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ABSTRACT
While researchers assert that teacher educators and teacher education programs
have a key role in preparing effective teachers and improving teaching practices (DarlingHammond, 2017; Goodwin et al., 2014), there is little evidence about the practices of
science teacher educators (STEs) in specific subject matter (Berry & Van Driel, 2013;
Dolin & Evans, 2011; Goodwin & Chen, 2016; Korthagen et al., 2005; Mitchell, 2014)
and in different national and cultural contexts (Berry & Van Driel, 2013; Korthagen al.,
2005). My study addresses this gap by exploring the practices of STEs as exemplified in
their approach to teaching a secondary science methods course. I used a qualitative
multiple case study to document, through observation and in-depth interviewing, the
major practices of four STEs: two in Canada and two in Lebanon. The data were
transcribed and coded to develop themes and find common patterns in their teaching
methods. Cross-case analysis within and across cases disclosed key findings beyond the
skills, approaches, or strategies teachers needed to teach secondary science. Context,
political power, educational culture, and policies influenced course content and STEs’
practices. The learning environment—including the physical setting, learning spaces, and
social environment—had an impact on STEs’ teaching methods. Every STE was unique,
as their personal beliefs and personality were mirrored in their teaching approaches and
relationship with their students. Observing STEs’ teaching in their teaching context,
engaging with their students, analyzing their course syllabus, and comparing how the
intended course outcomes or objectives were delivered in the real classroom context
demonstrated that there was some variance in how those strategies were implemented by
each STE.
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My findings not only provide empirical data that contributes to addressing the gap
in the literature on the practices of STEs in secondary science methods course, but I also
compared those practices between two countries, where culture plays an important role.
These insights will allow other STEs to reflect on their beliefs and practices. This work
will also stimulate dialogue between STEs within the same institution and encourage
collaboration between teacher educators, researchers, and teachers.
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Chapter 1: Introduction
I would like to start with a brief summary of my background, since our life
journey shapes our conceptions and beliefs. My experiences of living in different
countries, meeting different people, interacting with various cultures, and being exposed
to multiple educational systems have had an essential role in shaping my concepts,
values, and beliefs as well as in framing my research purpose and questions.
Born in Sierra Leone, Africa, I studied in a Catholic school with traditional and
strict methods, where content acquisition and discipline were the main objectives. At the
age of 11 I moved with my family to Lebanon, my home country. There it is a different
story: education and success are a must in our life. Grades and ranking identify our
abilities and how smart we are. Comparison between siblings, relatives, and friends
creates a motivational climate if not a perfectionist one. I graduated with a B.Sc. in
chemistry but preferred teaching chemistry rather than working in an industrial lab
because I am a social person. Teaching chemistry was my passion and aim. Why? In high
school, I had difficulties comprehending the basic concepts in chemistry and almost
believed that it was an impossible subject to understand. My school was what I would
now label as traditional, where the only instructional materials used were the chalkboard
and textbook. I mostly struggled with chemistry because words such as precipitate,
acid/base, and exothermic/endothermic were abstract terms for me. I could not visualize
the concepts. As a result, assimilation and comprehension were beyond me. I always
hoped that the teacher would come up with a clear and practical approach that would
enable me to see these terms. This was a major hindrance to understanding chemistry as a
student. Nevertheless, it became a striking motivation at a later stage in my education. I
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was keen on finding practical and authentic ways that would make these abstract
concepts concrete and visual. Thus, the abstract nature of chemistry and my high school
experience gave me the motivation to enroll in the Faculty of Education at the Lebanese
University to study the pedagogical methods of teaching chemistry. The program
promoted authentic and student-centered learning, which contradicted the reality I had
experienced. Teachers were expected to complete the content curriculum and to provide
students with the information necessary to succeed in standardized exams. The
performance and effectiveness of teachers were measured based on the grades their
students obtain in the national exams. In Lebanon, private schools are more numerous
than public schools. Parents prefer them because they think “you get what you pay for,”
and their children’s success in standardized exams is guaranteed. To a certain extent it is
true that private schools have more resources, as well as highly qualified teachers and
coordinators, simply because they have funding. After seven years of teaching chemistry,
I moved to Paris, where I lived for six years. This was another unique experience in
education for me, this time as a student. Similar to Lebanon I experienced the educational
system in France as being based on content, memorization, and long hours of evaluations.
In 2008, I moved to Moncton, New Brunswick, where I experienced the turning point of
my life.
In July 2013, I lost my husband Nidal, who was a pediatrician, after a brave threemonth fight against brain cancer. On the same day, my little son Nidal Jr. was born. The
only choice I had during those difficult times was to be strong for my three children and
for myself. I came to realize that what does not kill us makes us stronger. I had to face
reality and transform my pain into hope and perseverance. My aim is to raise my children
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in Canada and to pursue my higher degree in education to fulfil a dream I have always
wanted to achieve. Obtaining a PhD in Science Education, while raising three children, is
a reward to myself, my children, and the memory of my husband.
My experiences have influenced my conceptions about teaching and learning. I
have always believed in the importance and priority of specialized teachers in subject
matter. I still believe in the importance of pedagogical and content knowledge. However,
I have come also to value the experience of learning to be a teacher rather than simply
learning to teach a particular subject. Other values that are important to me that I have
witnessed in Canada but not in the other locations in which I have been educated are:
equity of opportunity, tolerance of diversity, social justice, and a strong sense of
citizenship and empowerment. My philosophy about teaching is that there is no one
perfect method for teaching. Rather, I believe in motivated teachers who work to learn
and know the needs and abilities of their students the very best they can with the time
they have with them. Thus, teachers should be capable of choosing the appropriate
pedagogical methods to differentiate learning according to their students’ needs. I
strongly believe that teaching is a moral act and a talent embedded in our personality.
I strongly believe that teachers should appreciate the differences among students
in a classroom. Creating a positive environment and showing respect to those who are
different physically, intellectually, racially, linguistically, or economically, are essential
characteristics of effective teachers. Therefore, as teacher educators, the first step is to
help future teachers recognize those values and work to understand and appreciate
differences. For example, asking our student teachers to discuss the best teachers they

3

have encountered, and why, is an opportunity to show them who they want to be as future
teachers and leaders and to encourage them to reflect on their beliefs.
My doctoral dissertation is not only a work that has to be fulfilled to obtain a
degree, but it also the beginning of a journey towards an aim I have always looked
forward to. My experiences, passion, and beliefs in education have led to the research
questions and methodology I have chosen for my dissertation.
In the following section I provide an overview of my research. It includes the
purpose of the study, research questions, rationale of the study, an overview of the
methodology, and definition of terms.
Purpose of the Study
The purpose of my doctoral work was to explore the practices of science teacher
educators (STEs) as exemplified in their approach to teaching a secondary science
methods course. While researchers assert that teacher educators and teacher education
programs have a key role in preparing effective teachers and improving teaching
practices (Darling-Hammond, 2017; Goodwin et al., 2014), there is little evidence about
how teachers are prepared to teach science effectively in culturally diverse classrooms
(Gay, 2010). One way this knowledge gap is apparent is in how little is known about
practices of STEs in different national and cultural contexts (Berry & Van Driel, 2013;
Korthagen et al., 2005).
My study describes the practices of science teacher educators in two different
cultures and documents how they are preparing science teachers to teach science
effectively. My aim is similar to that of Berry and Van Driel (2013), who elaborated, “the
aim of the study is to help STEs to explicate their knowledge and experience, to
4

understand what they do and why, in developing and enacting their pedagogy” (p. 120). I
wanted to build a clear view of their experiences by describing those practices in different
contexts. My intention was to contribute to addressing the gap in literature on how
teachers are prepared to teach science in different national and cultural contexts, to
provide individual and authentic experiences of STEs, and to study the role of culture and
different educational systems in how science teachers are prepared.
Finally, my passion, personal motivation, encounters with different educational
systems, and experiences of different cultures have encouraged me to study Canadian and
Lebanese STEs’ practices. Interviewing and observing STEs in both countries has not
only provided insights into the practices of STEs but has also furnished a window into
why my experiences in Lebanon were not mirrored in my observations of STE practices
in Canada.
Why Canada and Lebanon?
When I arrived in Canada, I strongly believed in the importance of content
knowledge, pedagogy, assessments, and grades. I struggled to accept the educational
system in Canada, which was different from what I was used to in Lebanon. Those
beliefs were inherent to an extent that I wanted to take my kids back to Lebanon to
continue their education there. I had hard time adapting and understanding how the
system functions until I started my PhD in science education at UNB. I wanted not only
to get to know the system but to delve into why they do things as they do and discover
the objectives and vision of the Canadian education system.
Throughout my courses, readings, and discussions with my supervisor, professors,
and colleagues, I got to understand and appreciate the Canadian educational system. Yet
5

this left me with queries about the educational systems in both Canada and Lebanon. The
big question was why does each country I have experienced adopt particular methods or
practices?
Another important motivation that has driven me towards this study is a common
belief among teachers in Lebanon that students who come from Canada don’t cope well
with the Lebanese curriculum and obtain low grades. Getting involved in the Canadian
curriculum and methods of teaching through my kids and PhD program helped me
understand the misconceptions teachers in Lebanon have about the students who come
from Canada.
Finally, interviewing and observing STEs in both countries has provided
significant explanations and answers about why my experiences in Lebanon are not
mirrored in my observations of STE practices in Canada.
What is meant by Practices?
Professionals in law, medicine, education, and other professions refer to their
work as practice. In teaching, the term practice is used depending on the context
(Lampert, 2010). Grossman (2008) described teaching as “a set of techniques or
behaviors, as a form of clinical decision making, as a cognitive apprenticeship based in
disciplinary understanding, as a therapeutic relationship, and as a process of continuing
inquiry” (p. 429). In my study, practices are the pedagogical strategies, techniques, tools,
and methods employed by teacher educators in addition to the social and cognitive
components of teaching (Grossman & McDonald, 2008).
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Research Questions
I used a qualitative multiple case study to document, through observation and indepth interviewing, the major practices of four STEs: two in Canada and two in Lebanon.
My primary research question was: What are the major practices of science teacher
educators (STEs) in their approach to teaching a secondary science methods course?
The study addressed the following sub-questions:
1.

What are the STEs’ concerns and main purposes when preparing pre-service
teachers to teach secondary science?

2.

How do the STEs’ prior professional and personal experiences shape their
approach to teaching secondary science?

3.

How does the cultural context affect the teaching methods and choices the
STEs make for their courses?

4.

How do STEs address teaching science in culturally diverse classrooms?

5.

What weighting do the STEs place on content and pedagogy in their
courses?

Rationale of the Study
My research question was well-informed by the readings I undertook for my first
comprehensive exam. I discussed major changes in science education reform and
standards in the United States and Canada. I also compared the curricular documents
from four provinces in Canada and four states in the United States to determine patterns
of emphasis in the expectations for science teachers. I then highlighted the major
practices of STEs. Finally, I made a list of recommendations for STEs seeking to prepare
future teachers to work throughout North America.
7

After delving into the science standards and curriculum in both Canada and the
United States, it became evident to me that teachers are under pressure and are expected
to have high levels of preparation in science content and pedagogical skills as well as
engineering knowledge and practices (National Research Council, 2012; NGSS Lead
States, 2013). Educational research has confirmed that there is a strong correlation
between students’ learning and the quality of their teachers (Goodwin & Kosnik, 2013;
Goodwin et al., 2014; Muzaffar et al., 2011). Thus, preparing science teachers with the
capacity to integrate curricular emphasis and adapt to science teaching reforms is a
necessity for science educators (Quinn et al.,2012). Therefore, STEs have a central and
essential role in preparing teachers with the skills and knowledge to teach science
effectively.
The striking obstacle in my readings for my first comprehensive exam was in
highlighting the practices of STEs. What I found is that research into science education
focuses on the quality of K-12 teachers or on recommendations for teachers and teacher
educators to enhance their practices. Other studies (Garbett, 2011; McDonald et al., 2013;
Sexton, 2015; Wiebke & Park Rogers, 2014) stressed the importance of self-study and
self-reflection, in which teacher educators reflect on their pedagogy as a step toward
enhancing their practices.
It was difficult to find any research that documented the practices of STEs in their
professional context. Although there is convergence about the most effective practices to
use, such as inquiry-based and authentic learning, and recommendations to enhance
learning, research shows divergence in the way science teachers are trained in different
parts of the world (Maringe, 2006). Goodwin et al. (2014) considered that the silence on
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studying the quality of teacher educators is “more noticeable in the face of diminishing
political confidence in schools of education, as vocal critics question the utility—and
even necessity—of university-based teacher preparation” (p. 1).
Despite the calls to research the practices of science teacher educators, and in
spite of the reform messages and recommendations of educational organizations, policy
makers, and curriculum developers to teach for 21st century skills, “little new research
has been performed regarding the (controversial) relationship between science teachers’
subject-matter knowledge and their teaching practice” (Dolin & Evans, 2011, p. 104).
Despite the various attempts in research to restructure teacher education, no coherent
knowledge exists about the central principles underlying teacher education programs
(Korthagen et al., 2006).
Due to the gap in literature, several questions emerged: How are STEs designing
their science method courses? Does the method course outline differ from one university
to another? Does the method course content vary from one province or one country to
another? How does cultural and national context affect these practices and decisions?
How much are the STEs influenced by the institutional policy and culture?
The second gap in the literature about science teacher educators was that no one
has presented an exploratory and descriptive study of the actual practices of teacher
educators in their professional contexts. Rather, researchers have focused on studying a
particular objective, such as beliefs or the implementation of specific teaching approaches
such as inquiry-based practices. It is nevertheless of great interest and importance to
research, observe, and document what constitutes a science teaching methods course,
what are the STEs’ teaching methods and practices, and what are the major instructional
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strategies used. Lampert and Graziani (2005) stated that learning about methods that exist
is not the same as implementing a method with a class of students. Learning how to teach
requires interaction with the learners, hands-on strategies, and tailored responses in
response to the learners’ actions.
A qualitative, multiple case study methodology was the best approach to address
my research questions. It offered an authentic, descriptive, informative, and comparative
analysis of the practices of STEs in two national contexts. Merriam (1988) argued that
“research focused on discovery, insight, and understanding from the perspectives of those
being studied offers the greatest promise of making significant contributions to the
knowledge base and practice of education’ (p. 1). Case study research approaches involve
systematic investigation of human behavior in natural settings, relying on verbal and
visual communication to answer research questions (Coimbra & Martins, 2013; Stake,
1995).
Thus, the main goal of my research was to document through observation the
practices of STEs in two different countries. This research aimed at developing a guide to
the shared professional language among STEs and a knowledge base of teacher education
practices in different contexts, settings, and cultures (Korthagen et al., 2006). Hodkinson
and Hodkinson (2001) have argued the importance of searching for and discovering
truths about teaching and learning that are safe to share with practitioners. Qualitative
case study research is one of the few types of research that is viable and grounded in
lived reality.
The dearth of literature documenting the practices of STEs indicated a gap in the
field and provided the motivation for me to study the practices and instructional methods
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of STEs through a comprehensive case study. I was unable to find a single study that
presented descriptions of the actual practices of STEs in their teaching contexts. By
extension, case studies comparing the practices of STEs across national contexts was also
absent from the literature. The OECD (Henard et al., 2012) and the British Education
Research Association (2014) have emphasized the role of comparative analysis of
instructional practices and techniques in teacher education programs.
This study will be significant to the research of science teacher education since it
not only highlights the teacher educators’ practices, but also compares those practices
between two countries, where culture played an important role. Comparing several
teacher educators provided an opportunity to document the similarities and differences
between contexts. Inherent in this goal was to highlight why and how STEs chose their
teaching philosophy and strategies and how their beliefs and culture affected their
teaching methods.
This study will contribute to developing a shared professional language among
STEs and create a knowledge base of teacher education practices in different contexts,
settings, and cultures (Berry & Van Driel, 2013; Korthagen et al., 2005). My aim was to
create a categorical framework and a common language of practice for the work of STEs
in two different national and cultural contexts. It is my belief that this framework and
lexicon has application in contexts that extend beyond the two countries included in my
study.
A second motivation for this research was my personal experience. Studying in
Lebanon, France, and then Canada has enlarged the spectrum of observing several
teacher educators (TEs) from different curricular and cultural backgrounds. This has left
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me with several questions: What influences the practices of TEs? What is the role of
culture in the way TEs teach? Why do some promote content over pedagogy and vice
versa? Thus, my presence in Canada, my Lebanese origin, and my ongoing contact with
STEs in Lebanon have led me to think of exploring the teaching methods and strategies
of some STEs in both countries by observing a secondary science teaching methods
course.
Overview of Methodology
The research methodology I selected for my study was a qualitative case study. I
will briefly introduce my methodology here and describe it in detail in Chapter 3. In
educational research, case study is one research approach used to provide a better level of
understanding and explanation for questions or situations that cannot be investigated
through conventional experimental or survey design (Merriam, 1985). Case studies
enable researchers to explore and have a deep and thorough understanding of the case
studied in its real-life boundaries through detailed contextual analysis (Yin, 2009).
Case study was a natural approach to use, given my aim to understand and to
explore the practices of science teacher educators (STEs) in secondary science methods
courses in two different national contexts by using how, why, and what questions. The
data collected comprised detailed field notes from observations and recordings, in-depth
interviews, course designs, and available artifacts. This variety of data sources allowed
for triangulation of findings.
I performed the data analysis on three levels. The first part was a descriptive
qualitative case study. I treated each individual STE as a single case and conducted a
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narrative description about their personal and professional experiences and teaching
practices.
The second level of analysis was an interpretive qualitative case study, which
used a theoretical framework based on the major practices that research, educational
organizations, and institutions emphasize. I looked at the data that emerged and coded it
to develop conceptual categories or themes (frequency data). I also compared the
summaries of each STE to identify commonalities within cases from the same country
(for example to compare STEs within Canada) and differences across STEs.
The final level of analysis consisted of cross analysis of all cases (the Canadian
and Lebanese STEs). The aim was to develop a list of the major practices of STEs in both
countries. According to Yin (2003), a multiple and levelled case study allows the
researcher to analyze within each setting (in my case the STEs chosen from Canada and
from Lebanon) and across settings (compare cases between Canada and Lebanon).
Summary
Teacher education is undergoing a major shift toward a focus on the core teaching
practices that entail knowing and doing (McDonald et al., 2013; Grossman et al., 2009).
It is important not only to build consensus about a set of teaching practices, but also to
create a set of common practices to be used across different contexts and cultures that
allow us to learn with and from each other (McDonald et al., 2013). Documenting the
practices of the science teacher educators observed in two different countries, not only
provided the literature with the major practices they used, but also the influence of
culture, policies, and personal beliefs that led to the choice of those practices.
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The next chapter includes a review of literature with implications for my study. I
focus on the major STE practices that research, educational organizations, and
institutions emphasize. I also discuss what research has said about the role of culture and
globalization in redefining or shaping the practices of teacher educators.
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Chapter 2: Review of Literature
Introduction
Although research on teaching has existed for over a century, research on teacher
education is “a relatively young field” (Grossman & McDonald, 2008, p. 184). Loughran
(2014) emphasized the importance of researching teacher education practices as a
foundation for the professional development of teacher educators. Cochran-Smith and
Zeichner (2005) stated that teacher educators need to evaluate, interpret, and use research
studies in their own work by drawing from rich ethnographic studies and conducting
research about their own practices and programs. This involves conducting “empirical
research on practice in order to determine what the outcomes of teacher preparation
courses and field experiences are for prospective teachers’ own learning” (p. 277).
Despite the ongoing call to research about teacher education (Grossman &
McDonald, 2008; V. Richardson, 2002; Yuan, 2017) and a surge of interest in teacher
educators’ research engagement (Chetty & Lubben, 2010), there is limited scholarship on
the teacher educators’ instructional teaching in classrooms (Goodwin & Chen, 2016).
Some research indicates that teacher educators may not always “practice what they
preach” (Lunenberg & Korthagen, 2003, p. 39). Chetty and Lubben (2010) attributed the
inconsistency between teacher educators’ espoused values and their actual classroom
practice to the institutional policy and culture in the higher education sector while
Lunenberg et al. (2007) focused on the contradiction between the beliefs and practices of
teacher educators resulting from their lack of professional competence as well as to
limited opportunities for critical reflection (Yuan, 2017).
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Grossman and McDonald (2008) and V. Richardson (2002) stressed the
importance of research on teaching, since it could inform the content of teacher
education—what is taught and how it is taught—and establish a deeper understanding of
the complexities of teaching and instructional practice. Researchers need to move their
attention beyond the cognitive demands of teaching to a view of teaching that “focuses on
teaching as a practice that encompasses cognition” (Grossman & McDonald, 2008, p.
185). Thus, it is of great importance to conduct research in real contexts to capture the
relationship and interaction between teacher educators and their pre-service teacher
students in order to note how teacher educators provide students with empowerment and
opportunities to reflect.
Goubeaud and Yan (2004) provided in-depth information about teacher
educators’ instructional practices from a nationally representative sample of higher
education faculty from the National Study of Postsecondary Faculty (NSOPF-93). The
study examined the extent to which traditional strategies as well as instructional strategies
consistent with constructivism were implemented in teacher education programs.
Goubeaud and Yan gave several reasons for limiting the study in this way. Most other
studies focused on higher education faculty as a whole, rather than on faculty from
specific academic disciplines. Higher education studies stressed issues such as race,
employment status, and turnover. Additionally, Goubeaud and Yan considered most of
the literature on higher education literature to be composed of opinion and policy articles
rather than research studies.
The field of teacher education must attend to preparing pre-service teachers for
the relational and the intellectual demands of teaching. “There is relatively little attention
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in the empirical research literature on how teachers establish pedagogical relationships
with students and how they use these relationships to engage students in learning”
(Grossman & McDonald, 2008, p. 188). Moreover, the world is becoming increasingly
diverse. Economic, political, and cultural transformations have a direct impact on the
growing mobility of people (Henard et al., 2012; Larsen, 2016). Internal and international
migration, the growing number of refugees and immigrant families, and the growth of the
aboriginal population have together created linguistic, cultural, and racial diversity in
Canada and around the world (Guo, 2014; PPMI, 2017). These societal changes
necessitate the development of skilled, flexible, and mobile educators (Larsen, 2016).
Understanding the history, religion, and worldviews of different cultures allows teachers
to reflect on their methods of teaching to reach out to diverse learners.
Teacher education programs are under scrutiny and faced with multiple
challenges to develop global education curriculum and culturally relevant pedagogy as
well as training teachers to work both in local school districts and abroad (Yildiz &
Palak, 2016). The challenge is not only to prepare teachers for cultural diversity in their
classrooms, but also to consider the fact that teacher mobility within and outside the
district, province, or country is changing the landscape of teacher education (Gambhir et
al., 2008).
As a consequence, teachers are under pressure to reconsider their teaching
strategies and practices to meet the learning needs of migrant and diverse students (PPMI,
2017). These demographic and social transformations require well-prepared teachers to
be culturally and pedagogically competent in addressing issues of globalization, racism,
diversity, and social justice (Guo, 2014; Reid et al., 2010). Teachers and schools “should
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be able to provide support to newly arrived pupils, to address the specific needs of all
learners, and to foster tolerance, respect for diversity and civic responsibility in all school
communities” (PPMI, 2017, p. 12).
The teacher education field is in a race with the rapid and ongoing changes
occurring globally. Demographic changes, curriculum updating, scientific innovations,
variations in recommended teaching methods, increasing mobility, and diversity are all
reasons to study how teacher educators reflect those changes in their teaching methods
courses. While designing their courses, teacher educators should reflect on the practices
needed to prepare teachers to teach locally, nationally, and internationally. Therefore, in
my review of literature I highlight the effect of reform and globalization on teacher
education and how this influences the practices of teacher educators. I also discuss
research about the practices of STEs. Finally, I conclude with what literature has
identified as the best or most effective practices for science teachers and STEs to consider
when designing science methods courses.
Global Reform, Initiatives and Recommendations for Teacher Education
Teacher education in both the United States and Canada has been under scrutiny
since the1980s. Since then, calls for reform have been the major concern of researchers
and teacher educators. The United States established in the first years of the new
millennium an understanding on what teacher education preparation should consist of:
developing teachers with adaptive expertise who are capable of building on their
knowledge, skills, and content in order to adapt to changing social and professional
circumstances (Kitchen, 2009). In Canada, the annual conference of the Canadian Society
for Studies in Education (CSSE) brings together many teacher educators to share their
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research and practices. The Canadian Association of Teacher Educators (CATE) and its
special interest groups, such as the Self-Study of Teacher Education Practices group,
have played an important role in recognizing and disseminating research by teacher
educators “to discuss and debate key issues in the field of teacher education research, and
then publish the resulting papers in an attempt to build a corpus of research that is
distinctly Canadian” (Thomas & Hirschkorn, 2015, p. 6). Moreover, the Association of
Canadian Deans of Education (ACDE) has recommended that teacher education
programs “should involve the development of situated practical knowledge, pedagogical
knowledge, and academic content knowledge, as well as an introduction to research and
scholarship in education” (Association of Canadian Deans of Education, 2016, p. 3).
The Accord on the Internationalization of Education, released by the Association
of Canadian Deans of Education (ACDE) (Association of Canadian Deans of Education,
2016), as well as the Council of the European Union (EU) and the European Commission
(PPMI, 2017), have all called for efforts to prepare teachers for diversity and inclusive
education. Global networks composed of multinational organizations such as the United
Nations Educational, Scientific, and Cultural Organization (UNESCO) and the
Organization for Economic Co-operation and Development (OECD), along with
governments around the world, are placing increasing emphasis on learning about the
educational practices and pedagogies of other countries (Darling-Hammond, 2017;
Spring, 2014).
In recent years there has been an international movement towards educational
reform, particularly in science education, to meet the need for a sustainable environment,
economy, and society (Monkman, 2001). Scientific innovations, technology,
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globalization, research, and standardized assessments are all factors that influence
reform. The ongoing changes in standards and curriculum are increasing pressure on
science teachers, but “teachers must not be placed in the position of being solely
responsible for reform” (Quinn et al., 2012, p. 27).
The British Education Research Association (2014) has emphasized the role of
research in teacher education. They argued that comparative analysis of policy and
practice are important to highlight the common set of practices and instructional
techniques used in teacher education programs. These comparisons are important to
policy makers due to the globalized nature of education as well as the increase in
technological and pedagogical information globally (Adamson, 2012). The research
literature and individual country reviews show that the top education systems—such as
Finland and Singapore—rely heavily on methodologically rigorous research to inform
their practices (Tatto, 2013).
International measures of students’ performance—such as the Program for
International Student Assessment (PISA), the Trends in International Mathematics and
Science Study (TIMSS), and the academic ranking of world universities—have increased
the uniformity of policy goals and encouraged greater interest in the inter-relationship
between global trends and local responses, with emphases on culture and beliefs
(Adamson, 2012; OECD, 2018). Adamson (2012) agreed that “our experiential knowing,
shaped as it is by culture, help [sic] make us who we are, affect how we understand the
world, influence our choices, and potentially separate us from others” (p. 642). Adamson
stated that several international comparative studies have been published and labelled as

20

cross-cultural studies due to the relationship between “culture and policies, practice,
beliefs and values they investigate” (p. 642).
The Accord on the Internationalization of Education (Association of Canadian
Deans of Education, 2014) aimed at conceptualizing the internalization process in
education. The accord emphasized internationalizing Canadian curriculum, increasing
international mobility, connecting local and global processes, and encouraging and
valuing multiculturalism. The goal is to offer pedagogy and content that reflect the
diversity of population and to prepare educators and leaders capable of exposing students
to multiple worldviews by offering them critical tools to assess and analyze the social,
ethical, political, and historical implications of different positions, including their own.
The Council of the European Union (EU) and the European Commission in 2015
called for efforts to prepare teachers for diversity and inclusive education. The European
Commission (PPMI, 2017) formed a research team from different EU countries and
submitted a report to the European Commission on how initial teacher education (ITE)
prepares student teachers for diversity in the classroom. The research team examined the
policies and initiatives in Europe that support the effective provision of ITE for diversity.
They also reflected on the successful practices in such non-EU countries as the United
States and Canada in order to provide recommendations on how the EU states might
improve their ITE policies and prepare teachers for diversity and inclusive education.
In Canada, teacher education institutes systematically review their programs. The
Canadian perspective of initial teacher education has a holistic orientation that adopts a
social constructivist learning approach. It emphasizes the importance of understanding
education in the context of community and the world (Bickmore, 2014; Gambhir et al.,
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2008). Larsen (2016) stated that the Canadian teacher education programs have
effectively responded to issues related to globalization, racism, diversity, and social
justice. Programs across the country offer curriculum content variously called
multicultural, culturally responsive, intercultural, anti-racist, or global citizenship
(Larsen, 2016).
In Lebanon, despite science education reform, science teacher education faces
challenges such as integrating science and technology and implementing research to
improve practice (BouJaoude & El-Hage, 2016). Studies have shown that most teacher
education programs emphasize theoretical rather than practical components (BouJaoude,
2000). Since 2000, institutional policies have called for a shift in teacher education
programs from a content approach to a competence approach. Teachers are required to
demonstrate not only foundational and practical teaching competence, but also reflexive
competence (BouJaoude & El-Hage, 2016).
Despite the important and challenging role of teacher education in preparing
future teachers, Livingston (2016) argued that teacher education institutions are not
taking the leadership role, but often appear to be reacting to the changes of school
curricula, examination systems, and educational policies. He elaborated that while some
faculties of education, in some countries, have concerns about how to sustain their
teacher education programs, schools are taking over the initial and continuing
professional development of teachers. That is, university educators need to stress the
importance of rethinking teacher education programs in order to be more prominent in
their contribution to the speed and complexity of changes in society.
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A new guide published by the European Commission—Shaping career-long
perspectives on teaching: A guide on policies to improve initial teacher education—was
written by members of the Education and Training 2020 Working Group on School
Policy (2014-15) (Livingston, 2016). The guide set out ten key principles to transform
teacher education. The articles discussed teacher education in the context of educational
change due to increasing diversity of learners in schools across Europe and beyond. In
the first article, Alexiadou and Essex (2016), examined one science education course in
England and studied the ways in which science programs prepare pre-service teachers for
inclusive practice. They argued that achieving inclusive practices will require pedagogies
that move beyond the official policies and pressures exerted through competition between
schools, results of standardized exams, and achieving high academic standards. Many
teachers declare that timing creates tension between expectations for high academic
standards and differentiating instruction to and through cultural diversity (Gay, 2013).
Chiu and Duit (2011) criticized the paradox between curriculum standards and
standardized international tests such as the Program for International Student Assessment
(PISA), and the Trends in International Mathematics and Science Study (TIMSS) set by
the OECD. The assessments and international rankings create tension between
expectations for high academic standards and differentiating instruction (Bencze et al.,
2013; J. C. Brown & Crippen, 2016).
While researchers have asserted that teacher educators and teacher education
programs have a key role in preparing effective teachers and improving teaching
practices (Darling-Hammond, 2017; Goodwin et al., 2014), there is little evidence about
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how teachers are prepared to teach science effectively in culturally diverse classrooms
(Gay, 2010).
Review of the Literature about Teacher Education Practices
Despite the ongoing call to research the practices of teacher educators (Grossman
& McDonald, 2008; V. Richardson, 2002) and the recommendations of educational
organizations and curriculum developers to practice more authentic, inquiry-based
approaches to learning, little is known about the teaching of specific subjects such as
science (Dolin & Evans, 2011; Goodwin & Chen, 2016).
The American Educational Research Association (AERA) panel on research into
teacher education (Cohran-Smith & Zeichner, 2005) reported that it was questionable
whether teacher education could make a difference at all and that there was no evidence
on the effectiveness of certain approaches (such as inquiry-based learning) over others.
There is a serious lack of knowledge about what teacher educators do and how their work
is constructed (Korthagen et al., 2005). Literature that covers teacher education programs
and their potential to improve the preparation of future teachers is “predominantly
theoretical in nature” (PPMI, 2017, p. 18). Berry and Van Driel (2013) argued that
research on teacher educators has not paid much attention to “what it takes from teacher
educators to support pre-service teacher’ process of learning to teach subject matter” (p.
118). Teacher educators’ beliefs have been well researched, yet no attention has been
paid to the relationship between their beliefs and their practices in real contexts
(Vanassche & Kelchtermens, 2014; Yuan, 2017).
Research into teacher education reveals three interrelated strands: research about
the competencies such as skills, attitudes, knowledge, and best practices that best define
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the expertise of teacher educators; the study of the transition of teacher educators into
academic careers; and research that focus on self-studies, where teacher educators study
their practices and process of teaching and learning (Berry & Van Driel, 2013). On the
other hand, Clark and Peterson (1986) suggested that the process of teaching involves
two major domains: teachers’ cognition and teachers’ observable action. The former
represents what teachers think of and is unobservable, while the latter includes teachers’
behavior and students’ behavior and achievement. They argued that research should be
interested in how teachers behave as opposed to how they think. Researchers should aim
to understand how and why the process of teaching works the way it does (Clark &
Peterson, 1986).
Fang (1996) recommended that future research should include narrative studies
of teachers’ practical knowledge in its real context; such studies are critical and provide
new ways for thinking about pre-service education. He stated that this kind of research
has been restricted to K-12 teachers and few studies have extended this research to postsecondary levels. Fang referred to the editor of the Journal of Research in Science
Teaching at that time, William Kyle Jr., who stated that while “much has been written
regarding our understanding of teaching and learning as it applies to K-12 learners, there
is an unfortunate dearth of teacher education research at the college level. Future research
should therefore explore this territory” (Fang, 1996, p. 59).
There is a large body of research on science teacher education with much focus on
the quality of K-12 science teachers, the learning of pre-service teachers, and the
recommendations for future teachers to enhance their practices. Despite the central role
of teacher educators in preparing high-quality teachers, little is known about their
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teaching of specific subject matter and how they develop their expertise (Berry & Van
Driel, 2013).
Teacher education is undergoing a major shift towards a focus on the core
teaching practices that entail knowing and doing (McDonald et al., 2013; Grossman et al.,
2009). It is important not only to build consensus about a set of teaching practices, but
also to create a set of common practices to be used across different contexts and cultures
that allow us to learn with and from each other (McDonald et al., 2013).
Historically, research into teacher education has focused on the development and
preparation of effective teachers, the demonstration of teachers’ understanding of content
and pedagogical knowledge, specialized knowledge needed and required for teaching,
and teachers’ knowledge and beliefs (Grossman et al, 2009; Grossman & McDonald,
2008; Sellars, 2012). The research mainly analyzed the knowledge domains of teacher
educators, such as their pedagogical and content knowledge, subject matter knowledge,
curricular knowledge, and practical knowledge. Moreover, the study of the effectiveness
of teachers mainly focused on how well their students performed (Fang, 1996). Recently,
studies (Garbett, 2011; Sexton, 2015) have highlighted the importance of self-study, in
which teacher educators (TEs) reflect on their pedagogy as a step toward enhancing their
practices. Goodnough et al., (2020), used communities of practice as a framework, to
describe the emergence and cultivation of a shared self-study inquiry in higher education.
A core-group of seven teacher educators from the Faculty of Education shared how this
collaboration enhanced their work as teacher educators and the learning experiences of
their students. During the 18 months, the teacher educators reflected on the strategies
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they used to foster productive community functioning, the success and tensions they
experienced, the group dynamics, group leadership, and on their individual and group
learning.
Grossman et al. (2009) argued that although programs may explicitly develop a
vision or mission that orients their work, teacher educational faculty work independently
to enact that vision within their own course work. Thus, there is no consensus on what
constitutes a teacher education preparation or methods course. Methods courses have
been designed to help pre-service teachers learn about what methods exist for teaching
specific subjects and how they are grounded in educational research (Lampert &
Graziani, 2005).
In their article titled Directions for Research in Teaching and Teacher Education,
Grossman and McDonald (2008) argued that the field of teacher education lacks a
framework for teaching as well as a common language and vocabulary for describing the
features of practice and common pedagogies. This framework would inform research on
teaching and improve professional education as well as preparing teachers to work with
students of different races, ethnicities, socioeconomic statuses, and languages. Grossman
and McDonald (2008) suggested the need for more research to identify a set of common
questions for researchers across similar institutions. For example, rather than conducting
small case studies of individual courses or individual programs, “teacher educators could
agree to develop the same well-specified approaches to preparing teachers across
institutions and then use common metrics and instruments for assessing these
interventions and their outcomes” (p. 199). The importance of such research is to go
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beyond our communities, “to look over their backyards to see and learn from what other
neighbors are doing” (p. 199).
Berry and Van Driel (2013) interviewed twelve STEs from four different teacher
education institutions in Australia and the Netherlands. They focused on the specific
expertise STEs bring into teacher education, particularly in secondary science methods
courses. The interview scheme consisted of two parts. The first part had an open
structure, allowing the STEs to talk about how their personal and professional
experiences led them to become STEs and shaped their purpose and practice. In the
second part the STEs explained their pedagogical approach in detail in terms of ideas,
activities, and ways of doing assessment. An additional source of data was obtained from
participants through the use of storyline protocol. The STEs were asked to draw and then
explain a storyline on how their satisfaction as STEs had developed over time and which
experiences had influenced their development. The aim of Berry and Van Driel’s study
was to “contribute to a better understanding of what science teacher educators emphasize
in these methods courses and why they do this” (p. 118) and to the development of a
shared language for teacher educators as the basis of a pedagogy of science teacher
education.
No research in comparative design has examined, through observation, the
instructional practices of STEs in pre-service teacher education programs. Recently,
several doctoral studies used case study as a methodology to study initial teacher
education. Akhter (2013) explored teacher educators and student teachers’ perception of
inquiry-based pedagogy in science teaching. Data were collected using a triangulation
method based on questionnaires, semi-structured interviews, and two focus groups. The
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analysis showed that teacher educators responded positively to the importance of using
inquiry-based instructional strategies and strongly indicated an intention to use inquirybased science teaching strategies.
In another doctoral study, Asim (2015) used mixed methods research to examine
the instructional practices of teacher educators in multicultural classrooms of pre-service
teacher education programs in Karachi, Pakistan and New York, United States. This
study found that teacher educators in Pakistan and the United States should incorporate
civic values, acceptance of diversity, motivation in teacher education programs, social
justice, and equitable instructional practices to promote intercultural cohesiveness among
pre-service student teachers (p. ii).
In her doctoral research, Goubeaud (2002) used a descriptive study to compare
teacher educators’ attitudes, characteristics, and activities with those of higher education
faculty from other academic fields. The comparative analysis indicated that teacher
educators in the faculty of education used more student involvement and group work
strategies than did faculty in other academic disciplines.
Pajares (1992) stated that beliefs are powerful in shaping who we are and how we
act. They influence our perception, define our behavior and how we organize knowledge
and information, as well as impacting the way we see and respond to our teacher
education experiences. Teacher educators’ beliefs have been well researched. Yet, no
attention has been paid to the relationship between their beliefs and their practices in real
contexts (Vanassche & Kelchtermens, 2014). Yuan (2017) explored the teaching beliefs
and practices of two English teacher educators in Hong Kong universities. Using data
from classroom observations and in-depth interviews, he analyzed how the English

29

teacher educators implemented their beliefs in classroom practice and found that “teacher
educators’ beliefs are strongly influenced by their personal backgrounds and histories” (p.
11).
How is Globalization Redefining the Role and Practices of Teacher Educators?
Globalization has had a major impact on education in general and on science
education in particular. Global issues such as climate change, the impact of information
technology, and the increasing cultural diversity of classrooms around the world pose
significant challenges for science educators. Teachers are expected to be experts in
teaching and willing to adapt their teaching styles according to students’ prior
knowledge, inquiries. their prior knowledge, and level of understanding (Gambhir et al.,
2008). They are also required to wield the cultural and pedagogical skills necessary to
address issues that flow from globalization such as racism, diversity, and social justice
(Guo, 2014; Reid et al., 2010).
In 2013 the National Science Education Standards in the United States were
replaced by the Next Generation Science Standards (NGSS) (NGSS Lead State, 2013).
The main goal was to prepare students to solve interdisciplinary problems as well as
creating authentic environments in the classroom (National Research Council, 2012).
With the steady increase of student ethnocultural and learning diversity across various
educational settings, NGSS developed effective strategies to meet the learning needs of
diverse students in local contexts. The strategies encouraged teachers to connect science
education to students’ sense of place as physical, historical, and sociocultural dimensions.
The NGSS encouraged cultural relevant pedagogy, community involvement, school
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support, and mentorship between individuals of similar racial or ethnic backgrounds
(Miller & Januszyk, 2013).
The application of the new science recommendations such as Science,
Technology, Engineering, and Mathematics (STEM), Science, Technology, Society, and
Environment (STSE), or Next Generation Science Standards (NGSS) requires STEs to
prepare science teachers for a wide array of science content, inquiry-based pedagogical
strategies, project-based learning, problem-based learning, and design-based learning
(Darling-Hammond, 2006; Anazifa & Djukri, 2017). Added to the variety of content and
strategies is an increased emphasis on engineering-like application of their knowledge
(National Research Council, 2012; NGSS Lead States, 2013).
In project-based learning teachers choose a project related to the curriculum and
objectives. Students design their work, investigate questions, propose hypotheses, and
discuss and explain their ideas (Anazifa & Djukri, 2017). In problem-based learning,
teachers develop complex, real-world problems for students to focus on using a case
study approach (Barron & Darling-Hammond, 2008). They work in small groups to
discuss and explore solutions to the problem. Barron and Darling-Hammond (2008) have
shown that problem-based learning outperforms traditional learning when measuring
skills such as critical thinking, collaboration, and authentic learning, but for measuring
factual learning both are the same. In design-based learning, student teams design, build,
and evaluate a product they have designed. A popular example is robotics competitions
where student teams design, build, and then pilot their robots in a series of competitive
challenges (Barron & Darling-Hammond, 2008).
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The ongoing changes in standards and curriculum are increasing pressure on
science teachers, but “teachers must not be placed in the position of being solely
responsible for reform” (Quinn et al., 2012, p. 27). STEs have a central and essential role
in preparing teachers to teach science effectively. Muzaffar et al. (2011) and Goodwin et
al. (2014) confirmed that there is a strong correlation between students’ learning and
quality of their teachers. Thus, preparing science teachers with the capacity to integrate
curricular emphasis and adapt to science teaching reforms is a necessity for science
teacher educators (Quinn et al., 2012).
Teacher education scholars such as Shulman (1986), Crocker and Dibbon (2008),
and Darling-Hammond and Bransford (2005) have argued that teachers require a solid
grounding in both pedagogical and content knowledge and, in particular, a welldeveloped sense of how these come together in teaching. Science disciplines in most
contexts focus on memorizing facts without emphasizing deeper conceptual
understanding of the subject matter (Darling-Hammond & MacLaughlin, 1995; K. Smith,
2005). As a result, STEs share the responsibility to engage in and practice pre-service
inquiry learning activities and critical reflection (K. Smith, 2005). In a meta-analysis of
the Effective Secondary Science Programs, Cheung et al. (2016) found that the types of
programs that make a difference in student outcomes are those that help teachers teach
more effective lessons. These programs include technology designed primarily to help
students visualize science concepts, and instructional process models that provide
teachers with extensive professional development to help them apply strategies such as
cooperative learning, use of metacognitive skills, and science literacy integration.
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During the pre-service education program, an outstanding objective for TEs is to
prepare science teachers to design and test curricular materials (Van Driel & Abell,
2010). This is a step in preparing teachers to accept reform. It also gives them time to
understand and assess the curriculum policy. Hence, TEs can engage students in activities
that allow them to understand the theory and practices of STEM (Pedretti et al., 2008)
through creating projects related to environmental issues, teaching a lesson related to
STEM, or demonstrating through examples how they can integrate engineering in their
teaching.
Bridging the gap between theory and practice or university and school is an
essential role for TEs. For instance, as an external evaluator for the National Science
Foundation–funded K–12 project, Debra Tomanek (Tomanek et al., 2005) created a
partnership project at North Dakota State University (NDSU) called GraSUS (Graduate
Student-University-School Collaborative). In this project, a graduate student in a STEM
discipline spends a year-long fellowship with a science teacher to help develop in-class
activities and share decisions on which units of the curriculum need to be upgraded or
changed.
The continuous reform in science education and recommendations of science
teaching organizations increase the pressure and tension upon teachers. Thus, STEs have
to consider the reform messages and organizations’ recommendations as tools to shape
their teaching methods and develop more cohesive and comprehensive education
programs (K. Smith, 2005). With globalization, classrooms have transformed into a
mosaic of diverse individuals who have experienced different social, political, and
economic realities (Chisholm, 1994). Thus, teacher education programs should provide
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cultural awareness, appreciation of diversity, and to train teachers to work with diverse
students and parents (Chisholm, 1994; Gay, 2013).
Chisholm (1994) argued that there is no one best teaching model, but a variety of
professional skills and institutional practices to prepare multi-cultural pre-service
teachers. Teachers need to constantly increase their knowledge about culturally sensitive
topics, as well as how minority students perceive the world and their new surroundings.
In multicultural classrooms, teachers should not only have a pedagogical role but also the
role of a cultural mediator between the minority and majority cultures. Their role is to
empower students to succeed academically and socially (Chisholm, 1994; Gay, 2010).
Teacher education programs should provide teachers with the opportunities and
foundation to understand themselves as learners capable of adapting their practices
according to different situations throughout their careers (Chisholm, 1994; Kea et al.,
2006; Livingston, 2016).
J. C. Brown and Crippen (2016) argued that “highly effective science teachers
require additional professional development experiences to successfully meet the needs
of culturally diverse learners” (p. 473). Most science professional development programs
focus on content knowledge, adaptation of standards and curricula, and inquiry-based
learning. Yet, rare are the programs that incorporate these foci with multicultural science
education (J. C. Brown & Crippen, 2016).
A significant challenge for TEs is to prepare reflective teachers who can apply
observational and analytical skills to monitor, evaluate, and revise their own teaching
practices (Chisholm, 1994; Kea et al., 2006). Thus, they not only have to be aware of
their own knowledge and skills in the classroom, but also of the efficacy of their teaching
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activities on students’ learning (Chisholm, 1994). Critical reflection is one of the
successful strategies used to develop culturally responsive pre-service teachers (Mallory,
2015; E. B. Smith, 2009). Teacher educators need to engage students in discussions to
explore their personal beliefs and ideas about teaching, the nature of science, and cultural
diversity. Encouraging student teachers to keep a journal of their thoughts prior to and
following a classroom discussion allows them to reflect on their ideas (Craven III &
Penick, 2001).
Koziol et al., (2011) argued that the preparation of teachers in the United States
focuses on the skills and attitudes appropriate for local schools. The construction of the
public education system according to the beliefs and values of the dominant culture
creates a lack of attention to cultural differences (Goddard & Hart, 2007). Schneider
(2003) conducted extensive research on 24 universities in the United States to determine
the international content and practices in teacher education programs. She found that
teacher education programs were very weak on international dimensions. Despite the
influence of globalization and intercultural communication, little attention has been paid
to how to prepare internationally competent teachers in the United States. According to
Koziol et al. (2011), the reason for this failure is that the culture of teacher education
programs tends to be local rather than global and programs tend to focus on local
requirements for certification. Therefore, teachers need to know how to adapt curriculum
content, methodology, teaching style, and instructional materials according to students’
values and cultural norms (Kea et al., 2006). Teacher educators have to consider the
multicultural aspect in the present classrooms. Accordingly, an essential objective is to
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prepare future teachers to differentiate their teaching methods, the potential to bringing
the world to their classrooms, and the ability to adapt to different situations.
Conclusion
The shortage of research studying the authentic practices of STEs in their
professional context was a major reason to conduct my research. In addition, my personal
motivation from having experienced different educational systems or cultures in two
different countries led me to choose my research sites. My aim was not to decide which
system is doing better but to answer my questions about how science teachers are being
prepared to teach science. Finally, the review of literature and research recommendations
have reinforced the choice of the methodology to study the practices of science teacher
educators.
In the next chapter I offer a detailed description of the methodology I used as well
as the philosophical approach, instrumentation, data collection, and data analysis
procedure.
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Chapter 3: Research Methodology
In this chapter I start with a brief literature review on case studies. The aim is to
discuss what has been written about case studies and how this research has led me to
choose this methodological approach.
Overview of Case Study Research Method and my Methodological Approach
Case studies have been used for many years across a variety of disciplines such as
medicine, sociology, law, management, and education (Merriam, 1985). Over the past
forty years, there have been extensive research discussions in social sciences on the
methodological approach of case study (Flyvbjerg, 2006; George & Bennett, 2005;
Merriam, 1988; Simons, 2009; Stake, 2005; Thomas, 2011; Yin, 2009).
In educational research, case study is one research approach used to provide a
better level of understanding and explanation for questions or situations that cannot be
investigated through conventional experimental or survey design (Merriam, 1985). Over
the last three decades, researchers in the field of teacher education have developed
research programs and adult development curricula based on the notion of learning from
experience, extended from Dewey’s 1983 concept of experiential growth (Orland-Barak,
2002).
There are multiple definitions and understandings of case study research, perhaps
due to the diversity of epistemological views held by case study researchers or analysts
(Thomas, 2011). Yin (2017) offered a twofold definition of case study. He suggested that
“a case study is an empirical method that investigates a contemporary phenomenon (the
“case”) in depth and within its real-world context, especially when the boundaries
between phenomenon and context may not be clearly evident. (p. 35).”
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Merriam (2009) saw case study research as the product of field-oriented research
rather than as a strategy or method. A qualitative case study is an intensive, holistic
description and analysis of a bounded phenomenon such as a program, an institution, a
person, a process, or a social unit (Merriam, 1998). Merriam (2009) considered a
qualitative case study to be particularistic, descriptive, and heuristic. Particularistic means
that a case study focuses on a specific situation, event, or phenomenon. This makes case
study an appropriate research design for specific problems and situations arising from
everyday practices. Descriptive means that the end product of the case study is a thick,
rich description that the researcher usually presents using literary techniques to describe
or analyze situations. Descriptive qualitative case study illustrates the complexities of a
situation that has several factors. It also shows the influence of personalities on the issue
or case as well as the effect of external factors such as funding, changing legislation, or
new policies. Finally, heuristic means that the findings or analysis of the case under study
illuminate the readers’ understanding of the phenomena studied. This illumination might
bring new meaning, extend the experience, or confirm what the reader already knows
(Merriam, 2009).
Yin (1994) offered a protocol for case study research. He intended his approach to
assist the researcher in the process of conducting a case study and to increase the
reliability of the research (Zucker, 2009). Like Yin, Stake (1995) proposed several steps
to conduct case study research: posing research questions, gathering data, data analysis,
and interpretation. Nevertheless, Stake (2005) argued that case study is not a
methodology that provides a theory of how a research project should proceed
(Vanwynsberghe & Khan, 2007). Stake (2005) considered that case study doesn’t provide
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detailed description on how research should proceed, but rather the process and
interaction between case and unit of analysis guides a “choice of what is to be studied”
(p. 438).
Several studies (P. A. Brown, 2008; Crotty, 1998; Hyett et al., 2014; Yazan,
2015) compared the work of the three foundational authors on case study: Yin, Stake, and
Merriam. The aim was to provide a better understanding of the philosophical stance and
research paradigm of case study. Yazan (2015) and P. A. Brown (2008) considered Stake
to have a more interpretive orientation to case study research. Stake (2005) wrote that “if
the case is more human or in some ways transcendent, it is because the researchers are so,
not because of the methods” (p. 443). In contrast, Yin approached case study from a postpositivist viewpoint (Crotty, 1998; Hyett et al., 2014). Yin (2002) aimed at presenting the
design and methods of case study to “offer few guides on how to start a case study,
analyze the data, or even minimize the problems of composing the case study report” (p.
3). Merriam (1998), on the other hand, considered that “the key philosophical assumption
upon which all types of qualitative research are based is the view that reality is
constructed by individuals interacting with their social world” (p. 6). Thus, compared to
Yin, Stake (1995) and Merriam (1998) are more likely to follow a social constructivism
paradigm (Brown, P. A., 2008; Yazan, 2015), which focuses on the case and final product
rather than on the process or method.
Although some researchers considered Yin to have a post-positivist approach to
case study research, I believe his aim was to provide a structure to the methodology. Yin
(2017) suggested that “by pursuing a relativist perspective, you might pursue a
constructivist approach in designing and conducting your case study” (p. 39). Given my
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scientific background and structured personality, Yin’s methodological approach and his
attempts to define case study as a research method were well-suited to my research
purpose.
In my study I mainly adopted the methodological approach of Yin (2009, 2014,
2017). I also focused on Miles and Huberman (1994) and Merriam (1998) to support
some of the design choices I made. Yin (2009, 2014, 2017) provided a well-structured
design and a clear methodological approach to help me understand how to conduct a case
study.
Research Design Decisions
Yin (2009) proposed a “blueprint” (p. 26) for case study research design that
consists of the questions to be studied, the data that are relevant, the data to be collected,
and the method of analysis. He defined five components of a research design:
1. a study question, which is the form of the questions in terms of who, why, what,
where and why,
2. its propositions, where each proposition represents something that should be
examined within the study,
3. its unit(s) of analysis, which is the analysis of the case in relation to the questions
and propositions,
4. the logic linking the data to the propositions, and
5. the criteria for interpreting the findings.
Yin (2017) considered a research design to be the “logical plan from getting from
here to there” (p. 7), where here is the research questions to be addressed and there is the
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set of conclusions as a result of those questions. Between here and there are a number of
steps and logical sequence, including the collection and analysis of data (Yin, 2017).
Although Yin (2009, 2014, 2017) provided useful insights into the design of a
case study, he left most of the design decisions on the table (Meyer, 2001). This can be
considered the strength of this approach, because it allows a researcher to tailor the
design and data collection procedures to the research questions (Meyer, 2001).
In the section that follows, I provide a comprehensive overview of the case study
methodological process, following Yin’s (2017) five research design components: the
case study questions, the propositions, the case, the data collection, and the data analysis.
I address the range of choices concerning specific design requirements. I focus on the
most important choices and obstacles I faced as I selected cases, chose sites, established a
timeline, and created procedures for data collection.
Case Study Questions
The study’s research questions provide an important clue to the relevant research
method to be used, as well as the logical sequence of the research design and relevant
data to be collected (Yin, 2017). The primary research question that informed my study
of the major practices of four science teacher educators (STEs)—two in Canada and two
in Lebanon—was What are the major practices of science teacher educators (STEs) in
their approach to teaching a secondary science methods course? My study also
addressed the following sub-questions:
1. What are the STEs’ concerns and main purposes when preparing pre-service
teachers to teach secondary science?
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2. How do the STEs’ prior professional and personal experiences shape their
approach to teaching secondary science?
3. How does the cultural context affect the teaching methods and choices the STEs
make for their courses?
4. How do STEs address teaching science in culturally diverse classrooms?
5. What weighting do the STEs place on content and pedagogy in their courses?
Study Propositions
Yin (2003, 2009, 2017) emphasized the importance of having propositions in a
case study. “Each proposition directs attention to something that should be examined
within the scope of study” (Yin, 2009, p. 27). At the same time, Yin (2017) explained
that “exploratory studies may have a legitimate reason for not having any propositions”
(p. 12). Miles and Huberman (1994) argued that the conceptual framework serves as an
anchor for the study. However, in building a framework a researcher has to be selective
and decide on what information to collect and analyze. One disadvantage of a conceptual
framework is that it may limit the inductive approach when exploring a phenomenon or a
case (Baxter & Jack, 2008).
My conceptual framework was informed by the exploratory study conducted by
Berry and Van Driel (2013), who interviewed STEs about their approach to teaching preservice science teachers. Since my aim was to observe and not only interview STEs, I
chose not to adopt a proposition for the first part of my study. However, I focused on the
set of study questions and purpose of my study to guide my research and data collection.
The reason for not having a set of propositions for the first part of the study is that I
wanted to explore and offer a rich description of all the approaches used by STEs. Yin
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(2017) asserted that “every exploration should still have some purpose instead of
propositions” (p. 14). He argued the importance of having study questions to guide the
design of an exploratory study. Study questions help identify the relevant information to
be collected and guide the researcher to stay within feasible limits, because “without such
questions you might be tempted to cover everything about the individual(s)” (p. 16).
The limited existing literature on the practices of STEs was another reason for not
having a theoretical framework. In a case where there is limited literature about the topic
to be studied, the opportunities to form good theoretical propositions are limited (Yin,
2009). The theoretical framework that structured my study was the “blueprint” design
proposed by Yin (2009, 2017), who offers five basic components of a research design.
The five components are: study questions, study propositions (if any), unit of analysis,
logic of linking data to propositions, and criteria for interpreting the finding. I used an
inductive approach and reasoning in which “the researcher begins with an area of study
and allows the theory to emerge from the data” (Strauss and Corbin, 1998, p. 12).
I preferred to explore and describe the teaching methods of the STEs I observed
without pre-judging or comparing them with what researchers describe as the best
practices in science teacher education. For instance, if research and international
recommendations had suggested that a STE should use inquiry methods, differentiation,
or problem-based learning in a methods course, then I would have entered into the
methods course with the intention of exploring whether those practices were being
applied. Therefore, the first part of my study was an exploratory and descriptive case
study where I documented all my observations of the STEs. Berry and Van Driel (2013)
interviewed twelve STEs from four different teacher education institutions in Australia
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and Netherlands. They chose an in-depth descriptive study due to “the absence of specific
theories and empirical studies on TEs’ expertise on teaching about teaching subject
matter” (p. 120).
The second part of the case study was interpretive. This part included a
conceptual framework that guided my research, especially as I performed cross-case
analysis within the same case (STE in Canada or STE in Lebanon) and across cases (STE
in Canada and Lebanon). The framework is based on the major practices that researchers,
educational organizations, and institutions emphasize. For example, new standards
documents have been developed during the past few years in science, such as Science,
Technology, Engineering, and Mathematics (STEM) and the Next Generation Science
Standards (NGSS). These documents include standards in the natural sciences as well as
in engineering, technology, and applications of science. The documents’ authors
recommend that teachers demonstrate content knowledge in science and engineering, as
well as the ability to implement such pedagogical skills as inquiry, place-based,
authentic, and project-based learning.
Case Selection
A case study may contain a single case, or it may have more cases to form a
multiple-case design. According to Yin (2009), the decision about whether to use a single
or multiple case design should be taken prior to data collection. Given the comparative
nature of my study and my aim to study the practices of STEs in both Canada and
Lebanon, a multiple-case design was appropriate. There is evidence that multiple case
studies provide strong and reliable evidence gleaned from contrasts and similarities
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(Gustafsson, 2017; Yin, 2009). My aim was to present a rich description of each case and
to compare within and across cases while comparing my data to literature.
The cases in my study were the STEs I observed in both Canada and Lebanon
through a secondary science teaching methods course. I observed and interviewed four
cases—two Canadian STEs and two Lebanese STEs—while they were instructing a
secondary science teaching methods course. I used both purposeful and convenience
sampling. It was more convenient and cost-effective to use purposeful sampling. Being a
single mother of three children living in Moncton, New Brunswick hindered long term
travel. Therefore, I chose participants who were accessible geographically and who
served the purpose of my study.
I used a convenient sampling in my study. My aim was to have one STE from a
Francophone university and one from an Anglophone university. In the Canadian context
I had no issues approaching STEs. The major issue was with the Lebanese STEs. I
contacted most of the French, American, and Lebanese institutions with education
programs in Lebanon. But I received either negative answers or no reply to my requests.
In Lebanon, all research requests should be approved by the Dean of the science
education department. A STE from a well-reputed university replied: “I am sorry, it’s
dangerous to get you into my class and give you my course syllabus”. Of the very few
who responded, only two STEs accepted to participate in my study, Lana from a public
university and Lea from a private university.
I bounded the case by considering time boundaries to define the beginning and
end time of the case study (see Table 3.1). I also focused on connecting my case to my
research questions to tighten the boundaries. Yin (2017) emphasized bounding the case to
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determine the scope of data collection. He suggested researchers consider time
boundaries and distinguish data about the case (the phenomenon) from data external to
the case (the context) (Yin, 2017). The STEs I observed do not represent all the STEs in
the universities or countries I studied. My aim was to describe the STEs’ teaching
methods, understand whether those practices were influenced by their professional and
personal experiences, and to ask how their cultural contexts and policies affected their
teaching methods and decisions about their courses.
In Lebanon, there is a high level of competition between private universities. As a
result, recruiting STEs was challenging. They consider it “dangerous” to reveal their
course plans and assignments and to allow themselves to be observed, as one of the STEs
in Lebanon mentioned to me. My goal was to choose one English university and one
French university. However, the French universities I contacted were either reluctant or
never replied to my emails. My second plan, which worked out well, was to choose one
STE from an English public university and one STE from an English private university in
Beirut.
The Canadian perspective on initial teacher education has a holistic orientation
that adopts a social constructivist learning approach. I was curious to know whether
language affects the design and practices of STEs. Approaching and recruiting the
participants in Canada was a relatively easy process. I selected cases based on accessible
geographic sites that were time and cost-effective, taking into consideration the purpose
of my study. My cases in Canada were one STE in a French university and one STE in an
English university.
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I had planned to include three cases from Canada and three cases from Lebanon in
my study. After discussions with my supervisory committee, I ended up with two cases
from each country. This allowed me to undertake a deeper investigation and create a
robust description of each case.
Data Collection Procedure
After I defended my proposal in February 2018, I submitted my ethics
application. In March 2018 I obtained approvals to conduct research involving humans
from the institutions from which I recruited my participants. Shortly thereafter, I emailed
an information letter to all possible participants who might choose to be involved in the
study. The letter (see Appendix) included a clear explanation of the research, the purpose
of the study, and the role of the researcher. In this letter I felt it was important to
emphasize my role as an observer who was there just to document practices. It was also
important to mention that despite my intention to be a spectator during observation, my
presence in the classes might interrupt the dynamics and interaction between students and
STEs. To access rich data and to observe whether my presence had an effect on the
behavior or interaction of the STEs and preservice students, I asked STEs to videotape
two more lectures. They videotaped their classes, in my absence, and in the weeks that
followed my observation. Each participant signed a consent form that promised
confidentiality for the University and anonymity for the STEs.
By July 2018 I had the responses from the participating STEs. In October 2018 I
conducted a pilot study to clarify the procedure I would follow in documenting practices,
the triangulation method I would use, and the essential questions I would ask during the
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interviews. Dr. Mark Hirschkorn, my supervisor at the University of New Brunswick,
kindly accepted to participate in the pilot study.
Each of the four sites (two in Canada and two in Lebanon) represented a distinct
organizational culture, set of working conditions, and linguistic environment. I started
with the Lebanese sites because the science methods course was offered in Fall 2018 in
both universities. I spent two weeks in Lebanon, where I conducted my interviews,
observed two lectures of three hours’ duration in each site, and collected the available
course outlines, documents, and artifacts. Both of the STEs in Lebanon videotaped two
lectures after my departure and sent them to me. I was lucky that secondary methods
course in Canada was delivered during Winter 2019. I travelled to the first Canadian site
in January 2019, where I spent two weeks. In February 2019 I visited the second
Canadian site.
I replicated the same data collection procedure in each of the Canadian and
Lebanese sites. Yin (2014, 2017) suggested that when conducting a multiple-case study,
researchers describe the logic of replication within their design. Replicating the same
procedures at each site allows the researcher to study any contrasting results in the cases
studied (Yin, 2014). I documented lectures, interactions, questionings, practices,
activities, and artifacts for each STE. I conducted a semi-structured interview with each
STE as I arrived on site. The interview included open-ended questions about the STE’s
background, philosophy, beliefs, and practices. The data I collected comprised detailed
field notes from observations and recordings, interview, course designs, available
artifacts. It is to be noted that I used data from students to be able to compare intended
versus delivered versus delivered curriculum. The data from students allowed to discuss
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and understand whether students understood and were able to apply the delivered content
of the course. This will be further discussed during my data analysis.
This variety allowed me to triangulate my findings. I have provided in Appendix
C the potential sample interview questions I used. In the table below I have summarized
my data collection procedure. I took into consideration Yin’s (2014, 2017)
recommendations for creating reliable case studies by monitoring time boundaries and
using the logic of replication.
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Table 3.1 Data Collection Procedures and Timeline

Type of
Data

Interview

English Private
Beirut-Lebanon
November 26,
2018

Timeline

Public
Francophone
Canada

January 7, 2019

April 1, 2019

Nov. 27 and Dec.
4, 2018
(3 hours/week)

Jan 7 & 14, 2019
(3 hours/week)

Jan 21 & March
18, 2019
(2 hours/ week)

During the 2
weeks

During the 2
weeks

During the 2
weeks

January 2019

February 2019

March-April 2019

February 2019

February 2019

March 2019

April 2019

April 2020

April 2020

May-June 2020

May-June 2020

6 months

6 months

6 months

6 months

During the 2
weeks

Video
Recording of
two 3 hours January 2019
lecture
STE
member
checking of
transcribed
interview
Second
Interview

Public
Anglophone/
English
Canada

November 27,
2018

Observations November 29 &
& Field
Dec 6, 2018
notes
(3 hours/week)
Artifacts

English Public
Beirut-Lebanon

Data Analysis
The purpose of my study was to explore the practices of STEs as exemplified in
their approach to teaching a secondary science methods course. Adapted from Yin
(2014), Figure 3.1 below represents the procedures used in multiple-site case studies. I
transcribed verbatim the data I collected from interviews, observations, videotaped
lectures, and artifacts. I organized the documents such as course designs, assignments,
assessments, and projects by participant. I treated each participant as an individual case. I
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used the software program Atlas.ti to organize the transcripts by participant. I thoroughly
read each interview transcript several times to consider possible meanings and study how
details within the text linked to my research questions and to developing themes. I then
coded each document to develop conceptual categories or themes (frequency data).
Finally, I used all the codes I had identified to describe and interpret the data.
I performed the data analysis on three levels. The first part was a descriptive
qualitative case study research method. I treated each individual STE as a single case and
conducted a narrative description about their personal and professional experiences and
teaching practices; “each individual case becomes the subject of a whole case study”
(Yin, 2017, p. 124). The goal of the first level of analysis was to build a big picture view
of the STEs’ practices in their actual context as well as to understand their stories, beliefs,
and the factors influencing their choice of course outlines and objectives.
The second level of analysis was an interpretive qualitative case study. As defined
above, inductive approach or inductive reasoning starts with observations and allows the
researcher to generate meanings and patterns from the data. In my case, the practices of
STEs that emerged from data were related and compared to the major practices that
research, educational organizations, and institutions emphasize. In education, “while
some case studies are purely descriptive, many more are a combination of description and
interpretation or description and evaluation” (Merriam, 2009, p. 40). I looked at the data
that emerged and coded it to develop conceptual categories or themes (frequency data). I
also compared the summaries of each STE to identify commonalities within cases from
the same country (for example to compare STEs within Canada) and differences across
STEs.
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As in Berry and Van Driel’s (2013) study the final level of analysis consisted of cross
analysis of all cases (the Canadian and Lebanese STEs). I applied cross analysis so I
could compare the different STEs’ approaches, concerns, and purposes as well as their
personal and professional backgrounds. My aim was to find patterns in their teaching
methods and to analyse the differences as well as to formulate answers or generalizations
and develop rich descriptions to answer my research questions. In a cross-case analysis,
since no two cases are identical, it is important to discuss the “potentially contaminating
differences among the individual cases” (Yin, 2017, p. 121). My goal was to develop a
list of the major practices of STEs in both countries. Multiple case studies can be
conducted and written according to different motives, as Yin (2009) has illustrated. These
motives can vary from presenting the individual cases separately to covering multiple
cases with the goal of arriving at broad generalizations or of reaching a single set of
cross-case conclusions.
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Figure 3.1 The Procedures Used in Multiple-site Case Studies (Yin, 2014)

Validity and Reliability
The uniqueness of case study as compared to other research methods lies in the
knowledge learned from case study (Stake, 1981). Case studies do not lend themselves to
numerical representations because the product might be too lengthy, data is not
representative of some larger population, the analysis is not generalizable, and the
process could be time- and money-consuming (Hodkinson & Hodkinson, 2001; Merriam,
1998). While Hodkinson and Hodkinson (2001) argued that there is no simple checklist
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of criteria that can be used to evaluate the quality or validity of a case study, Yin (2017)
provided four tests to judge the quality of a case study design. Construct validity, internal
validity, external validity, and reliability establish the quality of a case study.
Construct Validity
First, I used triangulation from multiple sources of evidence to construct validity.
The data I collected comprised detailed field notes from observations and recordings,
interviews, course designs, and available artifacts. These multiple sources gave the
findings credibility, reduced subjectivity, and allowed me to link data to the research
questions and propositions. I also used quotations from the recorded interviews and
classroom observations to provide voice to the STEs and to provide further evidence to
support the themes that emerged. Second, I adopted the case study protocol from Yin
(2017). Third, according to Yin (2017), one test to construct validity is to allow the
participants to review the draft case study report. I sent the transcribed interviews to each
corresponding STE for member checking.
Internal Validity
Yin (2017) argued that internal validity is used for “explanatory or causal studies
only and not for descriptive or exploratory studies” (p. 73).
External Validity
Demonstrating external validity means “showing whether and how a case study’s
findings can be generalized” (Yin, 2017, p. 74). Although I did not intend the data I
collected to be generalizable, studying the practices of STEs in two different national and
cultural contexts can help develop a shared professional language among STEs and a
knowledge base of teacher education practices in different contexts, settings, and cultures
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(Berry & Van Driel, 2013). It is my belief that this framework and lexicon has
applications in contexts that extend beyond the two countries included in my study.
Reliability
Reliability involves demonstrating that the data collection procedure can be
repeated to minimize errors and biases in a study (Yin, 2017). I replicated the data
collection procedure in each of the Canadian and Lebanese sites. Table 3.1 summarized
my data collection procedure, which took into consideration Yin’s (2014, 2017)
recommendations to create reliable case study by monitoring time boundaries and using
the logic of replication.
Summary
The purpose of my study was to explore the practices of STEs in two different
cultures and document how they were preparing science teachers to teach science
effectively. As Berry and Van Driel (2013) elaborated, the aim of this case study is to
help STEs to “explicate their knowledge and experience, to understand what they do and
why, in developing and enacting their pedagogy” (p. 120). Thus, my aim was to build a
clear view of their experiences by describing those practices in different contexts. This
study might contribute to the development of a shared professional language among STEs
and a knowledge base of teacher education practices in different contexts, settings, and
cultures (Berry & Van Driel, 2013). Finally, my intention was to address the gap in
literature on how teachers are prepared to teach science in different national and cultural
contexts, to provide the literature with the individual and authentic experiences of STEs,
and to study the role of culture and different educational systems in how science teachers
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are prepared. This chapter included an extensive description of my research design. In
Chapter 4, I discuss my findings in detail.
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Chapter 4: Research Findings
In this chapter I present my participants as four cases. My purpose was to
understand the Science Teacher Educators’ (STEs’) practices in their real context,
including their beliefs and the factors that influenced their decisions in creating their
course outlines and objectives. I chose a narrative approach to telling their stories to
provide an authentic description of the data I collected during my interactions with each
participant. The names provided for each case are pseudonyms to protect the identity of
my participants. The information about the university’s vision and mission, course
syllabus and content were from documents provided by each STE or the university’s
website. For confidentiality and protection of their identity, I don’t reveal the sources of
information concerning each university.
I used a consistent rhythm for the four cases, regardless of whether the participant
was in Canada or Lebanon and regardless of the teaching methods they employed. My
aim was to provide a thorough description by using multiple sources of data and
triangulation. I present the four cases using a regional orientation, starting with a short
description of the salient features of the country the science educator works in that have
bearing on the case. I begin with the two science educators in Lebanon and then move on
to the two participants in Canada. The structure of the cases themselves is as follows: I
start with an introduction of the university I visited and of the Faculty of Education at that
university. Then, drawing from the interview and class observation, I detail the personal
and professional journey of the participant as a narrative case. Following that, I use the
available transcribed documents, course outlines, interview, and artifacts to elaborate on
the content, teaching strategies, and evaluation methods each STE applied in the science
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methods course. Finally, I use the class observation data to provide a snapshot of the
course, including the teaching methods and strategies the STE used in their lectures to
engage preservice teachers.
I have chosen to present each case without referring to research literature or
including personal comments. This will allow readers to walk into the classroom of each
STE and experience their practices. I use the words of the STE as much as possible to
keep the intended meaning they wanted to communicate and to get to know them through
a personal and professional lens, because each brings unique stories and experiences to
their teaching.
The Lebanese Education System
Lebanon has been shaped by many civilizations throughout its long history. The
diverse influences led to a country that is multi-lingual, multi-religious, and multicultural, which influence the education system. The civil war has also had a direct impact
on the structure and context of Lebanese education system. This has led to the creation of
many private universities and schools affiliated with international and national religious,
independent non-profit, and independent for-profit organizations (El-Mouhayar &
BouJaoude, 2012). The educational colleges and universities in Lebanon are private
institutions, with the exception of the Lebanese university. Presently, the Ministry of
Education and Higher Education (MEHE) is the only ministry that deals with education
in Lebanon. It is in charge of higher education, general education, and technical and
professional education (BouJaoude & El-Hage, 2016).
Universities in Lebanon follow American, European (French), or Lebanese higher
education models or patterns. For instance, the universities that adopt the French or
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European higher education structure use the LMD (License, Master, and Doctorate)
model, which is organized by years rather than by courses. The License typically takes
three years to complete, the Master an additional two years, and the Doctorate takes three
more years beyond the Master (El-Mouhayar & BouJaoude, 2012). In addition, these
universities have adopted the European credit transfer and the accumulation system
(ECTS), which is different from the American credit system. For example, one credit in
the American system is equivalent to 1.66 ECTS (El-Mouhayar & BouJaoude, 2012).
Schools, like universities, can follow the Lebanese, French, or American system.
The curriculum or standards of the corresponding country are adopted at those schools.
Students who attend public or private schools that follow the Lebanese model complete
official standardized exams in Grade 9 and in Grade 12. Students attending the American
system schools have the option to apply to take the official standardized exams, but they
have to study the Lebanese curriculum on their own. Or they can choose to pursue the
International Baccalaureate (IB) program. To skip the official exams, another option
called Freshman has been created in some private schools that follow the American
system. Students in this case have to complete an extra preparatory year of specialized
courses at the university. Students following the Lebanese curriculum who complete
Grade 12 pursue their Bachelors’ degree in three years while students who succeed in the
Freshmen class complete their Bachelors’ degree in four years (El-Mouhayar &
BouJaoude, 2012).
The diverse context of the Lebanese education system raises important questions:
Within which school system are teacher educators and STEs preparing their teachers to
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teach? What methods and approaches should they emphasize to best prepare the future
teachers? What are their priorities? And who decides the content of their courses?
Case One: The Story of Lana
In this section I tell the story of Lana. This includes the educational context,
environment, her personal and professional beliefs, as well as the strategies and practices
Lana implemented in her science methods course. To refer to the source of data, I use the
following: (Lana, I) means the data were from the interview I conducted with Lana,
(Lana, S) refers to data from the documents and syllabus provided, and (Lana, O) refers
to my classroom observation and/or videotaped lectures.
University One: The Educational Context
University One is a free tuition and the only public university in Lebanon, with
several branches of its Faculty of Education throughout the country. The Faculty of
Education prepares elementary and high school teachers entitled to teach in both public
and private schools (El-Mouhayar & BouJaoude, 2012). It grants a Bachelor of Education
degree and Teaching Diplomas in different specialized majors, as well as Professional
Master’s degrees (2 years after License). University One implements the progressive
LMD (License, Masters, Doctorate) cycle structure. The LMD system corresponds to the
implementation of the Bologna declaration wherein 29 countries expressed their
commitment to enhancing the competitiveness and harmonization of the European Higher
Education qualifications. LMD aims at promoting students’, teachers’, and researchers’
mobility and at improving the transparency of qualifications on the job market (Crosier &
Parveva, 2013).
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Based on the LMD system, courses are organized by semester and comprise
classes that focus on theory, classwork, and practicum. Students at the Faculty of
Education do a partial exam or formative assessment and a final exam or summative
assessment (a paper and pencil examination). Both exams are used in the assessment of
the student in a given course. According to the university’s website, the partial exam
comprises class attendance, quizzes, class presentations, and projects. It counts for 40%
of the total score while 60% is left for the final exam.
Lana: Her Personal and Professional Journey
Lana, the STE at University One, was one of the rare participants in Lebanon who
accepted voluntarily and with enthusiasm to participate in my study. She possessed a
welcoming, agreeable, and collaborative personality, and was willing to cooperate and
provide information related to my research on her own practices. Lana was eager to share
her practices but also hoped that my study would provide recommendations or
“solutions” to the two often contradictory educational systems in Lebanon (Lebanese and
American) (Lana, I).
Like many Lebanese, “raised to the idea of being medical doctors,” Lana applied
to medical school “as all those who love biology,” but then she realized that she didn’t
like medicine because “I cannot see blood.” She obtained a B.Sc. in Biology and taught
Grades 10-12 biology for 20 years in both private and public schools. To teach at the
secondary level in public schools, she had to the earn the CAPES certification (Certificat
d’Aptitude Pédagogique à l’Enseignement Secondaire). To be admitted to the CAPES
program, students are required to hold a four-year degree in a subject area taught at the
secondary school level and to pass an entrance exam. On the other hand, private schools
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do not require teaching certification and can hire teachers that have degrees in subject
matter area with no pedagogical preparation. This potentially affects how content is
delivered, leading to over-emphasis on content knowledge and an absence of pedagogical
preparation (El-Mouhayar & BouJaoude, 2012).
Lana earned her PhD in the didactics of biology in 2014. She started teaching at
University One in 2015 and at the same time continued to teach biology at the high
school level. Her teaching experience in both private and public schools as well as at the
university level made Lana a valuable and interesting participant in my study. She
acknowledged the importance of teaching at both the school and university level because
“this allows me to make the link and know the curriculum and the obstacles” (Lana, I).
Since the educational system in Lebanon is complicated (as detailed above),
grades and ranking are essential aspects that determine the strength and reputation of
schools, especially private schools. Standardized official exams in Grades 9 and 12 are
priorities for schools and teachers because higher grades mean better school rankings.
This puts lots of pressure on teachers who are responsible to deliver the content and
prepare students not only to pass the official exams but to get high grades. This made
Lana the perfect person to explain the contradiction between aiming at high grades versus
believing in the importance of pedagogy. How did she find balance between the demands
on her as a high school teacher and as a STE? How were her practices in the science
methods course mirrored at school, where she had to focus on content to complete the
syllabus and to prepare her students to obtain high grades on the official exams? In an
interview, Lana explained,
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I try as much as possible to emphasize on both knowledge and skills. You know
we are restricted with official exams especially when you teach Grade 12 and it is
very important because if they don’t pass the official exam, they cannot enter the
university. So, students focus on what they need to study for the official exams
but at the same time your practices in class are important, because I go beyond the
curriculum most of the time. I go deep in content knowledge and I go deep in the
activities and practices. My students when they go to university tell me that we
earned not only what we need for the official exams, but we earned skills and
deep information. So, this is important for me. (Lana, I)
Lana used the word “deep” during the interview and in her course syllabus to indicate the
learning skills that trigger critical thinking and problem solving.
According to the British council: Six deep learning skills essential for the
development of individuals ready to handle the challenges of today’s globally
interconnected world are: Critical thinking and problem solving,
Communication and collaboration, Digital literacy, Leadership and personal
development, Creativity and imagination, Citizenship. (Lana, S)
I asked Lana whether her status as a university professor, had a powerful impact on the
decisions and teaching methods she implemented in her classes school level. She agreed
“yes I do what I want in both schools I teach at,” not only because “I am a university
professor, but also because I succeeded at helping my students achieve high grades in the
official exams, this satisfies them [principals] unfortunately” (Lana, I). I emphasize
Lana’s school teaching experience because in the Lebanese educational system, holding
an education degree is not a requirement to teach in private schools. She shared how her
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teaching practices evolved as she started her PhD, saying, “most of the methods I knew
were dated to 20 years when I was a student.” Implementing new teaching methods,
getting involved in research, and reflecting on her teaching practices were a big deviation
in her career.
Lana’s Classroom Environment
Before I delve into Lana’s teaching practices, I would like to share the context in
which she was teaching. The classroom environment and physical conditions were not
only terrible but very challenging. The secondary science methods class was scheduled
from 3:00 to 6:00 p.m. I managed to get to the location, but it was hard to find the
classroom, which was in the basement of the building. The room was dark, smelled of
mold, and was barely ventilated. I was welcomed with a huge smile from everyone. After
Lana introduced me to her student teachers, I explained the purpose of my research and
took a seat at the back of the classroom. At 4:45 p.m. Lana wrapped up the first part of
the lecture and told her students, “Go find a classroom, and we will continue after the
break.” I didn’t understand what she meant so I asked one of the students, who replied,
“We have to find an available room, since there is another class that will start here, this
room is booked after 5:00 p.m.” Luckily, we found one at the third floor and the class
continued normally. What surprised me is that the students didn’t complain. They
demonstrated maturity, a sense of responsibility, and an eagerness to learn despite the
hard conditions.
The pictures below were taken with the consent of both Lana and the students.
Actually, they insisted I share the images. They wanted to show the conditions of their
classroom and the minimal resources available to them—basically just a writing board.
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The pictures were taken during a group activity described in the section below called
Lana’s Teaching Methods and Practices: A Snapshot of the Classes Observed. Students
were implementing group discussions as the topic being discussed.
Figure 4.1 The State of the Classroom
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Figure 4.2 Students Perform Group Work

The relationship between the students and Lana was respectful and friendly.
During the class students were completely serious and focused on their work. During the
15-minute break Lana joined her students in a small canteen, where they discussed some
of their work or educational issues or raised complaints about some difficulties they faced
at the university. Lana succeeded in developing a positive relationship with her students.
The respect and love were obvious in the way they approached her. During the breaks I
got to chat with them and listen to their stories. Two students travelled three hours to
attend the course because they could not afford housing near the campus. Lana was
supportive of her students. When I asked her what she valued most about teaching, she
clearly stated that:
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I don’t look at teaching as a process, it’s not just knowledge, it’s putting them on
the right track, to have attitudes and emotions, to feel about the environment and
to learn about things in a scientific way. When you start looking at your students
as your children and as citizens responsible of building the future, maybe
teaching will be diverted into education. (Lana, I)
In the next section I elaborate on Lana’s teaching strategies, course objectives,
content, and methods of evaluation. I do this to present a thorough description of the case
and to understand the practices Lana applied in her methods course. I present a detailed
description of the context in which Lana was teaching. Next, I explain the learning
content and strategies this course intended to deliver to the students. Then I describe how
Lana communicated and delivered those strategies in her classroom. From the classes I
observed and video recorded, I have chosen to highlight specific practices in detail to
allow the reader to reflect on, compare, and contrast the intended learning outcomes
represented in the course syllabus and the authentic teaching practices Lana used in
delivering the content. I present a detailed analysis of the findings in the chapters to
follow.
Lana’s Science Methods Course: Objectives, Content, Teaching Strategies, and
Evaluation
Lana was the instructor of the Strategies of Teaching Biology II course, which
was distributed over 42 teaching hours. The course outlines and interviews showed a
heavy emphasis on integrating many of the most innovative science education strategies.
Lana redesigned the science methods course to “fit the new recommendations for
teaching science” (Lana, I). Those recommendations, according to Lana, were inquiry

67

and Problem Based Learning, as well as 21st century skills. She informed me during the
interview that this was a personal initiative and that it was not required by the department
of science education. She then expanded the project to work collaboratively with other
STEs within the same faculty.
One of the reasons that motivated me to study and observe some STEs in their
real context was that although course outlines might include all the teaching strategies
and skills recommended by organizations, curriculum designers, and standards I wanted
to see how those strategies were defined and intended to be implemented in the STE’s
methods class. In the next section I offer an analysis of the major practices and methods
Lana prioritized in her science methods course based on the interview, observation,
artifacts, and course outlines to offer triangulation of data.
Course Objectives. The main objectives of this course were to allow students to
• acquire the different teaching strategies, methods, and techniques used in
teaching science in general and biology specifically.
• develop knowledge and skills necessary to create teaching based on relevant
science education strategies, and,
• plan lessons in science compatible with the current trends in science education
using appropriate strategies and instructional methods.
In her course outline Lana stated:
This course focuses on various teaching strategies particularly inquiry-based
science teaching and learning, problem-based learning and cooperative learning.
In addition, the course emphasizes on the use of multimedia, ICT,
experimentation, hands on activities, and visualization tools in teaching and
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learning about how to teach biology effectively. Through Lecture-discussion
method of instruction, assignments, real-life examples, and other interactive
experiences, learners in this course will have multiple opportunities to develop
their understanding about the strategies and instructional methods implemented
in teaching biology. Learners will experience a rich multimedia, inquiry-based
learning environment as their students ideally would in their own classroom. The
course provides effective teaching methodologies, strategies, and tools that can
be used when teaching biological concepts. Moreover, the course will help
students acquire practical skills needed in biology teaching. (Lana, S)
Content. The course syllabus showed the instructional strategies included in
Lana’s teaching methods course. She designed a course that included the methods she
perceived as important: critical thinking, problem solving, and communication skills.
We don’t have time for example to work on creativity or digital literacy. In
science we work on critical thinking, problem solving, and communication skills
and that’s what I emphasize in my classes. I usually at the beginning of methods
course introduce them to the 4Cs of the 21st century skills (Critical thinking,
Creativity, Collaboration, and Communication). (Lana, I)
Lana believed that teaching methods such as Problem Based Learning (PBL) are effective
in teaching biology because “you can find for every topic approximately a problem that
you can start with and students can follow the steps of Problem Based Learning to reach
to a solution. The PBL approach helps students acquire the skills of critical thinking and
problem solving” (Lana, I).
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In the below, I show the course content along with the learning objectives, how
some of those strategies were approached, the skills Lana emphasized, and her teaching
methods and practices. The major teaching strategies and skills Lana prioritized in her
science methods course were inquiry-based learning, critical thinking, cooperative
learning, communication skills, problem-based learning, project-based learning, and
applying 21st century skills.
Table 4.1 Content and Learning Objectives of Lana's Science Methods Course
Content.
Introduction to the
course: Overview of the
teaching approaches
and strategies.

Learning Objectives
•
•
•

Identify the role of the teacher.
Specify the two major teaching approaches
teacher/student-centered and differentiate between
them.
Identify the different types of teaching strategies and
methods.

Discussion of the core
skills of learning

•

Identify the 21st century learning skills.

Interactive lecturing
method of instruction

•
•

Explain the lecturing method of instruction.
Acquire the advantages and disadvantages of
lecturing.
Learn how to enhance the effectiveness of a lecture.
Learn the new approaches to improve lecturing.
Acquire how to implement interactive lecturing.

•
•
•
Discussion method of
instruction and Lecturediscussion strategy

•
•
•
•

Cooperative and
collaborative learning

Inquiry based learning
and teaching methods

•
•
•

Define the discussion method of instruction.
Acquire the advantages and disadvantages of
discussion.
Acquire how to achieve effective discussion.
Identify the lecture-discussion method.

•

Acquire the basic features of cooperative learning.
Understand the model of cooperative learning.
Learn the advantages and disadvantages of
cooperative Learning.
Learn about jigsaw and think pair share techniques.

•
•

Define scientific inquiry.
Acquire the five main features of scientific inquiry.
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Content.

Learning Objectives
•
•
•
•
•
•
•

Know the levels of inquiry.
Explain inquiry-based science teaching (IBST) as an
instructional method.
Learn the importance of inquiry.
Implement a practical example of IBST.
Acquire the strategies used to implement inquirybased instruction in biology.
Review the 5E and &7E learning instructions
implemented in teaching biology.
Understand the inquiry cycle strategy.

Problem based learning
(PBL) versus Project
based learning

•
•
•
•
•

Know the history of PBL.
Acquire the basic features of PBL.
Implement a simplified model of PBL.
Learn the advantages and disadvantages of PBL.
Compare & contrast between problem based and
project-based learning.

Learners’ presentation
of their projects

•

Use new instructional methods and strategies in
designing a biology lesson plan.

Pedagogy. Lana valued being a high school teacher and a STE:
Every year I reflect and do changes to my teaching, as if I am doing action
research. When my students at university prepare a lesson plan, we reflect on it,
and sometimes I tell them I will implement this in my class too. And then in the
following year I tell my new students this is what we did. We discuss the pros and
cons and what were the obstacles. Because when you start thinking about new
teaching methods most of the teachers say we cannot and it’s not possible, we
have large numbers in class, the principle doesn’t allow us. But my own
experience gives them confidence and that all that is doable. When I tell them I
experienced your fears, I had 34 students in my class, I implemented group work
or cooperative learning, then they know it can be done”. (Lana, I)
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Lana’s experience as a science teacher and a STE gave her credibility in the eyes of her
university students.
The approach Lana used to introduce her students to teaching strategies was
through an activity. The absence of a laboratory and working space at University One
prevented Lana from using variable approaches to her teaching method. Yet she always
tried to stimulate her students’ knowledge and misconceptions. For example, to introduce
students to teaching approaches, strategies, and methods, Lana used an activity (Figure
4.3) as an icebreaker to elicit what students knew about approaches, strategies, methods,
and techniques. After discussing their answers, Lana provided the definition and
explanation of each term.
Figure 4.3 Introduction to Approaches, Strategies, Methods, and Techniques

As discussed earlier, one of the major issues Lana stressed was the conflict
between standardized testing and developing students’ understanding. The competition
between schools to achieve higher rating and grades during the official exams drive
teaching towards a teacher centered method and content focus. Thus, it was a priority to
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allow students to understand the major teacher- and student- centered teaching
approaches and to differentiate among them. Students needed to understand and know
how to apply direct, indirect, interactive, and experiential pedagogical approaches. Lana
strongly believed that “students aren’t consumers of facts, but they are active creators of
knowledge” (Lana, I). 21st century skills were a major component in Lana’s syllabus. She
believed they are deep learning skills essential for the development of individuals ready
to handle the challenges of today’s globally interconnected world; they prepare students
to be college-and work-ready as well as to be effective members of their communities.
The 21st century skills included in her course outlines were:
•

Critical thinking and problem solving

•

Communication and collaboration skills

•

Digital literacy

•

Leadership and personal development

•

Creativity and imagination

•

Citizenship (Lana, S)
Evaluation/Assessment. The Lebanese education system is based on exams and

gradings. Students in this course were evaluated according to written tests and project(s)
they submitted. The distribution of grades were as follows: Partial Exam: 20%,
Project(s): 20%, and Final Exam: 60%. The final exams included definitions, multiplechoice questions, and open-ended questions related to the entire course. These forms of
assessment rely on memorization and recall of information. I discussed with Lana the
contradiction between these evaluations and her course outlines that emphasize inquiry,
critical thinking, and discussions. Her response was those policies are set by the
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university. She explained that the course syllabus was dated and she was the one who
tried to bring changes and innovation to the methods of teaching science course. Lana
expressed her concern about the contradictions between the call to emphasize new
teaching methods and how evaluations were done: “Our students are lost between
memorization and inquiry. Students think that they don’t have to memorize anymore,
they have to understand through critical thinking” (Lana, I). In one of the classes I
observed, she discussed the importance of engaging students in discussions and
promoting critical thinking and problem-solving approaches. She stressed building skills
rather than focusing on grades: “To succeed in the 21st century, you should have good
communication skills, good technology skills, and have to be a critical thinker and
leader” (Lana, O).
Lana shared that she had implemented for the first time a new way of evaluating
her students in the partial exam that counts for 20%. Instead of giving them an individual
paper-and-pencil test that relied on recall of information, she asked them to work in
groups to prepare a lesson plan about a specific biology topic (Stages of Meiosis) using
the 5E instructional method. The students and she all enjoyed the experience. She
explained that in the partial or midterm exam teacher educators have the freedom to
select their method of evaluation, but not in the final exam, which counts for 60%.
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Figure 4.4 Partial Exam using the 5E Method

Although Lana tried to change the norms of assessments, she was still restricted
by the policy that students should individually submit a final exam that counted for 60%
and included questions that required recall of information.
Unfortunately, there is a problem in the evaluation system in Lebanon. Grades
don’t reflect on whether the students understood or not, so this is a big
problem… because our students as well as the curriculum, are lost between
memorization or inquiry. (Lana, I)
In the section below I provided a detailed description of two lectures I observed.
The aim is to allow readers get a thorough and authentic experience of what I observed in
Lana’s classes.
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Lana’s Teaching Methods and Practices: A Snapshot of the Classes Observed
The interview, class observation, and artifacts such as the course outline,
assignments, or projects demonstrate that Lana used different teaching strategies in her
class. The absence of technology and a laboratory at this university hindered a lot of what
she might have done. Yet she managed with the available resources to engage her
students in discussions and allow them “to go search for knowledge, not me dictating
them all the time” (Lana, I). This is to say that she was trying to change the norms from
teacher-centered to student-centered. The program focuses on learning theories. Students
still have to memorize theories and definitions and to recall information.
In this section I give a snapshot of the sequence of one of the secondary science
teaching methods classes I observed at University One. I do this to exemplify Lana’s
priorities and practices that I detailed in the sections above.
Class, November 27, 2019. After greeting the students, Lana introduced me to
her students. I briefly explained my role as a researcher and the aim of my study. She
started with debriefing what they had discussed in the last lecture and the documents she
had provided to read and prepare for this lecture. The topic was about interactive
lecturing, the Discussion Method, which was one of the techniques used to implement
cooperative learning. She emphasized the importance of initiating discussions through
questions and problems, how to keep your thoughts as a teacher to yourself, and when it
is appropriate to use tools like prompts, tickets, or passes to maximize participation. She
wrapped up the discussion and asked the student teachers to put away all their notes and
to conduct individually a short test (quiz) of 10 multiple choice questions. The aim was to
evaluate their understanding of the topic discussed. To “increase the effectiveness of
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doing the quiz and engage in discussions” (Lana, O), 12 students were then assigned into
groups of three. Each group took the time to discuss and collectively agree on the correct
answer to the multiple-choice questions. Afterwards, Lana led the discussion where each
group shared their answer and reason for their choice.
The aim of the procedure was to engage students in discussion and derive ways to
apply what they had learned about the discussion method. “After a group work it’s
important to share and discuss with the class your answers,” said Lana. Going through
each question allowed students to participate, engage, and raise questions. Lana
summarized it in this way:
Do you think you will achieve your goal as a teacher, if you give your students
an activity or document to read at home, and then the next time they come in,
you go through the document and provide explanations? [Or] is it better to
discuss the document with your students, by using the tools of discussion
methods (tickets, passes…)? (Lana, O)
This was to conclude that engaging students in an organized and planned discussion will
include all students and be sure that everyone has read the assigned document.
This process helped them experience the steps and methods to follow when
engaging their future students in discussion methods. It allowed them to bring to the table
the challenges they were facing through their teaching practicum, like how to control
dominant students, the challenging parts of discussion methods given the large number of
students in classes, and how teachers should be well-prepared to plan, implement, and
perform this method in class. I believe that experiencing this authentic and engaging
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discussion was way more effective than just presenting the method of discussion on a
power point and lecturing to students.
The second part of the lecture focused on Cooperative Learning, an approach
designed to maximize students’ learning through group work. Lana used Jigsaw, a
cooperative learning technique, to allow students understand the characteristics, elements,
and benefits of the cooperative learning method. Students were organized into groups and
documents related to the cooperative learning method were divided into segments. This
method aimed at improving students’ teamwork and communication skills. Lana used an
inductive method to introduce her students to Jigsaw technique. She guided them through
the activity to finally introduce the name of the technique. Students explored what they
had learned about Cooperative learning, Competitive learning, and Individualistic
learning. After the readings and discussions, each group had to define cooperative
learning in their own words. They also discussed how to implement Jigsaw and their role
as teachers to control discussions. Finally, the students completed a quiz to assess their
understanding of Cooperative learning. Lana also asked them to write a small reflection
about the Jigsaw technique. Below are some of the students’ reflection in their own
words. For clarity, I copied their responses above each image.
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Figure 4.5 Student Reflections on the Jigsaw Technique
Student 1: Jigsaw is a good way or a method to improve collaboration work during
cooperative learning. It increase[s] the communication among the students and the synthesis
elaborate[s] all the mentioned information.

Student 2: Personally, I didn’t like this method because it was not enough for me for the
other topics were illustrated.

Student 3: If we are going to talk about jigsaw, I found it a method that can induce students
to teach each other, since a student/student teaching pathway is sometimes more effective
than a teacher/student.
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Lana often asked her students to reflect on what they had learned and whether the
methods or strategies discussed resonate and could be implemented in their own
classrooms.
Class, December 4, 2019. This lecture focused on introducing students to the 21st
century skills Lana perceived as important.
I stress on how companies and schools are no more looking at grades, but on
having good communication skills, good technology skills. You have to be a
critical thinker, a leader, or otherwise you won’t have chances in the 21st
century. (Lana, I)
Lana started the class with PowerPoint slides to explain what is meant by 21st
century skills and how “in education nowadays there is a shift to deep learning
approaches that allow students to acquire skills in addition to knowledge” (Lana, S). She
introduced the 4C’s (Critical thinking, Communication, Collaboration, and Creativity) of
21st century learning (see Figure 4.6 below) and then elaborated on each skill.
Figure 4.6 21st Century Skills
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Lana went through each of the skills, explained what they meant and gave some
examples. After lecturing through the PowerPoint, students were arranged into groups to
discuss this article:
Alismail, H. A., & McGuire, P. (2015). 21st century standards and curriculum:
Current research and practice. Journal of Education and Practice, 6(6), 150-154.
The article discussed the necessity of integrating the 21st century skills into the
curriculum and teaching to prepare students for their future career. It highlighted how the
skills are defined and proposed methods that allow students to enhance those skills. Lana
allowed students to discuss the paper and give examples of how they could integrate the
4Cs in their future teaching.
Following the discussion of the article, Lana introduced students to critical
thinking, a major component of the 21st century skills. She stimulated students’
knowledge about the topic to be discussed through a simple activity. Students were asked
to associate terms or skills with critical thinking. This was an icebreaker to go further into
discussions about critical thinking.
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Figure 4.7 Icebreaker Activity for Critical Thinking

Students included answers such as problem solving, evaluation, reflection, and
making decisions. Lana added judging, reasoning, open minded, analyzing, and to
consider different perspectives (Lana, O). After discussing what those terms meant, Lana
presented The Ultimate Cheatsheet for Critical Thinking (Watanabe-Crockett, 2019);
reproduced below as Figure 4.8) by the Global Digital Citizen Foundation. She explained
that it is an excellent starting point for the how behind teaching critical thinking by
outlining which questions to ask. The cheat sheet offers 48 critical thinking questions
“that work to develop critical thinking on any given topic” (Lana, O). These questions are
arranged into six main categories, each of which is labelled after the following question
words: Who, What, Where, When, Why, and How. Lana elaborated on how teachers can
use it with students to “discover new information, and critically assess perspectives. It is
a great way to give them practice on critical thinking” (Lana, O).
82

Figure 4.8 The Ultimate Cheatsheet for Critical Thinking (Watanabe-Crockett, 2019)

“To support the 4Cs skills we will discuss what is inquiry-based science teaching”
(Lana, O). She used PowerPoint slides to explain inquiry-based teaching. She started by
defining inquiry as
a multifaceted activity that involves making observations; posing questions;
examining books and other sources of information to see what is already known;
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planning investigations; reviewing what is already known in light of
experimental evidence; using tools to gather, analyze, and interpret data;
proposing answers, explanations, and predictions; and communicating the
results. (National Research Council, 1996, p. 23)
Then she explained the five essential elements of inquiry and the phases of the inquiry
cycle, shown in Figure 4.9 below.
Figure 4.9 Phases of the Inquiry Cycle

Lana then explained the 5E learning instructional model (Engagement,
Exploration, Explanation, Elaboration, and Evaluation). Lana gave them a document to
read for further discussion in the next session about Inquiry, the Learning Cycle, & the
5E Instructional Model.
Summary: Case-specific Themes, Practices, and Patterns
Lana tried to introduce her students to the approaches she believed were essential
to teaching science in general and biology specifically. She always repeated to her
preservice teachers that the fundamental job of teaching is not to distribute facts but to
help students learn how to use them by developing their abilities to think critically, solve
problems, make informed judgments, cooperate with each other, and create knowledge.
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What I experienced by being in Lana’s classes was a STE who is teaching with love,
willingness, and enthusiasm. Lana was providing her future teachers with the strategies
and methods they would need in the first steps of their teaching career. Theory and
definition of terms and strategies were present at the beginning of each unit in the course
and students were expected to memorize them for their exams. Yet, as a skilled teacher,
she emphasized using different teaching methods while delivering the course content,
including discussions, deductive and inductive methods, group work, and problem
solving.
Culture affects teaching and learning, especially in a system where hierarchal
culture dominates. Students as well as teachers are under pressure and expectations to
achieve best results in highly demanding exams. The gap between theory and practice—
between what should be done and what is done—affects the preservice teachers and their
future practices. Observing a teacher in such conditions with minimal resources allowed
me to reflect on the role of a teacher educator. Is it to prepare future teachers with the
necessary knowledge to apply in their future career? Or is it also about preparing
adaptable teachers who can use the knowledge provided in any situation and condition?
Case Two: The Story of Lea
I use the same pattern I used for Lana to describe Lea’s case. I discuss the
educational context, environment, and personal and professional beliefs of this STE to
allow for a deeper understanding of the practices she decided to implement in their
science methods course. To refer to the sources of data, I use the following citations:
(Lea, I) means the data were from the interview I conducted with Lea, (Lea, S) refers to
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from the documents and syllabus provided, and (Lea, O) refers to my classroom
observation and/or videotaped lectures.
University Two: The Educational Context
University two is a private university in Beirut, Lebanon. Students pay tuition fees
that are considered reasonable compared to other private universities. The location and
moderate tuition fees make University Two accessible to many students of various socioeconomic levels. The Department of Teacher Education at this university offers two
undergraduate programs, a Bachelor of Education degree in Teacher Education and a
Bachelor of Education degree in Teaching English for Speakers of Other Languages
(TESOL), as well as a post-graduate Teaching Diploma program. The language of
instruction is English. According to its website, it is the mission of the Department of
Teacher Education to provide rigorous and personally meaningful experiences for preservice and in-service teachers to cultivate creative and critical understandings of
teaching and learning using philosophical, theoretical, technological and instructional
frameworks that foster inclusive practice and scholarly inquiry. The Bachelor of
Education degree is earned in four years, and students can specialize in Early Childhood
Education, Special Education, Teaching Math & Physics, or Teaching Biology &
Chemistry. University Two also offers a one-year Teaching Diploma for graduates from
various disciplines. Graduates can obtain a teaching diploma in Teaching Biology &
Chemistry, Teaching Math & Physics, Teaching Humanities & Social Sciences, or
Teaching English for Speakers of Other Languages. According to its website, the
Teaching Diploma program focuses on practical teaching experience, both school-based
and within a micro-teaching setting. It aims to integrate research-based knowledge and
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effective learning and teaching techniques into classroom management strategies. It also
fosters the use of educational technology. It says its students will be equipped with the
skills to plan, design, critically review, and implement a curriculum for diverse learning
environments.
Lea: Her Personal and Professional Journey
Lea is a STE at University Two. I found her to have a calm and collaborative
personality. She earned her first degree in mathematics and then obtained a Master’s in
Teaching Math, followed by a PhD in Teaching Math. “I followed this domain because I
found myself much related to education so, I changed my career towards teaching” (Lea,
I).
Like many other Lebanese people, Lea was raised and influenced by her parents
with the goal of becoming a medical doctor. “I was planning to do biology and pre-med,
but I loved my mathematics teacher, so I preferred to specialize in mathematics” (Lea, I).
Lea believed that teachers play an important role in influencing our career choices. I
asked her what made her math teacher special? She replied, “he was passionate about
teaching math and loved what he was doing” (Lea, I). She believed that if you don’t love
teaching and you are not motivated to wake up daily to go and give your best, “then you
shouldn’t be a teacher” (Lea, I). The thing she valued most about teaching was “the
relationship between students and teacher, this deep relationship that makes teaching
valuable” (Lea, I).
Lea mentioned that STEs at University Two worked collaboratively to design the
science methods courses. “I coordinate and meet with other STEs and we almost do the
same thing” (Lea, I). University Two is a private university that has nine campuses at

87

different locations in Lebanon. Discussions with the Dean of the Faculty of Education
and with Lea illustrated how the course content and syllabus were planned. Each faculty,
for example the Science Education faculty, has one assigned coordinator who meets with
the STEs from different campuses to plan the intended outcomes and content of the
courses. The syllabus of each course is based on the mission and vision of the university
and the department of science education. As a STE, Lea stressed pedagogical content
knowledge. “Actually, it’s a mandate to focus on pedagogical content knowledge at all
branches of education department in university two” (Lea, I). Yet each STE felt free to
place emphasis on the methods they believed most important for their student teachers to
know. “But I can’t say that everyone believes the same. Some STEs focus more on
content than on pedagogy” (Lea, I).
In her own words, Lea’s major aim while teaching her science methods course
was to “integrate both the pedagogical skills and subject matter content” (Lea, I).
According to Lea it is “crucial to be able to find this balance and know how to help
student teachers build their pedagogical content knowledge in theory and practice” (Lea,
I). The core ideas, skills, and practices she communicated with her students were
creativity, inquiry, and designing a lesson plan. She considered “how to prepare a doable
and practical lesson plan as the most important, and to implement inquiry skills,
activities, and experiments in their lesson plan” (Lea, I). Lea explained that some schools
and universities, such as University Two, don’t have laboratories, so she sought “to
motivate and show them that it can be done, and they can create activities and hands-on
experiments that can be applied in class without the need of a lab” (Lea, I). This was

88

demonstrated when student teachers presented their designed lesson plans in class and
used safe hands-on experiments.
Lea is both a STE at University Two and a high school principal at a secondary
school in Beirut. This dual role led to discussions about the existing tension between
what teachers were prepared for in the education programs and how school principals
emphasized grades and content knowledge, especially for Grades 9 and 12 students, who
are required to sit for official exams. As discussed in my first case, teachers in Lebanon
are under pressure to finish the curriculum on time and to have their students obtain high
grades in the official exams. So, how did Lea manage to be a STE who emphasized
inquiry and pedagogical skills while at the same time working as a school principal
whose job was to set timeframes for teachers to complete the program requirements and
help students acquire high grades on the official exams? Lea honestly replied and
considered that there exist a problem and a gap.
There is a duality here and there is a problem of course especially at the
secondary level, it is more content based, we have to finish the curriculum, we
have to be on track, and the most important are the official exams and
preparations for the official exams. Yes, there is a problem and there is a gap.
We prepare teachers to focus on both content and pedagogy and when they go to
real teaching this is not happening. Our students tell us that: you prepare us to
use pedagogy but when we teach those methods and skills you taught us at the
university are not accepted by the coordinator at school. We don’t have time to
implement strategies like inquiry, creativity…So the reality is that at school
level content comes first especially in high school. (Lea, I)
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This will lead students to “memorization and not to critical thinking” (Lea, I). She
thought that the Lebanese system should reconsider the assessment framework, to include
more projects, experiments, and reports to the science curriculum, and “to implement
STEM and STEAM projects, as well as, implementing interdisciplinary teaching
approaches” (Lea, I).
The interview took a shorter time than expected. Lea’s responses to the questions
were brief and direct. After transcribing the interview, I sent her the document for
member checking and asked her to elaborate more on her answers if she wanted to, but
she was satisfied with what she had previously answered. Her personality, skills,
approaches, and concerns were clearly stated and reflected in the interview.
Lea’s Classroom Environment
Lea’s Faculty of Education is situated in a residential area, which makes it
accessible to a large number of students in Beirut. The classroom was set in a traditional
style where the desks were arranged in rows facing the board and educator. This seating
arrangement was convenient, as Lea explained, due to the large number of students, yet it
isolated some students who were easily distracted and engaged in other conversations.
Lea had to interrupt her lecture several times to redirect their attention. The classroom
setting was not practical for student-to-student interaction, such as activities that require
group work and group discussions. They had to turn their chairs around to face another
student and the educator didn’t have much space to mingle between them. Figure 4.10
shows how students had to turn their chairs to face each other.
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Figure 4.10 Student Group Work in Lea's Class

In the image below (Figure 4.11), I have inserted an arrow to show how the
student at the end could barely participate in the discussions. This was not because she
lacked leadership or a sense of communication, but simply because the seating
arrangement with respect to the number of students created a noisy atmosphere and
students barely heard each other.
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Figure 4.11 Student Seated at the Outer Edge of a Group

Lea used an overhead projector, TV, DVD, LCD projector, computer, Internet
access, board, and markers to facilitate her teaching. The absence of a laboratory reduced
her ability to use variable approaches to her teaching method. Yet students managed,
while presenting their lesson plan project, to do hands-on activities with non-hazardous
materials that could be used in the classroom.
The relationship between Lea and her students was respectful. She stressed the
importance of building relationships between teachers and students. She generated a
friendly atmosphere, keeping the teacher-student respect boundaries. Lea tried to make
some jokes from time to time but was mostly serious, which might be due to her position
as a school principal. Some students had the tendency to disengage and create side
conversations, so she had to intervene several times to maintain a positive learning
environment and by asking them nicely to focus on class discussions. During both class
observations and the videotaped classes that Lea recorded, the same side conversations
occurred. Some students were busy with their cell phones, while those in the back row
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seats always had social conversations that distracted them from what was going on in the
lecture.
In the next section I elaborate on Lea’s teaching strategies, course objectives,
content, and methods of evaluation to present a thorough description of the case and to
understand the practices Lea applied in her methods course. I present a detailed
description of the context in which Lea was teaching. This includes representing the
objectives and content of the course and whether they were designed by Lea or in
collaboration with other faculty members. I explain the learning content and strategies
this course intended to deliver to the students. I then describe how Lea communicated
those strategies in her classroom. From the classes I observed and from the recorded
videos, I highlight specific practices in detail to allow the reader to reflect on, compare,
and contrast the intended learning outcomes represented in the course syllabus and the
authentic teaching practices Lea used in delivering the content. I present a detailed
analysis of the findings will be discussed in the chapters to follow.
Lea’s Science Methods Course: Objectives, Content, Teaching Strategies, and
Evaluation
In this section I describe the content of the intended course represented by
analyzing the documents Lea provided. The documents, referred to as Lea syllabus (Lea
S), consist of the tentative course schedule (see Table 4.2 below) and details of each
chapter, including content, activities, references, and assessment methods.
Course Objectives. Teaching Diploma (TD) students following a specialty area,
such as Teaching Math and Physics or Teaching Chemistry and Biology, must complete
an advanced method course. The TD is a one-year plan study that includes the following
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courses: Classroom Dynamics, Philosophy of Education, Education Media and
Technology, Advanced Methods in Specialty Area, Instructional Assessment and
Evaluation, Curriculum Design and Evaluation, Counseling: Theory and Practice, and TD
practicum in the specialty area. As described in the documents of the Faculty of
Education at University Two, the course focuses on current theories of teaching. It
presents a practical and applied approach to a broad range of instructional methods and
techniques that will help all teachers—novice and experienced—succeed in today’s
complex classrooms. The course begins with an introduction to different theoretical
perspectives on teaching and learning and then moves quickly to more practical aspects
related to teaching within the student’s specialty area.
The Faculty of Education at University Two and the science methods course
syllabus followed an outcome-based approach where the intended learning outcomes are
the knowledge and skills graduates should be able to demonstrate at the end of the course.
As already indicated, this course stressed the methods of teaching mathematics and
science. Lea mentioned in her interview, and the intended course syllabus showed, some
strategies for teaching math and science overlap. For instance, skills to identify
misconceptions, planning for inquiry, and discussions are general teaching strategies.
Yet, the course syllabus included specific teaching skills catered towards teaching math,
such as algebraic thinking and reasoning, percentage, fractions, and decimal computation,
as well as geometric thinking and concepts. In my document analysis I only focused on
the intended learning syllabus of methods of teaching science.
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Here is Lea’s list of Intended Learning Outcomes for the Science Education course:
A. Knowledge and understanding:
A1: Define effective teaching and explain how it influences learning.
A2: Develop critical thinking and skills to make decisions based upon
supported and reliable evidence.
A3: Develop an awareness of, interest in, and curiosity about phenomena in
the environment, and a commitment to seek scientific explanations of
these phenomena.
B. Intellectual skills:
B1: Discuss the strengths and weaknesses of teacher lectures.
B2: Design different activities in science for different levels of students.
B3: Learn the differences between teaching math and science.
C. Professional and practical skills:
C1: Demonstrate how teachers integrate long-term, unit, and lesson planning.
C2: Administer the basic steps in using direct instruction.
C3: Apply the essential questioning strategies.
D. General and transferable skills:
D1: Integrate lessons with real life and different subjects.
D2: Work successfully as team members considering time, mission, and final
presentation related to a unit of instruction. (Lea, S)
Intended Course Content. In this section I describe the intended course syllabus
as presented in the documents Lea provided. In the course syllabus description, Lea
mentioned that the Advanced Methods course was designed to provide student teachers
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with an overview of current approaches, issues, and practices in the teaching of
mathematics and general sciences. In her course syllabus Lea stated that the course
provided graduate students with wide sources of teaching principles and classroom
activities that teachers can refer to in their own work. “The course was designed so that
graduate students discover the rewards of hands-on-learning, teaching and learning
through reflection, reasoning and the value of discovery / inquiry teaching methods”
(Lea, S). The course also aimed at promoting discussions, readings, hands-on /minds-on
activities, demonstrations, and group activities. The template below (see Table 4.2)
shows the tentative course schedule of the science teaching methods course.
Table 4.2 Template for Science Methods Course Schedule
Content: Science

Assignment

What does it mean to teach science well?
- Connecting knowledge and practice
- The Challenges of Teaching and
role of motivation.

Write an essay about issues facing
science teachers.

Thoughts and actions of beginning science
teachers
The purpose of science teaching

Write your own purpose of being a
science teacher

Planning to teach science: Developing
inquiry skills and scientific skills.

Prepare a science activity

Teaching more effective lessons, planning
for inquiry, and developing lesson plans.

Develop a lesson plan

Teaching science projects

Lesson plan, or an activity for a
specific objective and grade.

In the content analysis of this course, I focused on the science methods included,
given that it’s a Math and Science methods course. The course outlines and intended
learning outcomes demonstrated emphases on group work, incorporating activities, and
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creating lesson plans in science. Lea aimed in her course to engage students in the
following questions:
1. What does it mean to teach science? This section stresses connecting knowledge
and practice, in addition to the role of motivation in science learning.
2. What are you teaching? This focus includes discussions about science content
and learning goals, the difference between scientists’ science and school science,
deciding on goals and activities for our future students, and making sense of the
material world.
3. Who are you teaching? This emphasizes how knowing your students is essential
to developing classroom assessments and to make sense of your students’
responses and learn from the wrong answers to adjust your teaching and
assessment.
4. How are you teaching? This section includes teaching strategies, inquiry cycles,
classroom management, safety, participation, and communication (Lea, S).
Lea considered in the course specification template that the important strategies
this course emphasized were discussions, inquiry-based learning, oral and written
reflections, project design and analysis, quizzes, and exams. She wrote,
this class will be comprised of lecture, discussion, case study, self and peer
reflection/critique activities, as well as, performance and instructor feedback on
critical concepts, skills and dispositions necessary for developing interdisciplinary
relationships. As collaboration is a critical component of teaching diverse
students, this class will contain a high level of group work activities, and
assessments. (Lea, S)
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The intended course content started with an introduction about what it means to
teach science well. This included discussions and lecturing about nature of science,
scientific knowledge, scientific literacy, and the value of different theoretical perspectives
on scientific teaching. The course, as described in the syllabus, then moved towards more
practical issues such as teaching the different scientific skills, syllabus design and
materials development, and role of technology in the teaching. Lea highlighted that
school science doesn’t give a deep understanding of fundamental science, but rather
provides fragmented facts and skills. To help future students appreciate and learn science
effectively, she clearly stated in the course content research-based solutions like inquirybased learning, which promotes knowledge through experiencing real life situations and
reflecting on those experiences (Lea, S). The course syllabus advocated the importance of
constructivism theory and creating constructivist classrooms. The content elaborated on
social and cognitive constructivism as well as how to implement constructivist learning
through discovery/inquiry learning and models like the 5E instructional model, which
help teachers structure teaching strategies, skills, and activities (Lea, S). During the
interview, Lea stated that the approaches and methods she believed were important to her
practice and which she implemented in her course were pedagogical content knowledge,
creating lesson plans, and inquiry as 5E instructional model (Lea, I). In the interview and
the classes I observed, inquiry was mainly applied by focusing on the 5E instructional
model. Lea encouraged her students to plan their instruction to implement the 5E
instructional that encompasses five phases: Engaging, Exploring, Explaining,
Elaborating, and Evaluating. She evaluated her students’ understanding of the 5E model
through an activity they had to design and conduct in the classroom. Students were
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graded on their application of the five levels of the model and how they engaged their
classmates. Lea told them, “You will be judged according to the 5E model strategies”
(Lea, S).
Creating lesson plans was an obvious priority in her course outline and made up
40% of the final grade. She stressed the role of motivation in teaching science well.
Creating a well-managed learning community built on discipline, classroom
management, physical safety, and psychological safety set the stage for successful
science learning.
Lea offered several resources to her students, telling them that in addition to
textbooks there were “other important resources that you can use as the national
standards documents: Benchmarks for Science Literacy on the web at
http://project2061.aaas.org/tools/ and the National Science Education Standards
(http://www.nap.edu/readingroom/books/nses/html)” (Lea, S).
Evaluation or Assessment Methods. The Lebanese education system is based on
exams and gradings. Thus, the quizzes, midterm, and final exam grades are recommended
from each teacher educator. In the course template document, Lea provided her students
with details on the methods of assessment she applied to calculate their final grade.
Your knowledge, skills, and professional disposition are evaluated by the quality
of work that you submit. This includes, discussion of concepts, written
summaries, assignments to assess understanding and knowledge. Term project.
Oral presentations to assess communication skills (listening and speaking). A
mid-term. And a final project (Lea, S)
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The final grade was distributed as follows:
•

participation, attendance and presentation 15%

•

assignments and reflection 20%

•

mid-term written exam 25%

•

final written exam and term project 40%

Lea firmly stated in her course template that “students’ attendance and participation are
mandatory. They should make a conscientious effort to attend every class and actively
participate in discussions in order to receive class participation points” (Lea, S). Students
were assigned readings from their books, to be discussed in the following class period.
This priority is reflected in the following statement from her course outline: “For
discussion to be meaningful, each student must come to class fully prepared to discuss
the assigned reading and to make meaningful comments by reading the chapters and
summarizing them” (Lea, S).
The midterm and final exam were written tests based on recall of information and
analysis of course content. Finally, for the term project that counted for 20% of the final
grade, “a group of maximum three students design a project, deliver it as hard copy of 10
to 15 pages with a model and present it in class on one unified topic assigned by the
instructor” (Lea, S). Students in this project were asked to design a lesson plan that
included new teaching strategies, activities, and assessment method(s). For example, in
the midterm exam (see Figure 4.12 below), students had 90 minutes to submit a written
test in the form of essays. Although the questions were open-ended so students could
express their own thoughts and ideas, they had to be well-prepared for the content in
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advance to be able to respond to the questions. The answers had to be relevant to the
ideas discussed in class and included in the course content.
Figure 4.12 Lea's Midterm Exam
Midterm Exam
Name:
Duration: 90 minutes
Choose two questions among the following and write an essay for each:
1. The Nature of Science is the most abstract domain of Science. Develop the
characteristics of the Nature of Science.
2. Motivating students is essential in science teaching; explain how this process is done.
3. Choose one method you consider most effective in teaching Science. Discuss it with
examples.
4. Science is best addressed to students through their personal relevance. Explain this
statement with examples.
Pedagogy. Lea’s teaching used lectures built on PowerPoints, discussions, group
work, and hands-on activities. The courses I observed were mainly discussions and
lecturing. The limited classroom space and lack of a laboratory were major factors that
hindered the application of most of the teaching strategies included in her course. Lea
repeated several times to her student teachers that they are the key to the success of their
future students: “Don’t expect all your students to be good and smart, it’s your duty to
engage them in the practices that are important to reinforce their knowledge and scientific
understanding” (Lea, O). She emphasized the importance of knowing the science content,
goals, activities and assessment methods before entering the classroom. “As we step into
our classrooms, as science teachers, we should have a rounded understanding of our
students, their social and cultural background, and the misconceptions your students
bring to the unit” (Lea, I).
To assess students’ understanding of the 5E teaching model, Lea asked her
students to take the role of a teacher and implement this strategy by presenting an activity
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or experiment to their colleagues. The video recordings Lea sent me included students’
presentations. In the absence of a laboratory, students designed activities that could be
safely conducted in classroom. I observed that students tried to apply the five levels of 5E
model. For instance, two students started by reminding students that in the last chapter
they had explained about acids and bases, saying, “today we are going to do an
experiment to learn how to identify acids and bases.” The student teachers engaged the
class with questions such as: How do we know if a solution is acidic or basic? Following
that, one of the student teachers said, “Today we are going to have fun, we are going to
do an experiment to identify which of the following solutions (tomato sauce, baking soda,
detergent, lemon juice, water, vinegar) are acidic or basic. We are going to use a solution
of red cabbage as an edible indicator” (See Figure 4.13 below).
Figure 4.13 Student Teachers Leading Acid-Base Experiment
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The presenters then distributed a sheet (Figure 4.14 below) to the rest of the class
and asked them to write down their observations on how the color of each solution
changed upon adding the indicator.
Figure 4.14 Sheet for Recording Observations of Acid-Base Experiment

Finally, using the color change chart of red cabbage as PH indicator, the
presenters invited students to place the name of each solution on the corresponding color
it changed to and whether it was acidic or basic (Figure 4.15 below).
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Figure 4.15 Chart to Display Acid-Base Experiment Results

Lea’s role during the students’ presentation was that of a spectator. She didn’t
interrupt the procedure, giving them all the space and time to communicate their ideas.
Even at the end of the presentation she provided positive comments and allowed their
peers to ask questions.
Lea’s Teaching Methods and Practices: A Snapshot of the Classes Observed
The science methods course focused on challenges teachers encounter and what it
means to teach science effectively. The syllabus and intended content converged towards
a main objective, allowing students to develop lesson plans based on new perspectives of
science teaching, inquiry, and hands on activities (Lea, S).
In this next section I describe the sequence of the first lecture that was videotaped
followed by the lecture I observed. The aim is to follow consistency patterns between
what was intended to be delivered in the course syllabus and what was delivered during
the classroom observation. I chose to describe my class observations because they reflect
the data I collected and how they align with what I previously described in the course
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syllabus. Comparing what I previously highlighted in the course syllabus to how it was
delivered gives insights to further discussions about Lea’s teaching practices and how
they were applied in real context.
Lecture, November 29, 2018. The lecture started with a familiar introduction, as
the students and Lea knew each other from previous courses. She explained the
requirements to pass this course and the importance of attendance, participation, and
professionalism in terms of behaviors and manners. Lea went through the objectives and
learning outcomes of the science and math course and elaborated on the evaluation
method and final project.
To get the class started, Lea asked her students to individually think for few
minutes about the science teachers they had in school and to come up with the teachers
they considered the best role models and those they wouldn’t really like to imitate. Then
she asked them to list some characteristics that made those science teachers role models
and list why the others were not. Discussions were vibrant and the list created on a paper
chart carried common traits such as: “made science easy and real,” “motivated me,” “did
a lot of experiments,” and “allowed me to understand science and relate it to real life.”
The list of characteristics of the science teachers they didn’t want to be like was: “only
used chalkboard to explain,” “didn’t help us to visualize and understand,” “never did
experiments so how are we supposed to understand abstract concepts,” and “just
memorization without understanding.” She then left them with a question to reflect on:
“What does it mean to teach science well and what kind of teacher do you want to be?”
Following the brainstorm activity, students were engaged with an awareness test, which
is a short video retrieved from https://www.youtube.com/watch?v=oSQJP40PcGI. In this
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video, there are two teams of four players each. One team is dressed in white and the
other in black. Each team has a ball that they pass between themselves while moving
around the space. Viewers are asked to count the number of passes the team in white
makes. Most of the students got 13 as the right answer and were happy, but then they
were asked, “Did you see the moonwalking bear?” The aim of this awareness test is to
show students that it is easier to concentrate on one thing and exclude what we are not
looking for. If student missed the moonwalking bear, this means that they experienced a
process known as “selective perception,” which is the unconscious filtering of what we
see and hear so as to match our personal expectations, desires, biases, or needs. As a
result, we miss a great deal of important relational information that is right in front of our
eyes or ears. “So how does this relate to science teaching?” Lea asked. The majority of
responses were, “If teachers focus on certain concepts this is what students will only
learn.” Lea continued and elaborated on the importance of scientific literacy and creating
scientific literate individuals. A scientific literate person is an individual who:
uses scientific knowledge and scientific ways of thinking for individual and
social purposes and is one who is aware that science, mathematics, and
technology are interdependent human enterprises with strengths and limitations;
understands key concepts and principles of science; is familiar with the natural
world and recognizes both its diversity and unity; and uses scientific knowledge
and scientific ways of thinking for individual and social purposes” (American
Association for the Advancement of Science, 1989, p. xvii - xviii).
Lea continued the lecture by using PowerPoints to explain the nature of science
and the three domains of science that are critical to developing scientific literacy. She
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referred to Figure 4.16 adopted from Bell (2009) in her presentation. According to Bell
(2009), science educators define three domains of science that are essential to developing
scientific literacy. Of the three, scientific knowledge is “the most familiar and concrete
domain, and includes the scientific facts, concepts, theories, and laws typically presented
in science textbooks” (Bell, 2009; p. 1).
Figure 4.16 The Three Domains of Science (Bell, 2009, p. 2)

To reinforce the ideas discussed about the nature of science and build upon the
notion of scientific knowledge, students worked in groups on an activity called
Scrambled Sentence, retrieved from https://www.sciencelearn.org.nz/resources/432scrambled-sentence. Students tried to assemble a meaningful sentence by successively
turning over a set of word cards (see Figure 4.17 below) and using the words revealed to
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create a story. In this activity, students gather information and work towards a closer
approximation of the actual sentence. As the students turn over more cards, they change
their ideas of what the story may be about.
Figure 4.17 Scrambled Sentence Word Cards
THE

SMALL

FAT

GREEN

KEA

CARRYING

A

CAR

KEY

JUMPED

ONTO

THE

LITTLE

WOODEN

TABLE

ON

THE

GRASS

AND

ATE

THE

BOWL

OF

CHIPS

It is likely that the groups will not have exactly the same sentences even though they all
had the same data to begin with. Here Lea asked them:
•

Why don’t you all have exactly the same sentences?

•

Why might scientists not have the same explanations for things even though they
may have exactly the same information?

After discussions between the groups, Lea asked the students to brainstorm about
parallels between this activity and how scientists work. The aim of this activity,
according to Lea (Lea, O), was to teach students about the self-correcting nature of
science, the tentative nature of scientific knowledge, and science as an ongoing
endeavour.
Students discussed their thoughts about the scrambled sentence activity and
compared their stories. She then started to explain that scientific knowledge is based upon
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evidence, that it can change over time, that creativity plays an important role in science,
and that background knowledge influences how scientists view data. In this part, Lea
used PowerPoint to delve into describing the nature of science and how science educators
have converged on a key set of ideas that are viewed as most practical in the school
setting and potentially the most useful in developing scientific literacy.
In this session, Lea shared the information through PowerPoint slides and
engaged students with questions related to the topic.
Lecture, December 6, 2018. This session focused on scientific inquiry. Lea
introduced the notion of inquiry by asking her students what they knew about inquiry.
Most of the answers were related to the previous lectures that had discussed the learning
cycle and how to enhance questioning and relating our knowledge to real life experience.
Lea continued her lecture and with the aid of a PowerPoint presentation she explained
that we often associate inquiry with laboratory or field experiences for students.
However, not all laboratory experiences involve inquiry, and not all inquiry involves
laboratories. She gave some examples about kinds of laboratory activities that are NOT
inquiry, such as the way students follow directions in conducting lab work and, after
observing phenomena, use models and theories to explain what they saw.
Lea continued her lecture by explaining that there are also some common
misconceptions about inquiry. One is that inquiry involves following certain steps in a
fixed order, the “scientific method.” In fact, studies of scientists at work show that they
rarely follow the steps of the scientific method, so it probably doesn’t make sense to
require students to follow those steps either. Science teachers can engage their students in
inquiry in a variety of ways, including experiments in laboratories or other settings, field
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investigations, analyses of data available on the Internet or from other sources, and
simulation. The last point was highlighting a final misconception about student inquiry,
where a common conception about inquiry is putting students entirely in control or giving
them freedom to explore. In fact, students often need a lot of scaffolding in order to do
productive inquiry, so inquiry cycles can have substantial variations in the amount of
teacher control, ranging from exercises in which students try to figure out answers to
problems posed by the teacher to project-based learning in which students design their
own investigations.
Lea then referred to Project 2061, which the American Association for the
Advancement of Science (AAAS) launched in 1985 with the aim of achieving scientific
literacy for all by the year 2061. She explained that in their landmark Project 2061
publication Science for All Americans the authors suggested that teachers do not need to
teach more and more science content. Conversely, they should focus on what is essential
to science literacy and how to teach it more effectively (American Association for the
Advancement of Science, 1989). Her charts and examples referred mostly to the National
Science Education Standards (National Research Council, 2012).
Lea initiated an activity by displaying images of different planets like earth, the
moon, the sun, and so on. Students were asked to work in groups to observe, discuss, and
write their thoughts and questions generated by those images. What lessons or concepts
can we plan on teaching our students? After discussions, each group, represented by one
member, shared their findings. Some used those images to search the Internet for
information about planets and designed questions based on their name and size. Others
discussed life on those planets and assimilated that to the color of planets, such as the
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earth is blue due to its high percentage of water. One group thought of teaching students
to calculate the distance of planets from earth and the concept of gravity. She concluded
with her starting statement that inquiry can be initiated without doing an experiment.
After the above activity, Lea’s objective was to present a lesson plan model. She
went through PowerPoint slides to explain a lesson plan about the solar system. She
emphasized, clearly stating the learning outcomes, how the plan was designed to generate
curiosity and critical thinking about the topic. She read an activity that could trigger
students’ curiosity about the solar system and that can be safely done in classroom: “In a
bottle of water, add glitter and detergent, spin in a circular motion.” This activity is
followed by a series of questions about students’ observations guided towards linking this
experiment to the solar system. Lea concluded her slides with set of information about
the solar system. The lectured ended by a summary of the importance of planning for
inquiry through lesson plans.
In the following section, I draw from the data provided above to offer a summary
of Lea’s practices. Using a triangulation method, I discuss patterns and themes that
emerged through the data analysis.
Summary: Case-specific Themes, Practices, and Patterns
The aim of my research was to study the practices of STEs. My goal was to
describe the teaching strategies they emphasize in their secondary science methods
course. The data, represented by the interview, documents, and class observations, show
that context mattered in Lea’s case. Her practices were strongly correlated with and
affected by policies, funding, resources, and personal beliefs. The contextual constraint
was the major finding in Lea’s case. The tension I felt while analyzing Lea’s case, and

111

which was clear in the data analysis, was the contextual constraints and contradiction
between
1. The intended course, represented by the course objectives, learning
outcomes, and syllabus.
2. The delivered course, which was the actual teaching that occurred in Lea’s
classroom.
3. The interview that represented her beliefs and what she aimed as a STE.
University Two is a private university that has nine campuses at different
locations in Lebanon. The faculty of science education has one assigned coordinator who
meets with the STEs from different campuses to plan the intended outcomes and content
of the courses. The intended course is a product of nine STEs including the coordinator
that reflects the mission and vision of University Two (Lea, I; University Website). The
intended course was based on the National American Standards. The references, content,
recommendations, and activities were adopted from Benchmarks for Science Literacy
(http://www.project2061.aaas.org/tools/) and the National Science Education Standards
(http://www.nap.edu/readingroom/books/nses/html) (Lea, S). Analyzing a science
methods course syllabus that reflects the American context and not the Lebanese context
raises a lot of questions: How do those standards apply to the Lebanese curriculum? Do
they aim at preparing science teachers to teach in Lebanon? How is the voice of Lea,
represented by her beliefs and practices, reflected in this syllabus? How does she intend
to use strategies set for a different education system in preparing her students to teach in
the Lebanese context? Where is her ownership of this course? Did Lea apply those
strategies because the University’s vision aligned with the American Standards?
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Triangulation of data shows that constraints between the university’s polices and vision,
the Lebanese Education Identity, and Lea’s personal beliefs and professional identity
were reflected in her classroom and the way she prepared teachers to teach secondary
science.
Despite limited resources and small classrooms compared to the number of
students, Lea tried to deliver the science methods course. She encouraged her student
teachers to implement new teaching strategies based on critical thinking, inquiry, and
classroom discussions (Lea, O). While her intended course syllabus focused on
constructivism theory and social and cognitive constructivism (Lea, S), discussion about
the nature of science and implementing inquiry in a lesson plan was done through
PowerPoint slides. The midterm exam (Figure 4.13) basically asked students to write an
essay that recommended knowing and retaining the content about the nature of science
with the question, “Develop the characteristics of the Nature of Science” (Lea, S).
In an interview, Lea emphasized pedagogical content, which to her was “blending
subject matter with pedagogy so that students build their pedagogical content knowledge”
(Lea, I). The skills she stressed were inquiry, such as the 5E instructional model, and
“planning creative and doable lesson plans that should include inquiry skills,
experiments, and activities” (Lea, I). Engaging students in doing activities was very
important to her: “Students tend to forget everything we teach them when they start
teaching, so that’s why I engage them more in activities because when they apply them in
class, they will never forget them” (Lea, I). Lea mentioned that the skills emphasized in
the methods course allow students “to plan creatively, and that’s why the guidelines are
given to students teachers, but they are not given specific methods to follow to boost their

113

creativity” (Lea, I). That being said, the assessment method used to evaluate students’
ability to plan for inquiry consisted of an activity that students had to design and conduct
in the classroom. “Students will be graded on their capability of applying the 5E
instructional model and how they engage their classmates” (Lea, S).
Lea was passionate about teaching and motivated to implement new teaching
strategies, but she struggled between what she wanted to prepare her teachers for, as a
STE, versus the reality, as a school principal, where content, official exams, and grades
are essential. STEs like Lea are constrained by policies set by the Ministry of Education
and the tension of working in schools that are defined by the higher percentages of
students’ success and grades in official exams. In the next chapter I further discuss the
contextual constraints created by the Lebanese educational system that directly affect
STEs such as Lear.
In the following section, I discuss the Canadian cases, represented by two STEs—
Marie and Dany. I start with an introduction of the Canadian Education system and then I
present each of the cases separately.
The Canadian Education System
The education system in Canada encompasses both publicly-funded and private
institutions, including schools, colleges, and universities. Canada has a decentralized
education system where funding and policy decisions are made by provincial and
territorial governments. Thus, in the ten provinces and three territories, departments or
ministries of education are responsible for the organisation, delivery, and assessment of
education (Council of Ministers of Education, Canada,1997). Canada’s education system
is considered to be a strong one. Canadians have historically expressed a high level of
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satisfaction with their teachers, who are viewed as playing a critical role in student
learning and in the implementation of the government’s provincial policies (Gambhir et
al, 2008). In 1997 the Council of Ministers of Education, Canada published the PanCanadian Science Framework (PCSF) - Common Framework, with the goal of
developing science curricula across Canada. The vision of the Common Framework
(1997) is “the need to develop scientific literacy in Canada.” Inherent within the vision
are four foundation statements. Foundation 1 is Science, Technology, Society, and the
Environment (STSE), where students are expected to develop an understanding of the
nature of science and technology, of the relationships between science and technology,
and of the social and environmental contexts of science and technology. In Foundation 2,
Skills, students “develop the skills required for scientific and technological inquiry, for
solving problems, for communicating scientific ideas and results, for working
collaboratively, and for making informed decisions” (Council of Ministers of Education,
Canada 1997, p. 4). Foundation 3 is Knowledge, where students “will construct
knowledge and understandings of concepts in Life Science, Physical Science, and Earth
and Space Science, and apply these understandings to interpret, integrate, and extend
their knowledge” (Council of Ministers of Education, Canada, 1997, p. 4). Finally,
Foundation 4 concerns “Attitudes, where students will be encouraged to develop attitudes
that support the responsible acquisition and application of scientific and technological
knowledge to the mutual benefit of self, society, and the environment” (Council of
Ministers of Education, Canada, 1997, p. 4). Based on this major vision and learning
outcomes, the provinces and territories that adopted the Common Framework started to
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revise their science curriculum and connect their science programs to aspects of the PCSF
(Council of Ministers of Education, Canada, 1997).
In spite of the modest pan-Canadian studies of the structure and context of teacher
education programs (Gambhir et al., 2008), the annual conference of the Canadian
Society for Studies in Education (CSSE) brings together many teacher educators to share
their research and practices. The Canadian Association of Teacher Educators (CATE) and
its special interest groups (SIGs), such as the Self-Study of Teacher Education Practices
SIG, have played an important role in recognizing and disseminating research by teacher
educators “to discuss and debate key issues in the field of teacher education research, and
then publish the resulting papers in an attempt to build a corpus of research that is
distinctly Canadian” (Thomas & Hirschkorn, 2015, p. 6). Moreover, the Association of
Canadian Deans of Education (ACDE) recommended that teacher education programs
“should involve the development of situated practical knowledge, pedagogical
knowledge, and academic content knowledge, as well as an introduction to research and
scholarship in education” (Association of Canadian Deans of Education, 2016, p. 3). The
accord also emphasizes the importance of school-university partnerships, and
collaboration, taking into account that these are just recommendations that teacher
education programs can build on to help establish reform.
Case Three: The Story of Marie
Like the previous cases, I have written Marie’s case using a template covering the
educational context, environment, and personal and professional beliefs of the STE. This
allows for a deeper understanding of the practices the STEs use in their science methods
course, while allowing the reader insight into how the cases compare to one another. To
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refer to the source of data, I use the following: (Marie, I) means the data were from the
interview I conducted with Marie, (Marie, S) refers to the documents and syllabus
provided, and (Marie, O) refers to my classroom observation and/or videotaped lectures.
The interview was in English, while the other data sources (documents, observations,
university website, and artifacts) were in French. I personally translated them into
English.
University Three: The Educational Context
University Three is one of the large French-language universities in Canada. It
offers 165 study programs, including master’s and doctorate level programs. The primary
mission of the Faculty of Education is to educate teachers not only to be competent in
their respective teaching disciplines, but also to be fully committed to the evolution of the
society and aware of the pedagogical and historical realities as well as the sociolinguistics
of the province and other Francophone minority communities in Canada. The goal of the
Faculty of Education at University Three is to offer the best possible education programs,
taking into account the various challenges facing the Canadian Francophonie in order to
train professionals in the field of education. The Faculty of Education at University Three
offers specialized degrees in science education with foci on first and second
concentration in biology, chemistry, math, and/or physics. The focus on teaching science
in a minority language setting was driven by the situation of this university in a bilingual
context with minority Francophone population. Thus, one of the major aims was to
reinforce language through teaching science.
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Marie: Her Personal and Professional Journey
Marie was a STE at University Three. She was positive, friendly, collaborative,
and passionate about teaching science. Marie had a science-biochemistry education
background. The turning point pushing her towards science education occurred when she
was pursuing her master’s degree in biochemistry (Marie, I). Assigned to teach chemistry
courses to pre-med students was interesting and allowed her to question “why some
students learned better than others” (Marie, I). This teaching experience allowed her to
reflect on her career and what she valued: “This brought me to really liking the aspects of
teaching Chemistry and then I decided at that point, even before finishing my teaching
appointment at the Faculty of Science, that I would be going into Education” (Marie, I).
Marie shared that her master’s thesis director influenced her beliefs and practices: “He
would sit with me long hours just talking science and teaching. Without even knowing he
brought me to question teaching and how much better I could be as a teacher” (Marie, I).
Directly after earning her master’s degree, she prepared her application to pursue her PhD
in Medical Genetics. “I had everything ready to be mailed and I did not go through the
mailing, it stayed on my desk” (Marie, I). Instead, she applied to a Bachelor of Education
program. The only person she was afraid to let down was her master’s director, but he
replied, “totally the contrary. He said, finally you’ve found something that you already
excel in and you’re going to excel in, so it was just that fantastic moment” (Marie, I). For
her, it was the day that made a big difference in her life. She knew that going back to do a
bachelor’s degree after defending her master’s seemed insane, but she was sure that it
was the right decision and had never regretted it.
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Marie enrolled in the Faculty of Education for two years. She taught high school
for one year while she was preparing her PhD application. In her thesis, Marie studied
what can be done in classrooms to increase the interest of girls in physical sciences and
engineering. She developed and implemented activities to change
the context of teaching certain concepts, to help children use science to make a
better world to live in instead of just the mechanics of the engineering aspects,
etc. in other words, get rid of the worksheets and let’s go out in the field and try
to design something. (Marie, I)
As a STE, she was interested in methods of teaching that enhance students’
understanding of and interest in science. Marie stated that her area of expertise is in
Francophone science didactics. She was involved with a research team that studied the
effectiveness of certain teaching strategies in French schools as well as developing
“language in science for francophone students” (Marie, I).
Based on her personal and professional experience, what she valued most about
teaching is “passion” (Marie, I). This is something we cannot teach students in the same
way we teach them theories, but “I think it’s part of your heart and you just have to try to
bring that out of people” (Marie, I). Marie believed that we are all different learners, so
her aim as a teacher educator was to
bring my teachers to realize that and just try things! Just, you’ll make mistakes,
everybody does, it’s okay. Try it. If you go get that one kid that did not do well
with any other approach by doing something, you’ve done your job for the day.
You’ve done it well…I can show them maybe what it looks like I think I’ve
done my job. (Marie, I)
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She was convinced that science teachers and educators should aim at building a
generation of scientists who think critically. Our primary focus should be teaching our
students to think outside the box and not to have high grades or better results in
provincial exams. She said, “Einstein probably would not have passed a provincial test.
And you have two publications in his name. He probably wouldn’t have got tenure at a
university either. But his contribution to science is still there” (Marie, I).
Marie considered research and innovative teaching methods as essential to her
learning as a STE. Marie assured me that her beliefs were reflected in her methods of
teaching. Her aim as a STE was to promote visible learning and to take inquiry and
discovery learning to “higher level in means of being effective” (Marie, I). Yet, Marie
confirmed that although she totally agreed with what had been written in research about
inquiry and discovery learning/classrooms, “we have to make sure that learning is there,
the role of teacher is essential in promoting learning. You have to better know your
didactics and what it’s about this learning that’s important in order to let the child learn.”
(Marie, I).
Finally, as the director of practicum, and in response to my question on whether
student teachers apply the skills and strategies she implemented in their practicum, Marie
believed that some teachers tend to go back to traditional ways of teaching, saying,
You might not want to publish this in your research, but what happens a lot is
they go into the classroom and they fall prey, victim I should say, to old ways of
teaching. Teachers in the field, for different reasons, sometimes went back to
traditional ways of teaching. Surprisingly, as if they never took didactics in their
preparation programs. They fall back into the old exercise sheet, correct the
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sheet, do the test and memorize. And I find sometimes our students fall back into
that when they go on the field. (Marie, I)
As the director of practicum, Marie tried to implement new evaluation strategies to
overcome this issue. This included asking the in-service teachers to allow student
teachers “use their didactics, because it is an outcome that is graded, so if they do not do
what they were taught in their didactics they might not pass their practicum” (Marie, I).
Finally, Marie believed that her personality and beliefs are reflected in her
teaching. She liked using anecdotes to tell about her stories and mistakes: “I would say
probably fifty percent is made up, but it’s okay. It does what I want to do! So, I kind of
set up my stories to develop motivation and interest” (Marie, I). She enjoyed making her
students laugh, because she believed that if they laugh, then they will remember.
Marie’s Classroom Environment
Students arrived at Marie’s class highly focused, engaged, and responsible. They
were well-prepared. This was clear from their interaction and discussions through the
lecture. Marie was consistent in the course sequence, always starting with a theoretical
part that focused on readings assigned to students, theory and practices in education, and
discussions. The second part was practical, based on group activities and lab work. Two
rooms connected by a door were used for this course. The first was used for the
theoretical part of the lecture and was set in a traditional style where the desks were
arranged in rows, facing the board and educator. The second was a laboratory used to
conduct the practical work. In the middle of this second room there were high tables and
chairs used to perform activities and discuss in groups.
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The relationship between Marie and her students was friendly. She loved using
anecdotes and sharing stories from her personal and professional experiences. She
considered this to be one of her main teaching strategies when the time presents and is
suitable to engage her students and allow them to reflect on situations and other teaching
experiences. She reflected, “I cannot not ignore those teachable moments that come up. I
have to be very flexible in my way of thinking because those are the moments that you
don’t get back. And that you have to be able as a teacher to make them work” (Marie, I).
In the next section I elaborate on Marie’s teaching strategies, course objectives,
content, and methods of evaluation, in order to present a thorough description of Marie’s
teaching context and to understand the practices Marie applied in her methods course.
Marie’s Science Methods Course: Objectives, Content, Teaching Strategies, and
Evaluation
The course descriptions, content, and documents that Marie provided were all in
French. I translated the syllabus, course content, class observations, and video-taped
recordings into English. The science methods course I observed was titled An
Introduction to science didactics for secondary school science teachers. To enroll in this
course, students had to obtain at least 12 credits in the first or second major/concentration
or be registered for a 2-year Bachelor of Education (B.Ed.) program. If students’ primary
or first concentration was teaching biology, chemistry, or physics, this course was a
prerequisite for the educational didactic practicum. The course focused on epistemology,
development of scientific knowledge (conceptual, linguistic, and procedural), diagnostic
and formative assessment tools, approaches and teaching strategies, technological tools
for learning and teaching science, and didactic practices based on convincing results.
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A measurement unit that assigns a numerical value to the workload required to
achieve a course’s objectives is estimated according to the University. It includes both
attendance in the course and personal work. The workload for this course involved 45
hours of course attendance (30 hours theoretical and 15 hours laboratory work) and 60
hours of personal work.
Course Objectives. The course objectives were linked to twelve core
professional competencies that aim at improving the quality of instruction and increasing
graduation rates. The course objectives as linked to the core professional competencies
are listed in Table 4.3 below. Marie explained that, “we [the professors] at the Faculty of
Education created those competencies when we reconfigured all our bachelor programs,
to prepare our teachers to teach in the province” (Marie, I). The course plan also included
a description of the general goals and specific learning outcomes. I have elaborated on
certain objectives and specific learning outcomes to allow readers to assimilate what
Marie wrote in her course plan with how she disseminated it in her class, as I describe
later in my class observations. For instance, Objective 1—Understand the process of
producing and disseminating (epistemology) of scientific knowledge—was broken down
into specific learning outcomes.
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Table 4.3 Marie's Course Objectives as Linked to the Core Professional Competencies
Course Objective

Example Learning Outcomes

1. Understand the process of
producing and disseminating
(epistemology) of scientific
knowledge.

Skill 3 (Intermediate Level): The student
understands the social and
intellectual relevance of the
discipline.
Skill 11 (Intermediate Level): The student
questions the process of producing
and disseminating (epistemology)
different types of knowledge
(scientific, practical, common sense,
dogmatic, experiential, etc.)

2. Understand the direction of
science (biology, chemistry,
physics) programs in high school.

Skill 3 (Intermediate Level): The student
has an understanding of the learning
content described by the Ministry of
Education and Early Childhood
Development Curriculum.

3. Understand the development of the Skill 6 (Intermediate Level): The student
three types of knowledge
designs and plans teaching-learning
(conceptual, procedural, language)
situations taking into account
in science.
pedagogical approaches, teaching
materials and curricula.
4. Apply a variety of science
teaching models, approaches and
strategies in high school.

Skill 6 (Intermediate Level): The student
designs and plans teaching-learning
situations taking into account
pedagogical approaches, teaching
materials and curricula.

5. Develop diagnostic and formative
assessment tools appropriate to
science.

Skill 7 (Intermediate Level): The student
develops and implements diagnostic
and formative evaluation methods
(regulation) and integrates them into
a teaching sequence while respecting
the diversity of the students.

6. To analyze the pedagogical
contribution of technological tools
to teaching and learning science in
secondary school.

Skill 8 (Intermediate Level): The student
creates and uses ICT-based learning
activities and uses discipline-specific
educational digital environments.

Content. Marie developed the didactics course content based on the province’s
and the university’s objectives and outcomes. “At this university, we develop our own
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objective for our classes. We get them approved through different instances” (Marie, I).
In designing the course content, she took into consideration school inclusion, K-12
francophone curriculum, and teaching science in a minority language setting to develop
interest in science. According to Marie the major difference between the K-12 English
and French curriculum, in science, is emphasizing “scientific language” (Marie, I).
Assigned and obligatory readings were a major strategy that Marie emphasized. This
feature was reflected in her course outlines, in her practice, and in her evaluation (Marie,
O; Marie, S; Marie, I). “Students have to be prepared to discuss those readings in class
and respond to questions” (Marie, I). Here is Marie’s list of required readings as copied
from her course syllabus (Marie, S):
Thouin, M. (2014). Réaliser une recherche en didactique. Québec (QC): Éditions
MultiMondes.
Potvin, P. (2011). Manuel d'enseignement des sciences et de la technologie: pour
intéresser les élèves du secondaire. Québec: Éditions Multimondes.
OCDE. (2016). Cadre d’évaluation et d’analyse de l’enquête PISA 2015:
Compétences en sciences, en compréhension de l’écrit, en mathématiques et
en matières financières. Paris: PISA Éditions OCDE.
Llewellyn, D. (2013). Teaching high school science through inquiry and
argumentation (2nd Ed). Arlington, VA: NSTA.
Almarode, J., Fisher, D., Frey, N. & Hattie, J. (2018). Visible learning for science:
What works best to optimize student learning. Thousand Oaks, CA: Corwin.
Bybee, R.W. (2015). The BSCS 5E instructional model: Creating teachable
moments. Arlington, VA: NSTA Press.
Konicek-Moran, R. & Keeley, P.D. (2016). Teaching for conceptual
understanding in science. Arlington, VA: NSTA Press.
Wellington, J. & Ireson, G. (2018). Science learning, science teaching (2nd Ed).
New York, NY: Routledge.
Lederman, N. & Abell, S. K. (2014). Handbook of research on science education,
Volume II. New York, NY: Routledge.
Rogers, B. (2018). The big ideas in physics and how to teach them: Teaching
physics 11-18. New York, NY: Routledge.
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Herron, J. D. (1996). The chemistry classroom: Formulas for successful teaching.
Washington: American Chemical Society.
Osborne, J., Donovan, B. M., Henderson, J. B., MacPherson, A. C. & Wild, A.
(2016). Arguing from evidence in middle school science: 24 activities for
productive talk and deeper learning. Thousand Oaks, CA: Corwin.
Potvin, P. (2019). Faire apprendre les sciences et la technologie à l’école.
Épistémologie, didactique, sciences cognitives et neurosciences au service
de l’enseignant. Québec, QC: Presses de l'Université Laval. (Marie, S)
Evaluation or Assessment Methods. The course plan clearly included the
evaluation methods and what was expected from students during the science didactics
course. According to Marie, “the success of the course assumes that each student
performs the proposed work and project, reads the required readings each week, attends
each class and does the summative assessment” (Marie, I). Students had to be prepared to
actively participate in each course, to collaborate with their peers, and to present the work
on the scheduled dates. Marie stated in her syllabus that “delivering all the work and the
final project is an obligation to pass this course” (Marie, S). The distribution of grades
followed the pattern below:
•

Assigned readings, response to questions, and group work: 25%

•

Didactic Sequence: 30%. Individually, each student designed a didactic
sequence on a science concept (in Biology I, Chemistry I, or Physics I). The
sequence included conceptual understanding and a didactic sequence in which
the student should administer at least one learning cycle (5E Model), an
investigation process, questioning, and formative assessment tools. Marie
stated the evaluation criteria depended on the clarity of French language, how
students described the sequence of the plan, their ability to implement the
learning activities, and the evaluation tools used. Marie’s evaluation included,
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as she told students, “a 20-minute meeting, with me, [to] allow you to defend
all your didactic choices in your sequence presented (orally). This meeting is
part of the formative evaluation, but also serves as a practice towards your
final project” (Marie, O).
•

Final Project - Didactic Situation: 45%. Individually, each student designed a
didactic situation involving a set of scientific concepts from a module of the
program of studies in Chemistry II, Physics II, or Biology II. This situation
had to implement learning cycles (Model 5E) to enable the progression of
conceptual understanding/learning (breadth, depth, transfer). Students had to
incorporate at least two types of investigations that develop basic and complex
intellectual skills related to the investigation process and they also had to
integrate at least one technological tool used by the student for learning. All
tools for diagnostic evaluation and formative evaluations were included. The
didactic situation was to be accompanied by written justification in which the
student demonstrated his or her pedagogical knowledge, specified the theorypractice link, and documented all readings, research, and other sources.

University Three strongly emphasized French language skills. Aligned with the
university strategy, Marie informed her students through her course outline that language
is more than a communication tool for future teachers and practicing teachers. For all
professionals working in education, both at the primary and secondary levels, language is
the main working tool that they must master. For this reason, the Faculty of Education
chose to evaluate the quality of written French. Marie’s course plan stated that
“linguistics, only in written tasks done at home, is evaluated through a scale that depends
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on the number of words used, the errors performed, and level of study” (Marie, S). For
example, her course plan stated that for a text of 200 words, after the second error
students would lose points or penalties.
Pedagogy/Didactics. Didactics, developed in the French-language world of
education, was the focus of Marie’s practice. The Didactique en Science course
objectives and content emphasized theory and practical applications of teaching and
learning. She stressed how didactics as a teaching method follows a consistent scientific
approach or educational style to engage the student’s mind (Marie, S). In the data
analysis section, I compare how pedagogy and didactics have been approached in all the
cases, always informed by the data collected and what research has documented.
Marie stated in her course plan that the various pedagogical strategies used in the
course were chosen according to the learning activity performed. These included
individual work, group work for cooperation and co-construction of knowledge, class or
group discussions based on the critical study of readings, exercises, research, and so on.
She emphasized that “each student has a responsibility to do his/her personal work
(readings, homework, etc.) before the course” (Marie, O).
The teaching methods and strategies Marie emphasized during her interview and
clearly demonstrated in her lectures were, inquiry, language in science, misconceptions,
and reflection. She distinguished during the interview between inquiry as a technique and
inquiry as an approach. Her aim was to help teachers implement inquiry as an approach:
We think, we discuss, we try different things. We analyze our results. We come
back. We redo the idea. We redesign. We see what happens. We check theory.
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We try again. We help each other. That’s more of the approach that I would like
to see instead of the teaching of inquiry skills. (Marie, I)
She believed that the important skill to teach our students is to differentiate between
scientific information that you can read and scientific skills. She clarified it in this way:
“When you’re in the lab as a chemist, you work on stuff. You have to argue your data.
You have to realize that your data is skewed. You have to rework that. You have to
develop better arguments. That’s science” (Marie, I).
Developing language skills throughout science teaching for the francophone
students was a core skill that Marie believed in and implemented in both her research and
teaching. Language in science “means how to learn the vocabulary in context, not just
memorizing a word, but really being able to use it in context when we’re dealing with
science” (Marie, I). She illustrated this with an example: “Kids talk about salt at home.
Mom pass me the salt. Well in chemistry salt is lots of things and it’s important to know
how this one word is used in different contexts” (Marie, O). She illustrated that in a
minority French speaking environment, the French spoken at home is different from the
standard or scientific academic language. The goal is to develop students’ scientific
language in French through three steps. “Our aim is to help them go up the ladder, but
each rung at a time. It’s really to bring them to develop the competency of writing,
reading, and speaking science” (Marie, I). She believed that the absolute goal is to use
language as a tool for learning science. She said,
what I’ve realized it brings out a lot of the aspects of nature of science. That’s
sort of hard to teach. You train them to the notion of what is science, propose
hypotheses for an experiment, this is what you set up, then you ask them to
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analyze their data, can you go back and figure it out, what’s going on? I find that
it allows them to experience that science is not something you learn by heart.
Again, it allows them to draw and bring out what they thought they knew and
work that out. (Marie, I)
Marie stated that she emphasized this strategy only during the first month to allow
students think about science from a different perspective.
Misconceptions and the importance of introducing students to techniques to
discover misconceptions is one of the major practices she emphasized. For example, she
got students to read articles that illustrated where literature documents major
misconceptions in science. She also developed activities that brought students to “to pose
those questions and maybe before answering the students let them rethink, to slow down
their thinking and watch for misconceptions” (Marie, I). In her course, she did not focus
on science content. “Students had to earn 12 credits in their discipline to be able to
register in science didactics” (Marie, I). Yet she attentively listened to the information
they shared during group discussions, focusing on their science knowledge to identify
misconceptions. She explained her strategy in this way: “If I do recognize that a student
held some misconceptions, I ask to meet with the student separately and mention that
maybe they can do up some reading or take some more classes, etc.” (Marie, I). The aim,
according to Marie, was to allow students understand that they don’t and shouldn’t know
everything. She said,
We all have new things to learn about, watch your misconceptions, we all have
them; go from surface learning to a deep learning to transfer; prepare lessons
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that are very flexible that all your students can do something and have fun.
(Marie, I)
Marie stated during her interview that she emphasized both theory and practice: “theory
is intertwined with practical aspects in all of my classes” (Marie, I). She encouraged
discussions, group work, and problem solving:
[What] is this situation going to look like in the classroom? They might have
already encountered something like that during their practicum, if not, then we
will discuss and figure out how it might work. So, I try to really get that yin and
yang of theory and practice. (Marie, I).
Even during the practicum, she observed how her students integrated theory and practice.
During class observations, I noticed that Marie not only focused on theory and
practice, but she also stressed reflective practice. In her words, “bringing in the thinking,
the reflection, the being a reflective teacher means think about this and discuss” (Marie,
O). In her interview she also stressed reflective practice, saying
Let’s go beyond. Let’s go see what’s happening. If I have more teaching hours,
I’d say go see the research. And we discuss the research, we might do one in the
classroom. Um, that is where, I find that is the difference between being in a
college of education and faculty of science of education. Let’s bring that
thinking about it, that critical thinking, it’s important and that’s science too.
(Marie, I)
During class observation, she constantly reassured her students that we might make errors
during our teaching, we might miss having a perfect lesson, but the most important lesson
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is to reflect on our errors. She said her reason for doing this was that “this allows them to
become science teachers who reflect on practice and not just apply it” (Marie, I).
Finally, in addition to the core skills she emphasized, such as identifying
misconceptions, deep learning, and preparing flexible lessons, scientific research in
science education was strongly embedded in her teaching (Marie, I). In the course plan
she communicated the importance of research and its role in informing academic
stakeholders and school administrators:
Several reforms in science education (from kindergarten to post-secondary) have
been based on the results of research (evidence), including the reform of nature
science education in [province] with respect to investigation process
(investigation process). In addition, research has demonstrated the effectiveness
of conceptual change and the learning cycle (Model 5E), the Predict Observe
Explain (POE) model in combination with high-cognitive questioning for the
development of conceptual knowledge, procedural knowledge and language
skills. (Marie, S)
Marie’s Teaching Methods and Practices: A Snapshot of the Classes Observed
Marie’s focus on theory and practice was consistent from the interview to class
observations and the course syllabus. Students were assigned to read articles, to discuss
and question relevant research, and to reflect on how the theory of science education has
evolved.
Lecture, January 21, 2019. Marie introduced me to her students and shared the
purpose of my presence. She then started with an overview of the plan and sequence of
the lecture, which was divided into a theoretical and a practical part: “In the theoretical
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part we will discuss the concepts and strategies learned from the assigned readings of the
first two chapters of Thouin, (2014)” (Marie, O). The practical part included working in
groups on an activity on how to ask questions and then moving to the laboratory to
conduct an experiment. In her introduction, she explained that the assigned reading from
Thouin (2014) would introduce the students to the concepts of didactics, the difference
between pedagogy and didactics, and the intellectual skills for the scientific investigation
process, such as how to ask questions, control variables, and analyze graphs. She told
students that “today is just a general introduction that will guide you towards doing those
steps. You won’t be experts from one session or one course. Learning is a continuous
process and the most important is to learn from our errors” (Marie, O).
Marie used a PowerPoint slide to highlight the sequence of the course, including
the main learning objectives and strategies they would encounter through the course. She
assured her students that “there won’t be always PowerPoint slides, this is not my
teaching style” (Marie, O). She illustrated through PowerPoint slides the various
branches of the sciences of education: Philosophy, History, and Sociology of education,
Pedagogy, Didactics, and Neuro-didactics. The aim was to allow students to visualize
where the course, Science Didactics, is situated with respect to science education and
didactics. She also highlighted the objective of the course (see Figure 4.18 below). The
course focused on the study and research of teaching and learning processes unique to
sciences, taking into consideration the disciplinary paradigm of epistemology. Marie told
her students, “you will hear in the upcoming chapters more about the nature of science,
even if you don’t hear the word epistemology I am still in the domain of epistemology
when I talk about nature of science” (Marie, O). She continued her lecture by engaging
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students with the major approaches and skills they would encounter in the course. She
always provided examples and analogies to elaborate the ideas discussed. She stressed a
scientific approach to engage students’ minds: “When you want to guide your future
students to see the world and its surroundings, we talk about allowing them to see
through scientific lenses” (Marie, O). To achieve this purpose, she suggested that as
teachers they should implement specific knowledge and strategies.
Talk about mediation instead of transmission of knowledge, I don’t want in any
context to hear or read the word transmission of knowledge, because in science
didactics we don’t speak this language. We don’t want remote learning. We
want to be the intermediary between scientific knowledge and academic/school
knowledge. (Marie, O)
Marie briefly stated that in the following weeks they would discuss construction
of knowledge versus knowledge acquisition (constructivism), conceptual change
(building a sense), scientific reasoning (skills, doing science), and more.
Figure 4.18 Branches of Science Education and the Course Objective

Sciences de l’éducation, pédagogie et didactique
§ Diverses branches des sciences de l’éducation
§ Philosophie, histoire de l’éducation
§ Sociologie de l’éducation
§ Administration scolaire
§ Mesure et évaluation
§ Andragogie
Étude et recherches sur les la
§ Pédagogie (psychopédagogie)
spécificité du processus
§ LES Didactiques
d’enseignement et d’apprentissage qui
§
§
§
§
§
§

Didactique des sciences
Didactique des maths
Didactique des langues
Didactique de l’univers social
Didactique des arts
Didactique éducation physique

est particulier aux SCIENCES (en
tenant comte du paradigme (modèle)
disciplinaire – épistémologie*)

Amener les élèves à voir leur
monde avec les lunettes « des
sciences » occasionne certaines
spécificités …
•
•
•
•
•

Médiation au lieu de transmission
(priorise la relation ÉLÈVE-SAVOIR)
Construction des connaissances au
lieu d’acquisition des
connaissances (constructivisme)
Changement conceptuel
(construction d’un sens)
Distinguer savoirs et connaissances
Raisonnement scientifique
(habiletés, faire les sciences)

•

§ Neurodidactique

*Épistémologie – la nature et structure conceptuelle des savoirs d’une discipline
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Marie continued the theoretical discussion from the second chapter of Thouin.
She asked her students if they found anything difficult or if something really stood out. In
this section, she stressed the three concepts that cut across all disciplines of didactics: the
didactic triangle, didactic transposition, and the model for didactic questioning. The
Didactic(al) Triangle (see Figure 4.19 below) is based on three poles: content/knowledge,
the teacher, and the student. The content pole—the knowledge to be taught—is basically
what differentiates didactics from pedagogy. The didactical contract determines the
aspect of teaching, learning, and the interactions between teachers and learners. This
includes the teacher-content relationship, the student-teacher relationship, and the
student-content relationship (Marie, O).
Figure 4.19 The Didactic Triangle

Savoir
Transposition
didactique

Enseignant.e

Élève
Contrat didactique

Marie continued her lecture by emphasizing didactical questioning and the
importance of developing this skill in students:
Most of the time, the questions students ask are broad, very inaccurate and
vague. Most of the time, students make statements that summarize their beliefs
135

about a particular phenomenon. The teacher must grasp this moment and turn
the vague question or statement into an issue that prompts the group to take
action to verify its veracity. It is through questioning that the teacher will arouse
the desire to learn and the need to understand (Marie, O).
The essential part is to initiate the right question. She then provided a document that
listed the qualities and objectives of questions aiming to stimulate students’ thinking.
Marie emphasized the importance of didactics and how it is different from
pedagogy. She also stressed didactical approach, which involves the design of sequences,
didactical situations that are also considered as didactical engineering, “because as
teachers we build and create the sequence of our teaching through the learning cycle:
exploring, constructing, and integrating” (Marie, O). In the interview, she expressed that
one of her favorite teaching strategies was using anecdotes and telling stories to reinforce
teaching and create sense of humor. During the lecture, she reinforced the importance of
acknowledging the responsibility of being teachers because “we are the source of
authority to our students and they tend to believe everything we say” (Marie, O). She
used an anecdote to illustrate this point, telling them about her grandfather, who
convinced her when she was a child that white cows produce white milk, while chocolate
milk comes from brown cows. Her grandfather represented the authority of correct
information and she absolutely believed everything he said. The wrong information she
had was a misconception that stayed with her for long time. She allowed her students to
understand the concept of misconception and how teachers might be a source of
misconceptions: “It is crucial to enter our classes well prepared, it is ok not to have
answers to every question, but don’t give a wrong answer to save yourself” (Marie, O).
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Marie ended the theoretical part with extensive explanations and discussion of the
assignments and final project (discussed above in the evaluation section) students had to
submit and what was expected from them.
In the first section of the practical part, students discussed in groups how they
could implement questioning in their first project, the Didactics Situation (I will describe
this project below in the section on the March 18 lecture). After the group work, students
moved to the next room, which was a laboratory space. The testable question was: Which
of the four types of paper towels is most absorbent? Students were given four different
brands/types of paper towels and were asked to design an experiment using the different
parts of a scientific investigation. They had to use their scientific notebook to write down
all the information throughout the experiment. Marie asked them to research theory
behind the absorbency of paper towels, to observe, write hypotheses, and identify
variables and indicate how they were measured and controlled. Students were asked to
create an organizational chart that included a scientific and rigorous approach to testing
the four types of paper towels. Finally, students had to collect data, analyze results,
justify their hypotheses by referring to theory, and explain any source of errors if present.
Figure 4.20 below shows two examples taken from a student’s scientific notebook.
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Figure 4.20 Sample Notes from a Student's Scientific Notebook

This activity reflected some of the main strategies and skills Marie stated in her
course content and during her teaching. The aim was to allow her students to build
scientific culture, to conduct scientific investigation process, to design an investigation
and investigate research, and to use scientific language and a scientific notebook.
Lecture, March 18, 2019. Consistent with her teaching strategy, Marie’s course
plan included a theoretical part and a practical part. In this lecture she stressed language
in science and how teachers can guide students to use scientific language and academic
discourse. Students had already been assigned to read and prepare the questions related to
Rivard and Cormier (2011). Discussions focussed on the importance of academic
language and the strategies that could enhance students’ academic language. Marie
emphasized creating discursive spaces to enhance the teaching and learning of science in
minority Francophone schools. Discussions around the aim and importance of this
strategy allowed students to highly engage and provide their thoughts. They agreed that
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“creating academic discourse and discursive spaces are important not only to minority
francophone classrooms, but also to our increasingly diverse classrooms, where the first
language spoken at home is not always French” (Maria, O). Marie highlighted that
discursive spaces need to be created in science classes to provide students with many
opportunities to speak, write, and read science. It is necessary to start from the student’s
vernacular language register, which is basically informal language that students use in
casual and social settings. Teachers then have to guide students towards using academic
vocabulary and syntax necessary to discuss science in an appropriate academic language,
thus creating academic discourse spaces.
“The necessary scaffolding needs to be put in place for students to expand their
language and develop the language skills necessary to speak science. In order to
adequately support scientific language, it is necessary to use the informal
language to lead students to use formal scientific language in learning
activities.” (Marie, O)
Marie stressed the 5E model (Engage, Explore, Explain, Elaborate, and Evaluate)
and its effectiveness in implementing discursive method to enhance use of scientific
language. She provided through the documents and during the lecture detailed
explanations of how to engage students in the 5E model. First, the students construct their
initial explanations of phenomena based on their observations and previous conceptions.
To explain, they use informal language and expressions. Thus, in engagement and
exploration activities, students demonstrate their understanding of the phenomenon in an
oral and/or written form that is informal. At these stages of the 5E model, the teacher
questions and encourages students to observe, compare, interpret, suggest hypotheses,
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explain, predict, and to try. Risk is encouraged, discussion is open, and feedback is
positive. They are allowed to make mistakes, try new avenues, and consider alternative
solutions. Also, at this stage, teachers only invite students to explore ideas with words,
tools, and materials, using familiar and informal language. During the stages of
explanation and elaboration the teacher guides the students towards an appropriation of
scientific words and expressions in order to communicate their results and discuss
findings. The role of the teacher is to lead students to (re)build a sense of the
phenomenon explored by gradually integrating scientific words and expressions in order
to explain their new understanding. This restructuring of designs can be done during
surveys (analyzing data and arguing experimental results), during cooperative active
learning activities, or during a Socratic questioning session led by the teacher or by
students. All these contexts lead the students to communicate orally and in writing
(Marie, O; Marie, S).
In high school, students will further clarify their thinking to explain increasingly
complex scientific concepts. Students will need to understand how scientific practices
bring new knowledge and what are their limitations. The student will have to develop all
facets of the practice of argument that are combined with observations, data collection,
the development of logical conclusions, and the reporting of data. To get students to
gradually use the communication mode of the scientific community of practice, they must
use precise scientific vocabulary and appropriate relationships, articulate their ideas in
well-constructed sentences and support their arguments with appropriate diagrams or
drawings (Marie, O; Marie, S).
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The first section of the practical part of this session consisted of group discussions
about their project on a didactics situation. In the previous lecture, groups had been
assigned according to students’ majors: biology, physics, and chemistry. The aim of this
project was to allow students apply the teaching skills and strategies discussed during this
course in building up a lesson sequence that could take up to eight teaching periods of 60
minutes. The didactic situation could be a statement or question that need solid scientific
argumentation. The situation Marie’s students worked on was: Doctors want to set the
legal age for the purchase and consumption of cannabis at 25! Are they right? From this
situation students planned the sequence of the eight periods of teaching using the 5E
model. The first phase, engagement, consisted of building students’ interest in science,
society, and real life and engaging them in the learning intentions and methods of
evaluation. The phases between engagement and elaboration should take into
consideration the science content behind the didactics situation and discussing the
question along the 5E model, from the point of view of chemistry, biology, and physics
(See Figure 4.21). For example, chemistry content might include discussions about
medicinal chemical compounds, reactions, and so on. Biology could be discussed through
the effects of cannabis on the body and brain. Physics and technology could be
approached through engineering systems and processes for the administration of product
to reduce harmful effects on brain development. Students also prepared arguments and
discussion to be implemented using strategies included in their course as Socratic
questioning. Marie always asked students to refer, while assessing students’ learning, to
specific, general, and transdisciplinary learning outcomes (in French Resultats
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d’Apprentissage Specifique (RAS), Resultats d’Apprentissage Generaux (RAG), and
Resultats d’Apprentissage Transdisciplinaire (RAT)) (Marie, O; Marie, S).
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Figure 4.21 Structure of the Didactic Situation

Marie stated that her domain of expertise is to “develop language in science for
the Francophone students in minority language setting” (Marie, I). Her expertise was
strongly reflected during this lecture and the through the didactics situation project.
The second section of the course included discussions and an activity about the
electricity unit. Marie referred to research to stress misconceptions students held about
the electricity unit (Marie, O). She referred to the findings reported by Osborne and
Freyberg (1985) and Thouin (2014) to elaborate on frequent misunderstandings students
held, such as electricity is a substance that circulates in the wires (Thouin, 2014). Marie
aimed at allowing her students to read what research found about common
misconceptions and what activities would directly confront those misconceptions in order
to successfully build an accurate mental model of the physical world (Marie, O). In
addition, she created a document that contained a list of common student misconceptions
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discussed by Thouin (2014) in relation to electricity, as well as some activities used to
tackle those misconceptions.
I will now highlight one of the activities students conducted and describe the steps
they followed. Students were provided with the following materials: a copper wire, a
lightbulb, and a battery. They were asked to alter the positions of the wire, battery, and
bulb to cause the bulb to light. They were then given one battery, two wires, and a bulb
and asked to connect them in a way to allow the bulb to light. In each case students were
asked to draw the electrical circuit they had created. Marie then asked them to keep the
same circuit connection but to only use one wire instead of two. The activity was
repeated by providing different materials. In each case, students had to alter the
connections, draw the circuit, and explain their observations. Finally, students were asked
to test whether given materials such as coins, a pencil, an eraser, a ring, and so on were
considered to be conductors and why. All the observations and findings were noted in
their scientific notebooks.
Summary: Case-specific Themes, Practices, and Patterns
Marie was a motivated and talented STE who was passionate about teaching
science. As previously mentioned, one of the main missions of the Faculty of Education
at University Three is to train teachers to be aware of the sociolinguistics of the province
and other Francophone minority communities in Canada. Their goal is to offer the best
possible training programs, taking into account the various challenges facing the
Canadian Francophonie in order to train professionals in the field of education. Taking
into consideration the mission of the Faculty of Education at University Three and
Marie’s expertise that aligned with its main goal, it was obvious that context influenced
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the course content and the skills and strategies Marie emphasized in her science didactics
course.
Marie believed in her mission as a STE. Her practice was clearly influenced by
the context of teaching science in minority Francophone schools and her expertise, as she
defined it, was to develop language in science for Francophone students in minority
language settings. Thus, the university policy, her beliefs, and her expertise were clearly
mirrored in the course syllabus and teaching methods. From the lectures I observed, the
interview, the course syllabus, and the recorded classes, I could say that Marie was
consistent in her teaching strategy. Her lectures followed the same pattern. They began
with a theoretical part, which included discussions about the readings and questions
assigned to students. The articles chosen were related to the concepts, strategies, or skills
she intended to discuss in her class. Students were responsible, well-prepared, and
engaged in class discussions. The articles focused on science didactics, science teaching
in minority French language settings, the scientific approach, and the importance of
questioning in engaging students in higher levels of thinking. Marie stressed four
methods of questioning: Socratic Method, Bloom’s Taxonomy, Williams Method, and
scales of cognitive demand. She allowed students to apply those strategies through the
first project, the didactic sequence, which then led to the final project, the didactics
situation (described in the evaluation section).
Marie emphasized language and inquiry as effective approaches in science
teaching, as well as the importance of identifying students’ misconceptions. She told her
students that “developing language skills through science teaching and figuring out the
misconceptions before you teach is very important because it informs you how to prepare
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your lessons in accordance to that” (Marie, O). What she said was reflected in her
classroom practice. Students had to read articles about common misconceptions before
they started to apply activities regarding certain science concepts. Observations,
reflections, and findings were key strategies she employed to enhance exploration and
critical thinking. Marie provided the essential materials necessary to conduct each
experiment along with a research question, allowing students to be creative and to
explore various possibilities. For example, in the experiment to find out which paper
towel was most absorbent (described above), she only provided them with four kinds of
paper towels and the question. The aim was to allow students explore and gain
experience with problem solving and critical thinking and to find their own way to
discover various methods of testing. Students had to use a scientific notebook to write the
whole process of the activity as questions to explore, predictions, observations, claims,
results, and findings (Marie, O). According to Marie, using this strategy is important and
effective in learning science because it allows students to increase their proficiency and
fluency in both science and language, especially for learners in a minority language
setting.
Finally, one of the important skills Marie educated her students to use was the
scientific investigation steps, including how to ask questions, formulate hypotheses,
control variables, and analyze graphs. She also emphasized disseminating their findings
after an experiment by discussing their results with other colleagues and writing them in
their scientific notebooks (Marie, O).
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Case Four: The story of Dany
Consistent with the previous cases, I have written this case using the same
template of educational context, environment, and personal and professional beliefs of
the STE. This allows a deeper understanding of the practices each STE used in their
science methods course, while giving the reader insight into how the cases compare to
one another. To refer to the sources of data, I use the following: (Dany, I) indicates data
that originated from the interview with Dany; (Dany, S) is the data derived from the
documents and syllabus used by Dany in his science education instruction; and (Dany, O)
refers to the data obtained through my classroom observation and/or videotaped lectures
of Dany instructing his science education classes.
University Four: The Educational Context
University Four is considered to be one of the best research-intensive universities
in Canada in areas of global importance like water and food security. The College of
Education fosters innovation and collaboration through teaching, learning, discovery, and
transformative pedagogy. They embrace Indigenization and reconciliation, recognizing
the diversity of values and perspectives of all peoples. The general purpose of the
program is to prepare educators for careers in a variety of educational institutions,
including K to 12 schools. Their aim is to impact the development of teachers and
learners who are committed to advancing the growth of students and communities, and to
build a positive foundation for a stronger and healthier future.
The Bachelor of Education degree is a four-year degree offered by the College of
Education. Two options are offered for completing this program: Early/Middle Years or
Secondary level. To earn a four-year Bachelor of Education degree, all teacher candidates
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must complete a minimum of 48 credit units of subject area study, including Teaching
Areas I and II selected from the areas of Fine Arts, Humanities, Kinesiology,
Mathematics, Indigenous Studies, Science, and/or Social Sciences. They also complete a
minimum of 72 credit units of professional study.
Dany: His Personal and Professional Journey
Dany had been a STE at University Four since 2009. The interview I conducted
with Dany was one of the longest of my cases. He loved sharing his stories and
experiences. According to him, this shaped his thinking and how he perceived teaching.
He had earned a Bachelor of Science, advanced in ecology, limnology, lakes and
rivers and waters “but then I had to make a living, so I did an after degree in education”
(Dany, I). He had taught general science to Grades 9 and 10 and biology to Grades 11
and 12. Dany had started his doctorate, but for personal reasons he couldn’t continue his
degree. He said, “I had the experience of having a divorce and that made me have to go
back to [province] to take care of my kids and work. I had given up on doing a PhD”
(Dany, I). He worked in [province] at a high school that was 95% First Nations. He
described his work there:
I had to teach a lot of different things. I taught sciences, chemistry, some
mathematics, media, and wellness. Though I was a white guy I ran what
essentially was like the culture experiences several times. This meant taking kids
out to different reserves, doing ceremony, participating with elders and
knowledge keepers and realizing that nothing’s going to happen in the
classroom, really, for some kids until they’re safe and feel comfortable and that
means working beyond the school limits. It means working out in the
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community and being, and when you are asked to do something by an elder or
where, you are invited to a sweat ceremony or a round dance or whatever the
ceremonies are, that you don’t say no. (Dany, I)
He spent eight years there but said that he “didn’t really focus on Indigenous science, as
it was not a big goal of the school boards then like it is now” (Dany, I). According to
Dany, this experience shaped him and how he thought about education. Another factor
that affected his way of thinking was his brother. Dany described him in this way: “I
grew up with him in the same room and household for like fifteen years. He is status
Indian and he was almost totally paralyzed from polio, although vaccinations were
available, but he didn’t get one” (Dany, I).
After several years, Dany decided to complete his PhD. At that time, he was
married and had two small children. He described his PhD work in this way:
I got into working on my PhD, which was not really about science education, it
was about the notion of welcoming and responsibility in the context of
intercultural difference at the school I was at. So, it wasn’t about the students so
much, it was about like what are teachers doing and how do they view things.
(Dany, I)
The framework of his thesis was developed in part by the work of Emmanuel
Levinas. Dany noted that “he’s the most influential philosopher for me. I used ideas of
openness, vulnerability, hospitality and learning from the other, which were key ideas
that shaped how I view engagement and openness with my students” (Dany, I).
Emmanuel Levinas was “a Jewish scholar who makes a secular argument that we emerge
from difference, we learn through our encounter with difference” (Dany, I). Science
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teaching for him was not only about standards and curriculum, but also about preparing
socially responsible students capable of taking decisions about real world issues such as
climate change, water, and food security. Dany said:
people will be voting and so you want as much as you can to get an informed
voter, a person who understands what information is and can use their
motivational emotional urgings but can take an informed rational view, not a
totally rational view. (Dany, I)
His motivations and work went beyond teaching science:
In science methods teaching you need to involve students in thinking about their
relationships with others on socio-cultural levels, with the nature of knowing and
being, how we come to know, what our encounters with difference mean for us
as educators and for our learners. (Dany, I)
Dany believed that every person comes with different experiences: “they have those
stereotypes and beliefs that are sometimes reinforced and hard to change. I’ll say you can
lead the horse to water, but you can’t make it drink” (Dany, I). According to Dany, you
can’t tell your students or anyone that they were wrong, but you can come to agreements
about things and provide them with exposure to the knowledge (Dany, I). His aim as a
STE was to get enough of his students to think “that’s why inquiry and things like data
literacy and stuff like that are important” (Dany, I).
University Four is located in a province that stresses Indigenous education. In the
interview Dany stated that his coursework included
Indigenous science discussions, technology, as well as considerations of socioeconomic class because it’s not just about kind of a discreet knowledge thing of
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what is Western and what is Indigenous, but it’s how you are engaging the
teacher, because learners are all different. (Dany, I)
His philosophy about teaching came from the reality and context he lived and
experienced:
When you are teaching kids, who have very disruptive home lives and other
things that get in the way. They show up and then they don’t show up. So, how
do you construct a learning experience that helps them meet the criteria and then
be successful in getting a grade or credit, cause that’s important. This is why I
go in with my classes, I’ll say, let’s take a look at what happens with the notion
of down shifting and helplessness and these kind of things (Dany, I)
Dany stated during the interview that teaching is not only about the science they have to
teach but about the how and in which context. In his opinion, “it’s not about delivering a
science method. It is about what is the reality that’s going to shape, what is the box
you’re in and it doesn’t matter what cool thing you have if you’re in that box” (Dany, I).
He stressed socio-economic realities and how these shaped whether students were
capable cognitively and whether their classroom was a safe place emotionally or ethnoculturally. Context influenced his teaching practices:
Teaching is like a chess game, you got moves on, up and down and across and
sideways, and you need to know how some of the pieces move but you can’t
really give kind of a linear instructional prescription for how things are going to
work out when you are in context A, dealing with the kinds of students B, you
know with curriculum C with the staff D, with, you can’t, so it’s, that is just
experiential. (Dany, I)
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Dany stated during the interview that the practices he emphasized were inquiry, visible
learning, active learning, and assessments. But the most important for him was to prepare
his teachers for reality.
They’re all going to go out to different contexts. So, I can kind of show them
how to drive the car, but you know some of them are going to be driving tractor
trailers and some of them are going to be driving motor bikes, and some of them
are going to be driving different types of things or using different types of thing.
(Dany, I)
He stressed the importance of authentic learning, educational field trips, and investigating
real life issues.
Dany’s Classroom Environment
Lectures of the secondary science methods were held in a large laboratory used
for both theory and practice. The classroom consisted of square tables with four to six
chairs around each, two large chalkboards, a large screen, and shelves filed with books,
materials, and different resources (see Figure 4.22 below). Students came from different
science (physics, chemistry, and biology) and kinesiology backgrounds and were diverse
in ethnicity and age, as Dany explained during the interview. He shared that he had
noticed over the last four or five years that:
students do have more challenges; financially, older people with families that
they have to juggle, I’ve noticed mental health issues. I have noticed white
Canadians, Indigenous, Asian, and Iranian students, ages varied between freshly
graduated to mothers who decided to change career and obtain an education
degree. (Dany, I)
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The atmosphere was friendly, and Dany took credit for that. He was empathetic,
humorous, and a good listener. Those characteristics were reflected in his class during my
observations, because he considered that “every person comes with different experiences
and identities” (Dany, I). In one of the classes, he said,
there’s an old saying, you take a teacher, not a course. I’ll give you readings and
I’ll give you things and stuff but remember you’re getting me and so just be
aware and keep what you think is relevant. See the validity and forget the rest of
it. (Dany, O)
Dany asked students to write their names and science background on a card and to place
it in front of them (see Figure 4.22 below). He allowed five minutes for open discussions
to get to know each other more. Then he took pictures of each table to help him retain
and associate names with their faces.
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Figure 4.22 Dany's Science Methods Students with Name Cards

Dany believed that “one of the big challenges of science education is that students
don’t choose to go down that path or they don’t see themselves as people that were
engaged in science even though they did it all the time” (Dany, I). So, his role as a STE
was to give them
some experience with processes they may not have experienced or to give them
some control of their own learning, to activate on the opportunities that they
have. For example, you want to buy a new hair product, well, let us compare
hair products. (Dany, I)
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Dany’s teaching was based on a lot of activities and videos (Dany, O). His
lectures were more hands-on than lecturing, which created a vivid atmosphere. Almost
every student was engaged in group activities. He attributed that to the fact that
secondary teachers come in with solid content background and with number of
science courses in whatever kind of disciplines they’re doing. So, they come
already motivated, even if they don’t like the course they’re taking, they have
bigger motivations that can activate them and get them going. (Dany, I)
Yet, what I noticed was that students shyly participated in discussions. The questions and
conversations Dany attempted to initiate didn’t last long after each activity or video, but
he always gave them assignments related to the activity such as a list of questions or
discussions they had to work on and submit (examples provided in the sections below).
In the next section I elaborate on Dany’s teaching strategies, course objectives,
content, and methods of evaluation, to present a thorough description of the case and to
understand the practices he applied in his methods course.
Dany’s Science Methods Course: Objectives, Content, Teaching Strategies, and
Evaluation
The course I observed was Methods for Teaching Science in Secondary School. It
was offered in Year Three of the program. Prerequisites to enroll in this course were 12
credit units in Chemistry or Physics or Biology. As stated on the university website,
students were expected to develop and demonstrate an informed and practical approach to
teaching secondary school science in [province]. They were also expected to demonstrate
understanding of curriculum intentions, application of learning and assessment theory,
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scientific literacy, lab safety, and handling of controversial issues through participation in
course work and assignments.
Dany delivered the course through the winter semester, which runs from January
to April. The general topics highlighted in the course included Inquiry, Active-Learning,
Science Literacy, Cognition/Conceptions, Planning, Nature of Science (IndigenousWestern), Technologies/Online resources, Assessment, Teaching-Learning strategies and
frameworks, and Curricula (Dany, S).
Course Objective. The course syllabus included the outcomes successful students
should be able to demonstrate at the end of the course
1. Design, develop, and demonstrate an activity utilizing various types of
teaching-learning approaches (i.e. inquiry, active-learning approaches).
2- Investigate and understand inquiry-oriented/active learning approaches to
science education that relate and can be applied to the [province]science
curriculum (or other science curricula)
3- Investigate and understand ideas, practice, and theory relating to teaching
and learning, the nature of science (Indigenous, Western and others),
science literacy, inquiry, cognition/concept formation, instructional
planning, technical & online applications/resources, and assessment.
4- Examine the [province] Curriculum Guide, demonstrate activities that can
be modified for different levels of understanding.
5- Locate, evaluate, create, and employ resources to be used in science
teaching. (Dany, S)
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In addition to the course outcomes, Dany stated that this course allowed student
teachers to build evidence linked to the province’s teacher certification competencies,
such as
the ability to utilize meaningful, equitable and holistic approaches to assessment
and evaluation. To use a wide variety of responsive instructional strategies and
methodologies to accommodate learning styles of individual learners and
support their growth as social, intellectual, and spiritual beings. To demonstrate
knowledge of [Province] curriculum and policy documents and applies this
understanding to plan lessons, units of study and year plans using curriculum
outcomes as outlined by the [Province] Ministry of Education. The ability to
incorporate First Nations, Metis, and Inuit knowledge, content and perspectives
into all teaching areas. (Dany, S)
Content. When I asked Dany about the practices or strategies embedded in this
course, he replied, “I do this mix of the practical to building, you know giving them tools
for their tool belt, strategies, training them into different types of engagement” (Dany, I).
The reason he stressed engagement and discussions was that he had witnessed students
who experienced textbook and traditional learning:
Believe it or not, I mean if we’re talking secondary science teachers. Even at the
university level they won’t have an idea on how do you actually craft something
where students activate on a question, whether it’s given or not, learn how to
discuss it, collect data around it, understand information about it, address it in an
interesting way and share their knowledge with other students. (Dany, I)
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To Dany, pedagogical knowledge is what he focused on during his science
methods course, yet “science content will always be present within the activities,
questioning, and discussions” (Dany, I).
I collected a large amount of data from my observations and the numerous
documents Dany handled. There wasn’t a specific document that described the content of
the course in detail, but Dany had created a provisional schedule that said,
“topics/activities on specific dates are tentative based on availability of guests, facilities
and equipment” (Dany, S). I used the tentative schedule, readings, assignments, and
course documents to elaborate on the content. The main topics Dany emphasized were
“inquiry based learning and other approaches to teaching science, assessment and
evaluation methods, and Indigenous knowledge” (Dany, I; Dany, S). The approaches and
strategies were Problem Based Learning (PBL), the Explore-Discuss-Understand (EDU)
method, the 5E instructional method (Engagement, Exploration, Explanation,
Elaboration, Evaluation), the 3Ts (Transmission, Transaction, and Transformation), and
HOTS (Higher Order Thinking Skills) and LOTS (Lower Order Thinking Skills). Dany
was an advocate of inquiry-based learning, which was strongly presented in documents,
course outlines, readings, activities, and my class observations. “If a single word had to
be chosen to describe the goals of science educators during the 30-year period that began
in the late 1950s, it would have to be INQUIRY. (DeBoer, 1991, p. 206)” (Dany, S). His
course included the history of inquiry, types of inquiry, and activities about how to
engage students in the levels of inquiry. As an example, the following activity (see Figure
4.23 below) engaged students and allowed them to demonstrate their understanding of the

158

levels of inquiry and differentiate between structured, guided, and open inquiry (Dany,
S).
Figure 4.23 Student Activity on Inquiry

Examine and compare the following 3 instruction guides for students.
What are the students doing and what type of cognitive and social activities are they
engaged in? Are there differences between A, B and C? Be ready to share your ideas.
A.

B.

C.

Graphics from Lott, K. (2011). Fire up the inquiry. Science and Children. March (27-33)

Dany always linked lesson plans and activities to the provincial curricula. The
course content covered not only classroom activities but also educational field trips to
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enhance learning outside the classroom and understand the curriculum intentions behind
such trips. In addition, several guest speakers were invited to share their knowledge and
experiences, such as the provincial curriculum writer or scientists from the community.
Student-teachers also had the chance to demonstrate their teaching skills and strategies
acquired through preparing and teaching a science lesson.
An interesting topic Dany implemented was case study exploration and the
importance of engaging students in undertaking science fairs. Below is an example
(Figure 4.24) of how he allowed students to use case studies to explore new visions about
science teaching and learning.
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Figure 4.24 Science Fair Student Exploration
Names _______________________________________ (work with a partner if possible)
What's Up With Science Fairs and Case Studies: Tasks to Complete
1. Briefly list/find/explain at least 2 reasons to engage students in undertaking a science
fair. Hint: http://www.sciencebuddies.org/mentoring/scifair_value.shtml
2. Go to: https://secure.youthscience.ca/virtualcwsf/
Under “project directory” find and review two Science Fair Projects that hold your
interest. Provide the project name, and where these might fit with the [province] Science
Curriculum.
3. Go to: http://www.sciencebuddies.org/mentoring/project_ideas.shtml, Use the
“Help me find a project” tab to develop your own personalized science fair project for the
following scenarios:
A. You have a week or less to complete your project as a high school student. What
project have you chosen?
B. You have several weeks (or months) to complete a project as an adult as part of your
GED program.
4. Go to http://sciencecases.lib.buffalo.edu/cs/ , use the case study tab and review some of
the cases. Find a case study that intrigues you and fits with the Provincial science
curriculum (old or new) provide a brief description of the project and how it might fit with
the curriculum (1 page). Be prepared to share this with your colleagues in small group
discussions.
You can register for this resource at
http://sciencecases.lib.buffalo.edu/cs/collection/passwords/register.asp
I would suggest putting in student teacher for the position. You have to use your
university email so they can verify.
5. Finally, watch this short video if you have time but definitely before next class:
https://youtu.be/pmVzs3-GNBc
What did you learn from watching this video? Be ready to discuss this.

Dany offered students a huge selection of readings, arranged into three main
categories: Inquiry and other approaches, Assessment and Evaluation, and Indigenous
Knowledge. About 70 references were available online to guide students through
completing their assignments or projects and to reinforce the topics and activities
elaborated in class. Readings were also used to implement the Jigsaw technique. Students
were arranged in groups and readings were assigned to every member of the group, who
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then assembled to share discussions and complete answers to a set of common questions
assigned to all groups (see Figure 4.25 below). Dany stated in his syllabus and course
documents: “You should form reading/discussion groups, with each of you reading one
or two (depending on the size of your group) papers. You will then each summarize the
paper(s) you read and discuss the following questions” (Dany, S).
Figure 4.25 Jigsaw Technique Questions on Reading for Students
A. Inquiry. For discussion on [date].
In your reading groups, assign who will read which paper. Note that they vary in length
and difficulty. As you decide who will read which paper, consider length and difficulty.
(You will remain in the same reading groups for four different sets of readings. This
might be something to consider. As well, you are not held to reading just these papers.
This might be something to consider. As well, every group member has different life
contexts. This might be something to consider.)
Answer the following questions:
1. What is the (brief) history of inquiry?
2. What is inquiry? (Give both a definition and description.)
3. What are the reasons researchers give for using inquiry as an instructional
approach?
4. What are the reasons teachers give for not using inquiry?
How will you incorporate inquiry into your science classroom?
B. Indigenous Science. For discussion on [date]
There are several papers on Indigenous science. There are many more available. In your
reading groups, assign the readings. Consider that papers vary in difficulty and in length.
Answer the following questions:
1. What is Indigenous science? Contrast it to Western Modern Science.
2. Is Indigenous science really science?
3. Is Indigenous science a “monolith”?
4. What are suggestions for incorporating Indigenous science in the science
classroom?
5. How will you incorporate Indigenous science in your classroom?
C. Assessment for Learning. For discussion on [date]
Several papers are given. In your reading groups, assign the readings. Consider that
papers vary in difficulty and in length.
Answer the following questions:
1. Define assessment as different from evaluation. The terms are often equivocated.
It is difficult to separate them entirely. Why?
2. What must be included in assessment for learning?
3. What are factors that work against teachers implementing assessment for learning
practices in their classrooms?
4. How will you overcome these factors?
5. What will your assessment for learning program look like in your classroom?
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Evaluation or Assessment Methods. Dany followed an interesting strategy for his
assignments, where students chose to follow either a contracted approach or a structured
approach. In the structured approach, Dany set the topics to be researched and
assignments to be done. In the contracted approach he gave students the opportunity to
“choose things that are interesting and relative to them and give voice to how they want
to do their own development as science educators” (Dany, I). He elaborated on the
contracted approach:
I’ve never done a unit plan, Dr. [Dany], so I want to do that, can I do that? I like
just that kind of freedom and autonomy for the learner and self-direction and
that’s what I aim at, because I think that’s what you want to encourage in your
students. (Dany, I)
Below are explanations of the contracted and structured approaches. I chose to
emphasize this section because Dany was the only STE among the four cases who offered
this model, which I believe is important to acknowledge diversity and differentiation.
Option A: Contract Approach. This approach gives the students flexibility to
choose and negotiate their assignment. It includes Core work and Additional
Development Activities (ADA).
Core Work - Class requirements (75% + range): Instead of requiring students to
undertake multiple mandatory assignments, a core of compulsory work (see Table 4.4
below) has been designated for in-class work, students are then given the opportunity to
pursue particular areas of interest tailored to a person’s circumstance and interest. “Think
of it as crafting your own Professional Development opportunity” (Dany, S).
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Table 4.4 Core Work Requirements for the Contract Approach
Activity

Requirement

1. Participate in all class activities/discussions contributing to your
colleague’s learning and your own.

Must
complete

2. Teacher Candidate Demonstration of Inquiry & Active Learning
(DIA), Individual or pair (i.e. simulation, debate, working with a
resource, science challenge etc.).

Must
complete

3. Complete a 4 page “Final Critical Writing” (Final exam). This
Must
work must be of sufficient quality (75% level). Choose one question and complete
refer to at least 2 articles to support your ideas.
Example: At your first parent-teacher interview a parent informs you
that their youth is “loving your science class.” The parent then asks, “So
what’s your secret?” You reply that in your classroom students are
engaged in “sciencing” not just learning about science. The parent asks
you to explain the difference. Write a letter to this parent explaining the
difference between just learning about science and “sciencing”. Offer
examples, fictional or real, which demonstrate your understanding of
good school science teaching and engagement with learners and your
students’ role in that process.
4. Additional Development Activity (as agreed upon with instructor).
Examples for an Additional Development Activity (ADA):
- Do an authentic science inquiry (i.e. Canadian Light Source).
- Seek out and begin building a pedagogical relationship with
Indigenous knowledge keeper and community.
5. In school inquiry assignment, individual. Work organized and
planned by teacher candidates (i.e. Prepare and teach a class in a school
(coop teacher verification needed).
Total

75+%

Additional Development Activity
Core Work plus Additional Development Activity (ADA) #1
Core Work plus Second Development Activity (ADA)
#2
Core Work plus a larger project (typically equal to #1 and #2)
Core Work plus Extensive Project

80 % +
85% +
85% +
90% +
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Option B: Structured Approach. This option (see Table 4.5 below) follows a
more defined approach to coursework and there is no final critical writing exam.

Table 4.5 Work Requirements for the Structured Approach
Activity

Requirement

Participate fully in all In-class activities/discussions contributing to
your colleague’s learning and your own

Must
complete

1. Demonstration of inquiry-based or active learning lesson,
Individual/pair (i.e. simulation, debate, working with a resource,
science challenge etc.) Using a topic from one of the grades 9-12
science curriculums lead approximately a 15-20 minutes (30-40 minute
for pair) demonstration of a concept (science/pedagogical).

25%

2. Student summative assessment creation, Individual. Choose a topic,
create an exam, assignment or project, indicate levels of Bloom’s
cognitive taxonomy, ensure that there is relevance to the real-world of
students.

15%

3. Web-based explanation, Individual. Consider how you will teach
and assess in your future classroom (e.g., focus on inquiry, active
learning, integrating Indigenous knowledge, outcomes-based
15%
assessment, gamification, etc.). Explain and justify your teaching
through a web-based presentation. i.e. YouTube video, webpage, series
of blogposts, etc.
4. Detailed Lesson Plans (minimum 3) OR Unit Plan

35%

5. In-school inquiry assignment, Individual. During your school
placements choose a topic related to science teaching that you’d like to
learn more about. Share your topic on the class wiki, Complete the
necessary steps to answer your inquiry (e.g., interview teachers,
principals, students. Share your findings

10%

Total

100%

In the Final exam students responded to a central question using at least two articles,
writing a maximum of four pages. Dany explained it in this way:
I give them a variety of exam questions first day of class that they can choose
from. For example, they might have to write a letter to a parent, or science
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teaching, hands on, minds on, and similar ideas. Sometimes I’ll say, ‘You’re
going for a job interview and they’re going to ask you what’s your idea of good
science teaching and how would you do it.’ (Dany, I)
In the course syllabus, attendance was crucial. Dany stated, “We are a learning
community! Your participation is crucial and mandatory” (Dany, S). Students, with valid
reasons, were allowed to be absent at most four hours of class per three-credit unit course
(10% of the total number of class hours). If a student misses more than five hours, the
instructor can exercise the right to exclude the student from completing the course (Dany,
S).
Pedagogy. Dany described his classroom as a kitchen full of strategies and
resources: “you want to teach them how to cook, so they can teach their students how to
cook. The recipes will change but it’s still cooking, it is still sciencing” (Dany, I). His aim
was to give students the chance to make their own decisions, realize the nature of science
and how it impacts their life, and learn how to help students do that. According to Dany,
we can find on the Internet all sorts of information, but
how to craft information, test their validity, and how to deliver them is the key.
Teachers aren’t facilitators, they are activators. You challenge, you bring
knowledge. You have the children test knowledge against your knowledge. You
have them test their knowledge against their other colleague’s knowledge, and
expert’s knowledge, and out of that you help them develop their abilities and
knowledge. (Dany, I)
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What was crucial while designing his activities or planning a lesson was “how
that piece of science education experience we’re doing, is actually meaningful to your
life, to your path professionally, academically, or personally” (Dany, I).
He mentioned during the interview that he doesn’t try to deliver any content other
than pedagogical content:
I try to give them examples of different types of inquiry, strategies like problem
Based Learning (PBL) and simulations. I’ll talk about active learning strategies.
I’ll talk about assessment strategy. So, I’ll give them the basic frameworks for
planning. But they’re really going to learn how to do all that stuff when they do
their teaching in schools and when they do their work study. (Dany, I)
He used the Banchi and Bell (2008) framework to elaborate on inquiry. He shared
that the Science Teachers’ Association of Ontario (STAO) “have some really intricate
frameworks for considering how to do inquiry and active learning” (Dany, I).
Dany constantly mentioned the importance of engaging students in authentic
experiences and existing issues whether in our own communities or worldwide (Dany, I).
This belief was reflected in the experiences he offered students in educational field trips,
assignments, and activities. In one of the activities, students were engaged in developing
a portfolio to propose carbon management strategies. The stabilization wedges concept is
a simple tool for conveying the emissions cuts that can be made to avoid dramatic climate
change. This activity teaches students about the scale of the greenhouse gas problem and
the technologies that already exist which can dramatically reduce carbon emissions.
Students select carbon-cutting strategies to construct a carbon mitigation profile, filling in
the wedges of a climate stabilization triangle. Dany distributed documents that explained
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in detail the concept and its effect on climate change. Then the instructions to conduct the
activity were distributed. Below (see Figure 4.26) I focus on the activity to show how his
activities not only touched on real life problems, but also engaged students to be decision
makers in this issue.
Figure 4.26 Stabilization Wedge Student Activity
(figure appears on the following three pages)
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Dany described his teaching strategies to be balanced, taking into consideration
the different abilities in his class. For instance, he balanced his assignments to contracted
and structured. He also engaged students to vote on the topics they needed to be
emphasized. All those strategies are important according to Dany, who said,
you have some high performers, but often enough you had kids who, you need to
set a good challenge for them. I use the analogy of weightlifting, weight strength
or strengthening your body. You can’t give them a weight that is so heavy that
they’re going to get crushed. And you can’t give them a weight so puny that they
don’t get strong. So, you had to give them that weight that is at their threshold
and then you might have to help them a few times lifting the weight a little bit,
you know. (Dany, I)
Finally, Dany referred to John Hattie, a researcher in education known for his
research on Visible Learning, who said to get better at teaching is to teach, “and to teach
is not just to stand and deliver. To teach is to plan, look for resources, evaluate resources,
look for opportunities, activate on opportunities, engage students, and lighten the light of
inquiry” (Dany, I). Hattie’s ideas aligned with his course content and ways of teaching.
Dany’s Teaching Methods and Practices: A Snapshot of the Classes Observed
Dany’s lectures included lots of activities with brief discussions following each
demonstration, video, or activity, but he provided documents and references for students
to read later. Since I had large amount of data, I had to be selective in what to present. I
have focused on highlighting topics similar to those addressed in the previous cases to
allow comparison of the strategies unique to each case.
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Lecture, January 07, 2019. The plan for this lecture, as Dany provided in his
course outline, included the following: Icebreaker Introduction; Teacher Candidate
Photos; Concepts, Course outline/content; Assessment approaches (Structured or
Contracted); Teacher Candidate Demonstrations of Inquiry & Active Learning (DIA);
What students know, Private Universe-Alternate-Misconceptions (video) (Dany, S).
Dany started his lecture with an icebreaker. He asked students to share their ideas
about the importance of being a teacher. He told them how his friends who were
physicians and his sister, a radiologist, expressed appreciation towards teachers: “It
requires talented people to be teachers and to be able to deal with diverse students and
challenges” (Dany, O). He introduced me to his students, told them the reason I was
present, and asked me to share my experience in living in different countries and how it
had shaped my science teaching. Following that he discussed the course syllabus and
sequence of that day’s lecture. Dany built his assignments and course work based on the
needs of his students: “If you read the syllabus you would have noticed that I offered you
some autonomy in you learning” (Dany, O). This autonomy, as Dany explained, was a
contracted path where students had the flexibility to choose their own project. He
explained that “in previous years, some students did a unit plan, others developed a
resource and used in their teaching, one student compared industrial soap making versus
traditional or Indigenous way of doing soap” (Dany, O). This was a kind of professional
development and a unique experience that allowed students to learn and express their
needs (Dany, I). Dany not only engaged his students in the choice of assignments, but
also involved them in the topics they would like him to address. He uploaded a list with
several science topics, skills, and strategies on an application called Top Hat. He asked
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students, using their cellphones, to write their names next to each topic they needed to
learn more about. He then displayed the results on the classroom screen. “It’s not about
marks or me telling you what to do, it’s about how can you leverage your needs and see
the bigger picture of your path and what do you want to do to set you apart” (Dany, O).
This strategy gave student teachers the opportunity to express their needs and a role in
deciding what they needed to learn.
In the first activity, Dany asked the student teachers to take five minutes to write
or sketch how seasons and phases of the moon were formed. Then he played a 20-minute
video, A Private Universe (https://vimeo.com/113349804). This was a documentary that
highlighted the dilemma facing all educators: why even the brightest students don't really
grasp basic science concepts. Following the video students wrote their thoughts about the
video along with the misconceptions they had held that had changed. They used the Top
Hat application to share their thoughts, which were displayed on the classroom screen.
Dany read a few of students’ misconceptions on topics such as air has no mass, evolution,
and genetics. He concluded by saying, “I guess most of the students got the point and I
will post it for you to go through it” (Dany, O). He ended this activity with some advice
on the importance of identifying students’ misconceptions and conceptual change
methods, whether dealing with western science or Indigenous science. He suggested they
read the following article:
Duit, R., & Treagust, D. F. (2003). Conceptual change: A powerful framework for
improving science teaching and learning. International Journal of Science Education,
25(6), 671-688.

174

Dany generated conversations that allowed students to reflect. He discussed how
most of learning goes on amongst students themselves, asking, “What kind of message
does it send to a learner when a group of students are working together, talking together,
and solving problems together?” (Dany, O). Another question he initiated was, “How do
you make the learning of a child visible so he can understand what is going on?” (Dany,
O). Only few students interacted with this discussion, which didn’t last long. The
documents related to this video were posted online for students’ future reference (see
Figure 4.27 below). He also asked them to respond to and submit the Private Universe
discussion paper.
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Figure 4.27 A Private Universe Information and Discussion Guide
A Private Universe Information and Discussion Guide
1.
2.

What did you find most interesting about the information and ideas in this video?
Provide at least two of your personal insights.
Can you think of any particular topics in science students may have difficulty with?
List a few and why you think they may be difficult for students; more importantly
how will you know before hand; before you begin to teach a topic?

Some Additional Notes and Insights concerning concepts, alternate conceptions and
misconceptions
1.
2.

3.
4.

Misconceptions are often shared (in lessons where you explore the ideas of two or
three students, you will almost certainly help everyone in the class)
The more intelligent we are, the more likely we will have strong misconceptions
that block learning (the very best students are ones with strong creativity and desire
to learn, they are just as likely, if not more likely to harbor incorrect ideas because
they learn, listen and puzzle over ideas outside of class)
Better students are more likely to cling to their own ideas and hide their
misconceptions with their vocabulary.
When confronted with things we don’t understand we search for answers and
naturally dip into our storehouse of everyday experiences for an explanation (which
may mislead us)

Some Helpful Hints, Remember:
1. Most students will have ideas (often well-developed ideas) about the topic they are
engaging.
2. Ask questions to discover what misconceptions they have before teaching something
new (part of a demo time perhaps or use drawings, pre-test, etc. to help you
determine what they know previously)
3. Follow up off-the-wall comments by students (these may tip you off to serious
misconceptions)
4. Students will “voice” what they think you want to hear, a brief conversation can
often reveal in a timely fashion if they understand or are just “voicing” (while it is
not easy in a class of 24 students to get to each student during a lesson, other cues
and clues can point you to the few that are still having difficulty, see #3)
5. A student’s ability to memorize does not necessarily mean they understand (if this
were your child would you be content that a teacher was satisfied, they were only
memorizing?)
6. Encourage students to challenge their own ideas (be available to disrupt their wrong
ideas by seeing where their ideas fail)
7. Formal learning is not just a process of the student listening to the teacher and filling
their mind with new information. Students compare their “answers” with teachers. If
these match, they may become part of the students’ knowledge/understanding but
often if they don’t match students find it difficult to absorb the differing “story”.
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In the second activity, students were grouped into pairs. Dany explained, “I am
going to give you a battery, a lightbulb, and a wire. Light that bulb in four different ways
and diagram down what you find out” (Dany, O). He then asked each pair to post their
drawings on the board. After discussing the four ways students agreed on, he distributed
prediction sheets (Figures 4.28, 4.29, and 4.30 below) to further test their understanding
and increase their level of thinking. He explained, “Whatever the concept is, give the
students the chance to test their knowledge before getting to the final exam” (Dany, O).
He stressed the importance of pre-assessments to test students’ understanding. Dany
stated that those prediction sheets are just examples to further stimulate students’
knowledge and stimulate higher orders of thinking.

177

Figure 4.28 Lightbulb Activity Prediction Sheet 1
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Figure 4.29 Lightbulb Activity Prediction Sheet 2
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Figure 4.30 Lightbulb Activity Prediction Sheet 3

The next activity was also about circuits, but this time students used snap circuits
(see Figure 4.31 below). Dany asked them to work in groups and have fun learning about
circuits. He explained that “the kit includes a manual, a building lattice that you can snap
the materials on to. I want you to investigate this snap kit and then we will discuss the
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bulb, wire, battery versus the snap circuit” (Dany, O). Students worked in groups and
were highly engaged in the activity.
Figure 4.31 Snap Circuits

Dany then initiated a discussion by saying, “How does this kit compare to the
bulb, wire, and battery activity? What are you getting or giving away when you use both
activities? When do you use one versus the other and what do they afford learners?”
(Dany, O). Students’ answers varied. Some thought that the snap circuit was less time
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consuming and simple, while others thought it would be good to start with the kit to teach
about the theory behind circuits. Dany then asked, “Could you use this kit for an
assessment? Ongoing or summative? How would you grade them?” (Dany, O). Students
thought it could be used as a summative assessment, where you ask your students to build
two or three circuits and test their knowledge based on a rubric created to assess their
understanding about concepts and to discuss their choices about how and why they built
the circuit. Other students thought that it could be a formative assessment tool, where
students’ understandings and misconceptions could be revealed through discussions.
Dany ended the class by explaining more about the opportunities they could
choose for their structured assignment. He encouraged them to take that path and
proposed new options they could investigate. For example, he told them about a lady he
met at the market who used natural products to dye clothes or other stuff. He suggested,
“You can talk to her and study the chemistry she is doing and present a report” (Dany,
O). Another option was to work with an elder in a reserve on water treatment. Dany told
them that he had been contacted by the education program coordinator at the zoo, who
was interested in having student teachers develop science resources for students aged 14
and older.
Lecture, January 14, 2019. Dany began the lecture with a quick activity about
the amount of sugar in soft drinks to explore how to engage students in questions and
challenge their thinking. Following that, he addressed how scientists work and how they
conduct scientific investigations. He explained that scientists seek to understand the
world and how it works. This led to different branches of science and many different
groups of scientists. He explained rules of science: “Rule one is the more publications,
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the more status. Scientists gain greater status by publishing big ideas” (Dany, O; Dany,
S). The second rule was: “The more [a] scientist’s theory explains, the greater the status
the scientist gains” (Dany, O; Dany, S). Following the brief introduction, he explained
the next activity:
It is a simulation. You will be a scientist working in a team with two other
scientists. You have a number of pieces of information—data that you have to
use to find out what these data mean, how they help you understand how the
world works. (Dany, O; Dany, S)
He asked them to form groups of three and choose a name for their group. In this
simulation, each group had a section of a jigsaw puzzle, which they had to put together.
From the data provided, students had to make informed guesses about what the whole
puzzle looked like. Each group had a different section of the puzzle. Dany directed them:
“Do not cheat and spy on others’ work. Even myself I have no idea about the big picture”
(Dany, O). Each group, after putting their pieces together (see Figure 4.32 below), had to
publish (in this case they wrote on the board) two kinds of papers. The first was a data
paper, which reported what they learned. They were asked to write their data on the righthand side of the board (see Figure 4.33 below). The second paper was to publish a theory
paper, which contained guesses about what the big picture was. Students wrote their
theory on the left-hand side of the board (see Figure 4.34 below) (Dany, O; Dany, S). A
list of questions (provided below) was distributed to each group to work on and return to
Dany. They also discussed the pedagogy behind this activity. Some students considered
that it not only engaged them to work on their own piece of the puzzle, but also to find
patterns and compare with their colleagues: “We used a lot of cognitive work that

183

employed HOTS (higher order thinking)” (Dany, O). They also considered that learning
how to put a puzzle together was in itself a learning process. One student said,
“sometimes we ask our students to do stuff assuming that they know, but now trying to
put this puzzle was not easy for me” (Dany, O).
Figure 4.32 Puzzle Activity
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Figure 4.33 Student "Data Papers" on the Board

Figure 4.34 Student "Theory Papers" on the Board

Through this activity Dany aimed at introducing students to the nature of science
and how scientists work. He explained how simulation is a complex game in which we
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attempt to act out the roles of a cultural activity. Every simulation has rules that might be
modified. Examples are: Monopoly, mock elections, you can design and build a city
(SimCity), or simulation where children trade materials and the one with the most at the
end wins (Dany, O).
After the break, Dany discussed in two minutes the history and evolution of
science education and how Sputnik launched in Russia had an impact on American and
Canadian science education:
When I started teaching, most of the curriculum was from the States and
included lots of labs and endless experiments, which is good to do but not in that
quantity and the way it was done. Until a National consensus document was
initiated and resulted in the Common Framework of Science Learning Outcomes
K–12: Pan-Canadian Protocol for Collaboration on School Curriculum in 1997.
(Dany, O)
He also highlighted the development of science curricula that emphasized
Science, Technology, Society, and the Environment (STSE) and, more recently, Science,
Technology, Environment, and Mathematics (STEM). He stated,
What I want you to consider as science teachers is to listen to your students’
stories and hook science to their everyday life. There are several activities, as car
crash case study, were students have to figure out how a car crash happened.
There are several possibilities for answers but what is important is to relate it to
their everyday life “so that will be one of the criticisms of the failure of science
education, that its’s divorced from their everyday existence. (Dany, O)
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Following the above activity, Dany said, “We are going to watch a video. I know
this may not be the best pedagogical move, but it’s late and I want you fully awake”
(Dany, O). Before playing the video, he asked few questions to engage them in the topic
about Indigenous South Americans: “Who developed potatoes and corn varieties? Where
do they come from? Where does rubber come from? Who figured out how to use
vulcanized rubber first?” (Dany, O). The video was called First Scientists. It is a series of
four vignettes based on a documentary of the same title. The vignettes explore the links
between traditional knowledge of Native Canadians and western science (Dany, S). He
asked them to keep the following questions in mind when watching the video for later
discussions:
1. How does this video help work against stereotypes about who does science and
what is science knowledge?
2. How might you employ this resource in science teaching/learning? For what
purpose? In what manner?
Students were also asked to submit a written assignment that consisted of a set of
questions related to the video:
Questions: First Scientists video
•

If you were building a small canoe or boat today what tools and materials might
be required (speculate). What would happen to the craft materials after its time in
service (end of service)?

•

If you were building a birch bark canoe in a traditional manner what materials and
processes might be required? speculate) What might happen to the craft after its
time in service?
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•

If you are at the north-pole mid-winter and have no global positioning device,
how would you find your way? What core processes of science are at play in
determining how the Inuit determine location during such time?

•

Where did the wave cancelling bow of modern shipping come from? How do you
think it works?

•

How could you make an eight foot wide wooden canoe from a 4 foot diameter
log? Are there any similar processes in use today in constructing other
technologies?

•

What is the difference between how European domes are erected and that of the
Inuit dome?

•

What are the three sisters? How is traditional plant breeding different than
contemporary processes for producing genetically modified varieties of plants?
What are benefits to either process? What are downsides to each?

•

Who is keeping up with the times in regards to soil preparation and use? Who was
always keeping up with the times in the past?

•

What stereotypes are being challenged by this Video? (Dany, S)
After watching the video Dany stated that the importance of this video was to

delve into Indigenous knowledge, Indigenous ways of knowing, and how technology was
embedded in how they do science. He told students, “we will have more discussions
down the road, because there are lots of academic information, research, and courses
around this topic that could help you to design projects in your teaching context” (Dany,
O). He gave them an example of his colleague who designed and built a plane with his
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Grade 7 students. Dany wrapped up the lecture by giving students 10 minutes to discuss
their contracted and structured assignments.
Summary: Case Specific Themes, Practices, and Patterns
Dany was a motivated, humorous, and authentic STE. His personality and beliefs
were strongly embedded in his practices and how he engaged students in their learning by
allowing them to decide on what they wanted to learn or investigate. He focused on
different science activities and indigenized ways of knowing and learning science. He
described his classes as a “kitchen” where students investigated choices and possibilities
of doing things. His aim was to teach his students authentic ways of “cooking” by
providing different “recipes,” which were skills and strategies, to be able to do
“sciencing” (Dany, I).
Dany’s practices included, but were not limited to, strategies most curriculum and
standards emphasized, such as inquiry-based learning, hands-on activities, active
learning, Problem Based Learning, discussions, and questioning. He said, “I stress
inquiry and inquiry and engagement” (Dany, I). What distinguished Dany was his
determination to provide authentic science education through educational field trips and
projects that involved real life problems such as climate change. He stressed Indigenous
ways of learning science by going out to the community to talk to elders or people who
were doing science without knowing the science content behind it, such as the lady at the
market who used natural dyes to dye different kinds of materials. He told his students,
I’m interested in you and your life and we’re doing science education here.
That’s one part of your life. And we won’t go too far outside that, but how is
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that piece of the science education experience we’re doing, is actually
meaningful to your life? (Dany, O).
Dany’s personal experiences and beliefs were reflected in how much emphasis he
placed on allowing students to explore their own attitudes and values. Dany was
influenced by Emmanuel Levinas, a Jewish scholar, who argued that ethically, people are
responsible to one another in the face-to-face encounter. “The difference of other people
is actually what teaches us. We learn through our encounter with difference” (Dany, I).
This made him spend time talking about human cognition and socio-cultural and socioeconomic realities.
In science methods teaching you need to involve students in thinking about their
relationships with others on socio-cultural levels, with the nature of knowing and
being, how we come to know, what our encounters with difference mean for us
as educators and for our learners. (Dany, I)
He engaged students in their learning and gave them choices about what they
needed to learn. This was demonstrated in the way he designed his assignments using
structured and contracted approaches. He gave choice, autonomy, and opportunity
through the evaluation system “for them to choose things that are interesting and relative
to them and give voice to how they want to do their own development as science
educators” (Dany, I).
Finally, Dany’s empathetic, enthusiastic, and humorous personality created an
engaging and authentic learning environment. My interview and observations witnessed a
passionate STE who embraced diversity, inclusion, and differences.
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Conclusion
In this Chapter I have provided authentic and narrative descriptions of the science
teacher educators’ (STEs’) practices exemplified in teaching secondary science methods
course, including their beliefs and the factors that influenced their decisions in creating
their course outlines. I presented each case objectively without referring to research
literature or including personal comments to allow readers to walk into the classroom of
each STE and experience their practices. In Chapter 5 I compare the data within and
across cases and elaborate on the similarities and differences observed and discussed
using a triangulation method (Yin, 2017).
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Chapter 5: Data Analysis
Introduction
Case study was a natural approach to use, given my aim to understand and
explore the practices of science teacher educators (STEs) in secondary science methods
courses in two different national contexts by using how, why, and what questions. I
analyzed the data using three levels. The first level was a descriptive qualitative case
study research method adapted from Yin (2014, 2017). In Chapter 4, I treated each
individual STE as a single case and created a narrative description of their personal and
professional experiences and teaching practices. The second level of analysis was an
interpretive qualitative case study supported by a theoretical framework based on the
major practices that research, educational organizations, and institutions emphasize. In
education, “while some case studies are purely descriptive, many more are a combination
of description and interpretation or description and evaluation” (Merriam, 2009, p. 40). I
looked at the data that emerged and coded it to develop conceptual categories or themes
(frequency data). I also compared the summaries of each STE to identify commonalities
within cases from the same country (for example to compare STEs within Canada) and
differences across STEs. The final level of analysis consisted of a cross analysis of all
cases (the Canadian and Lebanese STEs). According to Yin (2003), a multiple case study
allows the researcher to analyze within each setting (in my case the STEs chosen from
Canada and from Lebanon) and across settings (compare cases between Canada and
Lebanon).
In Chapter 4 I provided a thorough description of each case. The aim was to allow
for deeper understanding of the authentic practices and story of each science teacher
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educator, while allowing the reader insight into how the cases compare to one another. In
Chapter 5, I compare the data within and across cases. “When doing case study research,
a major and important alternative strategy is to identify and address rival explanations for
your findings” (Yin, 2017, p. 64). Given the differences between universities, such as the
educational context, course outcomes, and ownership of the course syllabus, I will
elaborate on the similarities and differences observed and discussed using a triangulation
method (Yin, 2017).
The data analysis and findings were bounded by the research questions and
purpose of my study, which was to provide in-depth information about teacher educators'
instructional practices.
My primary research question was: What are the major practices of science
teacher educators (STEs) in their approach to teaching a secondary science methods
course? The study addressed the following sub-questions:
1. What are the STEs’ concerns and main purposes when preparing pre-service
teachers to teach secondary science?
2. How do the STEs’ prior professional and personal experiences shape their
approach to teaching secondary science?
3. How does the cultural context affect the teaching methods and choices the STEs
make for their courses?
4. How do STEs address teaching science in culturally diverse classrooms?
5. What weighting do the STEs place on content and pedagogy in their courses?
To present my findings, I had to think about a conceptual framework to guide my
work. To my knowledge, limited research has been conducted to study the practices of

193

science teacher educators in their classroom setting in two different countries. Research
into science education has focused on the quality of K-12 teachers or on
recommendations for teachers and teacher educators to enhance their practices. Other
studies (Garbett, 2011; McDonald et al., 2013; Sexton, 2015; Wiebke & Park Rogers,
2014) have stressed the importance of self-study and self-reflection, in which teacher
educators reflect on their pedagogy as a step toward enhancing their practices. Some
studies, such as Goubeaud and Yan (2004), have provided in-depth information about
teacher educators’ instructional practices from a nationally representative sample of
higher education faculty from the National Study of Postsecondary Faculty (NSOPF-93).
Yet, “limited information is available regarding the extent to which teacher educators
implement the recommended strategies in their own teaching” (Goubeaud & Yan, 2004,
p. 4). Some research (Hollins, 2011; McDonald et al., 2013) has focused on creating a
framework for set of core practices and pedagogies of teacher education. Other studies
(Goodnough, 2006; Kind, 2009) have evaluated the effectiveness of teacher education
courses according to pedagogical content knowledge (PCK) framework. Some authors
have studied the effects of constructivist views or instruction compared with
reception/direct transmission beliefs on teaching and learning (Klieme & Vieluf, 2009).
Yet, despite all this research having implications for my study, I couldn’t find a study that
effectively presented a conceptual framework for comparing science teacher educator
practices in different national contexts. I decided that I had two options for presenting my
findings. I could use my research questions as headings similar to Berry and Van Driel
(2013) or I could use categories that emerged during data analysis. A more common
approach used in qualitative data analysis is thematic analysis. King (2004) argued that
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this is a useful method for examining similarities and differences. Organizing data
through themes helps to summarize key futures and produce clear and organized report
analysis (King, 2004; Nowell et al., 2017).
In the following section, I was inspired by Goodwin & Kosnick s (2013) first
three knowledge domains: Personal, Professional, and Philosophy of Teaching;
Contextual Analysis; and Content and Pedagogical analysis. I remind the reader that the
data sources were detailed field notes from observations and recordings, in-depth
interviews, course designs, and available artifacts.
Personal, Professional, and Philosophy of Teaching
Understanding the realistic features of teacher education requires an
understanding of the institution, structure of program, and personal priorities of the
teacher educators themselves. Teachers’ personal knowledge, beliefs, and lived
experiences form the foundation of their practices, decisions, and pedagogical choices
(Goodwin, 2002; Goodwin & Kosnik, 2013; V. Richardson, 1996). During the interview
conducted with the STEs in this study—Lana, Lea, Marie, and Dany—it was evident that
their experiences and beliefs influenced their practices. In this section, I draw from the
interviews and class observations detailed in Chapter 4 to discuss how their beliefs and
philosophy shaped their teaching practices.
The Science Teacher Educators’ Education Background
All four STEs who participated in my study had a science background that
included post-secondary training in science prior to becoming teachers. Their intentions
to become science teachers developed later, except for Lea, the STE at University Two in
Lebanon. Lea knew that she wanted to become a mathematics teacher because she loved
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her math teacher, who influenced her career choice. Lana, the Lebanese STE at
University One, obtained a B.Sc. in Biology and then taught high school Biology for 20
years. As mentioned in Chapter 4, to teach in a Lebanese private school, teachers don’t
need an education degree or teaching certificate. Dany, the Canadian STE at University
Four, obtained a Bachelor of Science (B.Sc.) and then chose education because “I had to
make a living” (Dany, I). Marie, the Canadian STE at University Three, had a sciencebiochemistry background. After obtaining her master’s degree and while preparing her
application to pursue her PhD in medical genetics she realized her passion for teaching,
so she applied to a Bachelor of Education program instead.
Were the STEs’ professional identities reflected in their practices?
Professional identity includes the self-image and set of expectations, values,
interests, social role, and history a professional has developed through experiences and
personal background (Avidov-Ungar & Forkosh-Baruch, 2018; Beauchamp & Thomas,
2009). Analysis of data indicated that the STEs’ practices were influenced by their beliefs
and personal journey, but to a larger extent they were impacted by the context of
institution and beyond. “An understanding of university teaching is incomplete without a
consideration of teachers’ beliefs about teaching and a systematic examination of the
relationship between those beliefs and teachers’ practices” (Kane et al., 2002; p. 182).
Dany, the STE at University Four in Canada, was one of the STEs whose personal
journey influenced his teaching practices. His perception of his teaching practices was
impacted by having been raised in a First Nation community, having a paralyzed brother
who had polio, experiencing a divorce, teaching in an Indigenous community, and being
strongly influenced by the philosopher Emmanuel Levinas. Openness, vulnerability,
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hospitality, and learning from the other were key ideas that shaped how he viewed his
engagement with his students (Dany, I). This aligned with Loughran (2014), who stated
that beliefs are critical and powerful in influencing teacher educators’ acts.
A common trait Dany and Lana (from the public university in Lebanon) shared
was their caring personality about vulnerable students, socioeconomic realities, and
whether their classroom was a safe place emotionally. I observed Lana spending time
listening to the stories of students who had to travel hours daily to the university because
they couldn’t afford the extra expense of local housing. This built confidence between
students and Lana and created a strong relationship that was reflected in the classroom
environment. Students were exceptionally responsible, attentive participants, and they
looked up to Lana as a role model. Building relationships and listening to students was
discussed by Russell (2007), who through studying his own practices recognized its
impact on his teaching and on his students’ learning. Both Lana and Dany believed that
science teaching is not only about curriculum, but about preparing socially responsible
students capable of making decisions about real world issues. On the other hand, Marie
believed that passion is something we cannot teach students: “It’s part of your heart and
you just have to try to bring that out of people” (Marie, I). Her beliefs were reflected in
her methods of teaching. Her major aim was to build a generation of scientists who think
critically. She valued telling her stories and using anecdotes in her teaching. Marie shared
during the interview that sometimes she exaggerated her stories to create motivation and
interest and to make her students laugh. She believed, “if they can laugh, they’ll
remember” (Marie, I).

197

Lea, the STE from University Two in Lebanon, focused on pedagogical content
knowledge. She encouraged her students to implement both content and pedagogy in
their future teaching: “I tell my student teachers to use the same methods in their classes”
(Lea, I). While the other STEs were open to discussing their beliefs, the interview with
Lea was concise even though I tried several times to rephrase my questions, hoping to get
more replies. This might be attributed to her personality, but it is more likely that she was
influenced by her position as a school principal. In Lebanon, principals adopt an
authoritarian view of their role. “It is a culturally unusual idea to evaluate people
occupying leadership positions” (Akkary, 2014). Thus, she might have been more
guarded about making herself vulnerable through participating in the research process.
All four STEs stated during the interview that inquiry-based learning is an
essential approach to teaching science. According to them, it allows students to think
critically and inspires creativity. While all the STEs emphasized inquiry, Marie aimed at
taking inquiry and discovery learning to “higher level in means of being effective”
(Marie, I). This is discussed further in the content and pedagogy section below.
Context—the geographic location of the university, minority language setting, or
power relationships—influenced the STEs’ course content and practices. For example,
Dany implemented Indigenous ways of thinking and learning science, involved students
in community-based projects, and invited guest speakers from the local community.
Being a Francophone science teacher educator in a French minority community, Marie
stressed teaching science in a minority language setting and developing language in
science for francophone students.
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The Lebanese context was more complicated than the Canadian as it went beyond
the geographic location of the university or emphasis on language. Internal and external
factors created the more complicated context that I discuss in the contextual analysis
below. Their context had more influence on them than what the STEs believed or valued
or how they aimed at making change. My analysis was consistent with the findings of
Trigwell et al. (1994), who argued that “the approach adopted by a teacher in a particular
context is a function of both the teacher and the context” (p. 77).
Lea wished that teachers could have the opportunity to apply the pedagogical
skills with which she was preparing them. Lana too valued the skills she was teaching
even though she knew her students would struggle to implement them in school contexts.
As mentioned earlier, the majority of schools following the Lebanese curriculum are in
constant competition to achieve the highest grades and success rates on official exams.
This leaves teachers with less power to implement pedagogical skills that require
discussion and time, something that some principals don’t necessarily deem to be
essential.
In conclusion, the lived experiences of the four STEs affected how they perceived
teaching science, and their beliefs influenced their practices (Kang, 2008; L. Richardson
& Simmons, 1994). Teachers’ instructional strategies and approaches convey
epistemological beliefs and views about science, whether intended or not (Kang, 2008).
The extent to which the STEs’ beliefs were reflected in their practices varied. There were
several constraints and barriers that influenced teacher educators’ practices. I discuss
those contextual constraints next.
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Contextual Analysis
National/Curriculum Identity and Course Ownership
“Education is the story that society tells about itself” (Murray, 2008, p. 39).
Context does matter, a finding that informed my research on how STEs designed and
implemented their secondary science methods course. Several factors influenced the
course syllabus and STEs’ practices, such as national or provincial curriculum, location,
and socio-political and socio-economic realities. Several studies (Cao et al., 2019; Prosser
& Trigwell, 2006; Sears & Hirschkorn, 2017; Uiboleht et al., 2016), have shown that
approaches to teaching are contextually dependent. Grossman (2009) argued that the
dilemma that haunts the literature on the pedagogy of teacher education is how to relate
any particular pedagogy to the larger context of the teacher education program. Sears and
Hirschkorn (2017) argued, “In jurisdictions around the world differences in cultural
milieu shape teaching and teacher education in important ways” (p. 245). Consistent with
those research findings, practices of the four science teacher educators were contextually
dependent. To better understand the practices of the STEs exemplified in their science
methods course, it is important to understand the context of the institutions and education
systems of the corresponding countries.
As discussed in Chapter 4, Lebanon has been shaped by many civilizations
throughout its long history. The country is multi-lingual, multi-religious, and multicultural, all of which have influenced the education system. The civil war has also had a
direct impact on the structure of the Lebanese education system. Countries emerging
from conflicts or civil war are affected by several internal and external factors that range
from politicians to international donors, to individuals and institutions, reflecting the
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decisions of internal or international agendas (Murray, 2008). Aligned with the analysis
of Murray (2008), the Lebanese civil war has led to the creation of many private
universities and schools affiliated with international and national religious, independent
non-profit, and independent for-profit organizations (El-Mouhayar & BouJaoude, 2012).
Competition between private institutions in Lebanon was the major reason many
of the STEs who were asked to participate in the research offered when they declined. I
contacted most of the French, American, and Lebanese institutions with education
programs in Lebanon. My aim was to have at least one STE from a French university, as
I did in the Canadian context. But I received either negative answers or no reply to my
requests. In Lebanon, all research requests should be approved by the Dean of the science
education department. A STE from a well-reputed university replied: “I am sorry, it’s
dangerous to get you into my class and give you my course syllabus”. The Dean at that
same university said, “you know we are in competition with other universities and some
STEs feel uncomfortable to reveal their course syllabus or let anyone into their classes.”
Of the very few who responded, only two STEs accepted to participate in my study, Lana
from a public university and Lea from a private university. Thus, although I am deeply
grateful for the two participants who accepted my invitation in Lebanon, by the very
nature of accepting to participate in my research they may not be indicative of a typical
Lebanese STE.
A brief introduction to the Lebanese National Curriculum is also essential to
understand the teacher education programs. The Ministry of Education and Higher
Education (MEHE) and the National Center for Educational Research and Development
(NCERD) oversee the Lebanese national curriculum, textbooks, national examinations,
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and everything related to public schools (Bahous & Nabhani, 2008; BouJaoude & ElHage, 2016). New curriculum implemented in Lebanon emphasized shifting learning
from teacher-centered to student-centered, and implementing inquiry, scientific literacy,
and authentic learning in science education (Ministry of Education and Higher Education
2011; Ministry of Education 2010). Yet, teachers often return to old teaching methods
(Baroudi & Rodjan Helder, 2019; Farah & Ridge, 2009; Osta 2007).
Universities and schools in Lebanon are dominated by the private sector (Ayoubi
et al., 2017; Frayha, 2009). Given that two-thirds of Lebanese students attend private
schools (EP-Nuffic, 2016), the Ministry of Education requires private schools to address
the national curriculum, but they are not required to use the public textbooks (Dani,
2009). Students who attend public or private schools that follow the Lebanese model
complete official standardized exams in Grade 9 and in Grade 12 (EP-Nuffic, 2016). In
addition, there are several foreign curricula and certificates offered in Lebanon in parallel
with the Lebanese curriculum, such as French Baccalaureate, International Baccalaureate,
and the British General Certificate of Secondary Education (GCSE) (Abdul-Hamid &
Yassine, 2020). Although the Ministry of Education has the full responsibility for
coordinating and deciding on education curriculum and policy, most teacher education
programs in Lebanon are influenced by the local or foreign models of higher education
their institution has adopted (Freiha, 1997). In addition, some universities in Lebanon
obtain accreditation from international agencies to improve their service and attract more
students (El-Mouhayar & BouJaoude, 2012). For example, programs at American
institutions espoused programs similar to those offered at American universities, while
French institutions espoused curriculum from French universities (BouJaoude, 2000). My
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findings were consistent with Freiha (1997) and BouJaoude (2000). Data showed that the
syllabi of the science methods courses were influenced by international institutions and
programs. The science methods course syllabus provided by Lea at University Two was
influenced to a large extent by the syllabus at an American University in the United
States. During the interview, Lea stated that the syllabus is done in collaboration with all
the STEs from the Faculty of Education: “I don’t have any idea about what other STEs in
Lebanon do, but at the university where I teach, we coordinate and almost do the same
thing” (Lea, I). This issue was highlighted by Lana at University One, who stated during
the interview that the school system is content-focused, but as a STE she believed in
change and tried to change the norms. She mentioned that she redesigned the science
methods course as a personal initiative to “fit the new recommendations for teaching
science” (Lana, I). She implemented inquiry-based and problem-based learning and
emphasized real life examples. Lana encouraged her students to use those strategies in
their future teaching despite the constraints they might face in schools (Lana, I).
While only one university in Lebanon is publicly funded and the rest are private,
Canada has a unique decentralized education system where funding and policy decisions
are made by provincial and territorial governments rather than by the federal/national
government (CMEC, 1997). It is important to recognize that each province has its own
education, political trajectories, and historical pathways that are different (Lessard &
Brassard, 2005). Yet, there is consensus on the major vision set by Council of Ministers
of Education, seen in the Pan-Canadian Science Framework (PCSF)—a common
Framework with the goal of developing science curricula across Canada (CMEC, 1997).
Although education in Canada is delegated to provinces, there are national and
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professional organizations across Canada, such as the Council of Ministers of Education,
the Association of Canadian Deans of Education, and the Canadian Association for
Teacher Education (CATE), that engage in continuing dialogue and research with local,
national, and global communities to take the lead in conceptualizing a Canadian Teacher
Education Framework (Collins & Tierney, 2006; Hirschkorn et al., 2013). Further,
Canada has work Mobility Legislation passed in 2009 that enables a teacher educated and
certified in a particular province to be hired as a teacher in a different province without
further certification requirements. This legislation acknowledges that although there are
regional differences in provincial education programs, the programs across the country
are of consistent high quality (Hirschkorn & MacDonald, 2015). Thus, collaboration
between provincial departments of education and teacher education programs creates a
form of consensus on the curricular outcomes that teachers are prepared to attain. It bears
repeating, though, that teacher education programs in Canada are accredited by the
Ministry/Department of Education of their respective province. To enter the teaching
profession in Canada, teachers earn an education degree as well as teacher certification
from their province, which is different from Lebanon. Private schools in Lebanon could
hire teachers that have degrees in a subject matter area with no pedagogical preparation
or teacher certification (El-Mouhayar & BouJaoude, 2012).
In summary, although, both countries have a national/provincial curriculum, the
education system in Canada has a more defined education identity set by policies,
departments of Education, and teacher education programs. In contrast, the Lebanese
education system lacks this national consistency due to top down policies, internal and
external factors (such as a variety of different national and international accrediting
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agencies), and a lack of consistent expectation of teachers between the Ministry of
Education, teacher education programs, and schools. These findings regarding the
Lebanese context are consistent with Akkary (2014), who stated:
Public schools are tightly managed and financed by the government, with the
Ministry of Education and Higher Education (MEHE) setting their policies,
managing their budgets, recruiting teachers and principals, dictating the
curriculum content and the choice of textbooks, and supervising the functioning
of the school. In contrast, private schools are loosely controlled by the MEHE,
leaving them the freedom to set their own policies, design their internal
organizing structures and choose their curriculum. (p. 720)
I discuss in the following section how context influenced the practices of the four
STEs. As discussed earlier, data is based on triangulation of interviews, observations, and
the course syllabus.
Effect of Contextual Constraints on Practices of the four STEs
Context in both Canada and Lebanon shaped the content and the vision of the
teacher education programs. Intentions often flow from context rather than being imposed
on it (Ingersoll et al., 2019). Context mattered within the Canadian cases. Analysis of the
interviews, course syllabus, and observations in both Universities Three and Four
reflected the Canadian reality that “the Official Languages Act and multiculturalism,
Native issues, [and] the geographic dispersion of a small population over an immense
territory and demographic evolutions have all imposed various constraints on models of
education governance” (Lessard & Brassard, 2005, p. 21). University Three was a French
university located in a bilingual province. Marie emphasized teaching science in a
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language minority setting (Marie, O). This culture was strongly reflected in Marie’s
course, where the course outlines and class observations demonstrated emphases on
teaching science in a minority French setting and discussions in the classes I observed
revolved around the same issue. Her aim was to reinforce written and spoken scientific
French language: “The French spoken at home is different from the standard or scientific
academic language” (Marie, I). On the other hand, the geographic location of University
Four allowed Dany to embrace Indigenization and reconciliation into the teacher
education program courses he taught. Deer et al. (2015) discussed how the colonial
power structure complicates the relationship between the provincial education system and
Indigenous people. Debates to the extent to which teacher educators emphasized and
integrated Indigenous knowledge in their pedagogical approaches varied (Deer et al.,
2015). Some teacher educators found it overwhelming to teach Indigenous education
(Deer, 2013), while others expressed concerns about knowledge appropriation or
misrepresentation (den Heyer, 2009). Dany was one of the teacher educators who was
comfortable teaching and integrating Indigenous knowledge: “It is about the notion of
responsibility in the context of intercultural differences” (Dany, I). Indigenous knowledge
formed part of his lived experiences in that community. In the interview he said, “I do
some Indigenous knowledge”—indigenized ways of knowing and learning science and
technology and Indigenous ways of knowing nature. Although Dany emphasized
Indigenous ways of knowing science, he also prepared his students to teach in diverse
communities and provinces. During the interview he stated that his aim was to prepare
his students for reality by providing them with tools to work in different contexts.
“They’re all going to go out to different contexts. So, I can kind of show them how to
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drive the car, but you know some of them are going to be driving tractor trailers…[or]
bikes” (Dany, I).
Marie, at University Three, stated that the course objectives were linked to12 core
professional competencies that aim at improving the quality of instruction in the
[province] “we [the professors] at the Faculty of Education created those competencies
when we reconfigured all our bachelor programs, to prepare our teachers to teach in the
province” (Marie, I). They were inspired by the framework of 12 professional
competences the Quebec Ministry of Education had created to offer a program-based
approach for the teaching profession and as a basis for accreditation (Desjardins &
Thomas, 2015; Ministère de l’Éducation du Québec, 2001). Although University Three
was not located in Quebec, it was influenced by the Francophone context. Desjardins and
Thomas (2015) argued that researchers and the Ministry of Education in French Canada
were influenced by Francophone and European researchers. Hirschkorn and MacDonald
(2015) discussed how curricula in bilingual provinces influence initial teacher education.
The majority of provinces in Canada offer the same curricular content in both languages,
except for one province where the language and content of the curricula are different
(Hirschkorn & MacDonald, 2015). Marie’s course syllabus and class discussions
revolved around minority French language, articles were mainly chosen from European
and Francophone Canadian researchers, and teachers were prepared to teach in
Francophone schools.
The constraints presented in the Lebanese context were seemingly more
complicated than in the Canadian context. A major finding in the Lebanese context is the
huge gap between teacher education programs and schools. Unfortunately, it wasn’t clear
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whether the beginning teachers prepared by the Lebanese STEs were being prepared to
teach in public or private schools and how were it was envisaged that they would apply
pedagogical skills in school contexts that emphasized content and where success is
measured by grades obtained in official exams. The issues of power in education were
explored by the theorist Michael Apple, who stated that what constitutes knowledge
presented in curriculum and classrooms and what is included and excluded is inherently
related to ideological and political decisions made by those who hold power in a society
(Apple, 1990). This statement that applies to the Lebanese context. Moreover, the
Lebanese system presents a contradictory situation, where not all teachers need an
education degree to teach at the school level and the skills teachers are prepared to
implement at the university are often not practiced in high school classes. So, should a
STE emphasize pedagogical skills and inquiry-based learning or focus more on getting
their prospective teachers ready for the Lebanese school system? Lea stated that teachers
are restricted to the rules and policies of schools they are teaching at and to the “demands
of their coordinator” (Lea, I). Yet she believed that teacher education programs are
important. “I think it’s a good step for teachers to try implement at least 10 or 15% of
what they learned, it’s better than not taking pedagogy at all” (Lea, I). Lana also shared
her frustration on how private schools hire teachers with no teacher education
background who only focus on content delivery (Lana, I).
Interestingly, both STEs in Lebanon worked at high schools in Lebanon. Lea was
a biology high school teacher and Lea was a school principal. So how did they experience
this contradiction between what they prepare their teachers for at university and what
schools demand? Lana, as a STE, was considered privileged and had the power to

208

implement the strategies and skills she believed were important at the high schools where
she taught. “I do what I want” was her reply when I asked her why she dealt with the
restrictions private school principals set. But she also mentioned that this was possible
“as long as my students achieve high grades in the official exams, and this satisfies the
principal” (Lana, I). On the other hand, Lea as a principal said, “There is a duality and it
is a problem, especially at the secondary level” (Lea, I). She explained the curriculum is
content based, and “we have to be on track, and the most important is the official exams
and preparation for the official exams” (Lea, I). As mentioned above, Lea admitted that
what she teaches her students in her methods course is difficult to apply at school, which
is why she said if they applied 10-15% of the pedagogical skills they learned from her, it
would be considered great.
The Learning Environment
Learning environment is usually used in research to refer to the social or
psychological environment (Cleveland & Fisher, 2014). Yet, an important aspect that
influences students’ achievement is the physical environment or learning space
(Cleveland & Fisher, 2014; Earthman, 2004). Given that I was studying the practices of
four STEs in their natural contexts, it was important to shed light on the physical and
social environment I experienced. A striking reality that I witnessed in the Lebanese
context was the physical environment at University One, which was a public and free
tuition institution. It to be noted that public education in Lebanon is considered to be for
disadvantaged and low-income groups (Shuayb, 2016). The socioeconomic context at
University One was reflected in the unhealthy environment, classroom setting, and
minimal resources. The secondary science methods class was located in the basement of
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the building. The room was dark, smelled of mold, was barely ventilated, and contained
no resources beyond a writing board and desks. Despite that, Lana demonstrated positive
energy and willingness to prepare teachers with the skills she believed they would need to
teach science effectively, despite few resources being provided for her. Siegel (1999)
found that there was a direct relationship between the arrangement of a learning space
and the ability of teachers to collaborate effectively on their daily tasks. On the other
hand, the physical environment at the private University Two in Lebanon was a brighter
space in better condition with many more resources, such as an overhead projector, TV,
DVD, LCD projector, computer, Internet access, board and markers to facilitate teaching.
Classrooms in both Canadian universities I visited possessed all the technological
resources and the laboratories were equipped with tools and instruments students needed.
Harden (2001) argued that curriculum not only presents a blend of educational strategies,
course content, assessments, and individual students’ learning style, but that the
educational environment also plays an important role. Similarly, Constantinou et al.
(2018) stated that restrictions imposed by available resources create challenges for
students’ learning. This finding left me questioning whether it was a fair comparison to
contrast the actions of different STEs across national contexts when their teaching
environments were so different. It also left me wondering whether the universities I
visited in Lebanon and in Canada were representative of other universities in those
contexts. I explore these questions in Chapter 6, but I wish to state in this section
describing the studied learning environments that the differences in the actions of the
STEs may have been more contextually influenced in Lebanon than in Canada.
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In the first two sections, I discussed the personal and professional beliefs of the
STEs. I also presented a brief explanation of the education system in both countries, as
well as the role of policies and context in shaping the curriculum identity. In the
following section, I analyze the content, pedagogy, and practices of STEs.
Content and Pedagogical Analysis
While the course content, learning outcomes, educational strategies, assessment,
and environment inform us about the curriculum (Harden, 2001), pedagogy refers to “a
clearly designed and interrelated patterns of learning experiences and teaching strategies
embedded within a theoretical perspective and guided by a philosophical stance that
represent the long and short-term learning outcomes” (Hollins, 2011, p. 400).
In this section, I offer analysis of the secondary science methods course
represented by the course syllabus, the interview with each STE, and my observations of
the class. To offer an objective and robust analysis of each STE’s teaching practices I
used the triangulation method (Yin, 2017). This method not only allowed me to construct
validity, but it also permitted to check for consistency between what each STE stated
during the interview about their instructional methods and how I observed those methods
being applied in the classroom. While analyzing the data I noticed that some approaches
were implemented by all STEs, while other strategies were unique to some of them. To
allow a clear image, I created Table 5.1 below, which includes the approaches and
instructional strategies emphasized by all STEs. This allowed me to visualize the
common strategies used by all STEs and to see what was unique to some of them. This is
represented in the first theme where I discuss the Secondary Science Methods course
exemplified in the Instructional Approaches and Strategies emphasized by all the STEs. I
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also discuss how their course method was defined by Pedagogy, Didactics, or
pedagogical Content knowledge.
In the second phase of analysis, I focused on those common approaches to look
into how each STE implemented them in their classroom setting. This analysis is
represented in the second theme, which includes a detail analysis of two major
approaches stressed: inquiry-based learning and nature of science. The aim was to
understand how each STE delivered those strategies in their classroom context and to
compare the consistency between intended and delivered curriculum.
In the third theme I highlight some of the approaches that were unique to
individual STEs and discuss why they might have chosen to include them in their
methods course.
Finally, in the last theme I looked into how each STE assessed the learning of
their teacher students.
The Secondary Science Methods course: Instructional Approaches and Strategies
Several studies in teacher education (Cao et al.; 2019; Clift & Brady, 2005;
Grossman, 2008) have focused on teaching techniques and approaches rather than
relating any particular pedagogy to the instructional context and course content.
Anderson (1997) argued that the science methods course should be considered as the
“linchpin of this long-range constructivist endeavor” (p. 269) that sets the teacher
candidate on a path of professional development to be an effective science teacher.
Anderson (1997) effectively argued that science methods courses are the foundation of
science education programs, as they integrate subject matter, philosophical, and
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sociocultural perspectives, in addition to the essential part of providing future teachers
with effective instructional practices.
The application of the new science recommendations such as Science,
Technology, Engineering, and Mathematics (STEM), Science, Technology, Society, and
Environment (STSE), or the American Next Generation Science Standards (NGSS)
require science teacher educators to prepare science teachers for a wide array of science
content, inquiry-based pedagogical strategies, problem-based learning, and design based
learning (Darling-Hammond, 2006). Due to the time frame of the teaching method
course, teacher educators can cover and emphasize only certain skills or strategies. Thus,
it is important to analyze the course content to understand which strategies, skills, or
competencies were emphasized and prioritized by the STEs in their secondary science
methods courses.
Chapter 4 included detailed description of the STEs’ instructional practices. In
this chapter I highlight and compare the major teaching strategies each STE stressed in
their methods course and relate them to research in science education. I created Table 5.1
to visualize the instructional approaches and strategies the four STEs used in their course.
The approaches, strategies and skills were mentioned either in the course syllabus,
interview, or class observations.
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Table 5.1 Instructional Approaches Emphasized in the Secondary Science Methods
Course
Instructional Strategies/Skills/Methods

Case 1
Lana

Case 2
Lea

Case 3
Marie

Case 4
Dany

Content Knowledge related to pedagogical
approaches

✓

✓

✓

✓

✓

✓

Content described by the Ministry of
Education and Early Childhood
Development Curriculum
Communication & Collaboration

✓

✓

✓

✓

Creativity

✓

✓

✓

✓

21st Century skills

✓

Critical Thinking & Problem Solving

✓

✓

✓

✓

Inquiry-Based Approach

✓

✓

✓

✓

Authentic Learning: Problem Based
Learning/Project Based Learning etc.

✓

✓

✓

✓

Discussion

✓

✓

✓

✓

Direct Instruction

✓

✓

✓

✓

Student Centered

✓

✓

✓

✓

Cooperative Learning

✓

✓

✓

✓

Nature of science

✓

✓

✓

✓

✓

✓

✓

✓

Conceptual Change Methods

✓

✓

High Cognitive Questioning/Socratic
Questioning

✓

✓

Predict Observe Explain (POE)

✓

Technological skills

✓

Identifying Misconceptions

✓

Case studies

✓

Community Engagement

✓
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Table 5.1 shows that there were common approaches and strategies emphasized
by all the STEs. As an example, the four STEs stressed the Active Learning approach.
Active learning is any approach that involves students in higher order thinking skills such
as analysis, synthesis, and evaluation as well as encouraging students to explore their
own attitudes and values (Bonwell & Eison, 1991). Although Lana and Lea didn’t use the
term active learning in their course syllabi, they implemented some of the strategies that
engage students in active learning: an inquiry-based approach, cooperative learning,
communication and collaboration skills, critical thinking, problem solving strategies, and
discussion methods. On the other hand, Marie and Dany included the term active
learning in their course outline and went further in applying strategies that engage
students in higher cognitive thinking and discussions, such as Higher Order Thinking
(HOT) and Explore-Discuss-Understand (EDU) respectively (Dany, S & Marie, S).
The four STEs also emphasized in their course syllabi the use of a studentcentered approach as well as direct instruction methods mainly intended to elaborate on
theory or new concepts. Eliciting students’ prior knowledge or misconceptions was an
approach used and highlighted by all four STEs. For example, Lana, the STE at
University One, used an activity as an icebreaker to elicit what students knew about
approaches, strategies, methods, and techniques. For her it was important to know what
ideas students bring with them to the classroom (Lana, I). On the other hand, Marie, the
STE at University Three, and Dany from University Four were the only ones who not
only emphasized misconceptions, but also implemented conceptual change methods.
Conceptual change is a powerful method for improving science teaching and learning that
is superior to more traditional means of teaching (Duit, & Treagust, 2003). Dany stressed
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the importance of identifying students’ misconceptions and conceptual change methods,
whether dealing with Western science or with Indigenous science (Dany, O). Marie stated
in her course syllabus and classroom teaching that research has demonstrated the
effectiveness of conceptual change and the learning cycle (Model 5E) and the Predict
Observe Explain (POE) model in combination with high-cognitive questioning for the
development of conceptual knowledge, procedural knowledge, and language skills
(Marie, S). In the following sections I elaborate more on some of those strategies. In
Chapter 4 I described in detail the practices of each STE. In this chapter I have chosen to
highlight the common practices mentioned in both the syllabus and classroom
observation since my aim was to study consistency between what was mentioned in the
syllabus and how it was translated in class.
Pedagogy, Didactics, and Pedagogical Content Knowledge
While the STEs from Universities One, Two, and Four discussed pedagogy and
pedagogical content knowledge in their science methods courses, Marie, the STE at
University Three, focused on science didactics. Given that University Three is a
Francophone institution, it was more common to speak of didactics than of pedagogy.
Although the concept of pedagogy is widely accepted worldwide and in European
countries, its presence has been marginal in most of the French-speaking world (Allal,
2011). Didactics focus on knowledge, how teaching leads to learning, and in-depth
analyses of the learning outcomes attained, while pedagogy stress teaching practice and
education (Allal, 2011; Cormier, 2014). In her course, Marie elaborated on the didactical
contract that determines the aspects of teaching, learning, and the interactions between
teachers and learners. Didactics is represented by a triangle that includes the teacher-
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content relationship, the student-teacher relationship, and the student-content relationship
(Marie, O). For instance, pedagogy can be compared to didactics through the practices of
Marie and Dany. I chose them because they were more likely to engage their students in
authentic projects related to their everyday life. The major difference was in how they
stressed science content knowledge. As an example of a didactic situation, Marie asked,
“Doctors want to set the legal age for the purchase and consumption of cannabis at 25!
Are they right?” Students were not only asked to discuss the question, but they had to
expand their discussions to include content from the point of view of chemistry, biology,
and physics. For example, chemistry content might include discussions about medicinal
chemical compounds, reactions, and so on. They also were evaluated through planning a
sequence of eight periods of teaching using the 5E model. Dany, on the other hand,
engaged his students in authentic experiences without stressing the science content
behind the activity. An example is the Stabilization wedge activity, which allowed
students to develop a portfolio to propose carbon management strategies. The
stabilization wedges concept is a simple tool for conveying the emissions cuts that can be
made to avoid dramatic climate change. Students select carbon-cutting strategies to
construct a carbon mitigation profile, filling in the wedges of a climate stabilization
triangle. In all the classes I observed, Dany didn’t emphasize the science content linked to
the activity. It was an observation I noticed in several activities since his aim was to focus
on the strategies and pedagogy behind the activity rather than on the subject matter
(Dany, I). This belief aligns with Cormier (2014), who stated that pedagogy doesn’t
specifically stress subject matter; rather, it “examines relationships between teachers and
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students, between students themselves, class atmosphere, the choice of teaching methods
and problems such as loss of motivation and dropping out” (p. 2).
In the Lebanese context, Lana and Lea stressed pedagogical content knowledge
(PCK). Shulman (1987) stated that PCK “represents the blending of content and
pedagogy into an understanding of how particular topics, problems, or issues are
organized, represented, and adapted to diverse interests and abilities of learners, and
presented for instruction” (p. 8). Some would argue that, like didactics, PCK is concerned
with content issues in teaching and learning (Amade-Escot, 2000) and helps preservice
teachers develop the skills necessary to deal with complexities of science classrooms
(Goodnough, 2006). Others contend that didactics focus on subject matter related to
curriculum, while PCK is more research oriented (Kansanen, 2009). Although both Lea
and Lana emphasized the importance of content knowledge, their course syllabi didn’t
directly link content to the school curriculum described by the Ministry of Education or
even mention its importance as an objective, as Dany and Mary did in their syllabi. This
may be because the Lebanese prioritization of the official exams and high grades
requirements imposed on teachers as well as the lack of teaching certification
requirements for secondary teachers created constraints for STEs (El-Mouhayar &
BouJaoude, 2012), despite the new national curriculum emphasizing authentic and
inquiry approaches.
The course syllabi of both Marie and Dany emphasized “Content described by the
Ministry of Education and Early Childhood Development Curriculum” (Marie, S; Dany,
S). Their course syllabi and assignments were related to the provincial science
curriculum. I observed that they repeatedly discussed with their students their practicum
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experiences and how content was explained in the school setting. Marie reflected during
her interview that she discussed with her students the aspect of theory integration in their
practicum classroom setting by asking, “What’s that going to look like in the classroom
and if they’ve already tried something like that? If not, I propose a situation and allow
them to discuss how would they work it out” (Marie, I). This willingness to question her
students aligns with Aydin and Boz (2012) who stated that the science methods course
that integrates content knowledge, PCK, and field experiences at schools provides
preservice teachers with new tools to deconstruct pre-existing teacher centered teaching.
Contextual constraints seemed to be a major limitation for the STEs in the
Lebanese context. Lana and Lea both shared in their interview and were observed to
struggle between their mission to provide science teachers with current science
pedagogical skills and the normative pressure of school realities. This conflicting set of
expectations is reflected even further in the next section.
Intended vs. Delivered Curriculum
Sickel and Witzig (2017) defined secondary science methods courses as a
“specific university class designed to prepare preservice or in-service teachers to teach
science in secondary school context” (p. 1). For this study I focused on analyzing the
science content. In general, the main objectives of the four STEs, as indicated in their
course outlines, was to allow students to acquire the different teaching strategies,
methods, and techniques used in teaching science (Lana, S; Lea, S), investigate and
understand inquiry-oriented/active learning approaches to science education that relate
and can be applied to the [province] science curriculum (Dany, S), and develop scientific
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knowledge, approaches and teaching strategies, and technological tools for learning and
teaching science (Marie, S).
To better understand the practices the four STEs implemented in their courses, I
compared the intended curriculum represented by the secondary science methods course
content and syllabus each STE provided to the delivered curriculum represented by the
classroom observations and assignments. The designed or intended curriculum is the
institutional and program requirements contained in the learning objectives and course
syllabus, the delivered or enacted curriculum is the instructional delivery, and the
experienced or learned curriculum is what the students experience (Plaza et al., 2007).).
This procedure or curriculum mapping (Figure 5.1) aims at considering when, how, and
what is taught, as well as the assessment used to measure students’ attainment of the
learning outcomes (Harden, 2001).
Figure 5.1 The Declared Curriculum, the Taught Curriculum, and Learned Curriculum
may Differ (Harden, 2001)
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In Chapter 4 I described the course content, instructional methods, and strategies
each STE implemented in their secondary science methods course. Drawing from the
course syllabus, I created Table 5.2 to represent the intended course and learning
outcomes or objectives of the four STEs, Lana from University One in Lebanon, Lea
from University Two in Lebanon, Marie from University three in Canada, and Dany from
University four in Canada. Kang (2008) argued that identifying teaching goals and
practices provide clearer understanding of teachers’ actions in the classroom.
Table 5.2 Lesson Planning: Content and Learning Outcomes of the Four Cases
Course Lesson
Planning:
Content &
Learning
Outcomes
Lesson 1

Lesson 2

Case 1
Lana
Overview of
teaching
approaches and
strategies

Case 2
Lea
The Challenges
and purpose of
teaching science
and the role of
motivation

Discussion
method of
instruction and
lecturediscussion
strategy

Methods of
Instruction;
discussion and
questioning
strategies
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Case 3
Marie
Understand the
learning content
described by the
Ministry of
Education and
Early
Childhood
Development
Curriculum
The process of
producing and
disseminating
(epistemology)
of scientific
knowledge

Case 4
Dany
Understand the
learning content
described by the
Ministry of
Education and
Early
Childhood
Development
Curriculum
Practice and
theory relating
to teaching &
learning,
science
literacy& the
nature of
science
(Indigenous,
Western, &
other)

Course Lesson
Planning:
Content &
Learning
Outcomes
Lesson 3

Lesson 4

Lesson 5

Case 1
Lana
Cooperative and
collaborative
learning; Jigsaw
& think-pairshare technique

21St Century
Skills: 4 Cs
(Critical
thinking,
Creativity,
Collaboration,
Communication
)
Inquiry-based
learning;
inquiry learning
cycle, 5E model

Case 2
Lea
Nature of
Science;
scientific
literacy;
scientific skills,
knowledge &
context
(knowing the
real world)
Planning to
teach science:
constructivist
approach;
pedagogical
content
knowledge
Inquiry-based
learning;
inquiry learning
cycle, 5E
model

Case 3
Marie
The direction of
science
(biology,
chemistry,
physics)
programs in
high school

Case 4
Dany
Understand
inquiry learning
approaches that
relate and can
be applied to
the [province]
science
curriculum

The
development of
the three types
of knowledge
(conceptual,
procedural,
language) in
science
Formative
assessment
tools
appropriate to
science

Incorporate the
First Nations,
Metis, and Inuit
knowledge,
content and
perspectives
into all teaching
areas
Investigate &
understand
instructional
planning,
technical &
online
applications/
resources, and
assessment
Locate,
evaluate, create,
and employ
resources to be
used in science
teaching

Lesson 6

Problem-Based
Learning (PBL)
and ProjectBased Learning;
new trends in
teaching science

Problem-Based
Learning;
hands-on,
minds-on
learning

Technological
tools to
teaching &
learning science
in secondary
school

Lesson 7

Developing
lesson plans

Developing
lesson plans

Designs and
plans teachinglearning
situations
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Design &
demonstrate an
activity utilizing
various types of
teachinglearning
approaches (i.e.
inquiry, activelearning
approaches)

The intended course outlines of the four STEs (Table 5.2) emphasized approaches
that enhance students’ creativity, collaboration, communication skills, and scientific
skills. They stressed scientific literacy and authentic learning by integrating inquiry-based
approach, problem-based learning, project-based instruction, critical thinking,
experiential learning, and the scientific method. Constantinou et al. (2018) agreed that
concepts such as problem-based learning, project-based instruction, inductive thinking,
and the scientific method are already clear and familiar to many teachers, but the concept
of inquiry-based learning seems distant due to confusion in understanding the many
definitions proposed. In the following section I discuss how the STEs I observed applied
the inquiry-based approach in their classes. I compare the intended, delivered, and
received curriculum as demonstrated through students’ learning.
To help identify the link between the intended and delivered content and to
understand how the learning objectives were translated in their teaching, in the next
section I discuss and compare some of the strategies and practices I observed in the
STEs’ classroom and described in detail in Chapter 4. I focus on two approaches:
inquiry-based approach and nature of science. The practices emphasized below represent
the activities I described in Chapter 4 but do not represent all their classroom activities.
Inquiry-Based Approach. Inquiry-based learning was an approach highly
emphasized by the STEs I observed. Inquiry is a strongly advocated approach in Science
Education (Zhang, 2016; Constantinou et al., 2018). It is a learning process that actively
engage students and has implications for designing learning environments, for planning
teaching, and for assessing students’ learning achievements (Constantinou et al., 2018).
The STEs’ intentions to stress inquiry-based learning were clearly stated during the
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interview and/or in the course syllabus, for example: “Allow students to develop lesson
plans based on inquiry as 5E (Engaging, Exploring, Explaining, Elaborating, and
Evaluating) instructional model” (Lea, S). Marie’s objective was not only to allow
students to create and use inquiry-based learning activities (Marie, S), but to take inquiry
learning to higher level of effectiveness and distinguish between inquiry as a technique
and inquiry as an approach (Marie, I). That being stated, researchers (Riga et al., 2017;
Zhang, 2016) have argued that although inquiry-based learning has a long history in
science education, “the term has been used loosely by people to mean different things,
making it difficult to arrive at a clear and consistent definition” (Riga et al., 2017, p.
249). Dany, the STE at University Four, shared the same thoughts: “I’ve heard some
horror tales about people doing inquiry where they go, okay, kids, you’re going to
inquire, do whatever you want. No, that’s not right. You have to model something”
(Dany, I). Thus, to better understand how the STEs implemented inquiry in their
delivered learning, I built on Banchi and Bell’s (2008) framework to categorize levels of
inquiry (Figure 5.2). They considered inquiry-based learning as a continuum by which to
evaluate an activity’s level of inquiry. This framework can also be used as a tool for
assessing which of the “multiple levels of inquiry” (confirmation, structured, guided, or
open inquiry) a learner belongs to or is advancing toward (Riga et al., 2017).
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Figure 5.2 A Framework for Categorising "Levels of Inquiry" (Banchi & Bell, 2008)

To introduce her students to inquiry-based learning, Lana, STE at University One,
used PowerPoint slides to define inquiry and the phases of inquiry cycle (Ask,
Investigate, Create, Discuss, and Reflect). She then discussed the 5E instructional model
(Engagement, Exploration, Explanation, Elaboration, and Evaluation) (Lana, O). Students
worked in groups to prepare a lesson plan about a specific biology topic (Stages of
Meiosis) using the 5E instructional method. The second STE from Lebanon, Lea, started
her lecture about inquiry by probing students’ understanding of the concept. With a
PowerPoint presentation she then introduced students to the common misconceptions
about inquiry. Following that she displayed images of different planets. Students worked
in groups to observe, discuss, and write their thoughts about questions generated by those
images: “What lessons or concepts can we plan on teaching our students?” (Lea, O).
Finally, she went through PowerPoint slides to present a lesson plan model that
emphasized inquiry and presented an activity that could trigger students’ curiosity about
the solar system: “In a bottle of water, add glitter and detergent, spin in a circular motion”
(Lea, O). Lea might have demonstrated inquiry in other lectures by using different
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strategies, but my observations showed that although the question being probed was an
open inquiry, the way she presented the lesson plan and activity by reading instead of
conducting it with the students was a traditional method of direct teaching. My
conclusions were reinforced by observing students apply the 5E instructional model
through an activity they chose to demonstrate in front of their colleagues. The level of
inquiry demonstrated in their presentation was mostly structured inquiry. It was apparent
that they had not fully mastered inquiry skills. For instance, two students presented an
activity to identify acidic and basic solutions: “Today we are going to have fun, we are
going to do an experiment to identify which of the following solutions (tomato sauce,
baking soda, detergent, lemon juice, water, vinegar) are acidic or basic. We are going to
use a solution of red cabbage as an edible indicator” (Lea, O). The students managed to
engage their colleagues in questions, but they were mainly structured and directed
towards specific answers. They did not instigate critical thinking since they had already
identified the solutions and the indicator to be used. This leads to a conclusion that either
the students had not grasped the concept, the time or methods employed to explain the
approach were not enough, or they had never experienced in their school settings and
practicum any inquiry-based method of teaching. Modeling student-centered learning
strategies and assessment practices is critically important because most teacher
candidates have not experienced student-centered pedagogy (Darling-Hammond &
McLaughlin, 1995).
Both STEs in the Canadian context also engaged their students in inquiry. They
both asked students to read articles, used direct teaching to elaborate on the inquiry
approach, and then conducted an inquiry-based activity. Marie addressed a didactic

226

situation: “Doctors want to set the legal age for the purchase and consumption of
cannabis at 25! Are they right?” From this situation students planned the sequence of
eight periods of teaching using the 5E model. The question triggered students’ curiosity
and interest in science, society, and real life, while engaging them in the learning
intentions and methods of evaluation. The phases between engagement and elaboration
integrated a higher order of open inquiry where students had to elaborate on the science
content behind the situation from the point of view of chemistry, biology, and physics.
Students were asked to prepare arguments and discussions to assess learning. Open
inquiry allows students not only to conduct inquiry investigations, but also to provide
logical reasoning supported by evidence (Banchi & Bell, 2008). Marie used scientific
notebooks to assess her students’ scientific understanding and progress. The use of a
scientific notebook is considered to be a primary method to evaluate students’ scientific
understandings of the relevant science content (Banchi & Bell, 2008). During every
experiment conducted, students wrote in their scientific notebooks. They noted all the
information on how they collected data, analyzed results, justified their hypotheses by
referring to theory, and explained any source of errors if present. Examples taken from a
student’s scientific notebook showed that they grasped the scientific skills and methods
of inquiry. This was also evident in the way they discussed and presented their ideas and
analysis during the sessions I observed in Marie’s classroom.
The fourth STE at University Four, Dany, was a strong advocate of using an
inquiry-based approach to teach science. “We do inquiry several times. I do multiple
stations were students experience all levels of inquiry: structured, guided, and opened”
(Dany, I). In the class I observed, Dany gave each pair of students a battery, a light bulb,
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and a wire. He asked them to light that bulb in four different ways and diagram what they
found out. Dany then distributed prediction sheets to further test their understanding and
increase their level of thinking. To increase the level of engagement, Dany distributed
snap circuit kits to each group. Students had to investigate the snap kit and then discuss,
comparing the bulb, wire, battery versus the snap circuit. Students were highly engaged
during this activity.
Although the examples I provided above are not representative of all the lectures,
they demonstrate that the level of inquiry and engagement each STE employed was
different. In some cases, the intended course outlines didn’t completely match the
delivered curriculum. The reasons the Lebanese case didn’t show this match or used
lower levels of inquiry might be due to shortage of resources and absence of laboratories.
Barriers that prevent the use of inquiry in science classrooms include a lack of laboratory
and safety measurements (Wallace & Kang, 2004). Another barrier might be that this
approach was new to them, especially given that the STE themselves hadn’t experienced
those methods of teaching during their school context. Constantinou et al. (2018) argued
that teachers willing to embrace new approaches to education face dilemmas which may
rely on “their beliefs and values and which can be clustered in three dimensions:
technical, political and cultural dimension” (p. 18). I elaborate on this idea later in this
chapter as it is one of the key findings. Dagher and BouJaoude (2011) proposed the
importance of studying the degree of alignment between the intended, taught, and
learned/assessed curriculum because it would inform areas that need intervention. On the
other hand, Plaza et al. (2007) indicated that although there should exist a good alignment
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between the intended curriculum described in the syllabus and the delivered curriculum,
sometimes this is not the case.
Nature of Science. Nature of Science (NOS) is considered to be an important
component of science education (Clough, 2018; Lederman et al., 2013; Michel &
Neumann, 2016) and is included in science education reform documents (National
Research Council, 1996; NGSS Lead States, 2013). Nature of science is considered as the
“the epistemology of science, science as a way of knowing, or the values and beliefs
inherent to the development of scientific knowledge” (Lederman et al., 2013, p. 140).
Despite consensus on the importance of teaching NOS, Clough (2018) argued that for
teachers to implement NOS they should have a thorough understanding of science
content and the history, philosophy, and sociology of science. Clough (2018) argued that
not only education policies and standard documents impact teaching and learning NOS,
but also teacher education programs.
In this section I compare how the STEs I observed stressed the nature of science.
In the intended course outlines Lea, from University Two in Lebanon, mentioned that she
would emphasize “Nature of Science; Scientific Literacy; Scientific Skills, Knowledge &
Context (knowing the real world)” (Lea, S). Marie, from University Three, stressed “the
process of producing and disseminating (epistemology) of scientific knowledge” (Marie,
S). Dany, from University Four, mentioned in the course outline that he would elaborate
“practice and theory relating to teaching & learning, science literacy & the nature of
science (Indigenous, Western, & other)” (Dany, S). I chose only three of the four STEs
because Lana from University One didn’t include NOS during my class observations. I
have already elaborated on the descriptions of the delivered content in Chapter 4.
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The intended objectives or outcomes Lea listed in her course outline reflected
what the research referenced above defines as the nature of science (NOS). “Nature of
Science; Scientific Literacy; scientific skills, Knowledge & Context (knowing the real
world)” (Lea, S). In the delivered course Lea used an activity called Scrambled Sentence
to stimulate students’ thinking about how scientists work with the tentative nature of
scientific knowledge and about science as an ongoing endeavour. She also used
PowerPoints to explain the nature of science and the three domains of science that are
critical to developing scientific literacy. How did this activity allow students to
experience nature of science and context? The answer was discussed by Clough (2018),
who stated, “too little time exists in science methods courses to promote a deep and
robust understanding of the NOS and NOS pedagogy and prepare teachers for the fierce
institutional constraints they may face in attempting to teach about the history and nature
of science” (p. 3).
The method Marie implemented was coherent and consistent with her teaching
strategy. She always emphasized theory through article discussions before moving to the
practical part. Marie provided her students with four paper towels and asked them to
investigate which paper towels were most absorbent. Students were asked to design an
experiment using the different parts of a scientific investigation. They had to use their
scientific notebook to write down all the information throughout the experiment. They
had to research theory behind the absorbency of paper towels, to observe, write
hypotheses, and identify variables and indicate how they were measured and controlled.
Students also created an organizational chart that included a scientific and rigorous
approach to test the four types of paper towels. Finally, students had to collect data,
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analyze results, justify their hypotheses by referring to theory, and explain any source of
errors if present. Marie used an Explicit Pedagogical Approach to engage her students in
the learning of NOS. An Explicit Pedagogical Approach to teaching NOS “provides
inquiry-based learning opportunities with the added instructional component of specific
attention to NOS aspects” (Schwartz et al., 2004, p. 614). This approach includes
instructions, discussions, guided reflection, and questioning geared towards various
aspects of NOS (Lederman et al., 2013; Schwartz et al., 2004).
Nature of science, investigations, collecting data, and reflection were also
embedded in the practices of Dany, the STE at University Four. He was the only STE
who involved his students in community-based projects, science fairs, and classroom
activities from both Western and Indigenous perspectives. He emphasized scientific
methods and skills rather than the science content. For example, in the puzzle activity
detailed in Chapter 4, students in groups were given a part of jigsaw puzzle. They had to
put it together and from the data provided make informed guesses about what the whole
puzzle looked like. Then each group had to publish two papers. The first was a data
paper, which reported what they had learned and the second was a theory paper, which
contained guesses about what the big picture of the whole puzzle was. Dany aimed at
introducing students to NOS and how scientists work through this activity.
Lea, Marie, and Dany intended in their syllabi to introduce students to NOS.
Comparing the delivered outcomes showed that each of the STEs had a different
approach to and applications of NOS. Lea emphasized the notion and domains of NOS,
but these didn’t reflect the intended course outcome. On the other hand, Dany
emphasized scientific investigation and methods through the activity students performed.
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Marie’s delivered outcomes were coherent and consistent and reflected an Explicit
Pedagogical Approach to teaching NOS (Schwartz et al., 2004). According to Lederman
et al., (2013), understanding the aspects of NOS helps students recognize the values and
beliefs underpinning scientific knowledge and its development, but what matters are the
inquiry experiences, discussions, questioning, and reflection that supports understanding
of NOS and how it connects to scientific practices.
Authentic Learning. Authentic learning is an instructional approach that allows
students to explore and construct knowledge and skills that promote real life applications
(Rule, 2006). In my research, some STEs engaged their students in authentic learning
practices without deliberately naming the approach as authentic learning. To highlight
their practices, I elaborate on the themes and components described in Rule (2006).
Authentic learning is a pedagogical approach that allows students to explore and
investigate authentic tasks related to real-world problems beyond the classroom
(Christmas, 2014; Rule, 2006). Examples of those approaches are, project-based learning,
the case method, problem-based learning, cognitive apprenticeship (Collins et al., 1988),
as well as constructive learning and collaborative problem solving (Rule, 2006).
Rule (2006) identified four themes supporting authentic learning through the
analysis of forty-five articles. The summarized themes are:
1) the activity involves real-world problems that mimic the work of professionals
in the discipline; 2) open-ended inquiry and thinking skills are addressed; 3)
students engage in discourse and social learning in a community of learners; and
4) students are empowered through choice to direct their own learning in relevant
project work. (Rule, 2006; p. 2)
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Lana, the STE at University One, stated in her interview that problem-based
learning (PBL) is effective in teaching biology: “PBL approach helps students acquire the
skills of critical thinking and problem solving” (Lana, I). Both Lea and Lana used group
work and problem solving as part of authentic pedagogy and the inquiry level
emphasized was structured rather than open-ended. The Lebanese context and constraints
might be one of the reasons for this choice. But from my personal experience with the
Lebanese context I believe that, in addition to the contextual constraints, science teacher
educators themselves haven’t experienced inquiry and it’s all a new process of learning to
them.
On the other hand, authentic pedagogy was one of the major practices in the
Canadian context. Rule’s (2006) first and second themes were applied in both Marie’s
and Dany’s classrooms. I have already elaborated how they both implemented open
inquiry and activities that involved real-world problems that mimicked the work of
professionals. As an example, Marie addressed the question, “Doctors want to set the
legal age for the purchase and consumption of cannabis at 25! Are they right?” Dany
engaged students in developing a portfolio to propose carbon management strategies,
through the stabilization wedges activity. This activity not only taught students about the
scale of the greenhouse gas problem and the technologies that already exist to
dramatically reduce carbon emissions, but also engaged them as decision makers in a
real-world issue.
Dany was the only STE who applied the four themes of authentic pedagogy (Rule,
2006). Through the various examples on his teaching practices I have detailed in Chapter
4, Dany engaged his students in discourse and social learning, from science fairs, to case
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studies, to projects that involved students within the community. The most important and
unique aspect of Dany’s practices in applying authentic learning was theme four:
“students are empowered through choice to direct their own learning in relevant project
work. (Rule, 2006; p. 2). As part of their assignments, Dany gave students the
opportunity to choose their community project or conduct what he proposed. For
example, he told them about a lady he had met at the market who used natural products to
dye clothes or other stuff. He suggested, “you can talk to her and study the chemistry she
is doing and present a report” (Dany, O). Another option was to work with an Elder in a
reserve on water treatment. Dany told them that he had been contacted by the education
program coordinator at the zoo, who was interested in having student teachers develop
science resources for students aged 14 and older. Thus, Dany incorporated authentic
learning in a robust and meaningful way that allowed learners to work with colleagues or
community members to solve problems in a specific context (Rule, 2006).
Finally, practicums are considered to be authentic learning opportunities where
preservice teachers get involved in local communities (S. C. Brown & Kysilka, 2002;
Rule, 2006). However, my multiple case study was limited to examining the STEs’
practices in the secondary science methods course.
Emphases on some Approaches, Strategies, or Concepts. Table 5.1 earlier in
this chapter summarized the strategies and approaches STEs incorporated in their
methods course syllabus. It shows that there were almost 19 instructional strategies that
varied from one STE to another. In my discussion and data analysis I chose to focus on
certain strategies for two main reasons. First, some STEs emphasized similar teaching
methods, but my class observations demonstrated differences in how those strategies
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were approached. To increase validity, I chose to focus on the strategies included in both
the course syllabus and my classroom observations such as, inquiry-based, Nature of
Science, and authentic learning. Second, it was important to discuss some of the
approaches STEs employed as they represented noticeable contradictions. For example,
the term 21st century skills were only highlighted by Lana although it contradicted with
her University’s context, policies, and assessment strategies. To further understand my
point of view, I elaborate and compare how assessments have been conducted.
The Dilemma of 21st Century Skills. Lana emphasized the 21st century skills in
her interview, course syllabus, and classroom observation. She believed that students
should have good communication and technological skills: “you have to be a critical
thinker, a leader, and creative or other-wise you won’t have chances in the 21st century”
(Lana, I). 21st century skills refer to a broad set of skills and knowledge consisting of
four main domains: digital age literacy, inventive thinking, effective communication, and
high productivity (Turiman et al., 2012). In Table 5.1 we can notice that STEs
emphasized scientific literacy, critical thinking, problem solving, and communication and
collaboration skills without mentioning 21st century skills. Researching the meaning of
21st century skills revealed that the set of competencies needs to be embedded in science
learning, from scientific skills, to digital literacy, technological competences, creativity,
social skills, and leadership. This raised an important question: Are a few lectures within
a few weeks’ course enough to train teachers to grasp those skills and apply them in their
future career? Was the information Lana provided in her lecture on the 4C’s (Critical
thinking, Communication, Collaboration, and Creativity) of 21st Century learning enough
to say that her students were ready to teach the 21st century skills? Lucas (2019) wrote
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about why we need to stop talking about 21st century skills. Although widely used over
the last decade, he argued that “the notion of twenty-first century skills both delights and
infuriates” (Lucas, 2019, p. 3). It definitely encourages educators to ask profound
questions about learning, but it became increasingly irritating, given that there is no clear
consensus on what those skills are. “The language of twenty-first century skills can so
easily perpetuate a misunderstanding about how knowledge and skill are applied in the
real world, underestimating the role of habit and context” (Lucas, 2019, p. 5). It is
important to consider that teachers are sometimes reluctant to move away from traditional
methods of teaching (Iwuanyanwu, 2019). The challenging debate about teaching the 21st
century skills concept is not only about incorporating those skills into our teaching, but
also about creating an adequate learning environment and assessment tools to measure to
what extent students have acquired those skills. This includes structures, tools, and
communities that inspire students and educators to attain the knowledge and skills the
21st century demands. (Partnership for 21st Century Skills, 2009).
Assessment Methods. Assessment serves instructors as a tool to provide feedback
about students’ performance and learning (Rieg & Wilson, 2009) in addition to the
effectiveness of their classroom instruction (G. Smith, 2007). To compare the assessment
practices used by the four STEs I refer to (Goubeaud & Yan, 2004), who examined
teacher educators’ teaching methods, assessments, and grading. Their framework was
based on constructivist teaching methods and performance-based assessment strategies
that require teachers to be facilitators and actively engage students in authentic learning.
The criteria used to examine assessment strategies of teacher educators was categorized
in terms of traditional or performance-based assessments (Goubeaud & Yan, 2004).
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Traditional assessment was considered as traditional paper-and-pencil and multiplechoice tests, while performance-based assessments “require students to integrate their
skills to solve a complex problem through an active learning experience” (Goubeaud &
Yan, 2004, p. 4).
The contextual analysis and role of power in decision making discussed earlier
provides an understanding of the education system in both Canada and Lebanon. I have
already explained that the Lebanese education system is based on exams and grades. The
final exam in both Lana’s and Lea’s courses was based on definitions, multiple-choice
questions, and open-ended questions related to the entire course. “Students have to be
well-prepared for the content in advance to be able to respond to the questions” (Lea, I).
They used a traditional method that relied on memorization and recall of information
because “those policies are set by the university” (Lana, I). Despite Lana’s beliefs in
student centered methods and importance of change, the best she could do or was allowed
by the faculty administration was “implementing for the first time a new way of
evaluating her students in the partial exam that counts for 20%” (Lana, I). Instead of
giving them an individual paper-and-pencil test that relied on recall of information, Lana
asked them to work in groups to prepare a lesson plan about a specific biology topic. She
explained during the interview that teacher educators have the freedom to select their
method of evaluation in the partial or midterm exam but not in the final exam, which
counts for 60%. She explained that “unfortunately, there is a problem in the evaluation
system in Lebanon. Grades don’t reflect on whether the students understood or not, …
because our students as well as the curriculum, are lost between memorization or inquiry”
(Lana, I). Lea also shared her frustration about this contradiction that “you prepare us to
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use pedagogy, but those methods and skills you taught us at the university are not
accepted by the coordinator at school. We don’t have time to implement strategies like
inquiry, creativity” (Lea, I). The fact that assessment and evaluation in Lebanon focus on
official/national exams “encourage teachers to continue to prepare students for the test
and not for the broader and reformed curriculum goals” (Dagher & BouJaoude, 2011, p.
84).
The Canadian STEs modeled performance-based assessment strategies that
involved students in authentic tasks relevant to their future teaching career. Marie, the
STE at University Three, attributed 25% of the total grade to assigned readings, response
to questions, and group work. The remaining 75% was awarded for assigned projects
(Marie, S). The projects were about a didactic sequence and didactic situation on a
science concept, where each student was required to administer inquiry method(s), an
investigation process, questioning, intellectual skills, technological tool(s), and formative
assessment tools. All projects were accompanied by written justification in which
students had to demonstrate pedagogical knowledge, specify the theory-practice link, and
provide the references used. In addition, aligned with the goal of University Three,
students’ French language skills were evaluated. Along the same lines, Dany not only
implemented performance-based assessment strategies, but he also used an authentic way
of assessment. He empowered students by giving them choices to direct their own
learning in relevant project work (Rule, 2006). Dany followed two approaches, where
students chose to follow either a contracted approach or a structured approach. The
contracted approach included Core work (75%) and Additional Development Activities
(ADA) which were flexible to up to 25% depending on the project the student chose.
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Students had the opportunity to negotiate their assignments, to “choose things that are
interesting and relative to them and give voice to how they want to do their own
development as science educators” (Dany, I). Projects, assignments, and the final exam
were based on inquiry, reflection, and involvement in community and school-based
projects. Here is an example of one of his assessment questions: “You’re going for a job
interview and they’re going to ask you what’s your idea of good science teaching and
how would you do it” (Dany, I). Students had to write at least four pages and use articles
to reinforce their ideas. Assessments linked to community and practice increase the level
of students’ engagement and authenticity of tasks (Mitchell, 2014).
As shown in Table 5.3 below, there were significant differences between the
Canadian and Lebanese assessment practices. While the Lebanese STEs’ assessment
strategies were traditional and based on recall of information, the Canadian STEs
modeled student-centered strategies that actively involved students in authentic projects
that informed their future practices. Goubeaud and Yan (2004) argued that performancebased assessment practices require students to integrate their skills to solve complex
problems and authentic tasks, while traditional paper-and-pencil assessments “limit the
amount of complexity involved in the assessment and decrease the authenticity of the
task” (p. 4). Yet, the Lebanese STEs are not to be blamed. I agree with the analysis of
Dagher and Boujaoude (2011), who stated that emphasis on academic orientation and
assessments, in addition to limited resources, makes it difficult for teacher educators.
This is what Lana and Lea shared during the interviews, as the Lea stated that “the
teaching methods and assessment framework are mainly traditional. This leads students
to memorization and not critical thinking” (Lea, I).
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Table 5.3 Assessment Practices (Goubeaud & Yan, 2004)
STE/University
Traditional
Assessment
Performancebased
assessments

Lana
Univ. One

Lea
Univ. Two

✓

✓

Marie
Univ. Three

Dany
Univ. Four

✓

✓

Finally, all STEs stressed the importance of attendance. Students were assessed
for class attendance and participation. Attendance has been identified in literature as an
effective and recommended assessment tool related to the success of students (Rieg &
Wilson, 2009).
Conclusion
This chapter included cross-case analysis of the practices the four Science
Teacher Educators (STEs) in Canada and Lebanon emphasized in their secondary science
methods course. Data analysis showed how the STEs’ beliefs and experiences shaped
who they were as professionals and how their journey influenced their practices.
Contextual constraints (like obsession with testing), economic limitations, and lack of
science laboratories diminished the ability of the Lebanese STEs to apply some of the
approaches in science education they stated they valued and wished they could integrate
into their classes. The Canadian context facilitated the work of the STEs through more
consistent links between the national/provincial curriculum, teacher education priorities,
public/private schools, and assessments.
In the final chapter, I conclude my research discussion with an exploration of my
key findings and their implications for science education in Canada and Lebanon. I
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discuss the delimitations of my study and the limitations that must be considered when
seeking to apply my findings to STE practices. I make recommendations for science
teacher educators and for future research.
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Chapter 6: Discussions and Implications
This work came to light as a result of my personal motivation to understand how
science teachers were prepared in two different contexts, what science teacher educators
(STEs) emphasized in their secondary science methods courses, and why they might
stress certain approaches over others. The paucity of literature documenting the practices
of STEs indicated a gap in the field and provided the motivation for me to study the
practices and instructional methods of STEs through a comprehensive case study. I
considered the teaching strategies, techniques, tools, and methods employed by teacher
educators in addition to the social and cognitive components of teaching (Grossman &
McDonald, 2008).
When I wrote my proposal, my goal was to document the major practices of STEs
in their approach to teaching secondary science methods courses. Review of literature
indicated the strategies K-12 science teachers should emphasize, but there was dearth of
literature on how science teachers were prepared in real context. The data collection
process I experienced in being physically present in STEs’ classrooms to observe,
interview, and document their practices disclosed key findings beyond the skills,
approaches, or strategies teachers needed to teach secondary science. Those findings
revealed that context, political power, and policies influenced course content. The
learning environment—physical setting and learning spaces or social environment—also
had an impact on STEs’ teaching methods. The personal beliefs and personality of each
STE affected their teaching approaches directly or indirectly, as did their relationship
with their students.
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Summary of the Study
The main goal of my study was to document the stories, present an authentic and
narrative description of the practices of STEs, and contributing to the knowledge base of
teacher education practices in different contexts, settings, and cultures (Berry & Van
Driel, 2013). This multiple-case study involved four cases: two Canadian STEs and two
Lebanese STEs, whom I observed and interviewed as they were instructing secondary
science teaching courses. Chapter 1 included an introduction to my research and Chapter
2 the review of literature. Chapter 3 included a description of the research methodology. I
adopted the case study protocol proposed by Yin (2009, 2017). I applied the three
strategies for improving construct validity, which include multiple sources of evidence to
allow for triangulation and development of converging lines of inquiry, member
checking, and logic of replication. I used multiple sources: detailed field notes from
observations and recordings, interviews, course designs, and available artifacts. This gave
my findings credibility, reduced subjectivity, and allowed me to link data to the research
questions. In Chapter 3 (Table 3.1) I provided details of how I replicated time boundaries
and data collection in each of the Lebanese and Canadian sites. Logic of replication and
monitoring time boundaries create reliable case studies (Yin, 2017). Although the number
of participants in each institute and country was few and was not representative of all
science teacher educators, targeting a larger number of participants wouldn’t have
provided a rich description of each individual case. This was demonstrated in Chapter 4,
where I provided thorough and consistent description of each individual case and allowed
the reader to have a holistic view of each STE, from their personal and professional
experiences, to their beliefs, concerns, course syllabus, and a snapshot of classes I
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observed. In Chapter 5 I discussed in detail the data that emerged through recurrent
themes: Personal, Professional, and Philosophy of Teaching; Contextual Analysis; and
Content and Pedagogical analysis. Those headings were inspired by the work of Goodwin
and Kosnik (2013), who suggested five essential knowledge domains as a basis for
organizing teacher education preparation.
In the following section, I discuss and interpret the major key findings of my
study. I also provide answers to my research questions:
1.

What are the major practices of science teacher educators (STEs) in their
approach to teaching a secondary science methods course?

2.

What are the STEs’ concerns and main purposes when preparing preservice teachers to teach secondary science?

3.

How do the STEs’ prior professional and personal experiences shape
their approach to teaching secondary science?

4.

How does the cultural context affect the teaching methods and choices
the STEs make for their courses?

5.

How do STEs address teaching science in culturally diverse classrooms?

6.

What weighting do the STEs place on content and pedagogy in their
courses?

Finally, I offer implications and recommendations for future practice and future
research. I conclude with a narrative detailing how this research has impacted my views
as an emerging science teacher educator who has practiced their craft in three different
national contexts (Lebanon, France, and Canada).
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Discussion of Key Findings
In the previous chapter, I presented my data using the first three knowledge
domains inspired by Goodwin & Kosnick’s (2013): Personal, Professional, and
Philosophy of Teaching; Contextual Analysis; and Content and Pedagogical analysis. In
this section, I cut across those domains to describe key findings and discuss how studying
the practices of the four STEs informed my research questions. Some of the titles I use to
present the major key findings were inspired by the words of STEs. The order in which I
have chosen to present my key findings is based on the factors that affected the practices
of STEs.
First Key Finding: STEs’ Practices Extend Outside of the Box due to System Contexts
I agree with Marie, the STE at University Three, who stated: “Science requires
you to think outside of the box” (Marie, I). I also believe that thinking outside the box
pertains to my research, which not only entailed documenting and understanding what
was going in the real classroom setting, but extended the vision outside the box by
requiring me to comprehend how the science methods course and STEs’ practices were
contextually influenced. There have been calls in literature to extend research beyond the
classroom. For instance, Clift and Brady (2005) stated that many studies examined
teaching techniques rather than the context of methods course or teacher education
programs. My research findings align with those of Wideen et al. (1998), who argued that
researchers should explore and understand how individuals, courses, programs, and
institutions are inter-dependent. Indeed, my study shows how secondary science methods
courses at the four institutions were contextually dependent and influenced by factors
such as location, socio-political situation, and socio-economic realities.
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As discussed in Chapter 5, the interviews I conducted with each STE and my
classroom observations not only enriched my data but also allowed me to compare the
consistency between the delivered and intended course syllabus and to elaborate on the
role of contextual influences on STEs’ practices. For example, while all four STEs
stressed an inquiry-based approach in their course syllabi, data from classroom
observations allowed a comprehensive analysis of how each STE implemented inquirybased learning. Analysis from documented class observations (Figure 5.2) showed that
the Canadian STEs, Marie and Dany, used open inquiry while Lana and Lea in Lebanon
applied structured inquiry. This conclusion would be unfair and perhaps biased if I did
not explain the reasons for this difference. How are we supposed to ask STEs to
implement hands-on activities or open inquiry when there is no access to laboratories or
when minimal resources are available? Is it fair to compare Lana and Lea, who were
doing their best to prepare their teachers to use innovative pedagogical skills despite the
socio-economic reality and minimal resources available, to the Canadian STEs whose
institutions were well-equipped? These questions left me wondering whether the
universities I had visited in Lebanon or in Canada were representative of other
universities in those contexts. Having lived in Lebanon and knowing the education
system and institutions, I would say that this is the reality of the public system, which is
completely funded by the government. The private institutions vary depending on their
affiliation, funding sources, and tuition fees. For instance, University Two in Lebanon
had much lower tuition fees than other private universities and other elite universities,
which in all likelihood are better equipped with laboratories and digital resources. This
discussion confirms my finding about how the science methods course depends on the
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socio-economic reality as well as other contextual factors. That being said, it was
imperative to explore the context of the institution and province/country in which each
STE was working, as well as how those factors influenced the syllabus/content and
practices of STEs.
In Chapter 5 I discussed the practices of each STE and related their choices to the
larger context. I used “curriculum/education identity” to refer to the continuity and
alignment between teacher education programs and K-12 curriculum. Although both
countries have a national/provincial curriculum, the education system in Canada had a
more defined education identity set by policies, departments of Education, and teacher
education programs. The secondary science methods course was aligned with the school
secondary science curriculum. In the Canadian institutions I visited, their context was
dependent on the location of each institution and on provincial funding. For example,
University Four is located in a province that embraces Indigenization and reconciliation.
As Dany mentioned during his interview, school boards stress Indigenous knowledge. In
his course he therefore emphasized how Indigenous science compares to Western science
and used methods to incorporate Indigenous knowledge in K-12 science. In contrast,
University Three’s goal was to offer training programs while focusing on the various
challenges facing Canadian Francophonie students. The course content aligned with K-12
francophone curriculum and skills for teaching science in a minority language setting to
develop interest in science (Marie, I). The Lebanese education system lacked this national
consistency due to top down policies and internal and external factors (such as a variety
of different national and international accrediting agencies) as well as the domination of a
private education sector that captured 71 percent of Lebanese students in 2018 (Abdul-
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Hamid & Yassine, 2020). In Lebanon, teachers do not need a teacher education degree or
certification to be recruited into private schools (Abdul-Hamid & Yassine, 2020). While
private schools are required to address the national curriculum, they are not bound to the
public texts in science (Jarrar et al., 1988). This created tension between teachers, the
Ministry of Education, teacher education programs, and schools. Lena expressed this
tension with sadness during the interview, saying “it would be great if student teachers
applied 10-15% of the pedagogical skills they have learned at the faculty of education”
(Lea, I). Although Lea’s statement speaks to the education system in Lebanon, Brouwer
and Korthagen (2005) confirmed that in many countries and contexts there is lack of
transfer from teacher education to practice. Cole and Knowles (1993) indicated that
preservice teachers’ idealistic images of teaching changed when they were confronted
with teaching realities. This was confirmed by one of the Canadian STEs I interviewed,
who said: “what happens a lot is they go into the classroom and they fall prey, victim I
should say, to old ways of teaching” (Marie, I).
The institutions in Lebanon are influenced by the presence of several foreign
curricula and certificates. Most teacher education programs adopt foreign models of
higher education (Freiha, 1997). Does embracing a foreign curriculum prepare future
teachers for the Lebanese context? In my opinion it is possible to use some successful
methods or strategies from other countries, but only if they fit to the educational context.
Studies conducted by Akkary (2014) and Akkary and Greenfield (1998) concluded that
researchers, educators, and policy makers adopt western ideas as “universal truths”
(Akkary, 2014, p. 719) in their research and practice without taking into consideration the
cultural context, challenges, and realities of Lebanese schools and communities. Those
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universal truths have impacted the practices of Lebanese STEs, who have to follow the
general goals and outcomes set by their institution, which in turn obtains accreditation
from international agencies to improve their service and attract more students (ElMouhayar & BouJaoude, 2012). Thus, the practices of STEs couldn’t be studied in
isolation from their context, whether socioeconomic, language, location, and/or sociopolitical. The complex context in Lebanon, as well as the geographic and language
context in Canada, strongly influenced the STEs’ course content, teaching methods, and
reasons to focus on certain approaches.
In addition to the influence of context on STEs’ practices, every STE brought
different sets of personal and professional beliefs, philosophies, and vision to their own
classroom, which also influenced their teaching strategies. My research findings were
consistent with Wideen et al. (1998), who argued that instructional content and
procedures are seldom replicated between different teachers. We cannot consider them as
operating in isolation from programs, teacher education structures, and context. As a
result, it wasn’t possible to study the secondary methods course and practices of the four
STEs in isolation from their context and stories.
The first key finding was the importance of context in shaping the education
system and how the secondary science methods course couldn’t be studied in isolation
from the bigger picture of the program and the system. This discussion leads to the
second key finding, which responds to one of my research questions on whether the
cultural context affected the teaching methods and choices the STEs made for their
courses.
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Second Key Finding: Context Mattered and Influenced Content and Practices
Regardless of the context, the four STEs demonstrated passion and enthusiasm for
teaching science. They implemented various strategies that promoted creativity, critical
thinking, communication, and collaboration. Table 5.1 provides a response to the major
question of my research: What were the major practices of science teacher educators
(STEs) in their approach to teaching secondary science methods course? The four STEs
emphasized instructional approaches that used inquiry, nature of science, and authentic
learning. Teaching strategies such as authentic learning, cooperative learning, and group
work tend to promote active engagement of all learners (Goubeaud & Yan, 2004; Pierce
& Kalkman, 2003). As I interviewed and observed STEs engaging with their students in
their teaching context, analyzed their course syllabus, and compared how the intended
course outcomes or objectives were delivered in the real classroom context, I saw some
variance in how those strategies were implemented by each science teacher educator
(STE). Darling-Hammond (2006) argued that there has been lot of discussion about the
structure of teacher education, but “less discussion about what goes on within the black
box of the program” (p. 306). Thus, my aim was not only to list the strategies emphasized
by the four STEs but also to delve into how and why those methods were implemented in
their secondary science methods course.
Wursten and Jacobs (2013) studied whether best practices affected the quality of
education and ranking of countries, were best practices was defined as “approaches that
systematically lead to higher quality education” (p.1) They found that best practices
differ from one context to another and comparing or ranking any education system should
take into account the country’s cultural context. Therefore, to understand why and how
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different strategies were included in each of the secondary science methods courses I
observed, it’s important to understand the educational context of each country and
institution as well as the curriculum mapping discussed in Chapter 5 (Figure 5.1), which
aimed at considering how and what is taught and assessment methods used to measure
students’ learning outcomes (Harden, 2001). As a result, another key finding is that the
STEs’ choices about what to include in their courses and how to assess their students
were contingent on the cultural context. I refer to educational culture or cultural context
as the fundamental values of a society and education system—what is expected or not
from the teachers, students, and learning experience (Morera & Galvan, 2019; Wursten &
Jacobs, 2013). Hofstede (1986) argued that people in every country are characterized by
values that are developed from childhood and substantiated in schools and organizations.
Thus, “the how and what of education is very much connected to the culture of the
country” (Wursten & Jacobs, 2013, p. 4).
To understand the education culture of both Canada and Lebanon, I refer to
Hofstede (2001), who defined culture as “the collective programming of the mind which
distinguishes the members of one group or category of people from another” (p. 10).
Hofstede provided five dimensions to help understand the teaching/learning processes
across countries and to analyze the differences in educational policies and teaching
methods (Wursten & Jacobs, 2013; Yoo, 2014). Hofstede’s cultural dimensions theory
aimed at quantifying the differences among cultures through five fundamental clusters or
dimensions, one of which is Power Distance Index (PDI). He defined PDI, as “the extent
to which the less powerful persons in a society accept inequality in power and consider it
as normal” (Hofstede, 1986, p. 307). Hofstede (1986) and Hofstede et al. (2010) argued
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that this dimension is evident in the classroom. For example, Hofstede (1986) stated that
in low power distance classrooms, teachers offer students outline paths to follow, while
in high power distance classrooms parents teach children obedience, students expect the
teacher to provide more directives, and approaches to teaching are more teacher-centered.
Canada scored 39 while Lebanon scored 75 on Hofstede’s power distance index. How do
those numbers of PDI inform my study? Hofstede (1986, 2001) argued that lower PDI
reflects countries, such as Canada and some other Western countries, that lack status and
hierarchy, encourage empowerment, implement student-centered education, and where
power is decentralized to involve all stakeholders. As PDI gets higher, we face an
educational culture in which students are used to structural learning with strict
evaluations, where people accept top-down policy decisions by government. The
numbers and analysis presented by Hofstede’s study offer insight into how educational
culture and social hierarchy may have influenced my study. It helps us to understand how
individuals in Canada and Lebanon learn, how they have been taught, what teaching
styles and methods are used, and the objectives of the education system and assessment
tools. In Lebanon there was a contradiction between what the STEs believed and aimed at
doing versus what the institutional and education context in general imposed. This
contradiction is due to the large number of private institutions with different identities
and affiliations who seek accreditations from international agencies (Nasrallah, 2014). On
the contrary, the learning outcomes in Canadian institutions were reflected in the teaching
methods and strategies, taking into consideration the contextual vision of each university.
I argue that science curriculum in Canada is more cohesive than that in Lebanon
due to the educational structure, assessments, and contextual realities, whether
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geographical, political, or socioeconomic. Although Canada doesn’t have a national
identity, as education is provincially and territorially mandated, science education is
overseen by the work of Council of Ministers of Education Canada (CMEC), which
provides consistency through programs (Tippett & Milford, 2017). The inconsistency
between intended, delivered, and received curriculum is blamed on the whole education
system. “Centralization of decision-making power is a salient characteristic of the
Lebanese education system” (Abdul-Hamid & Yassine, 2020, p. 16) due to the absence of
precise objectives and standards, political influences, an increasing number of private
schools and institutions, top down policies, the seeking of international accreditation, and
a lack of consistent expectations of teachers between the Ministry of Education, teacher
education programs, and schools (Abdul-Hamid & Yassine, 2020; Akkary, 2014; Dagher
& BouJaoude, 2011; El-Mouhayar & BouJaoude, 2012; Freiha, 1997). Overall, the
science curriculum in Canada is more cohesive than that in Lebanon.
Students are Lost Between Memorization and Inquiry. In the Lebanese
context, the notion of student-centered teaching and learning failed because “the
syllabuses and the learning outcomes were either based on benchmarking or copied from
an accredited university’s Web site, and this was usually done by the administration and
not by the faculty members themselves” (Nasrallah, 2014, p. 265). Consistent with
Nasrallah (2014), my findings showed inconsistency between the syllabus and learning
outcomes or intended and delivered outcomes. Nasrallah (2014) found that summative
assessments were imposed by the institution and were designed based on content and
recall of information rather than on understanding and learning outcomes because
“faculty members were held accountable for transmitting knowledge within a specific
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time frame” (Nasrallah 2014, p. 266). This finding holds accountable not the STEs, but
rather the administrative and institutional policies as well as the larger education context
in the country (Allawneh & Mallah, 2008; Ebrahim, 2010; Nasrallah, 2014).
My results are supported by previous research but are also reflected in my
personal experience. As a high school science teacher in Lebanon, I aimed to implement
hands-on activities despite minimal resources being available during the civil war. I was
confronted with demands and expectations from school principals to focus on achieving
high grades, especially on official exams. My teaching style was more teacher-centered to
cover all the material needed and guarantee good grades for my students. This teaching
style was related to the educational culture within which I was raised and by expectations
set by the system. As I started my PhD program, I expected a road map for my
dissertation and what to do. This is evidence of what Hofstede (2001) stated, which is
that students in lower PDI countries expect directives for the process to follow. As I was
assigned teaching sessions, I felt uncomfortable because my teaching style, which was
based on lecturing, didn’t align with the Canadian objectives and learning styles, which
encourage discussions, critical thinking, and student-centered methods. This juxtaposition
of my personal experience with part of my culture should demonstrate to the reader what
I mean by education/cultural context. What I witnessed in Lebanon all those years later as
I observed Lana and Lea was two STEs who believed in change but were bounded by
cultural obstacles and restrictions. This also responds to my research question on how
STEs’ personal experience and beliefs shaped their approach to teaching secondary
science methods, which I will discuss later. For example, Dany not only focused on
Indigenous knowledge, but also on science fairs, field trips, and case studies. His
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practices reflected the educational culture of his province, but also his beliefs in authentic
and experiential learning. On the other hand, while the Francophone culture dominated in
Marie’s practices, the Canadian educational culture and goals were still presented through
student-centered methods and inquiry-based learning.
The Lebanese STEs were teaching with minimal resources and no physical
laboratory, in addition to existing constraints between the STEs’ beliefs, policies set by
the institutions to align with accreditation agencies, and an education system that
considered testing to be a measure of students’ learning and schools’ effectiveness. Those
constraints were raised by Lana, who considered that the course syllabus at University
One to be dated. Although she tried to bring changes and innovation to the methods of
teaching science course, “the new teaching methods contradict with how evaluations are
done, so our students are lost between memorization and inquiry” (Lana, I). Lea also
shared during the interview her concerns about the tension between incorporating new
teaching strategies and assessments. She hoped my research would present solutions.
Research (Gallagher, 1991; Kang, 2008) has confirmed that students would not
experience science as inquiry if science were presented to them as a body of facts that
needs to be memorized. If this is the case, could an inquiry-based approach be considered
as fully integrated in the course syllabus of Lana or Lea in a system that focused heavily
on comparing students and schools based on standardized tests? This discussion supports
and clarifies my previous finding about the lack of national identity in the Lebanese
education system, which created tension between the role and beliefs of STEs and
pressure of school realities, minimal resources, and education context in general.
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Third Key Finding: The Dilemma between Pedagogy and Content
One of my research questions aimed at examining the weighting the STEs placed
on content and pedagogy in their courses. The reason why we see more emphasis on
pedagogical knowledge is that students are required to complete specialized courses in a
specific content area before enrolling in their teacher education program (Tippett &
Milford, 2017). The four STEs focused on pedagogical content knowledge and the
pedagogical skills and strategies preservice teachers should implement in their
classrooms. Content could be discussed from two angles: the content of the secondary
science methods course, and scientific knowledge and concepts. For example, Marie
focused on science didactics, theory, and aspects of teaching and learning as well as the
science knowledge behind the projects, problems, or activities. Dany, on the other hand,
stressed skills and engaged students in authentic projects related to their everyday life. In
the Lebanese cases, content knowledge and recall of information related to the methods
course were a must, since students’ success depended on the final exam that counted for
almost 60%.
This reality doesn’t minimize the fact that the aim of STEs is to prepare science
teachers to apply pedagogical strategies in their future teaching. But do they have control
on whether those strategies will be applied? The STEs in Lebanon clearly stated that they
were trying their best to change the norms and implement student-centered strategies, yet
they knew the contextual reality would hinder their student teachers from applying them.
By contrast, the STEs in Canada focused on preparing their teachers to teach in any
context. Dany explained, “I can show students how to drive, because each will be driving
a different vehicle.” Marie shared her fears during the interview and said that students are
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well-prepared with the pedagogical skills and didactics of teaching science, but “I’ve
seen teachers that specifically teach for the test, teach the provincial exam and not the
curriculum. That makes me a bit nervous about the generation of scientists that we are
going to have” (Marie, I). The question that arises is do STEs, whether in Canada or
Lebanon, have control on how or what their future teachers will be teaching?
Hofstede (2001) explained that the scores on Power Distance Index are
representation of collective individuals in the society and not of individuals. Consistent
with Hofstede’s study, my data has shown that collective individuals, in the case of
Lebanon, exert pressure on STEs which as a result influenced their practices. Therefore,
it is important to highlight that each course was unique to its STE and was an amalgam of
content, pedagogy, and their individual personality and beliefs. The next key finding I
discuss responds to my research question about how personal experiences and beliefs
strongly affected STEs’ practices.
Fourth Key Finding: Every STE is Unique and their Uniqueness is Mirrored in their
Practices
The four STEs had common traits, such as being compassionate, collaborative,
and empowering, yet each was unique in the way they approached their teaching and the
methods they implemented to prepare teachers to teach secondary science. This
distinctiveness is not attributed to being in different institutions or contexts, but to their
personality, background, career path, beliefs, and philosophical stance. The instructional
behaviors of teachers are strongly influenced by their beliefs and attitudes. Teachers
become part of the curriculum they teach, where the subject matter they deliver is mixed
with their personalities (Gay, 2013). Consistent with Loughran (2014), Pajares (1992),
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and Russell (2007), I found that beliefs, values, and personal experiences influenced the
way the four STEs implemented their teacher education practices.
In his cultural dimension theory, Hofstede (1984) elaborated on how every
person’s mental programing is partially unique and partly shared with others. He
distinguished three levels of uniqueness: universal, which is biological and common to all
humankind as behaviors; collective, which is related to our culture, such as language,
food, and how we perceive our surrounding; and individual, the level of human
programming that is “the truly unique part – no two people are programmed exactly
alike” (Hofstede, 1984, p. 15). This was reflected in the stories and practices of each STE
in my study. Each STE was unique, as their beliefs, experiences, and personality were
reflected in their teaching methods. For example, both Marie and Dany believed that we
are all different learners. Their aim was to build a generation of scientists who think
critically. While Marie engaged students in open inquiry-based learning through
problem-based learning and science content knowledge, Dany went further to include
scientific field trips, science fairs, and community projects. Lana’s personal beliefs in
change and passion towards teaching were reflected in her practices, where she tried to
change the norms and implement inquiry, problem-based learning, and discussion
methods, but her beliefs and intentions were bounded by traditional assessments set by
the university policies which were based on memorization. A frustration she expressed
during the interview was, “Students think that they don’t have to memorize anymore,
they have to understand through critical thinking, but they are lost” (Lana, I). Lea, who
already knew the education system and policies and was sure that her students wouldn’t
apply most of pedagogical skills and strategies in their future teaching, insisted on
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engaging them with inquiry instructional methods in the hope that they would
“implement at least 10 or 15% of what they learned” (Lea, I).
My findings mirror those of Schoenfeld (1998), who argued that teachers’
instructional approaches convey epistemological beliefs whether intended or not. Marie
liked to use anecdotes to make her students laugh; she believed that if they laugh, they
will remember. Dany believed in empowerment and in treating students as individuals
who emerge from differences. He was influenced by the French-Jewish philosopher
Emmanuel Levinas, who believed that each person is unique. Dany spent time during the
interview talking enthusiastically about how Levinas’ ideas were reflected in his
teaching. He described that his motivations and work go beyond what’s happening with
science technique.
In science methods teaching you need to involve students in thinking about their
relationships with others on socio-cultural level, with the nature of knowing and
being, how we come to know, what our encounters with difference mean for us as
educators and for our learners (Dany, I).
Lana reinforced discussions and allowed students to reflect on their learning. She
believed in building a reflective and decision-making generation.
The STEs’ beliefs and philosophical stances were embedded in their practices as
much as they would be for any other STE. My aim in telling these stories is not only to
present how these STEs’ beliefs influenced their practices, but also to allow other STEs
to reflect on how their beliefs shape their own instructional choices.
The above discussion has highlighted the beliefs of each STEs and how in some
cases the contextual realities stifled their motivations and beliefs. So, what were the
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STEs’ concerns and main purposes when preparing pre-service teachers to teach
secondary science? Both Marie and Dany focused on the contextual orientation of their
institutions, but they also prepared their teachers to teach at any school in their province.
Studies found that teacher education has recently shifted from focusing on preparing
teachers with the necessary knowledge needed for teaching to helping teachers learn how
to use knowledge and create knowledge (Grossman et al., 2009; Lampert, 2010;
McDonald et al., 2013). This was raised by Lana, who believed that students need
“critical thinking and good communication skills to succeed in the 21st century” (Lana, I).
Fifth Key Finding: The World is Sitting in My Classroom
The world is becoming increasingly diverse. Economic, political, and cultural
transformations have a direct impact on the growing mobility of people (Henard et al.,
2012; Larsen, 2016). As a science teacher and emergent science teacher educator, my
experience living in different countries has allowed me to appreciate how it feels to live
in a different country and culture. Globalization, immigration, and the resurgence of
aboriginal populations have changed the demographic composition of schools and
communities across the globe (Henard et al., 2012; Larsen, 2016). One of my research
questions aimed at investigating whether the classrooms I visited were culturally diverse
and how the STEs prepared their future teachers to teach science in culturally diverse
classrooms. Reid et al. (2010) and Guo (2014) argued that STEs are expected to prepare
teachers to wield the cultural and pedagogical skills necessary to address issues that flow
from globalization, such as racism, diversity, and social justice. The Accord on the
Internationalization of Education (2014) released by the Association of Canadian Deans
of Education (ACDE), as well as the Council of the European Union (EU) and the

261

European Commission (2017), called for efforts to prepare teachers for diversity and
inclusive education. Despite the ongoing call and recommendations to awareness to
differences, the four STEs didn’t include or mention topics related to diversity or
differentiation. My findings and discussions are based on observing and analyzing the
course content of the secondary science methods course. Thus, certain topics or strategies
not emphasized in this course might have been approached in other courses during the
education program by the same or other STEs.
Marie spoke about language in science not from a cultural perspective but rather
as a reflection of the context, which was teaching science in a minority setting. Dany
brought up inclusion and diversity during the interview. He believed that all learners are
different: “We have these identities that are cultural and ethnical but ultimately for me
anyway the individual difference of the individual trumps all of that” (Dany, I). This
emerged from his personal beliefs in the ideas of Levinas and his personal experiences. In
Lebanon, although University One had financial challenges and a poor context, I didn’t
see in the syllabus, or hear in the classes I observed, emphasis on how to differentiate
teaching science according to the needs of students, whether cultural, ethnic, or
socioeconomic.
I had anticipated doing a second interview after my data analysis. It would have
been important to get answers from STEs about why their methods courses did not
emphasize teaching science in culturally diverse classrooms or implementing culturally
responsive teaching. Some of the questions I had wanted to pose were: If you were going
to teach the same unit again to the same group, what would you change or hope to see in
it? Do you think that you have achieved your teaching goals in this course? Do you have
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recommendations to STEs on how to prepare their preservice teachers to teach
effectively? Due to Covid-19, restrictions of travel, and disruption of university
schedules, STEs were overwhelmed with the new teaching realities so I couldn’t conduct
a second interview. Nevertheless, my presence in the four sites can contribute to some
objective analysis. For instance, in the two Lebanese sites all the students were Lebanese,
so the aspect of cultural diversity might not be relevant to their context. Marie focused on
teaching science in a minority language setting and all the students were Francophone.
Dany focused on Indigenous knowledge in his methods course due to the contextual
setting of the university. As a continuation of my research in the future, I can follow up
with the four STEs and conduct an interview based on my findings.
In conclusion, the results of my findings are not expected to be generalizable not
only due to the small size of participants, but as a result of individual differences. Every
STE brought unique experiences blended with beliefs and objectives. Differences across
institutions were evident, especially between Canada and Lebanon, as a result of
contextual differences, policies, and educational culture. My findings were aligned with
those of Berry and Van Driel (2013), who found differences between STEs interviewed
within and between institutions: “TEs’ personal background and individual career path
played out quite differently in their pedagogy of teacher education” (p. 125). That being
said, the goal of my research and results of my findings aim to help STEs reflect on their
practices by seeing the practices of other educators.
In the following section, I discuss how my findings inform research and practice
of science teacher education.
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Implications and Recommendations for Practice and Research
The goal of my study was not to judge the practices of the STEs I observed, but
rather to allow other STEs to reflect on those practices through a lens that might
contribute to their professional growth. It should be noted that some of my
recommendations, such as teaching for diversity, might have been emphasized in other
courses within the education program. Thus, the following recommendations are built on
the data collected from course syllabus, interviews, class observations, and artifacts of the
secondary science methods courses I observed.
Contribution to the Literature
One of my goals was to address the lack of research evidence on the practices of
STEs. While researchers have asserted that teacher educators and teacher education
programs have a key role in preparing effective teachers and improving teaching
practices (Darling-Hammond, 2017; Goodwin et al., 2014), there is little evidence about
the practices of teacher educators in specific subject matter (Berry & Van Driel, 2013;
Dolin & Evans, 2011; Goodwin & Chen, 2016; Korthagen et al., 2005; Mitchell, 2014).
Other studies found that even if program structures were discussed, there was no
evidence of how context influenced specific courses or practices of teacher educators
(Clift & Brady, 2005; Darling-Hammond, 2006). Thus, my study provided evidence of
what happens within the “black box of programs” (Darling-Hammond, 2006, p. 306).
Observing STEs teaching in their real context allows the reader to experience the learning
environment, to perceive the relationship between STEs and their preservice teachers,
and to compare the intended, delivered, and received curriculum of each STE. I created a
rich and detailed description of social setting, nonverbal feelings, what STEs

264

communicated and prioritized (Kawulich, 2005). This research revealed the aims and
approaches four STEs implemented in their secondary science methods course.
Moreover, no study to my knowledge has compared the practices of STEs in Canada and
Lebanon and related them to the culture of each context. There are strong calls from
global networks composed of multinational organizations such as UNESCO and OECD,
along with governments around the world, to learn about the educational practices and
pedagogies of other countries (Spring, 2014; Darling-Hammond, 2017). Despite the
ongoing call to research the practices of teacher educators (Grossman & McDonald,
2008; V. Richardson, 2002) and the recommendations of educational organizations and
curriculum developers to practice more authentic, inquiry-based approaches to learning,
little is known about the teaching of specific subjects such as science (Dolin & Evans,
2011; Goodwin & Chen, 2016).
Accordingly, the first major contribution of my research is to provide empirical
data on practices of STEs in secondary science methods course. This study not only
highlighted teacher educators’ practices, but also compared those practices between two
countries, where culture plays an important role. Thus, it might serve as knowledge base,
among STEs, of teacher education practices in different contexts, settings, and cultures.
Aligned with the implications of Berry and Van Driel (2013), my study showed
how each STE was unique and how their personal and professional experiences were
reflected in their teaching. Those insights will allow other STEs to reflect on their beliefs
and practices. This research will stimulate and encourage dialogue between STEs both
within the same institution and beyond to include collaboration between teacher
educators, researchers, and teachers. Thinking out loud and sharing our practices and
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approaches to teaching will certainly contribute to research and practice especially and
may help STEs learn from and analyze the approaches of other educators. This study
might be a step towards future research including large number of STEs.
Prepare Reflective Teachers
The four STEs focused on inquiry-based and problem-based approaches. Dany
went further to implement case studies, field trips, community projects, and science fairs.
Lana and Marie asked students to write their reflections about what they had learned from
the methods being discussed. For example, Marie used scientific notebooks to assess her
students’ scientific understanding and progress. Preservice students were also introduced
to the importance of identifying students’ misconceptions. An essential phenomenon of
the constructivist approaches that dominates curricular and policy documents in
education and teacher education programs is that prior knowledge is essential to good
teaching (Peck et al, 2009). Although these innovative approaches are important for the
professional development of future science teachers, in my opinion STEs should take a
step back and consider their preservice teachers’ own conceptions and beliefs, as they
enter to the education program with different perceptions about teaching, personal
experiences, and learning needs. Muzaffar et al. (2011) described the first stage of the
continuum of learning to teach as apprenticeship of observation, as the period when a
student observes his/her teacher (Muzaffar et al., 2011). It is important for teacher
educators to consider this stage before starting with their formal teaching to know more
about their students’ prior knowledge, experiences, and perceptions of teaching and
learning. Teacher educators need to engage students in discussions to explore their
personal beliefs and ideas about teaching, nature of science, and cultural diversity. They
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should allow preservice teachers to reflect on their past and future journey in teaching
and learning. Encouraging them to keep journal of their thoughts prior to and following a
classroom discussion allows them to reflect on their ideas (Craven III & Penick, 2001).
Studies have shown that teachers are reluctant to implement new teaching
methods and tend to shift towards teacher-centered methods (Iwuanyanwu, 2019;
UNESCO, 2012). One reason might be due to their past experience in learning, whether
in school or at the university. Therefore, it’s crucial for TEs to create the sense of care in
their students by knowing their stories, background, and perceptions about teaching and
learning from their past experience. This will help them create a better understanding of
who they are and why they think as they do. As they build a relationship with their
preservice teachers, they will also recognize their own vulnerability (Iwuanyanwu, 2019).
Emphasize Curriculum Mapping
Curriculum mapping is a road map of the different components of a curriculum
such as strategies, course content, learning outcomes, assessment, personal timetable, and
programme of work (Harden, 2001). My research findings showed that some STEs didn’t
implement what they intended to do in their course syllabus. Thus, STEs should consider
the curriculum mapping of their course and share it with their students. This will help
students to know what they will learn, as well as when, where, and how (Harden, 2001).
Engaging preservice teachers in their learning and allowing them to link the parts of the
map will help them to visualize the whole picture of the course curriculum and encourage
them to apply a similar map in their future teaching. Identifying teaching goals serves as
a conceptual framework for teachers to understand teachers’ action in classroom, from
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curriculum to the choice of instructional approaches and assessment methods (Grossman,
1990; Kang, 2008).
Informed by, but Not Confined to, Educational Reform
During pre-service education programs, an objective for science teacher educators
is to prepare future science teachers to design and test curricular materials (Van Driel &
Abell, 2010). This is a step in preparing teachers to accept reform by giving them time to
understand and assess the curriculum policy. In addition, teacher educators not only have
to discuss new standards, frameworks, or curricula with preservice teachers, but they
have to reflect on them: What is the purpose of this reform, and what does it mean?
The continuous reform in science education and recommendations of science
teaching organizations increases the pressure on teachers and STEs. These reforms do not
always result in positive changes to student achievement, but are typically motivated by
societal pressure. For example, the Programme for International Student Assessment
(PISA) in several countries, including Canada, has not shown any significant gains in
student math and science scores during the period from 2003 to 2013, despite the
integration of the STEM education (DeCoito, 2014). The continuous reform in science
education and recommendations of science teaching organizations increase the pressure
on teachers. Smith and Southerland (2007) offered a strong recommendation to STEs to
consider the reform priorities as a tool to shape their teaching methods and develop more
cohesive and comprehensive education programs. For example, in Lebanon the
contradiction between standardized tests and teaching for exams that depends on recall on
information caused tension between the beliefs of STEs and regulations set by the
university and schools. Inquiry and discussion methods were not reflected in the exams
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that were based on memorization. Consistent with the findings of Berry and Van Driel
(2013), STEs’ primary aim was to implement innovative practices to make science more
comprehensible and authentic. Yet, the four STEs in my study and those of Berry and
Van Driel (2013) conveyed fear that preservice teachers might deviate towards traditional
teaching methods once immersed in the school system due to school pressure or
standardized tests. This tension was caused by the gap between theory and practice, the
teaching context, and educational culture of each institution and country. For example, in
Lebanon assessments didn’t reflect teachers’ beliefs in the need for innovative practices
because the official state exams and importance of grades encouraged teachers to teach
for the tests (Dagher & BouJaoude, 2011). This finding was confirmed by Abdul-Hamid
and Yassine (2020) who argued that memorization was a common teaching technique in
Lebanon. Thus, achieving inclusive practices requires pedagogies that move beyond the
official policies and pressures of competition between schools, results of standardized
exams, and achieving high academic standards. Carter (2005) and Chiu and Duit (2011)
criticized the paradox between curriculum standards, standardized international tests
(PISA and TIMSS) set by the OECD, and inquiry-based learning. Those assessments and
national rankings create tension between expectations for high academic standards and
differentiating instruction (Bencze et al., 2013; Crippen et al., 2015). Thus, STEs should
allow their teachers to reflect on educational reform, national and international
recommendations, and standardized exams, and encourage them to discuss the realities of
academic pressures and how to accommodate them as much as possible. Olson (2018)
argued that is important to focus on standards and curriculum, but not solely on them.
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Therefore, STEs have an important role in preparing future science teachers for the
external pressures of science teaching
Prepare Cross-Contextual Science Teachers
My findings showed that STEs prepared their pre-service teachers for the local
curricula and context. However, with increasing mobility of teachers, graduates might
have the opportunity to teach in jurisdictions outside of provinces in which they are
educated. Therefore, it is important that STEs remain aware of the curricular emphases in
other parts of the country and of national recommendations for reforms to science
teaching. Merryfield (2008) argued that for students to become educated world citizens
they should be world-minded, which means to develop an acceptance of different
cultures, to learn about women, religious, immigrants, and ethnic minorities, as well as
adopting a value of world citizenship and appreciating the differing views of others.
Thus, STEs need to focus on preparing teachers to teach in different contexts by
providing them with the necessary pedagogical skills, such as how to read the curriculum
from a perspective other than content, standardized exams, and deadlines. They also need
to understand the relationship between how we think as diverse humans and how we
understand the world (Sleeter & Carmona, 2016). They need to be able to adapt their
teaching pedagogy and learning approaches of the students in order to create a positive
and productive learning environment (Cao et al., 2019). Pre-service teachers need not
only to learn about their strengths and needs but also to reflect on their experiences and
beliefs, and on how each individual is unique. In doing so, they will learn how to get to
know their future students and adapt their teaching to their needs. Berry and Van Driel
(2013) suggested that STEs in their secondary science methods courses should help
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future teachers reflect on their practice, focus on how students learn science, elicit
students’ misconceptions, and implement conceptual change methods. Teacher educators
should provide teachers with the opportunities and a foundation to understand themselves
as learners capable of adapting their practices according to different situations throughout
their careers (Chisholm, 1994; Kea et al., 2006; Livingston, 2016).
The report titled Educating for Global Competence, sponsored by the Asian
society and council of chief state school officers (CCSSO), emphasized that a globally
competent student should be able to investigate problems and conduct research related to
the world beyond their environment. Students need to communicate ideas effectively and
respectfully to recognize linguistic and cultural perspectives other than their own (Koziol
et al., 2011). This recommendation is linked to the following recommendation, which is
imperative in a globalized world.
Awareness that the World is Sitting in our Classroom
The four STEs didn’t implement strategies or awareness to prepare teachers for
diversity despite the fact that globalization, immigration, civil unrest, and the resurgence
of aboriginal populations have changed the demographic composition of schools and
communities across the globe (Henard et al, 2012; Larsen, 2016). The Accord on the
Internationalization of Education (2014) released by the Association of Canadian Deans
of Education (ACDE), as well as the Council of the European Union (EU) and European
Commission (2017), call for efforts to prepare teachers for diversity and inclusive
education. Global networks composed of multinational organizations such as UNESCO
and OECD, along with governments around the world, are placing increasing emphasis
on learning about the educational practices and pedagogies of other countries (Darling-
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Hammond, 2017; Spring, 2014). Chisholm (1994) argued that there is no one best
teaching model, but a variety of professional skills and institutional practices serve to
prepare multi-cultural preservice teachers. Teachers need to be knowledgeable about
culturally-sensitive topics and how minority students perceive the world. In multicultural
classrooms, teachers should not only have a pedagogical role, but also the role of a
cultural mediator between the minority and majority cultures. Their role is to empower
students to succeed academically and socially (Chisholm, 1994; Gay, 2010).
The quality of students’ learning in science classrooms depend on the teacher’s
recognition of and sensitivity to the cultural difference between a student’s everyday
world and the world of science (Aikenhead, 1997). J. C. Brown and Crippen (2015)
argued that inquiry-based instruction without culturally responsive pedagogy is not
sufficient to support students in science learning. Most science professional development
programs focus on content knowledge, adaptation of standards and curricula, and inquirybased learning. Rare are the programs that incorporate these foci with multicultural
science education (Crippen et al., 2015). In my opinion, STEs should educate teachers to
be capable of choosing the adequate pedagogical strategies by considering the cultural
and learning diversity of their students. Teachers need to know their students’
background and learning preferences in order to be able to differentiate the methods and
strategies according to their students’ needs.
Implications for future research
The findings of my study could initiate future investigations to explore the
practices of STEs. Focusing on a smaller number of cases offers detailed descriptions that
provide a thorough understanding of the context. Grossman (2008) contended that
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research needs small, rich, and in-depth cases that reflect the nuances of teacher
education programs. Studies could also be extended to include larger number of STEs in
similar or different contexts to offer a wider range of perspectives, but this might lead to
lose some of the nuanced descriptions (Grossman, 2008). A recommendation for future
research is to include STEs from the same institution. This will inform research about the
role of program policy or accreditation in choice of content as well as the role of personal
beliefs and experiences in influencing STEs’ practices. Future studies can also focus on
specific instructional approaches such as inquiry and observe STEs for longer periods of
time. I encourage exploring the curriculum mapping of specific courses to examine
consistency between intended, delivered, and received curriculum. An area of future
research could focus on studying how preservice teachers are prepared to teach in
culturally diverse classrooms. How are they prepared to bring the world to their future
classrooms?
My research has important implications for the Lebanese education system. This
is as response to Lana, who hoped during her interview that my research would provide
solutions to the constraints facing Lebanese teacher educators. The Lebanese context, as I
described earlier, is ruled by top-down policies, governed by international and religious
affiliations, and strongly judged by grades on standardized exams that inform the quality
of teachers and schools. The solution to a successful education program is to work in
collaboration with policy makers, the department of education, and curriculum
developers to create an effective model tailored to the context and culture of education.
Although this issue is very important, delving into reasons and recommendations is
beyond the context of my study. It will be the topic of a future paper I intend to write.
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Final Word
The journey through my research dissertation was one of the most reflective and
transformative experience of my education career. Observing and interviewing STEs was
not only a process for collecting data but also a learning process that allowed me to
reflect on my beliefs and teaching strategies as well as my own objectives when
preparing science teachers. I concluded that initial teacher education is no longer
considered to be the first step in teacher development—prior learning matters.
Considering the beliefs and aims of teachers and who they want to be is essential—
empowerment matters. Encouraging them to reflect on who they are and whom they want
to be as science teachers is crucial—reflection matters. The major role of teacher
educators and science teacher educators is to prepare preservice teachers for complex
realities of their classrooms and engage them in examining curriculum materials beyond
their context. From my personal experiences and through observing other STEs, I believe
that building strong relationships and self-efficacy can empower a beginning teacher to
act. Giving pre-service teachers the time to reflect on their learning and experiences is
crucial to their development as science teachers.
The data collection process I experienced from being physically present in STEs’
classrooms, observing, interviewing, and documenting their practices disclosed key
findings beyond the skills, approaches, or strategies teachers needed to teach secondary
science. Those findings revealed that context, political power, and policies mattered and
influenced course content. The learning environment—physical setting and learning
spaces or social environment—also had an impact on STEs’ teaching methods. The
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personal beliefs and personality of each STE affected directly or indirectly their teaching
approaches and relationship with their students.
I conclude with some questions for STEs to reflect on when preparing their
secondary science methods courses:
•

Who are my students and how does knowing them inform my practices?

•

How can I provide consistency through the intended, delivered, and
received curriculum?

•

Organizations and curricular documents emphasize myriad of instructional
approaches and authentic strategies. Should my course syllabus be
confined to those approaches?

•

Am I preparing teachers for local or global context? How do my
assessments reflect my practices?

•

Am I preparing my students for the complex realities of their classrooms?
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Appendices
Appendix A:
Information/Invitation Letter

The purpose of this letter is to invite you to be a participant in my doctoral
research study. The purpose of my work is to explore, through a descriptive multiple case
study, the practices of science teacher educators (STEs) as exemplified in their approach
to teaching secondary science methods course in Canada and Lebanon.
Global issues such as climate change, the impact of information technology, and
the increasing cultural diversity of classrooms around the world pose significant
challenges for science educators. Science teacher educators (STEs) are expected to
prepare science teachers for a wide array of science content, inquiry-based pedagogical
strategies, and an increased emphasis on engineering-like application of their knowledge
(National Research Council, 2012; NGSS Lead States, 2013). While researchers assert
that teacher educators and teacher education programs have a key role in preparing
effective teachers and improving teaching practices
(Goodwin et al., 2014; Darling-Hammond, 2017), there is little evidence about
how teachers are prepared to teach science effectively (Gay, 2010). One way this
knowledge gap is apparent is in how little is known about practices of science teacher
educators (STEs) in different national and cultural contexts (Berry & Van Driel, 2013;
Korthagen et al., 2005) and the range of ways science teachers are educated in different
parts of the world (Maringe, 2006).
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My study will address this gap by comparing the practices of STEs in different
national and cultural contexts. My aim is to document the science teacher educators’
practices and interactions through observing secondary science methods class,
interviewing the STEs and reviewing their instructional documents. The intent is not to
judge the STEs, but to create a categorical framework and a common language of
practice for the work of STEs in two different national and cultural contexts. It is my
belief that this framework and lexicon has application in contexts that extend beyond the
two countries included in my study.
My primary research question is: What are the practices of science teacher
educators when they teach secondary science methods courses? The study will also
address the following sub-questions:
1- What are the STEs’ concerns and main purposes when preparing pre-service
teachers to teach secondary science?
2- How do the STEs’ prior professional and personal experiences shape their
approach to teaching secondary science?
3- How does the cultural context affect the teaching methods and choices the STEs
make for their courses?
4- How do STEs address teaching science in culturally diverse classrooms?
5- What weighting do the STEs place on content and pedagogy in their courses?

In order to answer these questions and to provide rich data, I will conduct two
interviews, in addition to instructional observations/field notes and gathering instructional
artifacts. The two interviews of 45 minutes to an hour will be scheduled according to
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your convenience during a negotiated visit to your institution. The first interview will be
before any instructional observations with the aim of exploring your background,
philosophy, and beliefs and how your personal and professional experiences led you to
become a STE. The second interview will be near the end of the data collection cycle
after I have observed you instruct your science education classes and had an opportunity
to review your instructional materials. As part of my observation of your teaching, I will
ask you to record yourself instructing the observed class, but to do so for classes that are
not observed by me as the researcher. This will provide me additional opportunities to
observe you instructing your classes as well as provide some frame of reference for what
impact my presence in your class may have had.
It is important to obtain the pledge of your students to be video-recorded and/or
videotaped for research purposes. I will give you the option to obtain their permission
verbally or through a consent form. Their participation is optional and the recordings will
not be made public and will be destroyed at the end of the research project.
You will have the opportunity to review what I have documented about your
practices through member checking before I proceed to the data analysis. You will also
have the chance to indicate if you would like to receive a copy of my doctorial research
upon completion at this time.
Participation in this study is completely voluntary. Your participation, your name,
and the name of the university will be kept anonymous. If you are interested in
participating I invite you to contact me by email at lchami@unb.ca.
I have attached an information sheet that answers some of the questions that you
might have. If you have any further questions about this work, you may contact me by
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phone (506) 961-2414 or email lchami@unb.ca, or please contact my supervisor Dr.
Mark Hirschkorn, at the Faculty of Education, University of New Brunswick at (506)
447-3140 or by email: mhirschk@unb.ca. This project has been reviewed by the
Research Ethics Boards of the University of New Brunswick is on file as (REB 2018042). If you wish to contact someone not associated with this study to ask questions or
raise concerns please contact Dr. David Wagner, Associate Dean, Faculty of Education,
UNB, dwagner@unb.ca, 506-447-3294, or Chair of the REB at UNB Fredericton Dr.
Steve Turner via turner@unb.ca.
Thank you for interest and participation.
Yours sincerely,
Lamia Kawtharani-Chami
PhD Candidate
Faculty of Education, University of New Brunswick

SOME QUESTIONS THAT YOU MIGHT HAVE ABOUT THE STUDY
Q.

Who is participating in the study?

A.

Science teacher educators from Canada and Lebanon. The aim of the study is to

present a descriptive and narrative study of the authentic practices and instructional
approaches of science teacher educators in their professional contexts.
Q.

Why I am asking you to record or videotape two or more classes in my

absence?
A.

It is my intention to as objectively and unobtrusively as possible observe my STE

participants teach their secondary science methods classes, however, it is likely that my
presence during these classes will be disruptive in some form. Given this and the fact that
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the data collected during my one-week site visit may not be sufficient, I am asking the
STE participants for permission to videotape two additional classes outside of the time I
spend at each institution
Q.

Do I have to participate?

A.

No, and you may withdraw from the study at any time if you do decide to

participate.
Q.

How long will it take?

A.

I will spend one to two weeks on each site. During this period, I will conduct the

first interview (45-60 min), attend classes for observation, and collect the documents you
can provide. Upon your acceptance and coordination, I will ask if you can record or
videotape two or more classes. A second interview will be coordinated through skype or
in person to further explore what was discussed in the first interview or to explore
observations made of the classroom instruction. In addition, you will have the
opportunity to read what I have documented about your practices through member
checking before I proceed to the data analysis.
Q.

What are the benefits of participating in the study?

A.

Your participation will contribute to the study of how science teacher educators

are preparing science teachers to teach effectively. The findings will be a step toward
developing a guide to the shared professional language among STEs and a knowledge
base of teacher education practices in different contexts, settings, and cultures (Korthagen
et al., 2006).
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Q.

Will my information be kept confidential?

A.

Yes. The information we collect will be for research purposes only. You and the

university you belong to will not be identified by name when information is analyzed or
in any findings that come from the study. Data will be stored on my password secured
computer and in locked filing cabinets.
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Appendix B
Consent Form for Participant STEs

CONSENT FORM
Title of Project: SCIENCE TEACHER EDUCATORS’ PRACTICES IN REALCONTEXT: A COMPARATIVE CASE STUDY BETWEEN CANADA AND
LEBANON.
Researcher: Lamia Kawtharani-Chami
Supervisor: Dr. Mark Hirschkorn, Faculty of Education, University of New Brunswick
(mhirschk@unb.ca)
CONSENT:
I, _________________________________, agree that I have been provided information
about the study and to participate in this study.
(Please print your name)
Your signature:

Date:
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Appendix C:
Sample of Potential Interview Questions
The interview will be semi-structured with open-ended questions. Further questions
might arise during the interview. I will provide a set of questions that will guide my
interview
First Interview (45-60 min)
1- Can you please tell me briefly about your background in education? What areas
did you concentrate on?
2- Why did you choose to be a science teacher educator?
3- Is there any incident or person that had an influence on your beliefs, career, and
practices?
4- Based on your personal and professional experience, what do you value most
about teaching?
5- In your class how and what do you do to help student teachers integrate subject
matter and pedagogy into their future teaching?
6- Do you follow the standardized k-12 curriculum to prepare you future teachers?
Or you have a different strategy?
7- What core ideas and skills you intend to communicate with your students in the
science methods course?
8- What are your concerns and main purposes when preparing pre-service teachers
to teach secondary science?
9- The AERA (American Educational Research Association) panel on research of
teacher education (Cohran-Smith & Zeichner, 2005), published a report on a
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meta-study of the analysis of almost all the North American research on the
effectiveness of teacher education. Their results showed that it was questionable
whether teacher education could make a difference at all and that there was no
evidence on the relative effectiveness of certain approaches compared to others.
How much do you agree with that and why?
10- What are the characteristics of an effective science teacher?
Second Interview (45-60 min)
I will formulate my questions after my classroom observations and going through the
data. Some questions that I would want to ask are:
1- If you were going to teach the same unit again to the same group, what would
you change or hope to see in it?
2- Do you think that you have achieved your teaching goals in this course?
3- Do you have recommendations to science teacher educators on how to prepare
their preservice teachers to teach effectively?
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Appendix D:
Consent Form for Students
CONSENT FORM (Students)
Title of Project: Science Teacher Educators’ PRACTICES IN REAL- CONTEXT: A
COMPARATIVE CASE STUDY BETWEEN CANADA AND LEBANON
Researcher:

Lamia Kawtharani-Chami

Supervisor: Dr. Mark Hirschkorn, Faculty of Education, University of New Brunswick
(mhirschk@unb.ca)
CONSENT:

This study involves the audio and/or video recording of your instructor while teaching the
science methods course. Since, you will be part of the recordings, I would like you to
provide your consent to be audio or video recorded. The contents of all recorded sessions
and your identity will be kept confidential.
I, _________________________________, agree that I have been provided information
about the study and to participate in this study. By signing this form, I am allowing the
researcher to audio or video tape me as part of this research. I also understand that these
recordings will be stored in a locked filing cabinet or on a secure computer when not in
use and will be only viewed by the researcher (myself) and my supervisor, Dr. Mark
Hirschkorn.
(Please print your name)
Your signature:

Date:
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