliefs in her third 

interview when she stated that students “need to be doing something 

and thinking about the information themselves” and “relating it back 

to something in the real world.” Like many of her peers, Farah spoke at 

length about the importance of understanding student interests and 

using those interests in planning for learning.
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In his first interview, Henry expressed a view of students as “kinesthetic 

learners” that was shared by a number of teachers. Although a “learning 

styles” approach to teaching was not advanced in these teachers’ 

preservice licensure program, teachers like Henry invoked these ideas 

in their first interviews when describing how to make learning meaningful 

for their students. In his second interview, Henry discussed a focus on 

learning activities that students would find engaging or interesting: He 

wanted to keep students “engaged” and “hanging on to every word.” 

By the second interview, Henry and others began to articulate what 

“hands-on” learning could look like beyond “not lecturing.” However, 

while we viewed the teachers’ focus on student engagement as generally 

positive, we could not determine how student engagement and student 

learning were connected, as students could be engaged in an activity 

while learning little about science. By the final interview, Henry discussed 

the importance of considering real-world applications when planning for 

learning. Henry explained his desire to teach concepts that his students 

“can use for the rest of their lives” (Interview 3). 

While teachers like Farah and Henry slowly developed their perspectives 

on how to make learning meaningful for their students, Kevin developed 

his perspectives more quickly than his peers. In his first interview, he 

stated he wanted “students to experience everything that they’re learning” 

while also reiterating the desire for “a really hands-on classroom”—a view 

that was similar to those of his peers (like Farah and Henry). However, in 

his second interview, Kevin began attending to students as individuals, 

stating that he wanted to “understand who they are and get an idea of 

things that they might enjoy.” He expressed a desire to focus on things 

“that have a real-life impact” for students, demonstrating a shift toward 

leveraging content that is relevant to students’ lives when planning for 

learning. Many of his peers expressed similar perspectives by the end 

of the year, but Kevin was unique in arriving at this view as early as the 

second interview. Kevin continued to express these sentiments in his final 

interview and further solidified his reformed beliefs that, when planning 

for learning, “it varies almost student to student.” Overall, these final 
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interviews demonstrated a shift toward focusing on information that is 

relevant to students’ lives when planning for learning.

Exercising Agency in Planning
We learned through the TBIs that many of our teachers did not exercise 

a high degree of agency in designing the curriculum that they were 

teaching in their classrooms. Some of the codes related to this theme 

were consulting/imitating, freedom with restrictions, and prioritizing 

what is important. These codes primarily surfaced in teacher responses 

to the question, “In the school setting, how do you decide what to teach 

and what not to teach?” From her very first interview, Whitney described 

an environment in which her classroom learning experiences were 

predetermined by district mandates and standardized testing. “They 

have a set curriculum,” she explained, suggesting little opportunity to 

exercise agency in planning her curriculum. As the year progressed, she 

began to identify areas where she could demonstrate some agency within 

this rigid environment. For example, although her senior colleague “has 

it all mapped out” when it comes to the curriculum unit and lessons, she 

felt that she was able to “change it up a little bit” when she implemented 

these lessons in her classroom. By her third interview, Whitney grew even 

more confident in her ability to exercise agency in her classroom planning. 

Although her materials were still “dictated by the district” or provided to 

her by a senior colleague, she affirmed that “how I cover them is up to me” 

and that she would “change an assignment there that better fits for me.”

Like Whitney, Wanda explained throughout her interviews that she used 

material “from the other physics teacher” when planning for learning, 

repeating a version of this phrase in each interview. For our novice 

teachers, the decision to adopt another teacher’s approach (in whole or 

in part) may be due to convenience, district requirements, and/or their 

insecurity with crafting lessons. Yet, despite leaning on colleagues for 

course material and planning, Wanda demonstrated a strong arc over the 

course of the year toward exercising greater agency over her planning. 

By the second interview, she noted that if “I really want to talk about 
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this certain aspect, I will just add it in to my own class,” whether or not 

the other physics teacher chose to do the same. In her final interview, 

she affirmed confidence in her ability to exercise agency in planning, 

stating, “I do decide what I want to focus on a little bit more” than she 

had earlier in the year.

Like his peers, Kevin consistently described an environment in which 

he was “tied” and “limited” by district testing requirements. In his first 

interview, he shared that this rigidity made him feel that he was “not 

prepared to come up with all of my own stuff.” Yet, by his second interview, 

Kevin expressed increased confidence in his ability to exercise agency 

within this framework, explaining, “I’m tied in terms of covering all the 

topics for that test, but when it comes down to what I do to talk about 

those individual topics, I have a lot of freedom to choose what I want 

to talk about.” He reiterated this “freedom in terms of deciding what 

I want to talk about” in his third interview, demonstrating a sense of 

autonomy in aspects of his lessons that other teachers exhibited by the 

end of the year as well. In summary, these teachers eventually discovered 

ways to exercise greater agency when planning for learning, even in 

districts with rigid content or testing requirements. This realization 

opens up the possibility for them to bring their future teaching practices 

into greater alignment with their reformed beliefs about teaching—

something that many of them did not deem possible at the beginning of 

the academic year. 
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Listening to Student Conversations

When our teachers responded to the TBI question “How do you know when 

learning is occurring in your classroom?” many of them placed a strong 

emphasis on the importance of conversations with and among students 

in evaluating student understanding. Some of the codes related to this 

theme were listening to students, understanding students’ knowledge, 

and formative assessment.

In his first interview, Henry espoused somewhat traditional views on how 

to gauge student learning, stating, “I judge on where I feel they are at or 

what they have learned based on how well they answer my questions.” 

Although we interpreted this strategy as being more traditional than 

reformed, Henry did provide evidence to suggest his interest in engaging 

students in conversations about their learning: “At some point, I know 

that most of them [get] it just through discussion. I can openly ask 

them.” In his second interview, Henry revealed that he knows students 

are learning about a given topic “if they can have an engaging discussion 

about it and start to use some terms.” This suggests that Henry valued 

students’ ability to participate in discussions that include scientific 

language. While it is unclear if these “engaging” discussions are more 

student-centered than a sequence of questions and answers, he adhered 

to his belief in his final interview as well, saying that when “they . . . engage 

in discussion a little bit better afterwards, I feel that’s when they learn.”

During his interviews, Randall emphasized not only the value that he 

placed on listening in to student conversations, but why this information 

was valuable to him as a teacher. In his first interview, he suggested 

that “the active exchange of ideas” represented “active learning taking 

place. . . . A student having an ‘A’ in my class doesn’t tell me very much.” In 

his second interview, Randall described how he would listen for evidence 

of “kids reflecting on what they’re doing and not just doing something 

for the sake of doing it.” As he progressed through the academic year, 

Randall became increasingly adamant about the importance of student 

metacognition. By the third interview, Randall claimed, “Seeing students 
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really get it is when they actually evaluate what they’ve done and when 

they take a step back and have some metacognitive opportunities 

. . . without me giving some sort of test or something.” For Randall, student 

conversations served as a window into their metacognition, and listening 

to these conversations was essential to gain an understanding of when 

learning was occurring in his classroom.

In his first interview, Kevin demonstrated his belief that “listening to 

students’ conversations” and to “the language that students use” gave 

him indicators of learning taking place. In fact, he seemed to grow more 

confident in these beliefs as the year progressed, stating, for example, 

that “listening to conversations, what students are talking about with 

each other—that’s the biggest thing” in his second interview. Kevin also 

suggested that students’ behavior, including their “facial expressions” or 

their engagement in their work, were indicators of whether learning was 

taking place. In his final interview, he again referenced “listening in on 

conversation” multiple times and shared how this allowed him to overhear 

a student’s lightbulb moment, when “all of a sudden they get the answer 

and they’re like, ‘Hah, I got it.’” Taken together, these responses suggest 

that Kevin values student conversation, expression, and engagement as 

formative assessments.

Liu began the year with traditional views of student learning, noting in 

her first interview that she used quizzes “every Friday” and “formatives” 

to assess learning. However, she also mentioned student “attitude” as 

an indicator of understanding, a belief that she elaborated upon in her 

second interview: “If they’re feeling really happy to understand it and 

they’re telling another student what the answer is and they’re able to 

articulate and explain their thinking . . . I think that’s one really good 

sign.” This suggests a progression away from more traditional views of 

learning toward ones that attend to students’ attitudes and language. 

Liu continues this progression in her third interview when she refers 

to “asking questions,” being “able to sit there and explain to another 

student” and “using the words” of the discipline as indicators of learning 



Research In Practice: Preparing and Retaining K–12 STEM Teachers in High-Need School Districts 345

How Early-Career Science Teachers Negotiate Their Beliefs 

and Practices During an Online Induction Program

and understanding. Overall, Liu’s responses suggest her beliefs about 

indicators of student learning became more reformed throughout the 

school year. To summarize, even teachers who initially held traditional 

views of assessing students’ learning began to adopt new approaches 

that valued student conversations and nonverbal communication.

Discussion and Synthesis

In this section, we provide a synthesis of the quantitative and qualitative 

findings that comprise this study and summarize the key ideas and 

implications generated by this work. After reviewing the teachers’ 

questionnaire responses, classroom observations, and interview 

transcripts, we begin to see a picture of how our early-career teachers 

negotiate their beliefs about science teaching and learning within the 

constraints of the classroom. The BARSTL and RTOP data suggest that 

our teachers’ beliefs and practices (respectively) occupy a somewhat 

narrow range from traditional and teacher-centered to inquiry-driven 

and student-centered. This range in both beliefs and practices is similar 

to what Simmons et al. (1999) observed with their early-career science 

and mathematics teachers, but the relationship between our teachers’ 

beliefs and practices is best understood through teacher responses to the 

TBI. While teachers may not have consistently engaged in reform-based 

teaching practices that were commensurate with their reformed beliefs, 

the interview transcripts reveal how they tried to negotiate between the 

reformed theories presented in their preservice licensure program and 

the realities of the classroom.

Our understanding of this nuanced process of negotiation (particularly 

during the preservice to in-service transition) builds upon prior research 

in science teacher education and teacher education in general. Ryan 

(1986) described the transition from preservice teacher to in-service 

teacher as a fantasy stage followed by a survival stage, where the 
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aspirational optimism experienced in preservice courses and student 

teaching gives way to the pressures associated with the first year of 

teaching and the professional and personal doubts that result from those 

pressures (e.g., Moir, 1990; Picower, 2007; French, 2020). Indeed, our 

teachers experienced challenges in their first year of teaching that they 

did not anticipate (for example, the lack of agency they were afforded in 

planning for instruction) and exhibited the “wobbling” beliefs related to 

teaching and learning that Simmons et al. (1999) observed among their 

first-year teachers. In the following sections, we describe the areas of 

success and areas of challenge evidenced by our findings.

One of the more positive findings from the observation and interview 

data is our teachers’ increasing attention to building relationships with 

their students through conversations. Listening to students and engaging 

them in conversation served at least two purposes for our teachers: It 

allowed them to formatively assess student understanding in ways that 

a worksheet or quiz could not, and it opened up the opportunity for them 

to understand student interests and incorporate those interests when 

planning for learning. The greatest evidence of these practices occurred 

only toward the end of the academic year, suggesting that many of these 

teachers were slow to adopt them. However, the time it took for our 

teachers to enact these practices in their classrooms was significantly 

shorter than the 2 to 3 years that Simmons et al. (1999) observed among 

their beginning teachers. Our findings therefore support the claims of 

Luft et al. (2011) that beginning teachers who receive support through 

an online, science-specific induction program are more likely to engage 

their students in more interactive activities. For induction leaders, this 

underscores the importance of supporting their teachers in building 

these relationships with students and leveraging student conversations 

at the very beginning of the teachers’ participation in the induction 

program; this could create the opportunity for teachers to enact these 

practices even earlier in their first year instead of only toward the end.
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Perhaps unsurprisingly, a number of our teachers named external 

constraints as the primary impediments to enacting more reformed 

lessons in their classroom, particularly when it came to planning the 

curriculum. To be sure, initiatives like districtwide pacing guides and 

high-stakes state testing impose notable constraints on how a teacher 

plans curriculum and delivers instruction. Thankfully, by the end of the 

academic year, even our teachers who operated in such districts found 

ways to exercise a modicum of agency over their lessons, and those who 

originally imitated or duplicated the approach of a more senior colleague 

began planning more independently. Wang et al. (2008) noted the 

importance of the teachers’ school context in any induction experience, 

and this observation was certainly supported in our findings. While an 

induction leader could encourage their teachers to exercise as much 

agency as possible, this may not be practicable in all cases, as there may 

in fact be an upper limit on how much freedom the teacher has in bringing 

more reformed instructional experiences to their classroom. A more 

measured approach may be found in understanding what the “decision-

making units” are at the teachers’ school (for example, a professional 

learning community or a science department) and then exploring how the 

induction program could complement (or even augment) the way that the 

teacher engages in instructional decision-making within that unit. This is 

in line with the suggestions of Wang et al. (2008) to consider the situated 

context of induction mentorship and the various interactions that can 

take place among the teacher, their mentor(s) and their school context(s).

Limitations
This study had a small number of limitations. The first is that our beginning 

teachers were compensated for their participation in the induction 

program. It is possible that teachers who volunteer to participate in an 

induction program and receive compensation for their participation 

may be more motivated to reflect on their teaching practice and effect 

change in their classrooms than are teachers who do not volunteer or 

receive compensation. A second limitation is that all of our participants 
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in the induction program matriculated from the same teacher licensure 

program. Although we perceive this as a strength of our induction design, 

not all induction program leaders may be able to rely on their participants 

sharing common preservice experiences as our teachers did.

Conclusions

While our findings concur with Windschitl (2003) and others suggesting 

that beginning science teachers are capable of reformed beliefs, a 

growing number of studies have demonstrated that the beliefs and 

practices of science teachers do not necessarily move in tandem (Jones 

& Leagon, 2014). For our first-year science teachers participating in 

the induction program, their beliefs about the challenges of lesson 

design and implementation, the nature of the science curriculum, and 

developing relationships with their students shifted as they navigated 

the complexities of the classroom. This allowed the teachers to develop 

their capacities for making learning meaningful, exercising agency in 

planning and listening to student conversations, all within their very first 

year of teaching. Our science teachers will likely continue to negotiate 

the relationship between their beliefs and practice as they progress 

through the induction program and become more experienced teachers. 

This places a renewed emphasis on the work that we as induction 

designers do to design and redesign experiences that will enable our 

beginning science teachers to survive and thrive during their first years 

of classroom teaching. It is our sincere hope that other science teacher 

educators and researchers will continue to explore ways to support their 

science teachers’ developing beliefs and practices as they embark on 

their first years in the classroom.
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