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ABSTRACT
Teachers play an important role in student learning. When teachers are assigned

to teach outside their expertise, it can prove challenging for them. This dissertation is a step
towards understanding how different out-of-field conditions impact science teachers. The first
study of the dissertation aims at understanding the development of enacted pedagogical content
knowledge (ePCK) of early career teachers teaching out-of-field in their instructional area. The
study participants are 17 teachers teaching physical science as a part or all of their teaching
assignments during the first three years of their teaching career. Data for this study were
collected in the form of classroom observations and semi-structured interviews. The findings
from this study indicate that teachers teaching out-of-field show less developed ePCK and show
more inconsistencies in their PCK than their in-field counterparts. This study highlights that
OOF teachers do not build their instructional practices at the same rate as their in-field
counterparts and the need to support teachers teaching outside their expertise. In thinking about
supporting science teachers, the second study focuses on being OOF in the area of context. This
study is focused on understanding the shifts in the knowledge, practices, and attributes of science

coordinators and the resources they draw upon in supporting science teachers during the



pandemic. The participants in this study are 15 science coordinators from ten countries. The data
for this study consists of semi-structured interviews and follow-up interviews if needed. This
study uses the concepts of organizational resources and capital as the framework to understand
the experiences of school science coordinators. This study indicates an increase in technology
(that was essential for the shift), collaboration, creativity, and interpersonal skills. The majority
of the practices and attributes that were important during the pandemic were related to working
with people (soft skills). SCs’ knowledge, practices, and attributes translated as supports in the
form of social and material resources and likely human resources available to the teachers. This
study highlights how science coordinators can support teachers as they are out-of-field in their
instructional context.
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CHAPTER 1
INTRODUCTION

“The quality of an education system cannot exceed the quality of its teachers and their
work” (Schleicher, 2011, p. 1). Teachers play an essential role in improving and maintaining
teaching and learning as they implement research-based curriculum and instructional strategies.
Research indicates that gaps in teacher quality can influence student achievement (Berry et al.,
2009; Darling-Hammond, 2000; Stronge, 2013). Consequently, compromising teacher quality
would have a direct influence on student achievement. Teacher quality includes the knowledge,
skills, abilities, and dispositions of teachers to work with others and support the learning and
success of all students (Mitchell et al., 2001). Teachers are required to have a deep knowledge of
the content they teach (Mitchell et al., 2001) and knowledge of pedagogy and context.

Several conditions can lead to teachers teaching outside their expertise. One condition is
when there is a mismatch between the certification and qualification of a teacher, and their
teaching assignment, also called out-of-field (OOF) teaching (Ingersoll, 1998). In addition,
teachers may be outside their expertise when teaching specific topics within their subject area
they may not have expertise in. When teachers find themselves in new instructional settings, this
can also result in them being outside of their expertise. Recently, the COVID-19 pandemic has
resulted in teachers working in an online setting in which they are unfamiliar with the tools,
processes, and procedures.

When teachers are assigned to teach outside their expertise, there are many ways in

which their instruction is compromised. Napier et al. (2020) found that OOF teachers struggle



with selecting appropriate instructional activities, enacting the content, and ensuring proper
laboratory techniques and safety. OOF teachers may misrepresent the content, or they may not
select the best representation. (Du Plessis, 2015) observed OOF teachers struggle in responding
to their students as they likely lacked the confidence to engage students in challenging subject
matter, avoided in-depth discussions, and occasionally provided students with incorrect
feedback. Similar observations were made by Sanders et al. (1993), who looked at the classroom
practices of three experienced teachers. When teaching OOF, the teachers relied more on teacher
talk, textbooks and occasionally made errors. In addition, they tended to focus on the middle
group in the classroom, thereby ignoring the needs of the high achieving students and those with
special needs.

Being out-of-field in an instructional setting is, unfortunately, a frequent event in
classrooms. The Teaching and Learning International Survey (TALIS) reported that students half
of the teachers in the Organization for Economic Co-operation and Development (OECD)
countries do not use technology frequently or always for project work and classwork (Schleicher,
2020). In science education, research indicates that teachers may not use digital technologies in
classroom practices towards developing high-level thinking and reasoning skills (Rodrigues,
2006). Teachers may lack the confidence and competence to use ICT in instruction. Fear of
failure may make teachers anxious and adversely influence their confidence and motivation to
use ICT for instruction (Balanskat et al., 2006; Beggs, 2000; Osborne & Hennessy, 2003).

This study constitutes two manuscripts that depict different aspects of being out-of-field.
The first manuscript focuses on how the content knowledge of a teacher impacts his or her
instruction. Especially, this study looks at the development of enacted Pedagogical Content

Knowledge (ePCK) among early-career physical science teachers inside and outside their



specialization. The second manuscript reports on the experiences of science coordinators, who
are supporting science teachers who were moved to an online environment during the COVID-19
pandemic. Together the two studies add to the scholarship on the impact of out-of-field teaching
of science teachers.

Background About Teachers Teaching Outside Their Expertise

Teaching assignments are demanding when they do not align with teachers’ expertise.
One such situation can be the challenge of teaching content of which they do not have adequate
knowledge. The mismatch between the subject to be taught by a teacher and their specialization
or certification is called out-of-field (OOF) teaching (Ingersoll, 1998) or teaching across
specializations (TAS) (Hobbs & Torner, 2014). OOF teaching has been identified as a concern
from countries worldwide, including the U.S., Australia, South Africa, United Kingdom, Ireland,
Turkey, and Korea.

In the U.S., approximately 54.6% of middle-grade students and 21.3% of high school
students in public schools are taught science by teachers outside of their expertise (Rahman et
al., 2017). Shah et al. (2019) found that 69% of physics teachers, 59% of chemistry teachers, and
43% of biology teachers teach these subjects without either a major/minor or certification, or
both major/minor and certification in the assigned subject. However, the true extent of OOF
teaching is masked by the absence of consistency in defining and reporting OOF teaching among
states. Varying criteria within the definition of OOF teaching include teachers lacking adequate
certification in the assigned subject area, number of credit hours in the content area, and the
amount of instructional time spent teaching OOF in a day (U.S. Department of Education,

2018).

OOF teaching is an equity issue. Less qualified and OOF teachers are more likely to



teach low-income schools than high-income schools, and more in rural and urban schools than in
suburban schools (Ingersoll & Curran, 2004; Ingersoll, 1998; Nixon et al., 2017; Qin & Bowen,
2019). Teachers placed in small rural districts could face additional problems due to isolation
from other teachers of the subject, expert teachers, and limited PD opportunities (Riordéin et al.,
2019). These schools have a few science teachers who may be responsible for teaching all
science subjects. They may teach a combination of subjects and grades, with the assignments

changing from year to year.

Despite the significant presence of OOF teaching, very little research exists on the issue
(Hobbs & Torner, 2019). Across the research that does exist, OOF teaching is known to
influence both teachers and students adversely. OOF teachers have reported feelings of low self-
efficacy, powerlessness, low self-confidence in their ability to fulfill assigned roles, lack of
satisfaction in achieving student outcomes, high rates of workplace fatigue, and influences their
science teacher identity (Du Plessis et al., 2015; Du Plessis, 2015; Du Plessis et al., 2017;
Fitchett et al., 2019; Hobbs, 2013). When teachers experience these areas, it negatively
influences their perceptions of themselves and their ability and effectiveness as teachers (Steyn
& Du Plessis, 2007). One such OOF teacher reported, “Actually, we are out-of-field, out of

everything, out of confidence...” (Du Plessis et al., 2017, p. 150).

Variations in teaching assignments can also adversely influence teachers and students.
There can be changes in a teacher's responsibility, such as changing grade levels, changing OOF
assignments from year to year, or changing syllabus. Changes in the work environment can be
associated with declining enjoyment and confidence of OOF teachers (Du Plessis et al., 2019)
and renovicing experienced teachers (Blazar, 2015; Sanders et al., 1993). When teachers are

assigned temporary subjects without confirming if they would be teaching the same subject the
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following year, it puts the teachers' in transit' (Du Plessis et al., 2015, p. 6). Grade level
reassignments or 'within school churn' are well documented in elementary education (Baker &
Boruch, 2015; Blazar, 2015). These teachers find themselves underprepared in the same manner
as OOF teachers at the secondary level. Variations in OOF teaching assignments have the
potential to impact the measure of OOF teaching (Ingersoll, 2019), classroom instructional
practices of the teachers (Du Plessis et al., 2015; Sanders et al., 1993), and the support
mechanisms that help OOF teachers adapt to the new field (Hobbs, 2013). These could prevent
teachers from developing the required knowledge and practices.

Another challenge faced by OOF teachers includes the non-availability of professional
development (PD) opportunities tailored to OOF teachers' needs (Faulkner et al., 2019). PD
implemented for OOF teachers may be specifically designed for them or may be general to all
teachers. PD programs for in-field teachers may not be suitable for OOF teachers since their
requirements are different from their in-field counterparts (Faulkner et al., 2019). Support in the
form of PD programs and working with teams of teachers are successful in helping OOF teachers
adapt to their new field (Hobbs, 2012). In-service professional development programs (Ogodo,
2019; Vale, 2010), alternate teaching arrangements including sharing of expertise by teachers at
other schools, participation in cross marking assignments (Hobbs, 2012), in-service content
courses (Crisan & Rodd, 2017), and a collaborative learning environment (Beswick et al., 2016)
have helped support OOF teachers in various ways.

OOF teaching is problematic because it has the potential to inhibit high-quality science
teaching and ultimately influence student learning. In their synthesis of research, (Wayne &
Youngs, 2003) found that subject specialist knowledge and teacher certification were

significantly associated with higher student achievement. When teachers were OOF, their



students did not perform as well. Similarly, Darling-Hammond (2000), Dee and Cohodes (2008),
and Goldhaber and Brewer (2000) found that students assigned to in-field teachers performed
better than those assigned to their OOF counterparts. These studies used different approaches to
reveal the importance of subject qualifications and student learning. Darling-Hammond (2000)
used data from School and Staffing Surveys (SASS) and the National Assessment of Educational
Progress (NAEP), while Dee and Cohodes (2008) used matched pair data to explore how the
same set of students performed when assigned to two teachers with different subject
qualifications.

The recognition of this problem has been noted by U.S. policymakers and resulted in
standards for highly qualified teachers through the No Child Left Behind (NCLB) act of 2001
and the Every Child Succeeds Act (ESSA) of 2015. ESSA requires that low-income and minority
students are not served disproportionately by inexperienced, ineffective, or OOF teachers (U.S.
Department of Education, 2017). States are required to document the occurrence of OOF
teaching and ensure equal access of quality teachers to all students. The ESSA gives states
flexibility in defining and reporting OOF teaching according to their own needs. As a result,
there is no consistency in the way states define and report OOF teaching. Unfortunately,
teachers continue to experience OOF teaching in various contexts because of loopholes in the
policy.

Teaching Outside Their Expertise During the COVID-19 Pandemic

Another challenging situation that requires teachers to teach outside their expertise has
been experienced during the COVID-19 pandemic. Due to the physical closing of schools,
teachers worldwide have shifted instruction to various forms of distance learning. Distance

learning involves providing access to learning when the teacher and learner are separated by



space and time (Moore et al., 2011). It may involve using print-based learning material,
broadcasting radio, television programs, or through web-based platforms using social media or
learning management systems (UNESCO, 2020b). As of March 2020, 191 countries have closed
educational institutions countrywide. Since February 2020, this has left almost 1.58 billion
learners out of educational institutions at some time. This figure represents almost 91.3% of the
world’s enrolled student population. Sixty-three million teachers at the elementary and secondary
levels have been affected worldwide (UNESCO, 2020a).

The sudden shift in instruction from a well-structured school system to distance learning
can be challenging for many teachers. Teachers who made this quick transition may not have had
sufficient knowledge of the pedagogy of teaching science using technology or other forms of
distance learning. The immediate and unforeseen shift gave them little time to acquire or upgrade
their information and communication technologies (ICT) skills. The term ICT refers to the range
of hardware, software applications, and information systems (Park et al., 2009). Schools had
little time to prepare teachers for this unprecedented and swift transition in the format of teaching
and learning. Teachers shifted from integrating some use of technology in classroom science
instruction to entirely planning, implementing, and assessing instruction using distance learning.
Some teachers may be skilled in using computer-based technologies for teaching and learning,
making the transition to online learning relatively easy. For other teachers, this may pose a
difficult challenge (Winzenried et al., 2010).

The effectiveness of distance learning depends on various aspects of the preparedness of
teachers, schools, and students. Technological readiness includes the capacity of the schools to
provide content remotely to the students, which they should be able to access from their homes.

This access can be through online digital learning platforms or radio and television. Content



readiness includes the readiness of teachers to create curricular content. Many schools lack the
resources and local expertise to create readily available content for students for distance learning.
Pedagogical readiness indicates the readiness of teachers to design and facilitate online and
radio/television-based instruction (UNESCO, 2020b). However, many teachers do not have the
requisite training and preparation for this. Monitoring and evaluation readiness include the
capacities of the teacher to monitor distance student learning, keep track of student access to
instruction, student engagement, the progress of students, and evaluate student learning
(UNESCO, 2020b).

School leaders play an important role in supporting and improving science teachers'
regular implementation of teaching and learning in K-12 schools. They create an environment
that helps teachers implement change, consequently influencing student achievement (Banilower
et al., 2007; Desimone, 2009; Guskey, 2002). The success of teachers in adapting new and
reform-based modes of instruction depends largely on the support they receive from school
leaders. Science coordinators at the school and the district level influence the teachers'
instructional practices by providing subject-specific day-to-day support and PD for the teachers
(Whitworth & Chiu, 2015). Their role becomes even more valuable in the present day health
crisis of the COVID-19 pandemic as they help support school science teachers to adopt, adapt to,
and succeed in teaching in a new format of instruction.

The shift in instruction format from in-person to online instruction during the pandemic
has been abrupt and unplanned. In order to ensure continuity of education, many schools have
rushed to adopt online instruction. This shift has taken place with minimum resources and time
available to the teachers. With the change in methods and modes of delivery of instruction,

teachers’ needs have changed rapidly. We know that effective online teaching is a consequence



of careful instructional design and planning. Well-designed online education provides agency,
flexibility, responsibility, and choice to the learners. It provides the learners with an alternative
and flexible option for learning (Bozkurt & Sharma, 2020). This careful design process may be
missing when instruction shifts online without adequate preparation.

OOF Teaching in Science

The Next Generation of Science Standards (NGSS) (Lead States, 2013) emphasizes the
combination of science, technology, engineering, and mathematics into STEM and STEAM
(including art) instruction that provides a multi and interdisciplinary approach to learning. The
standards emphasize that high-quality STEM education should be available to all students.
Teachers are expected to adopt reform-based science and engineering practices in their
instruction and use STEM concepts to identify and solve complex problems.

Unfortunately, new and many science teachers may not have the expertise or sufficient
training to implement aspects of the standards. One area pertains to the three dimensional
instruction, and another area pertains to the integration of mathematics or engineering with
science (Freeman et al., 2017). For example, in California, implementing the new standards that
emphasize three dimensional learning is found to be uneven. About a quarter of the districts have
reported a shortage of teachers credentialed to teach the NGSS. Most teachers are not well-
prepared to teach the new standards as they face training gaps (Gao et al., 2018). NGSS
advocates teaching STEM subjects in an integrated way in the context of the real world.
Engineering is an implicit part of the NGSS, with different aspects of engineering represented in
the three dimensions of the framework (Lead States, 2013). For many K-12 teachers, engineering
as content and pedagogy is a new idea. Most teachers do not have adequate training in

engineering and feel unprepared to teach it (Brophy et al., 2008; Haag & Megowan, 2015; Purzer



et al., 2014). The lack of adequate content knowledge and pedagogical knowledge can likely
make teachers OOF. Teaching science subjects OOF can influence the use of science and
engineering practices since these practices may look different in different subjects. For example,
modeling in physics may be used in a predictive way, unlike in biology, where it may be used in
a descriptive way (Krell et al., 2015).
OOF Teaching as an Equity Issue

OOF teaching has a differential impact, with low-income and diverse students
experiencing greater numbers of teachers who are not qualified in their instructional areas.
(Ingersoll, 2001; Ingersoll, 2019) concludes that OOF teaching frequently occurs in schools and
fields that suffer from teacher shortages. There is a disparity in the distribution of qualified
teachers both within and between schools in the US, resulting in some students experiencing
more OOF teaching than others (Clotfelter et al., 2005; Qin & Bowen, 2019). This disparity has
led to inequality in student achievement (Thiemann, 2018). Less qualified and OOF teachers are
more likely to teach low-income schools than high-income schools, and more in rural and urban
schools than in suburban schools (Ingersoll & Curran, 2004; Ingersoll, 1998; Nixon et al., 2017;
Qin & Bowen, 2019) and more in schools with a larger number of English language learners
(Nixon et al., 2017). Within schools, OOF teachers are more likely to teach classes with a larger
number of low-income students (Clotfelter et al., 2005; Qin & Bowen, 2019). Across schools,
students in middle grades are more likely to be assigned to OOF teachers (Banilower et al., 2007;
Nixon et al., 2017), and within a high school, 9th graders are more likely to be taught by OOF

teachers (Hill & Dalton, 2013).
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Online Learning as an Equity Issue

Online education adopted by schools worldwide has brought the digital divide to the forefront.
Both teachers and students experience this divide. Digital inequality is the difference in material,
cultural, and cognitive resources essential for making good use of ICT (OECD, 2015). Access to
infrastructures like computers, mobile devices, internet connection, and bandwidth are not
available uniformly to learners across communities and countries. For example, in 2018, in
Africa, around 60% of young people did not have access to the internet compared to 4% in
Europe (UNESCO, 2020c). This digital divide is at times more within countries and economies
than between countries. For example, in Mexico, the gap in access to computers between
advantaged and disadvantaged groups was at least 75% (OECD, 2015). In the United States, 5
million households with children in the age group of 6 to 17 did not have a broadband
connection at home (Horrigan, 2015). This created a situation called the homework gap, leaving
these students at a clear disadvantage as high school students cannot complete their homework or
get lower grades (McLaughlin, 2016).

The second digital divide can result from issues of equal opportunities. The term second-
order digital divide refers to non-material resources that influence learners' ability to use ICT
tools to their full advantage (DiMaggio et al., 2004). When teachers experience this type of
digital inequity, it has the potential to translate to their students. The quality of learners' online
experience is influenced by their skill and education level, the type of device used, family
income, gender, and availability of content in regional languages. In addition, the unavailability
of new technologies can cause gaps in experience. We know that ICTs become more universally

available over time, seemingly bridging the divide. However, new tools, technologies, and
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services are primarily available to the socio-economically advantaged populations, reinforcing
their privileges (Hargittai & Hsieh, 2013).
Purpose of the Study

The two studies will be a step towards understanding how beginning OOF teachers
develop their knowledge and practices of teaching science and how they can be supported to
adapt to their changing work environment. We know that OOF teaching is likely to continue in
the near future for various reasons like teacher shortage, high rates of teacher turnover, and
misassignment of teachers. It is essential to understand how beginning teachers develop their
knowledge of teaching.

This study also helps understand the role of school science coordinators in the context of
schools shifting to distance education due to different disasters (e.g., pandemics, natural
disasters). The study will help understand school science coordinators' meaningful and
significant experiences in helping science teachers design and implement instruction using
distance learning during the COVID-19 pandemic. In particular, the study investigates the shift
in the knowledge, practices, and attributes of school science coordinators and the resources they
drew upon as they worked supporting teachers during the pandemic. As schools shift back to
face-to-face instruction post-pandemic, education systems may not be the same as before.
Consequently, the role of school leaders will remain crucial and in flux as they work supporting
science teachers.

Overview of the Study

This dissertation recognizes the importance of understanding and supporting teachers who

work outside their expertise. The qualitative research project explores the potential impact of being

OOF on the development of ePCK of early-career science teachers and the shift in the role of
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science coordinators in supporting science teachers in using a novel format for teaching during the
COVID-19 pandemic. The two studies help understand and identify the variation in beginning
teacher development and ways to support science teachers when they teach outside their expertise.

The first manuscript is titled “The development of ePCK of newly hired in-field and out-
of-field teachers during the first three years of their teaching.” This study is a longitudinal cross-
case study and asks the following question:

How does the ePCK of in-field and OOF physical science teachers develop over the first
three years of their teaching careers?

The study explores the potential impact of teaching outside of one's field of expertise
(out-of-field teaching). The conceptual framing for this study lies in the refined consensus
model. Teachers use ePCK in their practice. It consists of knowledge and skills that guide all
aspects of instruction. ePCK is unique to a particular concept or aspect of the discipline, a
setting, and the students' individual needs (Carlson et al., 2019). The study examines the
development of ePCK of OOF physical science teachers in their first three years of teaching. The
components of PCK investigated include the knowledge and skills related to conceptual teaching
strategies and student understanding of science. The study follows seventeen newly hired
teachers teaching in and outside their field of expertise during the first three years of their
teaching careers. The participating teachers are categorized as varying degrees of in-field and
OOF, depending on their content area background, teaching assignment, and part of the day
spent teaching in or OOF. The data collected includes semi-structured interviews, classroom
observations of the teachers, and artifacts from the classroom like assignments and handouts.
The study's findings show that early career OOF physical science teachers showed less

developed ePCK and displayed more inconsistencies in their ePCK than their in-field

13



counterparts. The findings also reveal a fluctuating ePCK for most in-field and OOF teachers,
expressing the tentative nature of emerging ePCK. This study has implications for school leaders
and those who prepare and support newly hired teachers.

The second manuscript is titled "Experiences of school science coordinators while
supporting teachers during the COVID-19 pandemic: An international study”. This qualitative
study explores school science coordinators' meaningful and significant experiences at the
secondary school level during the COVID-19 pandemic. This study asks the following questions:
1 How did the knowledge, practices, and attributes of science coordinators over the world
before and during the COVID-19 pandemic change as they worked to support teachers?

2 What resources did they draw upon in supporting their teachers? How did this impact
their work?

The participants in the study are science coordinators at the school or district level from
ten countries, including Canada, Chile, Mainland China, India, Kenya, Pakistan, Turkey, United
States, Taiwan, and Vietnam. One or two participants were selected from each country, making a
total of 15 participants. An international context helps understand the situation from a global
perspective. Data are collected in the form of semi-structured interviews and follow-up
interviews if needed. Data were analyzed thematically, using two cycles of coding. The study has
implications for supporting science teachers in the near future as the physical opening of schools
remains uncertain in many parts of the world, in school closures during circumstances like
natural disasters and snow days, and for preparing and supporting science teachers continue to

use their learnings from the pandemic as they shift back to the in-person format.
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Overview of the Chapters

Chapter 2 contains the manuscript titled “The development of ePCK of newly hired in-
field and out-of-field teachers during the first three years of their teaching.” This paper is
published in a special issue titled “Teaching out-of-field: Challenges and possibilities for teacher
education” in the European Journal of Teacher Education (EJTE). The qualitative longitudinal
cross-case study examines the potential impact of teaching out-of-field. It explores the
development of enacted ePCK of teachers teaching in-field and OOF. The study uses the refined
consensus model as the theoretical framework (Carlson et al., 2019). ePCK is the form of PCK
that teachers use in their practice and is visible in the teachers’ planning, teaching, and reflection.
Findings from the study reveal variations in the development of ePCK between in-field and OOF
teachers and the fluctuating nature of ePCK. Finally, Implications of the study are discussed.

Chapter 3 contains the manuscript titled "Experiences of school science coordinators
while supporting teachers during the COVID-19 pandemic: An international study". This paper
is in review for publication in The Journal of Disciplinary and Interdisciplinary Science
Education Research (DISER). The qualitative study aims to understand the shift in school
science coordinators' knowledge, practices, and attributes and the resources they drew upon as
they supported science teachers during the COVID-19 pandemic. Participants of this study
include 15 science coordinators from 10 countries. An international context helps understand the
problem from a global perspective. Findings from the study reveal technology as a knowledge
and practice, practices of collaboration and communication, and creativity and interpersonal
attributes of science coordinators provided social and material resources to teachers during the
pandemic. The majority of the practices and attributes that were important during the pandemic

were related to working with people (soft skills). The implications of the study are discussed.
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Chapter 4 of the dissertation is the concluding chapter, wherein the two studies are
brought together in discussing the contribution to the field, implications of the research, and the

future research plan that stems from the findings of these manuscripts.
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Abstract

This study explores the potential impact of teaching outside of one's field of expertise (out-
of-field teaching). This longitudinal cross-case study examines the development of enacted
pedagogical content knowledge (ePCK) of in-field and out-of-field (OOF) physical science
teachers in their first three years of teaching. The components of PCK investigated include the
knowledge and skills related to conceptual teaching strategies, and student understanding of
science. Seventeen newly hired teachers teaching in and outside their field of expertise participated
in the study. The data collected included semi-structured interviews and classroom observations
of the teachers. The study's findings show that early career OOF physical science teachers
exhibited less developed ePCK and showed more inconsistencies in their ePCK than their in-field
counterparts. The findings also revealed that ePCK fluctuated for most teachers, representing the
tentative nature of emerging ePCK. This study has implications for administrators and those who
prepare and support newly hired teachers.
Keywords: Pedagogical Content Knowledge, Out-of-field teaching, Secondary school teachers,

Beginning teachers, Physical science
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Introduction

The mismatch between a teacher’s area of expertise and teaching assignment is known as
out-of-field (OOF) teaching (Ingersoll 1998). In the United States (US), OOF teaching occurs in
both middle and high schools and across the core academic subjects of English, science,
mathematics, and social studies (Baldi, Warner-Griffin, and Tadler 2015). Approximately 54.6%
of middle-grade students and 21.3% of high school students in the US are taught by teachers who
are outside of their expertise in science (Rahman et al. 2017). These students are often in settings
designated as high-poverty schools, which means a significant number of the students qualify for
free or reduced cost meals. These settings are known for frequent teacher turnover, and as a
result, teachers are often inexperienced and have minimum academic qualifications (Jerald and
Ingersoll 2002; Rahman et al. 2017).

OOF teaching has been shown to influence teachers’ classroom instruction and
experiences. For example, Du Plessis (2015) reported a “dysfunctional learning space” in OOF
teachers’ classrooms. She found that OOF teachers lacked the confidence to engage students in
challenging subject matter and tended to avoid in-depth discussions. Similar observations were
made by Sanders, Borko, and Lockard (1993), who looked at three experienced teachers’
classroom practices in both in-field and OOF conditions. They found that when the teachers were
in-field, they created productive learning environments. Other studies of OOF teachers have
reported feelings of inadequacy, stress, and isolation (Du Plessis et al. 2015; Du Plessis, Carroll,
and Gillies 2017) and susceptibility to high rates of fatigue in the workplace (Fitchett et al.
2019).

One important issue related to OOF teaching is the demand it puts on beginning teachers.

Researchers have identified myriad problems faced by beginning teachers, including isolation
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(Rosenholtz 1989), stress (Fitchett et al. 2019), and the emotions of frustration, uncertainty, and
confusion (Zepeda and Mayers 2001). These problems are compounded when newly hired
teachers are OOF, because they lack both the experience and knowledge to navigate the demands
of teaching. This situation may result in unintended consequences in their development as
teachers.

An important area to consider is a teacher’s pedagogical content knowledge (PCK).
Initially, PCK was a blend of subject matter knowledge (SMK) and pedagogical knowledge (PK)
(Shulman 1987). Over time, the PCK model has evolved to focus on the concepts, topics, or
aspects found in the teaching of a discipline. Within this PCK model is enacted pedagogical
content knowledge (ePCK), which consists of the knowledge and skills utilized by a teacher in a
particular setting to teach a particular topic or aspect of the discipline (Carlson et al., 2019).
Unfortunately, little is known about the ePCK of teachers. The ePCK perspective is important
because it may provide insights into the ways newly hired in-field or OOF teachers build their
instructional knowledge and skills.

To understand the potential influence of OOF teaching on the development of newly
hired teachers’ ePCK, this study followed a group of science teachers during their first 3 years.
The 17 physical science teachers had different in-field or OOF assignments. Qualitative methods
were used to describe the differences and development of their ePCK. This study specifically
asked the question, “How does the ePCK of in-field and OOF physical science teachers change
over the first 3 years of their teaching careers?”

Framing and Literature
The conceptual framing for this study resided in the refined consensus model (RCM),

which has emerged as the prevailing model of PCK (Carlson et al. 2019). This model varies from
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earlier PCK models in identifying three distinct forms of PCK (Carlson et al. 2019). The
collective PCK (cPCK) is the specialized professional knowledge held by a group of educators.
Professional PCK (pPCK) is the personal reservoir of knowledge and skills that a teacher holds,
which the teacher may not reveal. ePCK is what practitioners use in their practice. It consists of
knowledge and skills that guide all aspects of instruction, and it is unique to a particular concept
or aspect of the discipline, a setting, and the students’ individual needs. ePCK is considered to be
at the center of the RCM and takes a practitioner perspective (Carlson et al. 2019).

The situated nature of ePCK means that it is visible in a teacher’s planning, teaching, and
reflection (Carlson et al. 2019). In-the-moment plan-teach-reflect episodes result in teachers
generating new ePCK, which comes from their reservoir of pPCK. These two knowledge bases
influence each other, as one is the enactment and the other is the supporting background. Often,
ePCK is tacit and explicit for the teacher. As support, pPCK has strong, weak, or emerging
connections to ePCK.

Within the RCM, there are five components for measuring science teachers’ PCK. Of
these, two were essential in this study when examining the ePCK held by teachers. The first,
knowledge and skills related to conceptual teaching strategies, includes the teacher selecting and
using appropriate teaching strategies and representations. The second, knowledge and skills
related to students’ understanding of science, includes the teacher identifying and acknowledging
variations in student learning and eliciting and assessing student misconceptions and difficulties
associated with the presented topic (Chan, Rollnick, and Gess-Newsome 2019).

Literature Review

Consequences of OOF teaching
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Worldwide, researchers have determined that teachers positively affect student
achievement (e.g., Azigwe et al. 2016; Chu et al. 2015). Often, the learning experienced by
students is a result of the teacher’s qualifications (e.g., Dee and Cohodes 2008; Wayne and
Youngs 2003). More importantly, sustained contact with knowledgeable teachers can contribute
to students’ academic success (e.g., Darling-Hammond 2000; Wayne and Youngs 2003). For
example, the research synthesis by Wayne and Youngs revealed that, over a period of time,
students had higher achievement gains in mathematics when their teachers were certified to teach
mathematics. Berry, Daughtrey, and Wieder (2009) reinforced the importance of teacher
qualifications in finding that students achievement scores fluctuated when they experienced
teachers who were not qualified in their subject area.

Even with the recognition that teacher qualifications are important, OOF teaching still
occurs in many schools. When teachers are placed in settings that do not utilize their expertise,
consequences are found not only for the students but for teachers too. Sharplin (2014), for
instance, found that incongruence between the teachers’ qualification or experience and their
teaching assignments contributed to their dissatisfaction with their work. The OOF teachers in
Sharplin’s study reported feeling powerless in their school setting, having low self-efficacy and
self-confidence, and experiencing difficulty building relationships with their students. Other
scholars have reported similar findings (Du Plessis 2015; Fitchett et al. 2019; Hobbs 2013; Steyn
and Du Plessis 2007). OOF teachers have also been found to lack the confidence to engage
students in challenging subject matter, to avoid in-depth discussions, and to rely heavily on
teacher talk and textbooks (Du Plessis 2015; Sanders, Borko, and Lockhard 1993).

Most studies pertaining to OOF science teachers focus on their instruction. Napier, Luft,

and Singh (2020), for example, conducted a comparative study of newly hired in-field and OOF
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physical science teachers. They found the OOF teachers to be at a higher risk of using isolated
instructional scientific practices and low-level science instruction when compared to their in-
field counterparts.

Sanders, Borko, and Lockard (1993) looked at three experienced science teachers’
classroom practices in both in-field and OOF conditions. When teaching OOF, the teachers
relied more on teacher talk and textbooks and occasionally made errors. The OOF teachers were
observed lacking confidence in engaging students in challenging subject matter. They also
focused on the middle-level students in the classroom, thereby ignoring the high-achieving
students and those with special needs. While teaching in-field, these teachers answered student
questions, linked discussion with content, and were willing to change the flow of the lesson to
support student learning.

PCK and ePCK in Science

Many studies have focused on science teachers’ PCK. These studies have utilized
different models to portray PCK. Models based on the work of Shulman (1986, 1987), Grossman
(1990), and Magnusson, Krajcik, and Borko (1999) suggest that a teacher’s subject matter
knowledge is transformed to PCK during instruction. During this transformation, PCK emerges
as useful knowledge for teachers (Gess-Newsome, 1999). Other scholars like Marks (1990),
Cochran et al. (1993), Hashweh (1987), and Loughran, Mulhall, and Berry (2008) proposed that
subject matter knowledge is an integral part of PCK and evolves over time. Recently, Kind and
Chan (2019) added to the discussion of PCK models by recognizing the importance of a
teacher’s prior experiences. These experiences, which range from historical learning
opportunities in science to imitating more experienced teachers, can influence the construction of

a teacher’s PCK (regardless of whether it is transformative or evolving).
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More recently, PCK has been contemplated through the RCM (Carlson et al. 2019). The
need to recognize the disciplinary topics within SMK and the different forms of PCK held by
teachers prompted the revision of prior PCK models to the RCM. Within the model are three
different forms of PCK: cPCK, pPCK, and ePCK. Studies that use this model have been focused
on pPCK and ePCK, with a teacher’s classroom work related to ePCK and the underlying
reservoir of knowledge and skills related to pPCK. ePCK is considered a dynamic form of
knowledge because it is closely related to a teacher’s interactions with the students in the
classroom. These interactions can consist of, for instance, recognizing students’ ideas, rewording
their questions to address student confusion, or reacting to unexpected situations in the classroom
(Alonzo, Kobarg, and Seidel 2012; Park and Oliver 2008). ePCK is also related to the planning
and reflection on teaching, which emphasize the teaching of students (Carlson et al. 2019).

Studies are emerging regarding the relatively new constructs of ePCK and pPCK. Most of
the studies are focused on describing ePCK or pPCK (e.g., Coetzee, Rollnick, and Gaigher 2020;
Mazibe, Coetzee, and Gaigher 2020). Mazibe, Coetzee, and Gaigher, for instance, compared how
teachers represented ePCK and described their PCK. They found that the teachers’ reported PCK
did not necessarily reflect their ePCK, with ePCK often equal to or less detailed than the reported
PCK. Other studies explored how ePCK and pPCK can be impacted by factors in the school
environment (e.g., Carpendale and Hume 2019; Hanuscin et al. 2020). These studies articulated
ePCK or pPCK and determined how it is or is not developed. Carpendale and Hume, for
example, implemented a teacher study group that focused on the teaching of a disciplinary topic.
They found that their teachers benefited from reflective discussions about their teaching and

advanced their ePCK. Hanuscin et al. (2020) examined differences in the sources and nature of
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elementary teachers’ pPCK. They revealed how pPCK was changed as teachers were moved to
different grade levels, which required different SMK.

Among newly hired teachers, the studies have been focused on PCK in general. From
these studies, researchers have found that the PCK of newly hired teachers was influenced by
instructional materials and by their work in classrooms (Luft et al. 2015). However, studies about
PCK specifically have conflicting conclusions about the quality and presence of PCK. Some
authors (Lee et al. 2007; Luft et al. 2011; Monte-Sano and Budano 2013) have reported that PCK
changes significantly in quality during early years of teaching, while others have reported that
PCK does not change in the first years of teaching (Friedrichsen et al. 2009).

Methodology

A longitudinal cross-case study was designed to explain the development and variation of
ePCK among in-field and OOF newly hired secondary science teachers. Looking at in-field and
OOF teachers as cases can bring out the similarities and differences between cases and help build
a deeper understanding and explanation of the development of ePCK. This study attempted to
provide a rich contextual understanding of the research problem, and the results are not
prescriptive. A cross-case analysis helps increase the potential for generalizability or
transferability of the findings (Miles, Huberman, and Saldafia 2020).

Setting

This study was conducted at a time when high quality science teaching involved students
making sense of science phenomena (National Research Council 1996, 2000). This view is still
valued today in current science reforms in the US (see NGSS Lead States 2013). This orientation
toward science instruction aspires to have science teachers consider the ideas of their students.

By recognizing their students’ ideas about science phenomena, teachers can engage students in
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learning opportunities that allow them to challenge and construct their knowledge of science
concepts and abilities to engage in science. Students should have opportunities that include
asking questions related to science phenomena, collecting and analyzing data, constructing and
revising models, and making explanations from data that include claims and evidence. This
orientation toward science teaching was valued in this study.

Participants

The participants in the study were 17 newly hired secondary science teachers in the US
Southwest, Midwest, and East Coast regions. They were a purposeful sample (Bogdan and
Biklen 2003), which came from a larger study on beginning secondary science teachers (see Luft
et al. 2011). The sample consisted of teachers who taught physics or physical science as some
part or all of their teaching assignments. A physics course covered physics topics, while a
physical science course covered a combination of physics, chemistry, and often earth and space
science. A majority of the participants taught in public schools in urban areas that varied in the
number of English language learners (ELLs) and the number of students receiving free and
reduced lunches (an indicator of poverty in the US).

The teachers in this study were placed in one of three categories each year, which were
based upon the subject of their degree and teaching certificate and their teaching assignment.
Most teachers fell in Categories 1 and 3. An overview of these teachers is found in Table 2.1.
Data collection

Two types of data were collected during the study: classroom observations and reflective
semistructured interviews. Park (2019) suggested using classroom observations and interviews to
identify elements of ePCK. Classroom observations, in the form of participant observations,

involved observing the instructional practices of the teachers. Classrooms were observed four
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Table 2.1

Demographics of participating teachers (N=17)

Subjects taught Level of OOF
Teacher % % Degree Degree type Year 1 Year 2 Year 3 Year1 Year2 Year3
ELL FRL subject
Sandra 13 59 Physics B.S., M.Ed. Phy Phy Phy 1 1 1
Astr Astr Astr
Beth N/A 7 Physics B.S., M.Ed. Phy Phy Sc PhySc 1 1 1
Jack 1 9 Physics B.S., M.Ed. Phy Sc Phy Sc PhySc 1 1 1
Carl 1 14 Physics B.S., M.Ed. Phy Sc Phy Sc PhySc 1 1 1
Jessica 5 21 Chemistry B.S., Post-bac  Phy Sc Phy Sc PhySc 1 1 1
Chem Chem Chem
Barb 1 28 Chemistry B.S. Phy Sc Phy Sc PhySc 1 1 1
Chem Chem Chem
Lok 8 32 Chemistry B.S., Post-bac  Phy Sc Phy Sc PhySc 1 1 1
Caitlin 1 0 Biochemistry  B.S. Phy Phy Phy 3 2 2
Chem Chem
Jennifer 6 33 Biology B.Ed. Phy Sc Phy Sc  PhySc 3 3 3
Chem Chem Chem
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Subjects taught Level of OOF

Teacher % % Degree Degree type Year 1 Year 2 Year 3 Year1 Year2 Year3
ELL FRL subject
Demetri 33 45 Biology PhD Phy Sc Bio Bio 3 1 1
Bio Chem Chem
Earth Sc
Chem
Marrie 19 19 Biology B.S., M.Ed. Gen Sc Chem GenSc 3 3 3
Gen Sc
Tina 9 9 Biology B.A., Post-bac Phy Sc Phy Sc¢  PhySc 3 1 2
Bio Bio
Steve 6 20 Biology B.S., M.Ed. Phy Sc Phy Sc¢  PhySc 2 3 3
Bio
Caleb 30 82 Biology B.S., Post-bac  Phy Sc Phy Sc¢  PhySc 3 3 3
Mandisa 1 1 Biology B.S., Post-bac  Phy Sc Bio Chem 3 1 2
Bio
Danielle 2 27 Other B.A., M.Ed. Gen Sc GenSc GenSc 3 3 3
James 3 32 Other B.A., M.Ed. Phy Sc Gen Sc  Bio 3 3 3
Bio

Note: Degree type: B.S. = Bachelor of science, B.A. = Bachelor of arts, B.Ed. = Bachelor’s in education, M.Ed. = Master’s in education,
Post-bac = Postbaccalaureate, PhD = Doctor of Philosophy. Subjects: Astr = Astronomy, Bio = Biology, Chem = Chemistry, Earth Sc
= Earth science, Gen Sc = General science, Phy = Physics, Phy Sc = Physical Science. Level of OOF: 1 = completely or mostly in-field,
2 = equally in-field and OOF, 3 = mostly or completely OOF. % ELL = Percent of students who are English language learners, % FRL
= Percent of students receiving free and reduced lunch.
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times during each year of the study. The observations captured the actions of the teachers, the
lesson topic and its enactment, interactions of the teacher and the students, the general
atmosphere of the class, and the comfort level of the teacher handling the instructional material.
This observational process was guided by Bogdan and Biklen (2003). Artifacts like electronic
slides and instructional materials used in the class were also collected at the time of the
observation. These artifacts provided additional information about the teachers’ instruction and
how they decided to represent the instructional topic to their students.

PCK interviews were done two times a year, at the beginning of the school year and the
end of the school year. The PCK interviews were designed by Lee et al. (2007) and probed the
instructional decision-making process of the teachers and explored how the teachers planned a
lesson on a disciplinary topic. Two focal areas guided the interview: (a) teachers’ thinking about
their students, which included teachers’ contemplation of their students’ prior knowledge, their
considerations about the students’ various approaches to learning, and their thoughts about
students’ difficulties with specific science concepts; and (b) teachers’ thinking about
instructional strategies used in science, which focused on the teachers’ consideration and
potential use of practices associated with doing science and representations of the content to
scaffold learning (Lee et al. 2007). These areas were captured by having the teachers discuss a
specific lesson they taught, which they felt went well in terms of student learning. As the teacher
discussed the lesson, the interviewer specifically asked probing questions about student learning
and instructional design. These interviews provided insights into the decision making of the
teacher (ePCK). The interviews lasted 30-45 minutes and were ultimately transcribed.

Data analysis
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The data were analyzed qualitatively. Analysis of these data began with a progressive
review of interviews, observations, and materials for each teacher over the 3 years of collected
data. In the first cycle of coding, the data were coded structurally, which helps compare the
similarities, differences, and relationships between comparable segments (Saldafia 2015). Codes
such as Misconceptions and Student Difficulties were used to identify the data segments to be
further analyzed in depth. Initially, the research team members (authors of this paper) coded data
working individually. When sections were coded, two researchers came together to compare
their codes, discuss any data that were not coded similarly, and come to an agreement about the
codes (as recommended in Saldafia 2015). While the codes were noted, the research team
members also made memos about potential findings. Merriam and Merriam (2009) and Clarke
and Braun (2017) suggested that major trends be noted in analytic memos during the analysis
process. The codes and memos were essential in the second cycle of coding.

In the second cycle of data analysis, an effects matrix was developed to help identify the
findings (as recommended in Miles, Huberman, and Saldafia 2020). This matrix was framed by
the categorization of the teacher (for example, Category 1 or Category 2) over 3 years and the
different areas that may have influenced their ePCK over time. As a result, each cell of the
matrix noted, for instance, their teaching context, their instruction, their thoughts about science,
and their considerations for student learning. Direct quotes, summary phrases, and references to
artifacts and observations were listed in the cells. These data reflected PCK during teaching and
during their reflective accounts.

The research team then examined the data iteratively to determine the teachers’ ePCK
within their different teaching assignments. This process involved comparing and contrasting the

cells in the matrix to answer the research question. As the themes were constructed,
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disconfirming evidence was sought out (Merriam and Merriam 2009). Themes were crafted that
were responsive to the research question and were inclusive of teachers’ ePCK and instruction.
Complementing these themes were the construction of relationship diagrams, which suggested
the connections of the particular events and patterns pertaining to the instructional setting of the
teacher (as in Miles, Huberman, and Saldafia 2020). The final themes are summaries of findings
pertaining to the teachers in their OOF or in-field teaching assignments over time.

In this analysis process, triangulation occurred through the involvement of several
researchers, the use of multiple data sources, and the collection of data over time. This
triangulation contributed to the validity of the conclusions (Merriam and Merriam 2009) and
helped enhance the trustworthiness of the study (Miles, Huberman, and Saldafia 2020).

Findings

Based on the analysis of data, changes occurred in the teachers’ ePCK. The following
themes describe how teachers attended to students and presented science differently over time
when they were in-field and OOF.

Theme 1: The Ist-year OOF physics teachers had less-developed ePCK and showed more
inconsistencies between their ePCK compared to their in-field counterparts.

When compared to their in-field peers, OOF teachers struggled with their understanding
and enactment of the content. This lack of understanding cascaded into their decisions about how
to represent the content to students and how they considered student understanding. For example,
Jennifer was completely OOF as she taught a physical science course to high school students.
Throughout the year, she struggled with unfamiliar content, which required extra time learning
the content she would be teaching (Interview 2). She commented that real-life examples were

difficult for her to identify, and it was challenging to develop different ways to represent the
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covered topic (Observation 1 _2). Her lesson on constant velocity demonstrated her limited
understanding of the topic. During the lesson, she did not differentiate between speed and
velocity and used these terms interchangeably. The students struggled to understand these ideas
and repeatedly asked questions about speed and velocity, like “How does this graph describe
speed?” Jennifer pointed out a component on the graph, but it was not related to speed
(Observation 1_2).

In contrast, in-field teachers showed high levels of ePCK. Jack, an in-field teacher,
designed laboratory work where he encouraged students to develop and test their hypotheses
through experimentation (Interview 1). Throughout many of his lessons, he provided students
with opportunities to test their hypotheses, redesign their laboratories, and reenact their
experiments (Observations 1 2 and 1 _3). Similarly, Sandra, an in-field teacher, demonstrated the
effect of forces in motion by dropping a soda bottle filled with water and then putting a hole in
the bottle and dropping the bottle (the water does not leave the bottle). She had students
hypothesize what would happen before the demonstration. After the demonstration, students
reasoned about their observations and formed an analogy relating the falling bottle to a moving
elevator. The students developed and tested their hypothesis by investigating their own weight
when moving up and down in an elevator (Observation 1_2).

Significant differences were also found in terms of how in-field and OOF teachers
viewed student knowledge and their ability to select and enact science instruction. In-field
teacher Carl, for instance, recognized the misconceptions of students during the lessons and tried
to dispel them but admitted that at times it was difficult (Interview 1). For example, during a
lesson about magnets, he found that students did not understand magnetic fields and could not

explain how they were configured around different arrangements of magnets. In contrast, OOF

41



teachers struggled to acknowledge student misconceptions and to plan coherent lessons. James,
an OOF teacher, said he was not sure of his students’ misconceptions; hence, he did not plan for
them. Tina, who was also OOF and taught physical science, mentioned that her approach to
addressing student misconceptions involved generating all possible questions that were related to
the topic and misconceptions (Interview 1).

Another difference pertained to the laboratories of the teachers. OOF teachers enacted
highly structured laboratories or activities that did not allow students to make sense of
phenomena. For example, James’ students experimented to find the speed of a moving toy car
(Observation 1_4). They followed step-by-step instructions and collected data without
understanding the concept associated with the car activity. As a result, most students just copied
data from their group members, which resulted in graphs that involved little evaluation or
examination of the data (Observation 1_4). James indicated that he rarely provided students
opportunities to make sense of the phenomena, as the students worked only for a short period of
time and often needed direct instructions (Interview 2).

In the area of understanding student difficulties, most in-field teachers were able to
consider student difficulties while planning the lessons. For instance, Jack consistently
recognized that students had difficulty graphing data, especially while choosing appropriate
increments and identifying dependent and independent variables. In planning to support his
students’ learning, he developed complete lessons that allowed his students to understand the
meaning behind graphs. On the other hand, Catlin (OOF) acknowledged that she was still not
familiar with the use of graphs in physics and always had a hard time interpreting them herself

(Interview 4).
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Theme 2: The early career teachers’ ePCK improved from their Ist year to their 2nd year, but it
improved differently for in-field and OOF teachers.

The ePCK of most of the teachers improved by the 2nd year of teaching. The 1st year of
teaching was certainly a challenge for all teachers, with important differences between the OOF
and in-field teachers. By the 2nd year, however, all of the teachers improved in their ability to
design lessons and draw upon useful instructional strategies. OOF teachers had fewer instances
of teaching content in ways that misrepresented the concepts, while in-field teachers were better
able to enact lessons that reflected their improved knowledge of student learning. In the
following paragraphs, representative changes are shared among both the in-field and OOF
teachers over the 2-year period.

In his 1st year of teaching, James showed limited ePCK in his OOF area of physical
science. He reported being “kind of worried about physical science” (Interview 2) and identified
the limited availability of time as a major concern when preparing to teach. He often used
activities and lesson plans designed by other teachers to reduce the time he spent planning. When
he enacted the lessons, he frequently struggled to answer student questions in the classroom. For
example, while teaching a unit on atomic structure, he was unable to answer student queries
about the splitting of atoms and atomic bombs (Observation 1_3). When asked to explain the
underlying concepts associated with Newton’s laws, he could not recall the basics. He
specifically said, “I only remember parts of things, like parts of, like, Newton’s Laws: action
forces and reaction forces. I don’t remember [any more of this topic]...” (Interview 2).

In his 2nd year of teaching, James was clearly familiar with the content and had more
ideas about how to teach the content, which resulted in the improved design of his lessons. For

instance, in one class, he designed a review that required students to answer questions by first
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working in groups of two and then participating in a whole-class discussion (Observation 2_1).
By allowing students to work in small groups and then the larger group, students had an
opportunity to clarify their ideas before the ideas were discussed in a large group. In helping
students to learn the content better, he also created supports that were meant to foster student
learning. One supporting mechanism involved creating a series of videos on forces and Newton’s
laws that students could view as needed (Interview 3). By his 2nd year, James realized that
students learned differently and actively tried to provide new opportunities to support their
learning. He started collecting supplementary reading materials, along with identifying
appropriate demonstrations that represented the phenomena being studied.

Beth, an in-field teacher, showed improved ePCK in the 2nd year. In the 1st year, her
depth of content knowledge was evident in her interactions with the students as she asked and
answered questions. Her lack of ePCK was evident, as she did not consider student
misconceptions and variations in student learning while planning instruction (Interview 2). For
example, while measuring the velocity of a toy car, students manipulated the materials but did
not complete the required written report. The 2nd year saw a marked change in her teaching, as
she gave her students various opportunities to learn content. While studying a topic on static
electricity, students performed an experiment, had a reading assignment, and then watched a
video. They identified three things they had learned and stated a continuing question
(Observation 2_3). Beth even referenced the standards to figure out the conceptual understanding
students should have in this area.

These changes corresponded to the teachers’ reports that their 2nd year of teaching was
easier than the Ist. Their experience with the topics to be taught and their familiarity with the

curriculum contributed significantly to their feelings of a better 2nd year. The exceptions to the
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reported 2nd-year ease were a result of being assigned extra classes to teach or a greater number
of students in the classes. For instance, Mandisa, an OOF teacher, talked about her 2nd year being
more difficult due to the increased class size (Interview 2).

Theme 3: The composition of ePCK fluctuated over time for most of the early career secondary
science teachers but was still different between the in-field and OOF teachers.

Most early career teachers enhanced their ePCK from the beginning of their Ist year to
the end of their 2nd year. However, in their 3rd year of teaching, many of the teachers revealed
ePCK that resembled their 1st or 2nd year of teaching. The sustaining or rebounding nature of
ePCK was unexpected and demonstrated uneven development of ePCK. Both in-field and OOF
teachers demonstrated this 3rd-year variation, regardless of their in-field or OOF
characterization. Again, this variation aligned with a return or early orientation, which differed
between the OOF and in-field teachers. In the following paragraphs, representative examples
highlight the ePCK fluctuation.

Barb, a mostly in-field chemistry teacher, revealed the fluctuating trend in her ePCK
during her first 3 years of teaching. In her first 2 years, she frequently recognized the students’
problems during instruction and used these observations to guide future lessons (Interview 2).
Sometimes she deliberately planned her lessons to ensure students confronted their emerging
knowledge, and other times she asked students questions about what they were learning during
an investigation (Observation 2_3). This approach was evident in a lesson that had students find
a relationship between the water displaced and the buoyant force acting upon an object
(Observation 2_4). In this lesson, the students generated data and made an explanation about the
observed phenomena. As the students considered all of their data, they challenged their

misconceptions about floating and sinking objects. However, in the 3rd year, Barb returned to
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more traditional forms of instruction. She reduced the number of investigations available to
students and instead provided notes and worksheets (Observation 3 3, Interview 4). This change
was evident in a lesson on Newton’s laws, which Barb taught for the third time. In this lesson,
the students completed a worksheet requiring answers from the in-class demonstration and
lecture.

Marrie, a representative OOF teacher, demonstrated the same trend as the other teachers
regarding her fluctuating ePCK. In her 1st-year physical science class, she spent a significant
amount of her time managing her students as they worked on a periodic table assignment
(Observation 1 _1). Without a strong understanding of the organization of the periodic table, she
created a worksheet that amounted to locating information about the elements. This left time for
her students to engage in nonlearning activities. Her activities and laboratory work were highly
structured during her first 2 years, which often involved step-by-step instructions during note-
taking sessions and laboratory work (Observations 1 1 and 2_3). Her instructional approach
corresponded to her views of student learning, as she repeatedly indicated that her “students
learn best by direct instruction” (Interview 3). With the alignment of these two areas, she saw
little reason to change.

In her 3rd year of teaching, as she continued to teach OOF, she developed an
instructional approach that provided even more guidance to the students. She began reading
electronic slideshow presentations to her students (Observation 3_4) and included more detailed
directions for her students during their laboratory work and activities. Supplementing this
instructional approach, she frequently used procedural questions, such as, “How much room

temperature water did you add?” (Observation 3_2) and directed students to skip questions that
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involved contemplating their results. For Marrie, this form of instruction ensured that all of her
students received the same type of instruction. In addition, it saved her some time.
Summary and Discussion

In this study, we were interested in understanding the impact of OOF teaching on the
development of early-career secondary science teachers’ ePCK in the area of physical science. In
order to determine how OOF teaching impacted the development of science teachers’ ePCK, we
followed teachers who were in-field and OOF in the area of physical science in their first 3 years
of teaching. Our results suggest three important points about the development of ePCK.

First, this study revealed that OOF teaching impacts the development of a teacher’s ePCK
in the physical sciences. Specifically, the OOF setting kept early career teachers from
strengthening their ePCK over time, which pertained to the ways they represented science in
their classrooms and how they interacted with students. In this study, the in-field science teachers
created instructional environments that helped students see how science proceeds or the
complexity of a science concept. OOF teachers, on the other hand, focused on facts or definitions
associated with the instructional topic.

The OOF teachers’ limited ePCK was likely due to their limited SMK and the time they
spent in OOF settings. SMK is essential in the formation of PCK (e.g., Gess-Newsome 1999;
Kind and Chan 2019; Park and Oliver 2008). Rich SMK has connections between topics, which
are emphasized in ePCK and found in pPCK. A rich SMK helps teachers respond to students’
emerging ideas (Alonzo, Kobarg, and Seidel 2012; Park and Oliver 2008). Likely, the OOF
teachers did not have foundational connections within the disciplines they were teaching. These
connections are likely in the reservoirs of pPCK. In the absence of these connections, OOF

science teachers had a limited representation of the topics in their classes. For OOF teachers, the
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sum of the variations within their SMK and the duration of OOF teaching events impacted their
ePCK.

Second, in-field and OOF teachers had fluctuating ePCK that signaled they were building
their knowledge of student learning and instruction in their early years of teaching. Most in-field
and OOF teachers revealed higher levels of ePCK in their 2nd year of teaching, with lower levels
of ePCK in their 1st and 3rd years. This fluctuation demonstrates that newly hired teachers are
just building their teaching knowledge. This finding is similar to other studies that have revealed
changes in the general PCK of newly hired science teachers (e.g., Lee et al. 2007; Luft et al.
2011). More importantly, this fluctuation in PCK may be attributed to the different experiences
of the teachers, as suggested by Kind and Chan (2019). For newly hired teachers, their ePCK is
just forming and is the result of varying experiences with the content they are teaching in the
context of the curriculum and their peers and students. Different experiences will impact the
formation of ePCK. Over time, these experiences may not have such a significant impact. A
reservoir of pPCK may help decrease but not eliminate the fluctuation of ePCK.

Third, the results of the study suggest that being OOF is important to recognize among
newly hired teachers. The prevailing discourse about newly hired teachers suggests that all
teachers generally learn to teach in the same way (Feiman-Nemser 2010). This view is supported
by studies of newly hired teachers that show no significant difference in instruction between
early career teachers with a strong physics background and those with a limited physics content
knowledge (Angell, Ryder, and Scott 2005) or that the PCK does not change in the first years of
teaching (Friedrichsen et al. 2009). In our study, an examination of ePCK revealed that being

OOF mattered among newly hired teachers.
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Implications and Questions for Further Research

OOF teaching is a complex phenomenon. Results of this study indicate that when newly hired
teachers are OOF they do not build their ePCK at the same levels as their in-field peers. Newly
hired OOF teachers are then disadvantaged in developing their ePCK in their early years of
teaching. Teachers are impacted, as well as their students.

From this study, some actions can be taken by those who work with OOF teachers.
Supporting newly hired OOF teachers in their instruction is essential. In addition to providing
newly hired teachers with mentors, there is a need to consider how to especially support OOF
teachers in their instructional assignments. Providing access to study groups or professional
development programs that emphasize ePCK and pPCK has been shown to be valuable to OOF
teachers (Carpendale and Hume 2019; Hanuscin et al. 2020). The configuration and duration of
these programs and similar programs are certainly worth consideration and study.

Another action involves those who prepare teachers. These educators need to help
preservice teachers build their pPCK and enhance the connections within their SMK to levels
that can support their instruction during their first years of teaching. In science, this means that
preservice teachers should experience the teaching of different disciplinary topics using reform-
based approaches. For instance, preservice teachers should make explanations about energy in
biological, chemical, or physical settings. This approach should help preservice teachers build
their pPCK, which will impact their ePCK. Understanding how linkages are made within pPCK,
which can influence ePCK, is ripe for study among educators.

The most important action, however, is to be aware of the consequence of teaching OOF
among newly hired teachers. While OOF teaching is consequential to the wellbeing of newly

hired teachers, it is also consequential to enhancing and expanding new teachers’ knowledge and

49



practice. Ultimately, the residual impact of OOF teaching may be difficult to mitigate beyond the
formative first years of teaching. By studying the impact of OOF teaching, educators can
understand how to better prepare and support teachers who are likely to be OOF.
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Abstract

This qualitative study explores the meaningful experiences of science coordinators from
different parts of the world during the school closures due to the COVID-19 pandemic. In
particular, it aims at understanding the shifts in knowledge, practices, and attributes of science
coordinators and the resources they have drawn upon that have helped support science teachers
during this time. The participants of this study were 15 science coordinators from 10 countries,
including Canada, Chile, Mainland China, India, Kenya, Pakistan, Turkey, Taiwan, United
States, and Vietnam. This study uses the concepts of organizational resources and capital
as the framework to understand the experiences of school science coordinators. Data for the
study were collected in the form of semi-structured interviews. Interviews were analyzed
thematically using two cycles of inductive coding. Findings from the study indicate an increase
in knowledge, practices, and attributes of technology (was required for the shift), collaboration,
creativity, and interpersonal skills. The majority of the practices and attributes that were
important during the pandemic were related to working with people (soft skills). SCs’
knowledge, practices, and attributes translated as supports in the form of social and material
resources available to the teachers. Implications of the study are discussed.
INDEX WORDS: Resources, knowledge, practices, attributes, science coordinators,

international
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Introduction

Science coordinators play an essential role in supporting and improving science teachers'
delivery of high quality instruction (Tracy, 1996; Whitworth & Chiu, 2015), consequently
influencing student achievement (Banilower et al., 2007; Desimone, 2009; Guskey, 2002).
Science coordinators at the school and the district level influence teachers' instructional practices
by providing subject-specific and day-to-day support and professional development (PD) for the
teachers (Whitworth & Chiu, 2015). Their role became even more valuable during of the
COVID-19 pandemic as they helped support science teachers in ensuring educational continuity
through distance learning and bringing learning content from classrooms into students' homes
(UNESCO, 2020).

As a part of the health measures undertaken by governments worldwide during the
COVID-19 pandemic, K-12 to post-secondary schools have been physically closed.
Administrators at schools had little time to prepare teachers for this unprecedented and swift
transition to distance learning. The sudden shift in instruction from a well-structured school
system to distance learning was challenging for many teachers. Teachers had little time to
acquire and upgrade their information and communication technologies (ICT) skills, which
involves understanding hardware, software applications, and information systems (Park et al.,
2009).

The effectiveness of the new learning environment is influenced by the teachers'
readiness and the availability of adequate infrastructure. Teachers' beliefs about the usefulness of
technology and the perceived ease of use influenced their successful adoption of ICT (Tarhini et

al., 2015). Teachers in some schools may be skilled in using computer-based technologies for
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teaching and learning, making the transition to online learning relatively easy. For other teachers,
this may pose a difficult challenge (Buabeng-Andoh, 2012).

School leaders such as science coordinators have continued to lead and support science
teachers remotely in the changed context of the pandemic, as they have been physically
distanced from the teachers. Effective school leaders are responsive to the context of their work,
as they understand and respond to the demands of their context (Leithwood et al., 2020). The
pre-existing knowledge, practices, and attributes (KPA) of school leaders may not be adequately
and fully suitable for supporting science teachers during the pandemic. We may see be a shift in
the KPA of school coordinators necessary for their leadership roles.

This qualitative study explores the shift in the roles of science coordinators during the
pandemic and the resources that are available to science teachers as an outcome of the
coordinators’ roles. The knowledge, practices, and attributes of science coordinators that have
attributes they have developed during this time are investigated in this study. This study asks the
following questions:

1 How did the knowledge, practices and attributes of science coordinators over the
world before and during the COVID-19 pandemic change as they worked to
support teachers?

2 What resources did they draw upon in supporting their teachers? How did this
impact their work?

Framing of the study

This study uses the concepts of organizational resources and capital (Bourdieu, 1986;

Gamoran et al., 2000; Spillane & Thompson, 1997) as the framework to understand the

experiences of school science coordinators. The terms resources and capital have been used
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interchangeably in the literature. Resources are defined as the assets that teachers can draw on in
the context of their classroom, school, or community, to improve their pedagogy and
development (Lee et al., 2016). The three categories of resources we have considered essential
for teachers are human, material, and social resources.

Human resources include teachers’ knowledge that influences the quality of instruction.
(Shulman, 1987) identified these as pedagogical knowledge (general strategies used for
teaching), content knowledge (what teachers know about their subject), and pedagogical content
knowledge (how to teach a particular subject matter to foster student understanding). Human
resources shape the quality of teachers’ instruction and student learning (Coleman, 1998). Social
resources constitute a professional network of collegial relations among individuals, both within
and outside an organization (Coleman, 1998). These include the norms of trust, collaboration,
shared responsibility, collective decision-making, and common values. Coleman (1988)
identifies social capital as a resource for action. Social capital can impact teachers’ learning and
development (Luft et al., 2015). Material resources include curriculum, textbooks, supplies,
laboratory equipment, technology, time for planning, teaching, collaboration among teachers,
and funding (Coleman, 1998).

Research suggests the interconnected nature of resources. Teachers can draw upon many
resources simultaneously, and resources can be mutually supportive. Navy et al. (2020) found
that interactions of resources in context can help support teachers. Teachers in a professional
development program (social resource) perceived curricular materials (material resources) as a
reduced barrier to teaching science (Lee et al., 2016). Social resources have improved teachers’
access to human and material resources (Coleman, 1988; Lee et al., 2016; Rivera Maulucci,

2010). Science leaders’ human capital developed through learning depends on the “development
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and exploitation of social capital.” (Spillane & Thompson, 1997, p. 199). School leaders rich in
human capital (leaders’ knowledge, skills, and disposition) and social capital (social links,
norms, and trust that support communication) will get richer in human capital, which can help
teachers to teach effectively (Spillane & Thompson, 1997).

Review of literature

Knowledge, Practices, and Attributes

In the United States, district science coordinators (DSC) are responsible for supporting
science teachers. Given that DSCs are science teacher leaders, the knowledge, practices, and
attributes that they hold are important. In addition, DSCs' knowledge, practices, and attributes
(KPA) help guide science teachers' personal growth (Watson et al., 2020). However, research on
DSCs and science coordinators is limited. Existing research typically looks into the roles and
responsibilities of DSCs (Lee et al., 2016; Whitworth et al., 2017). In the absence of rich
literature on the KPA of DSCs, we have considered the KPA of school leaders to inform the
study.

Personal knowledge is defined as the knowledge held by individuals that helps them to
think and perform in practical situations (Eraut, 1997). Personal knowledge is acquired through
propositional knowledge, i.e., the academic and factual knowledge that is subject to quality
control by peer review and editors and codified and stored in publications, libraries, etc. It is
constructed through personal experiences and reflection. For DSCs, the literature on the
knowledge base essential for their work is thin. In a study of 20 DSCs, Watson et al. (2020) have
investigated the knowledge, practices, and attributes that are foundational for the roles of DSCs.
They found that DSCs perceived knowledge of science pedagogy and knowledge of facilitating

professional learning as the most important in their work. Other knowledge bases identified by
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Watson et al. (2020) as essential include knowledge of state and national standards, interpersonal
knowledge, and knowledge of trends and research in science education. Some DSCs identified
science content knowledge as essential for their work while others did not.

Leithwood and Jantzi (2008) identified the following four basic leadership practices for
school leaders. (i) The first practice includes building a shared vision with colleagues fostering
group goals, and demonstrating high-performance expectations. This practice helps motivate
school leaders’ colleagues. (ii) School leaders provide teachers with individualized support,
foster intellectual stimulation, and model appropriate values and behaviors. This helps teachers
build the requisite knowledge and skills to meet goals and the dispositions that help teachers
persist in using the knowledge and skills. (ii1) The third practice entails school leaders building a
collaborative culture, restructuring the organization, building relationships with stakeholders
such as parents and community and the wider environment. This creates work conditions that
allow teachers to make the most of their motivation, commitment, and capacities. (iv) The fourth
practice involves school leaders creating a productive learning environment for teachers by
providing teaching support and monitoring school-based activities.

The practices mentioned above that are essential to the work of school leaders were found
to be consistent when revisited and reviewed by Leithwood et al. (2020), suggesting the
principles of good leadership are a constant. While looking at DSCs’ practices, Watson et al.
(2020) found that DSCs value communication with teachers and stakeholders, building
relationships with teachers, and supporting teachers through professional learning opportunities
the most. However, emerging research points to the importance of context in leadership
practices. Harris (2020) suggests that COVID-19 has dramatically changed leadership practices.

The contextual responsiveness of leadership implies a shift in the practices of school leaders
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during the pandemic (Harris, 2020). Context such as classroom and school environment,
induction programs, and new curriculum have been found to influence teachers’ learning and
development (Bianchini, 2012; Henze et al., 2009; Luft et al., 2015; Timperley et al., 2008)

In leadership literature, attributes are defined as the inner personal qualities of an
effective leader (Sperry, 2002). Mumford et al. (2000) suggest that leaders’ attributes like their
cognitive ability, motivation, and personality influence their knowledge and skills. On similar
lines, Watson et al. (2020) observed that attributes of DSCs were often linked with their
practices. DSCs’ top valued attributes include approachability and student focus. Interpersonal
attributes and practices were emphasized in the DSCs’ day-to-day role (Watson et al., 2020).
Goolamally and Ahmad (2014) identified five attributes that school leaders must possess to make
a school excellent. These are integrity, forward-thinking, inspiration, competence, and self-
efficacy. School leaders’ attributes have been found to impact teachers’ job satisfaction
(Hartinah et al., 2020), student achievement Leithwood and Jantzi (2008) and school climate
(Blatt, 2002).

Online teaching during the pandemic

Online education that schools engaged in during the pandemic required teachers to not
only use ICT as a part of instruction but to shift the entire instruction online. This shift can be
challenging as teachers are expected to implement change at short notice and under adverse
circumstances (Dawes, 2001). Teaching in an exclusively online environment requires a different
set of skills than face-to-face instruction. Teachers familiar with the use of ICT for instruction
can struggle while teaching in a wholly online environment (World Bank, 2020). World Bank
(2020) cautions that "transitioning to online learning at scale is a challenging and highly complex

undertaking for education systems, even in the best of circumstances" (p. 2). It requires an
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instructional approach, pacing, interaction model, and assessment to be kept in mind to transfer
instruction online.

Teachers need ample support while shifting their practice online. They need to be
supported to address the students' academic needs and their social health, and social and
emotional needs (OECD, 2021). Teachers need the support and training to develop appropriate
skills, knowledge, and attitudes to use ICT in classroom instruction effectively and continuous
PD to maintain these skills (Hennessy et al., 2005; Newhouse, 2002). Bozkurt and Sharma
(2020) advocate building support communities that enable sharing of knowledge and experiences
that provide meaningful learning for students and are grounded in the pedagogy of care. Trust
and Whalen (2020) found that many educators relied on informal and self-directed learning.
Lack of adequate training of teachers acts as a barrier to using ICT in teaching and learning
(Ozden, 2007; Toprakci, 2006). Teachers with training and preparation to use ICT for instruction
have been shown to be more effective in its use than teachers who have not received the training
(Winzenried et al., 2010). Teachers who have adequate ICT skills will likely design and facilitate
quality instruction. For example, in school districts in New Hampshire, where an online backup
system already existed due to school closure on snow days, the transition to online instruction
was seamless (The Harvard Gazette, 2020).

The COVID-19 pandemic has unfolded new opportunities and challenges for teaching
and learning in unchartered territory (Ferri et al., 2020). Online instruction during the pandemic
has been referred to as a "great online experiment" (Zimmerman, 2020) and recognized as an
opportunity to test online pedagogic approaches (Bozkurt & Sharma, 2020). Trust & Whalen
(2020) used an online survey of 325 K-12 educators to identify the challenges they faced as

instruction shifted online during the pandemic. Educators reported feeling overwhelmed and

67



unprepared to use online teaching strategies or tools as they strived to alter their instruction to fit
into the fluctuating situation. Other challenges include the unavailability of quality internet
access (for students and educators) and a lack of knowledge about online teaching strategies,
teaching tools, and communication tools.

Empirical studies on online teaching and learning during the pandemic published so far
investigate the experiences of educators and students, inequities faced by learners, and the
opportunities and challenges faced by teachers (Aguliera & Nightengale-Lee, 2020; Alvarez Jr,
2020; Ferri et al., 2020; Oliveira et al., 2021; Shim & Lee, 2020; Trust & Whalen, 2020).
However, none of the studies have investigated the work of school leaders in terms of the KPA
that helps support science teachers and the resources they draw upon while supporting teachers.
Moreover, existing studies are based in the local context. Examining the work and experiences of
science coordinators from different countries during the pandemic will provide opportunities to
build new insights into supporting science teachers in the changed context of online teaching.
Methodology

This qualitative study explores the shift in the roles of school science coordinators
worldwide and the resources they draw upon in supporting science teachers during the COVID-
19 pandemic.

Participants

The study participants are science coordinators at the school or district level from ten
countries, including Canada, Chile, Mainland China, India, Kenya, Pakistan, Turkey, United
States, Taiwan, and Vietnam. One or two participants were selected from each country, making a
total of 15 participants. The participants were selected based on their role of supporting school

science teachers, not based on their job titles, which varied across countries. The term science
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coordinators (SCs) has been used to describe the participants, irrespective of the job title they

hold in their respective school systems. The sampling of the participants was purposeful.

Members of the research team contacted science coordinators from their native countries and

their contacts in other countries. Including participants from different countries helped

understand the phenomenon in question from a global perspective. A diverse group of

participants helps understand the meaningful and significant experiences of the phenomenon

(Creswell, 2008). For demographic information of participants, see Table 1.

Table 3.1

Demographics of participating science coordinators

SC Country Position Type of  Teaching Format of
school duty instruction
Mike Canada STEM coordinator Public Yes Online and
face to face
Finn Chile Head of science teaching Private Yes Online
strategies
Kaira India Science department head Private Yes Online
Rita India Science coordinator Private Yes Online
Anna Kenya Science department head Private Yes Hyflex
Xia Mainland China Research team leader Public Yes Online
Ibrahim Pakistan Science coordinator Private Yes Online
Idrees Pakistan Science coordinator Private Yes Online
Yu-Lin Taiwan Science coordinator Public Yes Face-to-face
Murat  Turkey Science leader Public Yes Online
Sedat Turkey Science leader Public Yes Online
Cindy USA Science specialist Public No Online
Grace  USA Science instructional Public No Online
support specialist
May Vietnam Teacher leader Public Yes Online
Nam Vietnam Teacher leader Public Yes Online

Note: Hyflex instruction involves teaching in-person and online students simultaneously.

Data Collection

Data were collected in the form of semi-structured interviews (Seidman, 2013) and

follow-up interviews if required. Interviews were held online using Zoom or Google Meet, as per
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the participating leaders' preference. Interviewers endeavored to create a relationship with the
participants guided by respect and a genuine interest in understanding their experiences
(Seidman, 2013). This contributes to the validity of the captured information (Kirk et al., 1986).
The interviews consisted of two parts. The first part included demographic questions on the
background and roles of the SCs. The second part focused on understanding their knowledge,
practices, and experiences. SCs were asked about the knowledge and practices that are unique to
being successful in their work supporting teachers, those that have been helpful during and after
transitioning to distance learning, and their major takeaway during this time. The interviews
occurred during school closures due to the COVID-19 pandemic between August 2020 and
January 2021. Each interview lasted between 45 to 60 minutes.

Interviews were conducted by the researchers in the native language of the participants—
this increased access to participants from non-English speaking countries. Interviewers had
experienced the education system, culture, and language of the participants' countries as students
and/or teachers. They were familiar with the local education context and languages spoken.
Interviewers helped capture the overall meanings of the interviews and the subtle differences in
meanings that exist due to cultural differences and nonequivalent words (Patton, 2014), and
reduce bias and subjectivity in interpreting the interviews (Kapborg & Berterd, 2002).

Data Analysis

Data analysis started concurrently with data collection. Data was coded once right away
on the collection and again after a few days. Two researchers coded each interview (first author
and interviewer or another researcher). Researchers discussed their initial difficulties and
disagreements till a common understanding of coding was developed. Once all interviews were

coded, the team discussed the coding, bringing a shared vision to the coding.
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We used two cycles of coding for data analysis. The first cycle of coding used structural
coding (Miles, Huberman, & Saldana, 2020). We began with a list of primary a-priory codes
based on the research question and what might appear in the data. For example, codes of
knowledge before Covid-19, knowledge during Covid-19, practices before Covid-19, and
practices during Covid-19 were based on the research question. Additional codes such as
challenges faced, innovative strategies, and social support factors emerged as the data was
analyzed. Subcodes were inductively created, and second-order tags were assigned after the
primary codes. These codes emerged during the analysis and helped detail and enrich the
primary codes (Miles & Huberman, 2020). This coding helped initial data categorization and
examined it for commonalities, differences, and relationships (Saldana, 2016).

For the second cycle of coding, a content analysis summary matrix was created to help
arrange the coded data systematically in the same location and identify the findings (Miles et al.,
2020). The matrix was framed with the SCs placed in columns and knowledge, practices, and
attributes sub-codes placed in rows. Each cell of the matrix represented a particular knowledge
or practice of an SC. For example, a cell for Xia represented her views and experiences about
collaboration with and between teachers, issues faced concerning these, strategies used, and
direct quotes. The data were analyzed iteratively to allow for careful comparison across
participant narratives. A smaller number of themes emerged after careful analysis of the data.
Ensuring Validity and Reliability in the Study

The study's design and practices followed by the research team contributed to quality data
collection and analysis. Triangulation occurred by involving multiple researchers in data
collection and analysis (Miles et al., 2020). Triangulation by researcher contributed to the

validity of the study. Using different researchers for data collection and analysis helped improve
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the consistency of the data collected and the trustworthiness of the analysis (Patton, 2014). Team
coding added reliability to the findings (Merriam, 2009; Miles, Huberman, & Saldafna, 2020).
Findings

The findings below are presented in response to each question.

RQI. Knowledge, Practices, and Attributes Central to the Work of SCs During the Pandemic

The first question asks about the shift in the SC” knowledge, practices, and attributes as
they worked supporting teachers. The shift is summarized in table 3.2. Most notable during this
time is an increase in technology (was required for the shift), collaboration, creativity and
interpersonal skills. The majority of the practices and attributes that were important during the
pandemic were related to working with people (soft skills).

We saw knowledge of technology and practice of using technology for collaboration and
communication as the focus of SCs work during the pandemic. The use of technology included
managing SCs’ work, helping teachers use technology for instruction and assessment, and
thinking about using technology to create opportunities for students to interact with science. SCs
developed their knowledge of meaningful use of technology for designing, implementing, and
assessing instruction and practices such as communication and collaboration. Some SCs learned
to use technology for instruction and training their teachers, while others trained along with their
teachers. For example, Yu-Lin and her teachers trained to use technology to prepare schools to
shift to distance learning, even though eventually, schools in Taiwan did not close down. Grace
provided training focused on flipped learning and blended learning to maximize the quality of

synchronous teaching and learning.
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Table 3.2
Knowledge, practices, and attributes identified by science coordinators and evident in their work

before and during the COVID-19 pandemic

Pre-COVID-19 During COVID-19
Knowledge | Technology - X
Pedagogy X X
Assessment X X
Trends in science education X X
Content X -
Practices Technology - X
Collaboration - X
Communication X X
Facilitating professional learning X X
Attributes Creativity - X
Interpersonal - X

Note: X represents the presence of a Knowledge, Practice, or Attribute. The highlighted
Knowledge, Practices, and Attributes indicate a shift during the pandemic.

SCs and their teachers' previous experiences with using ICT proved to be valuable during
the pandemic. For example, serendipitously, just before the pandemic, Grace had been through
intensive facilitator training on using ICT to turn a typical classroom into a virtual learning
opportunity. She felt that this helped her immensely in supporting teachers in her school district
to transition to online instruction during the pandemic. Mike had a master's degree in educational
technology, a thorough knowledge of the affordances that technologies offer, and knowledge of
using technology for transformative practices rather than simply a substitute for old teaching
practices. May and Nam encouraged their teachers to use ICT for instruction pre-pandemic.
May's teachers’ familiarity with the flipped classroom model was helpful during the pandemic.
In Chile, Finn's teachers had experienced integrating technology for instruction due to a recent

social crisis that led to schools' physical closure. Murat's teachers had been using simulations for
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laboratory work, which proved helpful during the pandemic. SCs acknowledged prior
experiences with technology as advantageous during the pandemic. On the other hand, Sedat felt
that if his school had better access to technology infrastructure, shifting to the online format
would have been easier.

Moving forward, all the SCs recognized that the use of technology in teaching and
learning was here to stay beyond the pandemic and that instruction post-pandemic would not be
the same as before. Mike felt that the pandemic has "hit fast-forward" in teachers adopting new
technologies for teaching. He said that:

"It (pandemic) has compelled teachers who have been resistant in adopting

technology for instruction to overcome the inertia that prevents them from using

new technologies and teaching practices......... When I see teachers struggling with

teaching during the pandemic, the one thing that comes to my mind is that

reaching students in a way that the media you are communicating with does not

become a barrier to learning".

Rita believed that the experiences with technology could reduce teachers' work and planned to
use it beyond the pandemic. Izhar underscored online instruction and technology as need of the
hour and was waiting to happen. He saw this as a great learning experience for him and his
teachers that has helped catapult them into a new digital future.

Practices of communication and collaboration were at the core of SCs' work during the
pandemic. SCs stressed the importance of collaboration and teamwork with the science teachers
and between the science teachers. These practices helped SCs valuing teachers' ideas and giving
them a voice (Finn, Sedat, Rita, Anna). Working with teachers helped them "pool their cognitive

resources” (Finn). SCs affirmed that teacher-to-teacher feedback and advice from colleagues
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helped teachers refine their teaching materials like video lessons and teaching practices (May,
Xia, Kaira, Rita). Xia described her job as a research team leader as a "centripetal force" that
brings the teachers together. Communicating with students, teachers, and parents during the
pandemic also emerged as an essential practice for the SCs. SCs relied heavily on feedback from
teachers, student's families, and acquaintances. For example, while designing sample video
lessons for her teachers, Cindy tried out science activities with her neighbor's children to see if
they worked as expected "before putting them out there."

SCs’ creativity and interpersonal attributes were evident in their work. These included
thinking about ways for students to interact with science in non-traditional ways. Rita, Kaira, and
Cindy guided their teachers to design activities that students could perform at home, with readily
available material, while giving options for materials that could be used. For example, students
could investigate variations in friction with different types of floors and surfaces at home. Rita
worked with her teachers to create new opportunities for the students to do science using online
platforms. These included students working on an online science magazine started at the time,
hosting an online science quiz, and an online talk show on a solar eclipse that was taking place at
the time. Anna and her teachers brainstormed ideas for students to collect data for their yearly
science project. Students were given the options for collection of data. They could perform
activities at home and video graph or photograph them, use online simulations to collect data, or
come in one at a time to work in the school laboratory. SCs’ work with teachers during the
pandemic reflected their interpersonal attribute.

RQ?2. Support in the Form of Resources Available to Teachers
The second question is about the resources that were available to the SCs to support the

teachers. The results are presents in Figure 1. Material and social resources were the most
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important resources during the pandemic. The KPA of SCs were a source of social and material
resources. Social resources were in turn a source of material resources.

SCs’ KPA translated as supports in the form of resources that were available to the
teachers. These resources were social and material resources. Practices of communication and
collaboration resulted in social resources for teachers. Kaira defined her role during the
pandemic as more supportive and collaborative than before. Xia said, “I bring everyone together
to discuss, to improve each teacher.” Rita recognized that her “teachers are very innovative.
They give me suggestions in so many ways, how to do things.......It is a team effort where we
collaborate with ideas”. She encouraged different subject area teachers to pool their resources
and work together. For e.g., science and English language teachers combined some English and
science lessons, and co-taught them. Rita felt that this would reduce the stress and workload of
teachers and students.

Communicating with students, teachers, and parents during the pandemic also emerged as
an essential social resource for the SCs (Rita, Ibrahim, Finn, Xia, Kaira, Nam, Yu-Lin, Murat).
Rita reiterated that she was available 24x7 for her teachers, which was different from the pre-
pandemic days when she met with them weekly. SCs relied heavily on feedback to complete the
loop of information. This included giving feedback to the teachers and eliciting feedback from
stakeholders, family, and acquaintances. For example, while designing sample video lessons for
her teachers, Cindy sought feedback on activities she designed from her neighbor’s children.
Kaira's daughter refused to attend classes where instruction centered around the teacher talking at
the students and showing videos and "had nothing new to offer." This made Kaira think of ways
to make science instruction "pedagogically sound" and more "interactive and exciting." Staying

connected with the parents and students helped the SCs understand the problems the students
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faced. For example, Kaira and her school management elicited critical feedback from parents on
the effectiveness of the system they had put in place. They used Google forms to get feedback
from parents about any issues they faced regarding access to online classes, the student's learning
experiences, and issues like stress and screen time that students may face.

Figure 3.1

Resources available to SCs in supporting science teachers

Knowledge  Practices Attributes

Human
Resources

Material
Resources

Social
Resources

Legend:
B : Knowledge, practices, and attributes of SCs
@ : Resources available for teachers
® : Potential resources for teachers
— : Relationship
-~ ¥ : Potential relationship

SCs recognition of teachers’ struggles in the changed context provided the teachers with

social support. For example, Anna’s school followed the hyflex format of instruction wherein the
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teachers taught in-person and online students at the same time. Anna recognized this as
pedagogically challenging for the teachers. Teachers planned and implemented laboratory work,
activities, and group work in a hyflex environment with little formal training. She acknowledged
that the teachers were doing their best in the circumstances, and it was essential to encourage and
appreciate them. Grace, Finn, Anna, and Kaira talked about their teachers feeling exposed and
vulnerable in the online teaching environment. In recognition of teachers working very hard and
trying their best, they thought it imperative to exercise patience with the teachers and provide
them with encouragement and support.

Material resources for teachers resulted from SCs making these directly available to the
teachers, or teachers working collaboratively to create material resources. Material resources
directly provided to teachers included learning management systems for conducting online
classes (e.g., Google classroom), online teaching resources like applications and websites, digital
reading materials, online assessment applications (e.g., Nearpod), creating authentic online
assessment the answers to which cannot be googled ( e.g., apply the principles of traffic control
to a particular neighborhood). Other material resources were created by the teachers through the
practices of collaboration and communication, while integrating the knowledge of technology,
and attributes of creativity and interpersonal. For example, Rita collaborated with her teachers to
create revised timetables, create assessment plans, and revise the curriculum. Her teachers
created demonstration lessons which she and her team of science teachers observed and provided
feedback on. SCs affirmed that teacher-to-teacher feedback and advice from colleagues helped
teachers refine their teaching materials like video lessons and teaching practices (May, Xia,

Kaira, Rita).
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Discussion

This study askes two questions, and these will be answered in this discussion. The first
question is:

How did the knowledge, practices and attributes of science coordinators over the world before
and during the COVID-19 pandemic change as they worked to support teachers?

Through this qualitative interview study, we have attempted to understand international
SCs’ experiences and listen to their voices, and do not endeavor to make any generalizations. We
understand that contextual factors like physical access to up to date computers and high-speed
internet, and non-material resources like prior experiences with technology, user’s skills, type of
device used, availability of educational content in regional languages, etc. can impact the quality
of users’ experiences with online education (Hargittai & Hsieh, 2013). These factors varied
across countries. Consequently, the challenges and experiences of the SCs differed. Other
contextual factors include unscheduled power outages, internet connectivity in rural and remote
areas, access to and adequacy of technology devices by teachers and students, financial
difficulties faced by schools due to parents’ inability to pay school fees, student attendance,
access to textbooks and educational materials, and copyright laws affecting sharing of digital
resources. Despite these variations in context, an emphasis on some KPAs emerged from the data
analysis.

The knowledge of technology, practices of using technology for collaboration and
communication, and creativity and interpersonal attributes were identified by SCs as valuable
during the pandemic. The use of technology for instruction during the pandemic was a necessity
rather than a choice. We saw ICT at the center of SCs' work with teachers and interactions with

teachers and stakeholders. Prior experiences of SCs’ teachers with technology proved
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advantageous during the pandemic. Similar observations are made by the World Bank (2020).
SCs also anticipated technology as a significant player in post-pandemic teaching and learning.
Communication and collaboration with parents and teachers and teamwork were significant
practices that helped SCs shift instruction to the online environment. Effective communication
and coordination with stakeholders within and outside the school are effective in building
consensus and trust (UNESCO, 2020). Collaborations with colleagues are considered an
important form of professional development for teachers (Vangrieken et al., 2017) and positively
impact student achievement (Pil & Leana, 2009; Shea et al., 2018). The knowledge and practices
identified by SCs in the study align with those identified by Watson et al. (2020), with the
addition of knowledge of technology at the time of the pandemic.

The emphasis on certain KPAs of SCs reflect the changed needs of science teachers
during the pandemic. The sudden shift in the context of instruction from a well-structured school
system to distance learning influenced the areas of instruction that teachers needed support with.
The immediate and unforeseen shift gave teachers little time to acquire and upgrade their ICT
skills. When this shift to online instruction is sudden and unexpected, it can be challenging for
many teachers (Dawes, 2001). Traditionally, online distance education is a learning process that
provides agency, responsibility, flexibility, and choice to the learners. It provides the learners
with an alternative and flexible option for learning (Bozkurt & Sharma, 2020). What teachers
engaged in during the pandemic was a temporary solution to an emergency situation, calling for
a different set of strategies and priorities (Bozkurt & Sharma, 2020). Consequently, we saw a
shift in the roles of SCs as they accommodated the needs of the science teachers.

With the sudden shift to the distance learning format, reform-based science practices

could be the first victim. At such a time, teachers' focus would shift to adopting a different mode
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of instruction and dealing with other prominent issues such as students' access to distance
learning, equity, and stress. The initial PD for teachers focused on helping them become familiar
with technology for instruction, motivate students to attend online classes, stay in touch with the
students, and provide the students with social and emotional support. This is in line with the
recommendations of the OECD (2021). When it became clear that the pandemic teaching and
learning conditions would stay longer than anticipated, SCs started thinking of instruction that
focused on students gaining conceptual knowledge, critical thinking skills and assessing student
learning. This was the focus of the later PD. Similar preliminary findings have been reported by
a (NextGenScience, 2020) study, which reports lesser student engagement and instruction
emphasizing whole class meetings and independent work during school closure due to the
COVID-19 pandemic. Sophisticated pedagogical practices where students are engaged in
learner-centered and project-based strategies may not be easily transferred to a wholly online
environment (World Bank, 2020).

The second question of the study is:

What resources did they draw upon in supporting their teachers? How did this impact their
work?

This study reveals that the SCs drew upon social and material resources to support
science teachers. The KPA important to SCs during the pandemic involved working with people.
This points to the importance of building interpersonal attributes in school leaders and teachers.
SCs’ KPA translated as social and material resources, and likely their human resources. Between
these resources, social resources emerged as the most important in supporting science teachers to
teach online during the pandemic. Social resources, in turn, provided opportunities for teachers

to interact with colleagues and work collaboratively to discuss their work, generate material
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resources, share expertise, and build their knowledge of teaching and learning in the online
environment (material and human resources). Teachers could build their pedagogical knowledge,
pedagogical content knowledge, technological pedagogical content knowledge, and knowledge
of reform-based instructional practices through the process. However, teachers may actively
access these resources, or the resources may be latent if not perceived as valuable by teachers
(Navy et al., 2020).

This study extends findings from prior research. Previous research has recognized the
importance of social resources like PD, mentors, and colleagues, human resources of teacher
knowledge, and material resources like curriculum and laboratory materials in improving
teachers’ classroom instruction and experiences (Desimone et al., 2002; Grossman & Thompson,
2008; Hirsh, 2001; National Research Council, 2006; Rivera Maulucci, 2010; Yoon et al., 2017).
Research also indicates the interconnected nature of these resources, as was observed in this
study (Coleman, 1998; Spillane & Thompson, 1997). However, scholars have studied these
resources for teachers in isolation. Thinking of resources in combination with the KPA of school
leaders provides new insight into better supporting science teachers in an online environment.
The supports available to science teachers during the pandemic are especially critical as teachers
transitioned to the online environment without adequate preparation. The KPA of school leaders
and the associated resources identified in this study will help support teachers in technology-rich
post-pandemic teaching and learning.

School leadership has been recognized as equally important as knowledge of pedagogy
and technology during the pandemic (Burgos et al., 2021). This study also emphasizes the role of
school leaders (e.g., DSCs) in supporting science teachers. During the pandemic, school leaders

supported science teachers in a novel context with which they themselves may have been
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unfamiliar. As Harris and Jones (2020) point out, “School leaders are walking a tightrope
without a safety net. There are no precedents and no guides to leading schools in a pandemic” (p.
244). This study points to the need to prepare and support school leaders through PD programs
specially designed for them. In the United States, DSCs have the role of supporting science
teachers in their school district. However, little is known about PD opportunities for DSCs and
their impact on teachers’ classroom instruction (Kennedy, 2016). Findings from the study also
suggest that PD focused on building interpersonal practices like collaboration and
communication, and using technology for instruction can help teachers access social and material
resources and have an opportunity to build their human resources.

Context has been recognized as important in research related to teacher’s learning and
knowledge development (Bianchini, 2012; Henze et al., 2009; Luft et al., 2015; Shulman, 1987;
Timperley et al., 2008). Teachers are prepared and supported to teach in a particular context—for
example, a particular subject, grade level, or instruction format. A sudden change in the teaching
context without the appropriate preparation can result in teachers unprepared to deliver high-
quality instruction in the new context. One such situation was experienced during the pandemic
when schools shifted to the online format without adequate teacher preparation. These teachers
may be knowledgeable about the content, pedagogy, and reform-based teaching practices.
However, they may not have the knowledge and experience of teaching science in a completely
online format. Such a situation may result in the teachers being out-of-field in context (OOF _C).
OOF _C teachers may have experiences similar to those of out-of-field teachers who teach
outside their subject area expertise. We know that out-of-field science teachers struggle in

developing their knowledge for teaching and use low-level science instruction practices (Napier
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et al., 2020; Singh et al., 2021). In such a scenario, the role of science leaders in supporting
science teachers is paramount.
Implications

The findings of this study are significant due to several reasons. Firstly, teaching and
learning during the COVID-19 pandemic are unprecedented, unique, and recent. Thus, there is
minimal research on how the shift in instruction has influenced teaching and learning,
particularly school leaders’ experiences. Moreover, little research exists on education systems
moving to distance learning on such short notice and at a large scale as has been experienced
during the pandemic. This study attempts to fill this void by exploring the work of school science
leaders supporting science teachers during the pandemic. Tapping into the collective experiences
of international participation offers an opportunity to gain a global rather than a localized insight
into dealing with the current and future crisis.

Secondly, education in the post-pandemic world may not be the same as before,
potentially making the pandemic a turning point in education systems worldwide. Schools and
teachers have experienced new technologies for teaching and learning and developed innovative
solutions to their problems. ICT has emerged as an essential factor in education during school
closures. This is especially important as schools in many parts of the world are in the process of
moving back to face-to-face instruction. Moving forward, we may see an enhanced use of [CT
for instruction in the form of blended learning. Blended learning is the thoughtful integration of
online and face-to-face instruction (Garrison & Vaughan, 2008). Consequently, the role of
school science leaders will remain in flux as they continue to empower science teachers to take
advantage of new technologies and support their transition to the ‘new normal’. The new normal

being the society that will emerge from the pandemic. Science teachers can be prepared and
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supported to use ICT to design and deliver pedagogically sound instruction and create learning
experiences beyond what can be learned in a traditional classroom.

Shifting back to face-to-face instruction after the pandemic will require teachers to be
supported to integrate ICT with teaching and learning strategically. Pre-service teachers can be
prepared to teach using different instruction formats like online, blended, and face-to-face
instruction. In-service teachers can be provided access to ongoing professional development to
develop the skills and knowledge of meaningful technology integration. Professional learning
networks can provide the space for teachers to collaborate and share their resources, learning,
and experiences. The study has implications for preparing and supporting science teachers to
respond to interruptions in education like school closures during natural disasters, snow days,
social unrest, and other unprecedented circumstances that cause disruptions in the education
systems. It remains to be seen how school science leaders maintain their knowledge and
practices cultivated during the COVD-19 pandemic and leverage their learning from the

pandemic to the future.
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CHAPTER 4
CONCLUSIONS

This is the concluding chapter of my dissertation, where I bring the two studies together
in discussing their contribution to the field, and my plan for future research that builds on this
dissertation.
Summary

There are many challenging conditions for teachers. One condition is when teachers are
assigned to a content area that is outside of their expertise. In this setting, a teacher is responsible
for the enactment of lessons in a content area in which the teacher has limited expertise. A
developing body of research shows that when teachers are outside of their expertise, there are
implications for students and teachers (Berry et al., 2009; Darling-Hammond, 2000; Du Plessis,
2015; Du Plessis et al., 2017; Fitchett et al., 2019; Hobbs, 2013; Stronge, 2013). When teachers
do not have adequate knowledge in the area of their assigned instruction, they are characterized
as out-of-field (OOF) in their instructional area. This specifically happens when there is a
mismatch between teachers' areas of expertise and teaching assignments (Ingersoll, 1998).

Another challenging condition is when teachers are assigned to a new instructional
format related to the context in which they work. In this setting, a teacher can be knowledgeable
but unfamiliar with adapting the content to the setting to best support student learning. These
challenging conditions can constrain the work of teaching in different ways. When teachers do
not have expertise in the context in which they are working, they could be characterized as OOF

in context. This could happen when teachers are moved to new schools with different student
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demographics or when teachers are thrust into the online environment (in the case of the
pandemic).

Among the teachers who are most vulnerable in these different conditions are newly
hired teachers. Newly hired science teachers are just entering the workforce, and they are in the
process of building and improving their knowledge for teaching. For these teachers, the first
years play a significant role in the development of the knowledge they need for teaching (Luft et
al., 2011). This includes their pedagogical knowledge, which grows significantly over time while
working in a classroom (Mulholland & Wallace, 2005; Findlay & Bryce, 2012). Research on
pedagogical content knowledge (PCK) of newly hired teachers has conflicting evidence about
the presence and quality of PCK. While some studies indicate that PCK changes considerably
during the first years of teaching (Lee et al., 2007; Luft et al., 2011; Monte-Sano & Budano,
2013), other studies divulge that PCK does not change in the first years of teaching (Friedrichsen
et al., 2009). Studies reveal inconsistencies between new science teachers' conceptual science
knowledge and practice (Greenwood, 2003; Lederman, 1999). Another challenging situation for
newly hired teachers is the changing assignments from year to year, resulting in different levels
of experience in a particular subject.

When newly hired teachers are OOF, it adds a layer of complexity to the already
challenging situation. OOF teaching is demanding for both beginning and experienced teachers.
However, OOF teaching can put more demands on beginning teachers because they lack both the
experience and qualifications for teaching. When newly hired teachers are OOF, they lack the
opportunity to build a strong foundation of knowledge, practices, or attributes (Sharplin, 2014).
Experienced science teachers draw on their well-developed pedagogical knowledge from their

discipline of specialization when teaching OOF (Sanders et al., 1993). However, when newly
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hired teachers are OOF, they do not have adequate pedagogical knowledge to fall back on (Wolff
et al., 2015). For example, Napier et al. (2020) found that newly hired OOF science teachers to
be at a greater risk of using isolated scientific instructional practices and low-level science
instruction than their in-field counterparts. Over time, this limited foundation may have
unintended consequences in their development as teachers.

This dissertation is a step towards understanding how different OOF conditions impact
early-career science teachers. One study explores the impact of OOF teaching on the
development of PCK of early career teachers during the first three years of teaching. PCK is the
unique knowledge that is needed to transform knowledge into practice (Shulman, 1987). In this
study, the focus is on enacted PCK (ePCK), which consists of the knowledge and skills used by a
teacher in teaching a topic or aspect of a discipline. Teachers' ePCK is responsible for the
decisions they make in terms of representing science to their students (Carlson et al., 2019).
Unfortunately, little is known about the ePCK of newly hired teachers. It is essential to
understand the development of ePCK of newly hired teachers because it provides an insight into
how newly hired in-field or OOF teachers build their instructional knowledge and skills.

The other study focuses on being OOF in the area of context. In recognizing the
important role of context, this study focuses on how teachers are resilient-even when they are
outside of their context expertise. It specifically explores how international school science
coordinators (SCs) supported (or not) science teachers' instruction when they are moved out of
their familiar context. This is what happened when science teachers were ushered to distance
learning platforms during the COVID-19 pandemic. Understanding the potential role of SCs in
this setting is important to the instruction of teachers. Additionally, this type of study can shed

light on how to support newly hired teachers in this challenging setting. The study provides
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insights into SCs navigate contextual shifts while supporting science teachers, and the resources
that they draw upon while supporting the teachers.

The study adds to the limited literature that exists in the area. While OOF teaching has
been recognized as a problematic phenomenon for more than two decades, there is limited
research that looks into the classroom practices of OOF teachers. Not much is known about how
OOF teachers build their knowledge for teaching. On the other hand, teaching and learning
during the COVID-19 pandemic have been unprecedented, unique, and recent. There is minimal
existing research on school systems shifting to the online format on a large scale and on short
notice. Research on how the shift in instruction has influenced the resilient experiences of
science leaders is non-existent. This study will add to the literature in the area.

Implications of the Study
OOF in Context

This dissertation highlights the importance of context in the development and application
of science teachers’ knowledge for teaching. The first study explored the development of ePCK
of in-field and OOF teachers during the first three years of their teaching. The fluctuating nature
of in-field and OOF teachers’ ePCK may be attributed to their varying experiences within the
dynamic context of teaching. Different experiences may impact the development of teachers’
PCK (Kind & Chan, 2019). The second study explored the resilient experiences of science
coordinators in supporting science teachers in the context of using distance learning as a platform
of instruction during the COVID-19 pandemic. Administrators have had little time to prepare
teachers for this swift and unprecedented shift in instruction. Teachers had little time to acquire
and upgrade their information and communication technology (ICT) skills. Science coordinators

(SCs) may not have been adequately prepared themselves for the dynamic role. This sudden
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change in context caught the entire school system off guard and may have been challenging for
teachers and those who support them.

Historically, knowledge of context has been recognized as an essential professional
knowledge base for teaching. Shulman (1987) placed PCK and knowledge of context among the
seven knowledge bases for teaching. Grossman (1990) defined four areas of teacher knowledge.
These too include PCK and knowledge of context. Since then, the science education community
has continued to research and reconceptualize PCK. The latest model of PCK, the refined
consensus model (RCM), also highlights the need for teachers to have a deep knowledge of
context. RCM places teachers' development and application of PCK within the more extensive
context, which acts as filters and amplifiers for developing and using teachers' knowledge and
skills (Carlson et al., 2019). In this model, context refers to the factors that characterize and
mediate learning. Technological Pedagogical Content Knowledge (TPACK) framework is
teachers' knowledge base to teach effectively using technology. In recognition of the situated
nature of teaching with technology, Koehler & Mishra (2008) identified context as an
indispensable part of TPACK.

A sudden shift in the context of teaching can make teachers OOF in context. There are
various ways in which the context of teaching can change. One such situation was experienced
during the pandemic when teachers shifted to the distance learning platform without sufficient
knowledge and preparation. In such a case, teachers may be teaching within their area of
specialization yet may have limited knowledge of the changed context of teaching using
technology. These teachers may not be able to produce the desired outcomes in new contexts.
Research indicated that the use of digital technologies (as in the pandemic) might not necessarily

translate into student-centered instruction (So & Kim, 2009). Another example of changing
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context is teacher reassignments to different grade levels or subjects. This situation can be
challenging for teachers as they encounter new subject matter, a new set of standards, and new
curriculum materials. Consequently, teachers can find themselves underprepared in the same
manner as OOF teachers. At the elementary level, this phenomenon is documented as ‘within
school churn’ in which teachers remain within their same school but are assigned a new grade
level (Blazar, 2015). Changing the teaching context can be challenging for teachers, influence
the development and use of their knowledge for teaching, and make teachers OOF.
Supporting Newly Hired and OOF Science Teachers

This study also has implications for supporting teachers teaching outside their expertise.
These teachers include science teachers who are OOF field in their instructional area and science
teachers OOF in the context of transitioning to online instruction. In either of these conditions,
supporting early-career science teachers is essential. One way of supporting newly hired OOF
science teachers is the guidance and support they receive from administrators and mentors.
Administrators appoint and assign OOF teachers according to the requirements of the school.
Subject-specific mentors provide specific support to newly hired teachers in the area of
instruction. These mentors have been effective in supporting newly hired science teachers (Bang
& Luft, 2014). Changing context may lead to a gap between what newly hired OOF teachers
need and the support system that is available to them. In such a case, it may be beneficial for
OOF teachers to have mentors beyond their first year of teaching and in all the subject areas they
are OOF.

Another way of supporting OOF science teachers in the early years of their teaching is
providing access to professional development programs that emphasize the development of their

ePCK, pPCK, and TPACK. Professional learning programs can provide OOF teachers with
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space for developing their knowledge and practices (Riordain et al., 2019). Such opportunities
may not be easily accessible to teachers in isolated, small, and rural schools (Riordéin et al.,
2019). These schools have a few science teachers who may be responsible for teaching all
science subjects. OOF teachers may teach a combination of subjects and grades, with the
assignments changing from year to year. Access to virtual professional learning programs has the
advantage of connecting isolated OOF teachers with their peers and subject specialist mentor
teachers and help teachers pool their resources and overcome issues of time and access (Salazar
et al., 2010).

SCs have played an important role in supporting science teachers in various ways during
the pandemic. However, the SCs themselves may have been equally unprepared as the teachers,
as the context of their work changed too. In such circumstances, they may or may not have
effectively supported science teachers' instructional practices during the pandemic. The
effectiveness of the role of SCs is outside the scope of this study. SCs' work in supporting
teachers within their constraints highlights the knowledge of technology and practice of
collaboration that is essential in supporting science teachers in the online environment.
Understanding these shifts in beneficial knowledge and practices of SCs will help support
science teachers during and after the pandemic.

The role of science coordinators will remain in flux as they continue to support and
empower science teachers to use new technologies and transition to the new normal. The new
normal would be the society that will emerge from the pandemic. Education in the post-
pandemic world may not look the same as before. This would make the pandemic a turning point
in education systems worldwide. We may see an enhanced role of ICT for instruction in the form

of blended learning. Consequently, teachers would need to be supported for pedagogies of ICT
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integration in science instruction. It is essential to continue to support the well-being, resilience,
and social-emotional competencies of teachers (UNESCO, 2020c). Teachers can be provided
ongoing professional development to upskill their knowledge of meaningful ICT integration with
science instruction. Professional learning networks can provide teachers with the space to
collaborate and share their experiences, learning, and resources. The duration and configuration
of such professional learning programs is an area worth further exploration. The changing role of
science leaders is worthy of further investigation.

Preparing Pre-Service Science Teachers

The study has implications for preparing preservice science teachers to respond to
interruptions in education due to school closures. These interruptions could result from natural
disasters, snow days, social unrest, war, and other unprecedented circumstances. Evaluating what
worked during the pandemic and what did not would be beneficial in preparing and supporting
teachers for future crises. The pandemic has brought into focus the reforms needed at the
preservice education level. UNESCO (2020c) recommends modernizing teacher education
programs through pedagogical and curricular innovations and high-quality reforms. This could
include an emphasis on rehearsals of NGSS areas, developing ICT competencies for pedagogy,
and preparing preservice teachers for distance learning.

In preparing preservice teachers, educators need to help build preservice teachers’ pPCK,
ePCK, TPACK, and subject matter knowledge (SMK) to levels that can support instruction
during the early years of teaching. In science, this involves preservice teachers experiencing
different disciplinary topics using reform-based teaching and learning approaches. This should

help preservice teachers build their pPCK, which in turn will impact their ePCK. Understanding
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how the linkages are made within pPCK, which can influence ePCK, is an area ripe for study
among science educators.

Major Contributions of the Study

Manuscript 1

This longitudinal study is the first to report the development of ePCK of newly hired
OOF science teachers. There is a dearth of research on the knowledge and practices of OOF
teachers and how these could impact student learning. Within the domain of teacher knowledge,
PCK plays a vital role in understanding and improving science teaching (Shulman, 1986). The
refined consensus model provides the theoretical framing of the study, which identifies ePCK as
a distinct form of PCK that consists of knowledge and skills that guide classroom instruction
(Carlson et al., 2019). Existing research on newly hired teachers focuses on PCK in general. The
emerging literature on the relatively new constructs of ePCK and pPCK focus on describing
ePCK and pPCK, how factors impact them in the school environment, and how they are
developed (Carpendale & Hume, 2019; Coetzee et al., 2020; Hanuscin et al., 2020; Mazibe et al.,
2020). This study provides an insight into how newly hired in-field and OOF teachers build their
ePCK over time. The findings of this study align with and add to the research that reports that
PCK develops significantly during the early years of teaching (Lee et al., 2007; Luft et al., 2011;
Monte-Sano & Budano, 2013).

From this study, we found that teaching OOF in the early years of their career impacted
the development of science teachers’ ePCK. OOF settings prevented early career teachers from
strengthening their ePCK over time. For example, in-field teachers successfully created an
environment for understanding science concepts and seeing how science proceeds. On the

contrary, OOF teachers focused more on teaching of facts and definitions associated with topics.
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OOF teachers’ limited SMK likely limited their ePCK. The OOF teachers may have lacked the
foundational connections within the disciplines they taught, leading to a limited representation of
the topics they taught. For OOF teachers, variations in their SMK and in the duration of teaching
OOF impacted their ePCK. Over the three years of the study, the fluctuating nature of ePCK of
in-field and OOF teachers were observed. This indicated that they were building their knowledge
of teaching. Researchers have reported similar findings of the changes in general PCK of newly
hired teachers (e.g., Lee et al., 2007; Luft et al., 2011). The variations in ePCK of newly hired
science teachers resulted from varying experiences with the content and context of the
curriculum, peers, and students. The examination of ePCK in the study revealed that being OOF
mattered for newly hired science teachers.
Manuscript 2

A significant contribution of this study is in understanding the role of science
coordinators in supporting science teachers during the pandemic. Burgos et al. (2021) recognize
school leadership as equally important as knowledge of pedagogy and technology during the
pandemic. The pandemic being current, unprecedented, and sudden, research on the impact of
the pandemic on teaching and learning is emerging. Empirical research published on teaching
online during the pandemic examines the experiences of students and educators, inequity faced
by learners, and opportunities and challenges of shifting to online education at short notice
(Abel, 2020; Aguliera & Nightengale-Lee, 2020; Ferri et al., 2020; Oliveira et al., 2021; Shim &
Lee, 2020; Trust & Whalen, 2020). These studies are situated in the local context. No study
published so far has investigated the experiences of school leaders during the pandemic. This
dissertation adds to the research by providing a unique perspective into science coordinators'

work and experiences at the international level.
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This dissertation provides a unique insight into the knowledge, practices, and attributes
(KPA) of SCs and the resources they drew upon while supporting science teachers during the
pandemic. SCs drew upon material and social resources to support science teachers. The KPA
important to SCs during the pandemic involved working with people. This underscores the
importance of building interpersonal attributes in school leaders and teachers. SCs’ KPA
translated as social and material resources, and likely their human resources. Between these
resources, social resources emerged as the most important in supporting science teachers to teach
online during the pandemic. Social resources, in turn, provided opportunities for teachers to
interact with colleagues and work collaboratively to discuss their work, generate material
resources, share expertise, and build their knowledge of teaching and learning in the online
environment (material and human resources). Teachers could build their pedagogical knowledge,
pedagogical content knowledge, technological pedagogical content knowledge, and knowledge
of reform-based instructional practices through the process.

Another significant contribution of this study is identifying knowledge of ICT and the
practice of collaboration as integral to the work of SCs. Participants identified the pandemic as
an opportunity to explore online teaching and learning, facilitate collaboration between and with
teachers, and an opportunity for students to manage their learning. SCs were involved in
preparing teachers to address the students' academic needs and responding to their psychological
needs. SCs anticipated technology as an important agent in post-pandemic teaching and learning.
Learnings from the pandemic may help develop a coherent online and blended learning strategy.
UNESCO (2020a) advocates this as an opportunity to rethink the intention, content, role, and

delivery of education to prepare education systems to deal with emergencies in the future. As
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educational systems stabilize to a new normal, it may be an opportunity to rethink the education
system to be more inclusive, equitable, and resilient (UNESCO, 2020b).
Future Research

Little is known about what makes some teachers approach the challenges of their OOF
assignment with a positive mindset, improve their SMK, gain confidence in teaching the OOF
subject, and start enjoying it. OOF teachers have reported that they start feeling in-field and love
to teach the OOF subject after teaching it for several years (Du Plessis, 2016). With time, OOF
teachers can transition into expert teachers in the OOF subjects. However, it remains to be seen
how the intensity of being OOF changes from a new OOF teacher to feeling like an experienced
in-field teacher. I am interested in exploring what it is about these teachers, the context of their
work, or a combination of the two that makes the transition from OOF to in-field possible and
seamless.

Professional development and professional learning opportunities help engage teachers
and school leaders in new learning about their professional practice, which bring about a change
in their thinking, knowledge, skills, and instructional approaches (Villegas-Reimers, 2003;
OECD, 2009). While extensive research exists on professional development and professional
learning, it does not particularly explore the opportunities for OOF teachers. We know that the
structural features of PD like form and duration are consistent for OOF and in-field teachers. In
contrast, the core features such as a focus on content knowledge, active learning opportunities,
and needs and expectations differ between in-field and OOF teachers (Faulkner et al., 2019).
OOF teachers have been found to need continuing professional learning opportunities (Faulkner
et al., 2019). Virtual professional learning communities have been found to helpful in

transcending the barriers of time and space faced by many teachers (McConnell et al., 2013). For
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OOF teachers, virtual professional learning programs have the potential of not only connecting
isolated OOF teachers with their peers and subject specialist mentor teachers but help teachers
pool their resources and overcome issues of time and access. In my future research, I hope to
understand how online and ongoing professional learning programs and communities help
support OOF teachers and how OOF teachers build their pPCK and ePCK while immersed in
these virtual professional learning communities.

Science leaders play an essential role in supporting science teachers. In the context of the
altered education systems during the COVID-19 pandemic, exploring science leaders' supports
and PD needs is crucial for supporting science teachers. Whitworth & Chiu (2015) found school
and district science leaders as the missing link from the current models of PD. The influence of
science leaders in developing the pPCK and ePCK of science teachers teaching outside their

expertise and their use of reform-based instructional practices is worthy of further investigation.
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APPENDIX A

STUDY 1: PCK (PEDAGOGICAL CONTENT KNOWLEDGE) INTERVIEW PROTOCOL

Participant Interviewer

Induction Group T1/T2/T3/T4

Recording Time
Date

1. | What do think constitutes a good lesson in science?

2. | Can you briefly describe how you taught ?

(Atomic structure, DNA, Newton’s Laws, Earthquakes).

3. | What did you consider when planning your lesson/unit?
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If not explicitly mentioned — use the following probes

What did you consider about your students when designing these lessons?

ii.

Did you consider prior knowledge? If so, how?

iil.

Did you consider variations in students’ approaches to learning? If so, how?

iv. | Did you consider students’ difficulty with specific science concepts
(misconceptions)? If so, how?
3. | Would you consider any part of the lesson that you just described to be inquiry?

If not, how could you modify your lesson to be inquiry?
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APPENDIX B
STUDY 1: CLASSROOM OBSERVATION PROTOCOL

1. Background Information

Teacher Name: School:

Subject Observed: Grade Level:

Observation is (circle one): in-field/ out-of-field (based on major & content)

Start Time: End Time: Date :

Schedule Type Block (60-over)

# of classroom meetings a week 2-4

Observer: Observation # (circleone): 1 2 3 4

Number of students in class

Brief description of students in class:

II. Contextual Background and Activities

A. Objective for lesson (ask teacher before observing)

B. How does lesson fit in the current context of instruction (e.g. connection to previous and
other lessons)?

C. Classroom setting: (space, seating arrangements, room for the lesson, if desks are fixed or
moveable, posters (science vs. non-science), student work, is it conducive to lab work (or

teaching science) etc. Include a diagram).

117



D. Any relevant details about the time, day, students, or teacher that you think are
important? Include diagram. (i.e.: teacher bad day, day before spring break, pep rally
previous hour, etc.)

II1. Description of events over time (indicate time when the activity changes)

Make sure that you describe the activity. If you can collect artifacts.

Time Description of events
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APPENDIX C
STUDY 1: WEEKLY UPDATE INTERVIEW AND CODING SHEET
Teacher Name: Interviewer:
Grade/Subject: If-Field / Out-of-field Date:
Schedule Type: Traditional ( <60 mins)  Block (> 60 mins)
Class meets: Daily 2-4 days a week
Update# 1 2 3 4 5 6 7 8 9
Interview questions (on even interviews, ask question 4)
1. How did things start this year? Compared to last year?
a. As teacher talks about events, ask for more details.
b. If good points are presented, ask about what is not going well? Or, if bad points
are presented, as what is going well.

c. How confident are you in your ability to motivate students? Assess their learning?

The goal of this probe is to capture the current issues for the teacher in terms of instruction

2. Have there been any changes in the professional development activities that you are
engaging in since we last talked? If so—probe about the type of activity and the level
participation (e.g., how often are you going, what are you doing in these meetings/events,
serving as a mentor or beginning a mentee).

3. Have you taken on any new responsibilities since we last talked? If so, what are they?

Were there any responsibilities that you declined this year? If so, what are they?
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4. TIs there any additional information that you would like to share regarding your teaching

that we have not talked about, that would be helpful for us to know?

DAY

OBJECTIVE

ACTIVITIES/
STRATEGIES

MATERIALS

ASSESSMENTS

MONDAY

DATE

TUESDAY

DATE

WED

DATE

THURS

DATE

FRIDAY

DATE

1. How do you feel these lessons went? What did you like about them? What would you do

differently? (Trying to get at changes they would make per the lesson/teaching, or perceived

strengths of lesson/teaching. May also indicate supplies that are present in class)

2. It’s been busy, but good. I was impressed with how they did on Excel because they haven’t

had previous working knowledge of it. I’d probably plan my questioning better on Monday
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because they really did have a lot of knowledge about it, I should’ve asked them before doing the

definitions.

Mon Tues Wed | Thurs | Fri

Lesson consisted of: Date:

e Bell-work/Opening activity

e Teacher-led lecture without discussion

e Teacher-led class discussion

e Teacher directions

e Teacher-led demonstration

e Teacher-led simulation

e Teacher-led review activity- For test

e Teacher-led review activity- hwk/prev. day

e Teacher-led review activity of class
assignment

e Inquiry laboratory/activity

¢ Guided inquiry laboratory/activity

e Directed inquiry laboratory/activities

e Verification laboratory/activity

e Process / skills laboratory/activity

e Student research project

e Students reading assigned material

e Students work/reading from a textbook

e Students complete a worksheet

e Student presentations

e Video/film/DVD

e Homework assigned

e Homework collected

e Out of class experience/field trip

e Admin task

e Non-science instruction

e Interruption

e Noclass

e Other

Classroom organization:

e Individual

e  Whole group

e Small group, 2-4 students

e Cooperative learning

e Lesson from previous year

e Lesson from published source
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e Lesson is from school/district curriculum
e Lesson from mentor/colleague

e Lesson created by teacher

e Lesson from Internet

e Other

Materials/Technology used:

e Laboratory — Professional equipment

e Laboratory - Common items

e Computer - Internet

e Computer - Software

e Computer - PowerPoint

e Probeware

e  Other (whiteboard)

Assessments used: Date:
e District/State assessment

e Department assessment

e End of Unit/Chapter Test (formal test)

¢ Quiz
e Rubric
e Lab report

e Interactions with students (questioning)
e Multiple choice

e Matching

e Fill in the blank

e Short answer

e FEssay
e Lab journal/notebook/logbook
e Other

Descriptions:

Under “Lesson consisted of”

Bell work — To get students settled and focused, lasting a short period of time (approximately 5-
10 mins), and having a set procedure (e.g., copying information from the board).

Teacher-led lecture without discussion — When the purpose of dialogue is to disseminate
information. It includes questions by teacher and answers by student. Used as verification by

teacher.
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Teacher-led class discussion — When purpose is to promote dialogue between teacher and
student. In this dialogue questions are open-ended and lead to discussion, interaction, and
brainstorming.

Teacher led review — For test — This activity allows the students to review for the test and may
include games, review discussions, or written review activities.

Teacher-led demonstration —To provide students with a visual or auditory experience to see a
phenomena or event that they would otherwise not observe. Demonstrations can be conceptual or
teach a skill.

Teacher-led simulations- Students apply concepts, analyze situations, solve problems, or
understand different points of view. Typically, situations, concepts or issues are provided in a
condensed and simplified form.

Reading assigned material — Students are reading materials that the teacher copies off, school
magazines related to science, or articles. This is not coded when reading a textbook.

Inquiry laboratory/activity — The students develop their own question to explore, along with
determining the experiment and modes of data collection.

Guided inquiry/activity — The teacher provides the question, and the students are free to answer
the question as they see fit.

Directed inquiry laboratory/activity — The teacher provides the question and the mechanism to
answer the question.

Verification laboratory/activity — The students are told or know the concepts they will see
during the activity. They follow written/verbal guidelines to identify the concept.

Skill-based laboratory/activity — The laboratory/activity involves the learning of some basic

skill (e.g. learning measurement).
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Assignment — Discussion is of an assignment to be done outside of class (e.g. homework).
Administrative task — Large amount of time is spent in taking care of administrative tasks (e.g.
stamping journals without another activity going on).

Non-science instruction — Large amount of time is spent on instruction that is not related to
science.

Under “Classroom organization”

Individual — Students are working individually on a task (e.g. worksheet). The only interaction
is with the teacher.

Whole group — Students are groups together as a class. This is coded with lecture or class
discussion.

Group work 2-4 students — Students work together in groups of 2-4.

“Lesson from” — This should be coded who regard to who or what supplied the lesson. For
example if a mentor teacher supplies a textbook lesson, it is coded as a mentor teacher.

Lesson from published source — Lesson is from outside of the school or district.

Under “Assessments used”

Lab journal/notebook/logbook — Used to assess students but is not used just in the scientific

sense of the term “lab journal”. Also used for questions, reflections, etc.
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APPENDIX D
STUDY 2: INTERVIEW PROTOCOL

Thank you for completing our consent form. As a reminder, we are doing this research
study to learn more about how school science coordinators or school science leaders have used
their knowledge and practices to support science teachers as schools have shifted from in-person
to distance learning. In particular, we will talk about the knowledge and practices that have been
useful in the process, those that you have developed, support structure available to the science
teachers, difficulties you have faced in the process, and how this has influenced student science
learning experiences,

Your role in this study is to discuss your experiences in a leadership position in school
science. These experiences will us develop an understanding of the knowledge and practices that
are important for supporting and preparing teachers to teach in online distance learning
environments. This would also be helpful in future disasters.

At this time, do you have any additional questions about the Consent Form, and the collection,
analysis, and life of the data?

If you have no questions, I will begin audio recording this interview. Is this OK with
you?

Interviewer: Today is XXXXX. I am XXXX, and I am interviewing XXXXXX.
If at any time in this process you don’t want to answer the questions, you can opt-out of
answering it. If you want to end the interview at any time— you can just tell me you would like to

stop.
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The first set of questions are about the background and current position (demographics)
1. Tell me about your current position
a. What is the exact title of the position you hold?
b. Tell me about your school. Name. Area, rural/urban/number of students etc
c. Does your school consider you an administrator?
d. How many years have you been in this position? (History)
e. How many teachers do you lead/supervise/support?
f. Please describe your current position (are you teaching as well?)
1. Which grade level are you responsible for?
ii.  What content areas are you responsible for?
2. Tell me about your background
a. What is your highest degree?
b. What kind of degree did you obtain? (physics, chemistry, biology...)
3. Have you participated in professional development?
a. How often?
b. What kind of professional development? (Conferences, online courses, courses
etc)
c. What topics are those professional developments? (leadership, content knowledge
and so forth)
d. Did you have access to any special professional development during this time? If
so please explain.
4. What is the format of instruction/platform that your school has shifted to, during the

pandemic?
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S.

Can you share some of your experiences as a science coordinator, during the pandemic?

The second set of questions about knowledge

1.

3.

What is the knowledge that is unique to you as a science coordinator? When I talk about
knowledge, I am thinking of the types of knowledge you need to be successful in your
position.

What knowledge as a teacher leader has been helpful to you during and after the
transition of instruction from in-person to distance learning? Explain.

What knowledge have you developed during this time that you think is useful? Explain.

The third set of questions about practices

1.

What are the practices unique to you as a science coordinator? When I talk about
practices, I am thinking of the actions you need to take to be successful in your position.
What practices as a teacher leader has been helpful to you during and after the transition
of instruction from in-person to distance learning? Explain.

What are the new practices that you have used or learned during this time? Explain.
(example)

What types of support and/or professional development have you provided your science
teachers during the time of the pandemic, to shift instruction online?

What kind of support/training has your school provided you during the time of the
pandemic?

During the pandemic, how do/did you ensure that the teachers plan instruction that is
pedagogically sound, and is not merely a transmission of knowledge? (student-centered

instruction)
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7. How do you support equitable access to the use of ICT (information and communications
technology) by all your teachers and students? By access, I mean physical access as well
as the quality of the teaching and learning experiences.

8. Are there any issues/challenges you have faced during the shifting of teaching from in-
person to distance learning?

9. What is a major takeaway for you during this time? Something that you have learnt that
you would like to continue in the post-pandemic schooling?

In closing
Is there anything else you would like to share?
We really appreciate your time. Would you like a copy of our paper, when we have it

written? What email can we send it to?
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