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Self-efficacy in Elementary Science: What Impact Do Field Experiences 
Have on Preservice Teachers 
 
Melissa Hulings  
Stephen F. Austin State University 
 

ABSTRACT 
 
Studies have shown that preservice teachers come to their science methods courses with perceptions 
about science teaching and learning that can impact their levels of self-efficacy when it comes to 
teaching science (Bulunuz & Jarrett, 2010; Jarrett, 1999; Kazempour, 2014). Multiple studies have 
been conducted to document the effects of methods courses on preservice elementary teachers’ 
science self-efficacy, finding the methods course effective in increasing levels of self-efficacy (Flores, 
2015; McDonnough & Matkins, 2010; Menon & Azam, 2021) and that these levels of self-efficacy 
either persist (Wingfield et al., 2000) or decrease due to student teaching (McKinnon & Lamberts, 
2014; Settlage et al., 2009). This study sought to examine the relationship between prior experiences, 
the science methods course, and field experiences for one preservice elementary teacher. Despite 
having negative experiences with science and an overall sense of overwhelm at the thought of 
teaching science, Monica displayed high levels of self-efficacy throughout the science methods 
course and student teaching. By examining STEBI-B surveys, with open questions included, and 
interview transcripts, this study sought to better understand the interconnectedness of experiences 
and self-efficacy. Although the results reported here pertain to one preservice elementary teacher, it 
adds to the overall complex relationship between past, present, and future experiences. 
 

 
Keywords: self-efficacy; pre-service teachers; field experiences 
 

Introduction 
 

Preservice elementary teachers come to their science methods courses with experiences and 
thoughts about science that have the potential to influence not only their self-efficacy, but also their 
desire to teach science content. According to Bandura (1993), low teaching self-efficacy, especially 
within a certain content area, may lead to avoidance of that subject. Early detection of low self-efficacy 
in preservice teachers (PSTs) could lead to early interventions and motivate science methods 
instructors to engage preservice elementary teachers in activities that would increase their self-efficacy 
in science teaching (Enochs & Riggs, 1990). The science methods course has been shown to increase 
levels of self-efficacy and that this increase can persist to the end of the student teaching experience 
(McKinnon & Lamberts, 2014; Palmer, 2006; Palmer et al, 2015; Settlage et al, 2009; Smolleck & 
Mongan, 2011; Wingfield et al, 2000). What continues to be examined are the experiences that lead to 
increased self-efficacy, and how PSTs can be encouraged to grow as a classroom teacher. 
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Theoretical Framework 
 

Social Cognitive Theory  
 
This study is grounded in social cognitive theory. As described by Grusec (1992), Bandura’s 

social cognitive theory recognizes the interaction and influence of three separate factors: 1) individuals, 
2) their environment, and 3) their behavior. As individuals engage in their social experiences, they take 
in information, process it and develop a mental model of their environment. Then, they relate these 
mental models to outcome expectances (goals of a situation), self-efficacy (perceived abilities), and 
self-reactions (behavior). In addition to setting goals and selecting a plan of action to produce desired 
outcomes, peoples’ belief in their efficacy (ability to cause a change) determines how long they persist 
in an environment that presents obstacles to goal achievement. People who believe in their abilities 
will find ways around obstacles to achieve desired goals. Stated another way, personal self-efficacy 
beliefs determine a person’s motivation, perceived effect of that environment, and courses of action 
within that environment (Bandura, 1989). 

If teachers have low self-efficacy in their teaching abilities, especially within a certain content 
area, then these teachers may create an environment in which they avoid those particular content areas. 
On the other hand, teachers with high self-efficacy create environments in which students are engaged 
in classes and can experience success and/or master their experiences (Bandura, 1993). If teachers 
demonstrate low self-efficacy in relation to the teaching of science, they will not invest a considerable 
amount of time in planning for and implementing science instruction. When the focus is on preservice 
elementary science teachers, it is expected that early detection of low self-efficacy could lead to early 
interventions and motivate science methods instructors to engage preservice elementary teachers in 
activities that would increase their self-efficacy in science teaching (Enochs & Riggs, 1990). 

In addition to the influence on self-efficacy, social cognitive theory proposes that people learn 
in two ways: direct experience, either rewarding or not, and social modeling (Bandura, 2003). 
Essentially, people learn by trying things out for themselves and by observing the actions of others. 
Through both social modeling and experience, one’s self-efficacy is developed. When one overcomes 
challenges through persistence, and sees others like them being successful, their self-efficacy grows. 
For preservice teachers (PST), it is their cooperating teaching (CT) in the classroom during field 
experiences that provides this social modeling and opportunities to take on challenges, through their 
own teaching and the support they provide the PST. 
 

Literature Review 
 

Science Teaching Self-Efficacy 
 

Multiple studies have measured the science teaching self-efficacy of preservice elementary 
teachers at various points in their teacher preparation programs. In studies that examined self-efficacy 
during a science methods course, which also included teaching experiences, increases were found on 
both subscales of the Science Teaching Efficacy Belief Instrument, Preservice Version ([STEBI-B], 
Flores, 2015; McDonnough & Matkins, 2010; Menon & Azam, 2021). However, in another study by 
Cinici (2016), STEBI-B scores increased with a microteaching activity but decreased slightly after the 
field experience. In addition, Morrell and Carroll (2003) reported increases for the personal science 
teaching efficacy (PSTE) subscale only after the science methods course and no changes on either 
subscale during field experiences. From these studies, we see the impact of the science methods course 
in increasing PSTs self-efficacy beliefs. 

Other studies have examined the persistence of these gains in personal science teaching self-
efficacy beyond the science methods course. Several studies have reported PSTs increased their levels 
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of self-efficacy from the beginning to the end of the science methods course and that these increases 
persisted to the end of their teacher preparation program, which included student teaching (Palmer, 
2006; Palmer et al, 2015; Smolleck & Mongan, 2011; Utley et al., 2005). Wingfield and colleagues 
(2000) also reported gains in self-efficacy due to the methods course and that these gains remained 
the same after one year in the classroom. However, other studies reporting gains in self-efficacy 
because of the science methods course tend to see decreases in self-efficacy by the end of student 
teaching, and later when these PSTs start teaching full time in their own classrooms (McKinnon & 
Lamberts, 2014; Settlage et al., 2009). In another study by Velthuis and others (2014), PSTs were 
followed throughout their four-year teacher preparation program, finding increases in PSTE from year 
one to year two, but then a decrease in year three that was maintained in year four. The differing 
results from these studies indicate there is more to learn about the persistence of self-efficacy beliefs 
beyond the science methods course. 
 
Prior Experiences 
 

Several studies have examined PSTs prior experiences with science throughout their K-12 
school years. In a study conducted by Bulunuz and Jarrett (2010), PSTs who had a higher interest in 
science also reported more science memories from their elementary school years than those who had 
a lower interest in science. For those who could remember science from elementary school, their 
enjoyment of science was reported as above average. Jarrett (1999) found that these positive 
experiences in elementary science were the greatest indicator of interest in science, followed by high 
school experiences and informal science experiences. This influence of science experiences was found 
in another study, yet it was overall experiences which negatively impacted attitude and confidence 
towards science (Kazempour, 2014). In this study, the PST reported how difficult and challenging her 
experiences with science were during her K-12 school years. These experiences resulted in her having 
an extremely negative attitude towards science and very little confidence in her abilities to teach 
science. 

One study examined not just the prior experiences, but also experiences gained during 
classroom teaching completed during the teacher preparation program and their impact on confidence 
to teach science (Kazempour, 2013). In this instance, self-efficacy was not only shaped by past 
experiences with science, but also through experiences gained in the field. For this PST, her past 
experiences were quite positive, leading to greater interest and confidence in science. It was through 
her classroom experiences during teacher preparation that further shaped her beliefs about her 
teaching. Specifically, this PST commented on how she was able to learn more about and implement 
more effective science instruction by utilizing inquiry-based instruction during her teacher preparation 
classroom teaching experiences. 
 
Classroom Experiences 
 

Understanding the impact of classroom experiences on one’s science teaching self-efficacy is 
not bound by the experiences PSTs gained from their own K-12 classrooms. Experiences gained in 
classroom observations and teaching during the teacher preparation program also need to be 
considered. In a study by Franks et al. (2016), when asked about the most useful aspect of their 
methods course on impacting their self-efficacy, 98.2% reported the field experience was the most 
useful. Results from other studies explain that field experiences help PSTs gain more knowledge about 
the profession, to also help clarify their thoughts and beliefs about inquiry-based science teaching and 
learning, and influence their levels of self-efficacy, especially when given the opportunity to teach 
science (Nikoçeviq-Kurti, 2021; Simsar & Jones, 2021; Soprano & Yang, 2013). 
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During these classroom experiences, it is the cooperating teacher who appears to be the most 
influential factor. According to Knoblauch and Woolfolk-Hoy (2008), the classroom teacher working 
with the PST is more influential than the college supervisor responsible for observing/mentoring the 
PST. Other studies explain that it is the type of relationship the CT and PST have formed that is the 
basis of this influence. According to Nikoçeviq-Kurti (2021), it is not only that the CTs support the 
PST, but also that they model how to build relationships with the students and tailor the teaching to 
meet student needs. It is this modeling behavior that has shown a direct impact on PSTs’ levels of 
self-efficacy. Simsar and Jones (2021) found that the behaviors modeled by the CTs and the feedback 
they provided were crucial in the development of self-efficacy in PSTs. 

 
Purpose and Research Questions 

 
It was the aim of this study to examine the relationship between prior experiences with science, 

the science methods course, and classroom teaching experiences on the levels of science teaching self-
efficacy and perceptions of science teaching for preservice elementary teachers. The overarching 
research question guiding this study was: How do prior experiences with science and classroom 
teaching experiences, in addition to the science methods course, affect the level of science teaching 
self-efficacy and the perceptions of science teaching for preservice elementary teachers? The specific 
research questions were: 
 

1) What are the personal science teaching efficacy (PSTE) and science teaching outcome 
expectancy (STOE) beliefs of preservice elementary teachers as measured by the STEBI-B at 
the beginning and end of their science methods course, and the end of the student teaching 
semester? 

2) What is the impact of prior experiences on self-efficacy and the perceptions of science 
teaching? 

3) What is the impact of the science methods course on self-efficacy and the perceptions of 
science teaching? 

4) What is the impact of classroom teaching experiences during student teaching on self-efficacy 
and the perceptions of science teaching? 

 

Methods 
 

This study utilized a convergent parallel mixed methods case study design to better understand 
the relationship between classroom teaching experiences and the level of science teaching self-efficacy 
for one preservice elementary teacher. A convergent parallel mixed methods case study design was 
selected because it would allow a more in-depth examination of the intersection between classroom 
experiences (both prior and current), the science methods course, and science teaching self-efficacy 
through the collection of different, yet complementary data sources (Creswell, 2009; Creswell & Plano-
Clark, 2011). As a part of this approach, several pieces of both quantitative and qualitative data were 
collected to develop and understand this one PST’s relationship with science and her beliefs in her 
abilities to teach the subject. 

For the quantitative data, this PST completed the STEBI-B (Enochs & Riggs, 1990) at three 
different points: the beginning of the science methods course, the end of the science methods course, 
and again at the end of the student teaching semester (which immediately followed the science 
methods course). For the qualitative data, open questions were answered at the end of the STEBI-B. 
These questions asked about past and current experiences with science, descriptions of good versus 
bad days in science, descriptions of good versus bad science teachers, and how this PST envisioned 
science instruction for her future classroom. Additionally, this PST completed two individual 
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interviews: one at the end of the science methods course and the other at the end of student teaching. 
These interviews asked the preservice elementary teacher to describe their classroom teaching 
experiences at both of their placements, during the science methods course and student teaching 
semester. As a part of the teacher preparation program, PSTs have two field placements during their 
program which they split their time attending. These placements are designed to provide a variety of 
experiences both in grade level and content area. 
 
Participant and Course Context 
 

The participant for this case study was selected because of her varied experiences both prior 
to the methods course and during her student teaching semester. Monica (a pseudonym) identified 
herself as a white female and was in her last year of the elementary teacher preparation program at a 
large urban university in the south. 

The teacher preparation program for the elementary grades provides a pathway to certification 
for grades Pre-kindergarten to sixth grade in all four core content areas: English Language 
Arts/Reading, Mathematics, Science, and Social Studies. As a part of this program, PSTs are assigned 
two different field placements during their program; one placement in the lower grade band of pre-K 
to third grade and the other in the upper grade band of third to sixth grade; ideally, PSTs should have 
a variety of content areas between the two placements, sometimes in a self-contained classroom 
teaching all subjects to a single or double subject classroom (i.e., mathematics only or a combination 
of mathematics and science). 

The science methods course was taken the semester prior to student teaching. During the 16-
week semester, PSTs are also completing their one-day-a-week field experience where they attend their 
placements one day each week during the semester (eight weeks at their first placement and eight 
weeks at their second placement). The science methods course was taught through a hands-on 
approach where students completed science activities as if they were the students themselves and then 
analyzed the implementation of the activities from the teacher’s perspective. Due to the virtual nature 
of the course, students completed science activities at home with everyday materials, then the activities 
were discussed during the virtual synchronous class meeting. 

Student teaching is the final semester of the teacher preparation program and immediately 
follows the semester in which PSTs complete the science methods course. Also 16 weeks in length, 
PSTs attend their placements all day, Monday-Friday. As with the prior semester, the PSTs split their 
time between placements, with eight weeks at each placement. Placements during the student teaching 
semester are the same two placements from the previous semester. In addition to attending their 
placements, the PSTs attended monthly program seminars, where they reviewed additional topics 
relevant to their current teaching (i.e., classroom management, job searches, etc.). 
 
Data Collection 
 
STEBI-B 
 

The STEBI-B (Enochs & Riggs, 1990) measures the levels of PSTs self-efficacy towards their 
ability to teach science. This survey consists of 23 items, all requiring PSTs to respond to 5-point 
Likert-type statements. The STEBI-B is divided into two subscales: personal science teaching efficacy 
(PSTE) and student outcome expectancy (STOE). The STEBI-B was administered at three different 
points: the beginning of the science methods course, the end of the science methods course, and at 
the end of student teaching. At the conclusion of the STEBI-B were open questions that allowed PSTs 
to describe their past and current experiences with science, good versus bad days in science, good 
versus bad science teachers, and how science would be taught in their future classroom. 
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Interviews 
 

Individual interviews were completed at the end of the science methods course and then again 
at the end of the student teaching semester. Both interviews were conducted virtually through 
Microsoft Teams and lasted about 30 minutes. Both interviews were recorded. The purpose of the 
first interview was to gain insight into experiences during the science methods semester, including the 
teaching of the science lesson plan. In addition, questions were asked about confidence to teach 
science both before and after the science methods course. Example prompts included: Describe your 
two placements and the science instruction you saw in each. Describe the science lesson plan you 
wrote for the methods course and what it was like to teach it. If you could teach your science lesson 
plan again, what (if anything) would you do differently and why? What was your confidence to teach 
science before the course? What is your confidence to teach science now, after the course? The 
purpose of the second interview was to gain insight to the student teaching semester and its potential 
influence on confidence to teach science. Example prompts included: Briefly describe your student 
teaching experience for each placement. How successful do you feel in your science teaching? What 
are those feelings based upon? Has anything increased your confidence to teach science? Has anything 
decreased your confidence to teach science? 
 
Data Analysis 
 
Overall Analysis 
 

Following the recommendations outlined by Creswell and Plano-Clark (2011), quantitative 
and qualitative data were collected at the same points and treated equally, owing to the value each 
piece provided in the overall interpretation. Each piece of data was analyzed separately and then 
combined to complete an overall interpretation. Specifically, the data was analyzed to determine if, 
and in what ways, the two sets of results converged, diverged, related, and/or combined to form a 
better overall understanding of this PST’s experiences and self-efficacy towards science teaching. In 
addition, the use of a single case study will provide a deeper analysis for this PST (Rowley, 2002). 
 
STEBI-B Analysis 
 

Participant responses were entered into Excel using the original protocol from Enochs and 
Riggs (1990). Ten of the 23 statements were worded negatively and thus were reverse scored to 
maintain consistency between the positively and negatively worded statements. Responses were 
totaled for each subscale for each of the survey collection points (pre, post, and delayed post). Total 
scores for each subscale and each collection point were analyzed and compared for changes. 
 
Open Questions 
 

Responses to the open questions were compiled into a table and organized by question and 
iteration of survey (i.e., pre-methods course, post-methods course, and post-clinical teaching). 
Responses were then examined for any changes between the different iterations. Table 1 provides a 
sample of the questions and Monica’s responses. 
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Interview Analysis 
 

Overall steps followed the procedure outlined by Saldana (2015), which were to: 1) read 
through the two interviews (post-methods course and post-student teaching) for initial codes; 2) read 
through the two interviews again to verify and clean the initial codes; 3) develop categories from the 
codes; and 4) compare categories to literature and the theoretical framework. Initial categories were 
based on the questions from the structure of the interviews, but then open codes were developed 
based on the responses, as described by Elliot (2018). To ensure validity, the researcher coded a clean 
version of the document to ensure coding was consistent (Elliot, 2018). Table 2 displays the categories, 
codes, and example texts from interviews.  
 
Table 1  
 
Sample of the Open Questions and Participant Responses 
 

Prompt Pre-Methods Course Post-Methods Course Post-Clinical Teaching 

What three words or 
phrases would you use to 
describe a “good day” in 
science? 
 

Engaging 
Imaginative 
Flexible 

Fun 
Hands-on 
Direct 

Engaged 
Creative 
Communicating 

If you are planning on 
teaching science in the 
future, what will science 
instruction look like in 
your future classroom? If 
you are NOT planning on 
teaching science in the 
future, how could you 
incorporate science 
concepts into your 
classroom instruction in 
the future? 

I plan to use science as a 
way to discover all types of 
things that can apply to 
other subjects or are 
practical to know and use 
in daily life. I want to use 
science as a tool to 
understand things and ask 
questions that open 
students' minds and 
perspectives on the world. 

I plan to have lots of 
experiments, games, and 
puzzles 

Science instruction will be 
very engaging, with hands 
on activities and 
experiments for students 
to explore. Lots of time for 
asking and discussing 
questions, terms, and ideas. 

 
Table 2  
 
Categories, Codes, and Example Text from Interviews 
 

Categories 
(based on 
interview 
structure) 

Initial Codes 
(based on 
responses) 

Example Text (Interview) 
1 – post science methods 
2 – post clinical teaching 

Science 
Instruction  
Modeled in 
Each Placement 

Instruction It [science] was taught on its own (kindergarten placement; Interview 1) 
would start up with a video [science with CT1] (Interview 2) 

Integration connecting the that to like the word of the day or the question of the day 
(kindergarten placement; Interview 1) 
would try and tie in the science with other subjects too (Interview 2) 

Assessment answer through examples (Interview 1) 
then they would answer some questions [science with CT1] (Interview 2) 

Collaboration discuss it together (Interview 1) 

Routine that's not the norm (placement instruction; Interview 1) 
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Categories 
(based on 
interview 
structure) 

Initial Codes 
(based on 
responses) 

Example Text (Interview) 
1 – post science methods 
2 – post clinical teaching 

Pandemic you know circumstance that we're in (Interview 1) 
normally with like without COVID they would go outside and do like a rock 
hunt [science with CT1], but they weren't really allowed to go outside 'cause 
they would kind of be close to each other (Interview 2) 

Mentor I learned from them [CT] (Interview 1) 
she [CT2] was like I'm here any questions, anything you, you need, like let me 
know (Interview 2) 

Monitoring [CTs] observed very closely (Interview 1) 

Giving Up And they're [CTs] like, “OK, well, I'm not even going to do anything today 
because they're going to get mad at me no matter what.”  (Interview 1) 

Planning she [CT1] didn't want me to make new lessons. She didn't want me to come up 
with new ideas (Interview 2) 

Confidence to 
Teach Science 

Confidence I was like if I don't, even if I wasn't even taught what these kids are going to be 
taught, how can I teach it? (Interview 1) 
But I remember being like oh yeah, I'm not going to be good at teaching 
science like kind of being scared about the thought of doing that. And then 
now I'm like, oh yeah, I can definitely teach science. Like I loved teaching 
science. (Interview 2) 

Knowledge thinking like, “OK, well I have to be this super smart I need to know 
everything and just tell them and like know how to explain it well”  
(Interview 1) 
I want to make sure that they're not questioning my content knowledge 
(Interview 2) 

Overwhelm I remember being overwhelmed by science (Interview 1) 

Factors 
Affecting 
Confidence 

Enjoyment it was fun (teaching the lesson plan from methods course) (Interview 1) 

Impact I think the course definitely did like facilitate that realization for me (ability to 
teach science) (Interview 1) 
I notice that the things that we reviewed that I taught them they knew still and 
the things that we reviewed that they, I didn't teach them they didn't know at 
all [science]; the hands-on stuff really made a difference (Interview 2) 

Ability that really seems like scared me because I could not do the chemistry. I could 
not do physics (Interview 1) 

Experiences 
with Teaching 
Science 

Challenges it was hard to narrow down what exactly I wanted to incorporate (Interview 1) 
you can't give in person kids different assignments than the online kids [due to 
pandemic]; that was I think the biggest challenge (Interview 2) 

Activity(ies) they can learn through doing (Interview 1) 
I tried to have them do a lot of hands on stuff and she [CT2] did too  
(Interview 2) 

Choice if I don't like this activity or if it doesn't really fit with my assessment questions, 
I can change it to another one (Interview 1) 
she [CT2] was like, you know, anything you want to do, you can do  
(Interview 2) 

Application on paper it was a lot more, you know, hands on, than the actual lesson 
(Interview 1) 

Multiple Days I would want to spend more than just one class (Interview 1) 
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Categories 
(based on 
interview 
structure) 

Initial Codes 
(based on 
responses) 

Example Text (Interview) 
1 – post science methods 
2 – post clinical teaching 

Scaffolding it's really good when science lessons are built on each other (Interview 1) 

Rigid/Flexible have to use this book and only this set of standards and only these topics 
(Interview 1) 
I had to adapt it [instruction/activities] a lot (Interview 2) 

Responsibility she [CT2] let me take more control with that; I liked it a lot (Interview 2) 

Enjoyment I was having a really great time with them [5th graders] and they were really 
excited to do the science (Interview 2) 

Technology I used a lot of like online tools (Interview 2) 

Engagement they could do more of this stuff as a class and so the online kids would be 
engaged in the same way that the in person kids were [using online tools] 
(Interview 2) 

Experiences 
with Science in 
General 

Experiences I think like it [confidence in science] goes back to my own experience in school 
like my science, I never had like that hands on kind of experience. Like it was 
mostly just lecture and then textbook questions. (Interview 1) 
So she [CT2] kind of pushed me off the diving board in a way and I was scared. 
But I felt so grateful for that experience because at the end of it I was like oh, 
I'm totally ready to do this 'cause I've been doing it this whole time (Interview 
2) 

 
Findings 

 
Early Experiences 
 

Monica attended a small, faith-based school for all her K-12 school years. Science in this 
school was aligned to a very narrow curriculum that fit within the bounds of the religious beliefs of 
the school. She remembers completing science experiments, which she found to be fun and enjoyable, 
however she also realized these experiments were not the norm. When asked to describe a positive 
experience, Monica described a time in fourth grade when her class conducted an experiment where 
they observed the growth of mold on bread after being rubbed on a variety of surfaces. On the other 
hand, when asked to describe a negative experience, Monica mentioned a specific teacher in eighth 
grade who tried to trick students on tests by giving questions that could have multiple answers or on 
topics not yet covered. 

Looking back on her past experiences, Monica came to the realization that she would have to 
“do basic science research” (Interview 1) to become more familiar with topics she would have to teach 
in the future. This led to feelings of overwhelm and that she “would have to be this super smart 
science person” (Interview 1) to be able to teach science to her future students. Essentially, Monica 
came to her science methods course feeling that if she “wasn’t even taught what these kids are going 
to be taught, how can I teach it” (Interview 1)? 
 
Experiences in the Methods Course 
 
Self-efficacy at the Beginning of the Science Methods Course 
 

Based on the STEBI-B taken at the start of the science methods course, Monica held 
moderately high levels of PSTE, with a score of 53/65 on this subscale. Specifically, Monica strongly 
agreed with the statement “I will continually find better ways to teach science.” Whereas she agreed 
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with the statement “I wonder if I will have the necessary skills to teach science.” As for the STOE 
subscale, Monica held a moderate level, scoring 33/50 on this subscale. She agreed with the statement 
“The teacher is generally responsible for the achievement of students in science” and was neutral to 
the statement “Students’ achievement in science is directly related to their teacher’s effectiveness in 
science teaching.” When asked to describe her level of confidence to teach science, Monica stated that 
it was neutral to negative and that she felt “overwhelmed by science.” 
 
Thoughts about Science Teaching at the Beginning of the Science Methods Course 
 

When asked to share her thoughts about a good day in science, Monica stated it would be 
engaging, imaginative, and flexible, whereas a bad day in science was described as restrictive, 
overwhelming, and confusing. Monica described a good science teacher as creative, communicative, 
and open-minded, but a bad science teacher as boring, unclear, and rude when students do not 
understand the content. Monica believed that her ability to be an effective elementary science teacher 
was “above average.” When asked to describe how science should be taught, Monica said it should be 
more activity-based instruction than a textbook-based presentation. Specifically, Monica stated:  
“I plan to use science as a way to discover all types of things that can apply to other subjects or are 
practical to know and use in daily life. I want to use science as a tool to understand things and ask 
questions that open students' minds and perspectives on the world” (pre-course survey). 
 
Early Field Experiences During the Science Methods Course 
 

During the semester Monica took the science methods course, she also had early field 
experiences in two different classrooms. As part of these experiences, she spent one day each week in 
the classroom, eight weeks in Placement one, and eight weeks in Placement two for a total of 16 
weeks. For Monica’s first placement, she visited a kindergarten classroom where all subjects were 
taught by her CT, and more than half of the instruction was face-to-face. When asked about the format 
of science instruction, Monica explained that science was taught on its own, but was connected to a 
word or question of the day. Additionally, science instruction involved mostly the showing of videos 
and then completing worksheets and took up approximately 150 instructional minutes per week. For 
her second placement, Monica visited a fifth-grade mathematics and science classroom, where her CT 
taught both subjects and more than half of instruction was face-to-face. Science was taught on its own 
and involved the use of videos and online questions, taking up approximately 100 instructional 
minutes per week. 
 
Self-efficacy and Beliefs About Teaching at the End of the Science Methods Course 
 

At the end of the course, Monica again took the STEBI-B, indicating very little change on the 
PSTE subscale, scoring 55/65 (+2 versus the pre-test). These small changes can be seen in her 
responses to the statement “Even if I try very hard, I will not teach science as well as I will most 
subjects,” moving from disagree to strongly disagree, and to the statement “I know the steps necessary 
to teach science concepts effectively,” moving from agree to strongly agree. On the other hand, 
Monica’s scores on the STOE subscale increased from 33 to 41/50 (+8 versus the pre-test). These 
changes can be seen in her responses to the statement “When a student does better than usual in 
science, it is often because the teacher exerted a little extra effort,” moving from disagree to agree, and 
to the statement “When a low-achieving child progresses in science, it is usually due to extra attention 
given by the teacher,” moving from neutral to agree.  

When asked to describe her level of confidence to teach science, Monica stated that it was 
definitely positive, explaining that “I know more than I thought I did” (Interview 1). Monica shared 
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that, through the methods course, she learned she can use experiments and activities to assist in her 
teaching, that students can learn through doing, and that the course helped her to learn that there are 
different ways to teach science than how she learned in her K-12 school years. Monica also explained 
that seeing her CTs teach science (and having fun with it) helped increase her own level of confidence 
to teach science. 
 
Thoughts about Science Teaching at the End of the Science Methods Course 
 

Again, Monica was asked to describe a good day in science and a bad day in science. For her, 
a good day is “fun, hands-on, and direct,” whereas a bad day is “confusing, disinterested, and includes 
worksheets.” Likewise, Monica was asked to describe the characteristics of a good science teacher and 
a bad science teacher. She described a good science teacher as “creative, expressive, and encouraging,” 
and a bad science teacher as “unenthusiastic, disengaged, and boring.” As in the pre-course survey, 
Monica stated that her effectiveness as a future elementary science teacher would be “above average.” 
Again, Monica stated that science instruction should be more activity-based than a textbook-based 
presentation. As for her future classroom, she plans to have lots of experiments, games, and puzzles. 

 
Experiences in Student Teaching 
 

Immediately following the science methods course, Monica had her student teaching semester. 
During this semester, she visited the same two classrooms from her early field experiences, this time 
spending all day Monday to Friday in each placement, again eight weeks in Placement one 
(kindergarten, all subjects) and eight weeks in Placement two (fifth-grade mathematics and science). 
In Monica’s first placement, science instruction began to be incorporated with other content 
occasionally, taking approximately 100 instructional minutes each week. There were more hands-on 
activities, in addition to the videos, and use of the interactive web platform SeeSaw. When describing 
her experiences from her first placement, Monica explained that her CT developed the science lessons 
for the grade level team and that her experience teaching was “a little more restrictive” (Interview 2). 
When asked to explain further, Monica said they were not able to do much because of the pandemic, 
with half of the students online and the other half in person. She stated the overall experience was 
tough, but that it was also good to get that experience.  

During the student teaching semester in her second placement, Monica noted that science was 
once again taught on its own, taking approximately 150 instructional minutes per week. There were 
some hands-on activities, in addition to the videos, and copying terms into a notebook. When 
describing her experiences from her second placement, Monica explained that another teacher on the 
grade level team developed the science lessons, but that she and her CT modified them. Monica stated 
that her CT in this placement encouraged her to try anything she wanted, explaining that the students’ 
lowest benchmark scores were in science, so the CT wanted to engage them more. Overall, Monica 
liked having more responsibility and control, stating that her second CT “pushed me off the diving 
board in a way” (Interview 2). Monica also indicated that she felt more comfortable teaching to this 
age group of students.  

 
Self-efficacy at the End of Student Teaching 
 

At the conclusion of her student teaching semester, Monica completed the STEBI-B for a 
third time. Table 3 provides her scores for all three iterations of the STEBI-B. 
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Table 3 
 
Monica’s STEBI-B Results 
 
STEBI-B Subscale 
(Highest Possible Score) 

Pre-test Post-test Change  
(Pre to Post) 

Delayed 
Post-test 

Change  
(Post to Delayed 

Post) 

PSTE (65) 53 55 +2 64 +9 
STOE (50) 33 41 +8 43 +2 

 
For her PSTE, Monica held moderately high levels at the start of the science methods course, 

with very little increase at the end of the science methods course, and then a large increase at the end 
of student teaching. The statement on the PSTE subscale that showed the largest change was “I 
wonder if I will have the necessary skills to teach science,” moving from agree to disagree. Most of 
the other statements in this subscale moved from agree to strongly agree.  

As for her science teaching outcome expectancy, Monica held a moderate level at the start of 
the science methods course, with a large increase at the end of the science methods course and then 
very little increase at the end of student teaching. The statement on the STOE subscale that showed 
the largest change was “When a student does better than usual in science, it is often because the 
teacher exerted a little extra effort,” moving from disagree (pre-test) to agree (post-test) to strongly 
agree (delayed post-test). Other statements moved from neutral to agree (e.g., “When a low-achieving 
child progresses in science, it is usually due to extra attention given by the teacher”) or from disagree 
to neutral (“If parents comment that their child is showing more interest in science at school, it is 
probably due to the performance of the child’s teacher”). 
 
Beliefs about Teaching Science at the End of Student Teaching 
 

Table 4 includes the phrases Monica used to describe good and bad days in science, as well as 
good and bad science teachers at all three data collection points. 
 
Table 4 
 
Descriptions of Classroom and Teacher Characteristics 
 

Category Pre-test Phrases Post-test Phrases Delayed Post-test Phrases 

Good Days Engaging 
Imaginative 
Flexible 

Fun 
Hands-on 
Direct 

Engaged 
Creative 
Communicating 

Bad Days Restrictive 
Overwhelming 
Confusing 

Confusing 
Disinterested 
Worksheet 

Confusing 
Boring 
Anxious 

Good Science 
Teacher 

Creative 
Communicative 
Open-minded 

Creative 
Expressive 
Encouraging 

Flexible 
Knowledgeable 
Fun 

Bad Science Teacher Boring 
Unclear 
Rude when students do not 
understand 

Unenthusiastic 
Disengaged 
Boring 

Bad communicator/unclear 
Closed off 
Difficult 
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When examining the words Monica chose to describe a good day in science, the phrase 
“engaging/engaged” appears at two different points, indicating Monica’s belief that the central feature 
of a good day in science is when students are a part of the learning process. On the other hand, when 
it comes to a bad day in science, Monica was consistent in the use of the phrase “confusing,” indicating 
a belief in that when students do not understand the material, this leads to a bad day in science. When 
describing the characteristics of a good science teacher, Monica used the phrase “creative” at two 
different points and then “flexible” on the third iteration. For Monica, being a good science teacher 
involves imagination on the part of the teacher and not being fully bound to one idea. When describing 
the characteristics of a bad science teacher, Monica used the phrase “boring” at two different points, 
indicating that bad science teachers are either not engaged with students or materials or excited to be 
teaching. 

When asked to describe how science should be taught, once again Monica felt science 
instruction should be more activity-based instruction than textbook-based presentation. As for science 
in her future classroom, it will be very engaging, with hands on activities and experiments for students 
to explore and lots of time for asking and discussing questions, terms, and ideas. Maintaining a 
consistent belief in her effectiveness as a future elementary science teacher, Monica stated she would 
be “above average” yet again. When it came to describing her overall beliefs in her ability to teach 
science and how they changed from the start of the science methods course to end of student teaching, 
Monica explicitly stated:  

 
I remember being like oh yeah, I'm not going to be good at teaching science like kind of being 
scared about the thought of doing that. And then now I'm like, oh yeah, I can definitely teach 
science. Like I loved teaching science! 

 
Discussion 

 
The overarching research question guiding this study was: How do prior experiences with science 

and classroom teaching experiences, in addition to the science methods course, affect the level of 
science teaching self-efficacy and the perceptions of science teaching for preservice elementary 
teachers? The specific research questions were: 

 
1) What are the PSTE and STOE beliefs of preservice elementary teachers as measured by the 

STEBI-B at the beginning and end of their science methods course, and the end of the student 
teaching semester? 

2) What is the impact of prior experiences on self-efficacy and the perceptions of science 
teaching? 

3) What is the impact of the science methods course on self-efficacy and the perceptions of 
science teaching? 

4) What is the impact of classroom teaching experiences during student teaching on self-efficacy 
and the perceptions of science teaching? 

 
Research Question 1: Changes in Self-efficacy 
 

As shown previously in Table 1, Monica’s scores on both subscales of the STEBI-B increased 
from the beginning of the science methods course semester to the end of the clinical teaching 
semester. From the beginning to the end of the science methods course, Monica’s scores on the STOE 
subscale showed a greater increase than on the PSTE subscale, indicating the methods course had a 
greater impact on her beliefs in her ability to affect student outcomes. The increases on the STEBI-B 
during the science methods course support the findings reported in previous studies (Flores, 2015; 
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McDonnough & Matkins, 2010; Menon & Azam, 2021). From the end of the science methods course 
to the end of clinical teaching, Monica’s overall STEBI-B increased, yet this time it was the PSTE 
subscale that showed the greater increase. This continued increase in scores on the STEBI-B during 
student teaching support the results from other studies (Palmer, 2006; Palmer et al, 2015; Smolleck & 
Mongan, 2011; Utley et al., 2005). For Monica, the greatest increase for the PSTE subscale occurred 
from the end of the science methods course semester to the end of the student teaching semester. On 
the other hand, the greatest increase for the STOE subscale occurred from the beginning to the end 
of the science methods course semester. These results indicate that, for Monica, the methods course 
had a greater impact on her beliefs in her ability to affect student outcomes, whereas the student 
teaching semester had a greater impact on her beliefs in her ability to teach science, supporting the 
findings from several other studies. 
 
Research Question 2: Impact of Prior Experiences 
 

Monica stated that she felt unprepared and overwhelmed when it came to teaching science, 
mostly due to her own K-12 science experiences. According to Monica, the science taught in her small 
school was very limited and she knew she would have to learn more science content to be able to 
teach it effectively to her future students. Like the findings presented by Kazempour (2014), 
experiences with science in K-12 classrooms can directly impact confidence in science. However, 
Monica’s acknowledgement that she would need to further her study of science topics seems to 
contradict the findings reported by Jarrett (1999) in that negative, or limited, experiences do not 
necessarily turn someone away from science. For Monica, she was aware of her limited science content 
and recognized the need for continued study if she were to be able to teach science to her future 
students. This realization may explain Monica’s moderately high scores on the initial STEBI-B. 
 
Research Question 3: Impact of the Science Methods Course 
 

As illustrated in the larger increase on the STOE subscale, the science methods course had a 
greater impact on Monica’s beliefs in her ability to affect student outcomes. These findings contradict 
those by Morrell and Carroll (2003). By modeling the implementation of science activities into the 
elementary classroom, Monica stated that the science methods course showed her the steps necessary 
for engaging students in the learning process. By encouraging students to learn by doing, Monica 
realized that instruction was not fully dependent on her content knowledge and being solely 
responsible for passing on that knowledge, but rather that students would gain understanding through 
activities. 
 
Research Question 4: Impact of Classroom Teaching Experiences 
 

Monica experienced more flexibility and freedom in her teaching during her second placement, 
a fifth-grade mathematics and science class. She explained that her CT in this particular classroom 
modified the grade-level developed lesson plans and encouraged her to try different activities or 
methods of instruction. Overall, her CT gave Monica more responsibilities than her previous CT. 
Monica noted that students seemed to comprehend the concepts more and show more excitement 
when hands-on activities were implemented. Monica felt it was this level of responsibility that directly 
impacted her confidence to teach science. Monica’s explanation of how her teaching impacted her 
confidence to teach science mirror the findings from several studies (Nikoçeviq-Kurti, 2021; Simsar 
& Jones, 2021; Soprano & Yang, 2013), indicating that the actual act of teaching is what impacts self-
efficacy the most. It appears that for Monica, it was the mentorship and modeling of the CT that were 
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at the center of further developing self-efficacy during the student teaching semester, as noted in prior 
research (Knoblauch & Woolfolk-Hoy, 2008; Simsar & Jones, 2021). 

 
Implications 

 
Although the findings presented here are limited to only one PST and her perceptions about 

science teaching, much can be learned from her experiences. The science methods courses within 
teacher preparation programs lay the foundation for science instruction in the elementary classroom. 
Modeling science activities, especially those that allow students to gain understanding for themselves, 
is crucial for three reasons. One, these activities allow PSTs to see first-hand what is needed to 
implement a science activity, both from the student perspective and the teacher perspective, leading 
to increased levels of science teaching self-efficacy. Second, when PSTs experience the science 
activities for themselves, they are able to connect these activities to their future teaching and how they 
provide meaningful learning experiences for their future students. Third, these activities provide an 
opportunity to address preservice elementary teacher understanding of science concepts common to 
the elementary curriculum. This will lead PSTs to understand the level of science understanding they 
need to possess themselves, and also how to help their future students increase their own level of 
understanding in science.  

Building from teacher preparation courses, the student teaching experience provides 
opportunities for PSTs to practice the implementation of science activities when they are supported 
by their CTs. It is vital for CTs to encourage and support these PSTs as they are practicing. First, CTs 
need to be willing to allow the PSTs opportunities to take on more responsibilities gradually 
throughout their time in the clinical teaching experience. The CT should be there to gently push PSTs, 
but also model interactions with students, fellow teachers, administrators, and parents. Second, CTs 
can provide some flexibility to the preservice elementary teachers to implement the strategies learned 
from the courses within their teacher preparation program, as they gradually take on more 
responsibility.  

This second point requires collaboration between multiple stakeholders: the teacher 
preparation program, the school administration, and the classroom teacher. Teacher preparation 
programs should be in constant communication with school administration so both parties are aware 
of best practices, the teacher preparation program providing the research aspect and the school 
administration providing the field-based aspect. Teacher preparation programs need to be aware of 
the most current classroom situations teachers are facing so they can ensure the courses reflect those 
occurrences and teach to those practices. School administration needs to be aware of current research 
trends and how those might affect classroom practice. Finally, CTs need to be given flexibility in 
creating supportive environments for preservice teachers, encouraging them to practice strategies 
reflective of the most current research and needs of the students and schools. 
 

Conclusions 
 

Many factors affect the development of science teaching self-efficacy: prior experiences, the 
science methods course, and classroom teaching experiences. This is a very complex relationship that 
is not a one-size-fits-all situation. Some PSTs who have limited or negative experiences with science will 
either avoid science and develop low science teaching self-efficacy, while others with those same 
limited or negative experiences will use them as a launchpad to learn more about science and how best 
to teach it. Regardless of the type of prior experiences PSTs have with science, they must come to 
acknowledge them and how they might affect their abilities to teach science and then proactively 
participate in science methods courses that are designed to model the most current research and best 
practices for the elementary science classroom. Then, when these PSTs go into their student teaching 
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experiences, they need to be supported by their CTs and schools to try out these practices. The 
preparation of the next generation of teachers requires the collaboration of classroom teachers, their 
school administration, and the teacher preparation program. Further research should examine how 
early years of teaching continue to shape science teaching self-efficacy. This could lead to the 
development of support systems for recent graduates and other in-service teachers. 
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ABSTRACT 
 
The purpose of this study was to analyze the effectiveness of scripted biology curriculum as a 
means of providing students with the information required to increase content knowledge, 
while comparing curriculum developed by the teacher that utilizes the Understanding by Design 
(UbD) framework (Wiggins & McTighe, 2005). The study used a mixed method, concurrent 
triangulation design which revealed that there was a significant difference between student 
growth from the pretest to the posttest. The teacher reflection logs and student focus groups 
identified two themes regarding science content knowledge: instructional/learning style and 
using discussion within the instructional cycle for both curricula. It was evident that the increase 
in content knowledge was associated with the utilization of discussion during the learning cycle. 
The teacher reflection logs and student focus groups also identified two themes when looking 
at the perception of the learning environment: the effect of teacher relationship on instruction 
and the effect of time on the learning environment. According to the instrument used, both 
groups of students showed growth, however, there was a larger gain among the students 
receiving the Understanding by Design curriculum. A major contributing factor for the growth 
among all students was the relationship the teacher had with them to meet their individual 
academic needs. 
 

 

Keywords: scripted science curriculum, Understanding by Design 
 
 

Introduction 
 

From the beginning of American education, the fundamental purpose was to “instill in 
students’ moral values, a common cultural identity, and civic values” (Spring, 2014, p. 7). This idea 
has continued throughout education, but over the last decade has become more influenced by politics 
and federal mandates from people who are far from the realm of education. Because America is such 
a diverse country, the education system has had to make accommodations and broaden the spectrum 
of curriculum. Due to an increase of federal involvement, the government now has direct control over 
student learning, more specifically teachers teaching to the test (Spring, 2014, p. 225). 

With the 1957 launch of the Russian Satellite Sputnik, and the fear of falling behind other 
nations, there was demand for innovation in technology and engineering in the United States. 
Following Sputnik, President Eisenhower called for action, stating that America needed scientists and 
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it would be a collaborative effort of the federal, state, and local governments to meet these demands. 
Shortly after, the National Aeronautics and Space Administration (NASA) was created in 1958 and 
the space program began to unfold. This drove Americans to put men on the Moon, send robots to 
Mars (Apollo), explore the depths of the Earth, and increase the knowledge of the planet and solar 
system at the beginning of the Space Race. In 1983, during the Regan administration, the National 
Commission on Excellence in Education (1983) published A Nation at Risk that further reformed 
science and engineering programs as a means to keep the United States competitive. This initiative 
called for seven-hour school days and a high school curriculum that needed to include: four years of 
English, three years of mathematics, three years of science, three years of social studies, and a half year 
of computer science. 

With federal agendas and grants such as No Child Left Behind (NCLB) Act and the Bill and 
Melinda Gates Grant, educational policies and political agendas push for stronger curriculum 
mandates and greater teacher accountability (Cunningham et al., 2009). These agendas have created a 
culture of fear and anxiety among teachers by linking scores to teacher performance and whether they 
keep their jobs, especially in schools with high populations of special education, English language 
learners, and low socio-economic groups (Ravitch, 2010, p. 269). With the implementation of high-
stakes accountability and standardization, there is now a lack of teacher autonomy which has led to 
the adoption of reductionist notions and in turn has caused teachers to oppose their professional 
beliefs and values. McLaren (2007) suggests that educators must provide an education that is relevant 
to students in order to be critical, transformative, and to change the world to help those who suffer 
and need the most. Freire (2005) further explains that educators cannot teach content as if that were 
all there is, but they should give creative wings to the students’ imaginations and demonstrate to 
students the importance of imagination for life, because imagination helps curiosity and inventiveness, 
just as it enhances adventure, without which we cannot create (p.93). 

Due to the increase of federal involvement in education, teachers are not given the autonomy 
to teach the content but are required to cover a large body of state and federal standards. Kang (2016) 
explains that high stakes accountability driven times is a direct result of national, state, and district 
policies affecting how teachers teach. These standards are generally proposed by politicians, and based 
on these results, the teachers, principals, schools, and school districts are then categorized. 
MacGillivray et al. (2004) suggest that these curriculum mandates are a form of colonization that serve 
to control teachers’ work by limiting their professional autonomy. Giroux (1988) explains that the 
dominant culture in school is organized around curricular, instructional, and evaluation experts that 
do the thinking while the teachers are expected to implement what they are given. 

The standardization paradigm is based on the standardization of curriculum, accountability of 
standardized test scores, and the deskilling of the teaching profession (Spring, 2014, p. 87). Apple 
(2006) explains that politicians and corporate leaders believe education is a business and should be 
treated no differently than any other business, thereby wanting to raise standards and require more 
high-stakes testing that they believe will guarantee schools will return to time-honored content and 
more traditional methods (p. 129). With the implementation of high-stakes accountability and 
standardization, there is now a lack of teacher autonomy which has led to the adoption of reductionist 
notions and in turn has caused teachers to oppose their professional beliefs and values. According to 
Apple (2006), "traditional content and methods have been jettisoned as our schools move toward 
more trendy subjects that ignore knowledge that made us such a great nation" (p. 129). 

The goal of education should be to inspire students to learn and acquire knowledge of a variety 
of content through various methods; “education depends on the intimate contact between a good 
teacher and an inquiring student” and should be a “catalyst to interest students in learning for 
themselves” (Ravitch, 2010, p. 284). Freire (1970) indicates that the current education system is 
training students to passively receive, memorize, and repeat information. Freire goes on to say that 
education could function in one of two ways: 
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As an instrument that is used to facilitate the integration of the younger generation into the 
logic of the present system and bring about conformity to it, or it becomes ‘the practice of 
freedom,’ the means by which men and women deal critically and creatively with reality and 
discover how to participate in the transformation of their world” (Freire, 1993, p. 16).  
 

McLaren (2007) suggests that educators must provide an education that is relevant to students in order 
to be critical, transformative, and to change the world to help those who suffer and need the most. 
Freire further explains that educators cannot teach content as if that were all there is, but they should 
give creative wings to the students’ imaginations and demonstrate to students the importance of 
imagination for life, because imagination helps curiosity and inventiveness, just as it enhances 
adventure, without which we cannot create (Freire, 2005, p. 93). 

The purpose of this study was to analyze the effectiveness of scripted biology curriculum as a 
means of providing students with the information required to be successful on standardized 
assessments, while comparing curriculum developed by the teacher that utilizes the Understanding by 
Design (UbD) framework. According to a review done by Roth (2007), Understanding by Design 
overcomes the impasse of development of coherent and cohesive curriculum by providing concise 
and practical guidance for experienced and inexperienced teachers. Roth (2007) goes on to explain 
that “UbD describes a practical and useful “backward” design process in which anticipated results are 
first identified; acceptable evidence for learning outcomes is established and, only then, are specific 
learning experiences and instruction planned” (p. 95). According to Wiggins and McTighe (2011), 
backward design is "an approach to designing a curriculum or unit that begins with the end in mind 
and designs toward that end" (p. 338). 
 
Background Research 

 
With the expansion of scripted curriculum across schools and the increasing importance 

placed on standardized testing, it is necessary to begin researching how this type of curriculum affects 
student achievement. Along with looking at the effectiveness of scripted curriculum, it is important to 
add to the research on alternative curriculum and instruction methods for teaching science, such as 
the use of the Understanding by Design framework. According to Amrein and Berliner (2002), high 
stakes or standardized test scores have come to dominate the discourse about schools and their 
accomplishments. The authors further explain that policymakers borrowed principles from the 
business sector and attached incentives to learning and sanctions to poor performance on tests, where 
high performing schools would be rewarded and under performing schools would be penalized and 
would have to improve themselves to avoid further penalties (Amrein & Berliner, 2002). 

Kang (2016) explains that the high-stakes accountability times have driven national, state, and 
district policies to play a role in how teachers teach. The author goes on to say that the current 
sociopolitical climate emphasizes standardized, regimented, and prescribed curriculum and instruction 
in order for schools and classrooms to be controlled. Smith et al. (1989) found that pressure to 
improve students' test scores caused some teachers to "neglect material that the external test does not 
include...reading real books, writing in authentic context, solving higher-order problems, creative and 
divergent thinking projects, longer-term integrative unit projects, [and] computer education..." (p. 268). 
Problematic side effects of high stakes testing for low-income students are the narrowing of 
curriculum and training students to pass a test without broader notions of learning and education 
(Amrein & Berliner, 2002). 

Science curriculum is often described as “unrelated, difficult, and boring to learn in 
comparison with other topics” (Alwahaibi, et al., 2019). It is important for teachers to actively engage 
students in the learning process and have the ability to differentiate instruction in order to meet the 
needs of all students. Without students’ interest in science, they may not make the effort to learn and 
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understand the concepts that they are taught (Helldén 2005). Remillard et al. (2014) explains 
curriculum materials can be defined as resources to guide teacher instruction that can include 
textbooks and supplementary units or modules. Many studies show that science curriculum materials 
can have positive effects on student learning, including an increase in students’ attitudes and 
motivation toward science (e.g., Häussler & Hoffmann, 2002; Roblin et al., 2017; White & Frederiksen, 
1998), an increase in student understanding of science concepts (e.g., Harris et al., 2015; Sadler, et al., 
2015), and an increase in their abilities to engage in science practices. Dias, Eick, and Dias (2011) as 
well as Wyner (2013) suggest that curriculum materials have also shown to have an influence on 
teachers’ beliefs about science teaching and learning, the nature of science, and about themselves as 
knowers of science. 

The current structure of the public-school system has made both learning and teaching difficult; 
“Just as it is difficult to communicate the complexities of teaching to the lay public, so it will be difficult 
to communicate to policymakers how full of conflict, how rife with contradictions, their decisions 
about accomplished teaching will be” (Wineburg, 2001, p 208). According to Wineburg (2001), 
knowledge of a subject is central to teaching, but expert knowledge of content does not determine 
good teaching and learning, but it requires a rich and deep understanding of many things (p 170). 
Pestalozzi (1951) affirms that learning slowly by one’s own experience is better than to learn by rote 
memorization of facts that other people know, because this can lead to lose one’s own free, observant 
and inquisitive ability to study (p. 35). Piaget (1973) explains that teachers should cease being a lecturer 
that is satisfied with transmitting ready-made solutions, but rather use a constructivist approach and 
become a mentor stimulating initiative and research (p. 16). 

Constructivist Theory 

According to Resnick (1989), constructivism is a theory of learning or meaning making where 
individuals create their own new understandings on the basis of an interaction between what they 
already know and believe and ideas and knowledge that they come into contact with. Piagetian 
Constructivism is a complex blend of biology, epistemology, philosophy, and psychology with the 
entire purpose of intellectual growth as one of coming to know reality more objectively through 
developing increasingly decentered-and hence more objective-perceptions of reality (O'Loughlin, 
1992). Piaget (1973) explains two misconceptions of active methods of instruction to be 1) a fear that 
the teacher would have no role to play in these experiments and success would depend on leaving the 
students entirely free to work or play as they will, 2) the teacher is needed to provide counterexamples 
that will lead to reflection and reconsideration of hasty solutions (p. 16). 

By allowing teachers the freedom and autonomy to teach necessary content, both students and 
teachers will be able to express their knowledge and skills in a variety of methods, not simply through 
a standardized, multiple-choice test. According to Devetak and Glazar (2014) good teaching involves 
activities that require students to identify and activate relevant prior knowledge, includes active learning, 
encourages students to reflect on their thinking and ongoing learning, and pushes students to discuss 
their work. Kumar and Gupta (2009) explain that a constructivist classroom provides opportunities 
to observe, work, explore, interact, raise question inquiry, and share their expectation to all. 
Constructivist teaching is a process of personal knowledge construction that occurs within the minds 
of individual learners and is contingent upon the way the learner constructs his/her thinking (Taber, 
2019). 

Scripted Curriculum 

 
Schools face the pressure of passing standardized tests, causing many districts across the 

country to implement various forms of scripted curriculum. This scripted curriculum or lesson plan 
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as defined by Demko (2010) is a series of scripts that determine instruction, which must be followed 
with perfect implementation. The role of the teacher is to “execute the commercial, scripted program 
without making adjustments” or the guarantee is lost (p. 62). Cilliers et al. (2019) further explain that 
this type of curriculum outlines what the teacher is to say, how the script should read, and what 
teaching strategies should be used. Scripted curriculum creates a precise process beginning with 
attention getting, linking prior knowledge or review, clearly stating the objectives of the lesson, 
followed by guided practice that involves MODEL, PROMPT, and CHECK steps (Gunter & Reed, 
1997). 

Several forms of scripted science curriculum have been introduced in Texas and other states 
over the years, such as CSCOPE, Pearson Interactive Science, and STEMscopes. The above-
mentioned curriculum types are often recommended and sold to school districts by Regional 
Education Service Centers. Once adopted and introduced, it is the responsibility of the 
superintendents, principals, and teachers to implement the curriculum as intended. These curricula 
use an inquiry-based design to learn known as 5E lesson design. The Biological Science Curriculum 
Study’s 5E instructional model refers to five steps of inquiry: engagement, exploration explanation, 
elaboration, and evaluation (Bybee et al., 2006). 

The scripted curriculum used in this study is STEMscopes, an online, comprehensive, and 
inquiry-based approach to science that is “100% aligned to the Texas science standards and combines 
online content, activities, and teacher materials with hands-on experiments and explorations” (Rice 
University, 2017). This program is designed to guide students toward discovery of concepts and skills 
instead of using direct instruction. By using this program, the STEMscopes pedagogical models adds 
two key steps: intervention and acceleration. These two key steps provide teachers with tools for 
identifying students that may struggle with a particular concept, allowing for additional opportunities 
to learn, as well as provide teachers with activities for students that have demonstrated mastery of 
concepts. In a study conducted during the 2012-2013 school year, 5th grade state assessment data was 
collected and examined, indicating that teachers who used STEMscopes more often had students 
whose average scale scores were 46.6 points higher than teachers who used fewer steps per learning 
standard (Rice University, 2017). 
 

Research Supporting Scripted Curriculum. Proponents of scripted curriculum believe that 
using a curriculum that is scientifically based will help students become more successful and increase 
their standardized scores. Gunter and Reed (1997) suggest that the foundation of scripted lessons is 
based on the model, prompt, and check steps to ensure learning of material. 

Hiralall and Martens (1998) suggest that scripted curriculum may help reduce the inequality 
that exists in the classroom. According to an article written by Milner (2013), scripted and narrowed 
curriculum can be used to help teachers that are underprepared by way of what to teach, when to teach 
it, and how. The author explains that this form of curriculum ensures all students are exposed to the 
same curriculum no matter the teacher's skillset, where the students live, or even the particular needs 
of the individual student. 

Supporters of scripted curriculum believe it makes teacher-led instruction “more efficient and 
predictable by scripting the teacher’s spoken words and the child’s likely responses” (Walsh, 1986). 
Watkins and Slocum (2004) argue that scripted curriculum accomplishes two goals: 1) it assures well 
designed instruction, and 2) it relieves the teacher of the responsibility to design, test, and refine 
instruction for every subject they teach. The authors explain that scripted programs provide 
systematic, structured, predictable, and consistent routines and learning environments while 
permitting training and supervision to ensure standardized instructional delivery (p. 306). They go on 
to explain that the detailed scripts are tools that are designed to allow teachers to relate to the students 
through the words in the scripts and the role of teacher is to focus on the critical job of delivering 
instruction and solving unexpected problems. 
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Vasquez Heilig and Jez (2014) explain that teacher education programs, such as Teach for 
America, make scripted curriculum necessary because many of the teachers are not prepared to make 
curricular decisions that are rational, appropriate, and responsive. Zhao et al. (2019) further explain 
that scripted curriculum narrows the lens to ensure that the teacher would focus on aspects that would 
most likely be tested in a given year. Twyman and Heward (2018) suggest that scripted curriculum 
offers continuity by using systematic methods for teaching specific content and ensure students have 
sufficient information to formulate the correct responses to the content. An analysis done by King 
and Zucker (2005), explains that the purpose of narrowing the curriculum was to allow teachers to 
focus on aspects of the curriculum that they would most likely be tested on in any given year. 

 
Research Not Supporting Scripted Curriculum. While there is research in favor of scripted 

curriculum, several disadvantages have been brought to light after a critical review of research. 
Although scripted curriculum is not a recent phenomenon, it was created as a means of regulating, 
managing, and regimenting teachers’ frameworks and instruction (Doyle, 1992). 

Teachers are concerned that the reason for educational policies and scripted mandates is due 
to the belief that teachers can no longer do their job effectively (Eisenbach, 2012). They believe that 
it sends the message that teachers are not capable of providing their students with rigorous instruction 
and generate intelligent lessons and activities that promote student engagement and intellectual growth 
(Eisenbach, 2012). 

In a longitudinal study conducted by Valli and Buese (2007), the authors examined the changes 
in teacher tasks over a 4-year period. Through detailed analysis, the authors explain that these changes 
greatly affected curriculum and instruction. One such change was the introduction of a scripted 
curriculum that required teachers to move through the curriculum on the district's schedule, with tests 
given at a prescribed time. This rapid paced content delivery or drive-by teaching hindered the teacher's 
ability to create lessons that involved inquiry. This form of curriculum limits teachers’ flexibility, 
autonomy, creativity, and ability to ask critical questions within the content (Valli & Buese, 2007). 

Srikantaiah (2009) and Milosovic (2007) explain that by narrowing the curriculum, teacher’s 
efforts to align curriculum to standards and focus on tested material has diminished available class 
time for science, social studies and other activities in the elementary grades (p.2). Jerald (2006) affirms 
that taking time from other subjects, such as science and social studies, produces significant long-term 
costs on student reading comprehension and thinking skills, increases inequity among students, and 
makes the job of secondary teachers more difficult. 

Smagorinsky et al. (2002) found that when implementing scripted curriculum, teachers were 
expected to use the same curriculum materials, in the same order, at the same time of day, across a 
diverse school district. During the study, students described the scripted materials provided as 
“unappealing” (p. 199) and that the flow and organization of the lesson did not meet the needs of the 
students. 

Freire (2005) states, educators must constantly adapt their way of thinking, learning, and 
teaching, in order to become a better teacher, yet use “pre-packaged” materials to teach differentiated 
instruction to a classroom full of people from all walks of life (p. 32). These “pre- packaged” teaching 
materials are not only taking away the creativity of the students, but also that of the teacher. With the 
idea of a prepackaged curriculum, there is little room for teachers to adapt to the needs of students 
within the classroom setting, therefore hindering teacher creativity and limiting their input, as well as 
fostering an education rooted in lower-order skills (Firestone et al., 2000). Katz (2015) explained that 
scripted curriculum fails to acknowledge the creative potential of educators in the classroom and their 
ability to shape environments according to the lived experiences and actual educational needs of their 
students. Ede (2006) and Kang (2016) explain the diverse ethnic and cultural backgrounds of students 
within any given classroom makes it unlikely that one single curriculum will meet the needs and 
interests of all students. In a study conducted by Crocco and Costigan (2007), they found that in 
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scripted lessons and mandated curriculum, teachers in New York City felt their personal and 
professional identity was thwarted, creativity and autonomy was undermined, and their ability to create 
relationships with their students was diminished. When the scripts and expectations are shaped by 
someone else, teachers and consequently students become robots (Milner, 2013). According to 
Eisenbach (2012) and Powell et al. (2017), the use of scripted curriculum provides teachers with three 
choices: accommodate, negotiate, or resist. In the study done by Eisenbach (2012), the author 
describes each of these choices: 1) Teachers that tend to accommodate believe they must set the 
example and follow the mandates set by the policy makers; 2) Teachers that negotiate or subtly oppose 
tend to incorporate their own ideas and beliefs into the scripts and create a hybrid classroom; 3) 
Teachers that resist do not use any of the curriculum provided and use what they believe works best 
for their student. A similar study done by Powell et al. (2017), describe these choices as acquiesce, 
subtly oppose, or actively resist. In this study, the authors describe the first two choices similar to 
Eisenbach (2012) but also explain that in the last choice, the teachers may not only resist use of 
curriculum, but some will even leave teaching altogether. 

Kohl (2009) and Powell et al. (2017) suggest that the role of a teacher is changing as a 
consequence of scripted curriculum, teacher accountability, continuous monitoring of student 
performance, and high stakes testing. Kohl (2009) explains that scripted curriculum turns teachers 
into delivery systems that is leading to the erosion of self-respect and pride in one’s work by treating 
teachers as objects with no independent educational knowledge or judgment of their own. Powell et 
al. (2017) suggest that the layers of control have become visible with the corporation making the 
decisions, school administrators requiring teachers to comply, and teachers fearing reprisal if they do 
not follow the rules. Herr and Arms (2004) describe standardized curriculum as mandates, where even 
administrators are held accountable for implementing them and bringing a sense of surveillance to the 
classroom (p. 536). Moustafa and Land (2002) describe scripted curriculum to be less effective than 
reading instruction where teachers are allowed to use their knowledge and experience to differentiate 
instruction based on the needs of the students. Mills (2008) and Carl (2014) explain that scripted 
curriculum may limit a teacher’s ability to exercise professional judgement which may limit teacher 
efficacy and student potential. Elkind (1986), Flipo (1999) and Hargreaves (1994) are also concerned 
about academic achievement and the ability of the programs to develop deep lasting engagement that 
will increase student achievement as advertised by the program developers. In an audit done by Hos 
and Kaplan-Wolff (2020) they examined the New York State Education Department of the Sunnyside 
School District’s curriculum and concluded that there was a disconnection between what was taught 
in the school district when compared with the state standards. The results of this study support the 
conclusion that teachers who choose to resist the scripted curriculum would rather engage their 
students in purposeful activities that represent their own professional identity and beliefs about 
learning (Hos & Kaplan-Wolff, 2020). With the growing concern about student achievement, other 
curriculum frameworks can be explored to allow for more autonomy, such as the understanding by 
design framework. 
 
Understanding by Design 
 

Understanding by Design (UbD) is a lesson plan framework designed to focus both curriculum 
and instruction on the development and deepening of student understanding and transfer of learning 
(Wiggins & McTighe, 2011). The purpose of the UbD framework is to ‘teach’ students that their job 
is not merely to learn facts and skills, but to question them for further meaning (Wiggins & McTighe, 
2005, p. 104). The UbD model allows students to go beyond the information and make inferences, 
connections, and associations that will bind together seemingly disparate facts into coherent, 
comprehensive, and illuminating accounts and experiences (Wiggins & McTighe, 2005, p. 86). The 
UbD framework is rooted in the idea that teaching in and of itself never causes learning, but successful 
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attempts by the learner to learn causes learning and achievement is the result of the learner successfully 
making sense of the teaching (Wiggins & McTighe, 2005, p. 228). Wiggins and McTighe suggest that 
by simply covering content required by state and national standards, learning becomes a more difficult 
task and levels everything to verbal stuff for recall (p.234). It is only when a concept becomes “real” 
instead of abstract that it makes sense and the learner can connect the learning with experience and 
knowledge (Wiggins & McTighe, 2005, p. 234). By using the method of teaching after revealing 
experience, students will have a more concrete understanding of the concept being taught, allowing 
for transferability. According to Wiggins and McTighe (2005) in order to ensure learning is fluid, a 
spiral approach should also be incorporated as a means to develop curriculum around recurring, ever-
deepening inquiries into big ideas and important tasks (p. 297). 
 

Reviews of Understanding By Design. A study done by Schiller (2015) was conducted using 
UbD to design unit lesson plans for the Next Generation Science Standards (NGSS) for the topic of 
evolution and correlated it to the NGSS performance expectations. The author explained that the 
findings showed the UbD unit lessons increased student achievement in the unit, using the NGSS 
assessment, as well as an increase in student interest in learning the science content. 

According to a review done by Roth (2007), Understanding by Design overcomes the impasse 
of development of coherent and cohesive curriculum by providing concise and practical guidance for 
experienced and inexperienced teachers. Roth (2007) goes on to explain that UbD utilizes a practical 
and useful “backward” design process in which anticipated results are first identified, acceptable 
evidence for learning outcomes is established, and finally specific learning experiences and instruction 
are planned. The UbD framework was implemented at the University of Wyoming, in which graduate 
students were able to transform their original lesson plans into lessons that were more useful, 
functional, and valuable for both teachers and students (Roth, 2007). 

When applying the backward design, Childre et al. (2009) and Whitehouse (2014) explain the 
key steps in differentiating instruction, more specifically when planning for classrooms with students 
with disabilities. These key steps include: 1) identifying individual learning needs as well as classrooms 
needs such as resources and educational background of students, 2) identifying curricular priorities 
using the standards to drive instruction using essential questions to pique interest, 3) design assessment 
that is ongoing and frequent that aims to move students beyond the recall of memorized facts to 
deeper understand of the meaning of content in applied contexts to other concepts, and 4) creating 
high-quality learning activities that guides students toward accomplishing the desired understanding 
and assessments while scaffolding information throughout the process. In a study done by Michael & 
Libarkin (2016) the authors implemented the UbD framework at the university level and found that 
using these steps, as described by Childre et al. (2009) and Whitehouse (2014), ensues instruction is 
moving away from lecturing and allowing students the opportunity to take an active role in their own 
learning. Research suggests there is no real benefit of scripted curriculum when considering student 
achievement. Studies researching the effectiveness of scripted programs exist in the form of 
dissertations and other publications, but much of the literature does not show a significant difference 
in student’s achievement between scripted and non-scripted curriculum (Atkeison-Cherry, 2004; 
Dickson, 2006; Duncan-Owens, 2009; Lyons, 2009; Valencia et al., 2006; Bosen, 2014). Anderson 
(2011) suggested further research over time to identify patterns of support for scripted reading 
programs, while Halff (1988) and Hargreaves (1994) recommend a partial implementation of scripted 
mathematics curriculum. Research studies have been conducted that present the various aspects of 
the implementation of prescribed reading and mathematics curriculum, but there seems to be a gap in 
the literature regarding the use of scripted science curriculum. Table 1 shows a comparison between 
the two curriculum frameworks. 
 
 



26     MAHZOON-HAGHEGHI & BRUUN 

 

Table 1 
 
Curriculum Framework Comparison 
 

STEMscopes Understanding by Design 

K-12 digital curriculum that uses exploratory 
hands-on kits to promote inquiry and allows 
students to engage in real-world scientific 
connections (Accelerate Learning, 2021). 

Lesson plan framework designed to focus 
both curriculum and instruction on the 
development and deepening of student 
understanding and transfer of learning 
(Wiggins & McTighe, 2011). 

 
This study compared the effectiveness of scripted biology curriculum while comparing 

curriculum developed by the teacher that utilizes the Understanding by Design (UbD) framework. 
This study explored the following two research questions: (1) What is the difference in science content 
knowledge between those students receiving UbD curriculum/instruction and those students 
receiving the district-scripted curriculum/instruction? (2) What is the difference in student 
participation (constructivist practices) between those students receiving UbD curriculum/instruction 
and those students receiving the district scripted curriculum/instruction? 

 
Methods 

 
This study evaluated two curriculum designs among 9th grade Biology students at South Texas 

Charter School (STCS). STCS is an urban charter school located in south Texas that serves students 
from kindergarten through twelfth grade. According to the information from the 2017-2018 school 
year, there were a total of 906 students from grades K-12, with 58.8% (n=533) of those students on 
free/reduced lunch. Table 2 shows the ethnicity of students within the K-12 school are as follows: 
2.6% (n = 24) Asian, 4.2% (n = 38) African-American, 73.8% (n =669) Hispanic, 18.8% (n =170) 
White, and less than 0.1 % (n =4) identified as Other. This study was conducted using 9th grade 
Biology curriculum over the course of the second quarter of the 2018-2019 school year. 
 
Table 2 

Descriptive Statistics: K-12 School Population 
 

 
N % 

Socio-Economic Status 
  

Free/Reduced Lunch 533 58.8 

No Free/Reduced Lunch 373 41.2 

Ethnicity 
  

Asian 24 2.6 

African-American 38 4.2 

Hispanic 669 73.8 

White 170 18.8 

Other 4 < 0.1 
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The participants consisted of the course instructor and students enrolled in the 9th grade 
Biology course at STCS during the 2018-2019 school year. Although there were three sections of 
Biology students, only two sections participated in this study. The third section was not used due to 
the population of the group consisting of honor students that required the use of a faster paced 
curriculum. Further assessment to determine which two of the three sections were most similar was 
unnecessary. The course instructor teaching the Biology course was a Hispanic, female with six years 
of science teaching experience, three of which were specific to teaching Biology. The two groups 
proceeded through the curriculum over the course of a nine-week period. 

There were a total of thirty-five students, 22 of which experienced STEMscopes as the scripted 
curriculum framework. Thirteen (13) students experienced the UbD framework, a lesson plan 
framework designed to focus both curriculum and instruction on the development and deepening of 
student understanding and transfer of learning (Wiggins & McTighe, 2011). 

The course instructor was asked to complete the teacher version of the Constructivist Learning 
Environment Survey (CLES), (Appendix A) and began teaching the two groups using the designated 
curriculum, maintaining a daily reflection log for each of the sections. At the end of the nine-week 
period, the instructor was asked to share a sample lesson plan used for both sections of Biology 
students, complete the teacher CLES, and submit the daily reflection logs. 

The study used a mixed method, concurrent triangulation design. According to Hanson, 
Creswell, Plano Clark, Petska, and Creswell (2005), concurrent triangulation requires that quantitative 
and qualitative data are collected and analyzed simultaneously, where priority is equal and data analysis 
is separate and integrated using the triangulation of data to confirm, cross-validate, and corroborate 
study findings. The quantitative aspects of the design followed a quasi-experimental, nonequivalent 
group research design utilizing a content-based pretest/posttest design as well as a survey, while the 
qualitative aspects followed a case study design that utilized focus groups and teacher reflection logs. 
Once all data was collected it was triangulated to provide a confirmation measurement to increase the 
confidence and rigor of the research and build a coherent justification for themes. Member checking 
was also used to help determine if the participants felt that the themes were accurate. 

In quasi-experimental designs, hypotheses are tested regarding the effectiveness of treatments 
that can be actively manipulated to achieve an outcome (Shadish & Luellen, 2006). The authors go on 
to explain some threats to internal validity of this design to include: a) ambiguous temporal 
precedence, b) selection of participants, c) history of events during the treatment, d) maturation over 
the course of the treatment, e) regression, f) attrition, g) exposure to the test, and h) instrumentation 
(Shadish & Luellen, 2006, p. 541). According to Creswell (2014) when utilizing a case study design, 
inquiry can be found through in-depth analysis of a program, event, activity, or individuals. During 
this process, data analysis must be conducted while still collecting more data in order to allow for 
various themes to emerge. Data is then coded or organized into chunks allowing the researcher to get 
a sense of main ideas present. The coding process should be used to generate a description of the 
topic, setting, and even complex themes for analysis in order to build additional layers (Creswell, 2014). 

The first research question of the study focused on the difference in science content 
knowledge between those students receiving the district-scripted curriculum/instruction and those 
receiving the UbD curriculum/instruction. This was answered using a triangulation of data based on 
the pre- post unit tests, teacher reflection logs, and sample lesson plans. The second research question 
of the study focused on the difference in perception of the learning environment between the 
classroom receiving district scripted curriculum and UbD curriculum. Data triangulation consisted of 
student and teacher CLES surveys, student focus groups, and teacher reflection logs. 
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Assessment Measure Development 

 
The study began with a content-based pretest administered to all students enrolled in the 

Biology course to determine which two of the three sections were most similar based on science 
content knowledge. The content-based pretest consisted of 20 multiple choice questions associated 
with the Texas Essential Knowledge and Skills (TEKS) that were taught over the nine-week period. 
The standard that was covered during this time was B.6F. This standard required students to predict 
possible outcomes of various genetic combinations such as monohybrid crosses, dihybrid crosses, and 
non-Mendelian inheritance. For purposes of this study, STEMscopes lessons were delivered as the 
scripted curriculum (control group), since this was the curriculum provided by the school. The 
treatment group was taught using lessons created by the teacher utilizing the UbD framework. The 
criteria for the curriculum provided to the groups was randomly selected by the teacher. 

Before beginning treatment, the Constructivist Learning Environment Survey (CLES) 
(Appendix A and B) was administered to both the teacher and students to determine the level of 
constructivist practices occurring in the classroom. The CLES was originally developed by Peter 
Taylor, Barry Fraser, and Darrell Fisher at Curtain University of Technology in Perth, Australia 
(Taylor, Dawson, & Fraser, 1995). According to Johnson and McClure (2003), the Constructivist 
Learning Environment Survey can be used to determine both teacher and student perceptions of 
classroom learning environments (p.67). The CLES has been used in many qualitative studies of the 
nature of science knowledge and learning of science teachers and their students (Lucas & Roth, 1996; 
Roth & Bowen, 1995; Roth & Roychoudhury, 1993) as well as an investigation of the relationships 
between classroom environment and student academic efficacy (Dorman, 2001). 
 
Focus Groups 

 
During the first week, four students from each section were purposefully selected to 

participate in a focus group meeting. The criteria for purposeful selection included the ability to stay 
after school for 45 minutes, as described in the consent form, along with students of varying science 
content knowledge as shown by the pretest scores These students attended a total of two focus group 
meetings to discuss the level of constructivist practices that occurred. The first focus group meeting 
occurred during the first week of the nine-week period. An audio recording device was used during 
focus group meetings along with a list of guiding questions to ensure the students’ conversation stayed 
on track (Appendix C). A final focus group meeting consisting of the same group of students was 
conducted during the last week of the nine-week period. 
 
Teacher Reflection Logs 

 
Over the course of the nine-week period, the teacher kept a daily log of each class using a 

structured reflection questionnaire, (Appendix D) where she analyzed the lesson using a set of 
questions for each of the lesson designs. One purpose of the reflection logs was to measure the 
difference in science content knowledge between those students receiving UbD 
curriculum/instruction and those students receiving the district- scripted curriculum instruction. The 
other purpose was to measure the difference in perception of the learning environment between the 
classroom receiving UbD curriculum and the district scripted curriculum. 
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Student Work Samples 

 
Student work samples were used to provide an example of the types of materials and activities 

that were used in each of the classrooms. When comparing these samples, a rubric (Appendix E) was 
used to determine the depth of science content knowledge between the two frameworks. This rubric 
was adapted from Constructivist Lesson Rubric (2014) to measure four criteria: 1) evidence of the state 
standard being taught within the activity, 2) evidence of student expectations taught within the activity, 
3) evidence of the essential knowledge assessed within the activity, and 4) evidence of student 
understanding. 
 
Sample Lesson Plans 

 
Sample lesson plans were used to provide an example of the types of daily lessons, materials, 

and activities that were used in each of the classrooms. When comparing these sample lesson plans, a 
rubric (Appendix F) was used to determine the depth of science content knowledge between the two 
frameworks. This rubric was adapted from Constructivist Lesson Rubric (2014) to measure five 
criteria: 1) evidence of instructional design, 2) evidence of standards alignment, 3) evidence that the 
assessments were used to guide instruction, 4) evidence that the learning activities were aligned to the 
curriculum and considered the perspective of the learner, and 5) evidence that the lesson was designed 
to optimize class time for the assignments. 

 
Findings and Results 

 
Using the mixed method, concurrent triangulation design, the quantitative data analysis 

consisted of an examination of scores of students based on the type of instruction given over a nine-
week period as well as the perception of the learning environment described by the teacher and the 
students based on the type of instruction conducted in the classroom during the nine weeks. The 
qualitative data analysis consisted of examining the teacher reflection logs, sample lesson plans, student 
focus groups, and student work samples. 
 
Science Content Knowledge 

 
The first research question of the study focused on the difference in science content 

knowledge between those students receiving UbD curriculum/instruction and those students 
receiving the district-scripted curriculum/instruction. This was answered using a triangulation of data 
based on the pre- post unit tests, teacher reflection logs, sample lesson plans, and student work 
samples. The teacher reflection logs and student focus groups were triangulated and analyzed to 
identify two themes regarding science content knowledge. The two themes resulting from data analysis 
were Instructional and Learning Style and Using Discussion Within the Instructional Cycle. 
 
Content-based Tests 

 
A mixed-design ANOVA was used with time of content test (pretest, posttest) as a within-

subjects factor and instructional type (UbD, scripted) as a between-subjects factor revealed a main 
effect of instructional type. Table 3 shows the results using content tests over time. There was no 
interaction effect between time and teaching method, F(1, 33) = 41.81, p < 

.05, partial η² = .56. Mauchly’s test indicated that the assumption of sphericity had been 
violated, therefore degrees of freedom were corrected using Huynh-Feldt correction model of 
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sphericity (ε = 1.00). The Mauchly’s test of sphericity was used to measure the assumption of sphericity 
when using repeated-measures ANOVA. The Huynh-Feldt correction model was then used because 
there was small p-value from the Mauchly’s test. This revealed that there was a significant difference 
between the times the tests were taken showing that the students showed growth from the pretest to 
the posttest. There was no interaction effect between time and teaching method, F(1, 33) = 41.81, p 
< .05, partial η² = .56. Based on the type of instruction given to each class, there was no significant 
difference between the two types of instruction, F (1, 33) = 2.65, p = 0.11. This revealed that both 
types of instruction increased content knowledge among the students that participated in the study. 
There was a total of a 15.71point increase over the nine-week period, with a larger gain among the 
students receiving the district-scripted curriculum. 
 
Table 3 
 
Mixed-Model ANOVA results using Unit Tests over time 
 

Predictor Sum of Squares dƒ Mean Square F 𝑝 partial η² 

(Intercept) 193062.38 1 193062.38 462.13 <.001 .933 

time 3608.89 1 3608.86 41.81 <.001 .559 

Instructional 
type 

1108.10 1 1108.10 2.65 .113 .074 

time x 
Instructional 
type 

180.32 1 180.32 2.09 .158 .060 

Error 13786.20 33 417.76    

 
Descriptive statistics was used to determine the mean overall score of the unit tests (pretest and 
posttest). As shown in Table 4, the mean total score of the participants on the unit pretest was 45.43 
with a standard deviation of 16.60. The mean total score of the participants on the unit posttest was 
61.14 with a standard deviation of 15.86. 
 
Table 4 
 
Descriptive Statistics: Unit Pretest and Posttest 
 
 Instructional Type N M SD 

Pretest STEMScopes 22 41.14 16.18 

 UbD 13 52.69 15.22 

 Mean Total Score 35 45.43 16.60 

Posttest STEMScopes 22 59.32 15.61 

 UbD 13 64.23 16.44 

 Mean Total Score 35 61.14 15.86 
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Teacher Reflection Logs and Student Focus Groups 
The teacher reflection logs and student focus groups were triangulated and analyzed to identify 

two themes regarding science content knowledge. The two themes resulting from data analysis were 
instructional and learning style and using discussion within the instructional cycle for both curricula. 

 
Instructional and Learning Style Using UbD. The purpose of the UbD framework is “to 

‘teach’ students that their job is not merely to learn facts and skills, but also to question them for their 
meaning” (Wiggins & McTighe, 2005, p. 104). The teacher expressed that with this lesson framework, 
she has “the ability to chunk the information appropriately with [her] students in mind and make time 
for the detail that will set them up to understand concepts at a deeper level and allow them to build 
on that understanding with other concepts.” During the focus groups, the students explained how the 
teacher would adapt her lessons to meet their needs but also encourage a productive struggle. One 
student explained: 
 

She lets us struggle, but productive struggle. Like if she sees that we really don’t get it, she’ll 
help us. When she notices we’re really not getting it, she will be a little more elaborate and 
explain on it and go into more detail. 
 
Another student explained when they would have multiple assignments due in various classes, 

students knew they could talk to the teacher; “Like I think if we go to her like specifically like one-on-
one, she’ll give you more time if you ask for it.” The student went on to explain that the teacher would 
also provide different opportunities for them to finish their work or get extra help; “We had a working 
lunch if we didn’t finish [an assignment] or come after school.” 

In the teacher reflection logs, the teacher explained that she was able to make connections to 
previous content and lay the foundation for upcoming concepts. As a precursor to labs and other 
activities, she would ensure the students understood the “how and why” of a concept as well make 
“direct connections to the TEKS” and allow them to relate it to real world examples. 

The teacher further explained, in the reflection logs, that this framework “allowed for some 
flexibility and differentiation.” One specific example of this can be seen when she stated, “I was able 
to cut out an elaborative assignment for the sake of time and [ensure] that students really focused on 
the practice assignment where they applied mitosis for the first time. The virtual lab I cut out, while 
interesting, goes deeper than needed for the curriculum and goals, and so was not necessary.” 

 
Instructional and Learning Style Using Scripted Curriculum. The district provided 

curriculum, STEMScopes, as the scripted curriculum for this study. According to a study done by Rice 
University (2017), this program is designed to have the teacher guide students toward discovery of 
concepts and skills instead of using direct instruction. The teacher expressed that STEMScopes did 
not go into the specificity required for each standard. She expressed numerous times that the 
STEMScopes curriculum did not allow for students to easily make connections between concepts or 
lay the foundation for new ones. The teacher explained that “STEMScopes focused more on the 
definitions...rather than effects. [It] seems to lead them through the process of [the various concepts] 
without going into the ‘why’ or ‘what’s happening’.” She went on to explain how she would use “quick 
mini-lessons” to cover the information that STEMScopes did not cover. 

 
Using Discussion Within the Instructional Cycle for Both Curricula. During the 

instructional cycle, the teacher frequently utilized student-led and class wide discussions. As explained 
in her lesson plans, she would use these discussions in various components in her lesson. During 
activities, the teacher had the students discuss the overarching concepts and encouraged them to work 
together to answer the higher order thinking questions asked within the assignment or activity. As 
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explained by the students during the focus group, “Whenever she assigned us group projects, that’s 
when I learned stuff.” Another student went on to explain that “helping each other is better than 
asking the teacher for help...sometimes another student has an easier way.” 

Another method the teacher used to implement discussion was when students were given 
written assignments or worksheets. A student explained that the teacher would use them as a guideline 
of what they were supposed to talk about in their groups or partners. Along with student-led 
discussion, the teacher mentioned that she would bring the class together as a whole group to check 
for understanding. If a concept was not covered in the scripted curriculum, the teacher would provide 
the students with a basic overview of the concept before giving the assignment as written. 

The last method the teacher used to implement discussion was as a form of formative 
assessment to guide instruction and monitor student learning. Group question and answer sessions 
were held during note taking sessions to make connections to previous content or lay a foundation for 
upcoming concepts. She would also use small group conferencing during independent work time to 
work with students that were struggling with a particular concept. 
 
Student Work Samples 

 
A rubric was created and used to analyze the student work for both scripted and UbD 

assignments. As shown in Table 5, when analyzing the assignments used in the scripted classroom, the 
state standards were somewhat evident. Neither assignment provided by STEMScopes (Math 
Connections: Genetic Outcomes and Progress Monitoring Assessment) covered a specific aspect of 
the standard regarding possible outcomes using non-Mendelian inheritance. A district created 
Essential Lab was implemented, Paternity by Blood Typing, to cover one type of non-Mendelian 
genetics called codominance. Student expectations were somewhat evident between the assignments. 
Only one third of the student expectations were covered within the two work samples. Neither of the 
assignments required students to show their understanding by inferring genotype of the F1 generation, 
inferring any phenotypic expression, or predicting genetic combinations using non-Mendelian 
genetics, specifically, incomplete dominance, using multiple alleles, or sex-linked traits. The essential 
questions were somewhat answered within the two work samples. The assignments exposed students 
to two ways to calculate the probability of inheritance in offspring but did offer opportunities for 
students to explain the limitations of this type of calculation. The student understandings were also 
somewhat evident within the two assignments. 

Math Connections that were used included Genetic Outcomes requiring students to create five 
monohybrid Punnett squares and determine a specific percentage of the inherited gene, as well as one 
dihybrid cross to determine the phenotypic ratio of all offspring. Progress Monitoring Assessment 
consisted of 7 multiple choice questions that required students to use monohybrid and/or dihybrid 
crosses to answer the questions. 

When analyzing the assignments used in the UbD classroom, the state standards were 

extremely evident. Genetic outcomes were determined using a variety of methods among the 
assignments. Students were required to predict genotypic and phenotypic expression using 
monohybrid and dihybrid crosses, and use various non-Mendelian combinations (incomplete 
dominance, using multiple alleles, and sex-linked traits). As shown in Table 6, student expectations 
were mostly evident between all of the assignments, with only one student expectation not met. 
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Table 5 
 
Student Work Analysis: Scripted 
 

Curriculum Assignments Category Evidence 

 Math 
Connections: 
Genetic 
Outcomes 

State Standards 
(TEKS) 

State standards were somewhat evident in the scripted 
curriculum assignments. Genetic outcomes were 
determined using monohybrid and dihybrid crosses in 
each assignment. Neither assignment provided by 
STEMScopes (Math Connections: Genetic Outcomes 
and Progress. Monitoring Assessments) covered 
possible outcomes using non-Mendelian inheritance. A 
district created Essential Lab was implemented. 
Paternity by Blood Typing to cover one type of non-
Mendelian genetics called codominance. 

Scripted Progress 
Monitoring 
Assessment 
 
District 
Mandated: 
Paternity by 
Blood Typing 

 Student expectations were somewhat evident between 
the assignments. Only one third of the student 
expectations were covered within the two work samples. 
The assignments from STEMScopes exposed students 
to monohybrid and dihybrid crosses using Punnett 
squares, calculating possible outcomes of F2 generation, 
and predicting combinations with genotypes. The 
Paternity by Blood Typing assignment required students 
to predict genetic combinations using codominance. 
None of the assignments required students to infer 
genotype of the F1 generation, infer any phenotypic 
expression, or predict genetic combinations sing non-
Mendelian genetics, specifically, incomplete dominance, 
using multiple alleles, or sex-linked traits. 

  Essential 
Questions 

The essential questions were somewhat answered within 
the two work samples. The assignments exposed 
students to two ways to calculate the probability of 
inheritance to offspring but did offer opportunities for 
students to explain the limitations of this type of 
calculation. 

  Student 
Understandings 

The student understandings were somewhat evident 
within the two assignments. Math Connections: Genetic 
Outcomes required students to create five monohybrid 
Punnett squares and determine a specific percentage of 
the inherited gene, as well as one dihybrid cross to 
determine the phenotypic ration of all offspring. 
Progress Monitoring Assessment consisted of 7 multiple 
choice questions that required students to use 
monohybrid and/or dihybrid crosses to determine 
information necessary to answer the questions. 
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Table 6 
 
Student Work Analysis: Understanding by Design 
 

Curriculum Assignments Category Evidence 

 Monster 
Genetics 
 
Zork Genetics 
 
DNA,RNA, 
Snorks 

State Standards 
(TEKS) 

State standards were extremely evident in the UbD 
assignments. Genetic outcomes were determined 
using a variety of methods among the assignments. 
Students were required to predict genotypic and 
phenotypic expression using monohybrid and 
dihybrid crosses, and use various non-Mendelian 
combinations (incomplete dominance, using multiple 
alleles, and sex-linked traits). A district created 
Essential Lab was also implemented, Paternity by 
Blood Typing, to cover one type of non-Mendelian 
genetics called codominance. 

Understanding 
by Design 

X-linked 
Genes 
 
Bikini Bottom 
Incomplete 
Dominance 
 
District 
Mandated: 
Paternity by 
Blood Typing 

 Student expectations were mostly evident between all 
of the assignments, with only one student 
expectation not met. The Monster Genetics and 
Zork Genetics assignments utilized by the teacher 
exposed students to monohybrid and dihybrid 
crosses using Punnett squares, calculating possible 
outcomes of F2 generation, and predicting 
combinations with genotypes. The Bikini Bottom 
assignment exposed students to incomplete 
dominance, while the DNA, RNA, Snorks 
assignment exposed students to gene expression by 
way of mitochondrial DNA. The X-linked Genes 
assignment gave students an opportunity to explore, 
predict genetic combinations with sex-linked traits. 
The Paternity by Blood Typing assignment required 
students to predict genetic combinations using 
codominance.   

  Essential 
Questions 

The essential questions were somewhat evident 
among the work samples. The assignments exposed 
student to various ways to calculate the 0robability o 
inheritance in offspring but did offer opportunities 
for students to explain the limitations of this type of 
calculation. 

  Student 
Understandings 

The student understandings were extremely evident 
among the assignments. Monster Genetics 
introduced students to the basics of Mendelian 
genetics, while Zork Genetics required students to 
utilize dihybrid crosses and infer phenotypic 
expression. DNA, RNA, Snorks required students to 
examine the DNA sequence of an organism and 
analyze the genes of a DNA sequence to determine 
what traits the organism has. X-linked Genes gave 
students an opportunity to predict the combination 
of eye color in flies as determined by the 
chromosome. The Bikini Bottom assignment had 
students explore incomplete dominance of the color 
of a specific flower, while the Paternity by Blood 
Typing assignment required students to predict traits 
using codominance. 
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Sample Lesson Plans 
 

A rubric (Appendix F) was created and used to analyze the teacher’s lesson plans for both the 
scripted and UbD classroom. This rubric looked at the instructional design, standards alignment, 
assessment, learning activities, and instructional pacing. When analyzing the lesson plans used in the 
scripted classroom, the instructional design used a 5E instructional model (Accelerate Learning, 2021) 
to cover two related standards. The standards were intertwined to create comprehensive instruction 
using the 5E model, while incorporating prior science connections, Reading/English Language Arts, 
and Math concepts. Progress Monitoring Assessments and Math Connections were used as formative 
assessments during class time. There were a total of three student-friendly essential questions derived 
from the standards that the teacher reviewed at the beginning of each lesson. Students were given 
opportunities to work together and have discussions during the engage, explore, and elaborate portions 
of the 5E instructional model (Accelerate Learning, 2021). According to the teacher’s notes, certain 
aspects of the lesson were modified or shortened due to time constraints and repetition. The teacher 
also noted that the lessons lacked information required by the standards, Since the scripted curriculum 
did not contain needed concepts, the teacher incorporated notes and sample problems to ensure 
students were exposed to this information. 

When analyzing the lesson plans used in the Understanding by Design classroom, the lesson 
also used a 5E instructional model to cover multiple standards. The progression through the standards 
supported the development and understanding of the concepts. The formative assessments used 
within this lesson plan included: a) group question and answer sessions held during note-taking; b) 
small group conferencing during independent work; c) peer dialogue; and d) observation of completion 
of various hands-on activities to ensure understanding. There were a total of nine student-friendly 
essential questions derived from the standards. Students were given opportunities to work together 
and have discussions throughout the learning process. The activities reflected vertical alignment and 
an appropriate level of rigor. Various instructional tools were used to address the needs of all learners. 
The sequencing of the lesson within the lesson plan allowed the teacher to think about the aspect of 
time prior to implementation. Teacher autonomy and the ability to adapt the lesson/time to fit the 
needs of the student was also a factor in optimizing in class time. 
 
Triangulation: Science Content Knowledge 

 
Although the data collected from the content-based tests revealed that both types of 

instruction increased content knowledge among the students that participated in the study, other 
factors should also be considered based on teacher reflection logs, student focus groups, sample lesson 
plans, and student work samples. Triangulation of data was used to capture different dimensions of 
each piece of evidence. 

Based on the triangulation of the teacher reflection logs and sample lesson plans with the 
content-based tests, it was evident that the increase in content knowledge was primarily due to the 
teacher’s understanding of the Texas Essential Knowledge and Skills (TEKS) as well as the ability to 
meet the needs of the students in each class. When looking at the student focus groups and student 
work samples with the content-based tests, it was evident that the increase in content knowledge was 
associated with the utilization of discussion during the learning cycle. The teacher utilized discussion 
at various points within the lessons to review the overarching concepts and encouraged students to 
work together to answer the higher order thinking questions asked within an assignment or activity. 
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Perception of the Learning Environment 
 
The second research question of the study focused on the difference in perception of the 

learning environment between the classroom receiving UbD curriculum and the district scripted 
curriculum. This was answered using a triangulation of data that consisted of student and teacher CLES 
surveys, student focus groups, student work samples, and teacher reflection logs. The teacher 
reflection logs and student focus groups were triangulated and analyzed to identify two themes when 
looking at the perception of the learning environment. The two themes resulting from data analysis 
were the Effect of Teacher Relationship On Instruction and the Effect of Time On the Learning 
Environment. 

 
Student CLES 

 
Descriptive statistics was used to determine the mean overall score of student perception of 

the learning environment using the CLES (pre- and post-survey). The mean score of the perception 
of the learning environment at the beginning of the nine-weeks was 72.40 with a standard deviation 
of 7.60. The mean score of the perception of the learning environment at the end of the nine-weeks 
was 75.47 with a standard deviation of 10.37. As shown in Table 7, a mixed-design ANOVA was also 
used to analyze the difference in perception of the learning environments from a student and teacher 
perspective. When looking at student perception over the nine-week period, time of survey (CLES 
Pre, CLES Post) was used as the within-subjects factor and instructional type (UbD, scripted) as the 
between-subjects factor. The data revealed a main effect of time, F (1, 33) = 4.20, p < .05, ηp² = 0.113. 

Mauchly’s test indicated that the assumption of sphericity had been violated, therefore degrees 
of freedom were corrected using Huynh-Feldt correction model of sphericity (ε = 1.00). This indicated 
an increase in student perception of the learning environment over the course of the nine-week period. 
Based on the type of instruction given to each class, there was no significant difference between the 
perception of the learning environment between the two instructional types, F(1, 33) = 0.61, p = 0.44. 
This revealed that both types of instruction increased student perception of the learning environment 
among the students that participated in the study. There was a total of a 1.17-point increase over the 
nine-week period, with a larger gain among the students receiving the UbD curriculum. 
 
Table 7 
 
Mixed-Model ANOVA Results for Student CLES with Instructional Type as Criterion 
 

Predictor Sum of Squares dƒ Mean Square F p partial η² 

(Intercept) 360456.17 1 360456.17 3040.50 .000 .989 

time 203.61 1 203.61 4.20 .049 .113 

instructional 
type 

72.29 1 72.29 .610 .440 .018 

time x 
instructional 
type 

31.73 1 31.73 .654 .424 .019 

Error 3912.20 33 118.55    
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Teacher CLES 

 
According to Figure 1 shown below, the teacher CLES score over the course of the nine-

week period decreased from 62 to 60 in respect to the scripted STEMScopes curriculum. 
 
Figure 1 

 
CLES: Teacher Pretest and Posttest 

 

 
  

This revealed that the teacher’s perception of constructivist practices decreased in the scripted 
classroom. I n respect to UbD curriculum, the teacher's CLES score over the course of the nine-week 
period increased from 80 to 85. This revealed that the teacher’s perception of constructivist practices 
increased in the UbD classroom. 

This revealed that the teacher’s perception of constructivist practices decreased in the scripted 
classroom. In respect to UbD curriculum, the teacher's CLES score over the course of the nine-week 
period increased from 80 to 85. This revealed that the teacher’s perception of constructivist practices 
increased in the UbD classroom. 
 
Teacher Reflection Logs and Student Focus Groups 

 
The teacher reflection logs and student focus groups were triangulated and analyzed to 

identify two themes when looking at the perception of the learning environment. The two themes 
resulting from data analysis were, (1) Effect of Teacher Relationship On Instruction and the, (2) Effect 
of Time On the Learning Environment. 

 
Effect of Teacher Relationships on Instruction. The teacher utilized various tools, such as 

differentiation, giving students extensions on assignments, and encouraging productive struggle, as 
ways to meet the needs of her students. To adapt to the needs of the students, she altered her original 
plans and “made the additional worksheets extra credit.” In the UbD classroom, the teacher created 
stations to introduce the students to different concepts, as opposed to the packets utilized in the 
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scripted curriculum. In respect to the scripted curriculum, the teacher explained how she would try to 
boost engagement when they had to do worksheet-type activities. She stated, “to avoid losing their 
attention and boring them (and myself) to tears, I offered them a choice. Students could read and work 
independently, or they could join me...We would read through part 1 (with me expanding on the 
information and clarifying where necessary) together and many students were making notes as we went 
on.” She went on to explain that she would even “extend the deadline to the next class period” or give 
them about 30 minutes to work on it during class time. According to the student focus groups, students 
appreciated the opportunities for extra credit; “Well I did a worksheet where it was like about flies 
with red eyes and white eyes for extra credit” to help with understanding genetics and inheritance. The 
students went on to explain how the teacher would let them “struggle, but productive struggle.” They 
went on to explain how she would not give them the answers right away but would give them time to 
answer questions and give them hints instead. When students had multiple assignments due in various 
classes, they knew they could talk to the teacher; “Like I think if we go to her like specifically like one-
on-one, she’ll give you more time if you ask for it.” 

 
Effect of Time on the Learning Environment. Each curriculum framework caused issues 

in respect to time. When using the scripted framework, the teacher explained that “STEMScopes 
focused more on the definitions...rather than effects. [It] seems to lead them through the process of 
[the various concepts] without going into the ‘why’ or ‘what’s happening’.” Since the students were 
expected to understand these concepts in full, the teacher “[looked] for ways to cover [the topics] 
without straying from the material.” She explained that “STEMScopes only has a couple of practice 
[problems]” and mentioned that the activities had numerous errors. The teacher went on to explain 
that there were “excessive short answer questions that ask[ed] similar [information] in different ways” 
so the “students [were] less likely to complete the assignment.” According to the students, they felt 
they had enough time to complete assignments in class. They explained that the teacher would give 
plenty of in class time for the assignments, and she would also provide different opportunities for 
them to finish their work or get extra help; “We had a working lunch if we didn’t finish [an assignment] 
or come after school.” 

The teacher stated that the UbD framework “allowed for some flexibility and differentiation” 
when planning and altering lessons to meet the needs of the students. She went on to explain that she 
would create stations to touch on each concept within a standard “for the sake of time, [allow students 
to] self-review,” and encourage students to make connections between concepts. According to the 
students in the UbD classroom, they did not feel they were given enough time to complete 
assignments: “I think like every now and then she like gives us enough time and sometimes she doesn’t. 
She does like a good job at teaching us things, but I feel like it’s too much information all at once. I 
feel like she kind of like piles it on and then it gets to the point where I’m like I just kind of like panic 
a little bit because so much stuff all together.” As a group, the students explained how the teacher 
would also provide different opportunities for them to finish their work or get extra help; “We had a 
working lunch if we didn’t finish [an assignment] or come after school.” 
 
Triangulation: Perception of Learning Environment 

 
Although the data collected from the teacher and student CLES revealed differences in the 

perception of the learning environment, other factors should also be considered based on teacher 
reflection logs, student focus groups, sample lesson plans, and student work samples. Triangulation of 
data was used to capture different dimensions of each piece of evidence. To answer the research 
question regarding perception of the learning environment between the two types of instruction used 
in the study, the teacher and student CLES were triangulated with student focus groups, teacher 
reflection logs, student work samples, and teacher reflection logs. 
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The student CLES revealed that both types of instruction increased student perception of the 
learning environment, while the teacher CLES revealed that the teacher’s perception of constructivist 
practices decreased in the scripted classroom over the course of the nine-week period. Based on the 
triangulation of the teacher reflection logs and sample lesson plans with the teacher and student CLES, 
it was evident that the differences in the perception of the learning environment was primarily due to 
the relationship the teacher had with the students. 

When looking at the teacher’s description of the UbD classroom, she stated that the UbD 
framework gave the opportunity for flexibility and differentiation when planning and altering lessons 
to fully cover each TEKS standard. The teacher expressed with this lesson framework, she had “the 
ability to chunk the information appropriately with [her] students in mind and make time for the detail 
that will set them up to understand concepts at a deeper level and allow them to build on that 
understanding with other concepts.” Using the triangulation of the student focus groups and student 
work samples with the teacher and student CLES, it was evident that the differences in the perception 
of the learning environment was influenced by the amount of time given for each concept within the 
learning cycle. 

 
Discussion 

 
The purpose of this study was to analyze the effectiveness of scripted curriculum as a means 

of providing students with the information required to be successful on standardized assessments, 
while comparing curriculum developed by the teacher utilizing the Understanding by Design (UbD) 
framework. Scholarly literature regarding the use of scripted curriculum in the science classroom was 
not apparent, indicating a need for this study. Several forms of scripted science curriculum have been 
introduced in Texas and other states over the years, such as CSCOPE, Pearson Interactive Science, 
and STEMscopes. The above-mentioned curriculum types are often recommended and sold to school 
districts by Regional Education Service Centers. Once adopted and introduced, it is the responsibility 
of the superintendents, principals, and teachers to implement the curriculum as intended and with 
fidelity. Research studies have been conducted that present the various aspects of the implementation 
of prescribed reading and mathematics curriculum, but there seems to be a gap in the literature 
regarding the use of scripted science curriculum. Thus, the findings of this study are unique and 
contribute to the body of literature for the effectiveness of scripted curriculum and add to the research 
on alternative curriculum and instruction methods for teaching science, such as the use of the 
Understanding by Design (UbD) framework. The following sections contain the existing literature and 
the implications of this study regarding science curriculum and content knowledge, the constructivist 
learning environment, and Understanding by Design in the science classroom. 

 
Science Content Knowledge 
 

Curriculum materials can be defined as resources to guide teacher instruction that can include 
textbooks and supplementary units or modules (Remillard et al., 2014). Many studies show that science 
curriculum materials can have positive effects on student learning, including an increase in students’ 
attitudes and motivation toward science (e.g., Häussler & Hoffmann, 2002; Roblin, et al., 2017; White 
& Frederiksen, 1998), an increase in student understanding of science concepts (e.g., Harris et al., 
2015; Sadler, et al., 2015), and an increase in their abilities to engage in science practices. In a study 
done by Sudduth (2020), strict implementation of scripted curriculum leaves educators feeling 
constrained by what to teach, the amount of time they have for lessons, and how students should be 
assessed. The author explains that scripted curriculum limits teachers and hinders their ability to tailor 
lessons to each of the different learning styles in the classroom. Curriculum materials have also shown 
to have an influence on teachers’ beliefs about science teaching and learning, the nature of science, 
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and about themselves as knowers of science (Dias et al., 2011; Wyner, 2013). 
According to the data collected from the content-based tests, there was a significant difference 

between the times the content tests were taken. This showed student growth from the pretest to the 
posttest. Although the data collected from the content-based tests revealed that both types of 
instruction increased content knowledge among the students that participated in the study, other 
factors should also be considered based on teacher reflection logs, student focus groups, sample lesson 
plans, and student work samples. 

Based on the triangulation of the teacher reflection logs and sample lesson plans with the 
content-based tests, it was evident that the increase in content knowledge was primarily due to the 
teacher’s understanding of the Texas Essential Knowledge and Skills (TEKS) as well as the ability to 
meet the needs of the students in each class. The teacher expressed that the scripted curriculum did 
not go into the specificity required for each standard. She explained that “STEMScopes focused more 
on the definitions...rather than effects. [It] seems to lead them through the process of [the various 
concepts] without going into the ‘why’ or ‘what’s happening’.” She went on to explain how she would 
use “quick mini-lessons” to cover the information that STEMScopes did not cover. She went on to 
explain that it did not allow for students to easily make connections between concepts or lay the 
foundation for new ones. As a precursor to labs and other activities, the teacher would ensure the 
students understood the “how and why” of a concept as well make “direct connections to the TEKS” 
and allow them to relate it to real world examples. One way to provide the students with the content 
specified in the TEKS, the teacher would use mini-lessons to cover the information that the scripted 
curriculum did not cover. 

Based on the triangulation of the student focus groups and student work samples with the 
content-based tests, it was evident that the increase in content knowledge was associated with the 
utilization of discussion during the learning cycle. Discussion was implemented at various points within 
the lessons to discuss the overarching concepts and encouraged students to work together to answer 
the higher order thinking questions asked within an assignment or activity. 

 
Constructivist Learning Environment and the Use of the Understanding By Design 
Framework the Science Classroom 
 

According to Kumar and Gupta (2009), a constructivist classroom provides opportunities to 
observe, work, explore, interact, raise question enquiry, and share their expectation to all. One way to 
implement the constructivist model in the science classroom is through the use of Roger Bybee’s 5E 
model, which was developed under the Biological Science Curriculum Study (BSCS) project (Singh & 
Yaduvanshi, 2015). Singh and Yaduvanashi (2015) further explain that the 5E constructivist-based 
model encourages learners to “reflect and question their own understanding via active meaning making 
process”. According to Taber (2019), constructivist teaching is a process of personal knowledge 
construction that occurs within the minds of individual learners and is contingent upon the way the 
learner constructs his/her thinking. Devetak & Glazar (2014) explain that teaching involves activities 
that require students to identify and activate relevant prior knowledge, includes ‘active’ learning, 
encourages students to reflect on their thinking and ongoing learning, and pushes students to discuss 
their work. 

Rubrica (2018) states that the Understanding by Design (UbD) framework has enhanced the 
delivery of instruction through curriculum mapping, construction of unit assessment matrices, revision 
of the learning module components, the integration of values in lesson, effective management of 
instructional time, and enriched student learning. Wiggins and McTighe (2005) explain that the 
teachers are coaches of understanding, that focus on ensuring learning, not just teaching. They further 
explain that the goal is to check for successful meaning-making and transfer of the information by the 
learner. Schiller (2015) conducted a study using UbD to design unit lesson plans for the Next 
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Generation Science Standards (NGSS) for the topic of evolution and correlated it to the NGSS 
performance expectations. The author went on to explain that the findings showed the UbD unit 
lessons increased student achievement in the unit, using the NGSS assessment, as well as an increase 
in student interest in learning the science content. 

Student and teacher Constructivist Learning Environment Surveys (CLES), student focus 
groups, student work samples, and teacher reflection logs were used to explore the perception of the 
learning environment when utilizing each curriculum. The student CLES revealed that both types of 
instruction increased student perception of the learning environment, while the teacher CLES revealed 
that the teacher’s perception of constructivist practices decreased in the scripted classroom over the 
course of the nine-week period. Although the data collected from the teacher and student CLES 
revealed differences in the perception of the learning environment, other factors should also be 
considered based on teacher reflection logs, student focus groups, sample lesson plans, and student 
work samples. 

Based on the triangulation of the teacher reflection logs and sample lesson plans with the 
teacher and student CLES, it was evident that the differences in the perception of the learning 
environment was primarily due to the relationship the teacher had with the students. The teacher 
utilized various tools, such as differentiation, giving students extensions on assignments, and 
encouraging productive struggle, as ways to meet the needs of her students. When examining the 
student focus group data, the students felt comfortable to ask questions in the classroom, ask for more 
individualized help, and appreciated opportunities for extra credit as well as productive struggle. A 
student was quoted as saying: 
 

She lets us struggle, but productive struggle. Like if she sees that we really don’t get it, she’ll 
help us. When she notices we’re really not getting it, she will be a little more elaborate and 
explain on it and go into more detail. 
 
Based on the triangulation of the student focus groups and student work samples with the 

teacher and student CLES, it was evident that the differences in the perception of the learning 
environment was influenced by the amount of time given for each concept within the learning cycle. 
When looking at the teacher’s description of the scripted classroom curriculum, the students in this 
classroom did not always engage in the same hands-on activities as the students in the UbD classroom. 
The teacher did not feel the assignments were being completed due to the excessive number of short 
answer questions that were asked in different ways. According to the students in the scripted 
classroom, there was a lot of paperwork. 

When looking at the teacher’s description of the UbD classroom, she stated that the UbD 
framework gave the opportunity for flexibility and differentiation when planning and altering lessons 
to fully cover each TEKS. The teacher expressed that with this lesson framework, she had “the ability 
to chunk the information appropriately with [her] students in mind and make time for the detail that 
will set them up to understand concepts at a deeper level and allow them to build on that understanding 
with other concepts.” According to the students in the UbD classroom, they felt there was a lot of 
work and information presented during class time, but they appreciated that the teacher provided 
different opportunities for them to finish their work or get extra help. One student explained when 
students would have multiple assignments due in various classes, they knew they could talk to the 
teacher; “Like I think if we go to her like specifically like one-on-one, she’ll give you more time if you 
ask for it.” 

 
 

  



42     MAHZOON-HAGHEGHI & BRUUN 

 

Limitations 

 
The present study has several limitations. Firstly, the sample size was small, which may not 

reflect the larger population. This sample size was also limited, as it was only utilizing one school 
within a district and would be more comprehensive if comparing across an entire district. Secondly, 
there was only one teacher, which may present a limited point of view when comparing the two classes 
taught. If multiple teachers were used in the study, it would also allow for a more comprehensive look 
at the curriculum from various perspectives, while utilizing the same curriculum. 

The two curriculum frameworks in this study were used by a single teacher, and the increase 
in student content-based test scores over the course of the nine-week period could have been 
influenced by the teaching strategies used in each classroom, such as the quick mini-lessons within the 
scripted classroom. These mini-lessons were used to meet the needs of the students to cover the 
information that the scripted curriculum did not cover. When looking at the perception of the learning 
environment, the overall increase in student perception of the constructivist learning environment, 
other factors could have influenced these outcomes since the teacher differentiated instruction and 
adapted to the needs of the students, therefore not fully using a true scripted curriculum. These factors 
need to be considered when making generalizations from these results. 

 
Recommendations for Future Research 

 
According to Alwahaibi et al., (2019), science curriculum is often described as “unrelated, 

difficult, and boring to learn in comparison with other topics”. Therefore, it is important for teachers 
to actively engage students in the learning process and have the ability to differentiate instruction to 
meet the needs of students in the classroom. Helldén (2005) explains that without students’ interest in 
science, they may not make the effort to learn and understand the concepts that they are taught. 

The results of this study have implications for designers of science curriculum, however other 
factors than the curriculum could have influenced the outcomes since only one teacher was used to 
teach both classes of students. It is important to look at teacher and student efficacy when scripted 
programs are implemented in the science classroom. Using scripted programs may cause teachers to 
feel that their professionalism has been devalued which may impact their teaching and consequently 
affect the students and their learning process. According to Costigan (2008), curricular mandates 
hinder four basic areas teachers need to thrive professionally: a) autobiographically based teaching, b) 
personal teacher theory is limited or extinguished, c) teaching is narrowed to assessment outcomes, 
and d) mandated curriculum does not promote understanding of student's lives or communities. 
Another factor to consider when implementing a scripted curriculum is the price per student. 
According to the Accelerate Learning (2021), the pricing per student for digital access to materials in 
Kindergarten – Grade 5 is $5.25, while Grades 6 – High School is $5.95. This does not include the 
hands-on and consumable kits that are required for Kindergarten through Grade 8. When looking at 
a district like STCS with a total of about 10,000 students in Kindergarten through Grade 12, the cost 
of STEMscopes reaches about $300,000 worth of school funds paid by the public. 

It is important to look beyond the numbers and raw data when choosing curriculum. As shown 
using only the quantitative measures in this study, there was no significant difference between the two 
instructional methods, leaving room for curriculum decision makers to want to choose the pre-
packaged curriculum to ensure success. Although the number showed little difference, the 
triangulation of data made it evident that the increase in content knowledge was primarily due to the 
teacher’s understanding of the Texas Essential Knowledge and Skills (TEKS) as well as her ability to 
meet the needs of the students in each class. When looking at the Constructivist Learning 
Environment Surveys (CLES), there were differences in the perceptions of the learning environment. 
This was primarily due to the relationship the teacher had with the students. This study shows that it 
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is important to look beyond the numbers to create a positive and engaging classroom environment. 
The use of a curriculum framework like Understanding by Design (Wiggins & McTighe, 2005), would 
be the better curriculum option. 

The findings of this study have the potential to change current thinking about implementing 
scripted curriculum in the science classroom. Although the number of students in each of the classes 
was limited, the students involved in the study were the average students and show that the use of 
constructivist practices allows students to have a greater understanding of content and overall learning 
success. Additionally, as a result of the study, the teacher was able to reflect on the daily lessons and 
adapt the teaching style to meet the needs of the students in the classroom, as well as time constraints. 

When utilizing the UbD framework, the teacher was able to choose activities and direct 
instruction to engage the students in the learning process. Additionally, the students retained more 
information from meaningfully planned activities created and/or utilized by the teacher in the UbD 
classroom. From the data gathered using the CLES, both types of instruction increased student 
perception of the learning environment, while the teacher CLES revealed that the teacher’s perception 
of constructivist practices decreased in the scripted classroom over the course of the nine-week period. 
A topic that is relatively underexplored is the influence constructivist practices have on teacher efficacy 
when using the Understanding by Design framework in the classroom. It may be advantageous to 
explore how teachers with a strong sense of efficacy impact student efficacy and perception of the 
learning environment. 

The length of time of this study was a nine-week period. Providing a study over the course of 
an entire school year and using several classrooms across a school district would provide a richer 
understanding of the importance of implementing a curriculum that allows for teacher autonomy. 
While these results should be taken into account when considering implementing a new science 
curriculum, further investigation into teacher training programs regarding the implementation of a 
constructivist learning environment while utilizing the UbD framework merits examination. It may be 
advantageous to do a follow-up measure during the students’ senior year of high school to examine 
the level of Biology content knowledge that was retained. This data can provide evidence to determine 
which of the two curriculum frameworks, instructional styles, and activities helped the students retain 
the content learned during that school year. 

When implementing a new curriculum, there are several factors to consider, such as the depth, 
rigor, and alignment of standards, differentiation tools provided, implementation requirements, 
professional development offered, resources necessary for hands-on instruction, budgetary 
constraints, and teacher buy-in. District curriculum decision makers can utilize curriculum adoption 
committees to provide teachers an opportunity to examine various curriculum resources before they 
are implemented in the classroom. This would include providing teachers and administrators an 
opportunity to use the state provided rubrics to review resources and discuss the benefits and 
disadvantages of each. Along with reviewing the resources, this would also give the committee time to 
create a budget for the hands-on equipment and supplies needed to implement these resources 
effectively in the classrooms.  In my role as science curriculum coordinator, I plan to use the results 
of this study to promote a more inclusive method for adopting curriculum. With new science standards 
being adopted and implemented within the next year, I would like to utilize curriculum adoption 
committees to provide science teachers an opportunity to examine various curriculum resources 
before they are implemented in the classroom. This will allow teachers an opportunity to see how 
curriculum resources are aligned to the standards and choose one that will fit the needs of the students 
in our district. 

 
Summary 

 
In this study, participants were exposed to two curriculum frameworks over the course of a 
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nine-week period. The use of content-based tests, Constructivist Learning Environment Surveys, 
student focus groups, teacher reflection logs, sample lesson plans, and student work samples were 
utilized to identify differences in science content knowledge and gain an understanding of the 
differences in the perception of the learning environment. 

Each component of the study plays an integral role when implementing curriculum in the 
classroom. The teacher’s awareness of student perception of the learning environment has influenced 
her teaching style and use of various strategies to keep students engaged during the lesson cycle. 
Additionally, the teacher was able to make note of gaps in the scripted curriculum and relay this 
information to the person at the district-level in charge of assessing curriculum. 
Implementing constructivist practices along with a curriculum framework that allows for more teacher 
autonomy has a great potential for positively impacting teacher and student efficacy in the science 
classroom, thus creating a positive learning environment. 
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APPENDIX A: CONSTRUCTIVIST LEARNING ENVIRONMENT SURVEY: TEACHER 

 
Constructivist Learning Environment Survey 

Teacher Version 
This questionnaire contains 20 statements about teaching and learning that could take place in 
a science classroom. 
You will be asked how often each practice occurs: almost never, not very often, sometimes, 
often, or almost always. There are no “right” or “wrong” answers. Your opinion is what is 
wanted. Think about how well each statement determines your science classroom. Indicate the 
best response for each item. 
Be sure to give an answer for each question. If you change your mind about an answer, just 
cross it out and circle another. Some statements in this questionnaire are fairly similar to other 
statements. Don’t worry about it. Simple give your opinion about each statement. Your identity 
will be kept strictly confidential. 
 
Today’s date:___________________________ 
Your Name_____________________________Campus Name_________________________ 
Grade Taught___________________________Science Subject________________________ 
 

What Happens in My Science Classroom Almos
t 
Alway
s 

Often Some 
times 

Not 
very 
often 

Almos
t 
never 

1. I teach about the world in and outside of 
school. 

     

2. Things I teach about connects to things about 
the world in and outside of school. 

     

3. I teach how science is part of in and outside 
of school life. 

     

4. I teach interesting things about the world 
inside and outside of school. 

     

5. I teach that science cannot always provide 
answers to problems. 

     

6. I teach that scientific explanations have 
changed over time. 

     

7. I teach that science is influenced by people’s 
different cultural values and opinions. 

     

8. I teach that science is a way to raise 
questions and seek answers. 

     

9. It’s okay for students to question the way 
that they are being taught. 

     

10. I feel I teach better when students are 
allowed to question what or how they’re 
learning. 

     

11. It’s okay for students to ask questions about 
activities that are confusing. 
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12. It’s okay for students to say they are 
concerned about anything that gets in the 
way of their learning. 

     

13. In this class, students help plan what they are 
going to learn. 

     

14. In this class, students help decide how well 
they are learning. 

     

15. In this class, students help decide which 
activities work best for them. 

     

16. In this class, students let the teacher know if 
they need more class time to complete an 
activity. 

     

17. In this class, students talk with other students 
about how to solve problems. 

     

18. In this class, students explain their ideas to 
other students. 

     

19. In this class, students ask other students to 
explain their ideas. 

     

20. In this class, students ask me to explain my 
ideas. 

     

 
Source: Johnson & McClure, 2004. 
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APPENDIX B: CONSTRUCTIVIST LEARNING ENVIRONMENT SURVEY: STUDENT 

 

Constructivist Learning Environment Survey 
Student Version 

 
This questionnaire contains 20 statements about teaching and learning that could take place in 
a science classroom. 
You will be asked how often each practice occurs: almost never, not very often, sometimes, 
often, or almost always. There are no “right” or “wrong” answers. Your opinion is what is 
wanted. Think about how well each statement determines your science classroom. Indicate the 
best response for each item. 
Be sure to give an answer for each question. If you change your mind about an answer, just 
cross it out and circle another. Some statements in this questionnaire are fairly similar to other 
statements. Don’t worry about it. Simple give your opinion about each statement. Your identity 
will be kept strictly confidential. 
 
Today’s date:___________________________ 
Your Name_____________________________Campus Name_________________________ 
Grade  ________________________________Science Subject________________________ 
 

What Happens in My Science Classroom Almos
t 
always 

Often Some-
times 

Not 
very 
often 

Almos
t 
never 

1. I learn about the world in and outside of 
school. 

     

2. Things I learn about connects to things about 
the world in and outside of school. 

     

3. I learn how science is part of in and outside of 
school life. 

     

4. I learn interesting things about the world 
inside and outside of school. 

     

5. I learn that science cannot always provide 
answers to problems. 

     

6. I learn that scientific explanations have 
changed over time. 

     

7. I learn that science is influenced by people’s 
different cultural values and opinions. 

     

8. I know that science is a way to raise questions 
and seek answers. 

     

9. It’s okay for students to question the way that 
they are being taught. 

     

10. I feel I learn better when students are allowed 
to question what or how they’re learning. 

     

11. It’s okay for students to ask questions about 
activities that are confusing. 
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12. It’s okay for students to say they are 
concerned about anything that gets in the way 
of their learning. 

     

13. In this class, students help plan what they are 
going to learn. 

     

14. In this class, students help decide how well 
they are learning. 

     

15. In this class, students help decide which 
activities work best for them. 

     

16. In this class, students let the teacher know if 
they need more class time to complete an 
activity. 

     

17. In this class, students talk with other students 
about how to solve problems. 

     

18. In this class, students explain their ideas to 
other students. 

     

19. In this class, students ask other students to 
explain their ideas. 

     

20. In this class, students ask me to explain my 
ideas. 

     

 
Source: Johnson & McClure, 2004. 
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APPENDIX C: FOCUS GROUP GUIDING QUESTIONS 

 
 

1. Looking back at this week’s lesson, what do you feel you have learned? 
 

2. How do you think the activities you have done this week helped you truly 

understand what you were supposed to learn- the objectives written on the board? 

 

3. Do you feel that you had enough time to complete the activities chosen for you to do 

in class? Give specific examples. 

 

4. Were you given an opportunity to discuss what you learned from each activity? 

What are some things you discussed during these sessions? Did the teacher give you 

specific things to discuss, or were you able to choose? 

 

5. How do you feel that your teacher gave you opportunities to ask questions and 

apply what you learned? 
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APPENDIX D: TEACHER REFLECTION LOG QUESTIONNAIRE 
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APPENDIX E: STUDENT WORK ANALYSIS RUBRIC 

 
                                 Rubric                                                                                     Student Work Analysis  

Score each item as follows: 1. Not evident 2. Somewhat evident 3. Mostly evident 4. Extremely evident 

Category Indicators 
Score Assignment 

Name 

Evidence 

State Standards 

(TEKS) 

Predict possible outcomes of various genetic 

combinations such as monohybrid crosses, dihybrid 

crosses, and non-Mendelian inheritance. 

   

Student 

Expectations 

The student will be able to: 

● Use Punnett squares or other methods to 

calculate possible outcomes of the F2 

generation based on genotype information 

about the F1 generation 

● Infer genotype information of the F1 

generation based on genotype or phenotype 

information about the F2 generation 

● Predict genetic combination with single gene 

trait on autosomal chromosomes with one 

dominant allele and one recessive allele 

using Mendelian genetics. 

● Predict genetic combinations with genotypes 

including homozygous dominant (GG), 

homozygous recessive (gg), or heterozygous 

(Gg) using Mendelian genetics. 

● Predict genetic combinations with two traits 

caused by two separate genes on the same or 

different autosomal chromosome using 

Mendelian genetics. 

● Predict genetic combination with each gene 

following the dominant, recessive, 

homozygous, and heterozygous conventions 

independent of the other gene using 

Mendelian genetics. 

● Predict genetic combinations with 

incomplete dominance (one allele does not 

completely mask the action of the other 

allele, so a completely dominant allele does 

not occur) using Non-Mendelian genetics. 

● Predict genetic combinations with 

codominance (both alleles are expressed 
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 equally in a heterozygous genotype) using Non-

Mendelian genetics. 

● Predict genetic combinations with multiple 

alleles (more than 2 alleles affect the trait) 

using Non-Mendelian genetics. 

● Predict genetic combinations with sex-linked 

traits (genes that are located on the sex 

chromosome, usually the X chromosome) 

using Non-Mendelian genetics. 

● Recognize that phenotypic expression is 

often the result of a complex interaction of 

many genes, gene products (proteins), and 

environmental factors using Non-Mendelian 

genetics. 

● Recognize that some traits can be a result of 

mitochondrial DNA gene expression (e.g., 

Leber's hereditary optic neuropathy) using 

Non-Mendelian genetics. 

   

Essential 

Questions 

Essential knowledge assessed by the assignment: 

 

● In what ways can the probability of 

offspring inheritance be calculated? 

● What are the limitations of calculating the 

probability of offspring inheritance? 

   

Student 

Understanding 

● Does the student’s work demonstrate 

his/her understanding of the task? 

● Does the student’s work demonstrate the 

depth of his/her understanding of the topic? 

● Does the student’s work demonstrate 

his/her proficiency with the requirements of 

the targeted standards? 

   

 Total 
/16   
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APPENDIX F : SAMPLE TEACHER LESSON PLAN RUBRIC 

 
Lesson Plan Rubric 

Score each item as follows: 1. Not evident 2. Somewhat evident 3. Mostly evident 4. Extremely evident 

Category Indicators 
Score Evidence 

Instructional 

Design 

● The lesson design is clear, coherent, and 

presented in a developmentally appropriate way. 

● Concepts and skills build logically and 

purposefully with transitions to support 

development and understanding. 

● The lesson teaches and uses active learning 

strategies to engage students and foster deep 

understanding. 

● The lesson uses a variety of media to give 

students multiple and varied experiences with a 

single concept or skill, inviting students to 

explore a concept or skill from different angles. 

● The lesson is differentiated and accommodates 

unique learning styles and various ability levels 

using scaffolding. 

  

Standards 

Alignment 

● The lesson aligns with the current Texas Essential 

Knowledge and Skills for Biology. 

  

Assessment ● Assessments reflect types of questions students 

may see on future high stakes assessments. 

● Formative assessments are used to guide 

instruction and monitor student learning. 

  

Learning 

Activities 

● The lesson contains student-friendly essential 

questions derived from the academic standards. 

● The activities reflect vertical alignment and 

appropriate level of rigor (Standard + 

Instructional Strategy + Verb + Product + 

Assessment = Rigorous Lesson). 

● The activities actively engage and promote higher 

order thinking and problem solving. 
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 ● The activities address learner needs and considers 

the perspective of the learner (learning style, 

interest, developmental stages, and possible 

gaps). 

● The activities provide students opportunities for 

student collaboration. 

● The activities provide opportunities for students 

to have discussions (student-led, group, or 

class-wide). 

● Exemplars are used within the lesson to 

demonstrate/model performance expectations 

  

Instructional 

Pacing 

● Lesson is designed to optimize in class time for 

assignments. 

  

 Total 
 

/20 

 

* Adapted from Constructivist lesson rubric (2014). 
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ABSTRACT 
 
One function of modern education has been to prepare students for future college and/or career 
pathways. Particular attention in the US is given to preparation in STEM career fields. However, we 
may not be effective in advising students towards some STEM careers. This qualitative interview 
study evaluates the perspectives of stakeholders in science career preparation, including high school 
teachers and counselors, community college and university faculty, and science industry 
professionals. Interviews were conducted to explore participant perceptions on skills and 
dispositions students need to be successful in science careers. Results presented focus on areas of 
agreement and areas of difference between the stakeholder groups, and specific recommendations 
for practical change in science career development are discussed.  
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Introduction 
 

It has been argued that one purpose of education is to prepare students for their future college 
and/or career plans. Particular attention in education research has been given to college and career 
readiness, where students leaving high school should be prepared to enter college and/or the workforce 
without needing further developmental training (U.S. Department of Education, n.d.a). Additionally, 
the areas of science, technology, engineering, and mathematics (STEM) continue to receive particular 
attention due to projected advances in these career fields and the belief that STEM advances are 
important for the protection and development of the country as a whole (U.S. Department of 
Education, n.d.b). However, science careers continue to be pursued and staffed by primarily white 
males from middle to high social status families (Byars-Winston, 2014; Tyson et al., 2007). 
Underrepresentation by women, minoritized groups, and students with lower socio-economic status 
has been studied and addressed for years with little improvement (Falco, 2017; Swafford & Anderson, 
2020). Additionally, we may not be as effective in advising students towards STEM careers outside of 
the most common science areas such as biology, engineering, chemistry, and physics (Byars-Winston, 
2014; Falco, 2017; Rottinghaus et al., 2018). At a foundational level, one piece of this problem may be 
a disconnect between what our education system prepares students for in science, how we advise 
students around science careers, and what scientists need to be effective in their careers.  
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Theoretical Framework  
 

While this is an exploratory study, a theoretical foundation is used to provide understanding. 
Social cognitive career theory (SCCT) provides a foundation of understanding for the career 
development process (Lent et al., 1994; 2002). SCCT provides a complex theory of career 
development for the individual where learning experiences impact self-efficacy and outcome 
expectations, which subsequently impact career interests, goals, and choices. Self-efficacy is the belief 
in one’s ability to complete tasks toward a goal, and outcome expectations focus on the perceived 
outcomes, positive or negative, one connects with a specific career path. Career interests are the likes, 
dislikes, and indifferences an individual has about occupation activities and are key determinants in 
choosing a career (Lent et al., 2002).  

SCCT also particularly highlights the role of person inputs, background affordances, and 
proximal supports and barriers in the overall career choice process, resulting in a more comprehensive 
framework for understanding career development. Person inputs in SCCT refer to components of the 
self that impact the career process, elements of identity such as age, gender, disability status, etc. (Lent 
et al., 1994, 2002). Background affordances such as family history, culture, ethnicity, and socio-
economic status are also understood to impact career decisions and outcomes. Finally, SCCT breaks 
proximal contextual influences into two components: barriers to career decisions such as social 
stereotypes, or a lack of job opportunities, and supports to career decisions such as mentoring 
networks and internship opportunities (Lent et al., 2002). 

Specific to STEM careers, Byars-Winston (2014) argues the need for a Multicultural STEM 
Career Development framework, specifically highlighting the ongoing barriers for students in 
minoritized and traditionally underrepresented identities accessing STEM opportunities and careers. 
Research has consistently shown the impact of lack of opportunity, decreased self-efficacy in STEM 
related content and courses, and lack of support as barriers for these students, regardless of actual 
ability (Byars-Winston, 2014; Rottinghaus et al., 2018; Tyson et al., 2007). Connecting this argument 
back to SCCT, Falco (2017) presents a synthesis of STEM career development research within the 
SCCT framework, and also highlights the need Byars-Winston (2014) had previously presented for 
targeted interventions with historically underrepresented groups. We therefore extend this argument 
with empirical evidence from across the STEM career development pathway, building on the 
foundation of SCCT and the extensions by Byars-Winston (2014) and Falco (2017) on the need to 
better understand the decision-making process and needed supports for students potentially pursuing 
STEM careers.  

For the present study, educational experiences are addressed through the interviews of high 
school and college/university science faculty, and proximal supports and barriers are addressed 
through discussions with high school administrators in addition to science educators. Finally, the 
science professionals represent the culminating example of an individual who chose a science career, 
so theoretically they can be seen as an example of the successful completion of science career 
development. Understanding their experiences may help us better understand areas for change 
throughout the career development process.  
 

Literature Review 
 

Previous work has examined student perceptions of science and scientists at different levels 
of education (Farland-Smith, 2009; Finson, 2002; Fralick et al., 2009; Schibeci, 2006; Shin et al., 2015) 
and science educator perceptions (Akerson et al., 2012; Milford & Tippett, 2013; Ucar, 2012). Marked 
increase in such studies is noted since 1957, when researchers began examining students’ impressions 
of scientists - the majority substantiating previous findings that students’ representations of scientists 
are based on stereotypes (Finson, 2002; Farland-Smith, 2009; Schibeci, 2006). Many of these studies 
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employed drawings (i.e., Draw-A-Scientist Test and related measures) and interviews as data 
generating methods (Milford & Tippett, 2013; Schibeci, 2006; Shin et al., 2015; Ucar, 2012). This data 
was used to evaluate pre- and post-perceptions about science dispositions, scientists, applicability, and 
ambitions.  

 
Student Perceptions of Science and Scientists 
 

While the present study is not focused on student perceptions, the distal outcome of the 
STEM career pathway is student interest and choices about STEM careers. Therefore, a discussion of 
the stakeholders and direction of the STEM career pathway must include a discussion on the issues 
we are seeing at the end of the pathway, namely the perceptions of students about these careers. Meta-
summaries and analyses of multiple studies about students’ drawings of scientists have been conducted 
to look at the collective patterns of beliefs about these careers (Ferguson & Lezotte, 2020; Finson, 
2002; Miller et al., 2018). The common stereotypical impressions were scientists as glasses-wearing 
males of European descent with beards and mustaches, in a lab coat, and working in a room or 
chemistry lab (Ferguson & Lezotte, 2020; Finson, 2002; Fralick et al., 2009; Miller et al., 2018). There 
are multiple ways of interpretation and researchers have cautioned against taking students’ visual 
representations as fact, as many drawings may portray whimsical or unrelated images, or may be 
impacted by the available materials and instructions given for the task (Ferguson & Lezotte, 2020; 
Finson, 2002).  

However, these results support other findings that students’ perceptions of scientists are 
associated with their own feelings about science, as well as perceptions about their own abilities, 
capabilities, and control (Finson, 2002; Fralick et al., 2009). For those with a stronger sense of self-
perception in these areas, fewer aspects of stereotype were displayed in their drawings (Finson, 2002). 
On the other hand, scientists drawn by students of different races, gender, grade levels, and in different 
countries were all consistent in their stereotypical representations (Finson, 2002; Ucar, 2012). Self-
efficacy has been consistently shown as the primary predictor of STEM career interest and choices 
(Aschbacher et al., 2012; Chemers et al., 2011).  

Farland-Smith (2009) extended the work and findings of existing studies to specifically address 
the significance of culture as an influencer in the way students viewed scientists and their roles. From 
the position that schools are sites of cultural development, educational systems in schools across 
different nations provide the cultural factors that foster the formation of students’ worldview. 
Therefore, their impressions of what scientists do is directly related to the predominant culture of the 
classroom and this includes the way in which science is taught (Farland-Smith, 2009; Finson, 2002). 
The societal influences of their cultural mores, including that of their school rooms, impacted learning 
and perceptions (Farland-Smith, 2009). A recurring implication of the literature on this topic is that 
the less stereotypical the image one holds, the more probable it is that one will opt to take more science 
classes and subsequently consider entering a profession in the sciences (Farland-Smith, 2009; Finson, 
2002; Ucar, 2012).  

 
Teacher Perceptions of Science and Scientists 
 

Research on student perceptions of science and scientists continue to emphasize the 
importance of foundational experiences and exposure through education, explaining that positive 
perceptions of science can begin in elementary school (Farland-Smith, 2009; Shin et al., 2015). Science 
teachers need to be cognizant of the fact that many of their students have stereotypical impressions 
of scientists (Finson, 2002), and examine their own perceptions, as the way teachers teach influences 
the way students learn, and how they view science and scientists (Anderson, 2015; Mansour, 2009). 
Previous studies have supported that classrooms are a chief site for engagements with science, and 
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teachers are critical authorities in students’ conceptions of science (Anderson, 2015; Mansour, 2009; 
Milford & Tippett, 2013).  

However, studies have illustrated pre-service teachers believe their own traditions, values, and 
beliefs are not the same as those of scientists, and this can impact how teachers provide science 
instruction (Akerson et al., 2012; Farland-Smith, 2009). Studies evaluating drawings by preservice 
teachers mostly demonstrated that they held stereotypical views of a male scientist with unkempt hair 
and glasses, wearing a lab coat in a lab (Finson, 2002; Fralick et al., 2009; Milford & Tippett, 2013). 
Teachers’ perceptions and dispositions about science directly impact the content and instructional 
delivery of science, and the teacher preparation programs are a catalyst in the conception and 
reinforcement of these perceptions (Milford & Tippett, 2013; Ucar, 2012).  

 
Changing Perceptions of Science 
 

Finson (2002) suggested more research utilizing interventions to alter stereotypes to determine 
what the impacts were, rather than doing research focused only on the consistency of stereotypes. The 
researcher called for an examination of underlying assumptions and root causes behind stereotypical 
perceptions of scientists, moving past studies that basically confirm that students have stereotypical 
perceptions, and rather describe how interventions have impacted them (Finson, 2002). Both Finson 
(2002) and Schibeci (2006) suggested that stereotypical representations should not always be viewed 
negatively, because they do also encompass positive elements associated with scientists, and which 
may be necessary for identification purposes. But Schibeci (2006) also points to researchers who assert 
that in order for students to gravitate more to studying the sciences and select scientific careers, 
stereotypes are harmful. 

Research has supported the impact of critical education interventions on students’ views of 
scientists (Fralick et al., 2009; Schibeci, 2006; Shin et al., 2015; Zuo et al., 2019). Specifically, studies 
have highlighted the benefits of giving students opportunities to engage with working scientists as 
especially useful in cultivating practical impressions about scientists and the jobs they do (Fralick et 
al., 2009; Shin et al., 2015). Exposing students purposefully to not only realistic and practical science 
curricula, but also meaningful and realistic interactions with scientists can help prevent and change 
stereotypes (Schibeci, 2006; Shin et al., 2015).  

University and college science professors could impact teacher candidates and those already 
teaching in differentiating between negative and positive elements in stereotypical images of scientists 
and effective ways of changing them (Finson, 2002). Changing the views of pre-service teachers so 
they see themselves as having similar traditions, values, and beliefs as scientists could positively 
influence the way they think about and teach science (Akerson et al., 2012). Future teachers should be 
exposed to courses that will build their self-efficacy as capable teachers of active and applied science, 
allowing them to be more successful and effective in communicating this to the diverse students with 
which they engage (Milford & Tippett, 2013).  

 
Present Study 
 

The purpose of this study is to gain a better understanding of the perceptions of science for 
key stakeholders along the science career pathway, looking specifically at places where there is 
perceived disagreement. While substantial research has been conducted on student and teacher 
perspectives of science and scientists, less work has been done in the research literature to understand 
school counselors’ perspectives of science and scientists (Ferguson et al., 2019; Hall et al., 2011; 
Moore, 2006; Schmidt et al., 2012), and little was found focused on the perspectives of faculty 
members in college and university programs on scientists and science careers outside of academia 
(Knezek et al., 2011). The perspectives of scientists themselves are also rarely studied, possibly due to 
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the broad nature of science careers and the difficulty in recruiting participants for research of this type 
(Makarem & Wang, 2020; Yore et al., 2006). Furthermore, no prior study was located that compares 
and contrasts the beliefs and perceptions of all stakeholders along the science career pathway, missing 
the opportunity to view this issue from the perspective of the career development process. Therefore, 
in the present study, data was collected from high school teachers, counselors, and administrators, 
from local community college and university faculty in science areas, and from industry professionals 
working in various science fields in the region. This exploratory qualitative study is guided broadly by 
SCCT (Lent et al., 1994; 2002) as a theoretical framework, and seeks to understand what these 
stakeholders believe about the skills and dispositions students need if they seek to pursue a science 
career. There are two specific research questions guiding the inquiry process in this study: 

 
1. What are the perspectives of stakeholders along the science career pathway on what skills and 

dispositions students need if they want to pursue a career in science? 
2.  What differences, if any, exist between these stakeholders on these components of science 

and science career understanding? 
 

Methods 
 

The present study is an exploratory qualitative interview study focused on understanding the 
perceptions of the stakeholders along the science career pathway. The context of this study is localized 
to one state in the Northeastern United States to gain a focused view of the science career pathway 
for students in one state. This allows for a discussion of the interconnections between the educational 
entities but may also limit the application of these findings to this region. An early portion of this 
manuscript was presented at the American Education Research Association conference as a poster 
(Ferguson & Givens, 2020).  

 
Participants  
 

After IRB approval was gained, participants were recruited from local high school science and 
math teachers, high school counselors, high school principals and/or vice-principals, community 
college faculty, university faculty, and science professionals working in the region. A target of four 
participants per category (total n = 24) was set to allow for maximum variation sampling (Johnson & 
Christensen, 2018), looking for participants within each category that represent a different perspective 
or aspect of the science career pathway within their role. For instance, when recruiting high school 
teachers, school counselors, and principals, attention was given to recruiting participants from a variety 
of high school sizes, locations (urban, suburban, rural), and levels of experience. This is a useful 
approach to recruitment with a study that attempts to understand a broad perspective on a specific 
issue (Johnson & Christensen, 2018). 

 
Data Collection  
 

Participants were interviewed in one, one-hour session each by the primary researcher, at a 
location convenient for the participant. The interviews were semi-structured around three key 
questions: (a) What do you believe science is, if you had to define it or describe the nature of it?, (b) In your opinion, 
what is a scientist? What does it mean to be a scientist?, and (c) In your opinion and based on your experience, what 
skills and/or dispositions do students need to be successful in science careers? Follow up and probing questions 
were asked throughout to capture the experiences and perceptions of each participant as it relates to 
the focus of this study, including their perspective on the education and career development pathway 
for students in science related fields. All interviews were conducted by the primary researcher on this 
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project. Additionally, participants and other educators were invited to a follow up discussion group to 
review the major study findings and discuss further. This served as a form of member checking and 
expansion of the data collected. These conversations are also considered in the data analyzed for this 
study.  
 
Data Analysis 
 

 All interviews were recorded and transcribed verbatim by a professional transcriptionist. Both 
researchers coded the interview transcripts following a thematic analysis procedure as detailed by 
Braun and Clarke (2006). First, researchers independently coded participant responses to identify 
meaningful concepts in initial codes. Then, the team met to compare the resulting codes and refine or 
clarify codes collaboratively, discussing any discrepancies and creating a shared coding structure 
through consensus. Next, the participants’ responses were evaluated again with the new coding 
structure, and each researcher identified broad themes across the codes in connection with the study 
research questions. Specifically, for this study, themes were identified within the study participant 
groups individually to facilitate cross-group comparison. Then, the themes from each participant 
group were compared against other participant groups to look for similarities and differences in beliefs 
and perceptions. Next, the researchers met to finalize the identified themes within and between 
groups, and any areas of disagreement were resolved collaboratively to reach consensus. Finally, the 
preliminary findings from the study analysis were disseminated back to the participants and other 
community stakeholders that did not participate in the original interviews through a workshop 
discussion group. A total of 10 professionals attended the follow-up session in the spring where the 
researchers shared the results of the study, and the group collectively discussed implications for 
students and educators and recommend practical changes. These discussions also informed the results 
reported here. 

 
Results  

 
A total of 24 participants were interviewed for the present study. The goal of four participants 

from each of the six role categories was almost fulfilled, except that there were only three participants 
for the community college faculty category and five participants for the high school administrator 
category. Descriptive information for the participants can be found in Table 1. The outcomes from 
this study focus on what students need to be successful in science, from the viewpoint of a cross-
section of stakeholders in the science career pathway. Findings are organized first around what was 
found to be common between the different stakeholders along the pathway in relation to the three 
research questions. See Figure 1 for this information. Then, key differences in responses between the 
stakeholder groups are presented and supported, as shown in Figure 2. 
 
Figure 1  
 
Shared Themes From Key Study Variables  
 

 

Skills
Logical/Analytical

Experimentation

Clear Communication

Content Knowledge

Dispositions
Curiosity

Dedication

Open-Minded

Disciplined
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Figure 2  
 
Notable Differences Between Stakeholder Groups on Key Study Variables 

 
 
Table 1 
 
Descriptive Information About Interview Participants  
 

Role Professional Title Gender Experience Science Focus 

High School 
Administrator 

Assistant Principal, Supervisor Female 2 years  

Assistant Principal Female 9 years  

Principal Male 1.5 years  

Principal Male 5 years  

Principal Male 18 years  

High School 
Counselor 

School Counselor Male 8 years  

Guidance Counselor Female 8 years  
Director of Student Personnel 

Services 
Female 10 years  

Guidance Counselor Female 22 years  

High School 
Science Teacher 

Teacher Male 1 year Physics, Forensics 
Teacher, Science Club Advisor Male 11 years Biology 

Supervisor Female 13.5 years STEM, Instructional Tech 

Teacher, Science Club Advisor Male 35 years Physics 

Community 
College Science 
Faculty 

Dean, Professor Male 11 years Biology, STEM Division 
Assistant Professor Male 16 years Physical & Earth Science 

Professor Male 28 years Engineering 

University 
Science Faculty 

Associate Professor Female 7 years Physics 
Associate Professor Female 18 years Biology 

Professor Male 10 years Chemistry 

Professor, Director Male 23.5 years Ecology, Biology 

Scientist / 
Industry 
Professional 

Chemist Female 7.5 years Chemistry 

Lubricant Formulator Female 15 years Chemical Engineering 

Chemist Male 8 years Chemistry 

Pharmacist Male 20 years Pharmacy 

 
 
 

Team Work: 
Collaborative teams vs. 

class group work

Importance of 
Communication: 

Technical 
writing/presenting vs. 

academic writing

Mathematical Skills: 
Required knowledge 
vs. barrier and source 

of fear

Creativity and Problem 
Solving: Lanugage in 
education vs. language 

in science
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Shared Perspectives  
 

Participants had shared perspectives themed as four skills and two broad dispositions for 
students interested in science as a field. Areas of agreement were found in students’ needing scientific 
skills such as logical and analytical methods, an understanding of experimentation as a method, the 
ability to communicate clearly, and foundational content knowledge. A principal with 18 years of 
experience suggested requisite skills to be a scientist would include “…reading, writing for sure, 
problem solving, critical thinking, being able to do an analysis of something, comparing and 
contrasting…and sort of problem solving.” Math or analytical skills were mentioned repeatedly, but 
not always consistently as explained further in the next section. Communication, both written and 
spoken, was also discussed consistently, as one university professor noted: 

 
I think one that is underrated at least for students coming in is the communication skills. The 
verbal communication and the written communication is absolutely critical to be a successful 
scientist…Students need to be quantitative but they have to be able to communicate.  

 
Content knowledge was also presented as a foundational need, but likely not the most important 
component of effective science preparation. A high school principal expounded on this idea, saying:  
 

If you’re going to have that kind of understanding…that’s going to lead to the next 
breakthrough, you need to understand what the rules are for those things and how those things 
interact…you do need to have a fundamental understanding of that content to keep 
progressing. 

 
On the topic of dispositions, stakeholders generally agreed that students in science should be 

curious/open-minded and dedicated/disciplined. A university chemistry professor noted that students 
“…need to be able to learn, take in, and master new techniques…This is a constantly evolving and 
developing world…so they can’t just go into industry with a knowledge set and expect that to carry 
them for 30 years.” The importance of dedication and openness to failure in the process was repeated 
regularly. As one assistant principal said, it is important to help students see failure as an opportunity 
to learn, “And that’s kind of like our mantra, that we don’t want you to fail per se, but understand that 
without taking risks you’re not going to grow.” A high school counselor participant shared an anecdote 
from her school that highlights the role of failure and dedication in science clearly: 

 
I remember the one girl in this advanced topic biology class that Dr. A taught, she was doing 
something with mosquitos…and her mosquitos kept dying in her project, so she had to keep 
starting over. Then he was like, ‘Alright well why do your mosquitos keep dying? What’s going 
on?’ And then she found out it was the temperature in the lab room, so we had to move her 
lab room. But she was getting so frustrated, and he’s like, ‘This is research. This is what 
happens…’ And I think perseverance is one of the big things that is important. 

 
Group Differences  

 
There were also four notable differences in the themes of stakeholder beliefs about what 

students need to be successful in science careers: (a) importance of communication, (b) mathematical 
skills and knowledge, (c) understandings of creativity and problem solving, and (d) experience of 
teamwork.  
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Communication 
 

First, the importance of communication was discussed throughout the participant groups, and 
a need for clear communication skills was noted as a shared theme. However, science professionals 
noted that the communication they typically engage in is in the form of marketing presentations for 
clients or company administrators, or brief communications and presentations to share results across 
teams. One scientist in chemical engineering expounded on the role of communication and technical 
writing in her work, commenting that receiving long emails with blocks of text was perceived as a 
waste of her time, but “if you have, you know, three or four headers with two or three bullet points 
each, then I’m definitely going to invest a few minutes to try and understand what you are telling me.” 
More formal writing does happen in science professions as well, but this scientist noted that, “In 15 
years, [I] have written five or six things that I might call an actual report, where I use page numbers 
and citations and references.”  

The communication taught and emphasized in educational settings may not always align with 
this need, suggesting additions may be needed in the science curriculum. A university professor in 
biology noted that in her high school experience: 

 
Those skills weren’t as emphasized for scientists. If you wanted to major in English, you need 
to be good at writing. But if you want to be a scientist, you just need to be good in math. And 
I think that’s a disservice. 
 

A community college professor also noted the importance of communication in both technical and 
non-technical forms, arguing “And it comes down to not only reading and writing technical scientific 
papers, but it also comes down to just simple communication…how to convey that scientific 
information whether it’s to a peer or whether it’s to somebody that’s a non-scientist.” While verbal 
and written communication are foundational content areas in K-12 and higher education, we may not 
be effectively preparing students for the types of technical writing and presentations most common 
in the industrial and academic space.  
 
Mathematics 
 

Second, the role of mathematical skills and knowledge in science careers was highlighted 
throughout the interviews, and the analytical process of problem solving was noted as a shared theme. 
However, the differing perspectives on the importance of mathematical knowledge present a complex 
picture. On one side, mathematical knowledge is important for both linear and analytic thinking 
processes, and for the ability to use data to investigate and solve problems. However, math also 
appears to serve as a barrier for students interested in science, potentially a false barrier derived from 
fear or low self-efficacy towards math, instead of a true lack of ability to use math in applied contexts. 
One scientist working as a pharmacist noted that math does not play a major role in all science careers, 
noting that, 

 
If you can do basic algebra, basic calculus, I would even say differentiation. If you have that 
skillset, that is sufficient. You don’t need to be able to write your own equations to solve a 
pharmaceutical problem. Is it beneficial? People majored in undergrad math, of course it’s 
beneficial. Is it necessary? No. 
 

Differences in mathematical skill requirements by fields of science were also noted a few times, as one 
high school counselor reflected, “There is a difference between…physics, that’s a lot of calculus. 
Environmental science is a lot of statistics, and so that math is actually wildly different.” The 
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community college Dean participant noted essentially the same pattern, saying, “Chemistry…you 
know you’ve got to have that strong math background. Go into biology…you’re going to use some 
statistics.” However, he then went on to argue for advanced math preparation for all science students, 
saying, 
 

Everybody in science should get up through at least Calculus I if not Calculus II. And not 
necessarily because they’ll use it, but specifically because it’s going to open your mind to how 
you’re going to manipulate and solve this math problem.  
 

There is a noted lack of consensus in belief about the role and application of mathematical knowledge 
and skills in science careers, and one that cannot be resolved in the scope of this work. But 
consideration should be given to what level of mathematics training is really needed for students 
pursuing these different types of science careers. 
 
Creativity and Problem-Solving 
 

The third key concept noted by participants related to skills and dispositions needed for 
science was the idea of creativity and imagination. Multiple educators in the study mentioned this as a 
key disposition for science careers, but no scientists mentioned the concept of creativity specifically 
in their discussions. For educators, the idea of creativity is an important one throughout the interviews, 
as one biology professor making the claim that students “…might be very good at organizing their 
thoughts and all that, but without that creative drive, they’re not going to become research scientists.” 
This term not being used in the interviews with the scientist participants was noted in early analysis 
by the research team. However, further discourse during the discussion group held following the 
interviews highlighted a possible difference in language. Specifically, it was discussed that scientists 
may not use the term “creativity” to discuss their work, and instead refer to this skill as “problem 
solving” or identifying unique solutions.  

A second look at the interviews of the four scientist participants revealed mention of solving 
problems, like the chemical engineer noting, “Being a scientist and solving problems, you’re going to 
be coming up with ideas.” Though her focus was largely on issues of compliance and marketability, 
she explained,  

 
If I have a product, I need to create that product in a way that complies with all local, state, 
federal, and global regulations…I will need to document the way that it complies, and I will 
have to sometimes manage and steward a budget in which I am applying for those 
confirmation…It has to be accurate. I need to think about all the people who need to know 
what my product is about so that they can sell it, market it, commercialize it, manufacture it, 
package it, and label it. 
 

While not traditionally how educators might think of creativity, this kind of critical thinking and 
development is key to her work as a scientist. Other scientists noted similar thoughts, with the male 
chemist noting the importance of: 

 
 …curiosity, analytical skills, being able to look at data and draw conclusions, being able to 
parse out from the data what really is important and what is just chaff, and being able to think 
a problem through, think of possible solutions and how you’re going to get to those solutions. 
  

Additionally, the female chemist participant noted the limitations of education in developing this kind 
of thinking, saying, “Sometimes we get recent grads with their B.S. in Chemistry, and they’re not 
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prepared. They have just gone through the motions. They haven’t been taught all the soft skills that 
they need.” This finding is multifaceted, as creativity is an area of focus in education that we may not 
be effectively supporting for those seeking science careers. But this is also a potential example of the 
need for clarity around language and meaning. This is so that stakeholders in education contexts are 
clear on what they mean by concepts like creativity, and design their programs to build on important 
elements of this skill related to problem solving and application. 
 
Teamwork and Collaboration 
 

Finally, the concept of teamwork came up as a key concept for science professionals and 
educators. Across the stakeholder groups, collaboration and teamwork was noted as an important skill 
in science. However, science professionals highlighted that the type of collaboration they engage in is 
more individual responsibility with results shared across team members who are working on other 
components. As one scientist in chemical engineering explained, 

  
Part of being on a team is learning about people on your team. There are going to be people 
who will not speak unless you ask them a question, and that doesn’t mean that their ideas are 
any less valuable…But there are going to be other people who are more forceful and who 
will trample on your idea, so you have to be able to engage them as well...  
 

The scientist participants consistently highlighted the importance of interpersonal skills, finding 
balance in collaboration between ideas for different members of the group, and working 
independently on tasks and then sharing results with the group. However, collaboration or teamwork 
in education contexts is often very different, with more direct group work and shared responsibility 
for the same tasks, like a group project in a course. A couple of the scientists directly addressed this 
perceived misalignment between education and science as a profession. Here, one chemist shares her 
experience with teachers of her own children: 

 
I’ve heard some of my son’s teachers, ‘Oh yeah, we’re doing group work!’ That’s really great, 
but that’s not balanced… I’m thinking in the back of my mind, ‘It’s like you have no clue of 
how real life actually works, because yes group work is important, but I do the majority of my 
work by myself.’ That’s how we all are. We do have group sessions, but the majority of the 
time we’re working on our own laptop on our own deliverables. 
  

This appears to be an area where educational stakeholders may not be using collaboration and group 
work in the same way as it is used in science. While we say we are doing these things in classrooms, it 
is not clear that we are really preparing students for professional expectations.  
 

Discussion  
 

The purpose of this study was to gain a better understanding of the perceptions of science for 
key stakeholders along the science career pathway, speaking with high school teachers, counselors, 
and administrators, from local community college and university faculty in science areas, and from 
industry professionals. Analysis focused on comparing and contrasting the beliefs and perceptions of 
these various stakeholders along the pathway to explore this issue from the perspective of science 
career as a developmental process (Lent, et al., 1994; 2002). The two research questions guiding this 
study were:  
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1. What are the perspectives of stakeholders along the science career pathway on what skills and 
dispositions students need if they want to pursue a career in science? 

2.  What differences, if any, exist between these stakeholders on these components of science 
and science career understanding? 

 
Answering research question one, there was also a great deal of consistency in how 

stakeholders discussed skills and dispositions needed for success in science careers, including analytical 
methods, the ability to communicate clearly, foundational content knowledge, and an understanding 
of experimentation as a method. These findings are also generally in line with prior research, especially 
on the soft skills sometimes referred to as 21st century skills such as public speaking and problem 
solving (National Education Association, 2020; National Research Council, 2012), and science content 
standards emphasized in education through the Next Generation Science Standards (2013).  

Research question two addressed differences between the stakeholder groups, and four key 
areas of inconsistency were noted: (a) the role and form of communication, (b) the need for 
mathematical skills, (c) creativity in science, and (d) group work and collaboration in education versus 
in careers.  
 
Role and Form of Communication 
  

Participants highlighted the role of communication in science careers, arguing both verbal and 
written communication play important roles in these professions. However, this appears to be an area 
where education and industry are not addressing these skills in the same way. We know the importance 
of written and verbal communication in science and other areas, and NGSS (n.d.) supports this 
specifically in relation to science content. However, results from this study suggest educators should 
continue to consider ways to increase technical writing beyond the traditional lab report format 
common in classrooms and look at ways to expand assignments to model more closely industry 
expectations (Elliott et al., 2016; Moon et al., 2018). This could be a key space to collaborate with 
industry, bringing in science professionals to classroom spaces to share their knowledge and 
experiences on cross-cutting topics like communication (Yore et al., 2006). Additionally, cross-
disciplinary collaborations in schools between science and English writing teachers could be 
meaningful in addressing this perceived area of need in science education.  
 
Need for Mathematical Skills 
  

Participants in the study presented two opposing perspectives on mathematical knowledge 
requirements for science careers. On one side, participants supported the need for advanced 
mathematical skill and thinking to support students interested in science careers. Conversely, an 
alternative perspective was presented with math serving as a barrier for many students, and 
participants pointed out that in many science professions advanced calculus type mathematical skills 
are not necessary. Science career development and STEM education as a whole need to continue this 
discussion on the role of mathematical skills in science career development.  

We know some science careers require higher levels of math to be effective (Schroeder et al., 
2007; Young et al., 2018), but participants in the present study were clear this is not the case across all 
science careers. And we have extensive research on the barrier that mathematical knowledge and 
course performance has played in blocking students from science or STEM pursuits as a result of 
tracking in education (Ozer & Perc, 2020; Spade et al., 1997), advising against advanced course taking 
for women or students of color (Vijil et al., 2016), and limited opportunities for advanced course work 
in mathematics or science for students in urban and rural communities (Flowers & Banda, 2019; 
LeBeau et al., 2020). If students are interested in a science or STEM career that does not require 
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advanced calculus, and we are barring these students from access to advanced coursework or 
opportunities because of a lack of this mathematical skill, we are directly contributing to the lack of 
participation in science and STEM we consistently see for women, students of color, students from 
rural communities, and those with other underrepresented identities. Further research is needed to 
clarify the requirement of advanced mathematical knowledge in specific science and STEM careers, 
with particular focus on helping students make the connections between mathematical knowledge and 
their career interests.  
 
Creativity in Science 
 

Participants in the present study also differ in their understanding of creativity and problem-
solving in science careers. Creativity is a complex concept in education, with a consistent lack of 
agreement on how we should define creativity (Kaufman & Baer, 2012; Martin & Wilson, 2017) and 
how we can best support students in developing creativity (Glăveanu, 2018). While educators in the 
present study mentioned creativity repeatedly, scientists did not, though they did discuss problem-
solving and finding solutions to practical problems in their comments.  

Inconsistency in language on its own is arguably not a problem, but potential inconsistency in how 
we support and develop creative thinking and problem-solving is worth noting. Educators should 
consider how they are supporting creativity in science content courses and explore ways in which they 
can help students develop divergent thinking and unique solutions to problems (Hong & Song, 2020). 
Integrating science curriculum with the arts has recently regained attention (science technology 
engineering arts and math, STEAM), and consideration could be given on how to integrate creative 
and improvisation practices from the arts into science content, which could support student 
development of this kind of creative thought (Sousa & Pilecki, 2013; Wilson, 2018).  
 
Group Work and Collaboration 
 

Participants in the present study highlighted the perceived disconnect between how group 
work is often formulated in schools and how it is used in practical application in science professions. 
Scientists in the present study specifically highlighted their frustration with K-12 education group 
work and how it is not applicable to the “real world” of their profession. Research on science teaching 
supports the importance of group/collaborative work for learning (Freeman et al., 2014; Fung & Lui, 
2016), but maybe we need to consider more authentic group experiences like team-based learning 
(Espey, 2017; Jeno et al., 2017) or project-based learning (Beier et al., 2018; Merritt et al., 2017) with 
clearly delineated group roles and responsibilities (Chang & Brickman, 2018). Educators should 
examine whether we are effectively teaching collaboration in the ways we currently organize and 
require group work. 
 
Social Cognitive Career Theory 
 

While this was an exploratory study, SCCT is used as a general framework to provide further 
understanding to the findings (Lent et al., 1994; 2002). For students to effectively develop interest and 
career goals in science fields, SCCT posits they must have learning experiences related to science that 
develop science career self-efficacy and positive outcome expectations. Additionally, students should 
receive positive proximal supports as they pursue their interest in science careers and have the ability 
to overcome barriers presented along the process.  

The present study findings align with this theoretical conception of career development as 
participants highlighted the need for positive and varied learning experiences to develop self-efficacy 
in relation to skills and dispositions connected to science careers. They also discussed the potential 
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barriers and supports that could be provided as students pursue these interests, another key element 
of SCCT career development. Byars-Winston (2014) and Falco (2017) have expanded on this 
particular element of career development and can be seen as an extension of SCCT with considerations 
for career development professionals in STEM specifically. The findings in the present study confirm 
prior research using SCCT to explore STEM career development (e.g. Fouad & Santana, 2017; Sasson, 
2020), and future explorations of the science career development process may benefit from this 
theoretical perspective (Brown & Lent, 2019; Byars-Winston, 2014; Falco, 2017). Connections 
between study findings, theoretical considerations, and practical recommendations are presented in 
Table 2. 
 

Table 2 
  

Summarizing Study Findings, Connections to Theory, and Practical Recommendations 

 

Key Study Findings Practical Recommendations Theoretical Connections 

Role and Form of 
Communication  

Integrate assignments to practice technical 
writing in science courses (memos, emails, 
etc.), and collaborate with industry partners 
to share their experiences with writing and 
speaking in their work 

SCCT argues learning experiences impact 
self-efficacy about career skills, such as both 
communication and mathematics, and 
students need these experiences to develop 
interest in science careers 

Need for Mathematical 
Skills  

Be clear with students on the different roles 
math plays in different science careers; 
acknowledge student fears and the barriers 
to mathematical skills, and create 
opportunities for learning  

SCCT, Byars-Winston (2014), and Falco 
(2017) all argue that individuals need 
support to overcome stigma and barriers, 
such as reinforced anxiety and the lack of 
access to advanced math 

Creativity in Science  

Develop assignments and experiences to 
build divergent thinking in science courses, 
and integrate arts activities such as 
improvisation and free drawing to practice 
these skills  

SCCT presents that students must be able 
to see themselves in a career to develop 
career goals, and experiencing the types of 
problems real scientists work with can 
encourage this development 

Group Work and 
Collaboration 

Utilize authentic Team-Based Learning 
and/or Problem-Based Learning, with 
clearly defined group roles and 
responsibilities to model real-world 
collaboration  

SCCT supports positive learning 
experiences as key to development of career 
interest, and teamwork is a key component 
of science careers students should 
experience  

  

Conclusion 
 

This project serves as a foundational exploration of the science career pathway in one 
northeastern state in the US to develop a deeper understanding of the perceptions and beliefs of 
stakeholders on how we can best support students interested in science as a career. The results of this 
study provide a foundation for future studies and interventions along the science career pathway to 
better support students. Targeted interventions supported by this work could be focused on helping 
educators improve collaboration and group projects in their classes to better model professional 
collaborations, increasing educational support for the types of communication used regularly in 
science careers, addressing the disagreement in the field on the role of mathematics in science career 
development, supporting different forms of creativity in the science classroom, and continuing to 
increase opportunities for science career exploration. 

While this study is limited to a single state in one region of the US, the findings from the 
present study align with prior research on these issues, supporting the application of these results to a 
broader audience. The regional nature of the study and the small sample in each stakeholder category 
did impact representation of science areas, with a higher percentage of chemistry professionals in the 
study matching the industry type common in the region. Additionally, this study is uniquely positioned 
as a cross-sectional exploration along the career development pathway, with identified areas of 
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agreement and areas of inconsistency that expand our understanding of science education and career 
development. If we posit education as a space for the development of skills and dispositions for future 
college and career pathways, then professionals along this pathway will benefit from time and space 
to evaluate their practice against these findings and explore ways to better support their students in 
their career development.  
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ABSTRACT 
 
This study examined the mathematical learning opportunities provided to emergent bilinguals (EBs) 
through their participation in whole class discussions in an elementary classroom. Positioning theory 
(Harré & van Langenhove, 1999) was used to examine a third-grade monolingual teacher’s 
positioning acts and related storylines across two years. An examination of the data revealed the 
teacher utilized three prevalent positioning acts with EBs (i.e., inviting EBs to share mathematical 
thinking, valuing EBs’ mathematical contributions, and inviting peers to consider EBs’ mathematical 
contributions) that provided multiple and varied opportunities to participate in whole class 
mathematical discussions while circulating two storylines: EBs are mathematically competent and 
EBs can explain their mathematical reasoning to others. Findings suggest that positioning acts can 
be used in similar ways by other teachers across contexts to strive for equitable mathematics 
education.  
 

 
Keywords: positioning theory, elementary mathematics teaching, emergent bilinguals, language learners 
 

Introduction 
 

Emergent bilinguals1 (EBs) are a diverse group of students who represent an increasing 
demographic within U.S. public schools (National Center for Educational Statistics [NCES], 2016). 
Given EBs’ unique educational goals of simultaneously learning mathematics and the English 
language, teachers must enhance instruction to increase access and create opportunities to learn 
(Harper & De Jong, 2004; Lucas et al., 2008). Yet, EBs continue to underachieve in mathematics in 
comparison to their peers (National Assessment of Educational Progress, 2022) despite knowledge of 
research-based strategies specifically for teaching mathematics to EBs (e.g., de Araujo et al., 2018). 

Engagement in discourse is critical to learn mathematics (National Council of Teachers of 
Mathematics [NCTM], 2014) and the English language (Lightbrown & Spada, 2013). Yet, classroom 
discourse is a powerful tool that can either empower or repress students (Turner et al., 2013). 
Therefore, those who control the classroom discourse also control opportunities to learn (Gee, 2008). 
Thus, teachers must not only understand the importance and influence of their own discourse in the 
mathematics classroom, but also have ways to use their discourse strategically to facilitate mathematics 
and language learning for every student. 

                                                      
1 I use the term emergent bilingual in alignment with translanguaging literature (García, 2009) to indicate students are in 

the process of acquiring English and are not fully bilingual. I also use this term to highlight the linguistic competencies 
students possess, as opposed to what they lack. 
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Stereotypes, narratives, and storylines of mathematical competence permeate U.S. culture 
(Nasir, 2016). Stereotypes, narratives, and storylines related to EBs have historically been deficit-
oriented, focusing solely on their English language deficiencies and the added challenges they pose to 
over-worked teachers (de Araujo et al., 2016; Gandara et al., 2005; Pettit, 2011). Such storylines can 
be circulated in classrooms and determine ways in which teachers and students interact with EBs (de 
Araujo et al., 2016; Smith, 2022; Turner et al., 2013; Wood, 2013; Yamakawa et al., 2009; Yoon, 2008). 
For instance, if teachers position EBs in deficit storylines—as has historically happened (Brenner, 
1998; Gutiérrez, 2008)—EBs’ opportunities to access, learn, and achieve in mathematics are 
diminished. Thus, it is critical for teachers to establish and foster storylines of mathematical 
competence for EBs in the classroom through strategic uses of their discourse. 

Positioning theory (Harré & van Langenhove, 1999) provides a useful theoretical lens to 
examine classroom discourse. Positioning theory foregrounds discourse and proffers a way to analyze 
the dynamic nature of classroom interactions. More specifically, positioning theory provides a 
framework to guide the examination of teachers’ positioning acts and the ways they facilitate EBs’ 
participation in whole class mathematical discussions and circulate storylines for EBs across time. 

 
Positioning Theory 

 
Positioning theory assumes social phenomena exist in, and are a product of, discursive 

practices (Harré & van Langenhove, 1999). Moreover, it assumes all social interactions occur in 
distinct, sequential, and historically situated episodes, which are “defined by their participants, but at 
the same time they shape what participants do and say” (Harré & van Langenhove, 1999, p. 5). In this 
study, I used positioning theory (van Langenhove & Harré, 1999) as a conceptual and methodological 
framework to examine the discursive practices of an elementary mathematics teacher. 

Positioning theory is composed of three central components: acts, storylines, and positions 
(Harré & van Langenhove, 1999). Acts refer to the social meaning(s) of people’s intended actions, 
which, in any situation, may have multiple social meanings (Harré, et al., 2009; Moghaddam, et al., 
2007). Storylines are “strips of life [that] unfold according to local narrative conventions” (Harré, 2012, 
p. 198) that are constituted and reconstituted through social interactions. Storylines can be used to 
refer to the multiple categories, stereotypes, or cultural values people draw on in social situations to 
define the expectations and conventions of interactions in that setting (Herbel-Eisenmann et al., 2015). 
For example, a mathematics teacher may draw on the storylines of reform/traditional instruction and 
right/wrong answers simultaneously to motivate their interactions with students. Moreover, 
individuals never enter a social interaction with a clean slate, since fragments of prior experiences and 
storylines exist that shape current and future interactions. Thus, within each interaction multiple 
storylines may be at play that are all drawn on participants’ cultural, historical, and political 
backgrounds and experiences.  

The ways individuals enact storylines are, or become, socially recognizable. For instance, if a 
teacher employs a storyline that contradicts historical or culturally shared storylines (e.g., incorrect 
answers are just as valuable as correct answers), the new storyline may not initially be conceived as 
socially recognizable; however, over time, through various acts, new storylines can be shaped and 
become socially recognizable in the local moral order. 

Positions refer to one’s “moral and personal attributes as a speaker” (Harré & van Langenhove, 
1991, p. 395) and the “momentary clusters of rights and duties to speak and act in a certain way” (van 
Langenhove, 2011, p. 67) in social interactions. Said another way, one’s position determines the social 
expectations and range of available acts of participants/people. Individuals continually engage in 
positioning acts—either they are assigning themselves a position, called reflexive positioning, or assigning 
positions to others, called interactive positioning (Green et al., 2020; Kayi-Aydar, 2019; McVee, 2011). In 
this way, positions are relational (Harré & Slocum, 2003), dynamic, and contingent upon the unfolding 
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storyline and the competencies of the participants. Thus, positions can shift at any one time along a 
continuum rather than a binary (e.g., competent/incompetent; Anderson, 2009; Pinnow & Chval, 
2015).  

Interactive positioning can impact one’s position and the availability of acts. To illustrate this, 
consider a medical emergency where a bystander points and states, “They’re a doctor.” The bystander’s 
interactive positioning serves to position the doctor as someone who may have the skills and training 
to offer medical advice and whose contributions should be considered valid. Alternatively, in that 
same situation, a person begins to offer medical advice, and another exclaims, “They’re just a chef.” 
This interactive positioning results in the chef being positioned as one whose medical 
recommendations should be considered invalid given the knowledge and social standing of their job. 

The setting of social interactions can also affect the positions available and the resulting rights 
and duties of participants. For example, in the institutional setting of a school, teachers’ conferred 
rights and duties are socially prescribed (given their position) and evidenced in their performance of 
specific actions (e.g., assign grades, discipline students) and various discursive practices (e.g., give 
directions, provide instructions). Thus, classroom interactions are shaped by the local moral order and 
the “cluster of collectively located beliefs about what it is right and good to do and say” (Moghaddam 
& Harré, 2010, p. 10). 

 
Positioning Theory and Emergent Bilinguals  

 
Positioning theory has been used in mathematics education to examine social interactions (i.e., 

student-to-student and teacher-to-student) in classroom settings. This body of research has identified 
that positioning can influence students’ mathematical identities (Esmonde, 2009; Ju & Kwon, 2007; 
Turner et al., 2013; Wood, 2013; Yamakawa et al., 2009), development of competencies (Enyedy et 
al., 2008; Pinnow & Chval, 2015), and opportunities to participate and learn (Anderson, 2009; 
Esmonde & Langer-Osuna, 2013; Mesa & Chang, 2010; Tait-McCutcheon & Loveridge, 2016). 
However, much of this research did not specifically focus on or include EBs. This raises questions of 
the applicability of the findings to teachers of EBs, particularly when many teachers continue to report 
a lack of preparation and confidence in their capabilities to teach a diverse range of learners (Banilower 
et al., 2018; Banilower et al., 2013), the prominence of deficit-oriented storylines for EBs—and 
immigrants in general—in the U.S. (Battey & Leyva, 2016; de Araujo et al., 2016; de Araujo & Smith, 
2022), and prior research indicating EBs have been marginalized and positioned inequitably in 
classroom contexts (Gutiérrez, 2008; Pappamihiel, 2002; Yoon, 2008). Therefore, in this section I 
draw from research across educational disciplines where EBs were a specific focus of study when 
examining teachers’ positioning and student participation. 

Researchers have examined, to a limited extent, teachers’ positionings of EBs in English 
language (Martin-Beltrán, 2010), English Language Arts (ELA; Yoon, 2008), and social studies 
classrooms (Duff, 2002). The earliest of these studies, Duff (2002), identified that not all teacher 
positioning is equivalent and that a desire to create an equitable learning environment, where every 
student contributes to discussions in meaningful ways, is insufficient to ensure productive EB 
positionings. Extending this work, Yoon (2008) and Martin-Beltrán (2010) also examined teachers’ 
positioning and EBs’ participation. Their findings illustrated teachers’ positioning affected EBs’ 
participation, not EBs’ English language competencies or teachers’ pedagogical approaches (e.g., 
student-centered). These collective findings highlight the significance of teachers’ positioning on EBs’ 
participation and identified a need to determine what kinds of interactive positionings teachers can use 
to facilitate EBs’ participation and, in turn, content and language learning. 

To identify specific interactive positioning acts teachers can use to facilitate EBs’ participation 
in mathematics discussions, Enyedy and colleagues (2008) and Turner and colleagues (2013) examined 
bilingual teacher positioning. In Enyedy and colleagues’ (2008) study, the authors examined a bilingual 
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high school mathematics teacher’s use of revoicing in a multilingual classroom. Their findings 
indicated the teacher often used revoicing to translate EBs ideas between Spanish and English; thereby 
positioning EBs at the center of the idea or discussion while making the idea accessible to non-Spanish 
speakers and potentially advancing storylines of mathematical competence. In a similar vein, Turner 
and colleagues (2013), examined a bilingual teacher-researcher’s positioning acts of EBs in an after-
school program and identified three prevalent acts that facilitated EBs participation in small and whole 
group discussions. These positioning acts were (a) validating an EB’s ideas and/or ways of 
communicating the idea, (b) asking EBs to share mathematical thinking, and (c) inviting peers to 
consider an EB’s idea. Both study’s findings show promise for bilingual teachers and bilingual teacher-
researchers but raise questions as to how monolingual teachers (or other bilingual teachers) can utilize 
these positionings when they lack fluency in EBs’ first language. Moreover, the findings from Turner 
and colleagues (2013) raise additional questions of whether teachers in traditional school settings, 
constrained by large class sizes and educational demands (e.g., curriculum, policy, standardized 
assessments), implement similar positionings. Thus, more research is needed to determine the 
interactive positionings of monolingual teachers in traditional classroom settings that facilitate EBs’ 
participation in mathematical discussions and whether these positionings reoccur longitudinally across 
different academic years with different students. Therefore, this study sought to answer the following 
question:  

 
What positioning acts did an elementary teacher employ to facilitate the participation of EBs during whole class 
mathematics instructional episodes and what storylines were circulated as a result of these positioning acts?  

 
Methodology 

 
Data for the present study was drawn from a large, longitudinal professional development 

intervention study that spanned three years. The professional development focused on supporting 
EBs’ development of mathematics and language, enhancing mathematics curriculum materials, and 
orchestrating productive classroom interactions (Chval et al., 2014). For more information about the 
features of the professional development, please see Chval et al. (2021). 

This study focused on one teacher, Courtney2, who was selected because she was a common, 
yet unique case (Stake, 1995). As white, female, and monolingual, Courtney characteristically 
represented many elementary teachers in the U.S. (Grissom et al., 2015; Sleeter, 2001). Moreover, she 
taught in an area of changing demographics and saw EBs in schools that these students had historically 
been absent in (NCES, 2016). However, Courtney is unique because she developed (over the course 
of the intervention) specialized knowledge for teaching EBs. This included an increase in her abilities 
to: interpret EBs’ mathematical thinking as opposed to simply describing it (Estapa et al., 2016); 
enhance mathematics curriculum to facilitate EBs’ learning about and through language (Chval et al., 
2014); and provide opportunities for EBs to participate in classroom discourse (Pinnow & Chval, 
2015). Although these prior studies show evidence of Courtney’s ability to facilitate mathematical and 
language learning for EBs, to date a more in-depth analysis has not examined the extent of Courtney’s 
acts. Thus, more research was needed to identify how she interactively positioned EBs and how these 
positions facilitated EBs participation in whole-class mathematical interactions. 

 
Context 

 
Courtney taught in a Midwestern city with an approximate population of 115,000 in a school 

that was predominately white (>70%), with less than 10% of the student population Latinx. In 

                                                      
2 All names are pseudonyms. 
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addition, over half of students received free and reduced lunch. At the start of the intervention, 
Courtney had two years of elementary teaching experience with no prior education in pedagogy for 
EBs or experience teaching EBs. Thus, the first year of the study coincided with her first opportunity 
to teach EBs. In the first two years of the intervention, Courtney had three Latinx EBs. In the last 
year, Courtney had one Latinx EB who moved away partway through the school year. As a result, data 
from the third year of the study was excluded. 

I selected four students from the first two years of the intervention to focus my examination 
of Courtney’s interactive positionings of EBs. I selected one student, Alonzo, from the first year and 
three students, Lea, Bryce, and Samuel, from the second year. These students were selected because 
they provided a robust range of interactions that occurred across the two years and represented an 
array of mathematical and language competencies. See Table 1 for this information. 
 
Table 1  
 
Demographic Information for the Emergent Bilinguals 
 

EB Year in 
Study 

Birthplace ACCESS 
Composite 

Score^ 

ACCESS 
Listening 

Score^ 

ACCESS 
Speaking 

Score^ 

ACCESS 
Writing 
Score^ 

ACCESS 
Reading 
Score^ 

Alonzo 1 Mexico 4.6* 5* 5.4* 4.2* 5* 

Lea 2 USA NA NA NA NA NA 

Bryce 2 USA 3.8 3.8 2.9 3.7 5 

Samuel 2 USA 4 5 3.5 4.2 3.6 

Note. NA = not available.  
^ Based on a 6-point scale. 
* ACCESS scores were only available in the year following the study. 
 

Furthermore, I excluded the other two students in year one because they represented 
duplications in the mathematical and language competencies represented by the other students. I also 
selected the four focal students to capture the interactive positionings Courtney initially implemented 
(in year one) and continued to hone (as evidenced by their presence in year two). Therefore, by 
including a greater number of students in year two, I had increased opportunities to examine 
Courtney’s positionings. The school district classified each focal student as an English language learner 
based on their scores on the Assessing Comprehension and Communication in English State-to-State 
for English Language Learners (ACCESS) assessment. 
 
Alonzo 
 

Alonzo’s ACCESS composite scores in fourth grade placed him at the “expanding” 
performance level. Students at this level generally can understand and may use some technical 
mathematical language, speak, or write in varied sentence lengths of various linguistic complexity, and 
communicate given various kinds of support (e.g., sentence frame) with some errors that do not affect 
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the overall meaning3. Although it is unknown what Alonzo’s ACCESS scores were in third grade, 
Courtney did describe some of Alonzo’s language competencies. Courtney reported that he read close 
to grade level and was “pretty good at expressing himself through writing.” Additionally, Alonzo was 
“pretty willing to participate in other areas [outside of mathematics] like writing or reading.” Courtney 
hypothesized that this was based on his reading comprehension, “I think he can read the directions 
and understand them and so he is not hung up on some of the things.” Lastly, Courtney identified 
Alonzo as a “pretty strong student in all academic areas” who was uncomfortable sharing publicly in 
mathematics unless “he knows the right answer.” 
 
Lea 
 

 Lea’s ACCESS scores were not available from the school district. However, Courtney 
described Lea as a student who had different comfort levels with public speaking and writing, stating 
“there’s some disconnect between what she’s willing to say and what she’s willing to put on paper.” 
Courtney also described Lea as a “pretty strong math student” who possessed some mathematical 
“misconceptions.” Courtney provided no other information about Lea at the beginning of the school 
year, stating, “I don’t know her [Lea] as well as I feel like I know [Samuel and Bryce]” because she had 
been gone for two of the first five weeks of the school year. 
 
Bryce 
 

Bryce’s ACCESS composite score placed him at the “developing” performance level. Students 
at this level generally can understand and may use some specific mathematical language, speak, or 
write in expanded sentences or paragraphs, and communicate given various kinds of support (e.g., 
sentence frame) in narrative or expository forms with errors that may affect communication, but retain 
the overall meaning. Courtney described Bryce as a student who “[did] a lot of mental math,” 
possessed “some number sense,” and “[needed] to be assured that he’s right.” In addition, Bryce was 
a student Courtney was academically concerned about. Courtney explained that Bryce did not appear 
confident in his mathematical work and was often seen erasing work when approached (by Courtney). 
Moreover, Bryce was not comfortable and faced challenges sharing his mathematical reasoning 
publicly, stating “he has a tough time really like communicating how he’s thinking about things.” 
 
Samuel 
 

Like Alonzo, Samuel’s ACCESS composite scores placed him at the “expanding” performance 
level described above. In contrast to the other students, Courtney did not discuss Samuel’s language 
competencies with the researcher. She did, however, discuss his mathematical competencies. 
Specifically, Courtney reported that Samuel “has a lack of confidence” in his mathematical thinking, 
was “very reluctant to share his thinking with anybody,” and “like[d] to be in the background.” 

 
Data  

 
Data for this study was composed of classroom video and audio recordings from the teacher 

and student perspectives, and audio recordings of professional development interventions (nine to 12 
debrief and nine to 12 planning sessions each year per teacher). Each class was generally recorded 
biweekly in the first 12 weeks of the school year and for two more weeks at the end of the school year. 

                                                      
3 For a more thorough description of student performance at each level, contact World Class Instructional Design 

and Assessment (WIDA).  
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Across the two years, a total of 45 lessons were video and audio recorded, each approximately one 
hour long. In year one, 27 lessons were recorded, and 22 had a whole class interaction with Alonzo. 
In year two, 18 lessons were recorded, and each had at least one whole class interaction with Lea, 
Bryce, or Samuel. 

 
Data Refinement and Analysis 

 
I refined the data of whole class interactions to interactional episodes focused on mathematics. 

An interactional episode occurred when an EB participated, were asked to participate, or were 
interactively positioned by Courtney or a peer. Interactional episodes began at the initial turn when an 
EB participated, was asked to participate, or was interactively positioned and ended when the 
discussion switched focus or topic (e.g., when the discussion moved to another student’s strategy). 
The frequencies of interactional episodes for each EB across the school year are shown in Table 2.  
 
Table 2 
 
Frequency of Interactional Episodes for Each Emergent Bilingual  
 

Emergent Bilingual Number of lessons 
present 

Number of interactional 
episodes 

Number of teacher 
positioning acts 

Alonzo 22 43 156 

Lea 12 32 117 

Bryce 12 27 111 

Samuel 13 20 72 

Totals 122 456 

 

Since Courtney’s lessons were typically structured with an initial whole class discussion at the carpet, 
individual, or group seat work, and a closing whole class discussion, frequent opportunities to engage 
students in whole class mathematical discussions were provided. 

To analyze the data, I first transcribed all interactional episodes. Transcripts reflected the 
intonation, volume, pause, and pronunciation used in speech (see Appendix A for listed conventions 
used) and included images of written acts when relevant (e.g., instances when an EB’s idea was publicly 
documented). Then, I coded transcripts iteratively at the utterance and turn taking levels using the 
constant comparative method (Patton, 2015). To do this, I began with an initial coding scheme based 
on teacher positioning acts found to be used by bilingual teachers to facilitate EBs’ participation in 
mathematical discussions. These positioning acts were used even though Courtney was monolingual, 
because no other positioning acts had been identified in the literature. Moreover, any positioning acts 
that restricted EBs’ participation was excluded from the coding scheme because they fell outside the 
scope of the research question. 

I initially coded a subset of the data to solidify the coding scheme given the sheer size of the 
data set. After this first iteration, the coding scheme was refined, and some codes were collapsed. For 
example, the three positioning acts (1) the teacher solicits EB's math thinking, noticing, or observation, 
(2) the teacher invites EB to provide a solution strategy, and (3) the teacher invites EB to comment 
on a peer’s idea were collapsed to the single act of teacher invites EB to share mathematical ideas. This was 
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done since the three positioning acts served the same purpose (of inviting EBs to share their 
mathematical thinking that was deemed unique or relevant). The refined coding scheme (see Appendix 
B) was then used by a colleague and I to independently re-code a subset of the data. We met to discuss 
our analysis and all disagreements were notated and resolved through discussion and refinement of 
the coding scheme. Afterwards, the remaining data was coded in MAXQDA while I maintained an 
audit trail. See Figure 1 for an example. The number of acts identified were shown in Table 2. 
 
Figure 1 
 
An Example of a Coded Transcript in MAXQDA 
 

 
 
In order to make sense of the data, I chose to narrow my focus to positioning acts that were 

recursive across the two years in order to identify what interactive positions and storylines were 
prevalent for EBs in Courtney’s classroom. In this process, I simultaneously sought to identify how 
Courtney positioned EBs across multiple interactions, lessons, and years, and how these positions 
were related to classroom circulated storylines. After preliminary findings were identified, I employed 
investigator triangulation and had colleagues in and outside of mathematics education examine the 
data, analyses, and findings (Stake, 1995). In each of these conversations, assumptions and alternative 
interpretations were discussed.  

Findings  

 
The findings are presented in three parts. First, I describe the three prevalent positioning acts 

I identified in my analysis that facilitated EBs participation in whole class mathematical interactional 
episodes. Second, I present a vignette to reflect how the three prevalent interactive positioning acts 
were typically seen across the data. Then, I describe two prominent storylines that were circulated 
across the two years via Courtney’s positioning acts. 
 
Teacher Positioning Acts  
 

The three prevalent positioning acts evidenced across the two years were: invites EB to share 
mathematical thinking, values EB mathematical contributions, and invites peers to consider EBs’ 
mathematical contributions. These positioning acts occurred at least 30 times across the two years and 
were present in both years. To illustrate the positionings acts, multiple classroom interactional 
episodes are presented (see Appendix A for transcript conventions). These episodes were selected 
because they epitomized and demonstrated the nuances of each respective interactive positioning act. 
Table 3 displays a summary of the positioning acts used. 
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Table 3  
 
Summary of Courtney’s Positioning Acts Used with Emergent Bilinguals 
 

Teacher Positioning 
Acts 

Selected Data Frequency of Positioning Acts with 
Focal Students 

Year 1 Year 2 Total 

Invites EB to share 
mathematical thinking 
 

“Why would that be 24?”  
“How did you figure that out?” 
Invited to present problem-solving strategy to 

class (e.g., “Can you [Samuel] go on up 
and explain how you solved number two”) 

45 94 139 

Values EBs’ mathematical 
contributions 

“Really cool idea” 
“Really smart thinking Bryce” 

11 26 37 

Invites peers to consider 

EB’s mathematical 
contribution: 
 

“Any comments about Lea’s strategy?” 
“So any questions for Jake, Samuel (EB), Keri 

about their strategy?  

16 15 31 

Note. EB = emergent bilingual 
 
Invites EBs to Share Mathematical Thinking  

 
The EBs in Courtney’s class were most often invited to participate in a mathematical 

discussion by sharing their mathematical ideas. When inviting EB participation, Courtney used a range 
of invitations that typically required language use beyond simple or short answers (i.e., asking “What’d 
you do?” or “What is it representing?” as opposed to “What was your answer?”). To illustrate 
Courtney’s use of this interactive positioning act, I present two classroom episodes. 

Episode 1. On October 6 (Year 2 [Y2]), after students had worked individually, the class sat 
at the carpet to discuss three student strategies Courtney had selected for the problem shown in Figure 
2. Samuel was the first student to share his scanned and projected work. 
 
Figure 2 
 
Samuel’s Scanned Mathematical Work 
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Courtney (C): I’ve got three friends who are going to share a strategy that they figured um—that they 
used to figure out number two. [Administrative talk] Ok the first person I’d like to share 
(pulls up scanned work on board) is uh Samuel. [Administrative talk] Can you go on up 
and explain how you solved number two. Shh. 

Samuel:  (gets up to come to board, then stands at edge of board) 
C:  I need your um papers on the ground and your eyes up at Samuel. What’d you do? 
Samuel:  Well, I thought um 19 and 28 and I took 9 away. (8.0) 
C:  Ok so hold on, you’ve got 19 here and 28 down here?  
Samuel:  (nods) Uh-huh 
C:  Ok. And then what did you do to figure it out how much difference there was between the 

amount of shirts Kaylie had and Jadyn had?  
Samuel:  (20.0)  
C:  (moves to board) What it looked like to me, was when you had 19 (points to top left 

representation) and 28 (points to bottom left representation). It looked (points to center 
representation) to me like you took the 19 and you were, (gestures drawing circles in center 
representation) //maybe//  

Samuel:  //Making// nine (quietly) 
C:  Making nine more til you got to how many? (3.0) 
Samuel:  To 28 (quietly) 
C:  To 28 (quietly). So he had 19 he started off there (gestures to representation of 19), then 

he added nine more circles that represented the shirts (gestures to center circles) and then 
you got to 

Samuel:  nine—28 (quietly) 
C:  28. So the difference he found between Kaylie’s shirts and Jadyn’s shirts was what?  
Samuel:  Nine 
C:  Nine shirts. Nice job Samuel. (claps)  
Students:  (clapping) 
C:  Drawing a picture can sometimes really help you. Thank you very much for sharing. 
 

Before inviting Samuel to the board, Courtney had scanned and projected his work. This act 
benefited Samuel because he could connect his written and oral language with his mathematical 
representations and use the image as a visual referent while he spoke—an instructional strategy 
recommended for EBs (Chval et al., 2009) and discussed during the professional development. 
Courtney invited Samuel to take up the physical and metaphorical position of the teacher whose rights 
included explaining a problem-solving strategy to the class with her act to “go on up and explain” (line 
4). In addition, her invitation interactively positioned Samuel as a student who had successfully solved 
the problem since he had a strategy “to figure out number two.” In this way, Courtney positioned 
Samuel at the start of his presentation as a student who was mathematically competent. In lieu of 
inviting Samuel to explain, Courtney could have explained his work entirely herself or only asked 
Samuel to share the answer. However, her acts indicated she expected students to be explainers. 

At the board, Courtney questioned Samuel about his mathematical representation and how he 
determined the value of nine (lines 8, 10-11). This act provided extended talk time, reinforced Samuel’s 
position and storyline as a student who could explain his reasoning to others, signaled his idea was 
worthy of further consideration, and that he still controlled the conversational floor. Samuel, however, 
did not respond (line 12). After waiting 20 seconds, Courtney moved to the front of the room to 
explain her interpretation of Samuel’s strategy (lines 13-16). Courtney’s act positioned the 
understanding of a peer’s strategy as important, even if the student did not articulate it themselves. 
Courtney did not let Samuel “off the hook” even though he was hesitant to speak publicly as evidenced 
by his quiet and limited responses, but continued to probe (lines 18, 24) amid extended wait time. As 
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a result, Courtney did not take over the explanation or allow Samuel to “give up,” instead she 
continued to provide Samuel multiple opportunities to share his reasoning. 

Episode 2. In some cases, when invited to share mathematical ideas an EB did not always 
speak. For example, on October 28 (Y1), the class sat at the carpet with Courtney in a circle and 
discussed how many “rolls” (of ten) should be in a “box”—a conversation built off the story Grandma 
Eudora’s T-Shirt Factory (Fosnot, 2007). 

 
C:  How many rolls do you think I should put into a big box? Alonzo, what do you think?  
Alonzo:  I think 10. 
C:  Why do you think 10 big rolls–10 of these rolls would be good? (1.0) Not sure, ok. But he 

thinks 10 might be a good number. Why do you think 10 might be a decent number to 
choose? Why do you think 10 would be a good number to choose to put into the box? Ian, 
what do you think? 

… [Courtney solicits other student ideas for 3 minutes] 
C  (standing in front of board): Ok. Alright. Well you know what I think we’ve got ten shirts 

in one roll and, you know, we—our place value blocks, if we’re going to use those because 
we don’t have enough of these (holds up rolls of ten shirts). I mean I don’t have enough 
shirts for all of us to have ten rolls of ten, do I? I don’t have enough shirts at home and if 
we’re going to use the place value blocks. I’m kind of thinking, you know we’ve got the, 
the rolls represented by the rods that have 10 and then the flats, they have a hundred on 
them, those flat ones, they have 10 groups of 10, so that’s a hundred and so if, if you guys 
are going to work with those I kind of like Alonzo’s idea that there’s gonna be a hundred 
shirts in a box because then, if we wanted to, we could just pretend that that was one box, 
if we wanted to. So, I think that I, I like Alonzo’s idea, and your other ideas were great, but 
I think we’ll go with Alonzo’s idea about having a hundred in a box, a hundred shirts in a 
box. 

 
As the class talked, Courtney invited Alonzo to share how many rolls of t-shirts he thought 

should go in a big box (lines 1-2). This act positioned Alonzo as possessing an idea worth sharing. 
After Alonzo shared his idea, Courtney invited him to justify why “10 of these rolls would be good” 
(line 3), which indicated he still held the floor. This occurred regardless of the limited wait time 
provided for Alonzo to respond (1.0 second pause). Courtney then provided Alonzo an out, “Not 
sure, ok. But he thinks 10 might be a good number” (lines 3-4). This act allowed Alonzo to retain his 
position in the class as a student with an idea worth discussing and signaled it was acceptable to be 
unable to articulate a justification. As a result, Courtney facilitated a space in the classroom where 
taking mathematical risks was acceptable and moved to normalize “not knowing.” Next, Courtney 
turned the request for a mathematical justification for Alonzo’s idea to the class (lines 5-6). This act 
signaled Alonzo’s idea was worthy of further consideration by positioning it at the heart of the class 
discussion (i.e., Courtney used footing to create this link; Goffman, 1981). After Courtney fielded 
different student responses, she revisited Alonzo’s idea (lines 15-16) with a hedged evaluation, “I kind 
of like Alonzo’s idea,” which placed ownership of the idea with Alonzo. Courtney then re-asserted her 
value judgment of Alonzo’s idea without the hedge (lines 18-19) and positioned his idea as the one 
the class will use, “I like Alonzo’s idea, and your other ideas were great, but I think we’ll go with Alonzo’s 
idea.” This combination of statements (lines 15-16, 18-19) further reinforced Alonzo’s interactive 
position as a student with a (valuable) mathematical idea worth sharing and using. Moreover, it 
signaled that even though Alonzo was unable to fully justify his mathematical idea, it did not invalidate 
it.  

Summary. Across the two years, this interactive positioning act was the most prevalent used 
by Courtney with the focal students, which may be tied to the professional development’s focus on 
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facilitating EBs participation. Overall, the prevalence of this positioning act contrasts with other 
research that has found teachers infrequently invite EBs into mathematical discussions in substantial 
ways (e.g., Iddings, 2005; Planas & Gorgorió, 2004; Weiss et al., 2003) and further demonstrates that 
EBs can participate in mathematics discussions as they develop their language proficiencies 
(Moschkovich, 2002; Setati, 2005; Turner et al., 2013). 

Some may see this interactive positioning as just “good teaching”, however, for the EBs in 
Courtney’s class it supported them in multiple ways. First, Courtney’s positioning of EBs as active 
participants who possess mathematical ideas worth sharing and contrasts common positionings of 
EBs as periphery participants documented in the literature across content classrooms (e.g., Brenner, 
1998; Yoon, 2008). Second, by positioning EBs in agentive ways (e.g., mathematical explainers, 
students with valid mathematical strategies), the potential to positively impact their mathematical 
identities became available. Third, multiple storylines were circulated for EBs, including EBs are 
mathematically competent and EBs can explain their reasoning to peers. Lastly, the invitations 
provided varied and extensive opportunities for EBs to develop their English language 
competencies—a necessity for second language acquisition (Gibbons, 1992; Lightbrown & Spada, 
2013). 

 
Value EBs’ Mathematical Contributions  

 
Through her interactive positionings, Courtney indicated valued ways of being and acting 

mathematically in the classroom. One way this occurred was through explicit statements, such as value 
judgments or evaluations, that called attention to aspects of an EB’s mathematical contribution and 
varied in specificity from general (e.g., “Ok, so, Lea had a really cool idea, can you explain your idea?”) 
to particular (e.g., “[Alonzo] did a nice job of explaining this a few different ways”). In some cases, 
albeit less often, direct evaluations were stated (e.g., “that’s right”). 

Episode 3. On September 13 (Y2) while students worked to solve multi-digit addition word 
problems using multiple strategies, Bryce asked Courtney if he could share his strategy with the class 
for solving the problem. The problem and Bryce’s strategy are provided in Figure 3. This represented 
a unique situation since Bryce often appeared uncomfortable speaking in front of the class. Courtney 
capitalized on this moment and invited Bryce to share during the whole-class discussion at the close 
of class.  
 
Figure 3 
 
Bryce’s Written Work 
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C:  Alright. We have a couple different strategies we’re going to share. Bryce um wanted to 
share a strategy he did with drawing a picture. Do you want to come up and show us what 
you did? So I saw really smart strategies on problem number one. [administrative talk] Ok 
so Bryce can you explain kind of what you did? 

Bryce:  This one (very quietly; gestures to rods in picture) 
C:  So, yeah, so the problem was Jake has 66 crayons, Ray has 15 crayons, how many crayons 

did they have altogether? So what did you do?  
Bryce:  (looks at paper in hands as he faces the board diagonally with back to majority of class) I 

forgot how I did it (4.0). There’s si—six tens and…five because…I switch, the five to…66 
I switch the (5.0) (looks at paper and board)  

C:  It looks like you switched it to= 
Bryce:  =switched the last, the last six of the 66 
C:  66 to 65, right?  
Bryce:  Six and I took the, the 16 off 15 switched it (gestures to algorithm)…and…then I add one 

more ten and it’s seven tens…equals…seventy (10.0; looking at paper) and I (10.0; looking 
at work on board and gestures between the two representations) and I—no I added the six 
and that made it to 81. 

C:  Wonderful. (clapping) Ok so I…well how do we show respect to Bryce? (class claps) Yeah. 
So Bryce thank you so much for sharing. It looked like Bryce said you know 66 is a, is a 
not so kind number, I’m going to change that to 65 and I’m just going to add 16 crayons 
to it and so he counted up by tens and then counted the ones and got 81. Did anyone else 
get 81 too?  

Students:  (raise hands)  
C:  Really smart thinking Bryce. 
 

Courtney introduced Bryce to the class as someone who “wanted to share a strategy” (line 1), 
which interactively positioned him as a student who believed his mathematical ideas were worth 
sharing. This differed from Courtney’s typical approach of selecting speakers based on aspects of their 
mathematical thinking she wanted to highlight. After inviting Bryce to the front, Courtney stated, “So 
I saw some really smart strategies on problem number one” (lines 3-4). Given its situated context, this 
act simultaneously validated Bryce’s desire to share as legitimate and evaluated Bryce’s strategy as 
“really smart,” which was not superficial considering Bryce’s use of an invented algorithm. This act 
may have also been used to further bolster Bryce’s confidence in his own mathematical thinking—an 
area Courtney identified in need of improvement in a conversation with the researcher on September 
2, “Bryce definitely needs to be assured that he’s right and, like, he needs to know, ‘You’re right, and 
so tell me why you’re right,’ type of situation […] [otherwise] he’s very…reluctant [to share his 
thinking].” Consequently, Courtney’s act set the stage for Bryce to explain his strategy and contributed 
to Bryce’s storyline of a mathematically competent student. After Bryce explained his strategy, 
Courtney concluded the interactional episode by publicly evaluating Bryce’s thinking again, stating 
“really smart thinking” (line 27). This act reinforced her initial interactive positioning of Bryce as 
competent and continued to foster a similar storyline. Moreover, it served to promote Bryce’s own 
self-confidence in his mathematical thinking and reiterated his desire to share was valid. Thus, 
Courtney’s use of this interactive positioning appears to be intentional and strategic, not flippant. 

Summary. Across the two years, the positioning act of valuing EBs’ mathematical 
contributions occurred more frequently in year two (potentially due to the number of EBs) and 
preceded or followed opportunities to participate. The findings confirm what other research has 
identified in different contexts, that evaluating student contributions is a common type of discursive 
practice used by teachers and even more so for novice teachers (Cazden, 2001; Kawanaka et al., 1999; 
McHoul, 1978; Sinclair & Coulthard, 1975). Although others may assert teachers use of this practice 
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can limit student participation, preserve teacher rights and duties, and restrict student ownership of 
mathematics, I contend Courtney’s use of this discursive practice served to productively position EBs 
in her classroom as students who possessed valued ways of thinking mathematically (e.g., “that’s a 
smart way of thinking about it [Bryce]”), signaled their mathematical ideas or strategies were worthy 
of public consideration (e.g., “So I saw some really smart strategies on problem number one”), and 
indicated EBs were students who could explain their reasoning to others in intelligible ways while they 
developed their language competencies (e.g., “I thought that [Alonzo] did a nice job of explaining this 
a few different ways”). At this same time, Courtney’s use of this positioning act simultaneously 
fostered the storyline that EBs were mathematically competent students. Consequently, this interactive 
positioning allowed Courtney to leverage her rights as a teacher to call attention to EBs mathematical 
thinking in front of peers and acted to counter deficit-oriented storylines of EBs in mathematics. 
 
Invites Peers to Consider EBs’ Mathematical Contributions 

 
Courtney expected every student to attend to the mathematical contributions of others. This 

expectation was reinforced through Courtney’s requests for students to respond to the mathematical 
contributions of others, such as asking peers to respond to or restate the mathematical contribution 
of an EB.  

Episode 4. Courtney often requested peers to explain, comment, question, or compliment on 
an EB’s mathematical contribution after they had shared a problem-solving strategy. For example, at 
the close of the lesson on October 22 (Y2) Courtney selected three students to share their strategy to 
solve the problem, Lea was the second student to share her work shown on board. Her work and the 
problem are provided in Figure 4. 
 
Figure 4  
 
Lea’s Written Mathematical Work 
 

 
 
C:  Alright the next person to share is Lea. Lea will you get up.  
Lea:  (gets up and comes to board)  
C:  [administrative talk]  
Lea:  First um I added four and then um I added four plus four plus four plus four. First I drew 

a picture of eight dice and then added four plus four plus four plus four plus four plus four 
plus four plus four equals 32.  

C:  So why did you—how many four—how many times did you need to count up by four?  
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Lea:  Well I needed to count um I needed to count eight times so I could get (inaudible)  
C:  Ok so when she—when she—what’d um—any comments about Lea’s strategy?  
Lea:  Janie. 
Janie:  Nice work an:d I like your strategy. 
Lea:  Carl 
Carl:  I like the way how you like, drew a picture of this stuff (gestures across work)—numbers. 
Lea:  Ok. Laura 
Laura:  Um I think the way that you drew your picture of the four plus four plus four is kind of 

confusing but I still think you did a great job.  
C:  Alright so she wrote a number sentence and she wrote up a picture to go along with that. I 
like—I like your strategy a lot. Nice job Lea. (clapping and cheers) 
 

After Lea presented, Courtney asked if there were any comments on her strategy (line 10). 
Courtney’s act reinforced the expectation students would attend to and think about each other’s 
mathematical reasoning, signaled Lea’s ideas were worthy of further consideration, and kept Lea’s 
mathematical thinking at the center of the discussion. Lea took on a typical right of a teacher (Lemke, 
1990; McHoul, 1978; Mehan, 1979) to call on Janie, Carl, and Laura and field their comments. Lea’s 
peers had many comments they could make. Each comment referenced Lea’s mathematical work and 
included praise (e.g., “I like your strategy”)—although Laura’s was back-handed (“but I still think you 
did a great job” line 20). After Laura’s comment, Courtney stepped in to re-state Lea’s strategy (line 
21) and positively evaluate it, stating “I like your strategy a lot. Nice job” (line 22). Thus, Courtney’s 
final act in this episode amplified Lea’s strategy, signaled the strategy represented valued mathematical 
thinking that contradicted Laura’s assessment, and reinforced Lea’s mathematical competence. 

Episode 4. Another way Courtney implemented this positioning act was by aligning an EB’s 
strategy to peers, asking if peers used the strategy, and then stating explicit connections between the 
peer(s) and EB. An example of this occurred on May 13 (Y2) immediately after Jake, Samuel, and Keri 
had collectively shared their problem-solving strategy to an equal sharing problem of seven brownies 
and four people. Courtney stated: 

 
Ok so any questions for Jake, Samuel, or Keri about their strategy? Did anyone else try this 
strategy? (some students raise hands) Caleb did this strategy, Laurence did this strategy. I think 
it’s a really effective way of doing it because you always know you’re going to have a fair share 
if you’re cutting it into one-fourth pieces and you know that there’s four people, you know 
you’re going to be able to share it fairly. Nice job guys. 
 
In this act, Courtney placed ownership of the strategy on the three students when inviting peer 

feedback on the problem-solving strategy, which reinforced Samuel’s interactive positions as a 
problem solver like Jake, Keri, and a community member. Next, Courtney moved to create 
connections between the three presenters and peers when she asked if others had used the strategy 
(lines 1-2). Courtney publicly named two students who also used the strategy (lines 2-3), thereby 
expanding the mathematical connections in the classroom and creating a large group of students who 
all shared similar mathematical reasoning as Samuel (and Jake and Keri). Courtney capitalized on this 
moment further with her evaluation of the group’s strategy, stating “I think it’s a really effective way 
of doing it” (line 3). In this way, she publicly validated the strategy, positioned it as valuable, and 
interactively positioned Samuel as using an effective strategy—a characteristic of mathematical 
competence in Courtney’s class. Moreover, positioning acts like this may have been used by Courtney 
with Samuel and other EBs who may be resistant, hesitant, or uncomfortable with public speaking to 
proffer peer support and an out if they chose not to speak when in front of the class. 
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Summary. Across the data this interactive positioning act occurred in both years, was seen 
throughout each year, either preceded or followed opportunities for EBs to participate, and was 
predominately split between each year regardless of the number of EBs in year two. The reduction of 
this interactive positioning in the second year (based on total EBs) may have been a result of 
Courtney’s increased ability to deftly use it to: set and uphold the classroom expectation peers would 
attend to and think about EBs’ mathematical contributions (e.g., “any comments about Lea’s 
strategy”), support the development of a dialogic classroom environment where students interacted 
with each other and took on greater rights and duties typically reserved for teachers, interactively 
position EBs’ mathematical contributions as valuable as advocated by research (e.g., “I think it’s a 
really effective way of doing it”; Gorgorió & Planas, 2001; Secada & De La Cruz, 1996), and foster 
the storyline that EBs can explain theirs or others mathematical reasoning (e.g., “Lea, can you go up 
there and explain what Emily did?”). Importantly, Courtney’s use of this positioning act challenged 
stereotypes of who can do mathematics (Battey & Leyva, 2016; de Araujo et al., 2016) and advanced 
counter-stories of who can do and be successful in mathematics.  
 

The Reality of Implementing the Positioning Acts: A Vignette 

 
Up to this point, I have presented the prevalent interactive positioning acts Courtney 

employed across two years to facilitate EBs participation in whole class mathematical discussions 
independently. However, these positioning acts did not occur in isolation, but in conjunction with one 
another. Thus, I present a vignette to illustrate the reality of the interactional episodes that occurred 
in Courtney’s classroom and elucidate how her interactive positioning acts worked in conjunction with 
one another. 

In the lesson on October 27 (Y2), students created a book of stamps in an array, selected a 
stamp value, and calculated the total cost of the book of stamps. To conclude the lesson, Courtney 
selected some students to share their strategies for calculating the total cost of the book. Bryce was 
the first student selected to share his book of stamps shown in Figure 5. 
 
Figure 5 
 
Bryce’s Book of Stamps and His Written Work 
 

 
 
C:  Bryce, you’re my first fellow to share. Why don’t you go on up. [Administrative talk] Ok 

Bryce is going to share how he figured this problem out. [Administrative talk].  
Student:  Hey, that’s the same thing I did.  
C:  Shh.  
Student:  He did the same thing I did.  
C:  Alright, make sure your voices and eyes are showing respect for your presenter 
Bryce:  I //counted down by twos// (gestures down the columns)  
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C:  //Shh. Carl// 
Bryce:  I got 20, 40, 60, 80, 100, 120, 140, 160. A 160 is my answer.  
C:  Ok, so um questions, comments for Bryce about his strategy for figuring out the value of 

his book?  
Bryce:  (looks at students on carpet) (4.0)  
C:  You can call on 
Bryce:  What’s up (looking at student) 
Student:  Um you did—you had a great strategy and great work.  
C:  Ok, //any other// of comments on his strategy?  
Bryce:  //Janie//  
Janie:  Um instead of putting 10, 20, 30, 40 all the way to um the answer he just did it like, added 

the, you know 10 plus 10 is 20 so he said 20, 40, 60, 80, 100, 120, 40, 60 and then he. 
C:  Yeah so he was being very efficient, right? So he was doing a quick way of counting. Greg 

something else?  
Greg:  Nice job.  
C:  Alright well we are all pleased with your work. Thank you very much for showing us how 

you figured out the value of your stamps. (class claps) 
 
In this interactional episode, Courtney employed each of the positioning acts previously described and 
some other notable acts. 
 
Invited Bryce to Share His Mathematical Thinking 
 

In Courtney’s introduction for Bryce, “Bryce, you’re my first fellow to share. Why don’t you 
go on up. [Administrative talk] Bryce is going to share how he figured this problem out” (lines 1-2), 
multiple things occurred. First, Courtney invited Bryce to share his problem-solving strategy with the 
class, which shifted the duty to explain onto him and thereby allowed him to participate in the 
discussion. Second, Courtney’s invitation enabled Bryce to take up the physical space typically reserved 
for the teacher at the front of the room, which shifted some of the rights and duties of a teacher onto 
Bryce. Third, Courtney called attention to Bryce’s mathematical competency when she stated he had 
“figured this problem out” (line 2). Courtney may have chosen to interactively position Bryce in this 
way to bolster his self-confidence given his historical hesitancy in presenting to the class and a 
perceived need “to be assured that he’s right.”  
 
Invited Peers to Consider Bryce’s Mathematical Contributions 
 

After Bryce’s explanation, Courtney asked, “Ok, so um questions, comments for Bryce about 
his strategy for figuring out the value of his book?” (lines 10-11). In this act, four things happened. 
First, Courtney exercised her duty (as a teacher) to facilitate mathematical discussions. Second, 
Courtney’s act indicated an expectation peers would listen and respond to Bryce’s explanation and 
that he was a part of the classroom community. Third, Bryce’s position as participant and explainer 
was reinforced since his explanation was considered valid and Courtney as the “expert” did not restate 
it or offer an alternative explanation. Fourth, Courtney reinforced Bryce’s position as mathematically 
competent since he had a valid strategy for “figuring out” the problem. Courtney then paused for 4.0 
seconds and stated to Bryce, “You can call on” (line 13), which indicated Bryce could control the 
conversation and shifted the duty to mediate discussions onto him. Bryce took up this duty (lines 14 
and 17) and fielded comments. After the first peer positively evaluated Bryce’s work (line 15) Courtney 
asked if there were other comments, but Bryce had already begun to call on another student (line 17). 
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It is unclear why Courtney took over the conversation at this point, however, it marked a shift in the 
interaction where she reclaimed the duty to facilitate interactions between Bryce and his peers.  
 
Evaluated Bryce’s Mathematical Reasoning 
 

After Janie—a peer—had restated Bryce’s explanation, Courtney evaluated the strategy, “Yeah 
so he was being very efficient, right? So he was doing a quick way of counting” (line 21). This act 
positioned Bryce’s strategy as valued since it was efficient and reinforced his prior position as a 
mathematically competent student. In addition, it served to further advance Bryce’s storyline of 
mathematical competence. 
 
Other Notable Acts 
 

In addition to the positioning acts described above, Courtney employed four additional acts 
that influenced Bryce’s position and opportunity to participate in this interactional episode. First, 
Courtney scanned Bryce’s written work (Figure 5) to serve as a visual referent he could gesture to (line 
7) to support his explanation—an instructional strategy recommended for EBs (Khisty & Chval, 2002; 
Moschkovich, 2002; Raborn, 1995). Second, Courtney reinforced Bryce’s duty as a teacher to present 
mathematical information to the class when she referred to him as “a presenter” (line 6). This is an 
important position for Bryce since EBs are infrequently asked to present in content classrooms or 
referred to as “presenters” in front of native speaking peers publicly (Brenner, 1998; Gibbons, 2008). 
Third, as Bryce described his strategy he stated, “I counted down by twos” (line 7), which was not an 
accurate reflection of his strategy. However, Courtney did not call attention to this error and allowed 
him to maintain face in front of peers. Courtney’s decision to remain silent may have been a result of 
their overlapping speech, a prior discussion she had had with Bryce, or she may have found an 
interruption unnecessary since Bryce continued to accurately describe his strategy of counting by 
twenties (line 9). Lastly, Courtney concluded this episode by stating, “We are all pleased with your 
work. Thank you very much for showing us how you figured out the value of your stamps” (line 26). 
This final act is important in multiple ways. First, the use of “we” and “us” indicated the class was a 
community and Bryce a member of it (Ju & Kwon, 2007). Second, Courtney reflexively positioned 
herself as a speaker for the community, which is not unusual given her rights and duties as a teacher. 
Third, the community was satisfied with Bryce’s mathematical reasoning and respective explanation (as 
opposed to only Courtney being satisfied). This is notable since teachers usually reserve the duty to 
evaluate student thinking (Lemke, 1990; McHoul, 1978; Mehan, 1979), however, Courtney’s statement 
reinforced Bryce’s peers’ evaluation of his thinking. Fourth, Courtney reinforced Bryce’s position as 
presenter, explainer, and participant when she thanked him for sharing his strategy with the class. 
Lastly, Courtney called attention to Bryce’s mathematical competence when she reiterated his success 
in “figuring out” the problem for the third time. In this way, she chose to conclude the episode by 
reinforcing his position and storyline as a mathematically competent student.  
 
Storylines  

 
Since storylines can occur at multiple scales, I limited my focus to the storylines Courtney 

fostered for EBs collectively through her interactive positionings across the two years. In this way, I 
centered on the storylines Courtney advanced via her position that were or became socially 
recognizable for EBs that defined the expectations and conventions of interactions in her classroom 
(Herbel-Eisenmann et al., 2015). Given this, I do not claim the storylines presented herein were 
exclusive or unique to EBs, but they were evident for the EBs in Courtney’s class. Moreover, it is 
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outside the scope of this paper to describe the storylines constructed for all students across the two 
years.  

Across the data, two prominent storylines were promoted by Courtney: EBs are 
mathematically competent and EBs can explain their mathematical reasoning to others (see Table 4 
for selected evidence). These storylines were advanced across each respective year and EB and, at 
times, overlapped (i.e., multiple storylines were advanced in one turn).  
 
Table 4 
 
Storylines of EBs and Selected Evidence 
 

Storyline Selected Evidence 

EBs are mathematically competent “that’s a smart way of thinking about it [Bryce]. I like thinking about 
it like that, I’m a visual person.”  
 
 “I think it’s a really effective way of doing it”  
 
“I like Alonzo’s idea” 

EBs can explain their mathematical 
reasoning to others  

“I scanned in Alonzo’s work because I thought that he did a nice job 
of explaining this a few different ways”  
 
“Ok, so, Lea had a really cool idea, can you explain your idea?”  
 
“Can you go on up and explain how you solved number two”  

 

Storyline 1: EBs are Mathematically Competent 
 

Mathematical competence is important for EBs since it defines what counts as mathematics 
and who gets to do it (Gresalfi et al., 2009). However, for storylines of competence to take hold, 
student acts must be recognized, which is most powerfully done through teachers’ conferred rights 
and duties. The storyline that EBs are mathematically competent was repeatedly fostered through 
Courtney’s interactive positionings of individual EBs. In this way, Courtney positioned EBs as 
engaging in mathematical practices that were culturally and socially valued and representative of 
academic success (Gresalfi et al., 2009). These positionings most often took the form of an EB 
possessing valued mathematical thinking, being mathematically efficient, solving problems accurately, 
and being able to explain problem-solving strategies. Since the latter positioning contributes to the 
storyline that EBs can explain their mathematical reasoning, the description of these positionings is 
omitted from this section and provided in the next.   

To position EBs’ mathematical thinking as valued, Courtney would qualify EBs’ thinking with 
adjectives such as “cool,” “smart,” “awesome,” or “good” (e.g., “awesome strategy”) and, oftentimes, 
would include “really” to further emphasize the value (e.g., “really cool,” “really good,” “really smart”). 
In addition, Courtney would refer to an EB’s thinking as something she “liked” or position a 
contribution as valuable by indicating the speaker had done well (e.g., “Nice job Samuel”; Gresalfi et 
al., 2009). Since Courtney was socially identified as the content expert and possessed rights and duties 
unavailable to students, she could define what counted as valuable mathematical thinking and who 
was considered “smart.” Thus, her positioning acts had the power to shift interactions in the classroom 
(Reeves, 2009; Tait-McCutcheon & Loveridge, 2016; Turner et al., 2013; Wood, 2013). 

Courtney valued mathematical efficiency in problem solving and was explicit about this with 
students. For instance, she stated, “We’ve been talking a lot about efficiency and making sure that 
your strategies are quick and that you use your time wisely.” Consequently, being mathematically 
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efficient was positioned as a characteristic of mathematical competence. When this occurred Courtney 
was always explicit, such as “If you wanted to be more efficient, you might think about it like Alonzo 
did” or “He [Bryce] was being very efficient.”  

The ability to accurately solve mathematical problems was also positioned by Courtney as 
characteristic of EBs who were mathematically competent. At times, this positioning was explicit, such 
as when she stated, “He [Alonzo] solved it many different ways and every single time he solved it, he got 
the same answer,” and, in this particular act, Courtney also emphasized Alonzo’s ability to use multiple 
strategies. At other times, the positioning was indicative of accuracy, such as “figured out” a problem. 
While it may be common in some classrooms to include incorrect solution strategies as valuable points 
for learning and an aspect of mathematical competence, Courtney did not emphasize this in her 
classroom or in her storyline for EBs. Instead, she focused on positioning EBs in ways that 
accentuated their mathematical accuracy. Courtney may have chosen to do this to bolster EBs self-
confidence in mathematics or prevent situations where EBs’ thinking could be perceived negatively 
by peers. Another reason may have been a desire to proffer a storyline that contrasted with the more 
prominent storyline that EBs need remediation and support in mathematics (de Araujo et al., 2016; 
de Araujo & Smith, 2022; Gutiérrez, 2008). Over the two years, Courtney leveraged her position to 
call out “smart” EBs over 185 times through the positioning acts of inviting EBs to share mathematical 
ideas, valuing EBs’ mathematical contributions, and inviting peers to consider EBs’ mathematical 
contributions. Consequently, Courtney’s positioning acts identified valued ways of being in the 
classroom that were indicative of mathematical competence.  
 
Storyline 2: EBs Can Explain their Mathematical Reasoning to Others 
 

The ability to explain one’s mathematical reasoning to others provides opportunities to 
develop, refine, or clarify thinking, engage in mathematical discussion, and/or advance lessons. This 
practice was valued in Courtney’s classroom as shown by her frequent requests for students to explain. 
Even though the benefits of explaining reasoning are well known, requests to do this are infrequently 
used in classrooms generally and with EBs specifically (Iddings, 2005; Planas & Gorgorió, 2004; Weiss 
et al., 2003). In contrast to this research, Courtney was found to often ask EBs to explain their 
mathematical reasoning and representations.  

Courtney expected students, including her EBs, to explain their reasoning to others. One way 
she did this was to regularly pre-select 2-3 students to present their problem-solving strategies at the 
close of her lessons. Sometimes, Courtney would set the stage for the presenter by asking or directing 
them to explicitly “explain” their strategy. At other times, Courtney used language that referred to 
explanation, such as, “Alright, Bryce what did you do [to solve the problem]?” Consequently, these 
statements positioned EBs as students who had a strategy they could articulate to peers, shifted the 
duty of explaining strategies from Courtney onto EBs, and provided extended talk time for the EB in 
their L2. Additionally, in some cases, Courtney highlighted the value of these strategies by prefacing 
the EB’s explanation, such as “Lea had a really cool idea. Can you explain your idea [to solve the 
problem]?” or “I scanned in Alonzo’s work because I thought that he did a nice job of explaining this 
a few different ways.” Statements like these reinforced the EB’s explanation as valuable and a point 
of learning and positioned the EB as mathematically competent.  

Requests to explain mathematical reasoning were not limited to the close of the lesson but 
happened throughout as well. For instance, when debating the appropriateness of 42 to represent two 
tens and four ones in a class discussion, Courtney stated, “Bryce says that would be 24. Why would 
that be 24 [Bryce]?” Alternatively, Courtney would ask an EB about details in their problem-solving 
strategy to elucidate reasoning, such as “How come you chose to add the three groups of 19 like that 
instead of 3+3+3+3+3 [indicating 19 groups of 3]?” while Alonzo described his strategy for summing 
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three groups of 19. These types of positioning acts allowed EBs extended talk time, retain the 
conversational floor, and, in the case of Alonzo, highlight the deliberateness of an approach.  

Courtney expected EBs—as well as other students—to explain mathematical representations. 
This expectation was shown through questions that varied in specificity. For instance, she would ask 
general questions, such as “[Lea] tell us about your picture,” and more specific questions, such as 
“Why’d you [Bryce] put that line there, what’s that mean?” These acts positioned EBs as individuals 
who had the capability to explain mathematical representation to others. To reinforce EBs ability to 
explain representations, Courtney would refer to the EB as someone who had explained. For example, 
after Bryce shared Courtney stated, “Bryce is telling us the numerator represents the number of pieces 
that the person gets and the denominator represents the number of pieces you cut that whole into.” 
In this way, Courtney acknowledged an explanation had occurred and, at times, publicly and directly 
expressed gratitude for the explanation.  

Across the data, Courtney positioned EBs as students who can explain their mathematical 
reasoning to others over 75 times through two positioning acts: inviting EBs to share mathematical 
ideas and inviting peers to consider EBs’ mathematical contributions. In this way, Courtney advanced 
a storyline for EBs in this study that countered the belief that EBs cannot explain their thinking or 
take an active role in mathematical discussions as they acquire another language. Moreover, the acts 
she employed in conjunction with her explanation requests positioned EBs’ explanations as valued, 
points of learning, and comparable to her own explanations. Therefore, the combination of these 
positions and other productive storylines (e.g., EBs explanations are just as valuable as Courtney’s, 
EBs are mathematically competent) served to advance the storyline that EBs can explain their 
reasoning to others and further support prior research from other contexts that illustrate EBs 
participation in classroom discussions is contingent on the teacher (Turner et al., 2013; Yoon, 2008).  

Summary. As evidenced in the data, Courtney strategically used acts to foster storylines that 
EBs are mathematically competent and can explain their mathematical reasoning to others. Notably, 
these storylines were frequently found to occur simultaneously in interactions, which attests to their 
complexity and ability to be at play in any given interaction. Such findings provide further evidence of 
the nuanced ways teachers interact with students and how teachers can position students—particularly 
those who have been historically underserved in mathematics—in storylines at multiple scales (e.g., 
utterance, lesson, academic year) that run counter to dominant narratives that perpetuate inequities. 
In this way, the storylines Courtney promoted individually for EBs across the data served to counter 
deficit-oriented storylines for EBs as a collective via their group association. Thus, Courtney facilitated 
opportunities to reshape who can be mathematically successful on a multi-year scale.  

 
Discussion and Conclusion 

 
In this study, I used the lens of positioning theory (van Langenhove & Harré, 1999) to examine 

the discursive practices of one third-grade monolingual teacher, Courtney, and the ways she facilitated 
EBs participation in whole class mathematical discussions across two academic years. Findings from 
this study show Courtney implemented three prevalent interactive positioning acts, often in 
conjunction with one another rather than in isolation. The interactive positionings were inviting EB 
to share mathematical thinking, valuing EB mathematical contributions, and inviting peers to consider 
EBs’ mathematical contributions. These findings extend Turner and colleagues’ (2013) study of a 
bilingual teacher-researcher in an after-school program by shedding new light on the applicability of 
the positioning acts and other acts across contexts, teachers, and time as well as address calls for “more 
research on effective teaching and learning environments” for EBs and “richer descriptions of those 
environments” (Gutiérrez, 2008, p. 362) as well as examples of storylines in mathematics (Herbel-
Eisenmann et al., 2015). 
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In contrast to Turner and colleagues’ (2013) study, Courtney taught in a school with 
historically low populations of EBs and was constrained by class sizes and educational demands (e.g., 
curriculum, policies, standardized assessments). These drastically different U.S. school settings 
demonstrate the usefulness of the positioning acts for EBs across contexts. Said another way, the 
findings indicate the positioning acts can be used in classrooms with both high and low concentrations 
of EBs in the U.S. to foster EBs’ participation in mathematical discussions. Additionally, the findings 
illustrate the positioning acts can be implemented by teachers who are in the early stages of thinking 
and learning about positioning theory. This is notable since the teacher-researcher in Turner and 
colleagues’ (2013) study was familiar with positioning theory, understood the power of teacher 
positioning on EBs’ learning, and was strategic in their use of discursive practices to position students 
in particular ways right from the start of the after-school program. Consequently, Courtney offers a 
picture of what positioning acts a teacher may initially begin to use as they learn about positioning and 
continue to refine across multiple years with different EBs with various mathematical and linguistic 
competencies. Furthermore, the positioning acts appeared to affect EBs’ mathematical identities (e.g., 
Bryce’s desire to share his problem-solving strategy with the class) and peers’ interactive positionings 
of EBs (e.g., a peer’s compliment on Bryce’s efficient representation). Although prior research has 
identified teachers’ positioning of EBs can affect the development of mathematical identities and the 
ways peers’ interactively position EBs (Esmonde, 2009; Ju & Kwon, 2007; Turner et al., 2013; Wood, 
2013; Yamakawa et al., 2009; Yoon, 2008), examining this effect was not a focus of this study.  

It is important to note that Courtney’s participation in ongoing professional development 
likely centered her attention on EBs and the ways she interacted with them. As a result, other teachers 
may also need professional development to focus and maintain their attention on EBs as they learn 
about positioning theory. Such professional development may begin with supporting teachers to first 
recognize how acts, positions, and storylines affect their own lived experiences in and out of school 
settings. Next, teachers could begin to think critically about ways to leverage their acts to (1) ensure 
EBs participate in productive ways as advocated by the NCTM (2013, 2014) and (2) challenge 
dominant narratives of who can be, who is, and what counts as mathematically successful as they strive 
for equitable mathematics instruction.  

Through the interactive positioning acts, Courtney circulated multiple storylines for EBs 
collectively across the two years, such as EBs are mathematically competent and EBs can explain theirs 
or others’ mathematical reasoning. Importantly, these storylines took hold because student acts were 
recognized specifically by Courtney. If, on other hand, Courtney would have undermined EBs’ 
explanations (e.g., responding in ways that discredited their explanation), the storyline that EBs can 
explain theirs and others’ mathematical reasoning would not have circulated. Even though the 
storylines Courtney circulated may not have transferred across classrooms in subsequent years for the 
EBs in this study, they were present across multiple years for EBs in Courtney’s classroom. In this 
way, the storylines Courtney advanced for EBs defined the expectations and conventions of 
interactions in her classroom, served to create socially recognizable storylines for EBs, and had the 
ability to reshape who can be mathematically successful on a multi-year scale (Herbel-Eisenmann et 
al., 2015). 

As a white, monolingual, elementary teacher, Courtney characteristically represents many 
elementary teachers in the U.S. (Grissom et al., 2015; Sleeter, 2001) and, given her success in teaching 
mathematics to EBs (Chval et al., 2014; Estapa et al., 2016; Pinnow & Chval, 2015), is in a unique 
position to offer insight into the ways other monolingual teachers can use discursive practices to create 
opportunities for EBs to participate using varied forms of language in mathematical discussions 
regardless of their competencies in EBs’ first language. Although Courtney was able to implement the 
positioning acts deftly, it may be unrealistic to expect teachers to integrate all the positionings at once. 
As a result, teachers may find it beneficial to employ the positioning acts one by one as they begin to 
make changes in their practice. For instance, mathematics teacher educators may encourage future 
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and current teachers to begin implementing Courtney’s most common positioning act first (i.e., 
inviting EBs to share mathematical thinking) as opposed to those used less frequently. In this process, 
teachers should simultaneously reflect on their existing positioning acts, such as asking themselves, 
“What am I asking EBs to share about their mathematical thinking in whole class discussions?” or 
“What is one thing I will ask ____ to share in class tomorrow about their mathematical thinking?” 
Alternatively, a teacher may focus on a positioning act they perceive as easier to initially implement, 
such as valuing EBs’ mathematical contributions. A teacher could then focus on drawing explicit 
attention to a desired practice an EB demonstrates (e.g., “Zainab was being very efficient”) or 
recommend peers embody aspects of an EB (e.g., “If you wanted to be more efficient, you might think 
about it like Mariam did”). When employed, such acts interactively position the EB as possessing 
desirable mathematical thinking, advance their storyline of mathematical competence, challenge 
historic stereotypes of who can do mathematics (Battey & Leyva, 2016; de Araujo et al., 2016), and 
fulfill teachers’ rights and duties to mediate interactions between EBs and peers to ensure EBs’ 
mathematical contributions are positioned as valuable (Gorgorió & Planas, 2001; Secada & De La 
Cruz, 1996).  

Although the use of positioning theory in mathematics education research is burgeoning, 
researchers (Herbel-Eisenmann et al., 2015) have called for greater attention to the acts and storylines 
that influence positions in classroom settings. Thus, the detailed analysis of acts, positions, and 
storylines help to fill this gap in the literature. Moreover, the analysis reveals the presence of multiple 
positioning acts and storylines in each interaction, which provides further evidence of the nuanced 
ways teachers interact with students, highlights the complexity of classroom interactions, and confirms 
the importance of the teacher in student positioning. In addition, there appears to be a potentiality for 
the positioning acts to advance storylines for EBs at multiple scales (i.e., utterance, lesson, academic 
year) that draw attention to their competencies and challenge existing deficit-oriented storylines (de 
Araujo et al., 2016; de Araujo & Smith, 2022; Gandara et al., 2005; Pettit, 2011). When promoted over 
time, such storylines can shape what becomes socially recognizable for EBs in mathematics and can 
support efforts to ensure equitable mathematics instruction for every student. Despite this, unanswered 
questions remain, such as: How does learning about positioning theory support teachers’ 
understanding and integration of the previously described positioning acts? In what ways do teachers’ 
draw on positioning theory to describe the intention of their acts and interactive positions in the 
classroom? What specific challenges do teachers face when implementing the positioning acts within 
and across different classes and contexts? An exploration of these research questions would expand 
our understanding of the interplay between understanding positioning theory and teacher acts in the 
classroom. 
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Appendix A 

 
Transcription key 

 
Symbol Key 

= Adjacent speech 
? Rising intonation as with a question 
, Natural break/pause in speech  
— Abrupt change in speech 
… Longer pause in speech (~2 natural pauses)  
: Elongated sound 
(#) Pause length in seconds 
TWO Louder speech 
// // Overlapping speech 
! Said with excitement 
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Appendix B 

 
Teacher Positioning Act Coding Scheme 

Category Code Description 

M
at

h
em

at
ic

s 

Invite  

TSHARE 
Teacher invites EB math thinking, noticing, observation, 
or solution strategy 

TJUS 
Teacher asks EB to clarify, justify, or explain math claim 
or solution 

Peer Invite  TDIR Teacher invites peers to consider EB's contribution 

Ownership TOWN Teacher assigns or restates ownership to EB 

Documenting TDOC Teacher documents EB math idea or claim 

Representative TREP Teacher positions EB as representation of a group 

Revoicing 

TAMPCLAR Teacher revoices to amplify or clarify EB contribution 

TBLD 
Teacher reconceptualizes/extends/builds on EB math 
contribution 

TREVACT Teacher revoices EB math actions 

Value  TVAL 
Teacher makes value judgment on EB justification, 
explanation, thinking, claim, idea, noticing, observation, 
or strategy 

Knowledge TKNOW Teacher states or confirms EB math knowledge or ideas 

L
in

gu
is

ti
c 

Documenting TDOCL Teacher documents EB linguistic contribution 

Value  TVALLING 
Teacher makes value judgment of EB linguistic 
contribution 

Revoicing 
TREVLING Teacher revoices EB linguistic contribution 

TBLDLING Teacher builds/extends on EB linguistic contribution 

Invitations TLING Teacher invites EB linguistic contribution 
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ABSTRACT 
 
This article features a fifth grade mathematics exploration planned to facilitate students’ productive 
struggle. The exploration was a catalyst for a team of educators to unpack the teacher’s experience 
when facilitating students’ productive struggle. The team called this teacher productive struggle and 
shares about the construct contextualized in the exploration.  
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Introduction 
 

In 2020, we collaborated as teacher educator, prospective teacher, and practicing teacher 
(respectively) in Moloney’s fifth grade mathematics classroom. During one lesson, geoboards were 
used to facilitate unpacking the relationship between area and perimeter. This was Clark’s first time 
observing students working with geoboards, and she noted how the tool was used to support students' 
productive struggle. It was also the first time our team of three educators considered what it might 
mean for a teacher to productively struggle during mathematics instruction that facilitates students’ 
productive struggle. While the concept of students’ productive struggle in mathematics had been read 
about, discussed, and supported in instruction, what unfolded in our team’s post-lesson reflection was 
how Moloney felt as her students did, those who productively struggled with the mathematics. We 
called this personal experience her teacher productive struggle. 

This article provides an overview of Moloney’s lesson, which included geoboards, and her 
teaching that allowed for students’ productive struggle. We share about this lesson exploration to 
provide insight into a teacher’s feelings and thoughts during the facilitation of students’ productive 
struggle. We unpack this teacher’s insights throughout one exploration and within one context, so that 
other educators can begin to compare and identify their own teacher productive struggle and consider what 
that might encompass. Then, like our team, educators can collaborate with open and honest 
conversations about the apprehensions and benefits of facilitating students’ productive struggle and 
the experience of their own teacher productive struggle.  
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What is Productive Struggle? 
 

Student productive struggle occurs when students have opportunities to engage with 
appropriately challenging mathematics ideas and problems which require struggle and perseverance 
(Hiebert & Grouws, 2007). Student productive struggle is evoked through effective teaching strategies 
that encourage students to work through challenging mathematical ideas and relationships, with the 
goal of developing a greater sense of mathematical literacy and understanding, rather than just focusing 
on finding correct solutions (National Council of Teachers of Mathematics [NCTM], 2014). These 
teaching strategies may include observing and utilizing student strategies, activating students’ prior 
knowledge, providing ample opportunities for students to pause and reflect on their own thinking 
through the use of strategic questioning, and highlighting that student struggle and perseverance in 
mathematics is recognized, valued, and ultimately productive (Baker et al., 2020). Teachers should be 
transparent about and reinforce with students that struggle is a natural and essential part of 
mathematical problem-solving (Wilson et al., 2019). To encourage more equitable spaces, teachers 
must work to ensure all students have access to cognitively demanding tasks that spur productive 
struggle and deep thinking, especially students from historically marginalized groups whose access has 
been limited (Lynch et al., 2018).  

Since the construct of student productive struggle has been defined and discussed by 
mathematics researchers and educators, including its value and what it may look like in the context of 
a classroom for the student learner, our team began to reflect on a teacher’s experience while 
facilitating students’ productive struggle. Engaging students in appropriately challenging mathematical 
opportunities that encouraged their risk-taking opened the door for teacher risk-taking as well. We 
began to conceptualize the educator's thoughts and feelings during the facilitation of student 
productive struggle as teacher productive struggle, a term which serves to encompass both the 
apprehensions and benefits a teacher experiences alongside student productive struggle. We did not 
and do not use the term teacher productive struggle to mean we are struggling with the choice to offer tasks 
that induce student productive struggle; we believe students deserve to tinker with the mathematics 
and we work to “trust students with open-ended, multidimensional, challenging tasks” (Skinner et al., 
2019). We do use the term to capture the momentary discomfort teachers may feel to as students 
experience momentary discomfort during challenges and problem solving. 

What we share in the article highlights moments of student productive struggle in a fifth-grade 
mathematics Geoboard exploration in order to reveal Moloney’s own teacher productive struggle. In 
the student exploration, we bring to attention two characteristics of student productive struggle as 
defined by Hiebert and Grouws (2007): (a) utilizing existing knowledge to engage in solving 
challenging problems which do not have immediate solutions, and (b) perseverance through problem 
solving in an effort to enhance mathematical understanding. We unpack Moloney’s experience in 
response to facilitating these two characteristics in this specific mathematics exploration. Finally, we 
expand on teacher productive struggle beyond the specific exploration and classroom interactions. 

 
Guiding Philosophies and Context of Our Mathematics Teaching 

 
Our understanding of teacher productive struggle is grounded in our philosophy of mathematics 

education. Collectively we believe in conceptually based teaching that offers all students the 
opportunity to engage with and make sense of mathematical concepts (NCTM, 2014). These 
experiences are grounded in cognitively demanding tasks that allow for problem-solving with multiple 
strategies and connections across representations (Smith & Stein, 2018; Stein & Smith, 1998). We 
believe these learning experiences should be structured in a way that provides access to all students, 
disrupting patterns of marginalization that can exist in mathematics classrooms (Chao et al., 2014; 
Wilson et al., 2019). In addition, we believe discussion and student-to-student discourse supports 
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students’ understanding of mathematics (Chapin et al., 2013). In order to effectively facilitate these 
task-based, discussion-based, conceptually driven mathematics experiences for students, teachers need 
mathematical knowledge for teaching (MKT), a specialized knowledge of both the mathematical 
content and the pedagogical practices that support student learning (Ball et al., 2008). Our construct 
of teacher productive struggle is grounded in our acknowledgement that MKT is necessary; we cannot 
facilitate student productive struggle and give students the mathematical opportunities they deserve 
without investing in thoughtful problem selection, unpacking the mathematics content ourselves 
before exploring it with students, and considering the potential strategies students might use in their 
problem solving (Carpenter et al., 2014). 

The particular exploration shared next is situated in Moloney’s fifth grade classroom mid 
school year. At the time of this exploration, Moloney was in her fifth year of teaching, and was 
specializing in fifth grade mathematics teaching. The school was in the process of adopting the Bridges 
(2016) curriculum, and this was the first year with the curriculum for both the teacher and the students. 
The students in this class were familiar with experiences of productive struggle in mathematics. 
Throughout their fifth-grade year, students were exposed to cognitively demanding mathematical tasks 
and were given consistent opportunities to discuss mathematical concepts. Baker and Clark 
collaborated in university coursework and an undergraduate research project that explored 
humanizing mathematics (Gutiérrez, 2009, 2010; Yeh & Otis, 2019), and they collaborated with 
Moloney and her students to engage in mathematics both inside the classroom and in outside spaces. 
While this article features Moloney’s classroom context and personal experience with teacher 
productive struggle in that context, our team acknowledged that we have each experienced teacher 
productive struggle within our varied mathematics teaching and learning contexts. As you read, keep 
in mind that teacher productive struggle is not unique to fifth grade mathematics teaching and learning, 
but rather can occur across grade levels and content areas, and consider how it might connect to other 
contexts.  
 

The Geoboard Exploration 
 

An overview of the Geoboard exploration and its intended goals is featured in Figure 1. Before 
Moloney introduced the geoboards to students, she first accessed students’ prior knowledge by asking 
them to consider how perimeter, area, and multiplication are related. The students discussed these 
relationships in a turn-and-talk format and then shared some of their discussion points with the entire 
class. One student expressed that perimeter is “adding all sides of a shape,” and another shared that 
“sometimes you can multiply to find perimeter if all sides of the shape are the same.” Another shared 
that “area is the number of square units a shape is made up of.” Moloney wrote these student 
definitions on the classroom white board for students to refer to during the exploration. She then 
launched the geoboard exploration, distributing the geoboards, and allowing students three minutes 
to explore, make observations, and consider “what it can and can’t do to help think about math.” 
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Figure 1 
 
Fifth Grade Geoboard Exploration Overview 
 

The Geoboard 
Exploration 
 

Content Goal: Explore the relationship between area and perimeter using a geoboard as 
a visual representation and model. 
Productive Struggle Goal: Understand that not all problems are solved instantly or in 
one math session; be comfortable letting problems linger into future days; attempt 
different strategies if the current one is not working. 
Student Experience: Students begin to explore how to represent perimeter and area of 
fractional measurement lengths on a geoboard and model what that perimeter and area 
represents. 
Model of Student 5 x 5 Geoboard: 

 
Lesson adapted from Bridges (2016) 5th Grade Curriculum 

 
Next, Moloney displayed an enlarged geoboard and explained that the outline of the peg area 

of the board represented one square unit. She posed the question, “If the area is one square unit, what 
is the perimeter and how do you know?” Moloney’s purpose for initiating the exploration with this 
question was to support students in seeing that each length of the side of the geoboard was one unit, 
and that each linear space from peg to peg was one fourth of a unit, as seen in Figure 2. 
 
Figure 2 
 
Geoboard Labeled with One Linear Unit and One-fourth of a Linear Unit. 
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Students were first invited to explore this question using rubber bands on their physical 
geoboard and with a printed copy of the geoboard image. After some independent work time with the 
materials, Moloney paused the class for a group discussion around initial thoughts about the value of 
the perimeter. A student offered, “the perimeter of the geoboard is four square units.” Moloney caught 
that the perimeter would be four linear units, not four square units. However, rather than correct this, 
she wanted to see if the class could help refine the thinking and language. This would help the class 
review the connection between the concepts of perimeter and area. She prompted the entire class by 
saying, “If the area of the board is one square unit, [Student A] says the perimeter would be four 
square units. Do you agree or disagree?” She encouraged students to share their ideas with their table 
groups. As students discussed this prompt, they re-examined their own work and materials, and 
Moloney circulated the room, conversing with the small groups. A whole group discussion and class 
vote followed, revealing that students were indecisive about the validity of Student A's statement. Five 
students agreed with Student A’s statement, nine disagreed, and multiple students refrained from 
voting on the validity of the statement just yet. 

Faced with the group indecision, Moloney prompted students to share their reasoning as to 
why the perimeter of the geoboard would, or would not, be four square units. Moloney wanted to 
elicit various ideas so that students could use others' thoughts as evidence to support their own 
thinking. The following are examples of the students’ contributions. 

 
Student 1: I reasoned that one unit divided by four (one side divided into four pieces) equals 
1/4 unit. [Student goes up to the board to demonstrate that one side is 4/4 units which is 
equal to one whole.] 
Student 2: I know the perimeter represents the outside of the rectangle and I counted 16 
[1/4th] segments. So, the perimeter equals 16 units. 
Student 3: I am confused by these answers because the total area is supposed to be one square 
unit, so I’m still not sure what the perimeter would be and how we would think about that. 
Student 4: I think that if the area is one square unit, the perimeter is four units, not square 
units. And that works with what Moloney said at the beginning about the area being one square 
unit total and us having to find perimeter, which is in units. 
 
After allowing time for students to listen and ask questions of one another, Moloney 

conducted a re-vote, which highlighted continued indecision and confusion among students. Three 
students shared that they believed “area = 1 sq. unit” [notation as verbally shared and as written out 
on board to present to the whole class] and “perimeter = 4 units”, noting that no one thought the 
“square” should stay with the way the perimeter’s value was being expressed. Five students now voted 
that they thought “area = 16 sq. units” and “perimeter = 16 units” after hearing that answer offered. 
Again, multiple students refrained from voting. At this point both the students and Moloney were 
visibly struggling to determine what the next move should be. This was expressed through confused 
and scrunched facial gestures, slumped body language, and shoulder shrugs. Moloney used a “Teacher 
Time Out” (Gibbons et al., 2017) with Baker to quickly run through options, considering the costs 
and benefits of stopping the lesson there for the day or attempting an alternative strategy for 
facilitating the lesson that would allow students to keep working. After considering the mathematical 
goals for the lesson, the team decided to introduce a tool that would help students focus on the 
distinction between linear and square units. Before jumping back into the mathematics, however, 
Moloney used a powerful and important teaching move for her classroom community by asking the 
class, “Who’s confused? Be honest.” As the majority of students in the class raised their hands, 
Moloney responded, “Great!” and thanked them for their honesty. She took this moment to share 
that she was also confused about how to proceed, and that both her confusion and their confusion 
was okay. She reassured students that they would work with one another to figure out a path and an 
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answer. This reassuring moment served several purposes - to let students know it was okay to feel 
confused, to let students know that the confusion would not persist, and to let them know that she 
would support them to the other side of the initial confusion. 

Moloney’s next step was to guide students back to some of the critical mathematical moments 
shared in the discussion that could help move the class forward in their understanding (see Baker et 
al., 2020 for more on this reorientation strategy). She reemphasized to students that they were working 
in linear units, and she asked a student to explain what that meant in context. Once students had 
clarification of the units and expressed understanding of the difference between units and square units, 
Moloney introduced a new tool to further help students determine the perimeter of the geoboard. 
This new tool was a pink strip of paper, where “one strip of paper equals one unit”. See Figure 3 for 
this tool.  
 
Figure 3 
 
Labeled Geoboard with Pink Ruler 

 
 
While it was not necessarily pre-planned to introduce this specific tool during the lesson, the teacher 
had applicable tools on hand as a result of intentional pre-planning with MKT and mathematical 
learning goals in mind. Moloney shared, “the pink strip is like a ruler that measures one unit. What do 
we think the perimeter is now that we have our ruler?” 

As students discussed and used this new tool with their geoboards, the class quickly concluded 
that the perimeter of the geoboard is four units and that this answer fit with the area being one square 
unit because, as one table group enthusiastically shared, “each side of the geoboard is one linear unit 
and the geoboard is actually one square!” Moloney ended the lesson by expressing to students that 
they would continue to use and learn with the geoboard in future lessons, exploring mathematics 
content with both fractional and whole number units of length. The long-term goal for this initial 
lesson with the geoboard was to lead into future learning experiences representing other more 
advanced questions of fraction multiplication on the geoboard. Moloney left her students with this 
final thought: “That was hard math with small numbers.” She encouraged them to consider that 
“hard” does not always involve big numbers or intense problems, that challenging mathematics can 
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happen anywhere, with any problem, and that collaboration is an effective way to productively 
struggle. 

 
Teacher Productive Struggle During the Exploration  

 
After the exploration, the educator team debriefed Moloney’s intended teaching moves to 

facilitate students’ productive struggle, and to also unpack what she was experiencing during the 
facilitation. Regarding the teaching practice of facilitating students’ use of existing knowledge to engage in solving 
challenging problems which do not have immediate solutions, Moloney expressed her attempts to strike the 
balance between giving enough information, and guidance for students to draw conclusions about 
area and perimeter without giving the mathematics away or interfering with the students’ thinking. In 
posing the initial question to students about finding the perimeter when knowing the area, she aimed 
to build upon existing knowledge about perimeter and area and also let students productively struggle 
to generate hypotheses about area, perimeter, and their relationships.  

Moloney also expressed that she introduced a new mathematics tool, the geoboard, to facilitate 
student understanding of area and perimeter through a visual and physical exploration, because this 
tool would be beneficial to future lessons. She experienced a teacher productive struggle when 
considering how to facilitate effective use of the geoboard without letting it impede the mathematical 
sensemaking. Moloney shared that she felt confident in her choice to let students explore the tool 
initially, and make general observations, but was uncertain about how to guide students toward the 
mathematical goal without giving too much away. Balancing these turns in emotions around the same 
tool, in the same timeframe, was part of Moloney’s teacher productive struggle. 

In regard to facilitating students' perseverance through problem solving in an effort to enhance mathematical 
understanding, Moloney sought to adequately set up students for the geoboard exploration by exposing 
them to a productive struggle during the area and perimeter discussion, where they would hopefully 
gain skills and mindsets about persisting in mathematics. She was optimistic about her students' 
abilities to uncover important mathematical ideas, but began to question the timing of this exploration, 
and the pacing of its problem solving once students expressed confusion and frustration. She 
wondered if the task was not presented at the right point, or if it was too open-ended to support a 
mathematical goal (i.e., leading to many disconnected paths and ideas). She reflected on how her 
instructional decisions might influence a productive or unproductive student struggle. During the 
lesson, Moloney also experienced her own productive struggle as she balanced allowing students to 
grapple with the mathematics versus knowing when to step in with the whole class or individual 
learners. Constantly noticing students’ affects and trying to determine the line between productive 
versus unproductive struggle added to Moloney’s own productive struggle. Additionally, Moloney 
acknowledged that openly taking the Teacher Time Out during the geoboard exploration and debating 
the best teaching decision in the moment was an opportunity to highlight her own productive struggle 
alongside the students. She hoped this was a teaching moment that reassured students that it is 
acceptable to struggle, that Moloney supported them, and that they would have opportunities to reset 
and look at the problem from a fresh perspective. Ultimately, Moloney experienced encouragement 
and excitement by what students were sharing, knowing that they were growing in knowledge of the 
mathematics content and engaging in the productive struggle to persist through the geoboard 
exploration. 
 

Recapping and Expanding on Teacher Productive Struggle  
 

In review, Moloney experienced teacher productive struggle while she was trying to facilitate 
productive struggle for her students during a lesson. Table 1 overviews student productive struggle 
characteristics as well as the productive struggle that a teacher may experience in response during a 
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lesson. Of note, in-the-moment teacher productive struggle that occurs while attempting to facilitate 
student productive struggle is only one layer of teacher productive struggle. In future debrief sessions, 
the team also discussed that productively struggling as a teacher encompasses decisions about the 
curriculum and interactions with colleagues. 
 
Productively Struggling with Curriculum 
 

As Moloney grew more comfortable in her understanding of what it meant to facilitate and 
support student productive struggle during individual lessons, she also challenged herself to consider 
and expand upon the opportunities that produce it. This meant considering how she utilized her 
school’s mandatory curriculum in a way that served to facilitate her students’ productive struggle 
(Drake et al., 2015). Moloney expressed that she experienced a teacher productive struggle in this 
effort, as she was fearful that attempting to manipulate the curriculum to allow for greater student 
productive struggle may harm student learning in the future, depending on how students’ future 
teachers chose to access the curriculum. This was part of the teacher productive struggle that Moloney 
faced regarding her teaching choices and decision making, and how these choices impacted students. 
Even with this fear, Moloney recognized that if students followed a curriculum lockstep in future 
years, her emphasis on productive struggle now would still equip them with skills to evaluate 
mathematical solutions, and the chance to know what it feels like to persevere through a mathematical 
problem-solving scenario. 
 
Productively Struggling with Colleagues 
 

Moloney’s situation also highlights a third layer of teacher productive struggle, as it is more 
difficult for a teacher to feel confident in their abilities to facilitate student productive struggle if they 
do not have critical colleagues that can support, challenge, and problem solve with them when 
innovative lessons do not unfold as planned. Moloney recognized that she is more hesitant to try new 
approaches and pedagogies if she does not feel that she will have colleagues who will problem solve, 
or encourage her to continue to explore how productive struggle might be part of an equitable 
mathematics classroom space. She sought to adapt her school’s adopted curriculum to her students’ 
mathematical contributions and needs. However, she sometimes struggled to engage and persist in 
alternative pedagogical practices if she felt that she would not have others' support to do this. 
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Table 1 
 
Characteristics of Student and Teacher Productive Struggle and How They Relate 
 

Student Productive 
Struggle Characteristic 

Teacher Productive Struggle 
Experiences 

Possible Teacher Responses 

When a student is engaging 
in solving challenging 
problems which do not 
have immediate solutions 
through the activation of 
prior knowledge... 

● A teacher might feel tension 
trying to balance providing 
students with adequate mental 
and physical tools to solve the 
problems and giving too much 
away. 

● A teacher might feel encouraged 
to engage in strategic 
questioning of students as a 
means to allow students access 
to deeper mathematical 
knowledge and understanding, 
and to get to know their 
learners’ affects and problem-
solving personalities.  

● A teacher may use a physical tool (e.g., a paper 
strip) and/or a visual to scaffold the given 
problems and allow students to access the key 
mathematical ideas. 

● A teacher may refer to pre-planned additional 
questions to probe student thinking and 
access key ideas. 

● A teacher may utilize talk moves (Chapin et 
al., 2013), such as student turn and talks, 
revoicing, or offering extended think time. 

● A teacher may consider the lived experiences, 
identities, and funds of knowledge (Moll et al., 
1992) of students to contextualize the 
mathematical problem. 

● A teacher may draw upon past mathematical 
content experiences or mathematical 
backgrounds in framing or reframing the 
problem. 

When a student is 
persevering through 
problem solving in the 
mathematics experience... 

● A teacher might feel a pressure 
to move the mathematics along 
more quickly and guide students 
to the correct answer.  

● A teacher might feel excited to 
continue to push students to 
think deeper about the 
mathematics, as the students are 
effectively engaged and having 
critical mathematical insights. 

● A teacher may take a “Teacher Time Out” 
(Gibbons et al., 2017) to determine how to 
respond to student thinking in the lesson. 

● A teacher may humanize the experience by 
making the shared productive struggle of both 
student and teacher known.  

● A teacher may discover a new line of 
questioning to drive student thinking in the 
midst of their own teacher productive 
struggle. 

 
Why Persist with Productive Struggle? 

 
Moloney recognized that despite the apprehensions that arise when facilitating students’ 

productive struggle, her belief in the benefits of facilitating student productive struggle, as well as her 
motivation to challenge the dominant narratives in schools about which students have access to rich 
mathematics that facilitates productive struggle, outweighed these fears. She continued offering her 
students mathematics that facilitated productive struggle because she saw that they were able to engage 
in content in new and unique ways, and both Moloney and her students felt accomplished when they 
were able to persevere through a struggle. Student productive struggle in Moloney’s classroom also 
served to foster a stronger community bond among students as they worked together to engage in 
challenging mathematics. Moloney was also aware that while she was fearful of using students during 
the experimental phase, when attempting new teaching practices, her students deserved her trust that they 
could accomplish big things in the mathematics space. Moloney has seen that her students think more 
critically and engage with the mathematics more deeply when they are given opportunities to 
productively struggle, and while this may not be the way that the curriculum was designed, she 
continues to engage in this work. 
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What’s Next? 
 

One suggestion for unpacking productive struggling in your own context is to read this article 
with a colleague or colleagues and compare which feelings you may have experienced while facilitating 
productive struggle for your students. In starting to name possible apprehensions, it might help to 
take a step together to facilitate an experience for students that promotes productive struggle. Another 
suggestion is to anticipate feelings while planning a lesson that includes productive struggle. Prior to 
introducing a lesson, generate lists about what your students might do, feel, or say when they are 
experiencing productive struggle during the lesson, and consider what you might do, feel, or say while 
facilitating it. Thinking about what productive struggle might look and feel like in your context may 
better support your ability to persist in the facilitation of it. As educators, we must strive to embrace 
the power of appropriate struggle as an opportunity for learning and growth for both students and 
educators. Our students can persist in their productive struggle of the mathematics content 
understanding if we trust them in the productive struggle and trust ourselves to persist in our 
facilitation of it. 
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ABSTRACT 
 
Physics and mathematics represent closely intertwined fields, wherein physicists employ 
mathematical modeling to address intricate problems. A challenge encountered by physicists 
involves bridging conceptual understanding with mathematical equations, a task that educators can 
facilitate by supporting students in navigating these two realms of comprehension. Mathematical 
modeling has exhibited potential in assisting students in recognizing that the domains of physics 
and mathematics are not insurmountably complex. The present study investigated the capability of 
science preservice teachers (PSTs) enrolled in an introductory physics course to resolve real-life 
physics problems by adhering to the stages of mathematical modeling. Data were gathered through 
the Interdisciplinary Modeling Eliciting Activity, allowing students to collaboratively discuss 
problems and devise solutions. Analysis was executed utilizing the interdisciplinary mathematical 
modeling (IMM) framework. The activity provided an inclusive platform for all students, including 
those who typically remained reticent during classes, to actively participate in group discussions and 
articulate their ideas. Despite the successful navigation of the problem with the guidance of the 
IMM framework, groups encountered challenges in certain tasks such as parsing/grouping and 
generating a context. Overall, the study demonstrated promise in augmenting PSTs' enthusiasm for 
physics and enhancing their comprehension of mathematical models within the discipline. 

 
Keywords: interdisciplinary mathematical modelling (IMM); science preservice teachers; linear motion 
 

Introduction 
 

Every teacher should possess subject-specific and general competencies for the teaching 
profession, encompassing knowledge, skills, and attitudes to support their development in their 
respective fields. Among the subject-specific competencies applicable to science teachers, scientific, 
technological, and social development competences are essential. The ability to develop students' 
problem-solving skills is considered a crucial competence expected from teachers, particularly science 
educators. Therefore, science teachers are expected to impart awareness about potential solutions to 
their students' daily life problems, which, in turn, necessitates the teachers to possess such skills 
themselves. Mathematical modeling can provide valuable experience in the development of this 
competence. 

From a mathematical perspective, mathematical modeling plays a significant role in generating 
solutions to problems faced in daily life. Generally, mathematical modeling includes two subprocesses: 
developing mathematical solutions and interpreting these mathematical solutions in a real-life context 
(Borromeo-Ferri, 2006; Lesh & Doerr, 2003). Mathematical models are tools that contain abstractly 
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taught mathematical concepts used to explain real-life situations. For example, the trigonometric 
functions used in selecting seats to obtain the best screen view in a cinema are mathematical models. 
Similarly, a watch repairman who notices that the pendulum of a pendulum clock swings slower than 
it should understands concepts such as gravitational acceleration, period, and function, and uses this 
information during repair, which is an example of mathematical models. 

Mathematical modeling is the process of mathematically expressing a real-life situation that 
poses a problem and explaining it using mathematical models (Berry & Houston, 1995). However, 
teaching and learning mathematical modeling can be explained by the formation of different 
understandings beyond this perspective. Modeling can be classified based on its intended use and the 
approaches used to handle mathematical modeling in the classroom. Mathematical modeling can be 
adopted as a tool when used to teach a concept and as an objective when used to foster mathematical 
proficiency (Julie & Mudaly, 2007; Niss et al., 2007). In this study, mathematical modeling is viewed 
as a tool for teaching the concept of linear motion while also serving as an objective to assess student 
competencies in the mathematical component of physics problems. The emphasis is on giving 
students the ability to create mathematical models and develop mathematical modeling competencies. 
Through the modeling activity used in this study, students were expected to accomplish the 
interdisciplinary mathematical modeling cycle. Moreover, as part of this iterative process, they were 
required to develop mathematical models that can be applied to problems involving physics concepts. 
 
Interdisciplinary Mathematical Modelling (IMM) 
 

Mathematical modelling activities require interdisciplinary connections since the problems 
represent real-life situations, which often involve a wealth of complications that require the application 
of various sciences to understand. IMM is a perspective that involves the simultaneous employment 
of multiple disciplines (Dogan et al., 2018). IMM encompasses the development of solutions to real-
life problems through models with the help of both mathematics and science. Within the scope of 
IMM, a wide range of disciplines can be combined, or merely be a combination of two disciplines. 
Figure 1 illustrates the IMM process that involves mathematics and science. 
 
Figure 1 
 
Interdisciplinary Mathematical Modelling (IMM) process (Dogan et al., 2018) 
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Figure 1 illustrates that the IMM process commences in the context of real-life situations. The 
following sections and Table 1 provide a description of each stage. 
 
Table 1 
 
IMM Stages and Example of Expected Outcomes 
 

IMM Stages Example of expected outcomes 

In this step, problem solvers are expected to articulate their 
understanding of the problem, transitioning from the real 
world to the common ground shared by mathematics and 
science. 

They should be able to express key problem details, such 
as the velocity of the second car approaching at 80 km/h 
and the placement of the reflector at a distance of 30 
meters behind the broken vehicle. 

Separation/grouping: In this step, participants should 
associate the concepts involved in the problem with the 
relevant disciplines, mathematics and physics, and grasp 
them through mental processing. 

They should be able to apply equations such as x=vt and 
represent them through graphs. 

Context building: Problem-solvers should observe the 
interconnections between concepts, form linkages, and 
make necessary associations. This stage may not occur 
simultaneously throughout the entire problem-solving 
process. 

At this stage, problem solvers should be able to plan to 
draw a velocity-time graph by re-associating categorized 
concepts with individual disciplines such as mathematics 
and physics. 

Internal modelling: Problem solvers should organize 
available data, produce ideas and assumptions, and engage 
in required planning to lead them towards a solution. 

They should be able to make assumptions, such as that the 
area under the velocity-time graph can help calculate the 
distance traveled by the vehicle. 

Model building: At this stage, the internal model is 
translated into a mathematical model by formulating the 
problem in mathematical terms and constructing a model 
that leads to the solution. 

Problem solvers are expected to produce the solution 
using the velocity-time graph as a mathematical model. 

Model solving: Once the model is established, the problem 
solver proceeds with the mathematical solution of the 
model with the help of his previous mathematical 
knowledge. Even though this stage mostly occurs in the 
domain of mathematics, given the extensive use of 
mathematical structures and operations involved, the 
problem solver takes advantage of scientific knowledge as 
well. 

At this stage, problem solvers are expected to apply their 
mathematical knowledge to calculate the area of the 
triangle and rectangle to solve the problem. 

Transformation: At this stage, the problem solvers think 
about the real-life consequences of the solution developed 
through the application of the model.  

At this stage, problem solvers are expected to be able to 
think about the solution by using the velocity-time graph, 
which is acceptable for similar situations in real life, etc. 

Evaluation: This stage entails testing the real-life 
applicability and accuracy of the solution. 

At this stage, problem solvers are expected to assess the 
solution using the velocity-time graph to determine its 
validity for similar situations. 

Reporting: When the model is deemed usable in real-life, a 
report is prepared detailing the mathematical model and its 
components. 

At this stage, problem solvers are expected to be able to 
decide the solution by discussing the velocity-time graph 
that is usable in a real-life situation, reporting the details of 
the mathematical model, etc. 
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According to Dogan et al. (2018), the theoretical framework of the IMM process allows for a 
flexible transition between its stages. For example, an individual who cannot find a real-life equivalent 
to the developed model, or realizes that it cannot be applied to real-life, can still move from the 
transformation or evaluation stage to the model building stage or to higher-level stages such as 
understanding the problem. The degree of flexibility provided also means that some stages can be 
skipped for progress to be achieved. For instance, one can proceed directly to the mental model 
building stage without separating or grouping the concepts with reference to individual disciplines in 
the grasping the problem stage. 

IMM can be viewed as an effective means of establishing interdisciplinary connections. In fact, 
a study conducted with mathematics and science teachers found that activities structured around IMM 
enabled the coverage of different disciplines simultaneously (Gurbuz et al., 2018). Additionally, the 
same study observed that mathematical modeling was appropriate for associating various disciplines 
(English, 2015), and the IMM approach that emerged from this feature suggests that the standards 
belonging to different disciplines can be taught together (Dogan et al., 2018). 
 
Interdisciplinary Component of the IMM: In the Context of Physics and Mathematics 
 

Mathematics is a discipline that has extensive associations with a wide range of fields, making 
it a useful tool for various sciences. Among these, physics is a field where mathematics is used most 
extensively (Redish & Gupta, 2010). While some topics in physics are taught with less emphasis on 
mathematics, acceleration is an example of a topic that is embedded within mathematical formulations 
(Basson, 2002). 

Teaching various disciplines in connection with each other has been shown to help learners 
develop solutions more easily for the problems they face in daily life (Carrejo & Marshall, 2007; Prins 
et al., 2009). Additionally, courses emphasizing the connections between various disciplines are 
thought to pique students' interest and motivation (Dervisoglu & Soran, 2003; Lyublinskaya, 2006; 
Ogunsola-Bandele, 1996). Several studies have highlighted the importance of teaching mathematics 
and physics in conjunction, providing a more solid foundation for concepts and promoting effective 
learning (Erickson, 2006; Munier & Merle, 2009; Redish & Gupta, 2010). To this end, the literature is 
rich in studies attesting to the effective use of physics models in teaching mathematics and geometry, 
which can support meaningful learning by rendering abstract concepts more understandable (Bing & 
Redish, 2009; Munier & Merle, 2009). Conversely, using mathematical models to teach physics 
concepts has been found to produce positive results, such as developing positive attitudes towards 
physics classes and facilitating the learning of challenging concepts (Marshall & Carrejo, 2008; 
Takaoglu, 2015). 

However, some topics in physics are related to real-life cases, and students may already have 
an accurate or inaccurate understanding of these concepts. These concepts may be easier or harder to 
teach, depending on students' existing knowledge and misconceptions. Motion is an example of a 
topic that poses such challenges (Aksit & Wiebe, 2020; Bani-Salameh, 2016). Students may experience 
difficulties understanding concepts such as velocity, position, and acceleration, which can be 
misleadingly similar but essentially different (Bani-Salameh, 2016). Additionally, interpreting negative 
and positive acceleration, along with drawing and interpreting velocity-time and position-time graphs, 
are among the challenges that students may encounter (Goldberg & Anderson, 1989; McDermott et 
al., 1987; Nemirovsky & Rubin, 1992; Pendrill & Ouattara, 2017). The literature has addressed these 
issues, providing insights into how to teach such concepts more effectively. 

Certain fundamental concepts of classical mechanics serve as the cornerstone of science and 
physics courses taught in primary and secondary schools (Basson, 2002), with their implications being 
noticeable in everyday life (Singh & Schunn, 2009). Linear motion and acceleration are among these 
concepts. As these concepts have implications in everyday life, students often hold normative and/or 
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non-normative ideas about them (Clement, 1982; DiSessa, 1982; Halloun & Hestenes, 1985). Non-
normative ideas, based on common sense rather than scientific principles, cause confusion and impede 
the learning experience for students, particularly when it comes to the concepts of acceleration and 
velocity. Therefore, during the teaching process, concepts like acceleration should be presented in 
real-life contexts through clear problem situations and with clear mathematical foundations. Based on 
this view, the current study proposes a novel approach to teaching physics concepts (particularly linear 
motion and acceleration) related to real-life cases using mathematical modeling, as opposed to 
conventional approaches to teaching physics. 

Most discussions on the positive effects of interdisciplinary associations reference the 
significant obstacles teachers face in interdisciplinary teaching processes (Morrison & McDuffie, 2009; 
Weinberg & Sample McMeeking, 2017). The lack of adequate resources or materials, or the teachers’ 
lack of experience in establishing associations between their own discipline and other disciplines, 
forces them to focus primarily on their trained discipline (Bybee, 2010). Additionally, students often 
find the integration of multiple disciplines to be complicated and overwhelming (Dervisoglu & Soran, 
2003; Ogunsola-Bandele, 1996). Therefore, teachers require a new, simpler method that can be applied 
in the context of interdisciplinary integrations. Whereas students would appreciate a new approach to 
aid in understanding concepts and making the learning process enjoyable through the use of various 
disciplines in an integrated and interconnected manner. In this regard, the use of mathematical 
modeling to teach challenging physics concepts stands out as a potentially helpful method. 
 

Research Purpose and Questions 
 

In light of current research, it can be concluded that the use of IMM clearly aids in increasing 
competence and knowledge levels across all disciplines by fostering comprehensive interdisciplinary 
connections. Previous studies conducted with science preservice teachers (PSTs) have indicated that 
physics courses are often taught in a discipline-based manner with relatively low levels of success 
(Michaluk et al., 2018; Pollock, 2006). Thus, the present study aims to investigate problem-solving 
processes through an IMM activity requiring the combined use of mathematics and physics by PSTs 
enrolled in the Science Teaching Program. 

The evaluation of PSTs’ modelling skills applicable to problem-solving processes is critical in 
terms of establishing their subject-specific competencies and problem-solving skills necessary for 
teaching in real classrooms. Developing mathematical modelling abilities in PSTs is essential since they 
will eventually teach science from an interdisciplinary perspective to middle school students. 
Moreover, instilling in-service and PSTs with sufficient mathematical modelling abilities, as well as 
executing modelling assignments in the classroom, is essential for the efficient integration of 
mathematical modelling into science education programs at all levels. 

Therefore, this study focuses on PSTs' completion of an IMM task. The research questions guiding 
this study are: 

1. To what extent do science PSTs solve a real-life physics problem by following the stages of 
mathematical modelling? 

2. Which stages of IMM pose the most significant challenges for PSTs to complete during the 
mathematical modelling process? 
 

Methodology 
 
Research Method 
 

The present study utilized a collective case study research approach, which is a qualitative 
research methodology that allows for an in-depth review of a pre-defined system. According to 
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Creswell (2007), case studies are typically conducted on a single person or a group of people, an event, 
or other entity that is less well-defined than a single person. In this study, we examined the real-life 
physics problem-solving processes of two groups of science PSTs and identified how they progressed 
through the stages of interdisciplinary mathematical modelling. To achieve this goal, we conducted an 
articulated analysis of each case's discussions and decisions. Therefore, we designed our data collection 
procedure based on multiple case studies. 

 
Participants 
 

The study group for this research comprises six PSTs, consisting of four females and two 
males. These PSTs were enrolled in an introductory physics course, which forms part of a science 
teaching program offered at a university in Türkiye. As the study was extracurricular, participants were 
entirely voluntary. This study particularly focused on science PSTs, as they constitute a fundamental 
element of the learning environment. The research aimed to examine the problem-solving process of 
PSTs, whereby their interpretation of the problem setting was influenced by real-world information. 
PSTs are required to acquire mathematical modelling skills, since they will eventually teach science 
from an interdisciplinary perspective to middle school students. 

 
Context of The Study 
 

The PSTs in the study were divided into two groups based on their performance levels on the 
midterm exam scores. This was done to ensure that the students were evenly distributed among the 
groups with respect to their high, medium, and low scores. Since most of the questions on the midterm 
exam were related to linear motion and acceleration, the scores served as a reliable indicator of their 
preparedness. Previous research studies have emphasized the importance of group work in the 
effective implementation of mathematical modelling activities (Antonius et al., 2007; Erbas et al., 
2016). Therefore, the present study was designed to incorporate a group activity centered around 
modelling, which required the participants to work collaboratively. 

 
The Practice Exercise 
 

Before commencing the modeling activity, the participants received an introduction to 
mathematical modeling. To enhance their understanding of the process, the Water Tank activity 
designed by Erbas et al. (2016) was implemented, encompassing various physics concepts. In this 
activity, the pre-service teachers (PSTs) collaborated in groups to formulate a mathematical model 
addressing a problem related to creating an altitude-volume graph. This graph aimed to assist in 
developing an animation for three differently shaped water tanks. The participants were tasked with 
utilizing mathematical knowledge, including functions, derivatives, and graphical representation. 

Engaging in this mathematical modeling practice facilitated communication within the groups 
and provided the participants with an experiential understanding of how to navigate through the stages 
of the Instructional Model for Mathematics (IMM). Following the allocation of adequate time to the 
PSTs, we conducted discussions with all groups, outlining the tasks required for each step of the Water 
Tank exercise and demonstrating approaches to the various phases. 

 
The IMM Activity 
 

After ensuring the participants' comprehension of mathematical modeling strategies, we 
introduced the Braking Distance of a Car activity developed by Erbas et al. (2016) to assess their group 
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discussions and problem-solving strategies for addressing a real-life problem. This activity 
encapsulates a real-world context of linear motion as a physics concept and linear functions as a 
mathematical context. To derive a solution for the activity, pre-service teachers (PSTs) were required 
to possess a comprehensive understanding of various skills, including the analysis of linear motion, 
the interpretation of the velocity-time graph, the determination of the quantity of motion and 
acceleration, and the application of mathematically correct operations throughout the process. 

 
Data Collection Instruments and Process 
 

To gather data, we encouraged the participants to explain their ideas and express their opinions 
aloud while working on a small whiteboard and worksheet. The worksheets were designed based on 
the steps of IMM related to the activity, and the PSTs were required to explicitly describe and justify 
the answers they generated at each step of their worksheets. The group conversations were recorded 
using both sound recorders and video cameras. Our data consisted of their work on the worksheet 
and whiteboard solutions, as well as their open discussions. 

The activity lasted approximately 45 minutes, and the researchers visited each group every five 
minutes to observe their group work and discussions. If groups had questions about the stages or the 
problem, the researchers guided them to find the answer on their own. After completing all the stages, 
the groups were given five minutes to present their solutions and answer questions from other groups. 
Finally, the discussions between the groups were followed by the presentation of the formal solution 
to the problem given by the researchers. The process flow for the modeling activity is presented in 
Figure 2. 
 
Figure 2 
 
Process Flow Chart for IMM Activity 

Data Analysis 
We conducted a content analysis of the data collected from worksheets, audio recordings, and 

video recordings in this study. Content analysis is a scientific method for examining communication 
content by analyzing the meaning, circumstances, and intentions expressed in messages. To effectively 
conduct content analysis, it is necessary to narrow down the data to concepts that define the problem 
under study (Elo & Kyngäs, 2008). The first step in our study was to transcribe the data obtained from 
video and audio recordings (Berelson, 1952).  

Subsequently, two researchers independently read all the data and attempted to comprehend 
the process as a whole. Following this, the researchers analyzed the students’ worksheets using the 
IMM stages presented in Figure 1. The data were analyzed and categorized according to the individual 
stages of the IMM framework. Our analysis focused on revealing how each group’s discussion and 
the mathematical model development process evolved in each stage. 

After the initial individual analysis, the two researchers discussed the coding of the content 
until 80% of their codes were in agreement. Quotations from the solutions developed by the groups 
and the remarks they made are presented below to support the results of the analysis. Additionally, 
images are included to reinforce the presentation of the findings. 
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Findings 
 

This section furnishes an analysis of the process undergone by participants during the Braking 
Distance activity. It delineates the process of each group individually, taking into account the stages 
inherent in the IMM (Interactive Multimedia Module) process. To streamline this section, each 
participating Preservice Teacher (PST) has been identified with a code number signifying both the 
group number and the order of the students within the group. For example, the second member of 
group 1 is denoted by the code number G1S2. 
 
The IMM Process of Group 1 Through the “Braking Distance of a Car” Activity 
 

This section presents a detailed analysis of the problem-solving process of Group 1, which is 
broken down into stages based on the IMM process. The participating PSTs were identified by a code 
number that denotes the group number and the order of the students in the group. For instance, the 
2nd member of Group 1 is referred to as G1S2. 

The first stage of the IMM process is Understanding the Problem, and Group 1 commenced 
this stage by reading and interpreting the problem. During this process,  
 

G1S1: … I call it nonsense [refers to the second drivers’ claim]! There are no visible tire marks 
on the road. And the surveillance does not allow us to see the point where the second car hit the 
brakes. But we are still expected to shed some light on how the accident happened. 

 
The statement "I call it nonsense!" suggests that the student does not agree with the second 

driver's statement. Later on, in the Transformation stage for Group 1, the same student made another 
statement that indicated a generalization based on an incorrect piece of knowledge from their daily 
life. However, the other members of the group did not raise any objections regarding this point. 

Following the initial statement, the group proceeded to draw a visual representation of the 
problem's provided input, as depicted in Figure 3. This visual representation helped the group 
members to understand the problem more clearly and aided them in formulating a solution. 
 
Figure 3 
 
Group 1 Created a Model of the Drawing to Assist Grasping the Challenge.  
 

 
 

During the conversation that ensued while creating the drawing, the group members 
asserted that the second car was approaching at a velocity of 80 km/h and that the reflector was 
positioned 30 meters behind the broken-down car. They further claimed that the second car 
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noticed the reflector at a distance of 120 meters from it, but there were no tire marks on the 
road. It is apparent that the group misinterpreted the visibility distance, mistaking it for the 
distance from the broken car instead of the reflector, which resulted in an incorrect estimation 
of the braking distance (120 m). Despite the idea originating from G1S1, none of the other 
group members voiced any objections and accepted the notion. Apart from this 
misinterpretation, Group 1 did not have any further issues in the "Understanding the Problem" 
stage. The remainder of the conversation held by Group 1 is presented below. 

 
G1S1: The second driver claims to have hit the brakes as soon as he saw the scene. But that is only 

his statement. That statement can be wrong as well. 
G1S2: If he hit the brakes, the car would have stopped anyway. 
G1S1: But he couldn’t stop. And also, there are no tire (brake) marks on the pavement. 
G1S3: We can calculate the change in velocity at 2-second intervals. 
G1S2: The change in velocity is already apparent on the table. 

 
The presented case highlights the importance of accurately understanding the problem 

to come up with an accurate solution. However, the group's prejudices towards the second 
driver's statements as inaccurate still persisted. 
 
Separation/Grouping 

 
This stage required the group members to associate the concepts involved in the 

problem with the disciplines of mathematics and physics. An excerpt of the conversation that 
took place during this stage is presented below. 

 
G1S1: We can use the formula x=vt. We can calculate it at 2-second intervals. In other words, we 

will increase the time in 2-second increments. 
G1S3: Wouldn’t we have different results then? Shouldn’t we be drawing a graph? 
G1S3: I guess so. What would the slope of the graph represent? Area under the line? 
G1S1: This velocity-time graph... But the velocity is not increasing in a uniform linear manner. 

G1S3: It did not increase because the driver hit the brakes. 
G1S1: Multiplying v by t would yield x, which is the distance. Multiplying the base by the height 

gives us the area of the triangle... So, what does it mean by stating 2-second intervals? 
 

At this stage, Group 1 was able to spot the method of multiplying velocity and time to calculate 
the distance the vehicle covered before it stopped and to calculate the distance with reference to the 
area under the velocity-time graph. However, they were still unable to accurately interpret the data 
provided on the velocity-time table with 2-second intervals and realize that it actually represented 
linear motion. As they found out, by multiplying the velocity by time during the IMM activity, they 
were able to spot the complementary aspects of the formula associated with both mathematics and 
physics.  

Moreover, while interpreting the graph, they were able to step into the domain of mathematics 
with reference to concepts such as the area of a triangle. However, in the separation/grouping stage, 
Group 1 failed to assign meaning to the uniform-linear motion concept in the field of physics. This 
observation may attest to their inability to establish adequate associations between the concepts 
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involved in the problem and the relevant disciplines, as well as their failure to complete the 
separation/grouping stage.  
 
Context Building 
 

Group 1 was observed to associate the relevant concepts with the applicable discipline but 
failed to group the linear motion in the previous stage. In the subsequent stages of the process, Group 
1 embraced the idea of drawing a velocity-time graph through the re-association of the concepts they 
categorized with respect to individual disciplines (mathematics vs. physics). See Figure 4 for this 
information.  
 
Figure 4 
 
Velocity-time graph by Group 1 
 

 
 
This is a testament to moving to the internal model-building stage. For example, there were no explicit 
references to the phase of identifying the context in Group 1's interactions. Although Group 1 
evaluated the data on the problem in the context of two separate disciplines in the separation/grouping 
stage, they moved on to the next stage without interpreting the data they obtained at this stage in the 
context of the common field of both disciplines. 
 
Internal Model Building 
 

Regarding this stage, Group 1 made mistaken assumptions early in the process. As they 
interpreted the data available, they were observed to embrace a mistaken perspective built around the 
maxim "you are to blame as you did not hit the brakes", after reading the statement by the second driver, 
who said he was unable to stop even though he hit the brakes as soon as he saw the reflector. However, 
later on, through a better analysis of the data presented in the problem, the group arrived at the idea 
to draw a velocity-time graph to calculate the braking distance of the vehicle. In doing so, they were 
able to come up with an accurate representation of the straight linear movement as well as calculate 
the distance covered by the vehicle by calculating the area under the velocity-time graph. 
 
Model Building 
 

The graph is the mathematical form corresponding to the model that Group 1 constructed in 
their minds with respect to the movement of the vehicle. In other words, at this stage, the solution 
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will be produced by using the velocity-time graph as a mathematical model. As shown in Figure 5, the 
group has apparently developed the x=vt formula to present the area below the graph with a view to 
calculating the distance as another mathematical model application. 
 
Figure 5 
 
Solution by Group 1 
 

 
 

Both models are accurate and could be used in the solution of the present problem. At this 
stage, Group 1 has achieved success by using suitable models for the problem. However, even though 
Group 1 came up with the correct models, they included data items with different units in the same 
calculation. For instance, the y-axis on the graph shown in the image shows the velocity, while the x-
axis represents time. Yet, the data shown on the x-axis is in seconds, while the data shown on the y-
axis is presented in km/h. And doing so led to an inaccurate solution. As the deceleration of the 
second vehicle is presented on a time scale of seconds, they should have used m/s as the unit of 
velocity, rather than km/h as presented in the problem and applied the necessary conversion. 
 
Model Solving 
 

A glance at the solution presented in Figure 5 and the dialogue recited above reveals that 
Group 1 came up with the correct model (a velocity-time graph) and used their mathematical 
knowledge about the calculation of the area of the triangle and the rectangle to solve the problem. 
The transcript of the dialogue that Group 1 had on the way towards a solution is presented below. 

 
G1S3: [Once the graph was drawn, let’s calculate the area below the graph.] And then we 

calculate the distance covered. 
G1S1: Then we should multiply 75 by 12 and divide the result by 2 [trying to come up with a solution 

based on the area of the triangle]. 
G1S3: No, see, this is a rectangle. 
G1S1: Actually, it’s a trapezoid. Take a look here! Bottom and top... Bottom plus the top... 
G1S3: I don’t see why you are trying so hard. Divide the graph into two. Make this section a rectangle. And 

calculate the area of the triangle here. 
G1S1: That is one way to go. The trapezoid provides an even more direct route. 75 times 2 equals 150 here. 

And this part is 75 times 10, divided by 2. 
G1S2: So it’s 375? 
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During the discussions within the group, G1S1 stated that the graph looked like a trapezoid. 
Yet, it is noteworthy that G1S3 insisted on going with the calculation of the area of the rectangle and 
the triangle since she said that calculating the area of the trapezoid was difficult. Based on this 
statement, we can reach the conclusion that the students had adequate knowledge of rather 
conventional forms, such as triangles and rectangles, but did not know how to calculate the area of a 
trapezoid and they were able to associate the graphical model with a mathematical model to interpret 
linear motion. Additionally, when we look at the graph produced by Group 1, it reveals that the 
velocity was expressed in km/h and the required conversion was not applied. Therefore, the solution 
they came up with was incorrect, even though the models they developed were correct. 
 
Transformation 
 

At this stage, Group 1 started to relate the real-life consequences of the solution developed 
via the model. Group 1 had the following dialogue regarding this stage: 

 
G1S1: So, if the distance is 525 meters, what this guy says is not accurate. 525 minus 150 equals 375 

meters. So, the driver noticed the other car and hit the brakes 375 meters before the vehicle. Had he 
really done so, why do we have this gap of 150 meters? So, looking at this, we understand that he did 
not hit the brakes as soon as he saw the car. The distance is 525 meters. 

G1S3: Maybe it is the driver of the first car who is not providing the correct information. How do you know 
that? 

G1S1: That man did not engage in any action. All he did was stop on the road. And he placed that thing 
as a safety measure. 

G1S2: In any case, the car that hits the other one, rather than the one that had stopped, is always deemed 
the faulty party. 

 
According to the results Group 1 reached through the interpretation of the incorrect solution 

they came up with, they commented that the driver of the second car is to blame. So, when they began 
to think about the real-life consequences of the solution they developed, G1S2 came up with the 
comment, "In any case, the car that hits the other one, rather than the one that has stopped, is deemed the faulty 
party". This can be considered an incomplete assessment of the real-life picture. According to the 
traffic rules, that comment can be applied only in cases where certain other requirements are met. 
Furthermore, the same student voiced the view that a car that hits another one from behind would 
always be considered the guilty party. G1S3, in turn, came up with the comment that the driver of the 
second car did not know how to drive the car as the actual reason for the accident in the real-life 
context. Such comments suggest that Group 1 failed at this stage. 
 
Evaluation 
 

Group 1 had the most extensive discussions among other groups during the evaluation stage. 
They began with a quick return to the "understanding the problem" stage. They had the following 
conversation regarding that stage: 
 

G1S1: Are we being asked how many seconds have passed? Are we supposed to find the second in which he 
applied the brakes? 

G1S3: We are going into a loop now. 
G1S3: The question is, at what point did he hit the brakes at this 150-meter distance? We just calculated 

the distance... 
G1S2: We calculated the distance he saw the reflector at. 
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G1S1: I’ve got it here. The distance between the two vehicles when this one applied the brakes. It is shown in 
the camera footage. The distance from the time of hitting the brakes. Got it? 

G1S3: Nope.  I still don’t get it. 
 

Based on the preceding conversation, it is apparent that G1S3 encountered difficulties in 
comprehending the problem. Conversely, G1S1 made concerted efforts to decode the input provided 
in the problem to aid the other student's understanding. Eventually, G1S3 expressed comprehension 
by stating, "I see." Subsequently, the group members deliberated on the solutions they formulated 
during the problem-solving phase. However, the group failed to reach a consensus and resumed 
working on the solution. Furthermore, the group members employed mathematical elements based 
on disparate units (km/h vs m/s) in the same calculation. Although they arrived at a mathematically 
correct solution due to a fortuitous occurrence, they were able to make the correct determination. At 
this stage, they abandoned their initial belief that the second vehicle was at fault and concluded that 
the car that came to a stop on the road was responsible. 
 
The Mathematical Modelling Process of Group 2 Through the “Braking Distance of a Car” 
Activity 
 

In this section, we closely looked through the problem-solving process of Group 2 by breaking 
down the whole group work with reference to the IMM process. 

 
Understanding the Problem 
 

In this stage, Group 2 tried to interpret the problem through the following statements: 
 

G2S1: The broken vehicle was hit by another vehicle, even though the latter applied the brakes. Furthermore, 
the velocity was falling at 15 km/h every two seconds. 

G2S2: We need to find out the distance at which the second car hit the brakes. 
 

In its bid to understand the problem, Group 2 did not make sufficient references to any other 
data provided in the problem. This observation suggests that the requirements applicable to the 
solution of the problem were expressed in an incomplete form by Group 2. The PSTs were, arguably, 
unable to meet the required level of competence for this first stage of the problem-solving process. 
 
Internal Model Building 
 

Group 2 did not engage in any acts applicable to the separation/grouping and context building 
stages. They skipped these stages and moved on directly to the internal model-building stage. At this 
stage, the PSTs were expected to organize the data they had with respect to the problem, come up 
with assumptions regarding the solution, and clearly express what was provided and required for the 
problem. The dialogue regarding this stage is transcribed below. 
 

G2S2: Let’s write the input we are provided. We have the table here, and we are told that the car hit the 
brakes at some distance, and we are also provided with the velocity of the vehicle. I mean, we have the 
velocity-time data for the vehicle that hits the other one. We know that its initial velocity was 80 
km/h. 

G2S1: We should also note that its velocity fell by 15 km/h every 2 seconds after hitting the brakes. 
 

Group 2 was successful in naming one of the required variables with a specific reference to 
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the velocity and time data. Nevertheless, they still fell short of the requirements by failing to come up 
with any assumptions. Group 2 accurately expressed the requirements but still failed to establish a 
connection between the data that was provided and the data that was required. Therefore, Group 2 
cannot be considered the most effective at this stage. 
 
Model Building 
 

At this stage, Group 2 opted for a velocity-time graph to help with the solution of the problem. 
See Figure 6 for the graph that Group 2 produced. 
 
Figure 6 
 
The Mathematical Model that Group 2 Produced to Help With the Solution of the Problem 
 

 
 

Upon examination of Figure 6, it is evident that Group 2 opted to employ a graph as a 
mathematical model, specifically a velocity-time graph for the second car. Although the selected 
mathematical models were deemed appropriate for the task at hand, they were constructed using an 
erroneous approach to the data. Notably, the data on the x-axis was presented in seconds, while the 
data on the y-axis was expressed in km/h. Additionally, this phase marked the first time that the PSTs 
referred to linear motion after constructing the graph. Following this, the group proceeded to solve 
the model and derived the subsequent solution, which was based on the x=vt formula. See Figure 7 
for this information.  
 
Figure 7 
 
Solution by Group 2 
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The solution by Group 2 contains the accurate statement that "the area below the velocity-time graph 
always represents the distance covered." As they solved the problem, Group 2 employed the formula to 
calculate the area of triangles and rectangles and determined the area under the velocity-time graph. 
However, because the PSTs did not convert the km/h and m/s for uniformity in units while 
calculating the distance, they obtained the incorrect response. 
 
Transformation 
 

At this stage, G2S1 voiced her opinion, ascribing the fault in the accident to the vehicle that 
hit the broken one. Her group mates also affirmed that view, and embraced the idea that the vehicle 
that hit the other from behind was at fault. However, this view was incorrect. As they later interpreted 
their mathematical solutions in a real-life context, they said, "We saw that the vehicle decelerated smoothly 
after hitting the brakes. In daily life, we move with a given velocity, even if all we do is walk. And the distance we cover 
is a function of our velocity and the time we spend. So, in order to calculate the distance, we covered, we need to multiply 
the velocity with the time." Here, it is evident that the PSTs have been interpreting the models they used 
rather than the mathematical solution they produced. One can argue that if they really focused on 
interpreting the mathematical solution and the party was at fault, they could have noticed the 
shortcomings of their solution. 
 
Evaluation 
 

At this stage, Group 2 said, "We don’t think we have been mistaken. Calculations about actual real-life 
cases also follow this route" claiming that the solution they developed would lead to accurate results in real 
life as well. However, they did not engage in a discussion of the real-life applications of this case. 
 

Conclusions and Discussion 
 

Linear motion, a foundational topic in physics, is typically instructed using traditional methods 
emphasizing formulas (Ropii et al., 2019). Unfortunately, this approach often results in the rote 
memorization of concepts and formulas, hindering meaningful learning and comprehension of the 
underlying principles (Reif, 1995). In this study, our objective was to address the challenges faced by 
students in a teacher education program taking an introductory physics course in grasping motion 
concepts and developing a mathematical understanding of physics. To achieve this goal, we employed 
an Interactive Multimedia (IMM) activity to analyze students' problem-solving processes and establish 
connections to real-life contexts. 

Our focus on Pre-Service Teachers (PSTs) was twofold. Firstly, as future educators, they need 
to cultivate mathematical modeling skills to teach science from an interdisciplinary perspective. 
Secondly, many students perform poorly on exams due to a lack of understanding of fundamental 
concepts in physics and mathematics (Teodoro & Neves, 2011). Therefore, teaching physics concepts 
alongside their mathematical components has become increasingly important, particularly at the 
secondary level. 

Upon analyzing the data based on the IMM stages, we observed a variety of common and 
unique issues at each stage. During the understanding problem stage, students frequently relied on their 
real-life experiences and common-sense knowledge to attribute meaning to the problem, resulting in 
misconceptions. This phenomenon is not uncommon, as physics concepts encountered in daily life 
can lead to non-normative ideas or models (Clement, 1982; DiSessa, 1982; Halloun & Hestenes, 1985). 
However, students should develop a scientific understanding of the problem and establish a 
connection with physics, rather than relying on preconceived notions. 
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Furthermore, existing misconceptions of linear motion among students impact their 
interpretation of the problem and, consequently, their ability to solve it. Motion, being a topic closely 
associated with students' preconceptions based on real-life experiences, is an easier topic to teach but 
also poses challenges in avoiding misconceptions (Bani-Salameh, 2016). Overall, our findings suggest 
that students require sufficient experience to interpret data realistically, highlighting the importance of 
teaching physics concepts in conjunction with their mathematical components. 

In the separation/grouping stage, difficulties were observed among pre-service teachers (PSTs) 
in effectively linking mathematical and physical concepts within the context of the problem with their 
respective disciplines. Those who faced challenges in comprehending linear motion during the initial 
stages of problem understanding also encountered difficulties in connecting this idea with physics and 
categorization. However, some students did not explicitly reference this stage during the process. The 
accentuation of certain stages in the Integrating Mathematics and Physics (IMM) process may be 
attributed to insufficient experience within the study group. The third stage of the IMM process, 
context building, did not overtly occur in all groups, possibly due to the ineffective implementation 
of the preceding separation/grouping stage. 

Gurbuz et al. (2018) reported that the separation/grouping and context-building stages were 
not explicitly performed by their participants, as they were experts in the physics topic and 
collaborated effectively. However, it cannot be conclusively asserted that the same reason led to the 
present study's participants bypassing these two stages. According to Chi et al. (1981), novices tend to 
categorize physics problems based on surface aspects, while professionals categorize them based on 
the physics ideas needed to solve them. Therefore, novice students may overlook the 
separation/grouping and context-building stages, which involve establishing connections between the 
concepts related to the relevant physics ideas. Moreover, despite the sequential listing of all stages of 
the IMM process on the provided worksheet, a flexible transition occurred between them, as affirmed 
by previous studies (Borromeo-Ferri, 2018; Doerr, 1997; Gurbuz et al., 2018). 

The primary issue in the internal model stage concerned the limitations of the PSTs in developing 
assumptions. One of the main causes of these shortcomings was the students' misconceptions based 
on their daily life experiences. According to Aydin-Guc (2015), the students were only able to develop 
a limited number of new assumptions about the actual state of affairs through the mathematical 
modeling process. This lack of competence in assumption-making was linked to the students' 
insufficient knowledge and experience regarding the context of the activity. Similarly, when 
information about real-life cases was not explicitly provided in the problem context, individuals 
encountered difficulties in generating assumptions for mathematical modeling practices (Blum, 2011). 
Other studies have yielded similar findings regarding the development of this competency based on 
experience (Blum & Borromeo-Ferri, 2009; Bukova-Guzel, 2011). As the students regarded the input 
provided as assumptions, they experienced challenges in developing new ones. Consequently, one 
could argue that the perceived shortcomings were mainly due to the students' inability to comprehend 
the input as part of the problem. For instance, the students read and discussed the problem statement 
multiple times but still faced difficulties in developing a model. According to Maaß (2006), students 
often encounter difficulties in developing a model when they fail to comprehend the presented case 
through written statements. 

Another issue observed in this stage was the students' inability to provide a scientific 
description of the motion of the vehicle that hit the other vehicle from behind. Consequently, they 
attempted to calculate the distance covered by the decelerating vehicle through the equation 
expressing the connection between velocity and time. This finding was consistent with Marshall and 
Carrejo's (2008) observations, as the students predominantly overlooked the change in the speed of 
the moving vehicle during the specified time frame, opting instead to solve the problem by applying 
the instantaneous velocity formula. At this stage, two groups failed to recall the linear motion formulas 
they had learned in class and were unable to apply them to the problem. Tuminaro and Redish (2004) 
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assert that students' inability to apply their mathematical knowledge and skills in physics classes is a 
significant challenge in understanding physics. From this perspective, it is plausible to claim that the 
participants' mathematics performance levels were correlated with their physics performance levels in 
this study. 

In the fifth stage of the study, it was observed that all participating groups chose applicable 
models, namely the velocity-time graph and the distance formula. However, it was found that simply 
drawing the velocity-time graph based on provided values did not necessarily lead the students to use 
the linear motion formula, rather than the instantaneous velocity formula. This finding is consistent 
with previous studies (McDermott et al., 1987; Nemirovsky & Rubin, 1992; Phage et al., 2017), which 
also reported difficulties in interpreting velocity-time graphs and building mathematical models based 
on them. Intra-group conversations suggested that students' limited mathematical skills contributed 
to their inability to interpret the graphics, as noted by Potgieter et al. (2008) and Scott (2012). 

Although the students struggled with interpreting the graph on an individual basis, they were 
able to reach the correct conclusion that the area below the velocity-time graph represents 
displacement through group discussions and shared knowledge. However, the use of km/h instead of 
m/s as the unit of data during graph drawing led to an incorrect calculation of displacement and an 
inaccurate interpretation of the solution. Aydin-Guc (2015) observed that heuristic strategies, such as 
applying unit conversions, were used by students only in response to the researcher's suggestions. 
Moreover, the study found that guiding students to use a graph to represent one-dimensional motion 
through the stages of IMM led to a clearer understanding of the problem and facilitated problem-
solving, as noted by Phage et al. (2017). 

During the model-solving stage, it was observed that the students avoided using the formula 
to compute the trapezoid's area, as expected, instead dividing the area into smaller triangle and 
rectangle-shaped regions, which they were more comfortable with. Ozer-Keskin (2008) attributed this 
to students' inclination to utilize formulae they were familiar with. However, the utilization of incorrect 
units in the velocity-time graph, as highlighted in the model-building phase, resulted in incorrect 
outcomes at the end of the process. In the transformation stage, it was evident that students 
interpreted the models they utilized rather than the mathematical solution they derived. Group 1, for 
instance, connected their solution to a real-life context despite their incorrect assumptions. No group 
was observed to be successful in this stage. Other studies in literature have found that this stage is 
frequently disregarded or involves a superficial and inadequate consideration of the real-world 
implications of the solution (Hidiroglu et al., 2014). 

During the evaluation stage, only one group (Group 1) engaged in a process to test the real-
life applicability and accuracy of the solution. The literature is replete with studies indicating that 
students, confident in the accuracy of their solutions, do not feel the need to verify them, leading them 
to skip checking for the correctness of their solutions and calculation errors (Blum & Borromeo-Ferri, 
2009; Maaß, 2006; Sen-Zeytun, 2013). Blum and Borromeo-Ferri (2009) and Sen-Zeytun (2013) note 
that this is due to students' conviction that the instructor's role is to verify the solutions. In conclusion, 
the utilization of the IMM stages to solve real-life physics problems proved to be an effective approach 
to engaging pre-service teachers' problem-solving skills. Although pre-service teachers typically find 
physics classes dull, they expressed enjoyment in applying their skills to tackle the problem at hand. 
Although the groups followed the recommended stages of IMM diligently, certain tasks such as 
parsing/grouping and generating context posed challenges. Nevertheless, the outcomes of this study 
present a promising avenue to stimulate and uphold pre-service teachers' interest in physics classes 
and their comprehension of the mathematical models used in physics. 
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Limitations of the Study and Recommendations for Researchers and Instructors 
 

Despite the overall positive effects of IMM activities on all groups, individual student 
performance plays a significant role in determining group performance levels. In this study, groups 
were intentionally formed to include high-, medium-, and low-performing students, but groups 
consisting of PSTs with higher levels of personal interest and motivation demonstrated greater 
diversity of ideas and more extensive discussions. A member of Group 1, who displayed a more active 
stance and higher level of performance, was particularly effective in leading group discussions and 
implementing IMM stages as required. Consequently, group composition is essential for group 
dynamics and the success of IMM activities. Familiarity with IMM and internalizing the meaning and 
requirements of each stage also contributes to more effective implementation of these activities. PSTs' 
negative preconceptions about physics, resulting from prior experiences in physics courses, challenged 
them to complete all stages of IMM as required. Participants reported that they had never before 
experienced such a direct relation between physics and mathematics with real life. They appreciated 
working on a problem in a sequence that helped them to think, discuss, and revise their models. 
Additionally, they were more engaged in the activities and voiced their opinions more actively than in 
other sections of the same course. Instructors who intend to apply IMM activities in their classes could 
expect to demonstrate applied execution of each stage of this model and reinforce the insights gained 
through debates involving the entire class. Teaching physics content to science PSTs via modeling 
activities such as IMM, where students actively work on a real-life problem and apply their knowledge 
to more tangible models, can motivate and alleviate PSTs' prejudices against learning physics concepts. 
Our recommendations for future research are presented below: 

 
• We strongly advise instructors who plan to use IMM activities to practice implementing such 

activities a few times before achieving satisfactory results. Novice students may need time to 
become familiar with some stages of IMM. 

• Researchers should create an environment that allows for the implementation of multiple IMM 
activities to ensure that study groups are familiar with one another and the stages of IMM. 
This should focus on developing mental model-building competencies that will help students 
understand and solve the problem. 

• The parsing/grouping stage requires students to associate the concepts of mathematics and 
physics involved in the problem with the relevant discipline. However, the groups in our study 
had difficulty making discipline-related separations or groupings. Therefore, we recommend 
that future researchers exercise this stage in different interdisciplinary contexts. 

• Context building was another challenging stage because students did not complete the 
separating/grouping stage. Therefore, we recommend that each group establish a control 
mechanism before proceeding to the next stage of future research. Asking the right questions 
or establishing checkpoints may help these groups successfully complete each stage. 

• PSTs in our study failed to test the real-world applicability and accuracy of their solutions. 
They were generally self-assured in their solutions. For future studies, another similar real-life 
problem may be provided to help students test their solutions. This way, they can confront 
their errors or incorrect approaches. 
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ABSTRACT 
 
The world lived through a pandemic over the 2020-2022 period, which forced drastic changes in 
every sector and every aspect of our lives. One such change in the education sector was the 
immediate shift to online learning as educational institutions across the world responded to the 
pandemic. Educational institutions in Trinidad and Tobago, like everywhere else, shifted from face-
to-face to online instruction in all courses and programmes, including physics. While the conduct 
of physics lessons through virtual classrooms may have several advantages, it is not without 
disadvantages. The latter resulted in challenges, especially for students, and it is important for us to 
understand how students experienced and managed their learning in the fully online environment.  
The aim of this phenomenological study is to capture and describe the experiences of students in 
online physics learning in a virtual classroom – specifically their experiences in preparing for online 
physics learning, managing learning in the virtual physics classroom, and benefiting from 
opportunities in online physics learning. Three major themes emerged from this study – students’ 
readiness for online learning, students’ challenges during online learning and the role of follow 
through facilitation after online lessons. Despite their preparations, students encountered challenges 
such as network connectivity, reliability of supporting systems, and distractions in their learning 
environment at home. However, they were optimistic that the reality presented opportunities to 
improve their technological competencies and to maximize their online learning experiences as they 
engaged in the learning of physics concepts in a non-traditional way.  
 

 
Keywords: COVID-19 pandemic, online physics learning, phenomenology 
 

Introduction 
 

The COVID-19 pandemic challenged educational systems across the world and forced most, 
if not all, educational institutions to shift from traditional pedagogical methods to online teaching and 
learning. This necessary shift in educational instructional delivery was critical to maintain continuity 
in teaching and learning that would otherwise have been severely compromised in the face of massive 
global shutdowns in every sector across the world. This sudden change meant that educators and 
students had to make immediate adjustments to adapt to this new normal in education. In making 
these adjustments, the existing inequity in education systems the world over, which had laid somewhat 
dormant for decades, became vulgarly apparent. In Trinidad and Tobago, this inequity in education is 
undeniably pronounced and the transition to online teaching and learning drastically amplified the 
reality in all disciplines inclusive of science. 
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Science education is one of the most critical subjects at the secondary school level due to its 
relevance to students’ lives and the universally applicable problem-solving and critical thinking skills 
it uses and develops (Arrieta et al., 2020). These lifelong skills allow students, especially those intent 
on pursuing science at levels beyond secondary school, to generate ideas, weigh decisions intelligently, 
to understand concepts and theories behind natural phenomena, and to be able to share these 
understandings with others. Furthermore science education and specifically for the purposes of this 
study, physics education, is about teaching and learning that engages students in inquiry-based 
investigations in which they interact with teachers and peers to establish connections between current 
knowledge and scientific understanding, and to recognize how these apply to their everyday lives. 
Equally important in physics education is the cultivation of problem-solving, planning, and reasoning 
skills that students develop when they work in collaborative group settings to perform experiments, 
investigate phenomena, and evaluate evidence (Contant et al., 2018). 

Prior to the onset of the pandemic, science classrooms, inclusive of physics classrooms and 
laboratories in Trinidad and Tobago, were dominated by peer-peer interactions and brainstorming so 
that all students, even those in disadvantageous circumstances, had good opportunity to develop those 
lifelong 21st century skills, and in the case of science education, those critical scientific skills. When 
education, inclusive of science education transitioned into a remote mode in March 2020, navigating 
the new reality to ensure a productive and meaningful learning experience for science students meant 
that teachers and educators had to rethink their practice to ensure that pre-pandemic learning 
outcomes remained attainable even in the pandemic reality (Brown, 2020). The apprehension to teach 
science entirely online was a phenomenon that teachers the world over had to confront (Brown, 2020; 
Gilles & Britton, 2020; Graham et al., 2020). Students too were intimidated by the new reality, even 
more so than teachers were, as online methods for most of them had been limited to emails, web-
surfing, and gaming applications. Teaching and learning had not been previously thought of, in the 
fully online context, for most students and teachers (Arietta et al., 2020; Brown, 2020). Reasonable 
adaptations to delivery methods, assessments, and modes of interaction between students and teachers 
for all courses had to be made quickly and responsibly (Vasquez, 2020). Teachers in Trinidad and 
Tobago responded as they were best able to, but with the transition to online learning, it remained 
difficult to ascertain the extent to which all students were able to manage their learning in the context 
of what they were accustomed. There was speculation that students were challenged in the online 
environment and that those with inequitable resources were most disadvantaged. At that time, it was 
unclear how science students in Trinidad and Tobago were coping with remote learning, how they 
were experiencing online learning, and what challenges they were encountering in the online 
environment. These are the concerns which prompted the conceptualization of the current work, 
which reports on data collected over the period from March 2020 to December 2021. 

 
Literature and Theoretical Framework – Online Learning 

 
Online education and e-learning are not new in the field of education. The versatility offered 

by Information and Communication Technology (ICT) resources and capabilities, presents educators 
with attractive options to address many of the issues that, in the past, made instructional opportunities 
for students difficult and even impossible in some cases. ICT is defined as a diverse set of technological 
tools and resources used to transmit, store, create, share, or exchange information. These technological 
tools and resources include computers, the Internet (websites, blogs, and emails), live broadcasting 
technologies (radio, television, and webcasting), recorded broadcasting technologies (podcasting, 
audio and video players, and storage devices) and telephony (fixed or mobile, satellite, 
visio/videoconferencing, etc., (UIS, 2009; UNESCO, 2017). Prior to the influx of online education, 
which was further triggered by the pandemic, delivery of instruction was limited by factors such as 
geographical remoteness, limited offerings by institutions, and the complex lives of students (Dziuban 
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et al., 2018). Today, learning in an online environment offers the convenience of an “anytime and 
anywhere” education for both students and teachers. This provides students with increased 
opportunities for flexibility, collaboration, and interaction through the use of educational technologies 
that allow for the design, delivery, and management of learning at anytime and anywhere (Gedera et 
al., 2015; Obbink & Wheeler, 1993). While this new dispensation is different from face-to-face 
learning, and it may challenge the efforts of some teachers, the reality is that it has found acceptance 
with a notable cross section of the current generation of technophobes in our classrooms. Science 
classrooms have become virtual labs, simulation stations, and computer aided demonstration centers. 
The use of devices such as computers, cellphones, and tablets together with numerous online video 
conferencing platforms and applications enabled students to continue to learn, practice, and 
experience science even during the pandemic. Many students have embraced the novelty of technology 
supported science and have easily adapted to this new way of learning science, but this new mode of 
instructional delivery is not without its challenges for many other students. 

Research on the nature of online science learning, including the benefits, challenges, and 
implications of this new approach was well underway even before the onset of the pandemic but 
gained much more traction soon after in early 2020 (Furtak & Penuel, 2019; Linn et al., 2016). At the 
onset of the pandemic, experts in science education were curious to find out what works, and what 
were the experiences of the stakeholders in this paradigm. Questions seeking students’ views and 
perceptions on the successes and the challenges of online science learning have been targeted and 
available findings have revealed that while online learning has allowed for science education in the 
global context to continue through the pandemic, it has been problematic for both students and 
teachers in significant ways. In fact, in science education in particular, the transformation of hands-on 
practical activities and experimentation into virtual experiences through simulations and online 
demonstrations has significantly subtracted from the nature of the science experience that 
characterizes the scientific process (Dorn et al., 2020). The face-to-face investigative collaborations, 
which define the scientific approach, were lost when the online transition occurred. But, perhaps the 
most telling revelation arising from the consequences of online learning in all subject disciplines, 
including science, is that online learning has exposed more clearly than ever before the inequities in 
education systems across the world (Borup et al., 2020). While there is acknowledgement of the fact 
that inequities existed in education systems long before the pandemic and the transition to remote 
learning, the necessity for online learning brought on by the pandemic served to amplify these 
inequities (Rempel, 2020).  

In a pre-pandemic study of online learning, Blackmon and Major (2012), reported that 
students were highly displeased with online learning for several reasons, but primary among them were 
loss of connectivity, instructor inaccessibility, autonomy in learning, and lesser peer interactions. Other 
pre-pandemic research on online learning have suggested that for learners who had access to devices 
and ICT resources, many were also fortunate to have access to reliable and stable connectivity and for 
them, the transition to online learning was quite easy (Salamat et al., 2018). Their access to resources 
also meant that the transition from traditional face-to-face learning to synchronous participation in 
online classes was smooth. The reality though, is that as much as 70% of learners globally did not have 
ready access to devices or Wi-Fi connectivity at the onset of the pandemic (Rempel, 2020).  

Existing research suggests that online learning has worked well in some contexts and for some 
students and teachers, but several published works have highlighted places where, and circumstances 
under which, online learning has not worked very well. In non-science disciplines, Demirkol and Kazu 
(2014) found that the online mode of instruction led to improved academic performance and positive 
changes in attitudes and habits for students. Conversely, Zhu et al. (2013) reported that despite noted 
positive effects of e-learning on academic performance, students’ perceptions towards online learning 
were unpredictable and students displayed undesirable learning habits in many instances. Blackmon 
and Major (2012) evaluated the pre-pandemic online learning experiences of students and reported 
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that students who took online distance learning experienced device and Internet connectivity 
challenges as well as feelings of isolation from their peers and their teachers, both of which led to high 
levels of frustration associated with the online learning experience. Similar findings were reported by 
Loades et al. (2020) and Miller (2021) when the online learning experiences of science students during 
the pandemic were analyzed. Furthermore, while many students in those works suggested that human 
interactions needed to establish peer support and the ability to facilitate profound discussions in the 
online environment were inadequate and distant, some indicated that online learning made them more 
responsible and accountable for their learning. The latter was found to be the case primarily for 
students with access and support as reported in works by Singh et al. (2020).  

In the science disciplines, the findings were similar – several reports of positive views of online 
science learning from students with access and resources, but many reports which highlight students’ 
displeasure with online science learning (Gedera et al., 2015; Kalloo et al., 2020). In later work, in the 
pandemic era, in which Chen et al. (2021) interviewed groups of science students in early 2020, the 
findings noted that the displeasure with online science learning expressed by science students were 
linked mainly to the disconnect they felt from the live scientific process. Students suggested that the 
virtual environment cannot replicate the scientific process no matter how user-friendly or 
sophisticated it may be. Also emerging from research in both the early-pandemic and mid-pandemic 
eras are the challenges experienced by science students after online learning had occurred (Kalloo et 
al., 2020; Lapitan et al., 2021).  

The pandemic disrupted the familiar structure of science learning for many students. The 
sequence of science lessons was no longer familiar to students. The familiar whole class discussions, 
collaborative experimental work, and real time idea sharing were disrupted. Monitoring students’ 
progress by way of these engagements became an inconsistent exercise for teachers (Brown, 2020). It 
was difficult for teachers to maintain consistent classroom oversight in the traditional way given the 
numerous and sometimes lengthy online disruptions that students experienced in teaching sessions. 
Sometimes, teachers too experienced connectivity challenges. Disruptions and inconsistencies, 
coupled with the intangibility of hands-on learning, made online science learning less engaging for 
students to the extent that many science students expressed sentiments of rejection in response to the 
unrealistic feel virtual labs and simulations gave to the traditional experimentation and investigation 
they had become accustomed to (Mercado, 2021). Many science students and teachers experienced 
high levels of frustration and dissatisfaction with the online delivery of science instruction (Barrot et 
al., 2021).  

 
Context 

 
Classes in all subjects, for the latter part of the 2019-2020, all of 2020–2021 as well as the initial 

semester of the 2021-2022 academic years, for secondary schools in Trinidad and Tobago, were 
conducted virtually. Physics teachers and students yielded to the hastened change in 2020 almost 
willingly, mainly because they recognized that physics learning had to continue but perhaps also with 
the expectation that the pandemic would have been short-lived. While the transition must have been 
challenging for teachers, it seems that students were the hardest hit stakeholders in the sudden shift 
to online physics learning. For students and teachers in the Trinidad and Tobago context, the 
transition to online learning was not a smooth or easy one. Many students had no access to digital 
learning devices and reliable online connectivity. Some teachers as well had connectivity challenges 
and many teachers were not trained in online delivery methods. The mandate to continue classroom 
learning in an online environment had parents scurrying to secure devices for their children, which, in 
a lock down mode was a slow, costly, and painstaking endeavor. Many students were therefore out of 
school for periods of up to eight weeks, while they took steps to secure devices, connectivity, and 
study space in the home environment. Despite the lack of confidence by many teachers to deliver 
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online classroom instruction, most proceeded bravely; learning along the way, and adapting as they 
learned. The shift meant that both teachers and students had to rely on the strengths of each other 
and to adapt to the limitations of each other while learning in an uncertain and evolving context. 

This study sought to explore and gain insights from a group of secondary school physics 
students about their experiences in learning physics during the time of the pandemic. The experiences 
and perceptions of students drawn from this study will provide a reflective evaluation of online physics 
learning during the pandemic and will be instructive for general teaching and learning of physics using 
online platforms. 

 
Purpose of the Study 

 
The main purpose of this study was to explore, describe, and gain insights from the 

experiences of secondary school physics students in learning physics through online platforms. In 
seeking to achieve this purpose, the following research question guided the approach adopted in this 
work: What were students’ perceptions of online physics learning as gleaned from their lived 
experiences over the period from March 2020 to December 2021? 

 
Methodology 

 
Research Design 
 

To explore the experiences of the students in learning physics in what was called the new 
normal during the pandemic; this study utilized a Descriptive Phenomenological Research Design. 
Phenomenological design is a type of qualitative research that focuses on the commonality of a lived 
experience within a particular group. It emphasizes experiential, lived aspects of a construct, that is, 
how the phenomenon is experienced at the time that it occurs, rather than what is thought about the 
experience or the meaning of it subsequently (Creswell, 2013; Gibbs, 2018). In this work the intent 
was to unveil students’ perceptions of their present lived experiences of online physics learning, in the 
context of an ongoing pandemic, and to interrogate these perceptions for patterns and themes to 
arrive at general understandings. With that intent in mind, the descriptive phenomenological research 
design was deemed suitable. 
 
Sampling 
 

The participants in this work were a group of fourth-year secondary school physics students 
who were undertaking a course of physics study which was to culminate in sitting for an external 
standardized examination in June 2022. It was a mixed group comprised of 21 males and 23 females 
ranging in age from 14 – 16 years. The school was located in a semi-urban area in south Trinidad and 
was classified as an average performing school based on the Ministry of Education’s classification of 
schools (Ministry of Education Trinidad & Tobago, 2012). The group was conveniently selected in 
response to an explicit request from the group’s physics teacher, who was very interested in finding 
out her students’ perceptions of online physics learning (Etikan et al., 2016). 
 
Data Collection and Instrumentation 
 

Given the phenomenological research design adopted herein, a targeted interview protocol 
was deemed the most suitable data collection instrument that would allow for gathering of relevant 
and rich data to adequately and meaningfully answer the research question. The interview protocol 
was designed with three sections. Questions in section one of the protocol were explored in the period 
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March 2020 to July 2020. The intent with these items was to ascertain students’ initial perceptions of 
online physics learning. Questions in section two targeted students’ perceptions having been engaged 
in online physics learning for an extended period and were administered during the period September 
2020 to December 2020. The final section of the interview protocol focused on students’ perceptions 
having been engaged in online physics learning for more than one school year and was administered 
in the period January 2021 to June 2021. The initial interview protocol was designed by the researcher 
in consultation with the class teacher. The teacher’s input was important to ensure that the items 
aligned with the context, circumstances, experiences, and realities of the students. The initial version 
went through two iterations over the period February 2020 in which both researcher and class teacher 
reviewed the instrument individually in the first instance, and then collaboratively, to ensure that the 
items were context relevant and unambiguous. Following this phase of review, experts in curriculum 
and assessment were asked to validate the interview protocol. After this validation process, the 
instrument was modified for further clarity and focus.  

Once the validation was complete, the researcher wrote to the principal of the school seeking 
permission to conduct the study at the institution with the selected group of students and class teacher. 
Correspondence, by way of consent letters, was also sent to all participants, using their email addresses, 
inviting them to participate in the study. In the email, they were informed of the nature and purpose 
of the research, their right to participate voluntarily, their right to withdraw from the study at any time 
if they so desired and that their participation was in no way linked to their final grades. Participants 
were also informed that the findings of the study will be kept confidential and will be used only for 
the purposes of the current work. They were asked to sign and return the letters of consent within 
one week.  

Once all the briefing and consent protocols were met, arrangements were made to begin 
conducting interviews with the 44 students in the group. Students were interviewed individually, at a 
date and time that was mutually convenient. The interviews were done online, and students were asked 
to turn on their cameras so that the researcher could observe facial expressions as they responded. 
This was to allow for probing in the event that the interviewee appeared confused, fatigued, or anxious 
when questions were asked. An average of three interviews per week were conducted (in light of issues 
such as scheduling and connectivity), so that data from questions in section one of the protocol were 
collected over the initial three-month period students were engaged in online physics learning. 
Interviews were audio recorded to facilitate subsequent transcription of the interview for data analysis. 
Sections two and three of the interview protocol were administered in the respective periods and with 
similar duration as described above. Interviews were similarly audio recorded and transcribed for 
analysis. 
 
Data Analysis 
 
Analysis Approach 
 

The transcribed interview data were analyzed using Colaizzi’s phenomenological method, as 
described by Wirihana et al. (2018), which is the preferred method used by researchers to reliably 
understand people’s experiences. Colaizzi’s method depends on rich first-person accounts of 
experiences and provides a rigorous analysis, with each step staying close to the data. The end result 
is a concise yet all-encompassing description of the phenomenon, validated by the participants. 
Colaizzi’s seven-step method involves careful review by reading and rereading of transcripts, 
extracting and summarizing significant statements, formulating meanings from significant statements, 
categorizing statements with common or similar meanings into clusters of themes (validating with 
original text), describing the clusters of themes, returning to the participants for member 
checking/cross-checking, and finally incorporating changes based on participants feedback. 



SECONDARY SCHOOL STUDENTS’ EXPERIENCES IN ONLINE LEARNING     147 

Analysis Procedure 
 

Data collection for this work was completed in September 2021. Audio recordings were 
transcribed over the period September 2021 to November 2021. Once this was completed, the 
researcher engaged in the familiarization process by reading through the accounts of all 44 participants 
several times. This familiarization was done in three phases corresponding to transcripts from the 
three sections of the interview protocol. In each phase, the final reading was a deliberate exercise in 
which the researcher highlighted all statements in the accounts that were of direct relevance to the 
phenomenon being investigated – students’ perceptions about online physics learning. 

The researcher then proceeded to carefully study the highlighted statements to attach emerging 
meanings relevant to students’ perceptions of online physics learning to these statements. While 
complete bracketing may not be possible according to Colaizzi (1978), the researcher made every 
effort to set aside her presuppositions and to stick closely to the phenomenon as revealed from the 
data. The identified meanings were subsequently clustered into themes that reflected commonality of 
meanings across all accounts and meanings in each theme. Again, bracketing was ensured to avoid any 
potential influence of existing theories the researcher may possess. Once the clusters of themes were 
determined, the researcher proceeded to write, in the first instance, a full and inclusive description of 
the phenomenon which incorporated all the themes that emerged, and then later to condense the 
exhaustive description down to short, dense statements that captured just those aspects deemed to be 
essential to the structure of the phenomenon. This fundamental structure of dense statements was 
returned to all participants to inquire from them if it captured the experiences they reported on during 
the interviews. Participants’ feedback was used to modify interpretations if necessary. 

 
Findings 

 
Colaizzi’s (1978) treatment of the data led to the emergence of three overarching themes into 

which students’ perceptions of online physics learning could be placed. These were: readiness for online 
learning, challenges during online learning and follow-through after online classes. Each overarching theme 
contained subsets of perceptions, which in turn, were supported directly by the raw data. Each theme 
will now be discussed. 
 
Phase 1 – March 2020 to July 2020 
 
Readiness For Online Learning 
 

In phase one of the research, students indicated that the sudden need to shift from face-to-
face instruction to online instruction, imposed by the pandemic, met them highly unprepared for 
online physics learning. While online learning was not completely new to them, they admitted that the 
idea of all learning happening in a virtual environment was something they never thought seriously 
about simply because they never imagined it would be a reality they would have to experience. Their 
unpreparedness was partially a mental state, but mainly it was in terms of support systems, resources, 
and ICT competency. Lack of support in the form of not having internet access was perhaps the most 
common among the students. While some students had internet access at the start of the pandemic, 
48% of the students in this group did not, and they attributed this to their low socio-economic 
livelihoods. For those who had access at that time, many indicated that connectivity was either weak 
or unreliable. Many students also spoke about power outages being quite common in the areas they 
lived – as much as three times per week lasting up to an hour in some instances. In addition, almost 
all the students in this work indicated that their homes were not well-fitted for online school, pointing 
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out that they did not have a fixed conducive work area for extended online learning. Responses from 
students, which captured their level of unpreparedness, included the following: 

 
“… I did not know what I had to do …” 
“… having classes on the computer was like … weird … miss was not nearby” 
“I had no wifi … but we had to get it for class …” 
“When electricity went in the past I did not bother … but for my class it was a big problem 
… and I had no desk at home …”  
 
Access to resources to facilitate online physics learning such as devices inclusive of laptops, 

tablets, and smartphones, as well as items such as desks and chairs, were immediate requirements to 
facilitate online learning, which many students did not have. In fact, 66% of the students in this work 
indicated that they were ‘out-of-school’ for at least two weeks and up to eight weeks in some cases, 
after the pandemic started, while their parents tried to secure devices and desks for them to engage in 
online classes. The following verbatim responses further summarizes the challenges students had in 
terms of access: 

 
“My mom had to find the money to get me a desk and a chair” 
“…the old iPad was okay for games…but it was not good for my class...it was cutting-off…” 
 
While some students had a functional level of ICT competency, which included basic skills 

such as navigating interactive online teaching platforms, these were in the minority. In fact, only about 
25% of the students indicated that when online classes started in March – April 2020, they were able 
to follow instructions and use their devices to access the teaching sessions. Things like sharing videos, 
uploading artifacts, participating in online activities through simulation applications and sharing their 
screens to make presentations were skills required to participate meaningfully in online learning. 
However, 75% of the students in this work simply did not have those skills at the start of fully remote 
learning. The following excerpts summarize the situation for the majority (75%) of students in this 
work at the start of the pandemic: 

 
“I did not know which box to press to share my screen” 
“I did not have my friends around to ask for help … I was alone …” 
 

Challenges During Online Learning 
 

Interview data from phase one of the research revealed that in the initial months following the 
onset of the pandemic, students experienced much frustration in their online physics classes. Online 
demonstrations, virtual labs, and simulated inquiry activities replaced the hands-on, collaborative real- 
time approach they were familiar with. Considering their high levels of unpreparedness, particularly in 
the terms of support systems and ICT competencies in this phase of the study, meaningful 
participation in the physics activities in the virtual environment was extremely difficult for many 
students and impossible for some. Students missed peer interactions, with 52% of students citing 
group work in the physical setting as the interaction they missed most. They acknowledged the fact 
that online group work continued to be part of their online classes but were adamant that it ‘will never 
be like in the real classrooms’. Students agreed that simulations and virtual labs were ‘less messy’ and ‘visually 
appealing’ but were unhappy that they could no longer ‘touch and hold’ physical manipulates, for example 
to connect circuits or perform experiments like investigating elastic limit applying Hooke’s Law. As 
much as 80% of the students indicated that this was the most frustrating part of online physics learning 
for them. They noted however that their teacher would sometimes ask them to gather manipulates 
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from their homes to perform certain activities and experiments while the simulations were presented, 
but lamented that ‘it could never be the same thing…’ 

Feeling isolated during learning from teachers as well as peers was another aspect of online 
learning that students said they missed. In fact, 90% of the students in this work discussed this 
explicitly during the interview. Many indicated that they were not motivated to ask questions in their 
online classes in the same way they did in the pre-pandemic classroom. Even when prompted by the 
teacher, students said that they preferred to stay quiet. At least six of the students interviewed said 
that ‘the screen/computer/device was a like a barrier from miss.’ Some students admitted that they were usually 
quite ‘talkative in physics classes’ but would only rarely volunteer responses or ask questions during online 
physics learning. For reasons that were uncertain to the students themselves, the online environment 
was somewhat ‘discomforting’. Sharing ideas with and learning from their peers were experiences they 
had to engage with in a different way in online classes. While they praised their teacher for efforts 
made to facilitate online class discussions and to include teacher feedback and peer input in these 
discussions, 32% of the students said that they still did not feel as if they were ‘part of the class.’ Many 
students also said that even though the interactions were happening as the class progressed, it still did 
not feel like they were engaged in ‘real-time participation’ in their online physics classes. Many students 
shared sentiments similar to those captured below: 

 
“I could not ask my friend for help with my work … I missed that” 
“…doing the lab by myself … on my home table was not interesting … like in school” 
“… knowing where to send my work was hard … miss said there was a folder … I could not 
find it and I did not want to ask again” 
“I got into the thing that showed how light bended, but I could not move to the next thing to 
see how it reflected” 

 
Follow-through After Online Learning 

 
Students indicated in their phase one interview responses that after online physics lessons 

ended, their teacher was very careful to insist that they complete and submit assigned tasks in a timely 
manner. She had email addresses for all students and would send reminders about due dates and would 
inquire if assistance was needed to complete the assigned tasks. She was also very prompt with 
guidance and clarification when students asked and was prompt with marking assignments and 
providing feedback. Students admitted though that for them personally, managing their time to 
complete the tasks was a bit new to them because even though they were required to manage time in 
pre-pandemic times, the ‘more loose’ pandemic circumstances, made it easy for them to procrastinate. 
They appreciated their teacher’s persistence with them outside of official online teaching time and 
credited her attention as a major factor in reducing their procrastination. In fact, 43% of students 
indicated that had it not been for the extra attention shown by their teacher, they would have ‘easily 
procrastinated’ their ‘homework and lab reports’. Students also indicated that in pre-pandemic times, 
collaboration with peers to complete assignments and homework during recess and lunchtime, as well 
as after school, was very helpful to them both in terms of building further understanding while 
completing tasks and in providing encouragement and motivation to them personally. The latter they 
lament, was ‘the most missed experience’ after an online class ended. Overall, 82% of the students said that 
there was meaningful follow-through and monitoring of their progress after online lessons, as 
indicated below: 

 
“I did not feel I had to do my homework … like when miss gave us it in class … and asking 
for it the next day …” 
“miss sent us reminders on our phones to do the revision so I went and did it” 
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Phase 2 - September 2020 to December 2020 
 
Readiness For Online Learning 
 

Interview data from phase two revealed that students were still experiencing levels of 
unpreparedness for online learning. However, many of them indicated that they either were much 
more aware of issues that may arise and had taken steps to address them or knew how to resolve or 
to prepare proactively to deal with them when they arose. For example, many students who did not 
have Internet access initially had access by phase two of the research, and those who had access took 
steps to improve connectivity strength. Some students indicated that their parents made arrangements 
with relatives and friends to accommodate them in the event of power outages at home. One parent 
even installed a home generator to ensure that his daughter would have power for her classes in the 
event of a power outage. Several students said that while it was a financial strain on their parents, many 
parents tried to outfit an area in their home for them to do their online classes. By the time phase two 
of the research was done, 70% of the students indicated that they had the required resources to 
effectively participate in online learning. Students also reported that their teacher made extra efforts 
to help them develop the required ICT competencies so they could engage in the online sessions. 
Notwithstanding, it seemed to take longer for some students to grasp the required skills; by phase two, 
48% of the students indicated that they were ‘comfortable’ learning in the online environment through 
interactions with the various online resources. Responses, which support this transition, include:   

 
“I can use the computer better now … but some things still hard …” 
“I now understand how to share my work with my friends on the computer” 
” when the current go … I know how to get back my work now” 

 
Challenges During Online Learning 

 
While students admitted that their levels of frustration were somewhat reduced in phase two 

of the research, which they hinted may be attributed to increased familiarity with the applications, 
activities, and demonstration used in online physics learning, their responses seem to suggest that they 
surrendered to online learning out of an overall sense of complacency rather than acceptance of reality. 
Many students responded with sentiments such as ‘I’m learning to do the simulations because that’s the only 
way to do them now’, or ‘I still don’t like it but if I don’t do it I will not learn the physics.’ So, while the data 
showed that the number of students responding with explicit expressions of frustration reduced from 
80% to just over 50% in phase two of the research, that did not necessarily mean that more students 
embraced online physics learning. Furthermore, even after exposure to online physics learning for well 
into eight months, responses from students in phase two of the research showed that most students 
continue to insist that the online learning experience remained an isolated and lonely one for them 
personally. By the end of phase two, 84% of students continue to describe their engagement in online 
physics learning with words and phrases such as, ‘alone’, ‘away from my friends’, ‘distant’, ‘by myself’ and 
‘why only me.’ Comments, which suggest that students were becoming more comfortable, learning in 
the online environment even though they continued to feel isolated, include: 

 
“I am not so confused as when we first started to use the computer for class” 
“I still prefer to be in class … but I am okay with online now …” 
“I feel lonely while learning … I miss my friends …” 
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Follow-through After Online Learning 
 
In phase two of the research, students’ responses were very similar to those provided in phase 

one, in terms of follow-through. Aided by the teacher’s guidance, students felt they received adequate 
support to complete lab reports, homework, and out-of-class assignments. In fact, the data showed 
very little difference in students’ perceptions of supportive follow-through to keep them on track with 
their work. Students continue to acknowledge the important role their teacher’s supportive oversight 
had on compelling them to manage their out of class time to submit assignments on time. Very 
interesting were responses which indicated that even though they had teacher guidance during class, 
they missed the out-of-class collaboration when working on ‘out-of-class’ tasks and assignments. The 
data showed that in phase two, 64% of students indicated that they missed this type of collaboration, 
as compared to 40% in phase one who explicitly indicated that they missed ‘out-of-class’ collaboration. 
Students’ comments, which captured their views and feelings in respect of follow-through in phase 
two include: 

 
“it is good that miss keeps messaging to remind me to do my work when I am home” 
“I wish I could do my homework with my friends … to talk about the homework” 

 
Phase 3 – January 2021 to June 2021 
 
Readiness For Online Learning 

 
In phase three of the research, students reported low levels of unpreparedness citing their over 

eight months experience with online learning. In fact, all students indicated that they felt prepared for 
online learning except for bouts of anxiety associated with the occasional internet drop or 
disconnection from the classes, which sometimes happened and which they simply had no control 
over. There was however, less panic and feasible contingency plans when these occurred, so they did 
not take away much from the online experience. Students admitted though that they continue to feel 
a sense of ‘unease’ knowing that such disruptions can happen at any time and that they are entirely out 
of their control. By phase three of this work, 76% of students said they felt ‘well-prepared’ for online 
learning in spite of unforeseen interruption. The following two excerpts capture the sentiments 
expressed by most students. 

 
“I am really good with the online things now” 
“It is easy for me now … I am not stressed … even when current goes…” 

 
Challenges During Online Learning 

 
While levels of frustration appeared to have dropped in phase three, feelings of isolation did 

not. Interview data in phase three of the research revealed that 93% of the students used the words 
‘lonely’ or ‘isolated’ in their responses to challenges experienced during online learning. Probing students’ 
responses seem to suggest that they came to the shocking realization that their anticipation that online 
physics learning would be short-lived was in fact unrealistic and the likelihood that learning will 
continue like this for an indefinite period, was a reality they must accept. The thought of no physical 
interaction with peers and their teacher seemed to have further amplified their feelings of isolation; so 
much so that students, who did not explicitly share their feelings of loneliness in the earlier phases of 
the research, did so in phase three. The following captures students’ sense of isolation:  

 
“…online is okay now but it is going on for too long…I really…really miss my classmates…” 
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“I feel better when I talk about the work with my friends…I am fed-up of doing it by myself” 
 
Follow-through After Online Learning 

 
In phase three of the research however, responses about follow-through after online lessons 

suggested that things had changed. Students indicated that there was reduced follow-through from 
the teacher, even though the demand to complete and submit assignments, lab reports, and homework 
remained. Students reported that their teacher was not as meticulous in following through with 
reminders or with providing guidance and feedback in a timely manner. Furthermore, assignments 
including homework tasks were not always marked and returned promptly. While students did not 
openly voice their views on why they felt this change occurred, their responses seem to implicitly 
suggest that the change may be associated with teacher burn-out. This change in teacher follow-
through directly affected students to the extent that 68% of students said that they were 
procrastinating more than they had done in phases one and two. Increased procrastination, coupled 
with their existing discontent about out-of-class collaborations, resulted in a situation where at the end 
of phase three students were vocally disappointed with the effort made by their teacher to facilitate 
meaningful follow-through learning. The reasons for this view held by the students were not explicitly 
solicited, nor were they ascertained herein. While it would be interesting to know these reasons, the 
aspect was deemed to be outside the scope of the current work. The following sentiment, expressed 
by one student, captures the view of many students in the class and is telling in this regard: 

 
“…it is like miss [is] too fed-up with online … and maybe with us … she is not sending us 
reminders on the phone like she did before …” 
 

Table 1 summarizes the excerpts from students’ responses for the themes in phase one of the study. 
Table 2 summarizes the excerpts from students’ responses for themes in phases two and three.  
 
Table 1 
 
Excerpts From Students’ Responses During Phase One 
 

Study 
Phase 

Emerging Theme Students (verbatim) comments 

 
 
1 

Readiness for online 
learning 

• “… I did not know what I had to do …” 
• “… having classes on the computer was like … weird … miss was not nearby” 
• “I had no wifi … but we had to get it for class …” 
• “When electricity went in the past I did not bother … but for my class it was a big problem … 

and I had no desk at home …”  
• “My mom had to find the money to get me a desk and a chair” 
• “I did not know which box to press to share my screen” 
• “I did not have my friends around to ask for help … I was alone …” 

Challenges during 
online learning 

• “I could not ask my friend for help with my work … I missed that” 
• “…doing the lab by myself … on my home table was not interesting … like in school” 
• “… knowing where to send my work was hard … miss said there was a folder … I could not 

find it and I did not want to ask again” 
• “I got into the thing that showed how light bended but I could not move to the next thing to see 

how it reflected” 
Follow-through after 
online learning 

• “I did not feel I had to do my homework … like when miss gave us it in class … and asking 
for it the next day …” 

• “miss sent us reminders on our phones to do the revision so I … did it”  
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Table 2 
 
Excerpts From Students’ Responses During Phases Two and Three 
 

Study 
Phase 

Emerging Theme Students (verbatim) comments 

 
 
2 

Readiness for online 
learning 

• “I can use the computer better now … but some things still hard …” 
• “I now understand how to share my work with my friends on the computer” 
• ” when the current go … I know how to get back my work now” 

Challenges during 
online learning 

• “I am not so confused as when we first started to use the computer for class” 
• “I still prefer to be in class … but I am okay with online now …” 
• “I feel lonely while learning … I miss my friends …” 

Follow-through after 
online learning 

• “it is good that miss keeps messaging to remind me to do my work when I am home” 
• “I wish I could do my homework with my friends … to talk about the homework” 

 
 
3 

Readiness for online 
learning 

• “I am really good with the online things now” 
• “It is easy for me now … I am not stressed … even when current goes…” 

Challenges during 
online learning 

• “…online is okay now but it is going on for too long … I really miss my classmates …” 
• “I feel better when I talk about the work with my friends … I am fed-up of doing it by myself” 

Follow-through after 
online learning 

• “…it is like miss [is] too fed-up with online … and maybe with us … she is not sending us 
reminders on the phone like she did before …” 

 
Conclusions 

 
This work revealed that at the onset of the pandemic, physics students in this group were 

unprepared for online learning in several ways and mostly because of the unfamiliar learning pathway 
that lay ahead for them. Many did not have a functional online work area, and most did not have 
access to reliable internet and Wi-Fi connectivity even though they may have had access to devices. 
These elements of unpreparedness, however, were addressed as online physics learning continued 
through the pandemic. By the end of phase three of this work, students were well equipped to engage 
in online learning, except for the looming sense of unease many claim to continue to experience in 
respect of disconnectivity or electrical power failure. 

Regarding the challenges during online learning, students experienced high levels of frustration 
at the onset of the pandemic. These frustration-driven challenges were mainly a result of not being 
able to engage in the scientific process in the traditional way through engagement in real-time, live 
laboratory experiments and hands-on learning activities in the familiar collaborative setting. Linked to 
the absence of face-to-face peer collaboration, students indicated that peer sharing, input, and 
feedback were not the same as in pre-pandemic learning. The pandemic arrangement had transformed 
their personal learning into a very isolated and lonely exercise. Elevated levels of isolation and 
loneliness only served to intensify their levels of frustration as online physics learning continued 
through the pandemic. By phase three of the study, students had become complacent and surrendered 
themselves to online learning, though frustration levels and feelings of isolation remained high. 

Teacher support and attention to follow-through after online lessons were helpful to students 
in terms of keeping them engaged, motivated, and on track with the completion of homework, lab 
reports, and other assignments. They were very appreciative of this effort from their teacher and 
reported that it made online learning ‘workable’ for them. Unfortunately, this level of support was not 
sustained through this work. By phase three, students indicated that they were not receiving the same 
kind of support from their teacher as in phases one and two. While the reason for this remains largely 
uncertain, there was implicit speculation arising from students’ responses, that it may be linked to 
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‘teacher burn-out.’ Notwithstanding, students were unanimous in their views that this occurrence had 
a negative impact on their online physics learning which led to higher levels of procrastination and 
increased feelings of frustration. The latter unfortunately being a reality in phase three in spite of the 
fact that students were better prepared and had fewer challenges than in phases one and two. 

 
Recommendations 

 
The concept of teacher burnout has been a concerning one even before the pandemic. This 

study seems to suggest that it continues to be a troubling educational issue during the pandemic and 
in fact may have become a more critical issue in the online teaching and learning environment. In that 
regard, future work on the prevalence and nature of teacher burn-out in the online teaching 
environment and how it impacts online learning for students is worthy of pursuit. In addition, this 
work looked at online learning in a physics class and while some aspects of the findings here may be 
applicable to online learning in other science subjects, it may not be generalizable for online learning 
in other subject areas. It will therefore be useful to interrogate students’ online learning experiences 
in other disciplines and compare those findings with that of the online physics learning experiences 
revealed in this work. 

 
Implications 

 
This study is instructive for online learning in general but particularly for online learning in 

science disciplines. It highlights students’ concerns, their challenges, preparedness, and their 
expectations in the online learning environment. Science teachers now have a view of students’ 
experiences and feelings and may be better able to understand students’ behavior and levels of 
participation during online lessons. While teachers, for the most part, may have been facilitating 
learning in the online environment in the best way they know, they now have at their disposal students’ 
perspectives, in the form of formative feedback, which can be used to further inform their online 
practice. 

Technology in teaching is here to stay and while the pandemic has ushered in online teaching 
and learning in a hastened manner, it is something that teachers and students would have eventually 
had to contend with. While this work pointed out some of the pitfalls with online learning, it showed 
that it is an approach that can be adopted post-pandemic. Furthermore, this work revealed some of 
the common considerations that should be taken into account when planning for online instruction 
so as to alleviate the challenges and shortcomings highlighted herein. No one knows if or when we 
will experience another pandemic or other pandemic-like situations. Even now, circumstances remain 
uncertain. The pandemic has shown us the importance of preparing our students for a world in which 
remote learning, partially or entirely, is a likely option. One way students in the Trinidad and Tobago 
context can prepare is to reflect on the experiences, views, and feelings revealed by students in this 
work who took an online physics course for over one year. The experiences of these students can shed 
light on the concerns, challenges, and learning opportunities of remote learning. The insights gleaned 
from this work might help students to better prepare to navigate the challenges of online learning and 
may be helpful to them succeeding in learning science in an online platform. 
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ABSTRACT 
 
Students' physics self-efficacy, interest, and identity in introductory courses can influence their 
outcomes in that course and their future career aspirations. A lot of work has focused on the role 
these motivational beliefs play in students’ outcomes without attention to the role the perception of 
the inclusiveness of the learning environment plays in shaping these beliefs. This study used a 
validated survey instrument to probe the motivational outcomes of 873 students at the end of a 
two-semester mandatory introductory physics course primarily for bioscience majors, in which 
women make up 62% of the class. We investigated how the perception of the inclusiveness of the 
learning environment (perceived recognition, peer interaction, and belonging) predicts male and 
female students’ motivational outcomes, including their physics self-efficacy, interest, and identity. 
We found that these motivational beliefs were lower for women and the perception of the 
inclusiveness of the learning environment plays a major role in explaining these motivational 
outcomes. These findings can be useful in providing support and creating an equitable and inclusive 
learning environment to help all students excel in algebra-based physics courses for bioscience 
majors. 
 

 
Keywords: undergraduate, identity, equity and inclusion, motivational beliefs, gender, physics 
 

Introduction and Theoretical Framework 
 

Studies have shown that motivational factors, such as a student’s identity, self-efficacy, and 
interest in a particular field are important for students’ career interests (Correll, 2004; Hazari et al., 
2013; Ketenci et al., 2020; Stets et al., 2017), learning (Han et al., 2021; Vincent-Ruz & Schunn, 2017), 
and continuation in science, technology, engineering, and math (STEM) fields (Britner, 2008; Kosiol 
et al., 2019; Mujtaba & Reiss, 2014; Robinson et al., 2019). For example, students were more likely to 
take courses or pursue a career in science if they had higher competency belief or self-efficacy (Britner, 
2008; Correll, 2001, 2004; Eccles, 1994; Wang & Degol, 2013), display higher interest in science 
(Benbow & Minor, 1986), or have a higher science identity (Chemers et al., 2011; Robinson et al., 
2019; Stets et al., 2017). A gender gap favoring men in motivational factors (Cwik & Singh, 2023; 
Maries et al., 2020; Maries et al., 2022;  Louis & Mistele, 2012; Marshman et al., 2018; Nissen & 
Shemwell, 2016; Santana & Singh, 2023; Stewart et al., 2020) and conceptual tests (Traxler et al., 2018) 
have been studied in STEM courses. Specifically, in physics, many studies have been done on calculus-
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based physics courses, where women are underrepresented, to understand and address the low 
diversity in the courses.  

However, stereotypes about who can excel in physics could affect women even in these 
physics courses in which they are not underrepresented, e.g., mandatory two-semester physics course 
sequence for bioscience majors. One common stereotype is that genius and brilliance are important 
factors in success in physics (Leslie et al., 2015). However, genius is often associated with boys (Upson 
& Friedman, 2012), and girls from a young age shy away from fields associated with innate brilliance 
or genius (Bian et al., 2017). Studies have found that by the age of six, girls are less likely than boys to 
believe they are really smart and less likely to choose activities that are made for brilliant people (Bian et 
al., 2017). As these students get older, norms in the science curriculum hold less relevance for girls, 
since they tend not to represent the interest and values of girls (Archer et al., 2017). All these 
stereotypes and factors can influence female students’ perceptions about their ability to do physics 
before they enter the classroom. Thus, it is possible that although women are the majority in algebra-
based physics courses primarily for bioscience majors, these societal stereotypes can still influence 
their outcomes in the physics class unless instructors attempt to create a fair and inclusive learning 
environment. 

Students’ identity in STEM disciplines has been shown to play an important role in their 
participation in classes and professional choices (Carlone & Johnson, 2007; Gee, 2000; Hazari et al., 
2010; Stets et al., 2017; Tonso, 2006; Vincent-Ruz & Schunn, 2018). However, prior studies have 
shown that it can be more difficult for women to form a physics identity than men (Archer et al., 2017; 
Godwin et al., 2016; Lock et al., 2013; Monsalve et al., 2016). Students’ physics identity is influenced 
by their self-efficacy, interest, and perceived recognition (Flowers III & Banda, 2016; Godwin et al., 
2016; Li & Singh, 2022; Lock et al., 2013; Potvin & Hazari, 2013; Sawtelle et al., 2012).  

Self-efficacy is a person’s belief that they can succeed in a particular activity or course 
(Bandura, 1977, 1994). Students’ self-efficacy in academic courses may be influenced by the classroom 
environment (Britner & Pajares, 2006; Dou et al., 2018; Gao, 2020; Schunk & Pajares, 2002) and 
different teaching strategies (Bailey et al., 2017; Fencl & Scheel, 2005; Nissen & Shemwell, 2016). Self-
efficacy has been shown to impact students’ engagement, learning, and persistence in science courses 
(Bouffard-Bouchard et al., 1991; Britner, 2008; Cavallo et al., 2004; Correll, 2004; Felder et al., 1995; 
McKinney et al., 2021; Sawtelle et al., 2012; Dale H Schunk & Frank Pajares, 2002; Vincent-Ruz & 
Schunn, 2017; Zimmerman, 2000). Similarly, interest in a particular discipline may affect students’ 
STEM career orientation (Lichtenberger & George-Jackson, 2013; Uitto, 2014) and persistence in 
STEM courses and majors (Harackiewicz et al., 2002; Hidi, 2006; Strenta et al., 1994). One study 
showed that changing the curriculum to stimulate the interest of female students helped improve all 
the student’s understanding. the end of the year (Häussler & Hoffmann, 2002).  

Therefore, it is important to investigate factors that influence students’ physics identity, self-
efficacy, and interest. Our framework posits that factors in the learning environment can influence 
students’ motivational outcomes including their physics self-efficacy, interest, and identity. 
Specifically, we investigated students’ perception of the inclusiveness of their learning environment, 
which in this study consists of their interactions with their peers, their sense of belonging, and 
perceived recognition by others (including friends, family, and their instructors/teaching assistants) 
and how it predicts their physics self-efficacy, interest, and identity. We investigated these three 
perceptions of the inclusiveness of the learning environment factors since instructors can influence 
these factors to help improve the experiences of students in their classes. Additionally, the selection 
of SEM model is guided by interviews with students (Li & Singh, 2023a; Li & Singh, 2023b). 
Furthermore, students' sense of belonging in science has been shown to correlate with retention as 
well as their self-efficacy (Goodenow, 1993; Masika & Jones, 2016); so it is important to investigate 
how students’ sense of belonging predicts their self-efficacy at the end of the semester. Students’ 
positive interactions with peers have been shown to enhance their understanding and engagement in 
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courses (Meltzer & Manivannan, 2002; Rockinson-Szapkiw et al., 2021). Moreover, perceived 
recognition has been shown to play an important role in a student’s identity (Hazari et al., 2010; 
Kalender et al., 2019; Vincent-Ruz & Schunn, 2018) as well as being an important factor in women’s 
motivation (Goodenow, 1993). 

While many studies have investigated gender differences in motivational factors in 
introductory physics courses where women are underrepresented, most have not taken into account 
the factors in the students’ learning environment. This study examined the difference between male 
and female students’ perceptions of the inclusiveness of the learning environment on their 
motivational beliefs at the end of the algebra-based introductory physics sequence for bioscience 
majors in which women are not underrepresented. The perception of the inclusiveness of the learning 
environment is shaped by experiences students have in the classroom as well as interactions outside 
of the classroom like office hours, email correspondence with the instructor or TA, and students 
studying or doing homework together. We control for students’ self-efficacy and interest at the end 
of physics 1 since these are students’ beliefs about physics when they enter the class based on prior 
experiences. The perception of the inclusiveness of the learning environment includes students’ 
perception of their peer interaction, sense of belonging, and perceived recognition (from instructors, 
TAs, friends, and family). Lastly, we investigated the students’ outcomes of physics self-efficacy, 
interest, and identity at the end of physics 2. An example of our final model is shown in Fig. 1. All 
paths were considered from left to right in our model, however, only some of the paths are shown in 
Fig. 1 for clarity. 
 
Figure 1  
 
Schematic representation of the model based on the theoretical framework. From left to right, all possible regression paths 
were considered. However, only some (not all) of the regression paths are shown. 
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Research Questions 
 

RQ1 Are there gender differences in students’ motivational characteristics including physics self-
efficacy, interest, and identity at the end of the course? 

 
RQ2 How does the perception of the inclusiveness of the learning environment (including peer 

interaction, perceived recognition, and belonging) predict motivational factors at the end 
of the course? 

  
RQ3 What is the effect of controlling for high school factors (e.g., high school GPA and SAT 

Math scores) on the motivational factors at the end of the course? 

Methodology 
 
Participants 

 
In this study, we analyzed results from 873 students who completed a motivational survey at 

the end of the semester in introductory algebra-based physics 1 and physics 2 over two years. These 
courses are typically taken by students primarily on the bioscience track in their junior or senior year 
of undergraduate studies, with approximately 50%-70% of students expressing a desire to pursue 
future careers in health professions. The university provided demographic information such as age, 
gender, and ethnic/racial information using an honest broker process by which the research team 
received the information without knowledge of the identities of the participants. From the university 
data, the participants were 38% male and 62% female students. The gender data provided by the 
university include only binary options of male and female. We recognize gender as a socio-cultural and 
nonbinary construct; however, the data provided by the university only included binary options (less 
than 1% of the students did not provide this information and thus were not included in this study). 

 
Instrument Validity 
 

This study measured students’ physics identity, self-efficacy, interest, sense of belonging, 
perceived recognition, and interaction with their peers for students enrolled in introductory algebra-
based physics courses for bioscience majors. The survey items were constructed from items validated 
by others (Adams et al., 2006; Glynn et al., 2011; PERTS Academic Mindsets Assessment, 2020) and re-
validated in our context using one-on-one student interviews (Marshman et al., 2018), exploratory 
factor analysis (EFA), confirmatory factor analysis (CFA) (Cohen, 2013), analyzing the Pearson 
correlation between different constructs (Cohen, 2013), and using Cronbach alpha (Cronbach, 1951). 
The physics identity questions evaluated whether the students see themselves as a physics person (Hazari, 
Potvin, et al., 2013). The physics self-efficacy questions measure students' confidence in their ability to 
answer and understand physics problems (Glynn et al., 2011; Hazari, Potvin, et al., 2013; Learning 
Activation Lab, 2017; Schell & Lukoff, 2010). The interest in physics questions measured students' 
enthusiasm and curiosity about learning physics and ideas related to physics (Learning Activation Lab, 
2017). The sense of belonging questions evaluated whether students felt like they belonged in the 
introductory physics classroom (Goodenow, 1993; PERTS Academic Mindsets Assessment, 2020). The 
perceived recognition questions measured the extent to which the students thought other people see them 
as physics persons (Hazari et al., 2013). Lastly, the peer interaction questions measured whether students 
thought that working with their peers was beneficial, e.g., for increasing their confidence and 
enthusiasm to do physics (Sayer et al., 2016; Singh, 2005). The physics identity instrument only 
included one question, which is consistent with past studies since it has been difficult to make other 
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questions that factor in this category in exploratory factor analysis (Godwin et al., 2021; Godwin et 
al., 2016; Hazari et al., 2013; Hazari et al., 2010). The questions in the study were designed on a Likert 
scale of 1 (low endorsement) to 4 (high endorsement) except for the sense of belonging questions 
which were designed on a scale of 1 to 5 to keep them consistent with the original survey (Likert, 
1932). A lower score was indicative of a negative endorsement of the survey construct while a higher 
score was related to a positive belief in the construct. Some of the items were reverse-coded. 

 After performing an EFA to ensure that the items were factored according to different 
constructs as envisioned, a CFA was conducted to establish a measurement model for the constructs 
and used in SEM. The squares of the CFA factor loadings (lambda) indicate the fraction of variance 
explained by the factors. The model fit indices were good and all the factor loadings (lambda) were 
above 0.6, which indicates good loadings (Cohen, 2013). The results of the CFA model which include 
the factor loadings are shown in Table 1. 
 
Table 1 
 
Survey questions for each of the motivational constructs along with factor loadings from the Confirmatory Factor 
Analysis (CFA) result for all students (N = 873). The rating scale for most of the self-efficacy and interest questions 
was NO! no yes YES! while the rating scale for the physics identity, peer interaction, and perceived recognition 
questions was strongly disagreed, disagree, agree, strongly agree. The rating scale for the physics belonging questions was 
not at all true, a little true, somewhat true, mostly true, and completely true. All p-values (of the significance test of 
each item loading) are p < 0.001. 
 

Construct and Item Lambda  
Physics Identity    
I see myself as a physics person 1.00 
Physics Self-Efficacy   
I can help my classmates with physics in the laboratory or recitation 0.64 
I understand concepts I have studied in physics 0.71 
If I study, I will do well on a physics test 0.73 
If I encounter a setback in a physics exam, I can overcome it 0.66 
Physics Interest   
I wonder about how physics works 0.70 
I find physics† 0.81 
I want to know everything I can about physics 0.76 
I am curious about recent discoveries in physics 0.71 
Physics Perceived Recognition   
My family sees me as a physics person 0.91 
My friends see me as a physics person 0.91 
My physics instructor and/or TA sees me as a physics person 0.68 
Physics Belonging   
I feel like I belong in this class 0.80 
I feel like an outsider in this class 0.68 
I feel comfortable in this class 0.85 
I feel like I can be myself in this class 0.69 
Sometimes I worry I do not belong in this class 0.61 
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Physics Peer Interaction 
My experiences and interactions with other students in this class…   
Made me feel more relaxed about learning physics 0.75 
Increased my confidence in my ability to do physics 0.95 
Increased my confidence that I can succeed in physics 0.94 
Increased my confidence in my ability to handle difficult physics problems 0.85 

† the rating scale for this question was very boring, boring, interesting, very interesting. 
 

Zero-order pair-wise Pearson correlations are given in Table 2. These Pearson’s r values signify 
the strength of pairwise relationships between variables. The inter-correlations vary in strength, but 
none of the correlations are so high that the constructs cannot be separately examined. The only high 
inter-correlations were between post-interest in physics 1 and post-interest in Physics 2 (0.89) and 
between physics identity in physics 2 and perceived recognition in physics 2 (0.82). Prior research has 
shown there is a high correlation in interest throughout the introductory physics classes (Kalender et 
al., 2017; Marshman et al., 2018). Perceived recognition questions ask about external identity, whereas 
physics identity asks about internal identity so there tends to be a high correlation between these 
constructs. Both correlations are low enough that they should be separate constructs.  
 
Table 2  
 
Pearson inter-correlations are given between all the predictors and outcomes. All p-values are < 0.001. 
 

Pearson Correlation Coefficient  

Observed Variable  1 2 3 4 5 6 
 
7 8 

1. Post Self-Efficacy in physics 1 -- -- -- -- -- -- -- -- 
2. Post Interest in physics 1 0.58 -- -- -- -- -- -- -- 
3. Perceived Recognition in Physics 2 0.39 0.51 -- -- -- -- -- -- 
4. Peer Interaction in physics 2 0.36 0.28 0.36 -- -- -- -- -- 
5. Belonging in physics 2 0.53 0.38 0.45 0.62 -- -- -- -- 
6. Post Self-Efficacy in physics 2 0.72 0.46 0.58 0.67 0.79 -- -- -- 
7. Post Interest in physics 2 0.45 0.89 0.58 0.39 0.47 0.60 -- -- 
8. Physics Identity in physics 2 0.46 0.52 0.82 0.37 0.45 0.58 0.57 -- 

 
Analysis 

 
Initially, we compared female and male students’ mean scores of the predictors and 

outcomes for statistical significance using t-tests and for the effect size using Cohen’s d (Cohen, 
2013). Cohen’s d is 𝑑 = (𝜇! − 𝜇") 𝜎#$$%&'⁄ , where 𝜇! is the average score of male students, 𝜇" is 
the average score of female students, and𝜎#$$%&' is the pooled standard deviation for all students. In 
general, d  = 0.20 indicates a small effect size, d  = 0.50 indicates a medium effect size, and d = 0.80 
indicates a large effect size (Cohen, 2013).  

To quantify the statistical significance and relative strength of our framework’s path links, we 
used Structural Equation Modeling (SEM) as a statistical tool by using R (lavaan package) with a 
maximum likelihood estimation method (Team, 2013). SEM is a statistical method comprising two 
parts that are completed together; a measurement part that consists of CFA and a structural part that 
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consists of path analysis. Path analysis can be considered an extension of multiple regression analysis, 
but it allows one to conduct several multiple regressions simultaneously between variables in one 
estimation model and allows us to predict multiple outcomes simultaneously. SEM also allows us to 
calculate the overall goodness of fit and for all estimates to be standardized simultaneously so there 
can be a direct comparison between different structural components. Thus, we can test more 
complicated models than we would with multiple regression analysis. A full SEM model combines 
this path analysis with CFA, allowing researchers to test the validity of their constructs (using CFA) 
and the connections between these constructs (using path analysis) in a single model with a single set 
of fit indices. We report the model fit for SEM by using the Comparative Fit Index (CFI), Tucker-
Lewis Index (TLI), Root Mean Square Error of Approximation (RMSEA), and Standardized Root 
Mean Square Residuals (SRMR). Commonly used thresholds for the goodness of fit are: CFI and TLI 
> 0.90, and RMSEA and SRMR < 0.08 (MacCallum et al., 1996).  

Initially, we performed gender moderation analysis by conducting multi-group SEM, i.e., the 
model estimates were performed separately for men and women to check whether any of the relations 
between variables show differences across gender by using “lavaan” [56]. In particular, our moderation 
analysis was similar to our mediation model in Fig. 1 but there was no link from gender, instead, multi-
group SEM was performed separately for women and men simultaneously. 

To explain what moderation analysis means, we start with a simple moderation analysis 
example. In a simple moderation analysis involving the predictive relation between only two variables, 
the predictive relationship (the regression path) between those two variables is tested for two or more 
different groups (e.g., men and women) simultaneously. If the predictive relationship is different for 
the groups (i.e., the values of the regression coefficients (β) are not the same for the correlation 
between the two constructs for different groups), then there is a moderation effect in the model. For 
example, in a study focusing on how smoking predicts lung cancer, if there was a moderation effect 
by gender, the predictive relation (regression coefficient) between smoking and lung cancer would be 
different for women and men. However, if the regression coefficients for how smoking predicts lung 
cancer were the same for women and men, then there is no moderation by gender and one can just 
focus on mediation analysis by gender (in other words, we need not separately calculate the regression 
coefficients for women and men since they are equal, and we can introduce gender as an additional 
categorical variable in the model to do mediation by gender).  

When the model is more complex than the preceding example of smoking and lung cancer as 
in our SEM model (which has a measurement part involving CFA and a structural part involving path 
analysis), checking to make sure there are no gender moderation effects involves checking that there 
are no gender moderation effects for both the measurement and structural parts. For the measurement 
part, to check for measurement invariance in each step of gender moderation analysis, we fixed 
different elements of the measurement part of the model to equality across gender and compared the 
results to the previous step when they were allowed to vary between groups (i.e., for women and men) 
separately using the Likelihood Ratio Test (Tomarken & Waller, 2005). A  non-significant p-value at 
each step indicates that the fit of this model is not appreciably worse than that of the model in the 
previous step, so the more restrictive invariance hypothesis (when the parameters are set to the same 
values for women and men) is retained. Therefore, setting those different elements of the 
measurement part of the model to equality across gender is valid, which means that estimates are not 
statistically significantly different across groups (i.e., women and men). 

First, we tested for weak measurement invariance, which determines if survey items have 
similar factor loadings for men and women. We compared two models, one in which the factor 
loadings (which represent the correlation between each item and its corresponding construct) for 
women and men were predicted independently, and the other in which the factor loadings were forced 
to be equal between the groups (i.e., for women and men). Next, we tested for strong measurement 
invariance, which determines if survey items have similar factor loadings as well as similar intercepts 
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(which represent the expected value of an observed variable when its associated latent variable is equal 
to zero) for men and women. Similar to weak invariance testing, we compared the models in which 
these factors were allowed to vary between groups separately for women and men and when they were 
set equal for women and men. If measurement invariance passes the weak and strong invariance test, 
i.e., there is no statistically significant difference between models when those parameters for women 
and men are set equal, then we must check for differences in the path analysis part, i.e., regression 
coefficients (β) among different latent variables in the model between women and men. This is because 
differences between the groups could occur at the factor (latent variable) level in regression 
coefficients (β). 

Similar to weak and strong measurement invariance for the measurement part, when testing the 
moderation effect in path analysis, the predictive relationship (regression path) between two variables 
is tested for the two groups (e.g., women and men) simultaneously. If the predictive relationship is 
different for the groups (i.e., the values of the regression coefficients (β) are not the same for the 
predictive relationship between the two constructs for women and men), then there is a gender 
moderation effect in the model. If moderation does not show differences by gender in any of these 
steps (measurement invariance holds and testing for regression coefficients shows that they can be set 
equal for women and men), we can utilize a gender mediation model (see Fig. 1). In other words, we 
can interpret our model the same way for both men and women, and any gender differences can be 
modeled using a separate gender variable.  

In our multi-group SEM model, we found a non-significant p-value in each step, and thus 
measurement invariance holds and the regression coefficients for women and men can be set equal, 
i.e., there are no moderation effects by gender (for men and women) in our models. Thus, we 
concluded that our SEM model can be interpreted similarly for men and women and we can use 
gender mediation analysis (instead of doing moderation by gender). Therefore, we tested the 
theoretical model in mediation analysis, using gender as a variable (1 for male and 0 for female) directly 
predicting items to examine the resulting structural paths between constructs (a schematic 
representation of the path analysis for the gender mediation model is shown in Fig. 1). In the 
mediation analysis, if there are paths from gender to any of the constructs as we found in our results 
(Figs. 2 and 3) discussed in the next section, it implies that women and men did not have the same 
average value for those constructs controlling for all constructs to the left. However, it is important 
to note that all of the item factor loadings and regression coefficients between the constructs are the 
same for women and men (as found from the gender moderation analysis which preceded the 
mediation analysis). 

Results and Discussion 
 
Gender Differences in Predictors and Outcomes 

 
We find statistically significant differences in all predictors and outcomes in favor of male 

students (Table 3). This pattern is similar to what we find in calculus-based physics courses (Kalender 
et al., 2019) by the end of physics 2 even though in our investigation, women are the majority in the 
algebra-based courses for bioscience majors (62%). Since a student’s physics self-efficacy, interest, and 
identity can impact not only their performance in that course but also impact students’ future career 
plans, more should be done in the physics classroom to eliminate the gender gap in these motivational 
factors by creating an equitable and inclusive learning environment.  
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Table 3  
 
Mean predictor and outcome values by gender and effect sizes (Cohen's d) by gender. The p-values are indicated by no 
superscript for p < 0.001 and superscript “a” for p = 0.001.  
 

Predictors and Outcomes (Score Range) 
Mean 

Cohen's d Male Female 
Post Self-Efficacy in physics 1 (1-4) 2.98 2.73 0.49 
Post Interest in physics 1 (1-4) 2.81 2.38 0.71 
Perceived Recognition in physics 2 (1-4) 2.24 1.98 0.39 
Peer Interaction in physics 2 (1-4) 2.94 2.79 0.24a 

Belonging in physics 2 (1-5) 3.69 3.45 0.28 
Post Self-Efficacy in physics 2 (1-4) 2.94 2.73 0.40 
Post Interest in physics 2 (1-4) 2.77 2.32 0.73 
Physics Identity in physics 2 (1-4) 2.19 1.85 0.45 

 
SEM Path Model 

 
We initially tested moderation analysis between variables using multi-group SEM between 

female and male students to investigate if any of the relationships between the variables were different 
across gender. There were no group differences between female and male students at the level of 
weak, and strong measurement invariance at the level of regression coefficients, so we proceeded to 
mediation analysis. 

Then we used mediation analysis to investigate the extent to which gender differences in 
students’ outcomes at the end of the introductory physics courses (self-efficacy, interest, and physics 
identity) were mediated by differences in students’ initial self-efficacy, interest, and perception of the 
inclusiveness of the learning environment of the course.   

Model 1 
 

In Model 1 (Fig. 2), the students’ perceived recognition, peer interaction, and sense of 
belonging were part of the learning environment in the class that mediated student outcomes. The 
model fit indices indicate a good fit to the data: CFI = 0.937, TLI = 0.929, RMSEA = 0.051, SRMR 
= 0.047. In this model, we found no direct effects from the gender on any of the student outcomes: 
self-efficacy, interest, and identity in physics 2. We found that gender only had direct connections to 
self-efficacy (b = 0.27) and interest (b = 0.37) in physics 1. To expand further, the statistically 
significant path from gender to self-efficacy in physics 1 means that men are predicted to have higher 
mean values in their self-efficacy than women. The reason that there is no direct path from gender to 
students' identity in physics 2 is that the gender differences in students’ physics identity (Table 3) are 
statistically non-significant when controlling for the other constructs in the model. 

In this model self-efficacy, interest, and perceived recognition influence physics identity at the 
end of physics 2 directly, with perceived recognition having the largest direct effect (b = 0.70). This is 
consistent with past models in calculus-based physics courses (Hazari et al., 2010; Kalender et al., 
2019). In addition, the total indirect path for physics identity was found by adding all of the indirect 
paths together. For example, there are two indirect paths from peer interaction to identity. The first 
path goes from peer interaction ® self-efficacy physics 2 ®to identity (0.26*0.13 = 0.03). The second 
path goes from peer interaction ®interest physics 2 ®to identity (0.15*0.10 = 0.02). So the total 
indirect path from peer interaction to identity is 0.03 + 0.02 = 0.05. Additionally, identity has a total 
indirect path from belonging of 0.02 and a total indirect effect from perceived recognition of 0.03. 
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Women may have negative experiences in perceived recognition from instructors and TAs. In Table 
3, we observe that both women and men have a mean recognition below the positive threshold (score 
of 3). Furthermore, women also have lower scores in identity than men.  

Interest in physics 2 has the largest direct from an interest in physics 1 (b = 0.79) with smaller 
direct effects from peer interaction (b = 0.15) and perceived recognition (b = 0.12). Although interest 
in physics 2 is mainly correlated with interest in physics 1, it does not mean that interest can not be 
changed throughout these courses. Instructors may be able to positively influence students’ peer 
interaction and perceived recognition, which predict students’ interest in physics at the end of the 
course. One possibility to improve students’ interest in physics is to provide more problems in class 
that relate to students’ interests and career paths. 

 Self-efficacy in physics 2 has direct effects from self-efficacy in physics 1 (b = 0.38), belonging 
(b = 0.34), peer interaction (b = 0.26), and a small effect from perceived recognition (b = 0.17). Self-
efficacy is important for students’ persistence in class and future careers. Since the learning 
environment can influence students’ self-efficacy, it is important for an instructor to try and improve 
student belonging, peer interaction, and perceived recognition.  

While many studies have investigated gender differences in students’ self-efficacy, interest, and 
identity in introductory physics courses where women are underrepresented (Hazari et al., 2010; 
Kalender et al., 2019), most have not taken into account the factors in the student’s perception of the 
inclusiveness of their learning environment. From the model, we find that students’ perceived 
recognition directly predicts students' identity, self-efficacy, and interest at the end of the physics 2 
courses. Additionally, students’ belonging and peer interaction directly predict students' self-efficacy 
and interest while indirectly predicting students’ identity. Thus instructors may be able to improve this 
perception of the inclusiveness of the learning environment factors in the classroom that predict 
student motivational outcomes. 
 
Figure 2  
 
Result of the path analysis part of the SEM showing mediation between gender and motivational outcomes in physics 
through various mediating factors. The line thickness is a qualitative measure of the relative magnitude of b values. 
All p-values are indicated by no superscript for p <0.001 and superscript “a” for p = 0.003. 
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Adding in High School Factors 
 

We also analyzed a model to investigate if additional aspects of student motivational outcomes 
can be explained by their prior high school academic measures provided during college admissions. 
In this model visually represented in (Fig. 3), we added students’ SAT math scores and high school 
GPA as control factors. Gender has a small direct effect on both SAT Math (b = 0.15), and high 
school GPA (b = -0.11), which means women have a slightly higher high school GPA than men while 
men have a slightly higher SAT Math score than women. SAT Math only has a direct effect on self-
efficacy in physics 1 (b = 0.23) whereas high school GPA only has a small direct effect on belonging 
in physics 2 (b = 0.10). Almost all other direct effects (and indirect effects) stayed the same from the 
first model with some minor changes in the value of the direct effect (for instance, the line from self-
efficacy in physics 1 ® perceived recognition went from 0.24 in the first model to 0.22 in this model). 
Thus, we conclude that these additional academic factors do not have a significant influence on 
student motivational outcomes. We can analyze it more clearly when we look at the variance explained 
in each outcome (Table 4).  
 
Figure 3  
 
Result of the path analysis part of the SEM showing mediation between gender and motivational outcomes in physics 
through various mediating factors. The line thickness is the relative magnitude of b values. All p-values are indicated 
by no superscript for p < 0.001, superscript “a” for p = 0.002, and superscript “b” for p = 0.003. 
 

 
 
Variance explained by the models 

 
After constructing the models, we calculated the coefficient of determination (adjusted R2), 

which allows us to analyze the proportion of variance explained by each factor (Table 4). This allows 
us to analyze if adding additional academic outcomes explains more variance in the student outcomes 
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for self-efficacy, interest, and identity in physics 2. We found that adding high school factors explained 
the same amount of variance in post-self-efficacy in physics 1 (from 0.06 to 0.11), perceived 
recognition (0.26 to 0.27), and belonging (0.29 to 0.31). It did not explain any more of the variance in 
any of the student outcomes (self-efficacy, interest, or identity in physics 2). This is important since 
these motivational factors could not only influence students’ performance in the course but also their 
future career choices. Since high school academic measures don’t predict student motivational 
outcomes, the learning environment factors that instructors can influence are central in predicting the 
outcomes.  

 
Table 4  
 
Adjusted coefficients of determination (Adjusted R2) for all variables in the two models on the impact of the learning 
environment. Model 1 is from part an above and the other model (+ H.S. Factors) is from part b above. H.S. refers 
to high school. All p-values are < 0.001 
 

Variable 
Adjusted R2 

 Model 1 + H.S. Factors 
High School GPA - 0.00 
SAT Math - 0.01 
Post Self-Efficacy in physics 1 0.06 0.11 
Post Interest in physics 1 0.12 0.12 
Perceived Recognition in Physics 2 0.26 0.27 
Peer Interaction in physics 2 0.12 0.13 
Belonging in physics 2 0.29 0.31 
Post Self-Efficacy in physics 2 0.82 0.82 
Post Interest in physics 2 0.82 0.82 
Physics Identity in physics 2 0.69 0.69 

   
Implications and Future Directions 

 
In this research involving both descriptive and inferential quantitative analyses, we find gender 

gaps in physics motivational beliefs disadvantaging women in mandatory introductory physics courses 
for bioscience majors in which women are not outnumbered by men, similar to what has been found 
earlier in introductory calculus-based courses in which women are severely underrepresented (Hazari 
et al., 2010; Kalender et al., 2019). Our SEM models show that perception of the inclusiveness of the 
learning environment factors (perceived recognition, peer interaction, and belonging) are important 
to help explain student outcomes of physics self-efficacy, interest, and identity at the end of physics 
2. Instructors can influence these learning environment factors to help improve the experiences of 
women in their classes. These factors influence each other as well, so if an instructor can improve 
students’ peer interaction, possibly by allowing students to work in groups during class such that there 
is positive interdependence, it could influence students’ sense of belonging as well. Thus, if instructors 
can provide support for the factors they can control, they have the potential to change student 
outcomes for the better and make their classrooms more equitable and inclusive in the process.  

The motivational belief gaps may at least partly be due to physics instructors and teaching 
assistants unwittingly reinforcing gender stereotypes about physics and communicating lower 
expectations for women. They must recognize that what is important is not what their intentions are 
but the impact they are having on the students. Therefore, professors, instructors, and TAs need to 
create a learning environment that emphasizes recognizing their students positively, allowing for 
positive peer interactions, and providing a space where all students can feel like they belong in physics. 
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From our results, each of these factors plays an important role in predicting students’ self-efficacy, 
interest, and identity in physics. We note that the learning environment does not only consist of what 
happens in the classroom. Student interactions with each other while their doing homework, students’ 
experiences in an instructor or TA’s office hours, interactions between students and the instructor 
over email, and other circumstances all contribute to students’ learning environment. All of those 
interactions can affect students’ identity, self-efficacy, and interest in physics by the end of the 
semester.  

There are a variety of ways that TAs/instructors can improve student interactions and the 
learning environment in the courses. Instructors can influence students’ peer interaction with each 
other by providing time for the students to work together in class and making sure all voices are heard 
equally when discussing problems as a whole group. One strategy physics instructors can use to 
encourage equal contribution in group work is to assign each student a role that rotates throughout 
the course. It is also important for instructors to emphasize that struggling is normal during the 
learning process, and it is the stepping-stone to learning new things. Therefore, students should 
embrace their struggles. Additionally, short interventions, e.g., sense of belonging and mindset 
interventions, have been shown to eliminate gender performance gaps (Kalender et al., 2020; Walton 
et al., 2015) and have lasting effects beyond the class in which they are implemented (Yeager & Walton, 
2011).  

The courses in this study were traditionally taught lecture-based courses. It would be important 
to investigate these models in evidence-based active-engagement courses (e.g., studio courses). In the 
future, it will also be useful to investigate other student outcomes, e.g., whether students’ perceptions 
of their peer interaction depend on the groups they were interacting with (same-sex groups vs mixed 
groups vs working alone) and how different evidence-based active engagement classes affect these 
findings.  
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