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Abstract
CHALLENGES PRE-SERVICE SCIENCE TEACHERS FACE WHEN IMPLEMENTING A
5E INQUIRY MODEL OF INSTRUCTION

by Ramya Krishna Enugu, M. Ed., 2016
College of Education
Texas Christian University

Thesis Advisor: Dr. Hayat Hokayem, Assistant Professor of Science Education

Pre-service science teachers (PSTs) trying to implement a 5E inquiry model into their classroom
face many challenges. This study examined those challenges and the PSTS’ perspective on how to
overcome them. The data sample was 55 PSTs enrolled into two sections of a science methods
course in a private university in North Texas. The data sources consisted of inquiry-based lesson
plans, PST interviews, peer teaching observational notes, and field notes to investigate those
challenges. The data were coded through designed rubrics for lesson plans and peer teaching
sessions and were analyzed using constant comparative method. All data were triangulated to
establish validity and reliability. The results of this study showed that PSTs faced severa
challenges regarding the content and method. The content related challenges were difficulty with
explain and elaborate phases of the 5E. The method related challenges were managing the time to
teach the 5E model, and mapping the lesson to the different parts of the 5E model. The results
also showed several solutions such as having solid science content through engaging in different
experiences, and having more practice with the 5E lesson planning. This study has implications
for the teacher education programs to prepare teacher candidates with strong content knowledge,

and to design successful interactions of PSTs with in-service cooperating teachers as mentors.
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Chapter 1
Introduction

Recently, as part of the field experience in ascience methods course for secondary teachers,
| started observing an in-service middle school science teacher. She was in her fourth year of
teaching seventh grade science. During the seven weeks of my observation, | noticed her struggles
with students’ behavioral problems and academic performance. | also noticed that she was facing
difficulties while teaching certain topics. The in-service teacher mentioned that, even as a pre-
service teacher (PST), she faced many chalenges while implementing inquiry-based science
lessons. Some of the challenges she mentioned were planning, implementing, and assessing
students’ content knowledge. In addition, she reported facing challenges with time and classroom
management. These conversations with an in-service teacher motivated me to further investigate
the challenges PSTs face, their perspective regarding challenges of using inquiry in science
teaching, and possible solutions.

Rationale of the Study

Previous research indicates that PSTs develop an ability to teach inquiry if they are
prepared and supported in their teacher education programs. For example, Crawford (1999)
concludes that PSTs, if supported adequately in their teacher education programs, can establish
inquiry-based classrooms without much struggle. At the same time, exploration of PSTS’ views
about science, and teaching science, can help them in preparing for and setting up the inquiry-
based instruction in their classrooms. Creating opportunities for PSTs to observe inquiry-based
classrooms, engaging them in investigations, preparing them in writing, and implementing lesson

plans help PSTsto apply inquiry in their future science teaching.
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Similarly, Fazio, Melville, and Bartley (2010) stated that involving PSTs in science
investigations and placing them in inquiry-based classrooms encourages PSTs to teach inquiry in
their classrooms. Preparing PSTs to use recent teaching practices such as modeling and
argumentation as recommended by the latest science framework (National Research Council,
2012) builds their confidence to experiment with non-traditional instruction. Fazio, Melville, and
Bartley indicated that PSTslearn different ways of implementing inquiry to teaching science while
observing their cooperative teachers during the practicum.

In another study, McDonnough and Matkins (2010) indicated that if given an opportunity
to participate in field experience/practicum along with a science methods course in teacher
education programs, PSTs will show greater understanding of research-based teaching practices.
Providing PSTs an opportunity to practice various instructiona methods and giving timely
feedback regarding their performance encourages PSTs to implement inquiry-based teaching.
Similarly, Bhattacharyya, Volk, and Lumpe (2009) found a cyclic relationship between the ability
to maintain good communication with students, aspiration for personal growth, and excellent
subject knowledge. PSTs can develop the ability to teach science using inquiry in their
field/student teaching experiences, and thus be prepared to implement inquiry-based lessons asin-
service teachers.

The aforementioned exampl es from past research indicate the necessity of supporting PSTs
to teach inquiry. However, despite the success of some preparation programs, using inquiry as a
teaching method still poses many challenges. For example, Y oon, Joung, and Kim (2011) posited
that despite taking several science content courses during teacher education programs, many PSTs
still lack the necessary science content knowledge, which is one of the challenges they face while

using inquiry as a teaching method. They argued that PSTs gain complete science content
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knowledge only while they analyze students’ work, and teach science in the classroom. Therefore,
before preparing and supporting PSTs to teach inquiry, there is a necessity to thoroughly
understand the challenges they face, and thisis why | pose the following research questions:
1. What are the challenges faced by PSTs while implementing the S5E inquiry model in their
science teaching?

2. What solutions do PST's propose that can alleviate these challenges?
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Chapter 2
Conceptual Framework

Hein (1991) defined constructivism as the philosophy of how a person learns by
constructing knowledge from his or her experience. In the process of constructing knowledge, one
passes through a series of events such as questioning himself/herself and discovering answers, as
well as evaluating those answers. When a person tries to learn something new, he/she matches the
new information to existing thoughts and decides whether to change previous thoughts or ignore
the new information (“Workshop: Constructivism as a Paradigm”, n.d). The theory of
constructivism stipulates that the learners’ minds are not empty vessels, and that when they
approach learning, they already have their own ideas and experiences that guide the learning
process. Driver, Guesne, and Tiberghien (1985) state:

Students’ minds are not blank slates able to receive instruction in a neutral way; on the

contrary, students approach experiences presented in science classes with previously

acquired notions and these influence what is learnt from new experiences in a number of

ways (p. 4)

Driver et a. (1985) discussed how children’s ability to learn depends on the ideas which
they have from a young age, and the context or environment in which they are learning.
Researchers indicated that many cognitive models are based on the theory that information is
stored in memory in the form of elements or group of elements called “schemes” or “schemas”
(Driver et d., 1985). Thus, learning happens when schemas are formed in the mind. Similar to this
view, McLeod (2015) discussed Piaget’s views on schemas as the “basic building blocks of
intelligent behavior” (p. 1), which means that schemas are mental representations used to

comprehend and react to situations of the world.
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Another researcher, Meador (1988) discussed Jean Piaget’s intelligence model and its two
main aspects. quality of thought and mental functioning. Piaget’s intelligence model attempts to
explain how learning takes place. He posits that a person grasps ideas from his’her experiences
and passes through the existing “mental structures.” The mental functioning aspect of Piaget’s
model explains how learning takes place independently of aperson’s developmental stage. Mental
functioning explains the process of learning in four steps called Assimilation, Disequilibration,
Accommodation, and Organization. In thefirst step, Assimilation, studentsimbibeideasfrom their
experiences and pass them through the “mental structures.” In the second step, Disequilibration,
if the existing mental structures (schemas) explain the person’s received ideas, then he /sheis said
to be in equilibrium. If the mental structures cannot articulate the grasped ideas, then that person
issaid to be “disequilibrated.” In the third step, Accommodation, students are expected to receive
new concepts and reinvent the mental structures. In the fina step, Organization, students relate
and establish their mental structures.

Piaget’s model delineates how knowledge is constructed and has implications of how
learning takes place. Rather than thinking of learning as filling up “empty slate” minds, learning
isthought of as active engagement in the process of constructing knowledge. One way to achieve
learning by constructing knowledge through active engagement is through the learning cycle. The
learning cycleis athree-phase inquiry model which encourages students to understand a scientific
concept on their own by exploring and applying what they understand to new circumstances
(Lawson, Abraham, & Renner, 1989; Walbert, n.d.). The learning cycle is also described as a
significant and flexible method of instruction where a person constructs knowledge steadily and
naturally. Learning happens during the implementation of the three phases of the learning cycle

which are exploration, concept construction, and concept application (Lawson, Abraham &
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Renner, 1989). Therefore, the learning cycle is an example of how alearner can be active, which
aligns with constructivism.

Constructivism is the conceptual framework that has implications for teaching as well.
Taking the learning cycle as a moddl for learning, the 5E inquiry model is a teaching model that
alignswith constructivism. Bybee et a. (2006) indicated that 5E instructional model has been used
in designing Biological Science Curriculum Standards (BSCS) curriculum materials since late
1980s. He posited that the 5E model has a specific teaching order, which can be used to teach a
specific lesson, aparticular unit or acomplete course. At the sametime, the BSCS 5E Instructional
Model playsanimportant rolein development of curricular materialsin science classrooms (Bybee
et a., 2006). Most importantly 5E model allows students to construct knowledge from their
experiences which aligns with Piaget’s constructivist learning theory.

Figure 1 shows the general conceptua framework that guides my research study, after
which | elaborate on each of the learning cycles, the 5E model and how they relate to

constructivism.
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Constructivism
Constructivism is the philosophy of how a person learns by
constructing knowledge from his or her experiences
(Hein, 1991)

a

Learning Cycle
The learning cycleis athree phase inquiry model which
encourages students to understand a scientific concept on
their own by exploring and applying what they understand
to new circumstances (Lawson et al., 1989; Walbert, n.d.)

lb
5E Model
The 5E model is an inquiry model which provides students
an opportunity to construct their understanding about a
scientific concept. This model has five phases. Engage,
Explore, Explain, Elaborate, and Evaluate (Bybee et dl.,

2006)

Figure 1. Relationship between constructivism, learning cycle, and 5E model. a= Isthe basis

for the learning cycle; b = Isimplemented through the 5E.
Learning Cycle and Constructivism

Atkin and Karplus (1962) proposed the learning cycle model in the early 1960’s which was

based on Piaget’s work. Later, Karplus, Their, Lawson, Knoll, and Montgomery (1967) indicated
that the learning cycle was first used as the model for planning lessons in the Science Curriculum
Improvement Study (SCIS). The three phases of the learning cycle are: Exploration, Concept
Introduction, and Concept Application. In the Exploration phase, students explore the scientific
phenomenon, gather information, and develop their own theories. In the Concept Introduction

phase, teachers introduce concepts to students, and the students share their observations and ideas
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from the previous exploration phase. In the final, Concept Application phase, students apply their
own developed theories from the previous phases to new scenarios (Bybee et al. 2006)

Meador (1988) indicated that the learning cycle is based on mental functioning, which
is one of the main aspects of Piaget’s intelligence model. He described phases of the learning
cycle asthey relate to the four steps of mental functioning. The relationship between the four steps
of menta functioning and the learning cycle phases are. The Assimilation step of mental
functioning relates to the Exploration phase of learning cycle because students explore the
scientific content and grasp ideas from their experiences. In the learning cycle, a person becomes
“disequilibrated” sometimes in the exploration phase when he/she is subjected to new
circumstances. There is a chance of being re-equilibrated, by accommodating new ideas. The
Accommodation step is related to the Concept Introduction phase of the learning cycle. In both of
these phases, students are expected to share their observations from previous phases and
accommodate new concepts. Students change or redefine existing schemas. Findly, the
Organization step and the Concept Application phase are rel ated because students relate and apply
their own theories to new scenarios.
5E Inquiry Model and Constructivism

One way to implement the learning cycle is through the 5E teaching inquiry model. This
model can also belinked to Piaget’s intelligence model and learning cycle as the 5E inquiry model
encourages students to construct knowledge using their prior knowledge and experiences. The 5E
inquiry model provides students with an opportunity to construct their own understanding of a
scientific concept.

Bybee et a. (2006) indicated that the learning cycle was modified into the 5E instructional

model, which is used for inquiry-based science teaching. In addition to the exploration, concept
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introduction, and concept application phases of learning cycle, Bybee et al. added two additional
phases which are the engage and evaluate. Therefore, the 5SE model has five phases. Engage,
Explore, Explain, Elaborate, and Evaluate. The three phases of the learning cycle (Exploration
phase, Concept Introduction phase, and Concept Application phase) align with explore, explain,
and elaborate phases of the 5E model respectively. Theinitial engage phase isanew phase during
which teachers assess studentsfor their prior knowledge and generate students’ interest concerning
thetopic at hand. In the second explore phase, teachers ask provoking questions which encourage
students to discover. In the process of finding answers to their questions, students get involved in
various hands-on and minds-on activities. This phase is akin to the exploration phase of the
learning cycle when students are encouraged to explore. In the third explain phase, teachers
encourage students to explain the concept and relate it to the big ideas they learnt from the
exploration phase. Students are asked to discuss the results of their investigations and together
with the teacher provide the necessary explanation regarding the topic. This phaseis similar to the
concept introduction phase of the learning cycle when students are provided with opportunities to
explain their ideas. The fourth elaborate phase is when teachers provide an opportunity for the
students to make connections and apply their newly acquired knowledge to solve problemsin real -
life situations. This phase aligns with the concept application phase of the learning cycle, as they
both encourage students to make connections and apply what they have learnt. The final evaluate
phase is a new phase during which teachers assess students to check their understanding of the
concepts and evaluate their progress. Table 1 shows the relationship of the learning cycle to the

5E model and to constructivism.
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Tablel

Relation between mental functioning of Piaget’s intelligence model, learning cycle and 5E model

Steps of Mental Phases of Learning cycle Phases of 5E model
Functioning

Assimilation: Smilarto, Exploration phase: S {§ Engage (new phase): Teachers assess
Studentsimbibe ideas  Students explore scientific| students for their prior knowledge and

from experience and phenomenon, gather generate students’ interest concerning
pass them through information and develop | thetopic they teach.
mental structures their own theories LyExplore: Teachers ask provoking
(Meador, 1988) (Lawson et al., 1989; guestions which encourages students to
Walbert, n.d.). explore. In the process of finding
o answers to their questions, students get
similar to involved in various hands-on/ minds-on
activities.
Disequilibrium: Disequilibration may or
Studentsare not clear  may not occur in the similar to
about meaning of exploration phase

some data, it doesnot  (Meador, 1988)

fit mental structures

(Meador, 1988) it smilar to .
Accommodation®™&8.Concept | ntroduction — Explain: Teachers encourage students

Students are expected  phase: Students share to explain the big ideas they learnt from
to accommodate new  their observations and the exploration phase. Students are
concepts, changeand  ideas from exploration asked to discuss the results of their
reinvent mental phase. Teachersusevisual investigations and teachers provide the
structures (Meador, aids to develop the necessary explanation regarding the
1988) concept (Lawson et a., topic.2

1989; Walbert, n.d.).

Organization: S0 1y, concept Application S OF|aborate: Teachers provide an
Students relate and phase: Students apply opportunity for the students to make
organize mental their own theories connections and apply their newly
structures (Meador, developed in previous acquired knowledge to solve problems
1988) phases to new scenarios in real-life situations.

(Walbert, n.d.). Evaluate (new phase): Teachers assess

students to check their understanding of
the concepts and evaluate their progress

a Even though the explanation is aligned with concept introduction which givesthe impression that it is
solely related to accommodation, | clarify that explanation can aso be related to assimilation. For
example, if aperson knows what amammal is and is shown acat, he or she may assimilate it to mammal
and could explain the characteristics which make it amammal.



CHALLENGES IMPLEMENTING 5E INQUIRY MODEL 11

In summation, the 5E model takes a constructivist perspective to teaching, in which
knowledge is constructed using the five phases of the 5SE model. The teacher facilitates the
students’ exploration and promotes new patterns of thinking. Students direct and learn from their
own explorations which allow them to construct scientific knowledge based on their prior
knowledge and experience.

Next, | present the literature about the challenges for PSTs in general and about using
inquiry in particular. Then, | present method for investigating my research questions about the
challenges teachers face when using the 5E inquiry model.

Literature Review

Generdly, novices in al arenas come across unique experiences and face numerous
challenges as part of their progress. Similarly, in the teaching profession, novices and PSTs face
many challengesin the process of coping with K-12 classrooms. In thisreview, challenges of PSTs
are categorized based on two concepts: 1) the general challengesthat PSTsface and, 2) the specific
challenges that PSTs face when teaching inquiry.

General Challengesthat PSTs Face

This section of the review focuses on the general challenges of PSTs. For example, Ferber
and Nillas (2010) conducted a study to observe the challenges and successes faced by PSTs during
their student teaching experiences. Some of the challenges were interactions between teacher
candidates and their cooperative teachers, time and classroom management issues, and lack of
feedback from cooperative teachers. Ferber and Nillas recommended that teacher education
programs prepare PSTs to deal with K-12 classroom situations and create opportunities to interact

with the cooperative teachers.
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Sadler (2006) focused on other challenges, particularly the reflections of PSTs regarding
their student teaching experiences. Some of the challenges reported were the difficulty in
managing students with special needs and completion of al the documentation (recording
progress, maintaining and organizing assignments, and classroom management paper work) apart
from teaching. In order to minimize the challenges of PSTs, he suggested preparing PSTs to
manage students with special needs, and make them aware of the required documentation. Along
with the aforementioned challenges, the researcher reiterated the common challenges of time,
classroom management, and lack of constructive feedback from cooperative teachers. Student
teachersin this study found teacher education programs accountable for their inability to deal with
the challenges aforementioned. The authors recommended that teacher education programs should
encourage PSTs to use classroom management strategies and create more opportunities for them
to interact with cooperative teachers.

Similarly, Fantilli and McDougall (2009) investigated novice teachers’ experiences asthey
were promoted from pre-service to in-service teachers (beginning teachers). In addition to the
common challenges of classroom management, lack of experience communicating with parents,
and inadequate classroom resources were additional challenges for novice teachers. The solutions
proposed by Fantilli and McDougall were large-scale involvement of the school administration,
district boards, and the government, who can effectively support the novice teachers.

Unlike the arguments made by previous studies, Davis, Petish, and Smithey (2006) argue
that teacher education programs are not always the reason for the challenges PSTs face. Davis et
al. (2006) conducted athorough literature review related to the challenges of new science teachers.
The review showed five issues related to the understanding of the content and disciplines of

science, the learners, the learning environments, the instruction, and professionalism. They
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concluded that new science teachers face difficulty to meet al the high expectations set by national
standards. The challenges they faced could not aways be overcome by reforming teacher
education programs, and there is need for some challenges to be addressed at the institutional or
policy level.

Those genera challenges stand in the way of teaching excellence. One can think that those
challenges lead to the continuation of traditional teaching where teachers disseminate information.
Moreover, there are specific challenges for teaching science through inquiry.

Defining Inquiry

As shown in the previous sections, many challenges are common to all teachers. However,
when teaching science, more specific challenges exist. In this part of the review, | first present
various definitions of inquiry, and the definition that guides my study. Later in this section, |
present the challenges for teaching inquiry.

Inquiry is defined in many ways. For example, the National Science Education Standards
(NSES) defines inquiry as a “multifaceted activity that varies in structure and guidance” (NRC,
1996). Inquiry involves observation, questioning, investigation, analysis of data, and predictions
regarding the results (NRC, 2000).

Abd-El-Khalick et a. (2002) defined inquiry as “means and as an ends” (p. 398). They
identified that “inquiry as means” refers to the instructional approach envisioned to benefit
students’ understanding of science content, and “inquiry as ends” refers to the instructional
outcome which helps students learn doing scientific inquiry and understand the nature of science.

NSES recommend the implementation of inquiry and defined inquiry as “the activities in
which students develop knowledge and understanding of scientific ideas, as well as an

understanding of how scientists study the natural world” (NRC, 1996, p. 23). This definition
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includes inquiry as a “means” and as an “end” in Abd El Khalick et al. (2002) terms. Other
researchers such as Stoddart, Abrams, Gasper, and Canaday (2000) described inquiry as “giving
the students experience with the development of research questions and testable hypotheses” (p.
1222). Researchers have stated that inquiry “involves the pursuit of open-ended questions and is
driven by questions generated by the learners” (Edelson, Gordin & Pea, 1999, p. 393). Yet others
defined inquiry as “raising an investigable question, developing methods to answer that question,
carrying out those methods, anayzing the data, and reporting the findings and making
conclusions” (Akerson & McDuffie, 2002, p. 3). For this study, | use inquiry to refer to the
“means” of instruction which align with the conceptual frameworks of constructivism, the learning
cycle and the 5E model.

Inquiry in science requires a range of “cognitive, social, and physical” practices (NRC,
2012). Inquiry-based science teaching is important for in-depth understanding of science content.
In inquiry-based science teaching, students are expected to engage in the practice of constructing
scientific knowledge rather than rote memorization of science concepts. The 5E model is an
instructional method that uses inquiry to teach students about science content (NRC, 2012).

Recent research has shown that the 5E instructional model is effective in improving the
student learning outcomes. For example, Wilson, Taylor, Kowalski, and Carlson (2010) confirmed
that students showed better understanding of the subject matter and increased interest in learning
science. Similarly, Stotter and Gillon (2010) indicated that in an inquiry-based classroom, students
guestion the teacher or themselves regarding the science content. Questioning is a basic and
important component to construct knowledge. Stotter and Gillon (2010) posit that the
implementation of inquiry-based teaching stimulates students’ interests and, in turn, supportstheir

progress in learning the scientific concepts.
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Another recent study suggests that inquiry is not always restricted to classrooms. Inquiry
can beimplemented outside the classroomsto make learning a better experiencefor students. Klien
(2015) in her recent article described how the 5E inquiry model can be implemented inside as well
asoutside the classroom in theform of instructional games. She mentioned that instructional games
engage students, stimulate them to explore, and incite thoughts and questions. She discussed two
such games namely the “salmon” game and the “mating” game. Klien indicated that the two games
can be best used in the engage phase of the 5E learning cycle. Later, certain terms and incidents
related to the game can be used to elaborate on the scientific concept. By asking high-order
guestionsin relation to the game, teachers can eval uate students’ understanding.
Challengesfaced by PSTsusing Inquiry

Despite the importance of inquiry, many challenges stand in the way of its successful
implementation. Recent research has shown that in the process of learning to teach science
efficiently, PSTs find inquiry and its methods to be perplexing (e.g., Crawford 1999; Windschitl
& Thompson, 2006). Novices and PSTsface challengestrying to alter or improvise the instruction
in response to a learner-centered inquiry instruction and also struggle with poor content
knowledge. For example, one study of an elementary PST group found that the difficulties they
face are associated with pre-diagnostic assessment, choosing the appropriate mode of instruction,
appropriate implementation of instruction, and improvisation when needed (Zembal-Saul, Starr,
& Krajcik, 1997). Most PSTs, for example, find difficulty in linking science content knowledge
with pedagogy and fail to make use of their own knowledge to improve students’ learning (Ball,
2000).

Not only do American teachers face challenges with teaching inquiry, but aso many

international teachers as described by Abd El Khalick et al. (2002). He mentioned some of the
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challenges across different countries, which are as follows: 1) Absence of a clear framework for
inquiry and the nature of science in the science curriculum which caused confusion for teachersin
Venezuela and Lebanon, 2) More emphasis on the hands-on rather than minds-on component of
inquiry in Lebanon, 3) Inquiry based laboratories which require huge financial support, proper
training, and massive commitment efforts across the whole educational system in Isragl, 4) Lack
of proper implementation in Australia, and 5) Inclusion of large amounts of content material in
Taiwan.

Past research shows that PSTs and novice teachers have different perceptions of inquiry
and face many challenges while implementing inquiry-based teaching. For example, Fazio,
Melville, and Bartley (2009) studied perceptions of PSTs towards inquiry-based teaching
challenges, and how those perceptions were corroborated when they implemented inquiry-based
teaching. Findings of the study indicated marginal resources, curriculum standards, and time
management issues as some of the challenges PSTs face while implementing inquiry in their
practicum. Researchers purported that learning new ideas regarding how to implement scientific
inquiry might help PSTs overcome the instructional challenges. At the same time, the role of
constructive feedback from cooperative teachers is crucial in supporting inquiry practices and
alleviating many challenges.

In another study, Kang, Bianchini, and Kelly (2013) investigated PSTs’ successes and
struggles in moving from being a science student to an inquiry-oriented science teacher. They
stated that “border crossing is a useful way to understand PSTS’ experiences while learning to
teach science as inquiry” (p. 444). The researchers expected PSTs to face difficulty in
implementing science as inquiry. Thus, helping students realize that they are crossing the border

from ascience student role to an inquiry-oriented teacher role would support PSTs’ use of inquiry.
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Results of the study showed that PSTs were willing to implement science as inquiry but found
difficulty in bridging their subject knowledge with pedagogy.

Schulz and Mandzuk (2005) examined how teacher candidates in their new pre-service
teacher program “defined, understood, and experienced” inquiry (p. 327). PSTs found the ability
to multi-task in the classroom while teaching open-ended inquiry challenging. PSTs also noticed
a discrepancy between the theories they learnt in teacher education program to what in-service
teachers practiced in the K-12 classrooms. Whereas the teaching method courses emphasized
extensive planning, the in-service teachers were spontaneously teaching without much planning.
This contradiction is yet another challenge for PSTs. Schulz and Mandzuk suggested that teacher
educators should prepare teacher candidates for the practical challenges they might encounter
while practicing inquiry in the field.

There was one study that recently examined challenges of using the 5E model in the
classroom. Sickel and Friedrichsen (2015) conducted a study to understand how a beginning
science teacher designed and taught a complete 5E unit. In thefirst year of her teaching, she taught
an inquiry-based unit emphasizing all phases of the 5E model. She identified students having
difficulty in discovering the concepts in the “explore” and the ““elaborate” phases of instruction.
Sickel and Friedrichsen (2015) examined how her teaching changed over the second and the third
years when she moved to another school district. In the second and third years, she emphasized
the explore phase, deemphasized the explain phase, and omitted the elaborate phase. She posited
that the challenges, like time management and working with colleagues who did not share similar
inquiry-based views, as reasons for not implementing all the phases of the 5E model. In addition
to these challenges, students al so faced problemsin explaining and el aborating the concepts, which

made her emphasize the explore phase rather than blindly explaining the concepts. She firmly
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believed that learning happens when students explore, discover science concepts and think
critically. This case study stands as an example for beginning science teachers to use the
“constructivist sequence of instruction” despite several chalenges. Sickel and Friedrichsen
suggested that teacher education programs need to foreground scientific inquiry and
constructivism while preparing teachers. Thereis aso need to support teacher induction programs,
which promote collaboration with colleagues and encourages PSTs to implement 5E.

In contrast to other studies, Hanuscin and L ee (2008) conducted a study which showed that
PSTs successfully “practiced” what was “preached” in the teacher education programs.
Researchers (teacher educators) were aware of the chalenges PSTs face while implementing
inquiry instruction when they applied the S5E learning cycle model. The activities they developed
for their own teaching using the learning cycle helped their students (PSTs) to develop a deeper
understanding of ways to choose activities for their own instruction. For example, PSTs with this
approach developed the skill of selecting and sequencing activities in a meaningful way for
teaching inquiry. This approach helped PSTs learn effective ways to implement inquiry as they
observed their teacher educators model inquiry-based instruction, minimizing the challenges
associated with teaching inquiry.
Summary

Despite the success of the study (Hanuscin & Lee, 2008) in overcoming some of challenges
of teaching using the 5E model, the literature aforementioned demonstrates a plethora of
challenges and scarcity of offered solutions. This can be attributed to the fact that the literature
does not reveal a fine-grained description of the challenges when using the 5E model. Even the
study that targeted the S5SE model was based on one case study with one secondary teacher. |

conducted a thorough study using multiple data-sources which allowed me to better understand
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those challenges as well as how PST envision the solutions. The results of this study have
implications for improving science teacher education in designing effective science methods

courses that better support PSTs in implementing inquiry instruction.
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Chapter 3
M ethodology

In this chapter, | describe the research methods used in this study. | start with a
description of the research design, followed by sample and setting, data sources, and finally the
data analysis techniques.
Resear ch Design

Thisis a qualitative research study. According to Creswell (2008) qualitative research is
“a type of educational research in which the researcher relies on the views of participants, asks
broad, general questions; collects data consisting largely of words (or text) from participants,
describes and analyzes these words for themes; and conducts the inquiry in a subjective, biased
manner” (p. 46). In this study | followed 55 PSTs through several phases of their learning to
implement the 5E model. This study is designed to depict the challenges for PSTs while
implementing an inquiry model, as well as their perspectives on how to overcome them.
Sample and Setting

The participantsin this study were 55 PSTswho were specializing in elementary education,
and were divided into two sections of the same course. These PSTs were admitted to the college
of education in a private university in North Texas. They were expected to complete a science
methods course for elementary education which focused on ways to implement inquiry in their
science teaching. This science methods course was designed to enable the PSTs to get acquainted
with various instructional strategies, classroom practices, and to build the professional knowledge
base necessary for teaching science. As mentioned in the course syllabus: “This science methods
course enables PSTs learn different areas of science by engaging in scientific inquiry” (Hokayem,

2014, p. 2). The course work was divided into three different parts: inquiry-based lesson planning,
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peer teaching, and teaching inquiry-based science lessons in the K-12 classroom. PSTs wrote
lesson plans and taught to their peers in the university classrooms (peer teaching sessions) and to
elementary students in the field (field teaching). They taught in pairs except for three groups of
three PSTs. All thiswas accompanied by classroom discussion of readings about inquiry and recent
science teaching practices, activities that model inquiry and its assessment, and field work that
allowed PST to gets hands on experience of what was actualy happening in the elementary
classrooms.

At the beginning of the semester, PSTs were introduced to inquiry and the 5E inquiry
model. In groups of two or three, the PSTs were expected to write 5E inquiry-based lesson plans
for the peer teaching sessions and for teaching in the field. They received feedback on their lesson
plans from the course instructor.

In the second part of the course, PSTs taught the 5E lessons to their peers. Peer teaching
sessions helped PSTs practice instructional strategies and techniques of doing scientific inquiry.
They also received feedback from the course instructor about their teaching and they had to write
areflection about their teaching.

As part of the methods course, PSTs were placed in various elementary schools across an
independent school district in North Texas. Every teacher in the field (cooperating teacher) had
two or three students with him/her in the elementary classroom. PSTs observed classrooms
throughout one semester and finally taught 5E lessons in the field. Field teaching experience
encouraged PSTs to plan, implement and analyze various instructional procedures, and also helps

them to understand their role as a teacher.
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Data Sour ces

Surveys and semi-structured interviews. Surveys and semi-structured interviews were
the main data sourcesin this study. There were two surveys. First, PSTswere given an open-ended
written pre-course survey during the first class of the course to examine their views about inquiry.
Then towards the end of the course, after students had the chance to be immersed in learning and
teaching using the 5E model, post-course surveys were given. Pre-course survey questions were
similar to the post-course survey questions. Appendices A, and B show examples of the completed
pre and post-course surveys. Towards the end of the course, out of 55 PSTs a subgroup of 15 PSTs
agreed to be interviewed. Semi-structured interviews were conducted for that sub group of 15PSTs
and asked them about the challenges, advantages, and disadvantages of the 5E inquiry model.
Those interviews were transcribed verbatim and compared the transcript to the audiotape.
Appendix C shows example of atranscribed interview (questions and answers of the participant).

Inquiry-based lesson plans and peer teaching observations. As part of the science
methods course, PSTs were asked to write inquiry-based lesson plans. It was the first time, most
of the PSTs were writing a standard lesson plan or an inquiry-based lesson plan; therefore,
analyzing lesson plans helped understand the challenges PSTs face while writing lesson plans,
especially inquiry based ones. To design the lesson plan evaluation rubric, | asked the course
instructor whether | could have a sample of anonymous lesson plans from previous years, and she
provided a few samples. After studying these samples and relating them to the purpose of this
study, | designed a rubric that helped with the analysis. | analyzed the lesson plans based on the
lesson plan rubric, which isin Appendix E. The rubric is designed using the five phases of the 5E
model. The score on the rubric categorizes PSTs performance of writing lesson plans into three

levels: low, medium and high. A lesson plan score of 1-25 points is categorized as low level
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performance, while a score of 25-40 points is medium and a score of 40-50 points is high level
performance. In addition to the above data sources, | also collected observational notesin class. |
attended every classin each section and was always observing and taking notes of the PSTs during
thelir discussionsor their classroom activities. In particular, | focused on the peer-teaching sessions.
| observed those sessions carefully for the difficulties PSTs face while implementing the 5E
inquiry-based lesson plans in the presence of their peers. | evaluated the peer teaching sessions
based on the peer teaching evaluation criteria, examples of which arein Appendix D. Based on the
evaluation of the peer teaching sessions, PSTs performance in the peer teaching sessions was aso
categorized into three levels of performance namely low, medium and high. The PST scoring from
1-25 pointsin their peer teaching session is categorized as low, while 25-40 points is medium and
40-50 points is high level performance. The qualitative descriptions of high, medium and, low
levels of performance are described in the Table 2 below:

Table 2

Qualitative Description of Levels of Performance

High
(40-50 points)

Medium
(25-40 points)

Low
(1-25 paints)

Excellent content knowledge.

Good content knowledge but
having some incompl ete
explanations.

Poor content knowledge.

Excellent understanding of
5E inquiry model.

Good understanding of 5E
inquiry model and mediocrely
motivated to implement
inquiry in their classrooms.

Poor understanding of 5E
inquiry model and not
motivated to implement
inquiry in their classrooms.

Encouraging students highly
to think critically through
thought provoking questions.

Some encouragement of
critical thinking by asking few
thought provoking questions.

Fails to encourage students to
think critically.

Having all the 5E phasesin
place.

Having most but not al of 5E
phasesin places.

Skipping many phases of 5E
and failsin guiding students
through five phases of
inquiry.

Excellent classroom
management practices (This

Good classroom management
practices (This criteriais only

Poor classroom management
practices. (Thiscriteriais
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criteriaisonly for peer for peer teaching sessionsand | only for peer teaching
teaching sessions and not for | not for lesson plans) sessions and not for lesson
lesson plans.) plans)

Field notes. | collected field notes while observing an in-service teacher in the field.
Bogdan and Bilken (2006) described field notes as “the written account of what the researcher
hears, sees, experiences, and thinks in the course of collecting and reflecting on the data in a
qualitative study” (p. 118). | observed an experienced in-service science teacher (7 years) teaching
6" grade science and mathematics at a middle school located in North Texas. | collected notes
about in-service teacher’s methods, practices, relevant conversations, and comments in the
classroom. She also participated in a one -on -one discussion with me. During the discussion, |
enquired about her views regarding inquiry, general challenges, inquiry related challenges,
challenges she thought PSTs faced, and what solutions would she suggest to overcome those
challenges. Bogdan and Bilken (2006) posited that field notes arelike “maintained records” which
help to track the progress of the study, and to understand how the collected data influences the
researcher and the study. Field notes helped me in better understanding of the PSTs challenges,
solutions and potential reasons behind the challenges. They also helped me compare the views of
PST to the in-service teacher.

Data Analysis

PST interviews, inquiry-based lesson plans, peer- teaching observational notes, and field
notes are the important sources of data, which helped me draw conclusions from the data. The
audio-taped interviews were transcribed verbatim. | coded the data of this study by using axial
coding. Strauss and Corbin (1990) defined axial coding as a set of procedures which are used for
making connections between various data sources. Axia coding isaprocess of creating categories

or themes by grouping codes (tags given to words and phrases) from data. However, as with any
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qualitative research, the coding is an iterative process. Even though | started with an initial coding
scheme, | revised the codes depending on the empirical data and the emerging themes. This
procedure aligns with Corbin and Straus’s (2014) constant comparative method of examining one
piece of data’s relationship to another piece. In the constant comparative method, datais broken
down into pieces. For example, the constant comparison of pre-course surveys and post-course
surveysindicated that the PSTsimplementing S5E inquiry model are facing difficulty with the time
required to finish implementing the 5E lesson plan. This challengeis categorized as atheme called

lesson planning using 5E model is atime consuming process. In my study, | constantly compared

the data sources with each other to extract the challenges which are shown in Table 3:

Table 3
Data Analysis Table
Data sources Data Analytic Techniques Challenges (Themes) arising asa
result of the data analysis
Pre-Course Surveys, | Datawas coded axially and Lesson planning using 5E

Post-Course Surveys
and Interviews

constantly compared to extract
the challenges. | triangul ated the

data sources to establish validity.

isatime consuming
process.

Post course surveys
and Interviews

Data was coded axialy and
constantly compared to extract
the challenges

Making lesson
understandable to every
student in the classroom is
challenging

Transition between phases
of the 5E based lesson is
challenging

Field, Peer teaching
Lesson Plans and

Data was coded axialy and
constantly compared to extract

Peer teaching is
challenging.

Observationa notes

plans to challenges while

Interviews the challenges. | triangul ated the

data sources to establish validity.
Peer Teaching Data was axially coded. | Maintaining stringent time
Lesson Plans, compared the challengesin the slots for phases of the 5E is
Interviews and field and peer teaching lesson challenging.
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from Peer Teaching | implementing the lesson plan
Sessions during peer teaching using the
constant comparative method.
Data was triangulated for validity.

Field, Peer Datawas axially coded. | - Writing and implementing
Teaching lesson compared the challengesin the the explain phase of the 5E
Plans and field and peer teaching lesson Is challenging.
Observationa notes | plansto challenges while - Difficulty evaluating
collected from Peer | implementing the lesson plan students understanding.
Teaching Sessions. | during peer teaching using the . Theelaborate phase of the

constant comparative method. 5E is hard to think of.

Data was triangulated for validity.

As shown in the Table 3, post-course surveys and interviews were constantly compared to
each other to find that PSTs face challenges while moving from one phase of the 5E to another.
These challenges are categorized as a theme called “transition between the phases of 5E based
lessons.” Similarly, all data sources are compared and contrasted to extract the challenges. |
categorized these challenges into different themes like peer teaching is challenging, writing and
implementing the explain phase of the 5E is challenging, etc.

Table 3 also shows how data were triangulated to establish validity. Guion, Diehl, and
McDonald (2011) posited that “triangulation is a method used by qualitative researchers to check
and establish validity in their studies by analyzing aresearch question from multiple perspectives”
(p. 1). Field lesson plans, peer teaching lesson plans, and observational notes collected from peer
teaching sessions were constantly compared to find that PSTs faced challenges while explaining,
evauating and elaborating the 5E lessons. These challenges were categorized into different themes
like writing and implementing the explain phase of the 5E is challenging, Difficulty evaluating

students’ understanding, and the elaborate phase of the 5E is hard to think of.
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Reliability. | established the reliability using triangulation of multiple data sources.
The reliability check also took place with the course instructor. | coded the lesson plans, and she
graded them. Any disagreement with the high, middle or low categories were resolved through
discussion. We had an agreement of over 90%.

As for the peer teaching sessions, the course instructor gave grades and written feedback
to the PSTs for the same criteria | was looking for. After each peer teaching session, | compared
my codes with her grades. More than 90% were similar. Any disagreements were resolved through

the discussion.



CHALLENGES IMPLEMENTING 5E INQUIRY MODEL 28

Chapter 4
Results

This section provides a compl ete presentation of the results obtained from the various data
sources. The data sourceswere pre- and post-course surveys, field and peer teaching lesson plans,
observational notes from peer teaching sessions, and semi-structured interviews. There were a
total of 26 field lesson plan groups, 26 peer teaching lesson plan groups, and 26 peer teaching
session groups. | conducted semi-structured interviews for a subset of 15 PSTs, transcribed
verbatim, and analyzed the interviews to find out more about their perspectives regarding inquiry.
| qualitatively analyzed the data to detect general patterns in the data and for an in-depth
understanding of PSTsviews. Theresults of this study showed general and specific challenges that
PSTs faced while implementing the 5E inquiry model of instruction. The results also showed
possible solutions for some of those challenges.
General Challenge of Classroom M anagement

Before addressing the specific challenges of inquiry, | present a general concern that
several PSTs mentioned, the classroom management challenge. The anaysis of interviews
indicates that 26.66% (4) of PSTs indicate that classroom management is one of the general
challenges. P-16 said “Maintaining discipline in the classroom was challenging,” P-30 said
“Keeping students on task was challenging,” and P-22 said “Classroom management as a whole
especialy when we were using the 5E model was very challenging.” When | probed P-22 further
about the challenges of classroom management while implementing the SE inquiry model she said:
“Kids are not always in the best mood | have noticed. Sometimes you walk in and you have this

great lesson planned but, the kids are not up for learning and that throws everything off. Itisalot
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of time spent on getting the kids to listen and from there explaining things.” Apparently, PSTsfind
classroom management to be one of the main concerns of teaching.
Inquiry Definitionsby PSTs

One way to understand the students’ challenges with inquiry is first to probe how they
defined and talked about inquiry. After comparing the pre and post course surveys, the results
showed that the PSTs had different definitions of inquiry before and after the course. Table 4
shows how students talked about inquiry in the pre-course survey.
Table 4

Definitions of Inquiry in Pre Course Survey

% of the PSTs Name of the Excerpts
PSTs
20% P-49 “Inquiry is thinking about different ways to teach”
Miscellaneous
definitions of inquiry _ i
P-16 “Inquiry Is an experiment”
P-28 “Inquiry is making inferences and acquiring new
knowledge”
P-9 “...looking into something deeply”
P-50 “Inquiry involves probing students with
questions”
60% P-11 “...letting students ask questions to learn”
Inquiry isstudents r . —
asking questions P-20 ...allowing students to ask questions
20% P-47 “I have no idea, |1 don’t think I have ever learned
No idea about inquiry what inquiry is.”
P-54 “An inquiry is an educated idea?”
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Asshown in Table 4, 20% of PSTsindicated that they did not know what inquiry isin the
pre-course survey. For instance, P-47 said, “I have no idea, | don’t think I have ever learned what
inquiry is.” P-54 asked, “An inquiry is an educated idea?” Out of those who knew what inquiry
was, most of them indicated that the inquiry is students asking questions. For example, P-11 said
that inquiry is “letting students ask questions to learn more about topics” and P-20 said inquiry is
“allowing students to ask questions by engaging their curiosity”. The remaining 20% of the PSTs
believed that the inquiry is teachers asking questions, doing experiments, coming up with
explanation, and creating knowledge by interpretation.

Compared to their perception of inquiry prior to the taking the course, PSTS’ perceptions
of inquiry in the post-course survey after taking the methods course are presented in Table5.
Table5

Definitions of Inquiry in Post Course Survey

% of PSTs Name of Excerpts
the PSTs
36.36% P-32 “In my opinion inquiry means that students are handling
science, they are manipulating it, working it into new shapes
Inquiryis and formats, integrating it into every part of their world, and
student directed discovering it in new ways”
P-18 “Inquiry is a student’s way of seeking and exploring the

concepts of the natural world, connecting personal experiences
and overcome misconceptions”

27.27% P-47 “Inquiry is asking questionsin order to gather as much

Inquiry is information as possible”

teacher directed | P-41 “Teacher asks questions to probe students and push them along
without telling them the answer”

21.82% P-36 “Inquiry isthe investigation of scientific concepts through

Inquiry is observations and other forms of information”

vestigation P-23 “ Inquiry is the act of investigation and questioning”

14.55% P-54 “Inquiry is the process of constructing scientific knowledge”

Inquiry is —

constructing P-4 iswhen you take the knowledge that you have and put it into

knowledge practice to see if it is accurate”
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During the post course surveys, PSTs had various definitions and different ideas about
inquiry. All students gave a definition of inquiry. For example, as shown in Tables 4 and 5, P-47
and P-54 did not have any idea about inquiry during their pre-course surveys. However, in the
post-course surveys, P-47 said, “Inquiry isasking questionsin order to gather as much information
as possible” and P-54 said, “Inquiry is a process of constructing scientific knowledge.” In addition
to mentioning experimenting and teachers asking questions, many pre-service teachers shifted
their focus to defining the inquiry in relation to students’ perspectives. Intheir post course surveys,
36.36% of PSTsdefined inquiry as students learning from their own experiences, 27.27% of PSTs
defined it asteacher directed learning by asking questions, 21.82% of PSTs defined it as a process
of investigation, and 14.5% indicated the construction of knowledge. The way they talked about
inquiry in the post survey was more sophisticated because they included the thinking part of
constructing knowledge. Moreover, the analysis of surveys not only indicated that PSTs had
various definitions for inquiry but also expressed that inquiry has challenges.

Challenges of Inquiry

The surveysindicated that the PSTs expressed challenges of inquiry in general. About 80%
of PSTs said inquiry has challenges in the pre-course survey, whereas, the number had increased
t0 96.36% in the post-course surveys. They changed their mind from not being sure about whether
inquiry has challenges to discussing the challenges of implementing inquiry. For example, P-23
said, “l don’t know what you mean by inquiry” in her pre-course survey when asked about the
challenges of inquiry. Later, in the post-course survey, she said, “Main challenge that comes with
inquiry is that sometimes it can be hard not to go too far off track.” In another example, P-35
defined inquiry as the “Process of gaining an understanding of the scientific world through

questioning and wonder” in her pre- and post- course surveys. When writing about the challenges,
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P-35 went from saying “no challenges” in her pre-course survey to “Inquiry has disadvantages, a
person might not be fully satisfied by the answer they receive from using inquiry” in her post-
course survey.
Challengesfrom the Field and Peer Teaching L esson Plans and Peer Teaching Sessions

Apart from the surveys, analysis of other data sources like field lesson plans, peer teaching
lesson plans, and peer teaching sessions also indicated certain patterns of inquiry challenges in
general. Qualitative analysis of the lesson plans (field and peer teaching) and peer teaching
sessions indicated specific challenges of inquiry.

Qualitative analysis of lesson plansand peer teaching sessions. | coded the lesson plans
(field and peer teaching lesson plans) and peer teaching sessions using specific rubrics
(Appendices D and E). The rubrics helped in evaluating lesson plans and peer teaching sessions to
allot certain scores. The evaluation was based on certain criteria like having an interesting
introduction, planning a purposeful activity, asking critical questions, and having assessment

guestions specific to the science concept.

Distribution of the Scores

100.00%
80.00%
g 60.00%
B 40.00%
20.00%

0.00% . Peer Teaching .

Field Lesson Plans Peer Teaching
L esson Plans

= H 23.64% 16.36% 23.64%

=M 58.18% 69.09% 65.45%

mL 18.18% 14.55% 10.91%

Figure 2. Field, Peer teaching lesson plans and Peer teaching sessions Score Distribution.
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Figure 2 shows that 58.18% (field lesson plans, 15 groups), 69.09% (peer teaching lesson
plans, 18 groups), and 65.45% (peer teaching sessions, 17 groups) of the PSTs scored medium on
the evaluation rubrics. This pattern indicated that the PSTs are struggling to write 5E lesson plans
and teach those lessonsto studentsin thefield and to their peersaswell. The dataa so demonstrates
that 23.64% (6 groups) of PSTs scored high on the field lesson plan evaluation rubric and only
16.36% (4 groups) of PSTs scored high on the peer teaching lesson plan evaluation rubric. This
can be related to the fact that the peer teaching lesson plans had to be designed for fifth or sixth
grade content levels whereas the most students were designing lower elementary lesson plans for
the field. Those results bring up the importance of content knowledge which I explore in the next
section.

Specific Challenges of the PSTswhile Implementing 5E Inquiry Model

This section presents a detailed description of specific challenges PSTs faced while
implementing the 5E inquiry model of instruction.

Writing and implementing the explain phase of the 5E model. Various data sourceslike
field lesson plans, peer teaching lesson plans, and peer teaching sessions indicated that the Explain
phase of the 5E model ischallenging for PSTs. When probing closely about this challenge, | found
that PSTS’ reference to the explanation was classified into three categories. Thefirst refersto those
having a complete explanation (PSTs had the complete and correct scientific explanation), the
second refersto those having good scientific explanation but not totally complete (PSTs had partial
scientific explanation), and the third refers to those having incomplete and poor scientific
explanations (PSTs had incorrect scientific explanation). Percentages of PSTs struggling with the

Explain phase are reported in Table 6.
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Table6

Percentage of PSTs struggling with Explain phase

Data Sour ces Indicated Complete Indicated Partial | Indicated Incomplete
Scientific Explanations Scientific and Poor Scientific
Explanations Explanations
Field lesson plans | 41.82% 50.91% 7.27%
(11 groups) (13 groups) (2 groups)
Peer teaching 30.91% 54.54% 14.55%
lesson plans (8 groups) (14 groups) (4 groups)
Peer teaching 23.64% 65.45% 10.91%
sessions (6 groups) (17 groups) (3 groups)

Table 6 shows that 30.91 % (8 groups) had complete scientific explanations in their peer
teaching lesson plans but only 23.64% (6 groups) had compl ete scientific explanations during their
peer teaching sessions. Similarly, 54.54% (14 groups) had partial scientific explanation in their
peer teaching lesson plans, but 65.45% (17 groups) had partial scientific explanation in their peer
teaching sessions. This discrepancy between peer teaching lesson plans and peer teaching sessions
(Table 6) indicates that the PSTs who wrote the peer teaching lesson plans could not successfully
implement them as expected during the peer teaching sessions. For example, P-10 and P-23 in
their peer teaching lesson plan on plate tectonics, indicated partial explanations (“We will discuss
results of experiments, give definitions of different types of plate movements.”) However, in the
peer teaching session, they failed to implement the lesson as planned. Rather than discussing the
results of the experiments as mentioned in their lesson plan, they skipped the discussion part and
read out definitions directly from the slides. They failed to motivate students to relate graham
cracker movements to tectonic plate movements. The overall explain phase was very vague, as
they did not explain deeply how the tectonic plates interact, which made it an incompl ete and poor

scientific explanation.
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To better illustrate those three categories, | will focus on the lesson plans and present the details
in specific lesson plans that explain each case. Table 7 presents a case of a PST group having a
complete scientific explanation.

Table7

Data showing Complete Scientific Explanation

Name of the PST and Objective of the Complete Scientific Explanation
L esson
P-40 and P-43 “We will begin introducing the topic of fossils by

first asking students to define the term fossils,
discuss their definitions.

We will define the term fossils and discussing the

Peer teaching lesson plan attributes of fossils.

Fossils are what is left from living things in the past
Fossils can be prints of animals or plants

Some fossils are parts of things that were once
living (Bones, Teeth)

Objective: Studentswill be ableto identify | The next main ideawe will addressis where
fossils as evidence of past living organisms | geologists can find fossils.

and evidence of history. In rock

Ice
Tar
Amber (hardened tree sap)

Thefina main ideawe will discussis how fossils
are made.

Animals die, their remains stay behind

Over many, many years the remains are buried
Soil
Clay
Mud

The layers turn to rock and the remains leave an
imprint in the rock

Thisimprintiscalled a
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We will then ask students to write down what they
learned, making sure to point out our key idea
which isthat fossils are evidence of past living
organisms.”

The example in Table 7 shows a complete scientific explanation. The lesson was about

fossils. PSTsdivided the explain phase into three parts where they asked students to come up with

the definition for fossils, PSTs accepted and discussed students definitions in the first part. They

explained where the fossils were found in the second part, and finally, they addressed the main

idea of how fossils were formed. At the same time, the PSTs asked students to write down what

they learned from the lesson to check whether students understood the big idea. | called this a

complete scientific explanation because they

appropriate explanations.

had the right balance of questions, discussion and

Many students had partial explanations, which mean that they did not push studentsfor the

complete scientific explanation. Table 8 represents such a case.

Table8

Data showing Partial Scientific Explanations

Name of the PST and Objective of the
lesson

Partial scientific explanation

P- 30 and P-53

Peer Teaching Lesson Plan

Objective: The students will be ableto
identify different states of matter and
distinguish between them.

“After sorting the pictures we all reconvene as a
class.

On the whiteboard we will have constructed a
chart and as aclassfill it in together.

Groups will be called on one at atimeto give an
example and reason why they sorted in certain
way.

After giving their exampleif any groups dispute
their thoughts, we will discuss as a class.”
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The example in Table 8 shows partial scientific explanation. The lesson was about states
of matter and the ability to distinguish between them. PSTs planned to discuss the activity (sorting
pictures according to the state of matter) and the criteria by which students sorted the pictures.
Even though PSTs provided students with the opportunity to explain their criteria (shape, texture,
etc.) for sorting objects, they neither addressed the reason behind choosing those criteria, nor did
they provide students with the appropriate explanation of representation of the moleculesin solids,
liquids, and gases. At the same time they did not have any critical questions which could further
help students to think deeply about the differences between the different states of matter. Some
students had very poor scientific explanations, and one case is represented in Table 9.

Table9

Data showing Incomplete and Poor Scientific Explanations

Name of the PST and Objective of the Incomplete and Poor Scientific Explanation
L esson
P-5and P-9 Bring the class together and draw atable on the

Peer teaching lesson plan

Objective: The students will be ableto
engage in the experiment of layering
different liquids and after be able to
explain the concept of density,
understanding that different things have
different densities.

board with each group’s name on it.

Record each group’s initial prediction of which
liquids were more or |ess dense. Based on their
final product, ask students how they arrived at
that by discussing which liquids the students
found to be successful in layering and how it
compared to their initial prediction.

Next we will reveal the identity of the liquids
that the students were using.

Ask the students whether they were surprised
after knowing what the real liquids were
(encourage class discussion)

The examplein Table 9 shows incomplete and poor scientific explanations. Thelesson was

about the concept of density and understanding how different liquids have different densities. For

the explanation part of the lesson, PSTs chose to discuss which liquids were more or less dense
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but failed to explain why liquids have different densities. They did have afew questions, but the
guestions did not motivate studentsto think that density was the reason behind why liquidslayered
the way they did. At the same time, they failed to provide students with the scientific explanation
behind the concept of density and its relationship with the mass and volume.

Difficulty evaluating students’ understanding. Similar to the explain phase of the 5E,
PSTs struggled with evaluating students’ understanding of the scientific concepts. During the
interviews, 13.33% of the PSTs said that assessing/eval uating students understanding at the end of
the lesson was challenging. For example, P-13 in her interview said that, “the challenge was the
assessment piece...most of the assessment like making sure that they participated and making sure
that they did the worksheet that we gave them.”

The PSTs in their lesson plans were supposed to have an assessment question that is
specific to the content they taught and the question had to be clearly written for students to
understand as well as include a sample answer and grading criteria. They were supposed to
implement this assessment question during the peer teaching sessions. | found that PSTs
evaluations or reference to the evaluations were classified into three categories. The first refersto
those having a complete evaluation, the second refers to those having good evaluation techniques
but not specific for what they expected students to learn in the objective, and the third refers to

incomplete evaluation when PST s skipped the eval uation phase.
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Table 10

Percentage of PSTs struggling with the Evaluation phase
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Data Sour ces Indicated Complete Indicated Partial | Indicated Incomplete
Evaluation Evaluation Evaluation

Field Lesson 80% 12.73% 7.271%

Plans (21 groups) (3 groups) (2 groups)

Peer Teaching 74.54% 14.55% 10.91%

Lesson Plans’ (19 groups) (4 groups) (3 groups)

Peer Teaching 69.09% 23.64% 7.271%

Sessions (18 groups) (6 groups) (2 groups)

As shown in Table 10, 14.55% (4 groups) had partia scientific evaluation in their peer

teaching lesson but the number increased to 23.64% (6 groups) during their peer teaching sessions.

Similarly, 74.54% (19 groups) had complete scientific evaluation in their peer teaching lesson

plans but only 69.09% (18 groups) had complete scientific evaluation in their peer teaching

sessions. Thisdiscrepancy between peer teaching lesson plans and peer teaching sessionsindicates

that the PSTs who wrote the peer teaching lesson plans could not successfully implement them as

planned during the peer teaching sessions.

In order to better understand the challenges PST faced with the evaluation phase of the 5E,

| present a case for each category. Table 11 presents a case that shows complete evaluation in the

lesson plan.
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Table11

Data showing Complete Evaluation
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Name of the PST and Objective of the
L esson

Complete Evaluation

P-43 and P-40

Peer Teaching Session

Objective: Studentswill be able to identify
fossils as evidence of past living organisms
and evidence of history

“Very Good Extend activity to assess what they
learned. They had very good questions to push
students thinking”

-They gave each table one fossil mold and have
students create a story about the fossil followed by
few questions.

-What animal do you think the fossil is from?
-Where do you think it was formed?
-How do you think this could have been made?

-Create a story about how this fossil was formed,
incorporate the above three questions.

-Have groups share their story and information
about their fossi| to the entire class.

-Revea what the fossil actually represents and a
few facts about the fossil”

In Table 11, the example shows the complete evaluation. The lesson was about fossils.

PSTs asked students to create a story by incorporating some questions which motivated students

thinking about fossils, and how they were formed. The different groups in the class were able to

support their story with logical evidence and information about the fossils (e.g., formed in

sedimentary rocks over along period of time) that they learned in the lesson. One could see that

this assessment perfectly aligned with the lesson objective and instructional method. Another case

shows how PSTs had partial evaluation as presented in Table 12.
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Table 12

Data showing Partial Evaluation

Name of the PST and Partial Evaluation
Objective of the L esson
P-12 and P-26 “Why does it rain more in some places?”

Peer Teaching L esson Students answer

Plan “We’re going to watch a video about the rain shadow effect and

why it rains morein certain places.”
Objective: Studentswill

describe and illustrate

movement of the water Rain shadow effect video:

above and below the Earth | pyne: /ayww.youtube.comiwatchv=Y WZ6yEv-gl4
through water cycle and

explain role of the Sun.

“Now when you see it rain, you will know exactly how it’s
happening!!

The example in the Table 12 shows partia evaluation. The lesson was about movement of
water in the water cycle and the role of the Sun in the water cycle. PSTsin the evaluation section
chose to ask questions and show a video about the rain shadow effect. The video and questions
were not very specific to the objective of the lesson. Thisis partial evaluation because instead of
assessing students for their understanding about the water cycle, and the role of different elements
(e.g., sun) in the water cycle, this group of PSTs asked students why it rains more in some places
and showed a video about rain shadow effect. Such questions reinforces the idea of saturation in
the atmosphere and condensation to produce rain (one phase of the water cycle), but it does not
allow one to assess students’ understanding of the different phases of the water cycle and

relationships among them. The third case shows incomplete evaluations as presented in Table 13.
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Table 13

Data showing Incomplete Evaluation

Name of the PST and Objective of the I ncomplete Evaluation
L esson
P-3 and P-33 “We will pass out a short quiz that we have found.
We expect the students to finish this quiz pretty
Field Lesson Plan quickly and will help read if necessary. We also

expect the students to have little issues with
Objective: Studentswill be ableto define | understanding what the quiz is asking and hope that
and distinguish the four different season the students are able to answer all these questions
and weather that occurs in each season. correctly. We will give the students 10 minutesto
take this quiz.”

The example in the Table 13 shows an incomplete evaluation. The lesson was about
different seasons and weather that occur in each season. As part of their assessment, the PSTs
mentioned that they would pass out a short quiz to assess student understanding. They indicated
in the lesson plan that they will give students a quiz, but nowhere did they include any specific
guestions for this quiz. This is an incomplete evaluation where PSTs missed writing questions
which would assess students understanding of the concept.

L esson planning using the 5E is a time consuming process. In the pre course surveys,
0.54% of PSTs said that writing the 5E lesson plans needs alot of planning. However, 18.18% of
PSTsin the post course survey said that lesson planning using the 5E model takes a lot of time.
For example, P-38 in the post survey said, “it takes a lot of planning and preparation on the
teacher’s part” and P-53 said, “5E lessons take a lot of time and planning to carry out.” Another
PST, P-15 mentioned that “Inquiry takes some time and could potentially take more time for
students to learn and more time for a lesson to take place.” Moreover, P-34 said, “One big issue

with inquiry istime. By exploring each concept, it takes up alot of time.”
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Similarly, during the interviews of 15 PSTs, 20% of the PSTs opined that the 5E lessons
and lesson plans require a lot of planning and time. For example, P-22 said, “Planning the 5E
lesson is very time consuming.” While many expressed general time consuming challenges, some
expressed their concern with specific challenges related to time. For example P-31 said that “5E
lessons take a lot of planning to get all the materials set up.”

Making sureevery student in the classroom under standsthelesson. Theresults showed
that 14.55% of PSTsin the post course survey and 20% of the PSTsin their interviews expressed
concerns about supporting each and every student’s understanding of the science content. Even
though the 5E model provided students with opportunities to think and work at the same time,
PSTs did not see how this model can help them check for the understanding of every student. P-
11 said, “The challenge would be making the lesson plan for all the students to understand it.” P-
18 said, “Altering things for each student is difficult.” Similarly, P-28 said that “Working with
individual kids is the hardest thing.” All these excerpts show that PSTs had concerns about meeting
the needs of each and every student in the classroom while planning and implementing 5E |essons.

Mapping thelesson to thedifferent partsof the 5E. In their interviews, 13.33% of PSTs
found that dividing any lesson into the 5Esis challenging. P-7 said, “We had aproblemin dividing
the lesson into the different 5Es.” The PSTs faced difficulty while choosing which part of the
lesson should align with the engage, explore, explain, elaborate, or eval uate phase of the 5E lesson
plan.

Transition between phases of 5E based lesson. In their post-course surveys, 5.45% of
PSTs said that deciding when to move from one phase of the 5E to another while teaching is
challenging. Similarly, 6.66% talked about difficulty in deciding when to transition from one phase

to another in their interviews. For instance, P-42 said in the interview that “It is hard to decide
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when to move on may be, if you are explaining when to stop and when to go, elaborating the
topic.”

Stringent timeslotsfor phases of the 5E model. During their interviews, 13.33% of PSTs
opined that following strict timelines for each of the 5E phases is unrealistic and challenging. P-
30 said, “Having a specific time for each ‘E’ is kind of hard because it is based on individual
lessons. Some lessons might take less time but some might go over.” At the same time, a close
look at the lesson plans also showed that the PSTs could not estimate the approximate duration for
the lesson. For example, P-28 and P-32 in their peer teaching lesson plan estimated their teaching
about “Structure of the Earth” would take 45 minutes, but they completed the lesson in 32 minutes.

These results motivated me to analyze the time it took PSTs to finish their lesson. |
performed further analysis on peer teaching lesson plans and the peer teaching sessions. | noted
the time taken by each PST group to complete the peer teaching lesson, and compared that with
the timethey had predicted to finish teaching as noted in their lesson plan. Theresults are presented
in Table 14.
Table 14

Table comparing difference between Predicted and Actual time taken to finish the lesson.

Time predicted in the peer teaching lesson plans | Actual timetaken during peer teaching
sessions
30-35minutes | 35-40 minutes | 40-50 minutes | Over time Ontime | Under time
36 PSTs 4 PSTs 7 PSTs 25PSTs
(17 groups) (2 groups) (3groups) | (12 groups)
(65.45%) (7.27%) (12.73%) (45.45%)
11 PSTs 11 PSTs
(5 groups) (20%)
(20%)
8 PSTs 8 PSTs
(4 groups) (14.55%)
14.55%)
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As shown in Table 14, 65.45% of PSTs (17 groups) estimated the time range of 30-35
minutes, 20% (5 groups) estimated 35-40 minutes, and 14.55% (4 groups) estimated 40-50 minutes
to implement their lessons in their peer teaching lesson plans. When predicted time ranges were
compared to actual time it took PSTs to implement the peer teaching sessions, only 12.73% (3
groups) of the PSTs were on time, 80% (21 groups) of the PSTs were under time, and 7.27% (2
groups) of them were over time.

Knowing that many pre-service teachers did not estimate realistic time periods for their
teaching, | further probed their lesson plans to analyze how they allocated time for each of the S5E
phases. Table 15 shows examples of unredlistic time dlots that were estimated for each of the 5E
phase.

Table 15

Excerpts showing unrealistic time slotsfor different phases of the 5E as shown in their lesson plans

Nameand Phase Description Time Slot
Titleof the as
L esson predicted
by
student
P-10, P-23 Engage “Show a funny video to introduce the lesson. 3 minutes

Relate it to the topics by explaining, “This was a

L esson Title: funny video, but it shows an event that happened

Plate Tectonics , ' .

over time millions of years ago and is still

happening today. What do you think happened in

the video?”

Link:

https.//www.youtube.com/watch=TzzGPfVx32M”
P-18, P-25 Explore “Then, I will give each group an insect and they 10

have to research and discover if this animal goes minutes
Lesson Title: through complete or incomplete metamorphosis.
Complete and Each group will then come to the front and act out
Incomplete the different stages so that the rest of the group

Metamorphosis can guess.
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Complete: Ant, Flea, Ladybug, Mosquito

Incomplete: Termite, Walking Stick Bug, Dragon
Fly”

P-13, P-14,P-
21

Lesson Title:
Gravity

Elaborate

“Show video... despicable me antigravity serum
example

In this video we noticed... that gravity was
“turned off” after the minions drank the purple
antigravity serum so they floated to the ceiling!

They participate in discussion by reporting what
they noticed and how it relates to what we talked
about”.

2 minutes

P-40, P-43

Fossils

Lesson Title:

Extend

“After the section of the video is played ask the
students

to discuss asa group:

1. What would have to be true about these
imprints to consider them fossils?

2. How could the whale fossils have ended up in
the marble slabs?

3. Where do you predict the fossilization of bones
the whale took place?

Next section of the video: (0:58 seconds)

4. Does your prediction of where the fossilization
could have taken place match the video?

5. How could the fossilization of awhale possibly
take place in the dry desert of Egypt?

(connect to the importance of history and time
period)

Play next section of video: (1:081:
26)

This part of the video should answer the question
of how awhale fossil could have been found in

Egypt.”

5 minutes
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The first example in Table 15 shows that P-10 and P-23, while engaging students to teach
them about “Plate Tectonics”, allocated a three-minute time slot for engaging students in the
classroom to show and discuss the YouTube video. This time slot seemed unredistic as the
duration of the video is 2 minutes 34 seconds and there are only 30 seconds left for the whole class
discussion.

The second examplein Table 15 shows that P-18 and P-25 allocated a 10-minute time slot
for the students to explore complete and incomplete metamorphosis. Each group had to explore
the animal given to them, and to prepare a story and act it out to the class. The class had seven
groups so alocating just ten minutes for all this activity was not realistic.

Thethird example shows that while writing a 5E lesson plan to teach “Gravity; P-13, P-14,
and P-21 allocated a two-minute time slot for the elaborate phase. PSTs expected the students to
watch a 45-second video and then discuss their observations in the short span of 2 minutes. The
estimated time slot seemed very unredlistic.

Thelast examplein Table 15 shows that P-40 and P-43 while writing a 5E |esson plan to
teach “Fossils” alocated a five-minute time slot for the extend phase. PSTs expected the students
to watch avideo and participate in the discussion in a short span of 5 minutes which is unrealistic.

The Elaborate phase of the 5E lesson is difficult. The results showed that 20% of the
PSTs found the elaborate phase to be difficult. For example P-31 said in her interview that, “The
Elaborate part for me was always a little bit more vague or harder to do.” Similarly, P-49 said,
“We kind of struggled with “‘elaborate’ and ‘extend’. We kind of got those confused and, what we
should do for each part.” | therefore performed a qualitative analysis to find out more about this
challenge. The PSTs, in their lesson plans, were supposed to mention one or two examples of how

they would elaborate the lesson and relate the lesson to real life. Many PSTs failed to do so. |
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analyzed the field and peer teaching lesson plans closely to report percentage of PSTs facing
difficultiesin the elaborate phase. | decided the level of difficulty based on the following: whether
or not they included the elaborate phase, whether they related the lesson to appropriate red life
examples, whether they elaborated by showing videos related to the objective of the lesson, and
whether the activities transferred the ideas to a new scenarios. Table 16 shows the percentages.
Table 16

Percentage of PSTs facing Difficulty in the Elaborate Phase

Phase of 5E | Interviews | Field Lesson Plans Peer Teaching Peer Teaching
L esson Plans Sessions
Elaborate 20% 30.91% 43.63% 52.72%
(3PSTs) (8 groups) (12 groups) (14 groups)

Asshown in Table 16, 43.63% (12 groups) of PSTs struggled with the elaborate phase of
the 5E model. A more qualitative analysis of this chalenge shows that students may have
misunderstood the elaborate phase. For instance, in alesson where students were supposed to learn
the difference between conductors and insulators, P-1 and P-55 in the elaborate phase wrote that
they would “introduce the terms conductor and insulator through a short PowerPoint.” This excerpt
clearly shows that the PSTs were introducing terms in the elaborate phase rather than relating the
context of the lesson to real-life situations or transferring the knowledge they learned to explain a
new scenario. In another example of alesson about classifying objects based on their observable
properties including size, mass, shape, color/shade, and texture, P-33 and P-40 wrote that they
would show avideo about using physical propertiesin the world. They neither mentioned the link
to video nor did they have any critical questions/example scenarios which would push students to

connect the concept to the real life situations.
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Peer teaching is challenging. A qualitative analysis of the interviews revealed that,
53.33% of the PSTsindicated that teaching to their peersis challenging when compared to teaching
to students in the field. For example, P-42 in her interview said, “Peer teaching is much harder,
because you are being like, children won’t judge you as your peers will do so | think it was harder
for us to teach here.” P-22 said, “It was a lot easier to teach little kids than the peers. For our
classmates, we are writing for fifth graders but we knew that it is going to be easy, but keeping
them engaged was way different like you would do way simpler 5E to engage little kids.”
Similarly, P-50 said, “Teaching to peer was more challenging because they did not take it
seriously.” All the excerpts above show that the audience they were teaching influenced how
stressed or relaxed the PSTs felt.

Suggested Solutions

In this section | present solutionsto some of the challenges that the PSTs mentioned during
their interviews.

Using multiple resources. PSTs perceived 5E lesson planning as a time consuming
process. Intheir interviews, some of them (6.66%) proposed a solution of this challenge by seeking
help from cooperative teachers and using avail able online resources to save sometime. P-31 said,
“Not only talking to field placement teachers but online resources are super great way to overcome
that challenge.”

Mor e practice. Many students faced difficulty writing the lesson plan using the 5E model.
During their interviews, 20% of PSTs stated that more practice writing lesson plansis a solution
to this challenge that may help them to improve and develop ease about implementing the S5E

teaching model. For instance, P-16 said, “Just more practice, and it will become natural for you to
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include each part without putting on paper,” and P-7 thinks, “Having more time spent on it in class
especially when we were about to teaching it to our students helps.”

Being flexible with 5E divisions. Earlier in this section, | reported that the PSTs faced
difficulty with the elaborate phase of the 5SE model. In their interviews, 6.66% of PSTs believed
that being alowed to merge some of the 5E phases would help them alleviate this challenge. For
example, one could combine the elaborate phase with explain phase. P-42 said, “Doing more of
flexible lesson plan or you can combine Es to make it like the teacher can understand they can
intervene each Es while they are teaching.”

I ncorporating different instructional strategiesin the classroom. Many PSTs thought
that making sure each and every student in the classroom understands the lesson is challenging.
During their interviews, 6.66% of the PSTsindicated that adopting different instructional strategies
may help in meeting individual student needs in the classroom, and can be a solution to this
challenge. For example, P-28 mentioned that, “Encouraging students to work in groupsis kind of
like self-teaching, so you don’t have to be on top every single kid, you have a little breathing
room.”

Relating the science concepts to the real life experiences. Many PSTs found the
elaborate phase challenging. Relating science conceptsto students’ real-life experience rather than
always including more classroom activities might be a solution to this chalenge. During the
interviews, 13.33% of the PSTs said that students should not only explore activities related to the
science topics, but should aso connect the science conceptsto real-life experiences and situations.
For example, P-22 said, “Aside from just kind of tying thingsto activities within aclassroom tying

things back to recess or going to the zoo, field trips might help.” P-30 said, “I would actually make
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the connection for them with the science in the real world so they are not kind of just going through
the motion.”

Acquiring a solid science content knowledge. The most important and biggest challenge
PSTs faced while implementing 5E inquiry model of instruction is the explain phase. During the
interviews, 6.66% of the PSTs indicated that having a strong science content knowledge builds
confidence and helps PSTs to overcome the challenges related to the explain phase. For example,
P-49 said, “One of the solutions is | guess just better understanding of our topic.” PSTswith solid
science content knowledge have an ability to explain the science concept in many ways, which
hel ps students to better understand science.
Overview of the Results

The PST teachers taking a science method course observed several 5SE model lessons
implemented in the classroom and had plenty of opportunity to discuss, read, and teach using this
model several times. However, the results of this study reveal that they still faced many challenges
to successfully implement thismodel. The data showed nine specific challenges of implementing
the 5E inquiry model, which can be classified into challenges that concern the instructional method

and challenges that concern the content. Table 17 shows these different challenges.
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Table 17
Method and Content related Challenges
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Method related Challenges

Content related Challenges

Making sure every student in the classroom
understands the lesson is difficult.

Writing and implementing explain phase of
the 5E model is difficult.

Lesson planning using the SE isatime
CONsUMinNg process.

Thinking of creative ways for the elaborate
phase of the 5E lesson is difficult.

Teaching to peersis more stressful that
teaching young students.

Having proper evaluation for students
understanding is challenging

Transition between phases of 5E can be
confusing

Mapping the lesson to the different parts of
the 5E can be confusing.

Stringent time slots for phases of the 5E
model can be hard to implement.

After close analysis of the semi-structured interviews, the PSTs proposed five possible

solutions for some of the challenges. Those solutions were:

1. Using multiple resources to reduce the time taken to plan 5E lessons.

2. Practicing the 5E-based lesson plans and becoming experts in blending or splitting phases

to become fluent in designing this teaching method

3. Incorporating different teaching strategies in the classroom in order to meet the needs of

every student in the classroom.

4. Relating the science concepts to real life experiences helps to overcome the confusion of

writing the elaborate phase.

5. Having an adequate science content knowledge to overcome the scientific explanation

related challenges.
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A detailed discussion about the challenges, the possible reasons behind the challenges,
possible solutions, and the relation between challenges and solutions are presented in the

discussion section next.
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Chapter 5

Discussion

This section discusses the challenges and the solutions PSTs proposed in light of the

literature, in-service teacher’s views, and my personal reflections.

Discussion of the Challenges and Solutions Proposed by PSTs

Asindicated in the results section, PSTs proposed possible solutions to the challenges they

faced. Table 18 shows how the solutions proposed could be related to the challenges found in this

study.

Table 18

Relating Proposed Solutions to the Challenges of PSTs

Challenges

Solutions

Lesson planning using the SE isatime
CONsUMInNg process.

Using multiple resources to reduce the
time taken to plan 5E lessons.

the 5E.

Mapping the lesson plan to different parts of

Practicing 5E lesson plan writing
which helps PSTs to map the lesson
plan easily to the different phases of
the 5SE

to think of

The Elaborate phase of the 5E lesson is hard

Being flexible with 5E division, and
merging phases of 5E aids in planning
the elaborate phase.

Relating the science conceptsto real
life experiences to overcome the
confusion of writing the elaborate
phase.

Having a solid science content
knowledge aids in planning the
elaborate phase.

lesson

Making sure every student understands the

Incorporating different teaching
strategies like direct instruction,
indirect instruction, and independent
study helps PSTs to meet the needs of
all studentsin the classroom.
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Writing and implementing explain phase of - Having a solid science content
the 5E knowledge allows PSTs to focus on
appropriate scientific explanations

As shown in Table 18, analysis of the lesson plans and peer teaching sessions clearly
indicated that the PSTs struggled with the 5E lesson planning in terms of the time taken to prepare
the high-quality lessons that follow this model. Sadler (2006) agrees with this and states that PST
“felt overwhelmed by the amount of time required to develop lesson plans, classroom activities
and parental communications viae-mail” (p. 225). Similarly, Fazio, Melville, and Bartley (2010)
reported on time constraints as one of the chalenges of PSTs teaching inquiry based science
lessons. They reported about one pre-service teacher who said: “to do an experiment and planning
the process it takes a lot of time, and as a teacher you have such limited time” (p. 676). To handle
an inquiry-based classroom, one has to plan activities, ways to engage students, and critical
guestions to push their thinking. Consequently, inquiry-based lessons definitely require a lot of
time to plan which is apotential challenge for the PSTs.

As a solution, PSTs posit that they can use online resources like lesson plans, activities,
and creative experiments posted by experienced teachers. PSTs also believed that seeking help
from cooperative or experienced teachers about what works best in the classroom will help in
reducing the time taken for 5E lesson planning. Giebel haus and Bowman (2002) also posit that the
PSTs who team up with trained cooperative teachers, demonstrate better lesson planning and
implementation in the classroom. During my conversation with an in-service teacher (who was
also amentor to afew PSTsin this study), | found that she welcomed PSTs’ questions and offered
help when needed. She recommended that PST's should be more proactive, ask questions, and seek

help whenever they feel unsure about a certain issue. She also opined that feedback from the
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cooperative teachers/experienced colleagues will help the PSTsto improvetheir teaching and learn
new and creative ways of teaching science.

During the interview analysis, PSTs indicated that mapping a lesson to different parts of
the 5E is challenging. The possible solution PSTs offered is more practice with writing 5E lesson
plans. They believed that the more lesson plans one writes, the more easily one maps a lesson to
the five phases of the inquiry model.

Another challenge was that the PSTsfind the elabor ate phase of the 5E model challenging.
The PSTs offered three possible solutions for this challenge. The first solution is being flexible
while dividing a lesson into the five phases of the lesson plan. One can merge phases of the 5E
inquiry model, especially the elaborate and the extend phases, which avoids the confusion of what
to do in the elaborate phase. The second solution is relating the science concepts to students’ real -
life experiences and not alwaysto the classroom activities. Many agree with this point. In fact, the
in-service teacher | interviewed in this study posited that the life experiences of students (visit to
museums, zoos, planetariums, magic shows, etc.) make alot of differencein understanding science
concepts. She proposed that the science concepts should be sometimes related to student’s
experiences outside the classroom and not always to the activities in the classroom. Tamir (1990)
in his study also posited that, “Knowledge of science and attitudes towards science develop as a
result of children’s experiences in and out of school” (p. 34). Supporting the in-service teachers’
views, Gerber, Cavallo, and Marek (2001) said, “Participation in intellectually and socially
instructive activities may stimulate the development of logical thinking skills useful to students’
future careers and everyday life” (p. 547). The third solution offered is having a good science

content knowledge. Good grip on the subject helps one to divide the lesson easily into 5ES.
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Another very common challenge of PSTs is making sure every student understands the
lesson. Every student learns differently, so to meet the needs of every child in the classroom PSTs
should develop an ability to incorporate different teaching strategies. This is in line with how
McDonnough and Matkins (2010) believe that variousinstructional methods help in implementing
inquiry-based teaching. Grant and Gillette (2006) agree with this and believe that an effective
teacher develops a “pedagogical skill” that is an “ability to successfully implement teaching
strategies to meet the educational and social needs of students” (p. 296). Similarly, Ferber and
Nillas (2010) posited that pre-service teachers should develop an ability to implement teaching
strategies to meet the needs of students during their student teaching experience. During my
conversation with the in-service teacher, she mentioned that teaching requires thinking of
innovative ways to address many challenges. She recommended that PSTs need to think creatively
and find out of the box ideas to teach. She advised the use different teaching strategies like direct
instruction, indirect instruction, and independent study to support different learning styles of
students.

Writing and implementing the explain phase of the 5E inquiry model was yet another
important challenge that appeared in the results. The possible solution for this challenge is having
adequate science content knowledge. Strong science content knowledge helps PSTs design good
science lessons and provide complete scientific explanation. The in-service teacher also posited
that, as novices, many teachers face issues related to content and fail to explain the science
concepts. Thus, an adequate science content knowledge is very important to be a good science

teacher and design effective science |essons.
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Potential Reasonsfor PSTs Challenges

Taking into consideration the literature, PSTS’ and in-service teachers’ views and my
personal reflections, | discuss potential reasons for why these chalenges exist. The challenges
could be related to three main issues. classroom management, science content knowledge, and
disunction between what teacher education programs preach and what the PSTs practice.
Classroom Management Strategies

Asindicated in theresults, PSTsfind classroom management challenging. Some PSTsalso
indicated that lack of classroom management is the reason for time-related challenges. Classroom
management skills are the skills acquired by teachers to handle certain situations which arise in
the classroom and maintain an environment conducive to learning. Good classroom management
skills are very important for the teachers to master the art of teaching. According to Grant and
Gillette (2006):

Excellent teachers have skill in planning and managing the learning environment. They

provide structure with flexibility, freedom within parameters, and options for projects and

assignments. They actively involve students in learning and classroom decision making
and set clear academic and social goals. Students’ ideas, opinions, and knowledge are
woven into the fabric of the classroom through democratic classroom management

strategies. (p. 297)

For any classroom to run smoothly, a good classroom management plan is a must. For
instance, Sadler (2006) mentioned how PSTs “adopted relaxed approaches to the classroom
management and found that this created immediate problems” (p.225). He also mentioned how
PSTs struggled with the “decision of how and when to impose rules, when to step in and encourage

students to change their behaviors, and difficulty establishing tolerances” (p.225). Along with
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these struggles, the researcher also mentioned how few PSTs thought that students in the
classrooms did not take PSTs seriously dueto their young looks and how they have already walked
into improperly managed classrooms that they can do nothing about.

Results indicated that the PSTs had to try hard to keep students on task, and they aso
struggled with discipline related issues. Lotter (2004) mentioned how PSTs “dealt with students
on/off task behavior, teacher control issues, and students disciplineissues” (p. 34). The author also
mentioned how one PST said that “The activity didn’t go as smoothly because of my lack of
complete control” (p.34). If a PST uses good management strategies, students will stay focused on
the task and finish work on time, which helps PSTs to implement a lesson as planned.

During my conversation with the in-service teacher, she mentioned that classroom
management is the biggest challenge that the PSTs will face. She believes that classroom
management strategies are not very easy to adopt and without a good classroom management plan
managing a classroom is impossible. So, until the PSTs develop good management skills,
disciplining students will be the chalenge. The in-service teacher also proposed that the PSTs
should try a classroom management plan and check what is working and what is not working for
that particular group of students. This helps PSTs in developing classroom management skills.
PSTs need to tailor different skills towards different groups of students because the same sets of
skillsdo not work for every group. If PSTsdesign and implement agood comprehensive classroom
management plan, students learn not to cause disruptions while transitioning from one phase of
the 5E to another. Ferber and Nillas (2010) propose asolution that pre-service teachers mentioned:
“Teacher education programs could create more discussion on classroom management or even

offer a class, increase communication of expectations, provide exposure to education vocabulary,
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and earlier field work in their subject at secondary level” could have helped in overcoming
challenges related to classroom management (p. 73).
Science Content Knowledge

Science content knowledge is very important for the teachers to design effective science
lessons, use different instructional strategies, and help students understand the science conceptsin
the classroom. Grant and Gillette (2006) posit that “Effective teachers need depth and breadth of
content knowledge” (p. 295). Especially in the case of PSTs, who are novices in the classrooms,
adequate science content knowledge boosts their confidence and hel ps them stand face to face with
the challenges. Sadler (2006) posited that the undergraduate participants believed that content
knowledge is one of the causes of concern during student teaching. He even mentioned how one
of the participants in his study said that “A lot of preparation in the content area helps me feel
confident to teach” (p. 232).

Teachers with good science content knowledge have an ability to implement inquiry. Lee,
Hart, Cuevas, and Enders (2004) in their study said, “To enable students to engage in science
understanding, inquiry, and discourse, teachers require adequate knowledge of science content and
effective instructional strategies” (p. 1022). This shows that PSTs need to master the subject before
teaching it to students. Lack of content knowledge enhances the persistence of misconceptions for
students and teachers as well.

Luera, Moyer, and Everett (2005) recognized that “Science content knowledge is
fundamental in designing 5E inquiry-based lessons” (p. 22). The in-service teacher emphasized
this point during my conversation with her. She posits that without adequate science content

knowledge one cannot successfully plan or implement a 5E- based lesson. She explained that if
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someoneis unsure about the content, he/she has difficulty using it properly and mapping it properly
to the different phases of an inquiry model.

In this study, all the students had taken a required science course which covered the basics
of physical, biological and earth sciences. However, as shown in the results, many students were
not very comfortable with the sciences. Thisisin line with Yoon, Joung, and Kim (2011) as they
believed many PSTs lack science content knowledge even after taking many science content
courses. The results of this study suggest that more content courses are required for PSTs.
Digunction between Theory and Practice

In teacher education program, PSTs are not fully prepared for the K-12 class rooms.
Novice teachers are usually surprised by the idea of how demanding the teaching profession could
be and how it is different from what they expected (Kagan, 1992). When PSTs enter the K-12
classrooms and try to implement what they have learned in teacher education programs, they face
many hurdles. Schulz and Mandzuk (2005) posited in their study that the “Teacher candidates
mentioned about the disjunction between what they learned in the university classrooms and what
they encountered in their student teaching placements” (p. 327). One of the participants (teacher
candidate) in their study opined that there is a “disconnect” between the theory he learned in the
university toitspracticality in the K-12 classroom. He said, “I assumed that the theory we’re taking
here at the university would transfer over into practice in the school, things like teacher as
researcher that just isn’t happening” (p. 322). The idea here transfers to 5E inquiry model for this
study. For example, PSTsin this study learned to implement the 5E inquiry model in their college
classrooms but they may not be observing the same 5E model in the K-12 classrooms. PSTs might
find this digunction to be overwhelming. So, convincing PSTs that they need to change the way

they teach all the time will be hard. In another study, Hong and Greene (2011) posited that the
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“Pre-service teachers perceived a gap between educational theories learned in college and the
demanding reality in the classroom and in school” (p.494). This shows that all the theory and
practices taught in the university classrooms might not all be applicable, and this creates yet
another challengefor PSTs. Teacher education program need to think of innovative waysto bridge
the gap between what the practices they teach and different practicesin K-12 classrooms.

Even though the results of this study did not directly indicate the digunction between what
PSTslearned in the teacher education program to what isactually practiced in the K-12 classrooms,
they indirectly referred to it. As part of theinterviews, | inquired about PSTs’ teaching experiences
inthe field and in their college classroom. Some indicated that K-12 classrooms are very different
from their college classrooms. For instance, P-28 in his interview said “it isjust lot different when
you actually have young kids who are trying to work with you versus when we are teaching to
peers.” Few mentioned that apart from implementing inquiry, they have to manage a classroom,
meet standards. Similarly, the in-service teacher aso strongly believed that K-12 classrooms are
very different from what teacher educators pictured in the universities. She posited that colleges
only teach ideals and not real-life situations and PSTsfind fitting those ideal sinto K-12 classrooms
difficult. She indicated that mentors in the universities should create more opportunities for the
PSTs to observe the K-12 classrooms, in-service teachers, their practices, and develop a good
rapport with them. Ferber and Nillas (2010) posited that “Cooperative teachers, university
supervisors, and teacher education programsall play arolein helping the pre-service teacher mold
afunctional understanding during the student teaching experience” (p. 66). Thismeansthat teacher
education programs need to seriously revisit how to map the theory and practice they teach into

K-12 classroom practice.
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Conclusion

After presenting and discussing the results of this study, | conclude by discussing some of
the implications of these results, the limitations of the study, and future research.
Implicationsfor Teacher Education Programs

Previous research investigated some challenges that PSTs face when implementing
inquiry, but there was an absence of fine-grained description of the challenges when using the 5E
model of instruction. This study teased apart the specific challenges PSTsface while implementing
5E model of instruction in their science classrooms. In addition, this study reported possible
solutions that PSTs offered to overcome those challenges. As aresult, this study has implications
for designing a successful science methods course. | present some recommendations for teacher
educators and teacher education programs.

Help PSTs acquire strong content knowledge. One of the main results of this study is
that PSTs face a challenge with the content knowledge. As a result, teacher education programs
can help PSTs acquire strong content knowledge by offering more science content courses and
some interdisciplinary courses. Adams and Krockover (1997) also posited that “One possibility is
the creation of interdisciplinary science and mathematics courses as interdisciplinary coursework
offers an opportunity to develop skill, while at the same time broaden the knowledge base in the
sciences” (p. 48). Knowing that the participants of this study have already taken a content course,
| recommend that more opportunities should be available to them to reinforce content knowledge.
This can happen through formal channels such as creating more specialized science courses that
teach PSTsthrough inquiry. It can aso happen through creating credit hours where PSTscanintern
in museums, zoos, or botanical gardens and learn about science content and how to interact with

young children in informal settings. Even though participants in this study had one session about
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informal learning, it is important to build such experiences in a more organized ways to support
PSTs’ understanding of specific science content.

Create opportunities for PSTsto interact with the cooper ative teachers. Cooperative
teacherg/field placement teachers play an important role in carving the PSTS’ career of teaching.
For example, Graham (2006) in her study mentioned that the cooperative teacher, who guides and
supports, is one of the important component for success of the intern (teacher candidate).
Cooperative teachers are basically mentors who guide PSTs throughout their student teaching
period and help them cope with the K-12 classrooms. This supportsthe crucial role of acooperative
teacher in shaping PSTS’ views, beliefs and practices. Consequently, teacher education programs
need create opportunities for PSTs to interact with cooperative teachers and learn from them.
Ferber and Nillas (2010) also recommended the teacher education programs create opportunities
for PSTs to interact with the cooperative teachers. Teacher education programs should design a
coursein which PSTsreceive opportunitiesto: 1) exclusively interact with the cooperative teachers
on aweekly basis, 2) plan and teach a whole science unit (usualy 4 to 6 lessons) in collaboration
with cooperative teachers, 3) write assignments about their observations and interactions, and 4)
get feedback on their lessons. As part of the same course, teacher educators could make
arrangements for guest lectures by a group of exemplary cooperative teachers every week. At end
of the lecture, cooperative teachers can interact with PSTSs.

Reward experienced cooper ative teacher s. Cooperative teachers are busy with their own
duties of lesson planning, teaching, and communicating with parents. Sometimes, cooperative
teachers are not very cooperative and indirectly create challenges for PSTs by not helping them
get familiarized with students and their needs, not providing timely pointers, and not providing

resources. In some situations, cooperative teachers discourage the PSTs to try new methods or
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spend time on hands-on activities, which causes anegative impact on the PSTsviews about inquiry
and their teaching. For example, one of the PSTs in a study mentioned that “His cooperative
teacher said that science laboratories are activities and not much time should be spent on them”
(Lotter, 2004, p.35). Such views imposed on PSTs by their cooperative teachers might become a
cause of poor implementation of an inquiry. Moreover, Ferber and Nillas (2010) mentioned that
the “Pre-service teachers encounter chalenging situations where conflicts and poor
communication prevent cooperative teachers to give valuable feedback that PSTs need for the
professional growth” (p.71). To overcome such situations teacher education programs should take
the responsibility of rewarding the cooperative teachers in atimely manner. Cooperative teachers
should be rewarded monetarily (cash awards, quarterly bonus, etc.), non-monetarily (time-off from
work, flexible schedules, etc.) or by professional recognition (Teacher of the Y ear, Employee of
the Month, etc.). Rewards encourage cooperative teachersto maintain cordial relationship with the
PSTs and share their knowledge and experience.

In addition to implications for teacher education programs in genera, this study has
specific implications for teacher educators.

Encourage PSTs to implement inquiry. Teacher educators should encourage PSTs to
implement inquiry in genera rather than one particular inquiry model. In teacher education
programs, teacher educators should give emphasis to inquiry in general and teach more about it.
During thedataanalysis, | realized that PSTsin their post course surveyswere still alittle confused
about the definition of inquiry and had different interpretations of it. Teacher educators must make
sure PSTs understand what inquiry is and how to implement it correctly. PSTs in their methods
courses should be exposed to teaching methods that can incorporate inquiry (e.g., cooperative

learning, lab work, small group discussion). Teacher educators should create opportunities for
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PSTsto learn about inquiry as well as be aware of its challenges and some of the solutions to those
challenges.

Create opportunities to write and teach unit plans. As part of the methods course,
teacher educators should create opportunitiesfor the PSTsto write and teach unit plans (a sequence
of related lesson plans) rather than single lesson plans. In a unit plan, teachers get more practice
writing the lesson plans using 5E and also have more freedom to include the 5ES across a unit,
rather than in one lesson. Doing 5E unit plans will also help students understand the concept at a
deeper level, make connections between different ideas at the content level, and map the different
lessons of the unit to the different 5E phases. For example, when planning to teach “The Water
Cycle” unit, writing a unit plan helps focusing on individual concepts of evaporation,
condensation, and precipitation will help the PSTs understand and connect those ideas better than
if they were to plan and teach teaching about only one of those concepts.

Limitations

Although the results of thisresearch study showed afine-grain description of the challenges
of teaching a 5E inquiry model and some solutions to those chalenges, | am aware of some
limitations of this study.

First of al, | conducted a research with 55 PST's enrolled into two sections of the Science
Methods course. They were placed into different elementary schoolsin North Texasfor their field
placements. They were widely dispersed and taught at diverse timesin the schools, so | could not
observe all of their field teaching sessions. Having data on how they taught K-5 students would
have alowed meto construct yet afiner picture of the challenges and the solutions in the field.

The second limitation of this study is that despite having a sample size of 55 PSTs, | could

only interview a subset of 15 PSTs due to the unwillingness of other PSTs to participate in the
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interviews. A larger number of interviews would have allowed me to probe the challenges and
solutions further.
Future Research

Even though this study contributesto our knowledge of the challenges that PSTsface when
implementing the 5E inquiry model, the following questions are my future research agenda:

Investigating the challenges of pre-service teachersin the field in addition to peer teaching
would create a better vision of the PSTS’ struggles. This is important because it can help me
understand the challenges PSTs face in the K-12 classroom as opposed to challenges of teaching
to peers. This can be supported by more interviews with PSTs to understand the challenges and
solutions further.

Investigating the implementation of one of the solutions proposed by PSTs to overcome
challenges of the 5E inquiry model and reporting its usefulness is one way to bridge the gap
between research and practice. For instance, PSTs in this study proposed that incorporating
different teaching strategies in the classroom helps in overcoming the challenge of meeting the
needs of every student. For future research, | plan to investigate whether PSTs who incorporated

different teaching strategies would truly overcome some of the challenges and how that happens.
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Appendix A
Pre-course Survey: 1
Name: P-35

. How many science courses did you take in high school? What are they?
: 3- Biology, Chemistry, Physics

. Have you taken any science courses before this semester at TCU? What are they?
: Yes- Biology, Natural Disasters & Failures

1
A
2
A
3. What grade level are you planning to teach?
A: 39and 4" grade

4. What do you expect to learn in this course?

A: How to successfully teach students different content ar eas of science and to gain more
skills and teaching strategies.

5. Inyour opinion what is the best way to teach science?

A: With hands-on activities and detailed instructions.

6. Give an example of when you learned a science topic well and why? Explain in detail.

A: | really enjoyed learning about chemical reactionsin high school because it was very
detailed and hands-on and | could seethe content | waslearning in front of my face.

7. Have you heard about inquiry? In your opinion, what isit?

A: Not specifically, but maybe asking questions?

8. Do you think inquiry has advantages? If yes, what are they? If no, why not?

A: Yes, | think it isimportant for students to ask questions when they are confused.
Questions help students gain insight and knowledge about a topic.

9. Do you think inquiry has challenges? Why or why not?

A: No

10. What type of challenges do you think inquiry has?

A: |l amnot sure.
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Appendix B
Post-course Survey:

Name: P-35
1. Which gradelevel did you teach?
A: Thetwo grade levels my partner and | observed this semester were 39 grade at
Dallas Park Elementary School and 5™ grade at Westcliff Elementary School. The
grade level wetaught in the field was 51" grade.
2. What did you learn in this course?
A: This semester, | learned that science is not just experiments, but explaining and
making connections. The 5E model isagreat tool to usewhen planning alesson. | also
learned that it isimportant to use different ways to approach a concept so students
get a better understanding.
3. Inyour opinion what is the best way to teach science?
A: In my opinion, the best way to teach science is by combining hands-on activities
with straight-up content (PowerPoints, handouts, etc.). By utilizing multiple
techniques, it gives students various waysto under stand and absorb the information
presented to them. Hands-on activities are so important to incor porate in science
lessons. It gives students the opportunity to really figure out the concept for
themselves, and allows them to apply it to areal life situation in front of them. It is
obviously important to present the studentswith the information via note taking, etc.
becauseit givesthem straightforward infor mation that they can refer back to. Having
a balance between thetwo isimportant and a great way to teach science.
4. Give an example of when you learned a science topic well and why? Explain in detail.
A: One concept that | learned a lot about in this course this year was the concept of
natural selection. When we learned about it, we did a hands-on activity with varying
sizes of clips. At our tables, we were supposed to ‘eat’ the ‘food’ provided, and each
beak size had to get a different amount of calories in order to survive and/or
reproduce. This really showed the concept of natural selection because | could see
that when a certain food runsout or thereare other speciesthat survive easier or are
stronger, otherswill dieout. Wethen review different conceptsand vocab words, and
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connected it to other real-life examples. Thislesson was extremely beneficial to me as
both afutureteacher and a pretend student. | was able to put myself in the shoes of a
student and really see how important it isto use activities to teach a concept. | now
remember how my beak size got killed off because there was not enough food that |
was ableto catch-the perfect specific explanation for natural selection.

5. What isinquiry in your opinion?

A: In my opinion, inquiry is a process of gaining an understanding of the scientific
world through questioning and wonder .

6. Do you think inquiry has advantages? If yes, what are they? If no, why not?

A: Therearedefinitely advantagestoinquiry. Inquiry allowsyou to question different
concepts, and probe further thinking. It also allows you to wonder about why some
things are a certain way, and how and why some things work. There are a lot of
possibilities and opportunitieswith inquiry, and it allows a person to gain a deep and
detailed under standing of a concept by asking questions and fulfilling their wonder.
You can find out solutions and answer sto questions by using inquiry.

7. Do you think inquiry has challenges? Why or why not?

A: Thereare also disadvantagesto inquiry aswell. There ar e disadvantages because,
likealmost anythingin life, inquiry isnot a flawless concept, and thereisbound to be
something that does not work perfectly.

8. What type of challenges do you think inquiry has?

A: Oneof the disadvantages of inquiry isthat sometimes, a person might not befully
satisfied by the answer they receive from using inquiry. Other times, a person might
be confused by thefindingsthey receive when using inquiry to under stand a concept.
A person might also receive more than one outcome, which can be frustrating and
unwanted. Inquiry does not always promise an answer or an understanding, so a

disadvantage isthat there might not be one as well.
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Appendix C
Interview Questions
Name: P-28

Interviewer: Which grade level did you teach in your field experience?
Interviewee: | wasin both second grade and fifth grade.
Interviewer: What was your best experience while taking this course?
Interviewee: | think probably teaching like coming up with a lesson plan and doing in the
class just because | don’t know it was really interesting to see like what worked in the class
with the big class because when we are in the field, most of the times teachers don’t let you
to take over the entire class. They only want you to take small group, so you know its lot
different working with a small group than alarge class. So, | really enjoyed that part of the
cour se.

| really enjoyed doing experimentstoo at the beginning becausethey help you get new
ideas of how to do stuff in the class and stuff like that. | saw like what really works, what
might be changed. | know when we wer e doing like the density and stuff like that may be do
some stuff differently with different grade levels. It was just interesting to see how you
modify it for any gradelevel.
Interviewer: After your field experiences and taking this course, what do you think are some of
the challenges for teaching science in school s?
Interviewee: | think the biggest one probably istrying to find something that isfun for the
kids doing also can get across the content at the same time. Just try to come up with like a
good experiment and try to know stuff like before-hand that happensand try to like prepare
for that because | know sometimes like something can go wrong that really unexpected.
When we are doing lesson in the field, we did give them magnets and they were sticking
magnets on the computer. We were like No! no! don’t really do that stuff like that but I don’t
want to hinder them exploring becausethe point wasto see what magnetswould stick around
the room. Because we started out with a little bag, there is some stuff in there that was
magnetic. We want them to take what we talked about with those go outside and find it. So
kind of hard preparing and stuff like that in thefield.
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Interviewer: Did you face any challenges while using the 5E model of instruction? If yes, what
are they?
Interviewee: With the 5SE model, the Extend part, | fed likethat it was lot extra stuff, | just
thought like sometimes the extend thing was not necessary. Sometimes | could like put as
littleaspossiblebecausel thought I got everything | wanted to dowith elaborateand explore.
Only these were challenges using 5E model that’s because | really like 5E because it
really helpsyou map everything out, soit isreally good to plan. She gave us a lesson plan or
model lesson plan which was not asdetailed, it was basically do thisand the 5E model islike
you need to have clearly how to introduce lesson and work our way into. So, uh! But the
thing is, I don’t know usually if you do it over a period of time, because within a one day
period it’s really hard to fit that entire 5E model in it. When we ar e teaching our lesson in
the class. Wekind of went over atimea little bit | noticed because it was so much stuff to do
and some activities require a longer time, so the 5E model works best if you have multiple
daysto doit over within one day period. May be because if you have a longer class periods,
we only had 30 minutes. | am sureif we had 50 minutes it would be good. But | fedl likein
lower gradesit’s better to do over a period of time, it could be over whelming to some of the
students.
Interviewer: In your opinion what can help you in overcoming the challenges of teaching with the
5E model?
Interviewee: The biggest thing is we having more time to think and another thing | think
that helpsyou isif | was ableto collaborate with the teacher and tell ok! Hereit is! | could
not do it. Because for a while e- mail we were trying to send our teacher was not working.
Stuff likethat. It isreally hard for them to like, they taught alot, so | wanted them to seelike
you know if it islike first year teacher, are you still like getting into it is to have veteran
teacher look it over and just like give some pointers on like change everything be like ok!
Thisisgood, Kind of let them, if you like see a mistake, let them go through that and let them
experience it. That way for the next time, like still give them points and stuff and then
afterwards say thisiswhat | could have donein thissituation. | feel like the collaboration is
the most important part. It is always best to have as many people can put on what you are

trying to teach thekids.
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Interviewer: Share your experiences from your field experience during which you felt students
learnt better using the SEmodel.

Interviewee: From what | saw that the kids like they get most is when they work in groups.
Individually, they would just talk and do all that kind of stuff. When worked in groups
sometimes they might go off task but ultimately they got to the goal lot faster and it is easy
for them to understand. If one student doesn’t understand something another students can
help him. So kind of like self-teaching so you don’t have to be on top every single kid, you
have little breathing room.

Interviewer: Share the experiences of the challenges of using the 5E in the field.

Interviewee: Just working with individual kidsisthe hardest thing. The struggle when they
don’t understand it and you are trying to get it across and you are trying to reword like how
you say stuff I think that’s more difficult. When | wastrying to teach Math lesson they found
way to do these fractions but I understand that you guys understand that way but let’s try
to find another way. When | watched the video | realized maybe | should reword that
differently. So, actually when you are in the field talking with the kids it isimportant how
you word everything and communicate ideasin a way each kid can under stand.

Interviewer: Was the 5E more challenging the field than in peer teaching? Why or why not?
Interviewee: | felt it was more challenging at the field because, it’s just lot different when
you actually have young kidswhoistrying towork with you becausethey aretryingtolearn
it versuswhen we ar e teaching to peersin the classroom everyone knowswedid layers of the
earth so we arejust shrug through thelesson. When | tried to explain how magnets work it
took alot longer sothat isjust moredifficult. It isjust because of area between intellects.
Interviewer: Give an example of some of the pros and cons of the 5E Model ?

Interviewee: Thebiggest prolikel said earlier isit really helpsyou map it out and helpsyou
become thorough with it. Asyou know with the laboratory you haveto go like go on with it.
Some stuff with extend, sometimesit workswell and sometimesitsjut like extrafat, which is

like we don’t need that just shave that off.
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Appendix D

Peer teaching Evaluation Criteria:
Name: PSTW-44, PSTW-31 (High)

Title: Parts of afood web

Objective: Students will identify parts of the food web.

81

Table D1
Criteria Points Comments

Was the objective of the lesson clear and did | 5/5 Y es! Objective of the lesson was

you start by telling us this objective clear and they did start the lesson by
saying the objective.

Did you have an interesting and engaging 5/5 They started with the ideaand built

introduction on it from students’ prior knowledge
which was very interesting.
They asked few questions:
Q1: What isfood web? Name its
parts (ANSWERS: animals are
connected, layered)
Q2: What do you remember from
the food web lesson Dr. H taught
us?
Q3: Can you give examples of three
animalsin food web.

Did you give clear instructions for the hands | 5/5 Gave clear instructions and the timer

on activities on the PPT wasagreat idea. The
PPT was well organized.

Were you well prepared for the lesson, did 5/5 Excellent preparation!

you have al the materials you needed

Were the activities purposeful in 5/5 Very purposeful activities, and the

investigating the concept you want usto
learn (hands on part)

students enjoyed the creative
elements of the activity

Activity: Be an explorer and write
an article for National Geographic.
Students were supposed to pick an
animal and make their own masks,
decide which order they need to go
in food chain and, divide the
Kilocalories. This activity was good
as students had fun making masks,
at the same timethey tried to
discover who eats whom.
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Good explanation about the unit
(kilo calories)

Were the discussions during and after the 3.5/5 The questions were good, but there

activities purposeful in teaching us about the isaneed for the discussions of how

concept and why energy islost. They failed
to discuss how that affects the
ecosystem (energy is not recycled
and we’re dependent on the sun for
energy).

Did you have an interesting and engaging 4/5 They had good assessment, but |

assessment guestion that pushed our thinking would try to have a question that can

of the concept push the thinking further.

Did we learn the appropriate and adequate 3.5/5 They touched upon a crucial idea

scientific explanation from this lesson Energy Pyramid, but they need to
make that explicit asto why this
happens. Also thereis aneed to
show the importance of thisto the
ecosystem (energy is never recycled
so we need a constant supply, if no
sun, we all die).

Did you have good eye contact, loud enough | 5/5 They had avery approachable and

voice and communicated enthusiasm to the fun personality in the class.

class?

Did you use different instructional strategies | 5/5 They did not use different media

and media sources? sources but used different
instructional strategies.

TOTAL 46/50

Timing: 32

minutes

Name: PSTW-30, PSTW-53 (Medium)

Title: Properties of matter

Objective: To identify three states of matter and distinguish them.

TableD2
Criteria Points Comments
Was the objective of the lesson clear and 1.5/5 The objective was not clear. They
did you start by telling us this objective said, we will talk about matter but
were not clear what the objective
was, what exactly about matter.
Did you have an interesting and engaging 4/5 Students were asked to imagine that

introduction

they werein theice hotel and they
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gave cards with solid, liquid and
gas written. Asked students to say
what ice block is? Students
answered solid. For which they
gave positive reinforcement and
explained about solids. Continued
the activity with liquid, and gas.

| also liked how they asked
students what matter is, but
students ideas such as “stuff” or
“something that matter” were not
explored.

Did you give clear instructions for the 4.5/5 Clear instructions, PPT was very

hands on activities well organized.

Were you well prepared for thelesson, did | 4.5/5 Well prepared.

you have al the materials you needed

Were the activities purposeful in 4/5 Activity: Students were given bag

investigating the concept you want usto with pictures like gasoline, books,

learn (hands on part) rain, steam, rocket exhaust and
asked to classify using a
table(under solid, liquid, gas)
They made students explore with
pictures, think about the concept of
solids, liquids and matter.
They asked students the criteria and
their explanation for categorizing
pictures. It was very interesting to
see students come up with
explanations.

Were the discussions during and after the 3.5/5 Students asked certain questions (Is

activities purposeful in teaching us about cloud gas? They answered saying

the concept yes as molecules are more spread
out)
| think your discussion needs to
focus on the strategy of
distinguishing states of matter by
explaining molecular representation
of solids, liquids, and gases.

Did you have an interesting and engaging 2.5/5 Besides assessing formatively and

assessment gquestion that pushed our asking questions, | did not see any

thinking of the concept scenario or activity in the end that
assessed their understanding. They
could have been creative with this
part of the lesson.

Did we learn the appropriate and adequate | 2.5/5 Their objective was to distinguish

scientific explanation from this lesson

solid liquid and gas, but the criteria
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were not emphasized, and the
relationship to the molecules was
not explored. This leaves students
with some confusion of how we
can distinguish solids from liquids
from gases.

Did you have good eye contact, loud 4/5 PSTW-30, you act things out with a

enough voice and communicated lot of expression and kids will

enthusiasm to the class? LOVE that in the classrooms.
PSTW-53, | would just add a bit
more enthusiasm when you teach
alone

Did you use different instructional 4/5 Y es they did but no media sources.

strategies and media sources?

Timing 32minutes

TOTAL 35/50

Name: PSTM-19, PSTM-7 (Low)

Title: Understanding Animal Cells

Objective: Students will identify parts of the cell and its functions.

Table D3
Criteria Points Comments

Was the objective of the lesson clear and 5/5 Clear objective, they did start the

did you start by telling us this objective lesson by telling the objective.

Did you have an interesting and engaging 3.5/5 Questions: Difference between

introduction plant and animal cell? Some
functions of animal cell? Parts of
animal cell?
They had picture of plant and
animal cell and told differences
between them. Asking students to
find differences could have made a
more engaging introduction

Did you give clear instructions for the 3.5/5 Not very clear instructions.

hands on activities

Were you well prepared for thelesson, did | 2/5 Font on the PPT was very small,

you have all the materials you needed too much content on the slides and
did not prepare well for the lesson.

Were the activities purposeful in 1/5 Activities were not very purposeful

investigating the concept you want usto
learn (hands on part)

to help students identify the parts as
itisdifficult for them to identify
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parts without knowledge of how
they look or scientific explanation
behind why they look like that. |
think planning an intermediate
activity like giving each table an
organelle to study and report to the
class could have helped.

Were the discussions during and after the 2/5 | think there needsto be more

activities purposeful in teaching us about discussion. The main activity was

the concept about the worksheet, and there
needs to be more discussion about
that. Encouraging studentsto
discuss more helps rather than just
delivering lectures.
Asked students what they learnt
from song and to tell functions of
partsin their own words. Few
replied as adults but not going to
work with kids, find ways to make
students talk more.

Did you have an interesting and engaging 1/5 No explicit assessment question.

assessment question that pushed our Lesson was very vague did not

thinking of the concept push students thinking.

Did we learn the appropriate and adequate | 0/5 Firstly, parts of the cell and its

scientific explanation from this lesson functions are not easy to teach in
one class. It is not easy for anybody
to learn so much content in such a
little time. If someone aready
knows the material, it’s like a
revision. However, if someoneis
learning it, you need to have more
discussion and emphasis on the
ideas to help them learn about the
lesson.

Did you have good eye contact, loud 3/5 Dull, could have raised your voices

enough voice and communicated abit higher so that everyonein the

enthusiasm to the class? room can hear you.

Did you use different instructional 2/5 Y es, they did but not effectively.

strategies and media sources?

Timing: 25minutes

TOTAL 23/50
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Appendix E

Criteriafor Evaluating Lesson plans. Field lesson plans:

Name: PSTW-41, PSTW-27 (High)

Lesson Title: What effects does gravity have on objects?
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Objective: Studentswill be able to explain the forces of gravity by exploring how different objects

move through air.

Table E1
Phase Criteria Grade Comments

Engage Have a clear objective that students will 10/10 | Very clear
learn after the lesson (5/5) objective and
Interesting introduction (5/5) interesting

engagement
activity.

Explore Clear instructions of the activities (4.5/5) 8/10 | Clear
Organized way of recording data and instructions,
analyzing it (3.5/5) Asking students

to record datain a
table could have
been helpful.

Explain Asking students CRITICAL questions that 8/10 | Could have
can lead them to the desired scientific probed students
explanation (4/5). more with critical
Mentioning how you will lead the discussion questions.
at different stages of the lesson and how you
will relate the hands on (investigation) to the
minds on (scientific explanation)(4/5)

Elaborate Mentioning one or two examples of how you | 9/10 | Chose avery
will expand on what they have learned by good way to
mentioning other examples or relating it to elaborate the
real life.(_9/10) lesson.

Evaluate Having an assessment question that is 9/10 | Niceextension
specific to the scientific content you taught. activity and good
The question has to be clearly written for guestions which
students to understand it (4.5/5) push students
Having an sample answer to your specific thinking.
guestion and how you will grade if you were
to give it to the students (4.5/5)

Total 44/50 | High
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Name: PSTM-24, PSTM-12 (Medium)

Title: Force and Motion

Objective: The objective of thislessonisfor studentsto exploreitems moving down aramp, collect
information using measurements, record information using measurements, and to measure and

compare objects using non-standard units

Table E2
Phase Criteria Grade Comments

Engage - Have aclear objective that students will 8/10 | Interesting
learn after the lesson (5/5) engagement.
Interesting introduction (3/5) Clear objective

but demonstrating
the pushing and
pulling would
have increased
excitement in
students.

Explore - Clear instructions of the activities (4/5) 8/10 | Good activity and
Organized way of recording data and ways to organize
analyzing it (4/5) data.

Explain - Asking students CRITICAL questions that 6/10 | Good questions
can lead them to the desired scientific but explanations
explanation (3/5) do not show
Mentioning how you will lead the discussion desired scientific
at different stages of the lesson and how you explanation
will relate the hands on (investigation) to the behind the
minds on (scientific explanation)(3/5) movements.

Elaborate - Mentioning one or two examples of how you | 5/10 | Not interesting
will expand on what they have learned by elaborate activity,
mentioning other examples or relating it to it did not help
red life (/10) studentstie their

understanding to
real life
Situations.

Evaluate - Having an assessment question that is 8/10 | Good way of
specific to the scientific content you taught. assessing
The question hasto be clearly written for students. Could
students to understand it (4/5) have mentioned

one or two
examples.
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Having an sample answer to your specific
guestion and how you will grade if you were
to give it to the students (4/5)

Total 35/50

Name: PSTW-40, PSTW-33 (Low)
Title: Classifying Objects
Objective: The objective of thislesson isfor studentsto classify objects based on their observable

properties including size, mass, shape, color/shade, and texture.

Table E3
Phase Criteria Grade Comments

Engage - Have aclear objective that students will 6/10 | Not an interesting
learn after the lesson (5/5) way to start the
Interesting introduction (1/5) lesson. I don’t

think 20 secs are
enough to find
two things which
fitintheir palms.
No clarity in
writing. Poor
engagement
activity.

Explore - Clear instructions of the activities (2.5/5) 5/10 | Vaguely written
Organized way of recording data and lesson plan. Poor
analyzing it (2.5/5) exploring

activity. No
clarity in
instructions.

Explain . Asking students CRITICAL questionsthat | 6/10 | Did not mention
can lead them to the desired scientific how you will lead
explanation (3/5) the discussions,
Mentioning how you will lead the discussion could have added
at different stages of the lesson and how you few questions
will relate the hands on (investigation) to the which push
minds on (scientific explanation)(3/5) students to think.

Elaborate - Mentioning one or two examples of how you | 2/10 | Nolink to the
will expand on what they have learned by video.
mentioning other examples or relating it to No examples
red life (2/10) written or any

guestions.
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Evaluate - Having an assessment question that is 4/10 | No assessment
specific to the scientific content you taught. activity or
The question hasto be clearly written for questions. Simply
students to understand it (_2/5) asked studentsto
Having an sample answer to your specific discuss. Did not
question and how you will gradeif you were mention any
to give it to the students (_2/5) sample answer or
grading criteria
Total 23/50

Peer Teaching Lesson Plans:

Name: PSTM-25, PSTM-18 (High)

Title: Complete and Incomplete M etamorphosis.

Objective: For the students to be able to define metamorphosis and differentiate between complete
and incomplete metamorphosis

Table E4

Phase Criteria Grade Comments
Engage - Have aclear objective that students will 8/10 | Very interesting
learn after the lesson (4/5) engagement and
Interesting introduction (4/5) clear objective.
Book reading
could have been
more cregtive to
engage students.
Explore - Clear instructions of the activities (4/5) 8/10 | Instructions could
Organized way of recording data and have been better
analyzing it (4/5) and could have
asked students to
make note of the
Venn diagramin
their journals.
Estimated
unrealistic time
slot.

Explain . Asking students CRITICAL questionsthat | 8.5/10 | Did not have any
can lead them to the desired scientific critical questions
explanation (4/5) but the activity
was very
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Mentioning how you will lead the discussion interesting and
at different stages of the lesson and how you helpful. .
will relate the hands on (investigation) to the
minds on (scientific explanation)(4.5/5)
Elaborate Mentioning one or two examples of how you | 8.5/10 | Good way to
will expand on what they have learned by elaborate the
mentioning other examples or relating it to lesson. Before
real life asking studentsto
do so, could have
shown examples.
Evaluate Having an assessment question that is 8/10 | Very good
specific to the scientific content you taught. assessment
The question has to be clearly written for activity but did
students to understand it (4/5) not mention the
Having an sample answer to your specific grading criteria
guestion and how you will grade if you were
to giveit to the students (4/5)
Tota 41/50

Name: PSTW-28, PST-32 (Medium)

Title: Structure of the Earth

Objective: The student is expected to: build a model to illustrate the structural layers of Earth,

including the inner core, outer core, mantle, crust, asthenosphere, and lithosphere.

Table ES
Phase Criteria Grade Comments
Engage Have a clear objective that students will 8/10 | Clear objective
learn after the lesson (4/5) and interesting
Interesting introduction (4/5) engagement.
Explore Clear instructions of the activities (3/5) 7/10 | Ask questions
Organized way of recording data and which push
analyzing it (3/5) students to think
and compare
what they
modelled and
observed in the
video/ dides.
Explain Asking students CRITICAL questionsthat | 9/10 | Very good
can lead them to the desired scientific questions. T
explanation (4.5/5) charts,
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Mentioning how you will lead the discussion
at different stages of the lesson and how you
will relate the hands on (investigation) to the
minds on (scientific explanation)(4.5/5)

discussions and
making flip book
altogether seems
unrealistic with
the time they
mentioned but,
good scientific

explanation if
implemented as
planned.
Elaborate Mentioning one or two examples of how you | 6/10 | Good video to
will expand on what they have learned by elaborate the
mentioning other examples or relating it to lesson and good
red life questions.
Evaluate Having an assessment question that is 5/10 | Did not mention
specific to the scientific content you taught. questions but had
The question hasto be clearly written for grading criteria.
students to understand it (0/5) That is too much
Having an sample answer to your specific information for
question and how you will gradeif you were one lesson.
to giveit to the students (5/5)
Total 36/50

Name: PSTM-23, PSTM-10 (Low)

Title: Plate Tectonics

Objective: The objective of this lesson is for students to understand how tectonic plates interact

with each other at their boundaries.

Table E6
Phase Criteria Grade Comments
Engage Have a clear objective that students will 5/10 | Good engagement

learn after the lesson (2.5/5)
Interesting introduction (2.5/5)

and clear
objective but
have ways to
assess students
for their prior
knowledge about
the topic rather
than jumping
directly into the
topic. Unrealistic
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time dot for this
phase.

Explore Clear instructions of the activities (4/5) 4/10 | Instructions could
Organized way of recording data and have been clearer.
analyzing it (0/5) No organized

way of recording
data

Explain Asking students CRITICAL questions that 4/10 | Could have asked
can lead them to the desired scientific more questions
explanation (_2.5/5) which push
Mentioning how you will lead the discussion students thinking
at different stages of the lesson and how you about the plate
will relate the hands on (investigation) to the movements.
minds on (scientific explanation)(_1.5/5) No ways

mentioned to
related hands-on
and minds-on
parts of the
lesson. Failed to
discussthe
observations after
experiments

Elaborate Mentioning one or two examples of how you | 4/10 | Ask the students
will expand on what they have learned by to give some
mentioning other examples or relating it to examples rather
real life (__/10) than just showing

them examples.

Evaluate Having an assessment question that is 7/10 | Good way to
specific to the scientific content you taught. assess, no grading
The question has to be clearly written for criteria
students to understand it (5/5)

Having an sample answer to your specific
guestion and how you will grade if you were
to giveit to the students (_2/5)
Total 24/50




CHALLENGES IMPLEMENTING 5E INQUIRY MODEL 93
Appendix F
PSTs Field Lesson Plans Peer Teaching Lesson Peer Teaching
Plans Sessions
PSTM-1 33(M) 32(M) 31(M)
PSTM-2 41(H) 38(M) 37(M)
PSTM-3 32(M) 40(H) 42(H)
PSTM-4 31(M) 36(M) 37(M)
PSTM-5 40(H) 30(M) 29(M)
PSTM-6 36(M) 40(H) 44(H)
PSTM-7 24(L) 21(L) 23(L)
PSTM-8 36(M) 40(H) 44(H)
PSTM-9 40(H) 30(M) 29(M)
PSTM-10 34(M) 24(L) 24(L)
PSTM-11 41(H) 38(M) 37(M)
PSTM-12 35(M) 34(M) 40(H)
PSTM-13 36(M) 37(M) 38(M)
PSTM-14 36(M) 37(M) 38(M)
PSTM-15 41(H) 38(M) 37(M)
PSTM-16 25(L) 29(M) 32(M)
PSTM-17 31(M) 36(M) 37(M)
PSTM-18 34(M) 41(H) 43(H)
PSTM-19 24(L) 21(L) 23(L)
PSTM-20 41(H) 36(M) 37(M)
PSTM-21 30(M) 37(M) 38(M)
PSTM-22 41(H) 36(M) 37(M)
PSTM-23 34(M) 24(L) 24(L)
PSTM-24 35(M) 29(M) 32(M)
PSTM-25 34(M) 41(H) 43(H)
PSTM-26 25(L) 34(M) 40(H)
PSTW-27 44(H) 32(M) 39(M)
PSTW-28 25(L) 34(M) 37(M)
PSTW-29 34(M) 38(M) 41(H)
PSTW-30 24(L) 29(M) 35(M)
PSTW-31 40(H) 42(H) 46(H)
PSTW-32 30(M) 34(M) 37(M)
PSTW-33 23(L) 24(L) 23(L)
PSTW-34 24(L) 27(L) 33(M)
PSTW-35 32(M) 34(M) 30(M)
PSTW-36 34(M) 24(L) 23(L)
PSTW-37 34(M) 34(M) 35(M)
PSTW-38 32(M) 41(H) 45(H)
PSTW-39 40(H) 31(M) 34(M)
PSTW-40 23(L) 36(M) 39(M)
PSTW-41 44(H) 34(M) 35(M)
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PSTW-42 | 34(M) 34(M) 37(M)

PSTW-43 | 25(L) 36(M) 39(M)

PSTW-44 | 40(H) 40(H) 46(H)

PSTW-45 | 34(M) 36(M) 36(M)

PSTW-46 | 29(M) 31(M) 32(M)

PSTW-47 | 32(M) 27(L) 39(M)

PSTW-48 | 34(M) 34(M) 30(M)

PSTW-49 | 32(M) 41(H) 45(H)

PSTW-50 | 34(M) 38(M) 41(H)

PSTW-51 | 32(M) 32(M) 39(M)

PSTW-52 | 34(M) 36(M) 33(M)

PSTW-53 | 29(M) 29(M) 35(M)

PSTW-54 | 34(M) 35(M) 36(M)

PSTW-55 | 40(H) 36(M) 33(M)
23.64%H, 16.36%H, 69.09%M, 23.64%H, 65.45%M,
58.18%M, 14.55%L 10.91%L
18.18%L

H%M %L %
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